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Skeleton Scheme for A=90
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Skeleton Scheme for A=90 (continued)
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Skeleton Scheme for A=90 (continued)
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Ground-State and | someric-L evel Properties
Nuclide  Level Jt Ti/2 Decay Mode
90Ge 0.0 o %B~=100; %Bn=7?; U3~ 2n=?
OAs 0.0 9%B~=100; %3 n=?
90se 0.0 o) 195 ms+95-65 %S~ =100; %3 n=?
90y 0.0 1.91s %B~=100; %3 n=25.315
90Ky 0.0 o+ 32.329 %B =100
9Rb 0.0 0 158 s5 %B-=100
90gy 0.0 o 28.91y3 %B~=100
90y 0.0 2 64.05 h5 %B~=100
907 0.0 0" stable
9Nb 0.0 8" 14.60 h5 %e+9%3*=100
9OMo 0.0 o 5.56 h9 %e+%B*=100
90Te 0.0 (8) 49.2s4
%Ru 0.0 o 11.7 59 %e+%B*=100
90Rh 0.0 (0) 29ms3 %e+%B*=100; %ep=0.7
Opd 0.0 o %e+%B3=100; %ep="; %2p="?




32081 NUCLEAR DATA SHEETS 90Ge,,1

Adopted Levels

Q(B7)=12110SY, S(n)=3560SY 2017Wal0

AQ(B7)=640; AS(n)=640 2017Wal(.

S(2n)=5230 syst640, Q(8~n)=9510 syst580 (2017Wal(.

20100h02 %Ge nuclide produced in B&EU,F) and Pb{38U,F) reactions with B{88U)=345 at RIKEN facility. Identification of
99Ge nuclei was made based on magnetic rigidity, time-of-flayid energy loss of the fragments using Big RIPS fragment
separator.

90Ge Levels

E(level) J Comments
0 0"  %pB =100; %8 n=7?; %B 2n="?
measuredr=6 pb 20100h03, systematic uncertaings0%, based on 3 counts assigned?¥Ge. Probability of
misidentification of9Ge isotope 0.0043%20100h03.
Ty/2: >635 ns from time-of-flight through spectromet@0(00h02. Actual half-life is expected to be much longer

as suggested by the calculated value of 20.3 206 $Mo0).
calculated 9% n=42, %3~ 2n=1 (2019Mo00).



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Oh02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Oh02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Oh02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Oh02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B

3PS5y 1 NUCLEAR DATA SHEETS 99As -1

Adopted L evels, Gammas

Q(87)=14470SY S(n)=2600SY. S(p)=14890SY. Q(a)=—9680SY 2017Wall
AQ(87)=520; AS(n)=500; AS(p)=570; AQ(2)=570 2017Wal0.

S(2n)=6750 syst450 Q(B n)=9590 syst400 (2017Wal0.

1997Be70 %°As produced ir’Be(2%8U,F), E=750 MeV/nucleon, fragments separator (FRS) at GSI facility. Idiatiion by

time-of-flight. Measured production cross section.

90As Levels

Cross Reference (XREF) Flags

A gBe(238U,|:y)

E(level) Ti2 XREF Comments
0.0 %3~=100; %8~ n="
E(level): the observed fragments assigned%s are assumed to correspond to the ground
state.

T1/2: >300 ns from time-of-flight iNl997Be70 Actual half-life is expected to be much
longer as suggested by the calculated value of 20.520%9Mo0J.

J': 1/2- proton and ' neutron orbital predicted b019Mo01

production cross sectier21 nb (1997Be70 corresponding to 228 counts assignedas.

Calculated 987 n=40, %3~ 2n=1 (2019Mo03).

0.0+x A E(level): it is not established to which level the 0,28 isomer decays. It is possible this
is the ground state di%As.
124.5:x 5 0.20us +12-9 A Tyy2: from 124.5.(t) in °Be38U,Fy) (2012Ka36.
¥(*°As)
Ei(level) E, Ef

124.5+x 12455 0.0+x



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Be70,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Be70,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Be70,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ka36,B

NUCLEAR DATA SHEETS

0ps
335772

Adopted L evels, Gammas

Level Scheme

N
¥ 124.5+x
0.0+x
0.0
90
33ASs7

0.20us+12-9

10



3PS5y 3 NUCLEAR DATA SHEETS 90As, -3

9Be(?38U,Fy)  2012Ka36

2012Ka36 238U beam at E345 MeV/nucleon provided by the RIBF accelerator complex at RIKEMlity. Fission fragments
separated and analyzed by BigRIPS separator, transpartfedal plane of Zero Degree spectrometer and implanted in an
aluminum stopper. Particle identification basedAd®TOF-Bo method. Measured+E ly, yy-coin, y(t) using three Clover HPGe
detectors.

9As Levels

E(level) T12 Comments

0.0+x

124.5+x 5 0.20us +12-9  Number of implanted fragmentd.1x10%.
Ty/2: from 124.5(t) using maximum likelihood method assuming exponent&day component(s)
plus a constant background(12Ka36.

y(%°As)

E, E;(level) =
12455 124.5+x  0.0+x

9Be(238UFy) 2012Ka36

Level Scheme

(é’?
N 124.5+x 0.20us+12-9

0.0+x

)
33ASs7

11


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ka36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ka36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ka36,B

90Se, -1 NUCLEAR DATA SHEETS 315861

Adopted L evels, Gammas

Q(87)=8.20x10° 33; S(n)=4.88<10° 33, S(p)=16290SY¥ Q(2)=—8.83<10° 55 2017Wal0

AS(p)=330 2017Wal).

S(2n)=8060330 S(2p)=30240 sys620 Q(3~n)=4400330 (2017Wal0.

1994Be24 208ph 238y X), E=750 MeV/nucleon. Fragment recoil separator (FRS) at GSI facilitgallredr=240 ub with 409
counts assigned t¥Se.

1998D008 208pp 238y, X), E=750 MeV/nucleon. Fragment recoil separator (FRS) at GSI facilitagfents separated by magnetic
rigidity, mass and total kinetic energy distribution. Megel (fragment andor y) coincidence. Tentative evidence for the

formation of%9Se.
2012Qu01 °Be(36Xe,X), E=120 MeV/nucleon. A1900 fragment separator at the NSCL Coupled @yprid=acility. Fragments

were separated using thepRAE-Bp technique. Beta decays measured in the NSCL Beta Countisigi8y(BCS) consisting of four
silicon PIN detectors, a double sided silicon strip dete@SSD), and a single sided silicon strip detector (SSSDgasdired
energy loss, total kinetic energy (TKE), time of flight, af().

0ge Levels

Cross Reference (XREF) Flags

A IH(Br,2py)

E(IeveI)Jr J Ty XREF Comments

0 (0 195 ms+95-65 A %B~=100; %8 n="

Tyy2: from g-decays correlated with implant2q12Qu0}. Value given in
2012Qu01lis 195 ms7 (syst) +95-65 (stat) using maximum likelihood method for
analysis of > data from 70 implants and 30 correlated decay sequences.

Calculated 9% n=1 (2019Mo002, 2.6 2012Mc04.

5478 2 A J': 548y to O and systematics off2states in even-even Se nuclei.
9649 29 A J': 419y to 2%, 960y to O, systematics of even-even Se nuclei.
123811 (4) A J': 691y to 2t, systematics of even-even Se nuclei.

16279 A J': (3,4") is proposed irR017Ch18

T From a least-squares fit toyEby evaluators.

¥(%°Se)
Ei(level) T E, ly Et X%
547 (2) 5489 100 0 O
964 (2) 4198 30 547 (2)
96015 100 0 O
1238 (@) 6917 100 547 (2)
1627 663 964 (2
107524 547 (2

 Placement of transition in the level scheme is uncertain.

12


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Be24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Do08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Qu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Qu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Qu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Mo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Mc04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ch18,B

90
348%6_2

NUCLEAR DATA SHEETS

90
348%6_2

Legend
Adopted L evels, Gammas
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0, max
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90Se. -3 NUCLEAR DATA SHEETS 345863

1H(®1Br,2py) 2017Ch18

2017Ch18 E(®1Br) ~ 270 MeV beam fron?Be(38U,F), E=345 MeV/nucleon reaction. Beam extracted using BigRIPS
spectrometer at RIBF-RIKEN facility antSe recoils identified by the ZeroDegree spectrometer. Medsparticle spectra using
time projection chamber (TPC) of the MINOS ensemble apdlk, yy using DALI2 array of 186 Nal(Tl) detectors.

905e Levels
E(level)’  J¥
0.0 o
5478  (2Y)
9649 (2%

123811  (4%)
16279  (3.4")

T From a least-squares fit toyEby evaluators.
¥ As proposed ir2017Ch18based on systematics of even-even nuclei.

y(*°Se)
Ei(level) J E, IyT Bt % Comments
547 (@) 5489 0.0 O
964 (2" 4198 23 547 (2)
96015 77 0.0 O
1238 4) 6917 547 (29)
1627 (3,4) 663 964 (27) This transition was not observed, probably not resolvedhf69y.
107524 547 (29)

 Relative photon branching.
¥ Placement of transition in the level scheme is uncertain.

14


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ch18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ch18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ch18,B

0p,
35555

5

1 NUCLEAR DATA SHEETS ggBrSS_

1

Adopted Levels

Q(87)=109594; S(n)=37975; S(p)=122975; Q(a)=—-74635  2017Wal0
S(2n)=94275; S(2p)=27860 sysL00, Q(3~n)= 44644 (2017Wal0.

90By Levels

E(level) Ti2 Comments

0 1.91s1 %B =100; % n=25.315

Ty/2: weighted average of 1.91019€ (1993Ru0), 1.93 s3 (1987PfZX), 1.92 s6 (1984Ew0), 1.92 s2
(1980AI15, and 1.80 <15 (1975As04. Others: 2.09 23 (2012Qu01from maximume-likelihood fit), 1.85 s
18 (2012Qu01from least-squares fit), 1.965(1976Ru0)}, 1.71 s14 (1975Krl%, 1.3 s2 (1972Sc43 and
1.4 s8 (1971Ch38.

%8~ n: weighted average of 29.02d (1993Ru03}, 24.3%30 (1987PfZX), 24.8%15 (1984Ew0), 24.6%17
(1980AI15, 22.6%31 (1975As04. Others: 18.9%89 (1978Kr15, 20%5 (1974Kr2]) and 30%7
(1972Sc48.

15


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987PfZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ew01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Al15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975As04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Qu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Qu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Kr17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sc48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ch38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987PfZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ew01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Al15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975As04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Kr15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kr21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sc48,B

90Kr g 11 NUCLEAR DATA SHEETS 36KT54L

Adopted L evels, Gammas

Q(B")=44057: S(n)=6494.828; S(p)=139744; Q(a)=—68813  2017Wal0

S(2n)=114113; S(2p)=256534 (2017Wal).

There are a number ofray transitions initially proposed to belong $8Kr in 252Cf and248Cm SF decay datasets, that have
subsequently been assigned®&r in 23°U(n,Fy). These transitions and their respective levels are ndudied in the Adopted
Levels and Gammas. See tFECf and248Cm SF decay datasets for their placements.

90Ky Levels

Cross Reference (XREF) Flags

A 9OBrg-decay D  23U(nFy)
B 28Cm SFdecay E  Coulomb excitation
C  252Cf SF decay

E(IeveI)Jr J T12 XREF Comments

0.0F 0* 32.32 59 ABCDE  9%3~=100

Ty/2: Fromy(t) with mass separation and Ge(LD969Ca03.

A<r?> (89r, 99Kr)=0.116 fnf 11 (1996Li25; A<r®> (86Kr, 90Kr)=0.5 fm?
1 (1995Ke04. Others:1992Li24 1992Ne09

707.1% 5  2F 10.7 ps16 ABCDE B(E2)1=0.1500230(2017EI04

J: E2 70% to O*.

Ty/2: deduced from B(E2) in Coulomb Excitation. Other: 10.469sfrom
centroid diference between 797and 1123 in LaBrz coincidence spectra in
235U(n,|:'y).

1362.256 2* 1.1 ps+4-2 ABCDE B(E2)1=0.033090 (2017EI04

T1/2: deduced from B(E2) in Coulomb Excitation.

J: E2 1362.3% to O*.

1763.8915  (3,4,2) BCD  J: yy(6) data limit J to 2,3,4 irf3°U(n,Fy). Jr=2" is less likely due to
absence of a ground state transition. Q (assumed E2) foarsstb 2 levels
give positive parity.

1830.4¢ 15 4+ ABCD  J": E2 1123.37% to 2*; band assignment.

1940.338 A

2103.138 A

2147.8110 A

A
A

2193.14
2249.3414  (2%) <0.23 ps E B(E2)1=0.0150110(2017EI0)

J': direct population in Coulomb excitation.

Ty/2: deduced from B(E2) in Coloumb excitation.
2318.097
2536.0421
2543.7010
2595.9314
2596.4925 BCD
2685.8313
2687.3113
2730.7617
2747.9415
2780.609
2828.2622
2853.1622 5 BCD  J: D+Q 1022.% to 4*.
2864.1520
2987.3210
3084.8621 BCD
3140.2516 A

3223.53 (5%,6%) BCD  J: yy(6) data inZ3%U(n,Fy) are consistent with=},5,6; 4 is less likely

= ==

= >

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017El04,B
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WOy
36K 5472

NUCLEAR DATA SHEETS

WOy
361KT'54-2

E(level)f

Adopted L evels, Gammas (continued)

90Kr Levels (continued)

XREF Comments

3231.4417
3285.1017
3318.43
3372.63
3508.23
3695.54
3896.5324
4036.55
4099.010
4284.94
4291.03
4546.65
4785.7822
5004.43
5053.03
5080.05
5385.46
5683.35
5730.13
6298.374

due to the absence of transitions to any of thestates.

i

(@)}
BCD
BCD

(@)}

i

BCD

i

C E(level): observed only iR°2Cf SF decay.

T From least-squares fit toyEby evaluators.
¥ Band(A): Ground state band.

17



8T

Adopted L evels, Gammas (continued)

(%K)
Ei(level) J Eﬂ Iﬁ Et NH Mult. 3 6% o Comments
70712 27 707.056 100 00 O E2 1.18&10°3 B(E2)(W.u.=12.819
Mult.: Q from yy(6) in 252Cf and248Cm SF decay, M2
excluded by comparison to RUL.
1362.25 2 655.176 63.515 707.12 Z (M1+E2) +0.507 B(E2)(W.ux14 6; B(M1)(W.u.)=0.0226
l,: from 235U(n,Fy).
Mult.: D from yy(6) in 2*8Cm SF decayAr=no from
level scheme.
1362.3210 1008 0.0 0 E2 2.9%10* B(E2)(W.u.)=2.8+6-8
Mult.: Q from yy(6) in 252Cf and248Cm SF decay, M2
excluded by comparison to RUL.
1763.89 (3,4,2) 401.4 1004 1362.25 2 E2 0.00638 4 from 235U(n,Fy).
1056.% 24.1 707.12 2 E2 4.36<10%  1,: from 235U(n,Fy).
1830.49 4 1123.3715 100 707.12 2 E2 3.8107*
1940.33 578.048 14516 1362.25 2
1233.218 1004 707.12 2
2103.13 740.838 1005 1362.25 2
1396.1613 333 707.12 2
2147.81 786.022 1007 1362.25 2
1440.2112  20.219 707.12 2
2193.1 1486.01 100 707.12 2
2249.34 (2) 1542.2013 100 707.12 2
22499 <23.0 00 O [E2] E,.l,: limit on unobserved transition in Coulomb excitation.
2318.09 955.848 985 1362.25 2
1610.8011 1005 707.12 Z
2318.62 47 4 0.0 O
2536.04 1828.920 100 707.12 2
2543.70 1836.490 1006 707.12 Z
2543.9320 203 0.0 0
2595.93 1888.793 100 707.12 2
2596.49 832.8 100 1763.89 (3,4,2)
2685.83 1323.512 100 1362.25 2
2687.31 539.5@ 100 2147.81
2730.76 2024.8B 264 707.12 Z
2730.52 1007 0.0 0
2747.94 2040.794 100 707.12 2
2780.60 840.290 1008 1940.33
1418.3411 848 1362.25 2
2073.05 164 707.12 Z
2828.26 1465.8 9812 1362.25 2
2121.23 10011 707.12 Z

7S ,\,9€
e- 'l>|06

S133HS V1vad 4dv3TONN

75 ,\,9€
e- 'l>|06
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Adopted L evels, Gammas (continued)

v(®9Kr) (continued)

Ei(level) J Eﬂ IyJr Et X Mult.§ 58 Comments
2853.16 5 1022% 100 1830.49 4 D+Q  +0.07219 Mult.,s: from yy(6) in 235U(n,Fy).
2864.15 2864.2 100 00 O
2987.32 1625.113 1007 1362.25 2
2987.12 665 00 0
3084.86 12544 1830.49 4
1321.5 1763.89 (3,4,2)
3140.25 2433.095 100 707.12 2
32235  (3,6') 1393.% 1830.49 4
1460.5 1763.89 (3,4,2)
3231.44 913.320  7.610 2318.09
3231.33 10010 00 0
3285.10 1344.7@5 100 1940.33
3318.4 3318.3 100 00 O
3372.6 2665.8 100 707.12 2
3508.2 2801.@8 100 707.12 2
3695.5 1099.6 100 2596.49
3896.53 672.9 32235 (5,6%) E,: observed only irf°2Cf SF decay.
811.7 3084.86 E: observed only ir?52Cf SF decay.
1043.4 2853.16 5
4036.5 8134 100 32235 (5,6%)
4099.0 1245.8 100 2853.16 5 ,Efrom 235U(n,fy).
4284.9 1200.6 100 3084.86
4291.0 4290.8 100 00 O
4546.6 2002.% 100 2543.70
4785.78 2682.@ 100 2103.13
5004.4 4297.38 100 707.12 2
5053.0 1156.6 100 3896.53
5080.0 4372.% 100 707.12 2
5385.4 4023.5 100 1362.25 2
5683.3 4320.% 100 1362.25 2
5730.1 2411.8 7112  3318.4
4367.35 10013  1362.25 2
6298.3? 124552 100 5053.0 E: observed only irf°%Cf SF decay.

T From 99Br g~ decay, except where noted.
¥ From 252Cf SF decay.

§ Fromyy(6) in 23%U(n,Fy), except where noted. Q transitions are assumed to be E2aiaater.

& Total theoretical internal conversion dheients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation based gmay energies,

assigned multipolarities, and mixing ratios, unless oflez specified.
@ placement of transition in the level scheme is uncertain.

7S ,\,9€
- 'l>|06

S133HS V1vad 4dv3TONN
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NUCLEAR DATA SHEETS

WOy
36<T'5470

Adopted L evels, Gammas

Band(A): Ground state
band

4+ 1830.49

1123

2+ v 707.12
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90Kr 46 NUCLEAR DATA SHEETS 36K54°6

90Br g~ decay  1981H017

Parent:>°Br: E=0; Ty,,=1.91 s1; Q(87)=109594; %3~ decay-100.0

1981H017 Activity from 235U(n,F). Measured & ly, yy, andBy coin. Mass and chemical separation. Ge(Li), x-ray and $i(Li
detectors.

1980AI15 Measured B(t), delayed neutrons. Plastic scintillat8He tubes.

Others:1971Ch38 1974Kr21, 1974Cr06 1975As04 1975Ba36 1976Ru01 1978Be51 1984Ew01 1987PfZX

For spectra of delayed neutrons, d6¥7Sh01

The decay scheme 8PKr via delayed neutrons following th&Br decay is given byl981Ho17
All data are from1981Ho017 except as noted.

0Ky Levels

E(level) Ff Tl/gT Comments

0.0 0-  32.32s9
707.135  2*
1362.256  2*
1830.5016 (4%)
1940.338
2103.139
2147.8110
2193.14
2249.3414
2318.098
2536.0521
2543.7010
2595.9414
2685.8314
2687.3113
2730.7617
2747.9415
2780.6010
2828.2622
2864.1520
2987.3112
3140.2516
3231.4418
3285.1017
3318.43
3372.63
3508.23
4291.03
4546.65
4785.7822
5004.43
5080.05
5385.46
5683.35
5730.14
6494.8rx E(level): x<4464 keV from Q8 )(°°Br)-S(n)€OKr), where Q)= 109594 and S(n}:64953
(2017Wa10.

* From the Adopted Levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ho17,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ew01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987PfZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sh01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ho17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ho17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B

WOy
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NUCLEAR DATA SHEETS ggKI‘54-7

90Br g~ decay ~ 1981H017 (continued)

B~ radiations

1981Ho17measured @ )value=9800 keV400 for 9OBr. This value deviates significantly from the evaluatecigabf 109594

(2017Wal0.
1986Kel0measured QX )=10300120from By coin with mass separation, compared to the evaluated vall6959 4

(2017Wal0.

E(decay) E(level) ,/j‘Tic Log ft Comments

(2.2<10%% 22)  6494.8x 25.315 I8~ from %3 n = 25.315 for %°Br decay.

(5229 4) 5730.1 1.0413 6.456
(5276 4) 5683.3 0.3% 6.948
(5574 4) 5385.4 0.257  7.2013
(58794) 5080.0 0.549 6.978
(59554) 5004.4 0.6 6.937
(61734) 4785.78 0.467 7.137
(6412 4) 4546.6 0.2%  7.4711
(6668 4) 4291.0 0.6 7.146
(74514) 3508.2 0.33 7.6210
(7586 4) 3372.6 0.346 7.678
(7641 4) 3318.4 0.749 7.3512
(7674 4) 3285.10 0.517 7.526
(77284) 3231.44 3.66 6.696
(78194) 3140.25 0.9911 7.275
(79724) 2987.31 2.8 6.865
(80954) 2864.15 1.1817 7.267
(81314) 2828.26 0.78 7.475
(81784) 2780.60 1.9a.7 7.084
(82114) 2747.94 0.80l1 7.466
(82284) 2730.76 2.1122 7.045
(82724) 2687.31 0.6610 7.567
(82734) 2685.83 0.8a11 7.476
(83634) 2595.94 0.567 7.656
(84154) 2543.70 1.4819 7.246
(84234) 2536.05 0.416 7.807
(86414) 2318.09 5.3% 6.745
(87104) 2249.34 1.3318 7.366
(8766 4) 2193.1 0.5610 7.758
(88114) 2147.81 1.203 7.408
(8856 4) 2103.13 3.3 7.006
(90194) 1940.33 3.5 7.037
(91294) 1830.50 0.50r 7.886
(9597 4) 1362.25 6.818 6.8412

(102524) 707.13 134 6.6914

(109594) 0.0 157 6.7721

T B~ branches are obtained byy¥ce) imbalance at each level.

¥ Absolute intensity per 100 decays.

# Estimated for a range of levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
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NUCLEAR DATA SHEETS ggKI‘54—8

90Br g~ decay ~ 1981H017 (continued)

y(%%Kr)

ly normalization: From known absolute intensity(1119)=39% 3 in 9%Kr g~ decay (981Ho17.

E,T 1,8 Ei(level)
539.508 17.320 2687.31
578.0618  15.918 1940.33
655.176 20212  1362.25
707.056 100040 707.13
740.828 754 2103.13
786.0212 423 2147.81
840.2910 252 2780.60
913.3820 6.89  3231.44

X939.92 11.213
955.848 583 2318.09
1123.3715  13.111 1830.50
X1133.54 4.910
1233.218 1104 1940.33
13235712 212 2685.83
1344.7615  13.512 3285.10
1362.3210 29523  1362.25
1396.1613 252 2103.13
1418.3411 212 2780.60
1440.2112 8.58 2147.81
1465.93 9.611 2828.26
1486.04 14.721 2193.1
1542.2013 353 2249.34
1610.8011 593 2318.09
1625.1113 443 2987.31
1828.9020  10.711 2536.05
1836.4910 382 2543.70
1888.7913  14.712 2595.94
2002.95 6.713 4546.6
2024.13 11.616 2730.76
2040.7914 212 2747.94
2073.05 4.010 2780.60
X2105.72 15.012
2121.23 9.810 2828.26
X2172.94 3.412
X2297.13 7.413
2318.62 282 2318.09
2411.83 11.419 5730.1
2433.0915 261 3140.25
2543.9320 7.710 2543.70
X2612.22 14.614
2665.43 8.913 3372.6
2682.62 12.214 4785.78
2730.52 443 2730.76
X2763.94 5.04
2801.03 9.118 3508.2
2864.12 313 2864.15
2087.12 292 2987.31
X3022.34 6.215
X3116.74 9.913
3231.33 899 3231.44
3318.53 313 3318.4
X3505.84 6.512

4)

Er ¥ Mult?

2147.81
1362.25 2
707.13 2 D
0.0 O E2
1362.25 2
1362.25 2
1940.33
2318.09

1362.25 2
707.13 2 E2

707.13 2
1362.25 2
1940.33

0.0 O E2

707.13 2
1362.25 2

707.13 2
1362.25 2
707.13 2

707.13 2

707.13 2
1362.25 2

707.13

707.13

707.13
2543.70

707.13

707.13

707.13

NGO NNN NNN

707.13

00 ©
3318.4
707.13 2

00 0
707.13 2

0
2

2103.13
0.0

707.13

Continued on next page (footnotes at end of table)

23


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ho17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ho17,B

WOy
36K549

NUCLEAR DATA SHEETS ggKI‘54-9

90Br g~ decay ~ 1981H017 (continued)

y(®%Kr) (continued)

E,f LY E(evel) E X E, T LS E(evel) J E J
x3669.14  7.311 4367.35 16.120 5730.1 1362.25 2
X3949.03  9.411 4372.85 14.120 5080.0 707.13 2
X3955.03  8.49 X4495.14  8.814
402316 6718 53854  1362.25 2 | X4762.35 6.811
4290.93 17.015 4291.0 0.0 0 |*4787.44 5711
4297.23 16.715 50044  707.13 2 | *5154.05 2.810
432095 9.114 5683.3  1362.25 2 | X5221.65 7.913

 For severaly’s not seen byl981Ho017 see1975Kr17

¥ From the Adopted Gammas.

§ For absolute intensity per 100 decays, multiply by 0.838
Xy ray not placed in level scheme.
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90Kr,-10 NUCLEAR DATA SHEETS 36KT54-10

%0Br B~ decay  1981H017

Decay Scheme
—_— Legend
Intensities: |, . per 100 parent decays

ly < 2%xI)a
ly < 10%x |72
ly > 10%x 72

0 191s1 °

Coincidence
Q =1095%4  \  04B-=100
39Brs5
1B~ Log ft
253 6494.8+x
///////////////////////////////////////////////////////64)/4/8
Q‘& Q@ &

N A F S
104 645 \ s v & & 5730.1
035  6.94 o 5683.3

\ ;
025 720 ¥ S 8 5385.4

N\ v ©
054 697 \ ¥ § VOS“ 5080.0
063 693 \ S 5004.4
046 713 ¢ o o 4785.78
14 ©
025  7.47 \ ¥ o 4546.6
S
065 714 \ W 4291.0
4
S

\
0.35 762 \ P & oy Qf‘v" 3508.2
034 767 \ ¥ ol e 33726
074 735 \ P 3318.4
051 752 \ oe 3285.10
36 6.69 3231.44
148 7.4 \ 2543.70
53 6.74 % 2318.09
33 7.00 \ 2103.13
33 7.03 1940.33
6.8 6.84 \2+ 1362.25
13 6.69 \2+ 707.13
15 677 \0+ 0.0 32.329

90
36K54
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90Krg,m11 NUCLEAR DATA SHEETS 36KT5411

9Br B~ decay  1981Ho17

Decay Scheme (continued)

Legend
Intensities: |, c¢ per 100 parent decays

ly < 2%x7a
ly < 10%x 72
ly > 10%x 172

0 -
1.91s1 ° Coincidence
Q=109594  \  o4p-=100
90
35855

S

S
IB~  Log ft S
L L é)b 9 ;{?\
099 727 M «;%5 3 3140.25

> s &

© Y 3
28 6.86 x v < AN I 2987.31
118 726 \ Ve Sye & 2864.15
074 747 V3 28 o &% 2828.26
S—vy—y—N oY
1.90 7.08 \ Ve e o o~ & 2780.60
080 746 \ PRGN 2747.94
211 704 vV e N 2730.76
0.66 756 \ @ & @76@ j; 2687.31
080 747 \ 8 oo ¥ 2685.83
056 765 \ T L8 s 2595.94
148 724 \ Y e & 2543.70
041 780 3 o 2536.05
S VY
~ o o
\ LFTF F
Y & & S o
53 6.74 \ Veg & 2318.09
“ Q
133 736 \ FE 2249.34
056 775 \ ~ 2193.1
126 740 2147.81
33 7.03 \ 1940.33
6.8 6.84 \2+ 1362.25
13 6.69 \2+ 707.13
15 677 \O+ 0.0 32329
90
36KI'54
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90K rgm12 NUCLEAR DATA SHEETS 36K'54712

%0Br B~ decay  1981Ho017

Decay Scheme (continued)

Intensities: |, e per 100 parent decays Legend

—— Iy < 2%xIT
ly < 109 172

max
0 191s1 ly > 10%x1y
Q-=109594 \ %B-=100 ° Coincidence
90
358755
v
& o
- 5 S o S
18- Logft F&TP 0 &
¥ & o & o
1.26 7.40 e ;SL N & A 2147.81
33 7.00 \ &f@f&;” Qe 2103.13
33 7.03 \ & PR 1940.33
0.50 7.88 (44 @‘”70 1830.50
\ & &
5 &
6.8 6.84 2+ J ¢ 1362.25
&
¢
N
\ IS
13 6.69 2" N 707.13
15 677 \O+ 0.0 32.329

90
36KT54
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90Krg,-13 NUCLEAR DATA SHEETS 36KT5413

248Cm SF decay ~ 2000Rz02

Parent:>48Cm: E=0; J=0%; T1,,=3.48x10° y 6; %SF decay?
2000Rz02 Spontaneous fission decay ¥fCm; EUROGAM?2 array; measured yyy, yy(6), linear polarization.

90Kr Levels
E(IeveI)Jr JE Comments
0.0 (0
707.10 z
1362.61 2
1506.4 3 E(level): the 799.8 from this level has been assigned¥r by 2017Rz01in 23%U(n,Fy). Hence, this level
is excluded from Adopted Levels.
17641  (4)
1830.1 4
1974.2 E(level): the 467,9from this level has been assigned®dr by 2017Rz01in 235U(n,Fy). Hence, this level
is excluded from Adopted Levels.
2596.6 E(level): either E(levet599.7, as quoted b§000Rz02seems to be in error orE832.5 needs adjustment.
Evaluator opts for the adjustment of E(level) to be conaisteth 252Cf SF decay 2011Li34).
2678.1 E(level): the 1171y5from this level has been assigneddr by 2017Rz01in 23%U(n,Fy). Hence, this level
is excluded from Adopted Levels.
2745.5 E(level): the 771y4ray from this level has been assigned®&r by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from Adopted Levels.
2761.8 E(level): the 1255)5ray from this level has been assigned®ir by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from Adopted Levels.
2852.6
3084.3
3222.6
3407.9 E(level): The rays from this level have been assignedt&r by 2017Rz01in 235U(n,Fy). Hence, this level
is excluded from Adopted Levels. levels.
3896.0
4003.6 E(level): the 1258)lray from this level has been assigned®#r by 2017Rz01in 235U(n,Fy). Hence, this
level is excluded from Adopted Levels.
4035.2
4324.5 E(level): the 916y6ray from this level has been assigned®&r by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from Adopted Levels.
5052.3

* From least-squares fit toyEby evaluators.
¥ As proposed by2000Rz02based on multipolarity deduced fropy angular correlation measurements and systematics.

y(°%Kn)
E, Ei(level) J E¢ It Mult. ™ Comments
401.6 1764.1 % 136261 2 Q (401y)(655y)(F): A,=-0.032, A4=—0.031.
(401y)(1362/)(0): Ap=+0.132, A4=+0.031.
467.9 1974.2 1506.4 3 D (468y)(799%)(0): Ap=+0.122, A4=+0.071.

E,: in 23%U(n,Fy), this transition is assigned f8Kr; thus it is not included
in the Adopted Levels.

646.2 3407.9 2761.8 JE in 23%U(n,Fy), this transition is assigned &Kr; thus it is not included
in the Adopted Levels.

655.6 136261 2  707.10 2 D (655y)(707y)(6): Ap=—0.234, Ay=+0.132.

662.4 3407.9 2745.5 JE in 23%U(n,Fy), this transition is assigned &3Kr; thus it is not included

in the Adopted Levels.
707.1  707.10 2 00 0 Q

Continued on next page (footnotes at end of table)
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90Kr 14 NUCLEAR DATA SHEETS 36KT5414

248Cm SFdecay ~ 2000Rz02 (continued)

y(®%Kr) (continued)

E, Ei(level) J Ef N Mult. ¥ Comments

729.5 3407.9 2678.1 JE in 235U(n,Fy), this transition is assigned 3Kr; thus it is not
included in the Adopted Levels.

771.4 27455 1974.2 JEin 23U(n,Fy), this transition is assigned f3Kr; thus it is not
included in the Adopted Levels.

799.3 15064 3 70710 2 D (799))(707y)(6): Ap=—-0.202, Ag=—0.021.

E,: in 23%U(n,Fy), this transition is assigned fKr; thus it is not
included in the Adopted Levels.

812.6 4035.2 3222.6
8325 2596.6 1764.1
916.6 4324.5 3407.9 JE in 235U(n,Fy), this transition is assigned f3Kr; thus it is not
included in the Adopted Levels.
1022.5 2852.6 1830.1 4
1043.4 3896.0 2852.6
1056.9 17641 (8 70710 Z Q (1056/))(707y)(6): Ap=+0.083, Ay=+0.021.
11230 1830.1 4 707.10*2  Q (1123)(707)(6): A2=+0.102, As=+0.041.
1156.3 5052.3 3896.0
11715 2678.1 1506.4 3 E,: in 23%U(n,Fy), this transition is assigned f3Kr; thus it is not
included in the Adopted Levels.
1254.2 3084.3 1830.1 4
12555 2761.8 15064 3 D (1255)(799)(6): Ap=+0.134, Ay=+0.072.

E,: in 23%U(n,Fy), this transition is assigned f3Kr; thus it is not
included in the Adopted Levels.

1258.1 4003.6 2745.5 JEin 23U(n,Fy), this transition is assigned f3Kr; thus it is not
included in the Adopted Levels.

1320.2 3084.3 1764.1 1
1362.6 136261 2 00 00 Q
1392.6 3222.6 1830.1 4
1458.4 3222.6 1764.1 13

 Deduced fromyy angular correlation measuremen29Q0Rz02.
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90Kr,,-15 NUCLEAR DATA SHEETS 36KT5415

252Cf SF decay  2011Li34

Parent:?52Cf: E=0; J'=0*; T1,,=2.645 y8; %SF decay?
2011Li34 Spontaneous fission decay TFCf; GAMMASPHERE Array at LBL; measureg, yyy, yy(6).

90Kr Levels
E(IeveI)Jf JE Comments
0.0 o
707.60 2*
1362.48 2*
1506.7%  3- J'. confirmed from angular correlation of 707.6-799.1 keV eals; consistent witR000Rz02
E(level): the 799.4 from this level has been assigned®dKr by 2017Rz01in 235U(n,Fy). Hence, this level
is excluded from Adopted Levels.
1763.8&  (4%)
1830.9 (4%
1975.6%¢ E(level): the 468.3 from this level has been assigned®dKr by 2017Rz01in 235U(n,Fy). Hence, this level
is excluded from Adopted Levels.
2596.88  (6%)
2678.8 E(level): the 1172)1from this level has been assigned¥&r by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from Adopted Levels.
2746.5% E(level): the 7715 ray from this level has been assigned®#&r by 2017Rz01in 235U(n,Fy). Hence, this
level is excluded from the Adopted Levels.
276282 E(level): the 12554 ray from this level has been assigned®¥&r by 2017Rz01in 235U(n,Fy). Hence, this
level is excluded from the Adopted Levels.
2853.8¢  (6%)
30853  (6)
32241  (6)
3408.62 E(level): they rays from this level have been assignedtsr by 2017Rz01in 23%U(n,Fy). Hence, this level
is excluded from the Adopted Levels.
3695.686  (8%)
3897.0 (8%
4005.8% E(level): the 12599 ray from this level has been assigned®&r by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from the Adopted Levels.
4037.5 (8)
42853  (8)
432549 E(level): the 916.8 ray from this level has been assigned®l&r by 2017Rz01in 23%U(n,Fy). Hence, this
level is excluded from the Adopted Levels.
5053.6'  (10%)
5081.3 E(level): The 1075.8 ray from this level has been assigned®&r by 2017Rz01in 23°U(n,Fy). Hence,
this level is excluded from the Adopted Levels.
6298.9% (12

 From least-squares fit toyEby evaluators.

 Based on deduced multipolarity f#Cm decay 2000Rz02 and from systematics of 52 isotones, unless otherwise stated.
# Band(A): Band-1.

@ Band(B): Band-2.

& Band(C): Band-3.

a Band(D): Band-4.
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90Kr o ,-16 NUCLEAR DATA SHEETS 36KT5416

252Cf SFdecay  2011Li34 (continued)

y(%%Kr)

E, E;(level) J E¢ N Mult. ¥ Comments

319.9 43254 4005.5 JE not seen irf*8Cm SF decay; consequent to exclusion of 4005.5 keV
level, thisy ray is not included in the Adopted Levels.
401.4 17638 (#) 1362.41 2

468.3 1975.0 1506.7 3 E,: in 23%U(n,Fy), this transition is assigned tBKr; thus it is not
included in the Adopted Levels.

646.3 3408.6 2762.3 JE in 23%U(n,Fy), this transition is assigned 3Kr; thus it is not
included in the Adopted Levels.

654.8 136241 2 707.60 2

662.1 3408.6 2746.5 JE in 23%U(n,Fy), this transition is assigned f3Kr; thus it is not

included in the Adopted Levels.
6729 3897.0 (8 32241 (B)

707.6 70760 2 0.0 0O Q

729.8 3408.6 2678.8 JE in 23%U(n,Fy), this transition is assigned 3Kr; thus it is not
included in the Adopted Levels.

7715 2746.5 1975.0 JEin 23%U(n,Fy), this transition is assigned fKr; thus it is not
included in the Adopted Levels.

799.1 1506.7 3 70760 2 D (707.6/)(799.1)(6): Ay=—0.21436, A4=—0.015.

E,: in 23%U(n,Fy), this transition is assigned f8Kr; thus it is not
included in the Adopted Levels.
811.7 3897.0 (8 30853 (6)
813.4 40375 (8 32241 (6)
832.8 2596.6 (6) 1763.8 (4)
916.8 4325.4 3408.6 JE in 23%U(n,Fy), this transition is assigned 83Kr; thus it is not
included in the Adopted Levels.
1022.7 28536 (5 18309 (4)
1043.4 3897.0 (8 28536 (6)
1056.2 17638 (4  707.60 2
1075.8 5081.3 4005.5
1099.0 36956 (8 2596.6 (6)
1123.3 1830.9 ® 707.60 2
1156.6 5053.6 (1 3897.0 (8)
1172.1 2678.8 1506.7 3 E,: in 23%U(n,Fy), this transition is assigned f8Kr; thus it is not
included in the Adopted Levels.
1200.0 42853 (8 30853 (6)
12453 62989 (19 5053.6 (10)
1254.4 30853 (5 18309 (4)

1255.6 2762.3 1506.7 3 E,: in 235U(n,Fy), this transition is assigned f8Kr; thus it is not
included in the Adopted Levels.
1259.0 4005.5 2746.5 LEin 23%U(n,Fy), this transition is assigned fKr; thus it is not

included in the Adopted Levels.
1321.5 3085.3 (6 1763.8 (4)
1362.4 136241 2 0.0 O
1393.2 3224.1 (6) 18309 (4)
1460.3 3224.1 (8 1763.8 (4)

T Deduced from angular correlation da20(1Li34).
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0Kr 17 NUCLEAR DATA SHEETS 36K 17

235Y(n,Fy)  2012Mu08,2014Rel5,2017Rz01

2012Mu08 E=thermal neutrons from the Canada India Research Utilityi€es (CIRUS) reactor facility, Bhabha Atomic Research
Center (BARC), Mumbai. MeasuredyEly, yy-coin using two Clover HPGe detectors equipped with antinBmn shields, in
coincidence mode.

2014Rel5 E=cold neutron beam from Institut Laue-Langevin (ILL) reacad Grenoble, France. Measureg,BEy, vy, yy(t)
using the EXILL spectrometer consisting of eight BGO sheeldEXOGAM Clover detectors and the FATIMA array consistirig o
sixteen 5% Ce-doped LaBdetectors (FWHM500-270 ps for the FATIMA prompt response function). Dedlidg, of 707-keV
level using the generalized centroidfdrence (GCD) method.

2017Rz01 E(n)=cold neutrons from PF1B facility of ILL-Grenoble. Measurgg, |y, yy-coin, yy() using EXILL array of 28
pairs of the eight clover detectors mounted in a planar,goctal geometry. Identification of rays from®°Kr in correlation with
they rays from its complementary fission partnéféBa, 143Ba and2Ba.

Severaly rays previously assigned #9Kr have been identified as belonging %Kr by 2017Rz01 Some include a 468from a
proposed 1974.3 level, a 77 Trom a 2745 level and a 79%rom a 1506 level. For a full list of transitions and theirginal
placements, see tH48Cm and2®2Cf decay datasets. These transitions and their correspprelels are not included in the
Adopted Levels and Gammas, nor are they placed in this datase

90Kr Levels
E(level)l  JF¥ T12 Comments
0 (0
707.3 z 10.4 ps69 Ty o: from centroid diference between 797and 1123 in LaBrs coincidence spectra

(2014Rel%. Spectra obtained by summing gates on the 199 keV and 33lrie¥itions
(from the complementary partnéf“Ba) in the EXILL array R014Rel}. ATy, includes
uncertainty from large Compton background and prompt nespaliference uncertainty of 10
ps 2014Rel5.

1362.7 z

1764.4 3.,4f J: yy(0) data are consistent with=2,3,4; 2 is rejected by2017Rz01due to the absence of
transition to the g.s.

1830.7 4

2596.8

2853.5 5

3085.5 5

3224.1 5,6" J: yy(#) data are consistent with=4,5,6; 4 is rejected by2017Rz01due to the absence of
transition to any of the 2 states.

3695.2

3897.2

4038.2

4099.3

4285.1

5053.9

T From least-squares fit toyEvalues by the evaluators.
# As proposed by2017Rz01 based onyy(d) measurements.

y(°%Kn)
Ei(level) J E, Iﬁ Er X Mult. ) Comments
7073 2 707.3 o o of l,: other: >226 Q012Mu08.
1362.7 2 655.5 63.515 707.3 Z (M1+E2) +0.507 &: from (655.5)(707.3/)(6): A»=—0.12914,
A4=+0.09027.
ly: other: 533 (2012Mu0g.

1362.7 100 0o o Qf I,: other: 633 (2012Mu08§.

1764.4 34" 401.7 41516 1362.7 Z Mult=Q for J(1764%4. §(Q/D)=+0.242+17-16 for

J(1764%3, +0.194 +15-13 for J(1764)2 from

Continued on next page (footnotes at end of table)
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90
36Kr5 4-18

NUCLEAR DATA SHEETS ggKr54_18

235J(n,Fy)  2012Mu08,2014Rel5,2017Rz01 (continued)
y(®°Kr) (continued)
Ei(level) J E, Iﬁ Et X Mult. 6 Comments
(401.%)(1362.%)(6): Ap=+0.1001, As=—0.00420
(2017Rz0).
l,: other: 477 (2012Mu0§.
1764.4 3,47 1057.1 100 707.3 2 Mult=Q for J(1764%4. §(Q/D)=+0.182+53-48 or
+2.75+38-48 for J(1764)3, +0.24445 for
J(1764)2 (2017Rz0).
Mult.: from (1057.%)(707.3)(6): A»,=+0.06233,
A4=-0.1674 (2017Rz0).
1830.7 4 1123.4 707.3 2 Qf Mult.: (1123.4/)(707.3/)(6): A,=+0.09515,
A4=-0.01233 (2017Rz0}.
l,: other: 1005 (2012Mu09.
2596.8 832.4 1764.4 *34*
2853.5 5 1022.8 1830.7 %4 D+QF  +0.07219 Mult.,s: (1022.8)(1123.4/)(6): A,=-0.02312,
A4=+0.00422 (2017Rz0}.
l,: other: 533 (2012Mu0§.
3085.5 ) 1254.7 1830.7 4 6(Q/D)=+0.47 +15-11 or +1.72 +47-48 for J(3085¥5;
+0.05 +12-15 for J(3085%4 from
(1254.%)(1123.4/)(6): A,=+0.18043, A4=—0.001
94 (2017Rz0).
1321.1 1764.4 B4+
3224.1 5,6t 1393.4 1830.7 4 Mult.: Q for J(3224%6. §(Q/D)=+0.33+15-11 or
+2.38 +95-66 for J(3224¥5; —1.39+40-52 or +0.21
+15-16 for J(3224)4.
Mult.: (1393.4/)(1123.4/)(6): A,=+0.12258,
A4=-0.012123(2017Rz0).
1459.7 1764.4 B4+
3695.2 1098.4 2596.8
3897.2 1043.7 28535 5 1l other: 477 (2012Mu0g.
4038.2 814.1 3224.1 56"
4099.3 1245.8 28535 5
4285.1 1199.6 3085.5 "5
5053.9 1156.7 3897.2

T Relative photon intensity2017Rz0). 2012Mu08provide intensities relative tay(1123y)=100. These are given in the
comments.
¥ Fromyy(6) results in2017Rz01 mult=Q indicates stretched quadrupole.
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90Kr,-19 NUCLEAR DATA SHEETS 36KT5419

Coulomb excitation  2017EI04

2017EI04 Intermediate energy Coulomb excitation using 68 Wraitleon®Kr beam, produced ifBe(®%Zr,X) primary reaction
with E=120 MeV/nucleon beam from K500 and K1200 coupled cyclotrons at NM3U facility. Fragments were separated using
A1900 fragment separator. Target was 246ang thick 29°9Bi. Measured scattered particles using S800 spectrogépHy,
(particle)y-coin using CAESAR array of 192 closely packed Csl(Na) @algst

90Ky Levels

E(level) Fi Tl/zJf Comments
0 o*
707 2 10.7 ps16 B(E2)1=0.1500230 (2017EI09

Measuredr=180 mb30 (2017EI0J.

1362 2 1.1 ps+4-2 B(E2)1=0.033090 (2017EI09
Measuredr=40 mb 10 (2017EI04.

2249 (?) <0.23ps B(E2)=0.0150110 (2017EI09
J': tentative assignment 3017EI04
Measuredr=17 mb 13 (2017EI0J.

T Deduced by evaluators from B(B2yalues in2017EI04 and adopted gamma-ray properties.
¥ From the Adopted Levels.

y(°°Kr)
Ei(level) T E, l, Ef J Mult Comments
707 2 707 00 E2
1362 2 655 707 2
1362 0 0 [E2]
2249 () 1542 100 707 2
2249 <23 0 0 [E2] E,.l,: estimated by2017EI04 the 2249 was not seen by the authors.

 Placement of transition in the level scheme is uncertain.
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37Rbg51 NUCLEAR DATA SHEETS 90Rb, -1

Adopted L evels, Gammas

Q(~)=65847; S(n)=57238; S(p)=101187; Q(a)=—-61577  2017Wal0
S(2n)=128988; S(2p)=232267 (2017Walo.

ORDb Levels

Cross Reference (XREF) Flags

A 9Kr g~ decay
9Rb IT decay (258 s)
c  BUnFy)

o]

E(Ievel)T J T1/2i XREF Comments

0 o 158 s5 ABC %B~=100
J: J=0 from atomic-beam measuremea®79Ek03. r from %°Rb(g.s.)3~ decay with
log f1Ut=8.426 to %0Sr(832) 2 state.
T1/2: weighted average of 1533(1969Ca03 and 162 s3 (1977Hu03, both fromy(t)
with mass separated sources and Ge(Li).
106.903 3~ 258 s4  ABC %B~=97.54; %IT=2.54
©=1.61606 (1981Th0J
Q=+0.257 (1981Th042016St14
%IT: from measuredy, @ and normalization981Ta03, see®®Rb 5~ decay (258 s).
J': J=3 from atomic-beam measuremet®79EK02; M3 106.9 to 0.
Ty/2: weighted average of 258%(1967AmO0) and 258 s4 (1977Hu03, both fromy(t)
with mass separated sources and Ge(Li).
. from atomic-beam laser spectroscod®81Th04. Other: 1.6125 (atomic-beam
magnetic resonanc&979Ek02.
Q: from atomic-beam laser spectroscof@§1Th042016St14. Measured value given in
1981Th04is 0.205, evaluated tor0.257 by 2016St14
121.793 (1) J. (M1) 121.8/ to O".
162.7218 4~ <7 ns C J: M1+E2 55.8 to 3.
Configuratior-rp; l®v(d3 ) or less likelynf 1®v(d 0)-
J: (M1+E2) 106 05 to (i ) and (M+E2) 120 93/ to 3.

=

227.833 ()
242.193
356.233
536.916
614.424
661.283
676.105
712.468
740.875
838.204
933.086

1102.196

1127.9020 (5*) <7ns C ' vy(6) for 965-56 cascade iff°U(n,Fy) gives 5 or 6; (M%E2) 365.% from 6*)

favors (5).

b

1153.417 A

1204.7520 5 <7 ns C J: from yy(6) for the 1042-55.8 cascade #°U(n,Fy); J=4 and 6 are excluded by
the yy() analysis.

Proposed conflguratlmf5/2®v(d5/2) (2016Cz03} which would result in a=5".

1400.64 A

1462.9716 A

1492.9821 6  <7ns C J: yy(6) data for 365-965 cascade #A°U(n,Fy) are consistent with-6>5->4 or
6->6->4 sequences and largéQ/D) value for the 36% in both spin sequences. This
implies muleEM1+E2, and thus the same parity for 1493 and 1128 levels. yiie)
data for the 288-1042 cascade is consistent with dr 6 for 1493 level. Absence of
transition to 163, 4 level suggests positive parity for-8 for the 1493 level.

Continued on next page (footnotes at end of table)
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39Rb. -2 NUCLEAR DATA SHEETS $9Rb. -2
Adopted L evels, Gammas (continued)
9ORb Levels (continued)
E(Ievel)T J T1/2i XREF Comments
1688.1718 A
1703.6723 (7,6) <7ns C J yy(6) in 235U(n,Fy) is consistent with 36 or 7, but absence of transitions to 1128,
(5%) and 1204, 5 makes=8 less likely.
1780.013 1% A J: B~ decay from®%Kr(g.s.) with logft=4.6.
1901.6312 A
2127585 1t A J: B~ decay from?%Kr(g.s.) with logft=5.78.
2271.349 A
2433.5919 A
2500.44 (8+,7) C J: 10073 to 6.
2686.9625 (8,9) C  J: 186.5 to (8',7), 983.3 to (7,6).
3083.077 1t A J: B~ decay from®Kr(g.s.) with logft=4.9.
3093.7412 1t A J: B~ decay from?°Kr(g.s.) with logft=5.3.
3238.6814 1* A J: B~ decay from®Kr(g.s.) with logft=5.7.
3401.33 C
3475.64 A
3518.24 C
3625.24 1+ A J: B~ decay from®Kr(g.s.) with logft=5.3.
3633.86 C
3703.9820 1* A J: B~ decay from®Kr(g.s.) with logft=4.9.
3878.63 1+ A J: B~ decay from?%Kr(g.s.) with logft=4.9.
3881.33 1+ A J: B~ decay from®Kr(g.s.) with logft=4.5.

* From least-squares fit to adoptgetay data.
¥ Fromyy(t) in 23%U(n,Fy), except where noted.
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LE

E;(level)
106.90

121.79
162.72
227.83

242.19
356.23

536.91

614.42

661.28

676.10

712.46
740.87

838.20
933.08

1102.19

1127.90

Rl
3

(1)
&

)

()

E,T I Er
106.9215 100 0 O
121.823 100 0 o
55.81 100 106.90 3
106.053  12.88  121.79 (I)
120.923 1007 106.90 3
227.768 3.64 0o o
24218 100 0 O
234.48 1005 121.79 (I)
249.323 525 106.90 3
356.0020  4.015 0o o
180.6685 2614 356.23
309.079 928 227.83 (2)
429.9314 10021 106.90 3
386.49  10.710 227.83 (2)
492.635 1003 121.79 (I)
508.03 5216 106.90 3
614.389  17.413 0o o
305.108  0.184  356.23
419.125 1.044  242.19
433.475 42413 227.83 (2)
539.494  100.023 121.79 (I)
554.375  16.54  106.90 3
661.235 1.084 0o o
433.8 176 242.19
569.205 1004 106.90 3
470.38 100 242.19
498542 14.011  242.19
619.085 1003 121.79 (I)
731.3% 100 106.90 3
220.824 105 712.46
396.5421 133 536.91
577.13 14 4 356.23
690.727 1004 242.19
705.4712 313 227.83 (2)
565.18 1008 536.91
745.84 3010 356.23
980.2911 918 121.79 (I)
965.% 1 100F 162.72 &

Adopted L evels, Gammas (continued)

7(*°Rb)

Mult. 6 a8 Comments

M3 10.76 B(M3)(W.u.)-0.008515
Mult.: from e(K)expa(L)exp=6.2 12 in %Kr g~ decay and level
scheme requirement @J=3.

(M1) 0.0844 Mult.g: from a(K)exp in °°Kr g~ decay.
M1+E2 0.29825 1.3510  Mult.,s: from a(exp) in 23%U(n,Fy).
(M1+E2) 0.52 0.25585 Mult.,s: from (K)exp in °OKr g~ decay.
(M1+E2) 0.52 0.16552  Mult.,s: from e(K)exp in %°Kr s~ decay.
[E2] 0.0478

0. 6(Q/D)=+0.24+21-28 or +3 +16-3 for J(1127.9 levek5 from
yy(0) in 22U(n,Fy).

S133HS VIva HVITONN e-E9qu5s
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8¢

E;(level)
1153.41

1204.75
1400.6

1462.97
1492.98

1688.17

1703.67
1780.01

1901.63
2127.58

2271.34

2433.59

6

(7.6)
T

Adopted L evels, Gammas (continued)

v(°°Rb) (continued)

Eﬂ IyJr Ef N Mult. 0 ol Comments
925.49 1007 227.83 (2)
1031.23 287 121.79 (1)
104291  100F 4 162.72 4 D(+Q) -0.08+26-29 Mult.,s: from yy(6) in 23%U(n,Fy).
739.010 4014 661.28
1293.74 10027 106.90 3
1341.322 100 121.79 (1)
288.%F 1 100f 16  1204.75 5 D,BQ Mult.,6: 6(Q/D)=+0.054 or +8.5 +48-22 for J(1492.98
level)=6 from yy(6) in 23%U(n,Fy).
Mult.,6: 6(Q/D)=+0.76 +13-11 or —3.5 +8-14 for
J(1492.98 leveB5 from yy(6) in 23%U(n,Fy).
365.# 1 67416  1127.90 (3) (M1+E2) 0.007222  Mult.: all yy(6) solutions in?3%U(n,Fy) lead to
significant quadrupole admixture suggestive of
mult=(M1+E2) rather than (E4M2).
5: 5(Q/D)=+0.47 +42-31 or +1.8 +26-17 for J(1127.9
level)=5 from yy(6) in 23%U(n,Fy).
585.820 7612 1102.19
947.64 8830 740.87
1460.65 10030 227.83 (2)
210%1 100 1492.98 6"
626.498 0.735  1153.41
677.697 0.985 1102.19
941.865 3.439 838.20
1039.118 1.075 740.87
1103.927 0.885 676.10
1118.695  100.022 661.28
1165.566 2.128 614.42
1423.776 7.5317  356.23
1537.855 24.85 242.19
1552.186 5.6314 227.83 (2)
1658.186 3.409 121.79 (1)
1780.046 17.24 0o o
1240.341 100 661.28
1386.6215  14.214 740.87
1466.2615 17.914 661.28
1885.4215  16.412 242.19
1899.6116  13.912 227.83 (2)
2006.0014 8.515 121.79 (1)
2127.527 1004 0o o
1530.5@0 147 740.87
2149.5110 1005 121.79 (1)
1692.6 6918 740.87

S133HS VIva HVITONN -E9qu5E
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6€

Adopted L evels, Gammas (continued)

v(°°Rb) (continued)

Eilevel)  J = 1T Es T | E(eve) T E,f 1,7 Es T

2433.59 1819.B 6611  614.42 323868 T  967.3311 1009  2271.34
219153 10011  242.19 2497.615 74 740.87
2205.66 3411  227.83 (2) 3010.38 156  227.83 (2)

25004  (8,7) 1007.¥5 100 1492.98 69 | 3401.3 714.6 2 100f  2686.96 (8,9)

2686.96 (8,9) 18653  33F 13 25004 (8,7) | 3475.6 392.64 10050 3083.07 1

983.3 1 100 20 1703.67 (7,6) 1695.219 5532 1780.01 t

3083.07 t 1303.43 10.718 1780.01 1 3518.2 117.2  1.0x10?3  3401.3
1620.2222  17.418 1462.97 830.73 6x10' 3  2686.96 (8,9)
1980.9915 19.614 1102.19 36252 T 2948.85 5930  676.10
2421.58 5818  661.28 3269.04 10018  356.23
2468.5611 545 614.42 3633.8 11334 4 100f 3 2500.4 (8,7)
2726.6811 1004 356.23 3703.98 t  465.2819 10017 3238.68 1
2855.43 378 227.83 (2) 621.39 6x10' 4  3083.07 1

3093.74 t 2160.96 175 933.08 2770.94 8317  933.08
2352.74 479 740.87 38786 T 1751.03 10020 2127.58 1
2417.3323 1009 676.10 3217.121 1915  661.28
2432.7821 809 661.28 3881.3 T 3205.16 318  676.10
2479.47 2011  614.42 3344.33 10014  536.91
2865.7321 989 227.83 (2)

T From 9%Kr B~ decay.

¥ From23%U(n,Fy).

§ Total theoretical internal conversion dheients, calculated using the Bricc codQ8Ki07) with Frozen orbital approximation based grray energies,
assigned multipolarities, and mixing ratios, unless oflez specified.

S133HS VIva HVITONN G-E9qu5g
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37Rbs5-6 NUCLEAR DATA SHEETS 90Rb, -6

9OKr g~ decay  1979Du04

Parent:2°Kr: E=0; J'=0"; Ty,,=32.32 s9; Q(37)=44057; %3~ decay-100.0

1979Du04 Activity from 235U(n,F) followed by mass separation. Measured E, ce,yy coincidences. Magnetic spectrometer,
Ge(Li).

1979B026 High precision measurements ofy Hy(t) following n-induced fission. Anti-Compton and curvegstal spectrometers.

1976W005 Activity from 235U(n,F). Measuredy, I8 using Ge(Li) detectors and plastic scintillators.

Others:1962Wa34 1970Mall 1974Gr29 2017F106
All data are from1979Du04 except as noted.
For a discussion of the filerences between decay scheme4®9Du04and 1970Mall seel1979Du04

ORD Levels

E(evel) FT  Typf E(level) F' | E(evel) F'

0 0 158s5| 740.875 2271.349
106.903 3~ 2584 | 838.204 2433.5919
121.793 (1) 933.086 3083.077  1*
227.833 (2°) 1102.196 3093.7412 1*
242.193 1153.417 3238.6814 1*
356.233 1400.64 3475.64
536.916 1462.9716 3625.24 1t
614.424 1688.1718 3703.9820 1*
661.283 1780.013 1+ | 3878.63  1*
676.105 1901.6312 3881.33  1*
712.468 2127.585 1t

* From the Adopted Levels.

B~ radiations

E(decay) E(level) a-T# Logft | E(decay) E(level) g% Log ft
(5247) 3881.3  0.14®2 4547 | (27177) 1688.17  0.1& 7.2110
(5267) 3878.6  0.0696 4.8811 | (2947 7) 1462.97 <0.029  >8.2
(7017) 3703.98 017  4.9311 | (30047) 1400.6  0.08219  7.7410
(7807) 36252  0.10®5 5.3111 | (34727)  933.08 0.5% 7.165
(9297) 3475.6  0.0365 6.0519 | (35677)  838.20  0.1% 7.8018

(11667) 3238.68 0.18 5707 | (36647)  740.87  0.347 7.509

(13117) 3093.74 0.6%  5.345 | (36937)  712.46  0.28 7.747

(13227) 3083.07 2.0719 4.874 | (37297)  676.10  0.106 8.0622

(19717) 243359 030+  6.416 | (37917)  614.42  0.207 7.7916

(21347) 2271.34 018  7.0313 | (4049*7)  356.23 <0.29 >7.8

(22777) 212758 2299 5.784 | (41777  227.83 <0.2 >8.0

(25037) 1901.63 0.3%  6.775 | (42837)  121.79 <15 >7.1

(26257) 1780.01 65 4594 | (44057) 0 294 5.926

 Ground state feeding frorh976Wo05from absolutes counting. B for excited states obtained by intensity imbalance at each
level, assuming ng~ feeding to the 106.9 level withJ=3, Ar=no.

 Absolute intensity per 100 decays.

# Existence of this branch is questionable.
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ggRb53'7

NUCLEAR DATA SHEETS

ggRb53'7

90K B~ decay

1979Du04 (continued)

7(*°Rb)

Iy normalization: from=(l(y+ce)(to g.s)}+ I(y+ce)(to 106.9-keV isomer)y 100 — 29 % 4, where B(to g.s.x29 %4 was
measured by1976Wo05 Normalization factor of 0.048 given by 1976Wo05is incorrect. It was possibly deduced without
including the sum ofy-ray transition intensities to the 106.9-keV isomer. Catmeormalization of 0.038 deduced by evaluator
agrees with normalization factor of 0.0329 from 1975Ko016

E, & 1,T@  Ei(level)
106.08 3 1157  227.83
106.9% 15  1.13  106.90
120923 906 227.83
121.8% 3 91030 121.79
180.6615 1.05  536.91
220.8214 1.05  933.08
227.768 323  227.83
234.443 683 356.23
242193 2558 242.19
249.323 353 356.23
305.1018 1.43  661.28
309.079 353  536.91
356.0020 2710 356.23
386.489 333  614.42
392.64 0.63 3475.6
396.5421 1.33  933.08
419.125 823  661.28
429.9314 3.88  536.91
433.475 33510 661.28
433.93 268  676.10
465.2819 1.83  3703.98
470.348 6.14  712.46

X476.1011 3.43
492.635 31.08  614.42
498.5912 393  740.87
508.03 1.65  614.42
539.494 79018 661.28
554.375 1303 661.28
565.198 534  1102.19
569.205 1555  676.10
577.13 1.44  933.08
585.8620 1.32  1688.17
614.389 544  614.42
619.085 27.88  740.87
621.39 1.07 3703.98
626.498 7.35  1780.01

)
)

)

E¢ N

121.79 (1)

0 0

106.90 3

0 0

356.23
712.46
0o o
121.79 (1)
0 o
106.90 3
356.23
227.83 (2
0 o
227.83 (2
3083.07 1
536.91
242.19
106.90 3
227.83 (2
242.19
3238.68 1
242.19

121.79 (1)
242.19
106.90 3
121.79 (1)
106.90 3
536.91
106.90 3
356.23
1102.19
0 o0
121.79 (1)
3083.07 t
1153.41

Mult.

51 a#

Comments

(M1+E2)

M3

(M1+E2)

(M1)

[E2]

0.52  0.25585

10.76

0.52  0.16552

0.0844

0.0478

Mult.,s: a(K)exp=0.226
(1979Du04.

l,: main depopulating intensity via
9ORb s~ decay (258 s).

a(K)exp/a(L)exp=6.2 12
(1979Du03.

Mult.: a(K)exp/a(L)exp yields E2,
M2 or M3. From atomic beam
measurements, J of ground state is
0 and J of 106.9-keV isomer is 3,
resulting in M3 as only possible
multipolarity.

Mult.,é: a(K)exp=0.154
(1979Du03.

Mult.: a(K)exp=0.14 4 (1979Du04.

E,: other: 121.837% (1979B026.

E,: other: 234.4772 (1979B02§.
E,: other: 242.2480 (1979B026.

E,: other: 539.63120 (1979B02§.
E,: other: 554.3398 (1979B026.

Continued on next page (footnotes at end of table)
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ggRbss'S

NUCLEAR DATA SHEETS

ggRbss'S

E, & 1L,1@  E(level)
*658.15 0.83
661.235 853 661.28
677.697 9.85 1780.01
690.727 10.24 933.08
705.4712 3.23 933.08
731.334 38.110 838.20
739.010 0.62 1400.6
745.84 1.65 1102.19
925.499 574 1153.41
941.865 34.39 1780.01
947.64 155 1688.17
967.3311 555 3238.68
980.2911 4.84 1102.19
1031.23 1.64 1153.41
1039.118 10.75 1780.01
1103.927 8.85 1780.01
1118.695 100022 1780.01
1165.566 21.28 1780.01
1240.3411 9.06 1901.63
1293.74 154 1400.6
1303.3624 2.44 3083.07
X1309.6810 7.14
1341.3122 4.05 1462.97
1386.6215 5.05 2127.58
1423.776 75.317  1780.01
1460.65 1.75 1688.17
1466.2615 6.35 2127.58
1530.5020 1.05 2271.34
1537.855 2485 1780.01
1552.186 56.314  1780.01
1620.2222 3.94 3083.07
1658.186 34.09 1780.01
1692.65 2.05 2433.59
1695.219 0.3319 3475.6
* From 1979Du04

ki

L e e =

=

90K B~ decay

1979Du04 (continued)

y(®°Rb) (continued)

E¢ I

0 o
1102.19
242.19
227.83 (2
106.90 3
661.28
356.23
227.83 (2
838.20
740.87
2271.34
121.79
121.79
740.87
676.10
661.28
614.42
661.28
106.90 3
1780.01 t

88

121.79 (1)
740.87
356.23
227.83 @
661.28
740.87
242.19
227.83 (2)

1462.97
121.79 (I)
740.87
1780.01 1

E, & 1,T@  E(level)
1751.03 153 38786
1780.046 1724 1780.01
1819.13 193 243359
1885.4215 584  2127.58
1899.6116  4.94  2127.58
1980.9915  4.43  3083.07
2006.0014  3.05  2127.58
2127.527 35312  2127.58
21495110  7.13  2271.34
2160.96 0.8124 3093.74
2191.4625 293 243359
2205.66 103 243359
2352.74 234  3093.74
2417.3323 494  3093.74
2421.58 134  3083.07
2432.7821  3.94  3093.74
2468.5611 12.010  3083.07
2479.47 105  3093.74
2497.615 042  3238.68
2726.6811 22.49  3083.07
2770.94 153  3703.98
2855.43 8316  3083.07
2865.7321  4.84  3093.74
2948.85 105  3625.2
3010.38 07925 3238.68
3205.16 08922 3881.3
3217.121  0.2822 3878.6

X3256.212  0.5322
3269.04 173 3625.2
3344.33 294 38813
x3465.19 093
*3855.34 313
X4166.510  0.83

T e

== RPRRARRRARRRRRRRRRRR

m
|-

N
[y
oX
n
oo
QR

614.42
242.19
227.83 (2)
1102.19
121.79 (I)
0 o
121.79 ()
933.08
242.19
227.83 (9
740.87
676.10
661.28
661.28
614.42
614.42
740.87
356.23
933.08
227.83
227.83
676.10
227.83
676.10
661.28

(2)
)

)

356.23
536.91

¥ From the Adopted Levels. In cases were Adopted values atgifrom this dataset, supporting evidence is given in the

comments.

§ The 106-keV and 121-keV doublets were resolvedytand conversion electron measuremed79Du04.
& From a least-squares fit toyEby evaluators.
@ For absolute intensity per 100 decays, multiply by 0.839
# Total theoretical internal conversion dheients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation

based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
Xy ray not placed in level scheme.
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ggR b53'9

NUCLEAR DATA SHEETS

ggR b53'9

ot

0

9OKr B~ decay  1979Du04

Decay Scheme

Intensities: |, ce Per 100 parent decays

Legend

ly < 2%xIa
ly < 10%x 72

32.3259 ly > 10%x 11
Q=44057 \ 9%B-=100 o Coincidence
90
36KT54
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57Rbs3

90, 90,
37Rbs5-10 NUCLEAR DATA SHEETS 37Rbs5-10
9OKr B~ decay  1979Du04
Decay Scheme (continued)
Legend
Intensities: |y, ce Per 100 parent decays
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0Rh, -11 NUCLEAR DATA SHEETS 37Rbg511

9OKr B~ decay  1979Du04

Decay Scheme (continued)

Legend
Intensities: |y, ce Per 100 parent decays
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%0Rb,,-12 NUCLEAR DATA SHEETS 37Rbg5-12

ORb IT decay (258s)  1981Ta05

Parent:>°Rb: E=106.903; F=3"; T1,,=258 s4; %IT decay-2.54
1981Ta05 From 235U(n,F). Mass separation 8PRb. Nal and Ge(Li). MeasuredhEly, yy coin, yy(6). The 158-s and 258-s

90Rb activities were distinguished by varying collection aizbervation times.

See als@°Rb s~ decay (258 s).
%Rb Levels

Comments

E(evell  JT  Ty,f

0 0 1585
106.903 3~ 258 s4  %IT=2.54; %B~=97.54
%IT,%3": from the Adopted Levels.

* From the Adopted Levels.

7(*°Rb)
Iy normalization: fromZI(y + ce)(to g.s.> 2.5 %4.
E, LT E(evel) J Ef ¥ multt o0&
106.9215 2.33 106.90 3 0 0 M3 10.76

 Relative to 1000 for 831 key from °°Rb 3~ decay (258 s).

¥ From the Adopted Levels.

§ For absolute intensity per 100 decays, multiply by 0.083

& Total theoretical internal conversion dheients, calculated using the Brlcc cod08Ki07) with Frozen orbital approximation

based ony-ray energies, assigned multipolarities, and mixing gtimless otherwise specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

0Rb, 13 NUCLEAR DATA SHEETS 37Rbs513

9ORb IT decay (258s)  1981Ta05

Decay Scheme

Intensities: |, ¢ per 100 parent decays

%IT=2.54
o
n;\/
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%
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%0Rb, ,-14 NUCLEAR DATA SHEETS 37Rbg514

235Y(n,Fy)  2016Cz01

2016Cz01 E(n)=cold neutrons from PF1B facility of the Institut Laue-Lange(ILL), Grenoble. Measured £ ly, yy-coin,
yy(6), yy(t), andyyy-coincidences between transitions®Rb and those in complementary fission fragméfitCs and#4Cs
within a 200 ns time window using EXOGAM array.

%ORb Levels
E(IeveI)Jr JF# T1/2@ Comments
0.0 o Configurationxnpg/lZ@v(dg »)32 (2016Cz0).
106.9215 3~ E(level): from the Adopted Levels, held fixed in least-s@saadjustment.
Configurationapnpg/%®v(d3 ,) Or m‘g/lchv(dg 0)-
162.7218 4~ <7ns Configuratioanp§/2®v(d5/2) or less Iikelynfg/12®v(dg/2).

1127.96 20 (5*) <7ns  J: yy(0) for 965-56 cascade gives 5 or 6; 365.1 (ME2) y from 1493, 6" favors ().

1204.7520 5 <7ns J: J=4 and 6 are not consistent with/(d) result for the 1042-55.8 cascade, with
6(55.8)=0.302 Q016Cz0).

Proposed configuratimfg/lzqav(dg/z) would give J&=5".

1492.98 21 6% <7ns J: yy(0) data for 365-965 cascade are consistent witk% =4 or 6 - 6 ->4 sequences and
large 6(Q/D) value for the 36% in both spin sequences. This implies rt1+E2, and thus
the same parity for 1493 and 1128 levels. Théd) data for the 288-1042 cascade is
consistent with 35 or 6 for 1493 level. Absence of transition to 163, ével suggests positive
parity for =6 for the 1493 level.

1703.67 23 ©) <7ns J: yy(9) consistent with 36 or 7, but absence of transitions to 11287)(&nd 1204, 5 makes

J=6 less likely.
2500.44 (7,89 J': (8%) is more likely if this is an yrast level.
2686.9625  (8,9%)
3401.33
3518.24
3633.86

T From least-squares fit toyEby evaluators, except where noted.

¥ Proposed member otgg/2®vdg/2 multiplet.

# As proposed by2016Cz01 based on angular correlation measurements, yrast patt@opulation of levels, decay characteristics,
and comparison with shell-model predictions.
@ From yy(t) (2016Cz0}.

y(*°Rb)
E, I,  Ei(level) J Et X Mult. st ot Comments
55.81 909 162.72 4 106.92 3 M1+E2 0.29825 1.3510 o(exp)=1.3510(2016Cz0)
a(exp): deduced bp016Cz01from
intensity balance.
Mult.,s: from a(exp).
106.9215 106.92 3 0.0 O E,: from the Adopted Gammas.
117.22 72 35182 3401.3
186.53 52 2686.96 (8,9) 2500.4 (7,8)
210.71 448 1703.67 (7) 1492.98 (® (211y)(288y)(0): A»=+0.02931,

A4=+0.06468.
6(Q/D)=+0.01+12-11 or +16 +c0—11
for J(1703.67 leveh7.
5(Q/D)=+1.0 +11-4 or —4.4 +23-co
for J(1703.67 leveh6.
(211y)(365y)(6): A2=-0.03630,
A4=-0.01864.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Cz01,B

%Rb, 15 NUCLEAR DATA SHEETS 37Rbs515

235Y(n,Fy)  2016Cz01 (continued)

7(®°Rb) (continued)

E, ly Ei(level) J Et X Mult. T st Comments

5(Q/D)=+0.075 or +8.8 +54-25 for
J(1703.67 leveh7 and J(1127.9
level)=5.

6(Q/D)=+0.0642 or +8.8 +48-24 for
J(1703.67 leveh7 and J(1127.9
level)=6.

§(Q/D)=+0.81+15-12 or —2.9 +6-11 for
J(1703.67 leveB6 and J(1127.9
level)=5.

288.21 589 149298 6 1204.75 5 D,3Q (288y)(1042y)(6): A,=+0.03826,
A4=+0.00756.

5(Q/D)=+0.054 or +8.5 +48-22 for
J(1492.98 leveh6.

6(Q/D)=+0.76 +13-11 or —3.5 +8-14 for
J(1492.98 levehs.

365.11 399 149298 6 1127.90 (3)  (M1+E2) Mult.: all yy(6) solutions lead to
significant quadrupole admixture
suggestive of mui(M1+E2) rather
than (Ex-M2).

(365y)(965y)(6): Ap=-0.05948,
A4=+0.0110.

6(Q/D)=+0.47 +42-31 or +1.8 +26-17
for J(1127.9 leveh5.

6(Q/D)=+0.45+18-16 or —1.46 +56-39
for J(1127.9 leveh6.

71462 72 34013 2686.96 (89

830.73 42 35182 2686.96 (89

X880.31 42

965.21 448 1127.90 (%) 162.72 4 (965y)(56y)(6): Ap=+0.04489,

Ay=+0.1121
6(Q/D)=+0.24 +21-28 or +3 +16-3 for
J(1127.9 leveks.
§(0/Q)=0 for J(1127.9 levek6.

983.31 153 2686.96 (8,9) 1703.67 (7)

1007.15 103 25004  (7,8) 1492.98 &)

1042.01 1004 1204.75 5 162.72 4 D(+Q) —-0.08+26-29 (1042/)(56y)(6): A»=—0.04686,
A4=+0.0718

1133.44 83 3633.8 2500.4 (78

T Fromyy(6) in 2016Cz0] except where noted.

¥ Total theoretical internal conversion dheients, calculated using the Brlcc cod2008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.

Xy ray not placed in level scheme.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

90Sr, -1 NUCLEAR DATA SHEETS 365571

Adopted L evels, Gammas

Q(8~)=545.914; S(n)=7810.421; S(p)=115256; Q(a)=—-5107.421  2017Wal0
S(2n)=14169.121; S(2p)=208356 (2017Wal(.

903y Levels

For charge radii of strontium nuclei by LASER spectrosca@e1987An02and 1992Ne09

Cross Reference (XREF) Flags

A PRbp decay (158 s)
B %Rbp- decay (258 s)
¢ sr(t,p)
D %se'B,p2my),?C(%Kr,207)
E(Ievel)T J Ty XREF Comments
0.0* 0* 28.91y3 ABCD %3 =100

T1/2: from 10558 y11 obtained from weighted average of 1052B5H(1965An07
decay measured over 11.2 y), 105571(2004Sc04 decay measured over 17 y),
and 10561 dl4 (1994Ma5Q decay measured over 33 y). Conversion from days to
years calculated using tropic year (1 yed&865.24 d). Others: 10702 584
(1958An4Q specific activity), 10227 d46 (1965FI01 decay), 10410 @29
(1965FI101 specific activity), 10513 d4 (1992ScZZ decay measured over 4 y),
10495 d4 (1996Wo06 decay measured over 6 y), 727080 (1950P0o67 decay),
10117 d146 (1955Wil5 specific activity), 10282 d.3 (1978La2] decay), 10589 d
92 (1983Ra09decay), 10665 @7 (1989Ko57 decay).

A<r?>(895r9051)=0.153 fnf 4, LASER spectroscopyl992Ne09.

831.68 4 2+ 7% ps2  ABCD  p=-0.2422 (2014KulQ
w: from transient-field (TF) technique in inverse kinemati2614KulQ.
J: E2 832 to O*.

1655.9% 7 4+ 12¥ ps2  ABCD  u=-0.0868 (2014Ku1Q
w: from transient-field (TF) technique in inverse kinemaii2614Ku1Q.
J': E2 824 to 2*.

1892.364 2+ 2f psl ABC J: M1+E2 1060.% to 2", 1892.3 to O*.

2207.024 (37) <1¥ps ABCD  J: L(t,p)=3,(4); D+Q) 1375.4 to 2*. yy(6) in °°Kr g~ decay yields 32 or 3,
with J=2 providing the better fit. Combined with data from (t,p) esipent, 3 is
tentatively adopted here.

2497.326 (2*)  <3% ps ABC J: yy(6) in 2%Kr g~ decay yields 32 or 3; 2497.3 to 0" makes 3 less likely.
2527.927 34" <6%ps BC  J: L(tp)=3.4.

2570.608 10f ps7  AB

258610 2 c  F Ltp)=2.

2674.05  (0%) AC T L(tp)=(0).

2027.707 4 ABD J:D720.%to(3), 1271.8 to 4"
2971.1212 0O ABC  J: L(t,p)=0.

3032.877 <1¥ps  aB

3039.267 1 ABC J: from yy(6) in °Kr g~ decay.
3144.4510 (5°) ABCD  F: L(t,p)=(5).

3268.6924 3,4* @  F:L(tp)=3,4.

3383.397 AB

339410 C E(level): probable doublet.
3449.835 3 <4% ps B J: from yy(6) in °Kr g~ decay.
3468.4322 (5) D J:D 18125 to 4*, 55.6y from (7°).
347910 34 C  J:L(tp)=34

3494.8411 6 D J:Q1838.9 to 4*.

350810  (5) c I L(tp)=(5).

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ne09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965An07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Sc04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ma50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958An40,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Fl01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Fl01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992ScZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Wo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1950Po67,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1955Wi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978La21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ra09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ko57,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ne09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B

90gy,

38 52'2

NUCLEAR DATA SHEETS

90
3857

~

2

E(level)f

XREF

Adopted L evels, Gammas (continued)

905y Levels (continued)

Comments

3555.7913
3584.438
359410

3627.0123
3698.5512
372010
3742.1613
3764.3618
378410
380410
384510
391510
3954.3218
4019.44
4036.8813
4037.129
404310

4066.32 16
407310
4135.6310
4137.69
4148.857
424010
428810
4335.377
4366.0611
4404.6218
4430.9124
449310
452210
4580.83
4646.3514
466010
4685.63
474210
4748.9319
477410
4790.375
4804.05
4805.1222
4808.5223
482410
4854.275
4881.73
4919.07720
4947 54
4973.9917

5021.62 16
5024.5423
5026.824
5041.0113
5041.4412
5055.5614

3 4t

()
>6

(67
(57)
2+

3 4
(7)

34t
(1,29

2+
3-,4*

3-,4*

3-,4*
(1,29

2+

(29

9)

(89

J
E(level): possibily the same as the 3584.4 level observédn g~ decay.

999999

99949

L(t,p)=3,4.

1 Q 554.3 to (5).

: L(t,p)>5.

1 Q8145 to 4.

: Q 1291.3 from (8%), D 619.9 to (57).
: L(tp)=(5).

: L(t,p)=2.

. L(t,p)=3,4.

: D 342.2 to (6), Q 955.3 from (97).
. L(t,p)=3,4.

: 4135.5 to 0.

J L(t,p)=2.

S

949999

4 9 9 4

. L(t,p)=3,4.

. L(t,p)=3,4.

: Q 1006.% to 6, D 1050.3 to (77).
. L(t,p)=3,4.

: 4790.% to O*.

: L(t,p)=2.
: D 1183.% to (7°).
: L(t,p)=(2).

© Q 1323.% to (7°), D 140.0/ to 8.

: Q 1560.% to 6*), D 1357.6 to (7).

Continued on next page (footnotes at end of table)
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90gy

38 52'3

NUCLEAR DATA SHEETS

38

9OSr

527

3

E(level)f

N

XREF

Adopted L evels, Gammas (continued)

905y Levels (continued)

Comments

5089.4616
509510
514210
5187.516
5239.25
5254.3212
5285.8919
5298.4821
5333.15723
534310
5426.6513
5431.23
5557.93
5591.83
5600.374
5623.33
5785.177
5822.05
5827.93
5923.5616

5961.1@ 3
6712.33
6794.5619
7371.25
7705.7721
7959.73
8772.43
9060.75
9199.74
9957.55

34

129

@)

(10%)
(11)
12
(12%)
13

N NN

Doooogogooooo o

J: L(t,p)=3,4.

9999 49

: D 570.2 to (9).

: Q 868.0y to (8%).
: Q 939.5 to (9).
: Q 1120.5 to 10, D 751.3 to (11°).
: Q 871.0/ to (10").
: D 658.9 to 12.

: 5187.4 to 0*, 2980.% to (3°).

. (E2) 1599.9 to (7), D 549.6 to 8.

* From least-squares fit toyEby evaluators for levels connected fyray transitions. Levels with uncertainty of 10 keV are from

(t.p).

¥ From By(t) with scintillators in%%Kr g~ decay.
# Band(A): y sequence based on g.s.
@ seq.(B):y sequence based on (7
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€9

Eilevel)  J E,T 1,7 Er
831.68 2 831.695 100 00 O
1655.92 4 824.2310 100 831.68 2
1892.36 2 1060.704 1003 831.68 2
1892.288 6.03 00 o
2207.02  (3) 314.53 49723 189236 2
551.2025  5.14 1655.92 4
1375.363 1004 831.68 2
249732 (2) 1665.617 1003 831.68 2
24972715  15.916 00 0
2527.92 3,4+ 8720015 32.023 165592 4
1696.167 1004 831.68 2
2570.60 1738.98 100 831.68 2
26740 (0) 1842325 100 831.68 2
2927.70 4 720.7®@ 353 2207.02 (3)
1271.777 1007 1655.92 4
297112 © 2139.3318 100 831.68 2
3032.87 114056 100 1892.36 2
3039.26 1 1146.985  5.77 1892.36 2
2207.4711 613 831.68 2
3039.1712 1004 00 0
3144.45  (5) 216.8 5 0.70f 18 2927.70 4
937.3F 5  ~1.8 2207.02 (3)
1488.5 1 100.0F 14  1655.92 4
3268.69 3,4+ 1612.6 3 100 1655.92 4
3383.39 886.3 0.9518  2497.32 (2)
1176.99 0.6024  2207.02 (3)
3383.2412 1003 00 0
3449.83 3 522103 13.010  2927.70 4

Adopted L evels, Gammas (continued)

y(®°sn
Mult. 1) o& Comments
E2 9.0%10%4 B(E2)(W.u.)-8.5+33-19
Mult.: Q from y(6) in 82Sel!B,p2ny),12C(E%Kr,2ay); M2
excluded by comparison to RUL.
E2 922104  B(E2)(W.U.)5.2 +11-7
Mult.: Q from y(6) in 82Sel!B,p2ny),12C(Kr,2ay) and
yy(6) in °Kr B~ decay; M2 excluded by comparison to
RUL.
M1+E2 40503 4.9%10% B(E2)(W.u.)-1.7 +15-6: B(M1)(W.u.)=0.0070+57-24
Mult.,s: D+Q from yy(6) in ®°Rb 3~ decay, E£M?2
excluded by comparison to RUL.
[E2] 4.11x10%  B(E2)(W.u.)=0.028+24-10
[E1] 0.00374  B(EL)(W.u)4.5x107*
[E1] 8.91x10* B(E1)(W.u.»8.3x107°
(E1GM2)) -0.026 298104 B(EL)(W.u.)»0.00012
Mult.,s: D(+Q) from yy(6) in ®°Rb 8~ decay;An=yes
from adopted level scheme.
DS
DS
E2 4.9%10% Mult.: Q from yy(6) in °°Kr B~ decay;Ar=no from level
scheme.
D Mult.: from yy(6) in 2°Kr 8~ decay.
(E2) 6.74¢10%  Mult.: Q from y(6) in 82Sed1B,p2ny),12C(B8Kr,2ay),
An=no from level scheme.
(E1) 3.5%10% Mult.: D from y(6) in 82Se@1B,p2ny),12C(B8Kr,2ay),

An=yes from level scheme.

¢S, ~8€
- JSOG
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1]

E;(level)
3449.83

3468.43

3494.84
3555.79

3584.43

3627.01
3698.55

3742.16

3764.36

3954.32

4019.4

4036.88

4037.12

4066.32

3

®)
6"

(7)

(6)

(7)

Adopted L evels, Gammas (continued)

v(®9Sr) (continued)

&

EyT IyJr Et N Mult. « Comments

921.204 9.922  2527.92 3.4*

952.447 55.619  2497.32 (2)
1242.844 1006 2207.02 3) D Mult.: from yy(6) in °°Kr 8~ decay.
1793.8911 27.616 165592 4 D Mult.: from yy(6) in %°Kr B8~ decay.
2617.83 203 831.68 2

324.6° 5 1 3144.45 (5)
1812.5 3 100 1655.92 4 D%
1838.9 1 100F 1655.92 4 (E2)  3.9410% Mult.: Q from yy(6) in 82Sel!B,p2ny),12CE8Kr,2ay), assumed E2.

985.% 186 2570.60
2724.2621 10013 831.68 2

1013.939 2.2125 2570.60
1086.78 0.6112 2497.32 (2)
1377.25 207 2207.02 (3)
1692.0725 244  1892.36 2
2752.688 1004 831.68 Z

3627.4 100 00 O

203.7% 5 ~3.0¢ 3494.84 6

554.% 1 100.0F 18 3144.45 (5) (E2)  0.00271 Mult.: Q fromyy(6) in 82Sel1B,p2ny),2C(85Kr,2ay); assumed E2.
2042.6 3 19.3 3 1655.92 4 (E3)  4.0%107% Mult.: O from yy(6) in 82Sel!B,p2ny),12CE8Kr,2ay); assumed E3.

597% 1 100.6° 24 3144.45 (5) DS

814.5 3 16.6- 12 2927.70 4 fe)

4957 3 36% 6 3268.69 3,4+ QY

619.9° 3 82t 12 314445 (5) DY
2108.4 3 100F 3 1655.92 4

1027.% 365 2927.70 4
1456.73 687 2497.32 (2)
1747.33 688 2207.02 (3)
2298.19 1.0x10% 5 1655.92 4

1522.14 10023 2497.32 (2)
4019.313 9x10' 5 0.0 0

1109.3 127 2927.70 4
1829.8220 315 2207.02 (3)
2381.55 156 1655.92 4
3205.0916 1008 831.68 2

892.5 63 3144.45 (5)

997.856 1004 3039.26 1

324.% 3 100.6° 10 3742.16 6 B

367.8 3 83.8f 20 369855 (7) D%

571.5 3 14% 4 3494.84 6

¢S, ~8€
G- JSOG

S133HS V1vad dv3T10NN

¢S, ~8€
G- JSOG
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Adopted L evels, Gammas (continued)

v(®9Sr) (continued)

Eilevel)  J = 1,7 Er J  Mult o&
4066.32 (7) 597.9 3 55.6° 20 3468.43 (5)
413563 (1,2) 75213 1.0513 3383.39
3303.9113 13.26 831.68 2
41355117 1004 0.0 0O
4137.6 2245.D 100 1892.36 2
4148.85 765.7 0.6020 3383.39
1003.99 0.3920 3144.45 (5)
1941.8117 4.44  2207.02 (3)
2256.5517 463 189236 2
3317.0012 1003 831.68 2
4335.37 779.91 5311  3555.79
1764.59 1.89  2570.60
1838.1514 15.811  2497.32 (2)
2128.307 1003 2207.02 (3)
2442.95 5113 1892.36 2
3503.5215 45520  831.68 Z
4366.06 739.21 0.6311 3627.01
1326.4621 1.6520 3039.26 1
1438.38 0.4015 2927.70 4
2473.9420 7.78  1892.36 2
4365.9018 1004 00 0O
4404.62 1021.9 4919  3383.39
3572.8218 1007 831.68 2
4430.91 1391.8 10018 3039.26 1
1460.16 4311 2971.12 0
1903.16 3013 2527.92 3 4*
2537.89 3916 1892.36 2
4580.8 543.610 5223 4037.12
1547.85 5213 3032.87
2688.95 10020 1892.36 2
2924.37 5820 1655.92 4
4646.35 3814.3@0 26.118  831.68 2
4646.4520 1004 00 0O
4685.6 1302.3 10025 3383.39
4685.014 2015 00 0O
4748.93 8 10063 100.0F 17 3742.16 6 o)
1050.5 3 86" 5 3698.55 (7) DS 5.05¢1074
4790.3? (1,2) 3958428 1.0x1% 3 831.68 2
4790.22 7 80 20 0.0 o0
4804.0 2911.71 3419 1892.36 2
3972.25 10019 831.68 2

¢S, ~8€
9- JSOG

S133HS V1vad dv3T10NN

¢S, ~8€
9- JSOG
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Adopted L evels, Gammas (continued)

Ei(evel) T = 1,7 Er X
4805.12 1877.4@1 100 2927.70 4
4808.52 4423 3910 4366.06
1425.23 9410 3383.39
2311.26 1.0x1C% 4 2497.32 (2)
4854.27 1298 @ 5 10019 3555.79
3197.92 10 7.x10'3 1655.92 4
48817 8 11834 3 100+ 3698.55 (7)
4919.07? 4087.98 23 1007 831.68 2
4919.62 4 304 00 0O
49475  (2) 2741.8@ 12 4122 2207.02 (3)
4115.62 4 10017 831.68 2
4973.99 1590.3 678 3383.39
2476.711 5.x10t 4 2497.32 (2)
3081.34 7514 1892.36 2
4974.1425 1008 00 O
5021.62  (9) 140.6° 5 487 48817 8
272.5 3 23857 474893 8
955.3 1 100.0F 14  4066.32 (7)
1323.% 3 31.3 7 369855 (7)
5024.54 4192.723 100 831.68 2
5026.87 1576 @ 7 2910 3449.83 3
3370.62 4 10015 1655.92 4
5041.01 1485.6 165 3555.79
3148.5812 1004 1892.36 2
5041.44 2543.8 17.921  2497.32 (2)
2834.4313 1007 2207.02 (3)
4209.53 495 831.68 2
5055.56  (8) 1291.% 3 32.66 7 3764.36 (6)
1357.6 1 100.0F 21  3698.55 (7)
1560.7 3 69.5F 14 3494.84 6
5089.46 2592.320 879 2497.32 (2)
4257.3424 1008 831.68 2
5187.51  (L,2") 1038.637 26.711  4148.85
1631.7820 7.214  3555.79
1804.107 52.118  3383.39
2148.23 18.824  3039.26 1
2216.2914 42.824 297112 O

¥(®9Sr) (continued)

&

Mult. a Comments

DS

B

)

(E2) Mult.: Q fromyy(6) in 82SelB,p2ny),12C(8Kr,2ey); assumed E2.

(E2) Mult.: Q fromyy(6) in 82Sel!B,p2ny),12C(8Kr,2ay); assumed E2.

(E2)  3.5410* Mult.: Q from yy(6) in 82Sel!B,p2ny),12C(E%Kr,2ay); assumed E2.

(E1)  2.8%10* Mult.: D from yy(6) in 82Sel!B,p2ny),2C(¢%Kr,2ay); An= yes
from level scheme.

(E2)  3.3%10% Mult.: Q from yy(6) in 82Sef!B,p2ny),12C(8%Kr,2ay); assumed E2.

¢S, ~8€
/- JSOG
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Adopted L evels, Gammas (continued)

¥(®9Sr) (continued)

Ei(level) J EyT IyJr Et It Mult. o& Comments
5187.51  (I,2") 2980.76 8.218  2207.02 (3)
3295.0914 744 1892.36 2
4355.7822 38.021  831.68 2
5187.4423 1005 00 o
5239.2 3032.5 100 2207.02 (3)
5254.32 1870.2 7.817  3383.39
3361.8813 1005 1892.36 2
5254.2725 23.817 00 0
5285.89 1658.% 375 3627.01
44540721 1007 831.68 2
5298.48  (9) 416.8 5 18t 3 4881.7 8 2] 0.00403
549.6" 3 715 6 4748.93 8 B 0.00211
1599.9 3 100¢ 3 3698.55 (7) (E2) 3.3%10% Mult.: Q from yy(6) in 82Sef!B,p2ny),*2C(0Kr,2ay); assumed E2.
5333.15? 4500@ 10 84 831.68 2
5333.012 24 1005 00 o
5426.65 3534.243 100 1892.36 2
5431.2 3538.8 6 10022 1892.36 2
4599.42 3 968 831.68 2
5557.9 1603.520 10011 3954.32
4726.17 247 831.68 2
5591.8 10 570% 3 100 5021.62 (9) DS
5600.3? 1973910  1.0x107 4 3627.01
5600.12 5 83 14 00 0
5623.3 196.84 59 10 5426.65
1668.96 9.x10' 3 3954.32
1996.010 2410 3627.01
2239.78 1.0x10% 6 3383.39
5785.1? 2335@ 10  1.0x10% 4 3449.83 3
32148211 6x10' 3 2570.60
5822.0 395.8 2714 5426.65
1686.26 4314 4135.63 (1,2)
2789.122 1.0x10° 7 3032.87
3929.414 5x10* 3 1892.36 2
5827.9 2200.3 8410 3627.01
2900.313 2012 2927.70 4
3620.811 1.0x10% 4 2207.02 (3)
4996.211 115 831.68 2
5923.56  (10) 625.7 3 21.4° 16 5298.48 (9) DS
868.0° 1 100.0F 19 5055.56 (8)  (E2) Mult.: Q fromyy(6) in 82Sef1B, p2ny),12C(5Kr,2ay); assumed E2.
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Adopted L evels, Gammas (continued)

v(®9Sr) (continued)

Ei(level) J Eﬂ IyT Et It Mult. o& Comments
5923.56 (10) 901.9°3  8.2f8 5021.62 (9)
5961.1  (11) 939.5 3 100F 5021.62 (9) (E2) 6.7<10°% Mult.: Q from yy(6) in 82Sel!B,p2ny),12C(E8Kr,2ay); assumed E2.
6712.3 12 751%3 1003  5961.1 (1r) DS
11205 3 48t3  5591.8 10 fe)
6794.56 (12) 871.0°'1 100 5923.56 (10) (E2) 8.0%x10°% Mult.: Q from yy(6) in 82Sef!B,p2ny),12C(8Kr,2ay); assumed E2.
73712 13 65893 100 6712.3 12
7705.77 91121 100 6794.56 (12)
7959.7 25363 100 7705.77 d
8772.4 812%5 20F7  7959.7
1066.6 3 100f 13 7705.77 d
9060.7 28833 100¢ 8772.4 5
9199.7 149363 100 7705.77
9957.5 75783 100¢ 9199.7 5

T From9°Rb s~ decay, except where noted.
¥ From82sel1B,p2ny), 12C(8%Kr,2ary).
§ Fromyy(6) (DCO) in 82Sel1B,p2ny), 12C(E%Kr,2ary).

& Total theoretical internal conversion dheients, calculated using the Bricc cod#(8Ki07) with Frozen orbital approximation based gsray energies,

assigned multipolarities, and mixing ratios, unless ofliez specified.
@ placement of transition in the level scheme is uncertain.

¢S, ~8€
6- JSOG
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Adopted L evels, Gammas

Seq.(B): y sequence
based on (77)

@) sl

(97) ¢ 502162

(7) 4066.32
Band(A): y sequence —

based on g.s

4* 1655.92

2+ v 831.68

0" 0.0

90
38505,

59



90Sr, -11 NUCLEAR DATA SHEETS 36515, 11

9ORb B~ decay (158s)  1981Ta05

Parent:>°Rb: E=0; J'=0"; Ty,,=158 s5; Q(87)=65847; %3~ decay-100.0

1981Ta05 From 235U(n,F). Mass separation 8PKr. Nal and Ge(Li). Measured+ ly, yy coin, yy(6). The 158-s and 258-s
90Rb activities were distinguished by varying collection aizbervation times.

1977Hu03 From 23%U(n,F). Mass separation. Measureg;T Ey, ly, yy coin, B3.

1997Gr09 from 2°2Cf. On-line mass separation and measurement @ys using a total absorptiopray spectrometer to
determines~ distributions of decay intensities of fission products. da&dr consisted of a large Nal scintillator with a deep axial
well for the radioactive source and a Si(Li) detector to me@gy coincidences.

Others:1964J0021967Zh01 1972Eh02 1973Si12 1973CI02 1974Gr29 1976Wo05 1978St02 1978Wu04 1978Wo15 1980De02
2017F106
All data are from1981Ta05 except as noted.

90gr Levels

For results ofyy correlations se€°Rb 3~ decay (258 s).

E(level)  JF' T2t E(level) Fi E(level) Fi

0 ot 2879 y6 | 314494 50 | 4646.3515

831.684 2t 7 ps2 3383.418 4790.3?75
1655.928 4* 12 ps2 3555.8415 4919.06720
1892.365 2t 2psl 3627.04 4973.9918
2207.045 (37) <1ps 3954.3319 5041.0113
2497.317 (2*) <3ps 4019.44 5187.527  (1°,2%)
2570.629 10 ps7 4037.1210 5254.3212
2674.075 (0% 4135.6310 (1,2") | 5333.15724
2927.719 4 4137.69 5426.6614
2971.1412 O 4148.868 5600.375
3032.878 <1 ps 4366.0512 5623.33
3039.268 1 4580.83

T From the Adopted Levels.
¥ From By(t) (1991Ma03, except where noted.

B~ radiations

B~ branches are from¥{ce) imbalance at each level. Values fra®97Gr09(total absorptiony-ray spectrometer) for excited
levels are in reasonable agreement with those deduced feomsition- intensity balances. However, that from traostintensity
balance to the 831-keV level is about a factor of two (on atikelascale) larger than values obtain b997Gr09for other excited
levels. In addition, these authors found gio population to levels above 5300 keV. These results disagitethe y-rays
measured by1981Ta05and placed on the decay scheme de-exciting levels up to 56231R97Gr09placed fictitious levels at
about 2700, 2800, 2900, 3000, 3100, 3200, 3650, 3850, and K9 to interpret their data.

E(decay) E(level) ,IJ‘Jr Log ft Comments

(9617) 5623.3 0451 57211
(9847) 5600.3? 0.0737 6.5411
(11577) 5426.66 3.925 5.084

(1251 7) 5333.15? 047  6.134
(13307) 5254.32 128 5804  I5~: 1.39% (L997Gr09.
(13967) 5187.52 4.2®5 5363  I5~: 5.56% (L997Gro09.
(15437) 5041.01 0.49%  6.474  I5~: 0.58% (L997Gr09.
(16107)  4973.99 0.6  6.456  I5~: 0.86% (L997Gro09.
(16657)  4919.06? 0.33  6.775

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017FI06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ma05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B

90
38Sr52—12

NUCLEAR DATA SHEETS

90
38Sr52—12

90Rb B~ decay (158 s)

1981Ta05 (continued)

B~ radiations (continued)

E(decay) E(level) ,/j‘T Log ft Comments
(17947) 4790.3? 0.18 7.2810

(19387) 4646.35 2.8418 6.114  187: 2.32% (L997Gr09.

(20037) 4580.8 0.3%5 7.117  187: 0.36% (L997Gr09.

(22187) 4366.05 8.8 5.864  187: 11.20% (997Gr09.

(24357) 4148.86 <0.03 >8.5

(24467) 41376 <0.1 >8.0

(24487) 4135.63 7.5 6.094  137: 10.84% (L997Gr09.

(25477) 4037.12 0.42 7.435  187: 0.45% (L997Gr09.

(25657) 4019.4 0.07419  8.2012 1B7: 0.08% (L997Gr09.

(32017) 3383.41 5.74 6.724  187: 6.17% (L997Gr09.

(35457) 3039.26 0.4% 8.026  1B87: 0.48% (1997Gr09.

(35517) 3032.87 <0.01 >9.7

(36567) 2927.71 <0.01 >9.7

(391GF 7)  2674.0? <0.05 >9.2

(46927) 1892.36 2.74 7777 187 4.01% (997Gr09.

(57527) 831.68 262 7.194 1871 13.12% (997Gr09.

(65847) 0 334 7.356 187: measured with a total absorptigaray spectrometer system operating in the 4

 Absolute intensity per 100 decays.

¥ Existence of this branch is questionable.

7 y- B coincidence model@96Gr2(. Other values: 37% (1976Wo003, and

53%5 (1981Ta0% may be more inaccurate because of th@dlilty for

separating out the contributions from the decay®tb (158 s) and°Rb (258
s).
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90Rb B~ decay (158 5)

1981Ta05 (continued)

¥(%°sr)

ly normalization: fromZI(y+ce) (to g.s.367% 3, using a measured value of 33341996Gr2( for the s~ feeding to the g.s..

&

Eﬁ Iﬁ§ Ei(level) J Et NH Mult. ¥ 5 @ Comments
196.84 2.44 5623.3 5426.66
314.53 0.222 2207.04 (3) 1892.36 2 [El]
543.610 1.67 4580.8 4037.12
551.2025 0.233 2207.04 (3) 1655.92 4 [E1]
720.709 0.343 2927.71 4 2207.04 3
739.24 1.2622  4366.05 3627.0
752.13 1.7722 413563 (1,2) 3383.41
765.17 0.042 4148.86 3383.41
824.2310 5.24 1655.92 4 831.68 7 E2 9.2%10™*  Mult.: (824y)(831y)(6): A»=0.125, A;=0.046
(1981Ta05.
831.695 100037 831.68 2 0 0 E2 9.0%10™*
886.33 1.63 3383.41 2497.31 (9
892.57 0.73 4037.12 31449 ©®
985.45 0.5918 3555.84 2570.62
997.856 11.44 4037.12 3039.26 1
1003.99 0.02814 4148.86 31449 ® l,: From branching relative to the 33%7n 258-s8~
decay.
1027.14 0.507 3954.33 2927.71 4
1038.637 7.83 5187.52 (1,2") 4148.86
1060.704 2398 1892.36 2 831.68 2 M1+E2 +0.503  4.97%10% Mult.: D+Q from yy(6). Ar=no required by the level
scheme.
1140.506 1.6310 3032.87 1892.36 2
1146.9625 1.0713 3039.26 1 1892.36 2
1176.99 1.04 3383.41 2207.04 (3
1271.777 0.986 2027.71 4 1655.92 %4
1326.4621 3.34 4366.05 3039.26 1
1375.363 457 2207.04 (3) 831.68 7  (E1(+M2)) -0.026 2.98x107*4
X1430.44 1.2622
1438.38 0.83 4366.05 2927.71 4
1456.73 0.959 3954.33 2497.31 (2
1485.67 1.75 5041.01 3555.84
1489.04 0.7714 31449 %) 1655.92 4
1522.14 0.9622 4019.4 2497.31 (9
1547.85 1.64 4580.8 3032.87
1590.33 354 4973.99 3383.41
1631.7820 2.14 5187.52 (I,2*) 3555.84
1665.617 54022 2497.31 (2) 831.68 Z
1668.96 3.813 5623.3 3954.33
1738.938 0.582 2570.62 831.68 2

€1-IS58
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90Rb B~ decay (158 s)

1981Ta05 (continued)

v(®9Sr) (continued)

&

EyJr IyT§ Ei(level) J Et 3 Mult. ¥ « Comments
1747.33 0.9511 3954.33 2207.04 (3
1804.107 15.25 5187.52  (1,2") 3383.41
184292 5 0.64 2674.0?  (0) 831.68 Z
1870.74 1.94 5254.32 3383.41
1892.288 14.46 1892.36 2 0o o [E2] 4.11x1074
1941.8117 0.313  4148.86 2207.04 (3
1973.92 10 1.04 5600.3? 3627.0
1996.010 1.04 5623.3 3627.0

¥2119.78 1.97
2139.3318 11.16 297114 O 831.68 Z E2 4.9%1074  Mult.: (2139%)(83Ly)(6): A2=0.2312, A,=1.2814 (1981Ta03.
2148.23 557 5187.52  (1,2*) 3039.26 1
2207.4711 11.45 3039.26 1 831.68 2 D Mult.: (2207y)(831y)(): A»=-0.4710, A4=—0.0111 (1981Ta03.
2216.2914 12.57 518752 (1,2*) 2971.14 O
2239.78 4122 5623.3 3383.41
2245.29 1.610 4137.6 1892.36 2
2256.5517 0.322  4148.86 1892.36 2
2298.19 146 3954.33 1655.92 4
2473.9420 15.415  4366.05 1892.36 2
2476.711 2717  4973.99 2497.31 9
2497.2715 0.859 249731 (2) 0o o0
2688.95 3.16 4580.8 1892.36 2
2724.2621 3.24 3555.84 831.68 2
2924.37 1.86 4580.8 1655.92 4
2980.76 2.45 5187.52  (1,2*) 2207.04 (3)
3039.1712 18.77 3039.26 1 0o 0
3081.34 3.97 4973.99 1892.36 2
3148.5812 10.54 5041.01 1892.36 2
3295.0914 21.610 518752 (1,2*) 1892.36 2
3303.9113 22.19 4135.63 (1,2) 831.68 Z
3317.0012 7.1222 4148.86 831.68 2
3361.8813 24410  5254.32 1892.36 2
3383.2412 1685 3383.41 0 o
3534.2413 1013 5426.66 1892.36 2
3627.47 3.213 3627.0 0 ©

*3664.05 2.14
3814.3620 14710  4646.35 831.68 2
3958.42 8 2.06 4790.3? 831.68 2
4019.313 0.94 4019.4 o 0o

*4061.73 6.07
4087.262 23 6.44 4919.06? 831.68 22
4135.5117 1686 4135.63 (1,2) 0o o

71-IS58

S133HS V1vad dv3T10NN

T-1S56


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
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ORb B~ decay (158s)  1981Ta05 (continued)

v(®9Sr) (continued)

E,T 1,78 Ei(evel)  J Er T = LTS Efeve) T E F
X4278.48 1.34 X4934.87 0.8922
X4332.1420 2.96 4974.1425 524  4973.99 00
43557822  11.16  5187.52 (1,2) 831.68 2 | *5007.79 0.5922
4365.9018 2007 4366.05 0 0| *5070.23 363
4500.82 10 094  5333.157 831.68 2| 5187.4423  29.212 518752 (t,2") 0O O
X4635.14 0.63 5254.2725 584  5254.32 0 0
4646.4520  56.422  4646.35 0 0| *5299.59 0.4314
4790.22 7 1.64  4790.3? 0 0| 5333.0224 1085  5333.15? 00
4919.62 4 1.9222 4919.06? 0 0| 5600.@5 0.8314 5600.3? 0 0

f From 1981Ta05 except where noted.

¥ From the Adopted Gammas.

§ For absolute intensity per 100 decays, multiply by 0.0329

& Total theoretical internal conversion dbeients, calculated using the Bricc cod®(8Ki07) with Frozen orbital approximation based gfray energies,
assigned multipolarities, and mixing ratios, unless oflies specified.

@ placement of transition in the level scheme is uncertain.
X'y ray not placed in level scheme.

ST-IS58

S133HS V1vad dv3T10NN

ST-IS08


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B
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9ORb B~ decay (158s)  1981Ta05
Decay Scheme (continued) Legend
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205119 NUCLEAR DATA SHEETS
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9Rb B~ decay (158s)  1981Ta05

Decay Scheme (continued)

Intensities: |, ce per 100 parent decays
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905, ,-20 NUCLEAR DATA SHEETS 36515520

9ORb B~ decay (258s)  1981Ta05

Parent:2°Rb: E=106.903; J'=3"; T1/2=258 s4; Q(37)=65847; %3~ decay-97.55

1981Ta05 From 235U(n,F). Mass separation 8PKr. Nal and Ge(Li). Measured+ ly, yy coin, yy(6). The 158-s and 258-s
90Rb activities were distinguished by varying collection aizbervation times.

1977Hu03 From 23%U(n,F). Mass separation. Measureg;T Ey, ly, yy coin, B3.

1997Gr09 from 2°2Cf. On-line mass separation and measurement @ys using a total absorptiopray spectrometer to
determines~ distributions of decay intensities of fission products. da&dr consisted of a large Nal scintillator with a deep axial
well for the radioactive source and for a Si(Li) detector teasuresy coincidences.

Others:1964J0021967Zh01 1972Eh02 1973Si12 1973CI02 1974Gr29 1976Wo05 1978St02 1978Wu04 1978Wo15 1980De02
2017F106
All data are from1981Ta05 except as noted.

03y Levels

E(level) Ft T1/2i Comments

0 ot 28.79 y 6
831.674 2t 7 ps2
1655.897  4* 12 ps2
1892.345 2% 2psl
2207.015 (3) <1ps
2497.306  (2%) <3 ps
2527.908  37,4* <6 ps
2570.599 10 ps7
2927.688 4
2971.0018 O
3032.858 <1 ps
3039.258 1
3144.94 50
3383.3610
3449.816  (2+,3",4*) <4 ps
3555.8718
3584.418
3627.03
3954.32
4036.8613
4135.6210 (1,2%)
4148.8010
4335.358
4366.0511
4404.6018
4430.93
4685.53
4804.05
4805.1023
4808.5024
4854.3?4
4947.424  (2%)
5024.5224
5026.8?73
5041.4212
5089.4416
5239.25
5285.8720
5426.6514 18=0.57% (997Gr09. From I(y+ce) balance at this level, thfeeding is 0.003 %0,
consistent with zero feeding.

5431.173
5557.83

Continued on next page (footnotes at end of table)
69
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Gr29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Wo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978St02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Wu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Wo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980De02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017FI06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Gr09,B

90
38Sr52—21

NUCLEAR DATA SHEETS 38515521

E(level)
5785.178

5822.05
5827.94

T From the Adopted Levels.

¥ FromBy(t) (1991Ma03, except where noted,

90Rb B~ decay (258 5)

1981Ta05 (continued)

905y Levels (

continued)

B~ radiations

B~ branches are fromJ{+ce) balance at each level. Values measured with a total ptimory-ray spectrometerl®97Gr09 are
also shown with individual levelsl997Gr09found an excess gf~ population to levels above 4394 keV, and a deficit for levels
below 1994 keV, compared to those values deduced from ti@msitensity balances. The most dramatic example is3the
population to the 831-keV level: 15%, from transition-imééty balance; 1.8% from the total absorptipmay spectrometer
measurementl@97Gr09. 1997Gr09proposed a fictitious level at about 3900 keV witjgapopulation of 1.64% in order to

interpret their data.

E(decay) E(level) ﬁ‘T Log ft Comments
(8637) 5827.9 1233 5.329 187: 0.82% (@997Gr09.
(8697) 5822.0 0.6120 5.6315 157: 0.40% (L997Gr09.
(9067) 5785.1? 0.340 59613 157: 0.23% @997Gr09.

(11337) 5557.8 0.5 6.105 I8~ 0.68% (L997Gr09.

(12607) 5431.17? 0.941 6.066 187: 1.36% (@997Gr09.

(14057) 5285.87 1619 6.013 I8~ 2.99% (L997Gr09.

(14527) 5239.2 0.437 6.648 I8~ 0.79% (L997Gr09.

(16017) 5089.44 1.3® 6.303 187: 2.69% (@997Gr09.

(16497) 5041.42  3.08l5 6.00224 187 6.02% (L997Gr09.

(16647) 5026.8? 0.57 6.806 187: 1.03% @997Gr09.

(16667) 5024.52  1.1410 6.454 I8~ 2.22% (L997Gr09.

(17447) 4947.4? 049  6.908

(18377) 4854.3? 034  7.159 I8~ 0.82% (L997Gr09.

(18827) 4808.50 0.6810 6.897 187: 1.59% @997Gr09.

(18867) 4805.10 0.44  7.085 187 1.03% (L997Gr09.

(18877) 4804.0 0.48 7.049 187: 1.12% @997Gr09.

(20057) 4685.5 02% 74712 157: 0.27% (L997Gr09.

(22607) 4430.9 0.9212 7.086 187: 1.14% @997Gr09.

(22867) 440460 1.6110 6.863 I8~ 1.99% (L997Gr09.

(23567) 4335.35 9.0®1 6.16914 IB7: 8.78% (@997Gr09.

(25427) 4148.80 15.7 6.06714 157: 18.87% (L997Gr09.

(26547) 4036.86 1.7714 7.094 187: 2.08% (@997Gr09.

(27377) 3954.3 04721 7.7320 157: 0.83% (1997Gr09.

(31067) 3584.41 14.B 6.483 187 15.18% (997Gr09.

(32417) 344981 6523 6.89718 I8~ 7.29% (L997Gr09.

(35467) 3144.9 0.2%  8.429 187: 0.35% (@997Gr09.

(36587) 3032.85 0.60l8 8.1613 I8~ 0.70% (L997Gr09.

(37637) 2927.68 0.824 8.0612 1B7: 1.03% (@997Gr09.

(41207) 257059 1.3211 8.054 187 1.17% (L997Gr09.

(41637) 2527.90 1741 7.953 1871 1.41% (L997Gr09.

(41947) 2497.30 1421 8.037 187 1.21% (L997Gr09.

(44847) 2207.01 3111 7.8416 1B7: 2.81% (1997Gr09.

(47997) 189234 4.2 7.845 187 1.82% (L997Gr09.

(50357) 1655.89 3.5 8.018 187: 1.99% (@997Gr09.

(58597)  831.67 154 7.6712  157: 1.76% (1997Gr09.

T For absolute intensity per 100 decays, multiply by 1.601
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90Rb B~ decay (258 5)

1981Ta05 (continued)

¥(%°sr)

ly normalization: deduced by evaluators assuminggndeeding to g.s. (3 to 0*), and usingEl(y+ce)(to g.s. of?%Sr) + ZI(y+ce)( to g.s. 0fP°Rb)=100%.
For unplaced transitions possibly belonging to 258 s deseg?°Rb 3~ decay (158 s).

Eﬂ Iy§ Ei(level) J Et NH Mult. ot o Comments

314.53 8.84 2207.01 (3) 1892.34 2 [E1] 0.00374

395.88 0.84 5822.0 5426.65

442.34 1.23 4808.50 4366.05

522.1013 423 3449.81 (2,3",4") 2927.68 4 [E1] 1.04103  E,: authots value of 552.1A3in Table | is a
misprint.

551.2025 9.17 2207.01  (3) 1655.89 4 [E1] 8.91x1074

720.709 574 2927.68 4 2207.01 (3

739.24 0.007112 4366.05 3627.0 ly: From ly/ly(4366y) in 158-s decay.

752.13 0.012317 413562 (1,2) 3383.36 ly: From hy/ly(4136y) in 158-s decay.

765.17 093 4148.80 3383.36

779.94 2.96 4335.35 3555.87

824.2310 925 1655.89 4 831.67 Z E2 9.2x104

831.695 100038 831.67 2 0 o+ E2 9.0x104

872.0015 5.64 2527.90 3,4 1655.89 4

886.33 0.06212  3383.36 2497.30 (9 ly: From hy/1y(3383) in 158-s decay.

921.2024 3.27 3449.81 (2,3",4") 2527.90 3,4F

952.447 17.96 344981 (2,3",4") 2497.30 (2)

985.45 0.8525 3555.87 2570.59

1003.99 0.63 4148.80 31449 ®

1013.9519 2.73 3584.41 2570.59

1021.97 0.83 4404.60 3383.36

1027.14 1.33 3954.3 2927.68 4

1060.704 813 1892.34 2 831.67 Z M1+E2 +0.503  4.9%10% Mult.,s: (1060y)(831y)(6): A»=—0.10516,
A4=0.08318 (1981Ta05.

1086.78 0.7415 3584.41 2497.30 (2

1109.28 1.48 4036.86 2927.68 4

1140.506 9.45 3032.85 1892.34 2

1146.9625 0.165 3039.25 1 1892.34 2

1176.99 0.03916  3383.36 2207.01 (3 ly: From hy/1y(3383) in 158-s decay.

1242.844 32.218 3449.81 (2,3",4") 2207.01 (3) D Mult.: (1243/)(831y)(6): A,=0.014, A4=—0.025
(1981Ta035.

1271.777 16.422 2927.68 4 1655.89 4

1298.52 5 2.14 4854.3? 3555.87

1302.23 2.05 4685.5 3383.36

1326.4621 0.018623 4366.05 3039.25 1 l: From ty/ly(4366y) in 158-s decay.

1375.363 1777 2207.01  (3) 831.67 Z (E1(+M2)) -0.026 2.9810°* Mult.,5: (1375/)(831y)(F): A,=—0.08913,

A4=0.05115 (1981Ta0y, ¢ is for J=3 for 2207

22 *sgg

S133HS V1vad dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B

[

90Rb B~ decay (258 s)

1981Ta05 (continued)

v(®9Sr) (continued)

&

Eﬂ Iy§ Ei(level) J Et N Mult. ¥ a Comments
level.
¢: other: +0.46421 for J=2 (1981Ta0}.
1377.25 248 3584.41 2207.01 (3
1391.63 468 4430.9 3039.25 1
1425.23 293 4808.50 3383.36
1438.38 0.004517 4366.05 2927.68 4 41 From by/ly(4366y) in 158-s decay.
1456.73 257 3954.3 2497.30 (@
1460.16 2.05 4430.9 2971.00 0
1489.04 3.75 31449 %) 1655.89 4
1576.92 7 1.24 5026.8? 3449.81 (23*,4%)
1603.5220 495 5557.8 3954.3
1658.93 4.66 5285.87 3627.0
1665.617 51.012 2497.30 (2) 831.67 Z
1686.26 1.34 5822.0 4135.62 (12
1692.0725 295 3584.41 1892.34 2
1696.167 17.56 2527.90 3,4 831.67 2
1738.938 20.08 2570.59 831.67 2 (1738y)(83Ly)(0): A2=—0.177, A4=0.118 (1981Ta05.
6: —0.1212 for J(2570%3 or +0.64 18 for J(2570%2 or —0.068
for J(2570x1 (1981Ta03.
1747.33 254 3954.3 2207.01 (3
1764.59 1.05 4335.35 2570.59
1793.8911  8.95 344981 (2,3".4*) 1655.89 4 D Mult.: (1793/)(831y)(6): A,=—0.0215, A4=0.0217
(1981Ta035.
1829.8220 3.75 4036.86 2207.01 (3
1838.1514 8.76 4335.35 2497.30 (2
1877.4021 4.75 4805.10 2927.68 4
1892.288 495 1892.34 2 0 (038 [E2] 4.11x10°4
1903.16 1.46 4430.9 2527.90 34*
1941.8117 6.56 4148.80 2207.01 (3
2128.307 55.215 4335.35 2207.01 (3
2139.3318 1.46 2971.00 O 831.67 2 (E2) 499104
2200.93 5.16 5827.9 3627.0
2207.4711 1.7112 3039.25 1 831.67 2
2256.5517 7.05 4148.80 1892.34 2
2298.19 3.620 3954.3 1655.89 4
2311.26 3.110 4808.50 2497.30 (2
2335.92 10 2.29 5785.1? 3449.81 (23*,4%)
2381.55 1.87 4036.86 1655.89 4
2442 .95 2.87 4335.35 1892.34 2
2473.9420 0.091 4366.05 1892.34 2
2497.2715 8.8 2497.30 (2) 0 o (1665/)(831y)(6): A»=0.233, A4=0.023 (1981Ta05.

§: +0.5318-11for J=3 or +0.03 4 for J=2 (1981Ta05.

€258

S133HS V1vad dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B

€L

90Rb B~ decay (258 s)

1981Ta05 (continued)

v(®9Sr) (continued)

Eﬂ Iy§ Ei(level) J Et Ji  Comments
2537.89 1.87  4430.9 1892.34 2
2543.93 354  5041.42 2497.30 (2
2592.3220 6.87  5089.44 2497.30 (2
2617.83 659  3449.81 (2,3",4") 83167 2
2724.2621 466  3555.87 831.67 2
2741.02 12 158  4947.47 (2) 2207.01 (3)
2752.688 1224 3584.41 831.67 2
2789.122 3.019 5822.0 3032.85
2834.4313  19.612  5041.42 2207.01 (3
2900.313 1.27  5827.9 2927.68 4
2911.711 1.37  4804.0 1892.34 2
3032.15 467  5239.2 2207.01 (3
3039.1712 2.7621 3039.25 1 0 0
31979210 156  4854.3? 1655.89 4
3205.0916  11.99  4036.86 831.67 2
321482 11 146  5785.1? 2570.59
3303.9113 0.151 4135.62 (12) 831.67 Z
3317.0012 1524 4148.80 831.67 2
3370.42 4 426  5026.8? 1655.89 4
3383.2412 6.5214 3383.36 0o 0
3503.5215 25111  4335.35 831.67 2
3534.2413 0.773  5426.65 1892.34 ©
3538.62 6 5111 5431.1? 1892.34 2
3572.8218  16.310  4404.60 831.67 2
3620.811 6.123 5827.9 2207.01 (3
3627.47 104 3627.0 0 0
3929.414 148  5822.0 1892.34 2
3972.25 3.87  4804.0 831.67 2
4115.69 4 3.76  4947.47 (2) 831.67 2
4135.5117 1174 413562 (1,2) 0 o
4192.7523 12111  5024.52 831.67 2
4209.53 9.69  5041.42 831.67 2
4257.3424 7.86  5089.44 831.67 2
4365.9018 1.138  4366.05 0o 0
4454.0721 1258  5285.87 831.67 2
4599.49 3 494  5431.1? 831.67 2
4685.014 043 46855 0 o
4726.17 1.23  5557.8 831.67 2
4996.211 073  5827.9 831.67 2

¥ From 1981Ta05 except where noted.

72-°1S58

S133HS V1vad dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B

v,

9ORb B~ decay (258's)  1981Ta05 (continued)

v(®9Sr) (continued)

¥ From the Adopted Gammas. In cases where adopted value® dieria this dataset, supporting details are given in the cents

§ For absolute intensity per 100 decays, multiply by 0.@94

& Total theoretical internal conversion dheients, calculated using the Bricc cod#(8Ki07) with Frozen orbital approximation based gsray energies,
assigned multipolarities, and mixing ratios, unless oflez specified.

@ placement of transition in the level scheme is uncertain.

ST

S133HS V1vad dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ta05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

90 90
38915526 NUCLEAR DATA SHEETS 3850526
9ORb B~ decay (258s)  1981Ta05
Decay Scheme
becay Schem Legend
Intensities: |, ce per 100 parent decays
— Iy < 2%xI]
— 1y < 10%x I
Iy > 10%x |2
3 106.90 25854 ~ yDecay (Uncertain)
Q =65847 %B~=97.5 ° Coincidence
90,
37055
ANAN N D
B SIS 2& Ve
1B Log ft I I N v
123 532 \ ¥ o g&@ﬁiﬁ@w . 5827.9
0.61 563 &7&7&(\/@7@7@ o 5822.0
034 59  \\______ 2 Tl e Tl s s s Bt i il «_5785.1
VS ISy S
057 610 LYY Q8 & Yo 5557.8
094 606 N ______ B e o e e e e e e o e - i i S N 5431.1
\ — TS Y Y O S oy \_5426.65
161 601 \ — — SO~ ¥ o—o-o"—_5285.87
0.43 664 \ T 0 bl ng:gj*@ —\__5239.2
137 630 \ i — $L& \_5089.44
308 6002 ol i it it i ol ettt wt el el ottt ey Bl Bl s Bl - - - -\ _5041.42
051 680 N\ ______ L L Lo \_ _5026.8
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
RS .
1,29 - L L 4135.62
| | | | | |
047 773 \ L L - 3954.3
| | | | | |
| | | | | |
| | | | | |
| | l l 3627.0
| | | |
654  6.897 \(2+ 37.4%) Ly L Ly 3449.81 <4 ps
| [ !
| [ !
| |
\ I : : !
060 816 \ j L X 3032.85 <1ps
087 806 4 | L ! 2927.68
| | |
| |
\ | : : :
|
132 805 \ 1 L0 ! 2570.59 10 ps7
149 803 2H - ; 2497.30 <3ps
\ B :
| |
31 7.84 (3) [ ! 2207.01 <1ps
| | '
[ !
\ Lo :
4.2 7.84 2+ Ly | 1892.34 2psl
| |
| |
35 801 4+ | i 1655.89 12 ps2
|
|
|
|
|
|
|
|
|
\ |
15 767 2+ 1 831.67 7 ps2
o 0 28.79y6
90
385052

75



90 90
38905527 NUCLEAR DATA SHEETS 3850527
9ORb B~ decay (258s)  1981Ta05
Decay Scheme (continued) Legend
Intensities: |,.,ce per 100 parent decays I, < 20A3X|r;1ax
Iy < 10%x]|{
Iy > 10%x |8
,,,,,, - D ncertain
3 106.90 2584 14 ,ec‘,"‘y (Uncertain)
. Coincidence
Q =65847 %B-=97.5
90
37RD53
5
o \d
18- Log ft L & & N P
; : \\ & o & S S’ W &V v ¥
114 645 \ 3 & & & & o o & S 502452
049 690 \éZj) I S ROENE -———- A S B e it - -~ _4947.4
034 715 \‘"4 T----- ----- s St - V--m- - - W - - {0 - - - 48543
068 689 \ ! § ! ! M 4808.50
0.44 7.08 | | | | 4805.10
| | | |
| | | |
| | | |
| | | |
l l l l 4366.05
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
! ! ! { 3555.87
| | |
! ! ! 3383.36
| | |
| | |
| | |
| | |
\‘ | | |
| | |
087 806 4 | | | 2927.68
| | |
| | |
| | |
| | |
| | |
\ | | |
149 803 (24 j j j 2497.30 <3ps
| | |
\‘ I I I
| | |
31 7.84 () ! 1 ! 2207.01 <lps
| |
| |
| |
| |
| |
| |
\ | |
35 801 4+ l 1 165589  12ps2
|
|
|
|
|
|
|
|
|
|
|
\ |
15 767 2+ 1 831.67 7 ps2
0" 0 28.79y6
90
385052
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90, ,-28 NUCLEAR DATA SHEETS 36515228

9ORb B~ decay (258s)  1981Ta05

Decay Scheme (continued)

Legend
Intensities: |, . per 100 parent decays

ly < 2%xI)a
ly < 10%x |72
ly > 10%x 72

3 106.90 258 54

. Coincidence
Q =65847 %B-=97.5
90,
37RDs3
oy
f o *» o
_ A
1B Log ft \ P S
048 704 SV o8 SIIP v o0l 4804.0
CROIIPAAOINIRNAS IR A A
0.23 7.47 Y o vy o Yo NOOSS 4685.5
NPV — SO OTEF-L Vo
BPEFS I OF oD S Vi oSN
092 708 VYN SV II2 ¥ 0,07 O 6o 4430.9
) y 2 -E PR LNV P65 O —PET o, —o W -
161 6.86 PO O NVIIF I VOOLRLE S S— 4404.60
YN ETYECR T o O TS~ _
AN RINNES IS IS O N TS 4366.05
900 6169 \ FPISE Sy SISO s e\ 433535
157 6.067 SR S LB 'S 4148.80
1,24 R NN 4135.62
VY FLED
177 7.09 \ HENNES 4036.86
0.47 773 3954.3
3627.0
3555.87
3383.36
0.29 8.42 \‘5(’) 3144.9
1 3039.25
\0+ 2971.00
0.87 806 4 2927.68
1.32 805 \ 2570.59 10 ps7
1.74 7.95 \3r,4+ 2527.90 <6 ps
1.49 8.03 (") 2497.30 <3ps
31 7.84 \(3*) 2207.01 <1ps
42 7.84 \2+ 1892.34 2 psl
35 801 \4+ 1655.89 12 ps2
15 767 \2+ 831.67 7 ps2
0" 0 28.79y6
90
389052
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90, ,-29 NUCLEAR DATA SHEETS 36515229

9ORb B~ decay (258s)  1981Ta05

Decay Scheme (continued)

Legend
Intensities: |, . per 100 parent decays

ly < 2%xI)a
ly < 10%x |72
ly > 10%x 72

3 106.90 258 54

° Coincidence
Q =65847 %B~=97.5
90
37Rb53
D A O
Q" N Vo, SV
1B~ Log ft ¥ YOS Po
T FENLS e F
5] P
\ TSOSET Y SRS s 6210
14.3 6.48 QB QoINS G o8 3584.41
RLDFRY OPS 3555.87
ey SIS T2
6.54 6.897 (27,37,49) Ve S 3449.81 <4 ps
NN
N 3383.36
Q" P >
S QOO o Q'\/
£ L{e o 4
¥ ono Q’/\'
029 842 50) P OoF & Yy 3144.9
) ST — 2\
\1 P4 ol NG 3039.25
060 816 N 3032.85 <1lps
\‘0+ PR 2971.00
0.87 806 4 2927.68
£,
§ 58 o8
’\ﬁ37 ';OQQ /\QA v N
132 805 PN @ 257059 10 ps7
174 795 3 4" . P Qg% 2527.90 <6ps
1.49 8.03 2" N2 2497.30 <3ps
o)éo’\?‘o\
\ - oY NG
31 7.84 (3) s J 2207.01 <1ps
VS
&S
<Y
S
\ oS A
42 7.84 2F p @ 1892.34 2 psl
v
&
Vv
\ 3
35 801 4+ 2 1655.89 12 ps2
&
&
8
0’
15 767 2+ < 831.67 7 ps2
ot 0 28.79y6
90
389052
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905, ,-30 NUCLEAR DATA SHEETS 36515530

8255(11B,p2ny),12C (88K r,20y)  2001St14,2014K ul0

2001St14 82Sel!B,p2ny) at E=37 MeV. Measured &, ly, yy, andyy(6)(DCO) using GASP spectrometer consisting of 40
escape-suppressed HPGe detectors and an inner ball ¢Gogt8hBGO detectors.

2000F013 173Yb(2Mg,F) at E=134.5 MeV. Measured £ |y, yy coincidence following compound nucleus fission using
GAMMASPHERE array; decduced fission fragment charge andsmdasributions. No significant details available excep ligvel

scheme and relative intensities shown therein.
2013HwO01 reanalyzed publishe®2Q01St14 DCO data and extended-assignments.

2014Ku10 12C(88Kr,2ay), E= 3.1, 3.2 and 3.2 MeNucleon; isotopically puré®Kr beam from k=500 Cyclotron at TAMU;
multi-layered target consisting of C, Gd, Ta and Cu; measutg,a-y coin, particley angular correlation and g-factors of excited
states using the transient-field (TF) technique in inveieerkatics; Clover HPGe detectors and Si-SB particle detect

90gr Levels
E(Ievel)T FE Comments
0.09 o
831.602 10 2* g=-0.1211 (2014Ku1Q

g: weighted average of=g-0.16 30, —-0.02 20, and—0.16 15 measured at BfKr)=3.2, 3.1 and 3.0
MeV/nucleon, respectively2014KulQ.
1655.8@ 14 4+ g=-0.0217 (2014Ku1Q
g: weighted average of=g-0.0325, +0.06 38, and—0.06 28 measured at BfKr)=3.2, 3.1 and 3.0
MeV/nucleon, respectively2014KulQ.
2207.0124  3°
29275123  40)
31443116 50
3268.63 (4"
3468.3025 500
34947117 6
3698.4218 70
3742.0218 60
3764.2322 6
4066.1% 20 70)
4748.7923  80)
4881.53 8t)
5021.48 21 9
5055.4319  (8*)*
5298.3525  90)
5591.74 100
5023.4321  (10%)*
5061.% 4  110)
6712.% 4 129
6794.4323  (120)*
7371.% 5 139
7705.6325
7959.54
8772.24
9060.55
9199.54
9957.45

 From a least-squares fit toyfby evaluators.

¥ From 2001St14 except where noted.

# Spins and parities assigned B913HwO1from energy systematics.
@ Seq.(A):y sequence based on ground state.

& Seq.(B):y sequence based of .
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Fo13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Hw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Hw01,B

90
38Sr52—31

NUCLEAR DATA SHEETS

90
38Sr52—31

825¢(11B,p2ny),12C (8K r,2ay)

2001St14,2014Kul0 (continued)

y(%°Sr)

DCO values are derived from detectors placed &t&@id 90 to the beam direction. For this geometry, values of 0.54 afcade

expected for stretched dipole and quadrupole transiti@spectively, gated on stretched quadrupole transiti2881St14.

T

Eﬂ Iy Ei(level) J Et N Mult. ¥ Comments
140.05 0.71 5021.48 ¢) 48815 &) D DCO=0.445.
203.75 ~18 3698.42 ¥)  3494.71 &Y
216.85 0.41 314431 &) 292751 &)

253.93 16881 79595 7705.63 Q DCED.9919.
272.53 351 5021.48 ¢)  4748.79 &) D DCO=0.495.
288.33 101 9060.5 8772.2 D DCE0.343.
324.05 3468.30 %)  3144.31 %)
324.23 9.9% 1 4066.19 )  3742.02 6 D DCO=0.412.
367.83 8.32 4066.19 V)  3698.42 1) D DCO=0.956.
Mult.: 2001Stl4assignAJ=0 dipole.
416.85 061 5208.35 ¢) 48815 &) D DCO=0.404.
495.73 1.82 376423 6 32686 (4) (Q) DCO=1.0940.
549.63 2.42 5208.35 ¢)  4748.79 &) D DCO=0.410.
554.11 33.66 3698.42 1) 314431 §) Q DCO=0.953.
570.23 4.84 5591.7 16) 5021.48 &) D DCO0=0.6210.
571.53 1.44 4066.19 ) 3494.71 &Y
597.71 16.9%84 374202 &) 314431 %) D DCO=0.622.
597.93 558 2 4066.19 )  3468.30 &)
619.93 2.74 376423 &) 314431 §) (D) DCO=0.3326.
625.13 554 5923.43 (10) 5298.35 §) D DCO=0.377.
658.93 172 73711 1%8) 67122 12) D DCO=0.648.
720.53 141 292751 &) 2207.01 3 D DCO=0.426.
751.23 3.11 67122 1%) 591.0 1) D DCO=0.488.
757.83 111 9957.4 9199.5 D DCE0.47 4.
812.75 01 87722 7959.5
814.53 2852 374202 &) 292751 &) (Q) DCO=1.0335.
824.21 92.32 1655.80 4 831.60 2 Q DCO=0.991.
831.61 1001 831.60 2 0.0 0 Q DCO=0.982.
868.01 25.75 5923.43 (10) 5055.43 (8) Q DCO=0.905.
871.01 24.75 6794.43 (12) 5923.43 (10) Q DCO=0.895, 0.943.
901.93 212 5923.43 (10) 5021.48 &)
911.21 141 7705.63 6794.43 (19 l,: strongly influenced by 9G9from 8.
937.35 ~18 314431 %)  2207.01 3 Q DCO0=0.8510.
939.53 9.32 5061.0 117 502148 §) Q DCO=1.139.
955.31  14.72 5021.48 ¢)  4066.19 ) Q DCO=1.046.
1006.73 591 474879 &)  3742.02 6) Q DCO=1.018.
1050.33 513 4748.79 &)  3698.42 1) D DCO=0.527.
1066.63 152 8772.2 7705.63 Q DCED.94 10.
1120.53 151 67122 1%) 5591.7 167 Q DC0=0.9018, 0.808.
1183.13 2.21 48815 &)  3698.42 1) D DCO=0.3410.
1271.73 26881 292751 &)  1655.80 4 D DCO=0.7812.
1291.23 461 5055.43 (8) 3764.23 ) Q DCO=1.0111
1323.13 461 5021.48 ¢) 369842 ) Q DCO=1.0213.
1357.01 14.13 5055.43 (8) 3698.42 ) D DCO=0.543.
1375.43 272 2207.01 3 831.60 2 D DCO=0.5112.
148851 56.88 314431 %)  1655.80 4 D DCO=0.511.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ku10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001St14,B

%0Sr, ,-32 NUCLEAR DATA SHEETS 36515532
8259(11B,p2ny),12C (88K r,2ay)  2001St14,2014K ul0 (continued)
7(®9Sr) (continued)
Eﬂ Iﬂ Ei(level) J Et X Mult. ¥ Comments

1493.93 323 91995 7705.63

1560.73 9.82 5055.43 (8) 3494.71 69 Q DCO=1.087.

1599.93 3.41 529835 &) 3698.42 ) Q DCO=0.927.

161283 2181 3268.6 (4) 1655.80 4

181253 471 346830 &) 165580 4 D DCO=0.395.

1838.91 12.08 2 349471 6 1655.80 4 Q DCO=0.814.

204263 651 369842 ) 1655.80 4 (O) DCO=1.104.

2108.43 331 3764.23 69 1655.80 4

* From 2001St14 A(Ey)=0.5 keV for ly<1, 0.3 keV for kly<10, and 0.1 keV for}>10, based on a general comment by

2001st14
¥ From DCO measurements 2001St14
§ Contaminated transition. If DCO ratio is given, it may cdnta contribution from an impurity.

& Unresolved structureylfrom yy coin.
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90
36505,-33

NUCLEAR DATA SHEETS

90
3690:,-33

1976FI10 E=20 MeV. Measuredr-(E(p) ), ten angles between 1and 55. Magnetic spectrometer, FWHM.1 keV. L values

8851 (t,p)

1976FI10

from comparison with DWBA calculations.=0 and =2 can be assigned with a high degree of confidence.dl{igdata do not

distinguish between £3 and L=4.
Other: 1974Co024

E(level)

of
832
1656'

1892f

220710
248410
251310
258610
267410
295810
303810
314610

E(level)

326810
3394" 10
347910

350810
359410
372010
378410
380410
384510
391510
404310
407310

 Used for calibration.
¥ Probable doublet.

L

3,4
(5)
3,4
>5
(5)

3,4
3,4

E(level)

412810
424010
428810

433310
449310
452210
457610
464310
466010
474210
477410
482410

|~

wWw NN

3,4
3,4
2

E(level)

493710
497110
503410

5066 10
509510
514210
519810
529610
534310
537010
542810
560510

03y Levels

@)

3,4

3,4
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305171 NUCLEAR DATA SHEETS 0V,,-1

Adopted L evels, Gammas

Q(8~)=2278.516; S(n)=6857.0310; S(p)=7574.016;, Q(a)=-6172.016  2017Wal0
S(2n)=18338.822; S(2p)=18463.016 (2017Wal0.

90y Levels

Cross Reference (XREF) Flags

A 8Y(n,y) E=thermal F  PYITdecay (3.19h) K  9Zr(de)
B 89(pol d,p) G 9srpdecay (28.91y) L 91Zr(t,a)
C  8%(d,py) H  89(e,3He) M 825ed1B,3ny)
D "“Gel®O,npy),’Gel®0,3np) 1  8SreHe,p) N 8y
E  8%Rb,ny) 3 91zr(d3He)
E(IeveI)Jr FE T2 XREF Comments
0.0 z 64.05 h5 ABCDEFGHIJKLM %3~ =100

Q=-0.12511; u=-1.6308

J': J from atomic beam1@78Fu08; = from L=2 in (d,p) and
(@,3He); L=1 in (t) and (d3He).

T1/2: weighted average (using the limitation of relative statés
weights method ¥988Wo0zQ) of 64.053 h20 (2004Ko018, 63.46 h
13 (1969Gr38, 64.6 h8 (1967Bi02, 64.21 h8 (1968Lal(, 64.06 h
11 (1966Ri0), 63.74 h10(1963V003, 64.8 h2 (1956He77, and
64.24 h30 (1955V003.

w: from atomic beam measuremed962Pe0L

Q: from 2016St14evaluation based 02008Py02and 1998Bi2Q
Other: —0.1553 (1962Pe0}

202.49612 3~ 250 ps7 ABCDEF H JKLM  u=-0.857

J: L=2in (d,p) and &,3He); L=1 in (t) and (d2He). yy(6) in
90Y IT decay (3.19 h).

T1/2: from delayed coin i?Y IT decay (3.19 h).

w: from integral perturbed angular correlations (IPACYT4KIO0H.

682.0P5 7+ 3.19h6 A CDEF JKLM  %IT=99.99822; %3~ =0.00182
Q=-0.658; u=+5.283
F: L=4in (te) and (d3He); 479 E5 to 2.
T1/2: weighted average (using the limitation of relative statés
weights method) of: 3.244 & (1992An19, 3.19 h1 (1967Gr03,
3.15 h5 (1962Ab03, 3.2 h1 (1961Cal® 3.14 h10 (1961He09,
and 3.19 h6 (1961Halj. The uncertainty has been increased to
include the most precise value of 3.2441§1992An19.
w: from Colinear Laser Spectroscopy (CLZ007Ch07; other: +5.15
from low temperature nuclear orientation of 480 kev traosit
(1988Be4§.
Q: from Colinear Laser Spectroscopy (CLP07Ch072016St14.
%5~ from measured 1(2339/1(480y); see®®Y 5~ decay (3.19 h).
776.59315 2+ ACE JKL J: L=4in (ta) and (d3He); circular polarization of primary ray
to this level in (ny); 776y E1+M2 to 2.

953.51217 2+3* ACE JKL J: L=4in (ta) and (d3He); 17% to 2+, 953y to 27, 751y to 3.

1047.2212  (5%) ACE JKL J': tentative assignment from (r); supported by E4 transfer in
(t.@) and (d3He) reaction; 36521t0 7+.

1189.688 ACE JL

1211.57817 O~ ABC E H KL J: L=0in (d,p). S-factor(1211p-factor(137132.9 1 agrees with 3.0
(theory) for X(1211=0" and X(1371)}=1".

1298.04 (5,6,7) CE JL J: L=4in (ta) and (d3He); 616/ to 7+, 250.8 to (5%).

1371.13315 1- ABC E H KL F: L=0in (d,p); see arguments for 1211.6 level.

1416.58116 (27),3 @ ABC E  JKL

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Py02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Bi20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992An19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Gr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ab03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ca12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961He09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992An19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Be46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B

39Y 5172 NUCLEAR DATA SHEETS 39Y 5,2
Adopted L evels, Gammas (continued)
90Y Levels (continued)
E(IeveI)Jr FE XREF Comments
1561.925 3 4@ B L
1571.6147 2,3y @ aBc  H XK
1640.91416 1-@ ABC ]
16475 @) H KL J': as proposed in (&) based on E3.
1760.97718 2-@ ABC  H JKL
1811.024 2),3 ABC JL
1815.15222 1* A HI K F: L=0+2 in (BHe,p).
1962.1@ 2 5+ 6@ BC H L
2021.42 4 B JKL XREF: J(2030)K(2030)L(2030).
2088.828 56 @ BC H L
2133.50223 1,2@ AB J: 922y to 07, 135% to 2t, 2133/ to 2~ is consistent with A from (pol d,p).
2179427 (2-3)@ B
2196.12021 (1-,2* AB JF: 1993 to 37, 380.8 to 1*, 825.% to 1~.
221668 7 8 D M J: from y(6) and lin pol in"*Ge®0,npy),”6Ge0,3np); 1534 M1+E2 to
7.
2240.68 56+ @ BC
2244.303 1,2) A H J: 1032.6/ to O".
231310 1+ I L J: L=0+2 in CHe,p).
E(level): from®8Sr@He,p).
2327.42 4 B
2365.96421 1-@ ABC L
2454.847%6  9* D J: y(0) and lin pol in £80,npy) and ¢80,3npy); 238y M1+E2 to 8.
E(level): the ordering of 23@and 642 may be reversed, which would result in a
level at 2859.0.
2475.923 2- ABC H J': L=2in (d,p). S-factor(2476%-factor(262431.96 10 agrees with 1.67 (theory)
for Jr(2475)=2" and J(2624)=1".
2495.483 (2,1‘)# A J: 2292.9 to 37, 680.4 to 1*. Primaryy from Jr=1".
2504.61323 2@ ABC
252025 5+ 6@ B H
2558423 3@ B
250025 3 4@ B
2623.994 1~ ABC H L J: L=2in (d,p); see argument for 2475 level.
2631.934 (1’,2,3)# A J': 2429 to 37, primaryy from Jr=1".
2663.284 (1,2 AB J: 2461y to 37, 145% to O".
2678.1@ 4 3 B
2702.62 5 B
2719.353 1,2) A J: 1509 to O".
274592 5 B
2749.24019 (1‘,2,3*)# AC H L J': 2547 to 37, primaryy from Jr=1".
27155823 3 B
2758.07820 (17,2") A JF: 1546.5 to 0, 2555.6 to 3".
2784.62 3 B
2819.@23 1@ B L
2838.323 1,2 AC H L Jr: 2838y to 27, primaryy from Jr=1".
2847.424  1-@ ABC
2858.88 18 (9*) D M F: (M1+E2) 642 to 8.
2859.353 2" AB F: L(pol d,p)=2, 1648 to 0.
28704822 34 @ B H

Continued on next page (footnotes at end of table)
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305173 NUCLEAR DATA SHEETS 90V.,-3

Adopted L evels, Gammas (continued)

90Y Levels (continued)

E(Ievel)T Jk XREF Comments
290515 2,3) L E(level),F: from (t,a).
2032822 3 4@ BC H L
2937.55 C H E(level): from83Y(d,py).
2986.103 (1‘,2)# A J. 2784y to 37, 117 to 1*, primaryy from Jr=1".
2002354  (1),2@  amc L
3002822 3 BC H L J:L=4in(d,p); 222 to 2*. Primaryy from Jr=1".
3002.694  (12F A J: 2800y to 3, 1188 to 1*.
3043504  (1-.2,3) A F: 1403 to 1-, 2841 to 3.

304822 3 4@ BC H L

3097.08 20 (10 D M JF: M1(+E2) 238 to (9%).
311959 4 B L
3137.@2 3 4@ BC L
3143.843 (1’,2,3)# A J': 2941y to 3~. Primaryy from Jr=1".
316021124 1-@ ABC H
3203824 3 4@ B
3270.02 4 B
3300.40& 3 3-@ B
331240825 (2,17) A F: 149% to 1*, 167% to 1-, 3110y to 3.
3342.49& 3 B H
3354.% 3 B
3404.835 (17,2,3) AB J: 3202.6/ to 37, primaryy from Jr=1".
3413.42 g B
3438828 1+ B I F: L=0(+2) in CHe,p).
3469.144 (1‘,2,3‘)# A J: 3266y to 3, primaryy from Jr=1".
3476.063 (1,2) A F: 2264y t0 0.
34905 1+ I J: L=0(+2) in CHe,p).
3496824 (3@ B
3522824 5t 6@ B H
3534825 (5t+6H@ B
3555.72719  (1-,2,3)  AB F: 1915 to 1-, 3353 to 3.
357450123 1-@ AB
358459 5 B H
35902926 5+ 6'@ B
3602.073 1-@ AB
36256 1+ I E(level): from®8Sr(He,p).
J: L=0+2 in He,p).
3627.64725 1-@ AB
36448025 5+ 6@ B
3667.32 8 B
3685.234 1,2) A J: 2474 10 0.
3692.293 1-@ AB
3736.192 3 B
3757.62 3 B
3792.@3 3@ B
3801924 (1)@ B
3833.62 4 B
3858123 3@ B

Continued on next page (footnotes at end of table)
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305174 NUCLEAR DATA SHEETS 0V, -4

Adopted L evels, Gammas (continued)

90Y Levels (continued)

E(Ievel)T Jk XREF Comments

3881423 3@ B
300724 (1)@ B
3934.473 1-@ AB F: L=0in (pol d, p).
394258 2 B
3953.544 (1,2 AB F: 375L t0 3, 2743 t0 0.
3972.82 7 B
3980423 (3@ B
3996.42 7 B
401582 4  (5+,6")@ B
402423 (3@ B
4037.543 (1,27)@ A F: 2826y 10 0.
4038.@3 (3@ B
4065.02& 3 B H
4080.32 4 B
4100494  (1-,2) AB J: 2889 to 0, 1098 to 3.
4127823 1-@ B
4140.08 B
4161284  (0,1,2) AB XREF: B(4158.8).

F: 1795 to 1°, 2345.9 to 1*.
4166.92& 3 B
4197.@3  (2-,3)@ B
4210814  (0°,1,2,3) A F: 1588 to 1-, 4210.8 to 2.
421250 21 (117) D M F: M1(+E2) 1115 (107), Q 1354 to (9").
4219@3 (2@ B
4267.383 (1,2) A F: 693y to 1, 2452 to 1*, 349%y to 2+, 4267 to 2.
4288.62 4 B
4302.82& 3 B
4325.065 1-2@ AB
434123 5+ 6@ B
435262 4 B
@77@3  1-@ B
4411824 (5*6H@ B
44253  (5*,6H@ B
445157624  (1,2) A F: 3240/ t0 O™
4482.1@3 (5t 6@ B
4504023 5+ 6@ B
4515.933 1,2) AB XREF: B(4518.8).

F: 4210.8 to O™,
4518893 (12 D M J: M1(+E2) 306 to (117), (E2) 142} to (10).
4529.654 (0’,1,2,3)# A J: primaryy from Jr=1".
4533144 (1),2@  aB
4543.63 (11 M J: D+Q 144% to (10%).
4548.082 4 B
45584825  (0-,1)@ B
4572824 2 17@ B
458732 5 B
4619582 5 B

Continued on next page (footnotes at end of table)
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3oY 5 NUCLEAR DATA SHEETS 0¥ 5
Adopted L evels, Gammas (continued)
90Y Levels (continued)
E(IeveI)T Jk T2 XREF Comments
4636.825  (5t61)@ B
4645482 11 B
4656.27  (5t6H)@ B
4662826 3@ B
4672627 3@ B
4685827 1@ B
4694828 7 B
47132 7  5+6'@ B
472549 18 B
473528 8 B
4749.48 g B
4777182 10 B
4784 @9 3 4@ B
4802.9% 10 B
4814782 11 B
4822782 11 B
4835.054 1,2) AB J: 3623.14 to O™
486592 12 5+6 B
4881.42 12 B
489542 13 ()@ B
491482 13 (1-,)@ B
492732 15 B
4940.@ 14 (3H)@ B
49532 15 (1)@ B
49712 16 5+6:@ B
4986.@ 16 (0-,1)@ B
499792 25 273 @ B
5068.3920 M
5102.63 (12) M J: D 1728.4 from 13%), D 890.2 to (117).
5111.48 24 (13%) M J: Q 898.8 to (11"); assignment tg-ray sequence.
5359.P 3 a4%) M J. D 248.% to (13"); assignment tg-ray sequence.
5525.64 (12%) M J: D 539.4 from (13°); 2428.4 to (10%).
5541.14 (124) M J: D 523.9 from (13°); 2444.3 to (10%).
5674.24 (12%) M J: D 390.9 from (13); 2577.4 to (10°).
6065.03 (13) M J:D+Q 962.5 to 127, D 1546.9 to (12), 2968.3 to (10°).
6234.F 4 (13) M JF:D1716.% to (12"), E2 663.3 from (15).
6822.5222  (13) M J:2303.9 to (12%), 2279.4 to (11).
6831.1323  13%) M J: D 524.4 from (14%), D 1728.4 to (12), 2287.5 to 11*).
6856.99212 1~ A
6898.F 3 (15°) M J: E2 833.% to 137, 2379.6 to (12F); assignment tg-ray
sequence.
73555823  (14%) M J: D533.0/ to (13").
7882.7% 3 as%) 0.111 ps28 M E(level): since the reversed ordering of the 538.7-527stade is
not ruled out, this level is either at 7882.9 or 7894.4.
Ty1/2: from DSA measurement if?Sed!B,3ny).
J: D 527.% to (14"); band assignment.
7994.¢ 4 160) M J: D 1095.9 to 15", assignment tg-ray sequence.
8421.4 3 (16") 0.57 ps8 M Ty2: from DSA measurement if?Sed'B,3ny).

Continued on next page (footnotes at end of table)
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305176 NUCLEAR DATA SHEETS 90V,6

Adopted L evels, Gammas (continued)

90Y Levels (continued)

E(IeveI)Jr Jk T2 XREF Comments
J: D 538.% to (15"), 1065.8 to (14"); band assignment.
9005.$ 4 (17") 0.37 ps6 M Ty from DSA measurement i?Se!B,3ny).
J: D 584.5 to (16"), band assignment.
9317.15 M
9635.85 (18*) 0.38 ps6 M Ty from DSA measurement if?Sed!B,3ny).

J: 629.2 to 17%), band assignment.

* From a least-squares fit toyEby evaluators, except where noted.

¥ From (pol d,p) based on measured values of L-transfers aalgzng powers, except where noted. The spin and parityaiést
populated by mixed L-transfers may be unambiguously detergnbecause of the high sensitivity of the analyzing powethe
two possible couplings of the transferred orbital angulanmanta.

# Spin and parity assignments fromhassume capture and secondarsays to be E1, M1, or E2, and that the neutron-capture

state hasz=1".
@ From 8% (pol d,p) (1993Mi04).

& Multiplet.

a Band(A): Band based on 4.

b Seq.(B):y cascade based or 7
¢ Seq.(C): Cascade based or13

88


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Mi04,B

68

Adopted L evels, Gammas (continued)

y(%Y)
Ei(level) J Eﬁ Iﬁ Et NH Mult. st o Comments
202.496 3 202.533 100 00 2 M1(+E2) -0.044  0.02735  B(M1)(W.u.)=0.01030+27-31 B(E2)(W.u.x1.9
E,.ly,Mult.,5: from 90Y IT decay (3.19 h).
682.01 7 479515  100.003 202.496 3 M4(+E5) <0.1 0.0965 B(M4)(W.u31.540+37-43
E,.ly,Mult.,5: from 90 IT decay (3.19 h).
681.86 0.353 00 2 E5 0.0226 B(E5)(W.u91.66 15
E,.ly,Mult.: from %0Y IT decay (3.19 h).
776.593 2 574.103 275 202.496 3
776.643 1002 00 2 E1+M2  -0.0669 4.56<10°%
953512 2,3* 176.913 6112 776.593 2
751.3213 6.916 202.496 3
953.543 10020 00 2
104722 (B) 365.2111 100 682.01 7
1189.68 142413 133 1047.22 (8) ly: from (a,ny). Others: 137 in (n,y), E=thermal,
23.5in (d,p).
236.177 1006 953.512 2,3 l: from (e,ny).
1211578 0 1211563 100 00 2
12980  (56,7) 250.8 5 5.0% 23 1047.22 (%)
616.%4 5  100% 5 682.01 7
1371.133 1 159.5013 0.63 1211578 0
1168.624 123 202.496 3
1371.133 10019 00 2
1416581 (2),3~ 1214.053 479 202.496 3
1416.553 10021 00 2
1571.614 2,30  618.5818 1.95 953.512 2,3
1369.103 8116 202.496 3
1571.623 10020 00 2
1640.914 1 269.7911 6.113  1371.133 1t
429.276 143 1211578 0
864.285 234 776.593 2
1640.933 10020 00 2
1760.977 2 1558.453 10020 202.496 3
1760.924 49 10 00 2
1811.02  (2),3~ 1608.529 9325 202.496 3
1810.829 10020 00 2
1815.152 1t 603.3720 1.85 1211578 0
1038.P 5 2.89 776.593 2
1815.024 10020 00 2
1962.1  5,6* 6645 858 1298.0 (5,6,7)
778 1008 1189.68
9148 1008 1047.22  (3)

S133HS V1vad 4dv3TONN

16 ,6€
/- AOG



06

T

Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J Eﬂ ly Et N Mult. T st o Comments
2088.8 5,67 7918 1008 1298.0 (5,6,7)
899" 80% 1189.68
2133.502 1,2 718.00 4 6.3225 1416.581 (2),3
762.394 9419 1371.133 1
921.74 6.925 1211.578 0
1356.914 10020 776.593 2
2133.3017 213 00 2
2196.120 (1,2) 380.8114 103 1815.152 t
825.1514 4210 1371133 t
1242.564 357 953.512 2,3
1419.484 163 776.593 2
1993.4P 19 183 202.496 3
2196.005 10010 00 2
2216.66 8 1534.682 4 1009 682.01 7 M1+E2  -0.7314 3.3%104 Mult.,s: from y(6) and lin pol in
74Ge®0,npy),’%Gel80,3npy). Other: 6=—0.685
in (*1B,3ny).
22406 5,67 943 1008 1298.0 (5,6,7)
1193 828 1047.22 (%)
224430 (1,2) 1032.606 163 1211.578 0
1290.8310 143 953.512 2,3
1467.637 4810 776.593 2
2244.286 10010 00 2
2365.964 1 605.003 10019 1760.977 2
724.987 12.125 1640.914 1
794.384 6012 1571.614 2,(3)
994.768 11.423 1371.133 1
2163.3512 13.216 202.496 3
2365.926 19.119 00 2
2454.847 9 238.5020 3 100@ 2216.66 & M1(+E2) +0.038 0.01784  Mult.,s: from ¥(6) and lin pol in
74Gel®0,npy),’%Gel0,3npy).
2475.92 2 71585 1124  1760.977 2
835.4320 4312 1640.914 t
904.2 4 1.889  1571.614 2,(3)
1059.0915 5012 1416.581 (2),3
1104.7213 5011 1371.133 1
1264.256 10.722  1211.578 ©
2273.396 10011 202.496 3
2475.988 23.025 00 2
249548  (2,1) 680.3915 153 1815.152 t
923.661 42 823 1571.614 2,(3)"

S133HS V1vad 4dv3TONN

16 ,6€
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J E, T 1,7 Es A
2495.48  (2,1) 1079.0211 194 1416.581 (2),3”
1542.33 2410 953.512 2.3*
2292.876 10010 202.496 3
2495.385 687 00 2
2504.613 2 689.4% 8 3.48 1815.152 t
693.8017 4513 1811.02 (2),3
743.282 21 1.34 1760.977 2
1087.944 153 1416.581 (2),3”
1133.6212 4310 1371133 1
1293.0717 2.26 1211.578 0
1551.18 10 448210 953512 2,3
2302.056 22.224 202.496 3
2504.615 10010 00 2
2623.99 I 862.3 3 7.9 21 1760.977 2
1847.9921 4.812 776.593 2
2623.955 10010 00 2
2631.93  (1,2,3) 871.0114 175 1760.977 2
1060.8 3 132 4 1571.614 2,(3)"
1855.0718 205 776.593 2
2429.485 10010 202.496 3
2663.28  (1,27) 1452.0521 123 1211578 0
2461.0617 328 202.496 3
2663.275 10010 00 2
2719.35  (1,2) 904.2 4 985 1815.152 1t
13025224 1323 1416.581 (2),3"
1347.9622 133 1371.133 1
1507.72 5320 1211.578 0
1942.735 10020 776.593 2
2719.298 253 00 2
2749.240 (1,2,3) 937.7% 14 2.96 1811.02 (2),3°
988.3714 2.05 1760.977 2
1177.546 2.76 1571.614 2,(3)
1332.683 12.325 1416.581 (2),3"
1378.083 9719 1371133 1
1972.9 3 4512  776.593 2
2546.715 899 202.496 3
2749.245 10010 00 2
2758.078 (1,27) 997.025 398 1760.977 2
1117.067 153 1640.914 1
1186.474 8516 1571.614 2,(3)
1341.03 93 1416.581 (2),3°

S133HS V1vad 4dv3TONN
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyT IyJr Et N Mult. ¥ i Comments
2758.078 (1,27) 1386.979 133 1371.133 1
1546.515 5913 1211.578 0
2555.625 475 202.496 3
2758.046 10010 00 2
2838.32 1,2 705.3 6.722  2133.502 1,2
1023.075 6513 1815.152 t
1884.785 8417 953.512 2,3
2838.425 10010 00 2
2847.42 1 1086.19 22 103 1760.977 2
1206.3012 4013 1640.914 1
163539 19 256 1211.578 0
2070.9418 10921  776.593 2
2847.395 1009 00 2
2858.86  (9) 642.% 3 100° 2216.66 §& (M1+E2) 0.0017715 Mult.: from y(6) and lin pol in7“Ge80,npy),’Ge80,3np/);
2859.35 2 1098.% 3 1625 1760.977 2
1648.0118 154 1211.578 0
1904.9 5 26 14 953.512 2,3
2656.755 10010 202.496 3
2859.365 899 00 2
2937.5 1128 708 1811.02 (2),3"
1178 608 1760.977 2
15208 608 1416.581 (2),3"
1985 1008 953.512 2,3
2986.10 (1,2 789.9112 5111 2196.120 (1,2)
1170.8913 287 1815.152 1
1345.289 4510 1640.914 1
1615.049 317 1371.133 1
2032.3410 10011 953.512 2,3
2783.7410 507 202.496 3
2986.189 8311 00 2
2992.35 (1),2-  748.03 4.413 224430 (1,2)
1181.4% 22 33311 1811.02 (2),3
1231.308 11.624  1760.977 2
1780.6P 11 10020 1211.578 0
2789.937 263 202.496 3
2992.139 6.07 00 2
30023 3 2226% 408 776.593 2
3003 1008 00 2
3002.69 (1,2 758.2623 4313 224430 (1,2)

0T A
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyT IyJr Et N Mult. T st o Comments
3002.69  (1,2) 1188.13 3712 1815.152 t
143058 19 3187 1571.614 2,(3)
2049.3110 819 953.512 2,3
2800.2412 476 202.496 3
3002.4710 1006 00 2
304350 (1,2,3) 1402.6711 347 1640.914 1
1471.8811 368 1571.614 2,(3)
1626.8212 6013 1416.581 (2),3
2090.64 2710 953.512 2,3
2840.956 10011 202.496 3
3043.427 704 00 2
3048.2 3.4 3047b 100% 00 2
3097.06  (10) 238.% 1 100 2858.86 (9) M1(+E2) +0.038 0.01794 Mult.,s: from y(6) and lin pol in
74Ge(80,npy),’%Ge80,3np);
3143.84  (1,2,3) 1727.224 10021 1416.581 (2),3
2190.335 596 953.512 2,3
2941.305 535 202.496 3
3143.03 5.315 00 2
3160.211 1 915.787 8.818  2244.30 (1,2)
1399.244 194 1760.977 2
1519.314 265 1640.914 1
3160.186 1005 00 2
3312.408 (2,1) 648.8R 16 52412 2663.28 (1,2)
837.23 48117 247592 2
1497.256 184 1815.152 t
1551.18 10 1323 1760.977 2
1671.48 22 50812 1640.914 1
1895.814 10019 1416.581 (2),3
3109.876 32.617 202.496 3
3312.368 11.07 00 2
3404.83  (1,2,3)  909.2611 5112 2495.48 (2,1)
1988.5313 10021 1416.581 (2),3
2628.3720 357 776.593 2
3202.5510 46 4 202.496 3
3404.6224 639 00 2
3469.14 (1,2,3) 630.43 122 4 2838.32 1,2
749.93 258 2719.35 (1,2)
837.23 148 5 2631.93 (1,2,3)
845.581 5 199 8 2623.99 1
2515.605 10010 953.512 2,3
3266.3011 27.121 202.496 3

TT-ASE
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J E, T 1,7 Es X Eilevel) T = 1,7 Es X
3469.14  (1,2,37) 3469.2415 9.77 00 2 3602.07 I 881.% 5 884 271935 (1,2)
3476.06  (1,2) 628.7824 8225 2847.42 I 882.83 84 2719.35 (1,2)
637.8512 10.725 2838.32 1,2 970.83 167 2631.93 (1,2,3)
756.717 368 2719.35 (1,2) 977.969 265 2623.99 I
8436819 1323 2631.93 (1,2,3) 179028 22 4210 181102 (2),3
972.13 145 2504.613 2 1961.93 113 1640.914 1
980.9522 7518 249548 (2,1) 2030.%9 5 4418  1571.614 2,3y
1835.40 5 4314 1640.914 1 2230.887 475 1371.133 1
2104.875 10010 1371.133 1 2648.566 525 953.512 2,3t
2264.537 788 1211.578 0 3399.559 383 202.496 3
2699.4515 13.621 776.593 2 3602.037 1005 00 2
3475.967 46.425 00 2 3627.647 1 964.386 5612  2663.28 (1,27)
3555.727 (1,2,3)  696.387 10522 2859.35 2 1132.039 327 2495.48 (2,1)
718. 4 1727 283832 12 1151.549 214 2475.92 2
923.2 4 2229  2631.93 (1,2,3) 1383.167 225 224430 (1,2)
1190.6* 3 2529 2365.964 1 1494.4820 7.822 2133.502 1,2
1359.554 357 2196.120 (1,2) 1812.3511 5211  1815.152 t
1422.335 9.720 2133502 1,2 1867.0118 9.522 1760.977 2
1744.5811 5914 1811.02 (2),3" 1986.64 93 1640.914 1
1795.08 25 58219 1760.977 2 2256.516 10010  1371.133 t
1914.765 255 1640.914 1 2416.116 273 1211.578 0
2138.976 10010 1416.581 (2),3” 3627.718 26.313 00 2
2184.655 525 1371.133 1 3685.23 (1,2) 692.68419 2829 299235 (I),2°
2779.158 6.67 776.593 2 699.0114 153 2986.10 (1,2)
3353.078 8.15 202.496 3 8458 5 1526  2838.32 1,2
3555.617 573 00 2 965.9212 358 2719.35 (1,2)
3574501 1 7158 5 2188 285935 2 1319.2613 184 2365.964 1
816.456 184 2758.078 (1,27) 144118 20 1333 224430 (1,2)
855.3020 4413 2719.35 (1,2) 1488.928 235 2196.120 (1,2)
943.2424 113 2631.93 (1,2,3) 1869.98 10 2625  1815.152 1
1069.755 255 2504.613 2 2043.73 13.123 1640.914 1
1330.08 24 42213 224430 (1,2) 2268.8114 13.117 1416.581 (2),3
1441.1& 20 6.0 16 2133.502 1,2 2314.5723 9.723 1371.133 1t
1933.475 429 1640.914 1 2473.9716 10011 1211578 0
2002.986 22.124  1571.614 2,3y 2731.93 9.123 953.512 2,3"
2362.935 10010 1211578 0 2908.809 20.523 776.593 2
2797.9512 7.810 776.593 2 369229 I 648.8R 16 1423 304350 (1,2,3)
3574.558 15.38 00 2 689.4% 8 3076  3002.69 (1,2
3602.07 I 74328 21 71222 2858.86 (9) 833.3321 164 2859.35 2
754.2116 113 2847.42 T 2320.977 909 1371.133 1
8436819 1624 2758.078 (1,2°) 2915.765 10010 776.593 2

AR
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Adopted L evels, Gammas (continued)

Eilevel) T E,f 1T Es X
369229 T 3692.197 17.312 00 2
393447 1T 890.83 114 304350 (1,2,3)
948.7315 227 2986.10 (1,2)
1438.9711 419 249548 (2,1)
1568.455 10021  2365.964 I
2563.8119 337 1371.133 1
2722.726 667 1211.578 0
3731.988 39.619 202.496 3
3934.418 845 00 2
3953.54 (1,27) 793.1410 10023  3160.211 I
1321.9823 3228  2631.93 (1,2,3)
1330.0#24 1986 262399 T
1587.6* 4 23211 2365.964 1
1757.259 5512  2196.120 (1,2)
2142.558 8210  1811.02 (2),3
2312.6513 396 1640.914 1
2381.8 3 1424 1571.614 2,(3)
2742.3521 144 1211.578 0
3751.0314 16.712 202.496 3
3953.559 41.724 00 2
403754 (1,2) 893.5612 409 3143.84 (1,2,3)
1190.6* 3 1686 284742
1279.3110 6514  2758.078 (1,27)
1288.2513 359 2749.240 (1,2,3)
1533.2115 277 2504.613 2
1561.769 4811 247592 2
16714822 2386  2365.964 1
1842.% 3 1223 2196.120 (1,2)
2396.707 667 1640.914 1
2465.6419 13.222 1571.614 2,(3)
2825.906 909 1211.578 0
3260.948 1006 776.593 2
410049 (1,27) 630.43 1124  3469.14 (1,2,3)
1098.#2 3 1284 30023 3
1476.249 265 262399 I
1604.869 337 2495.48 (2,1)
1624.3319 379 247592 2
1966.84 16 2686  2133.502 1,2
2285.3% 8 7087  1815.152 t
2459.9220 3210 1640.914 1
2889.067 10010  1211.578 0O

¥(®9Y) (continued)
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyT IyT Et X Mult. T st o Comments
4100.49 (1,2) 3324.3022 235 776.593 2
4161.28 (0,1,2) 1158.3 93 3002.69 (t,2)
1302.52 24 13*3  2859.35 2
1323.84 103 2838.32 1,2
1795.08 25 2328 2365964 1
1964.P 6 4216  2196.120 (1,2)
2345.9410 354 1815.152 1
2520.158 525 1640.914 1
4161.3010 1005 00 2
4210.81 (0,1,2,3) 1050.7110 428 3160.211 1
1208.2911 5412  3002.69 (1,2
1461.9620 195 2749.240 (1,2,3)
1587.6 4 23311  2623.99 1
1966.882 16 49811 224430 (1,2)
2077.0611 7410  2133.502 1,2
2399.66 6 95210 1811.02 (2),3"
2639.0714 274 1571.614 2,(3)
4210.799 1005 00 2
421250 (11) 1115.4 1 100.0°' 5 3097.06 (10) M1(+E2) 0.005 4.8%10* Mult.,s: from y(6) and lin pol in
74Gel80,npy),’%Gel80,3np);
1353.7 3 37.8 5 2858.86 (9) E2 3.6x10% Mult.: Q from yy(6)(DCO) in 82Sel!B,3ny),
AJr=no from level scheme.
4267.38 (1,2 692.6419 2187 3574501 1
862.3 3 1123 3404.83 (1,2,3)
1107.4516 277 3160.211 I
1281.3%10 3227  2986.10 (I,2)
1428.7923 7.421 283832 1,2
1643.466 347 262399 T
1772.0812 6313  2495.48 (2,1)
2452.3424 6.212 1815.152 1
2896.0515 6.28 1371.133 1
3490.6410 9.98 776.593 2
4267.358 1005 00 2
4325.06 1,2 723.0312 4810  3602.07 t
1181.48 22 1997  3143.84 (1,2,3)
1281.32 10 100721 304350 (1,2,3)
1321.9823 3529  3002.69 (I,2)
1829.03 175 2495.48 (2,1)
2129.3223 255 2196.120 (1,2)
2509.9811 344 1815.152 t

pT-"9ASE
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J Eﬂ IyJr Ef N Mult. T st o Comments
4325.06 1,27 4122.6917 22.113 202.496 3
4451.576 (1,2) 895.746 5111 3555.727 (1,2,3)
976.23 93 3476.06 (1,2)
1448.884 7315 3002.69 (t,2)
1732.2411 5813 2719.35 (1,2)
2086.0120 12.424  2365.964 1
2636.335 697 1815.152 1
2690.6422 5.912  1760.977 2
2810.757 253 1640.914 1
3239.6716 8.312 1211.578 0
3498.028 1007 953.512 2,3*
3674.9811 20.112 776.593 2
4515.93  (1,2) 959.93 116 3555.727 (1,2,3)
1039.7510 4810 3476.06 (1,2)
1796.6613 8018 2719.35 (1,2)
2381.9 3 142 3 2133.502 1,2
2875.086 10010 1640.914 1
2944.429 516 1571.614 2,(3)
3144.5910 867 1371.133 1
4313.1711 28.711 202.496 3
4518.5 (12) 306.16P 10 652 4 421250 (11) M1(+E2) -0.036 0.0095015 Mult.,6: from y(6) and lin pol in
74Ge80,npy),8Gel80,3npy).
l,: other: 685 in
74Ge80,npy),8Ge(80,3npy).
1421.36° 20 100.6° 18 3097.06 (10) (E2) 3.4%10%  Mult.: from y(6) and lin pol in
74Gel®0,npy),’8Gel0,3npy);
4529.65 (0,1,2,3) 1060.83 1886 3469.14 (1,2,3)
1125.049 357 3404.83 (1,2,3)
1217.088 449 3312.408 (2,1)
1543.6012 10025 2986.10 (1,2)
1691.6' 3 112 4 2838.32 1,2
2034.73 487 2495.48 (2,1)
228532 8 98210 224430 (1,2)
4529.4810 463 00 2
4533.14  (1),2° 930.8217 113 3602.07 T
1128.8723 8.424  3404.83 (1,2,3)
1673.6610 296 2859.35 2
1869.98 10 2735 2663.28 (1,2)
2057.94 7.824 247592 2
2336.6418 173 2196.120 (1,2)
2399.68 6 482 5 2133.502 1,2

GT-T9ASE
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyT IyJr Et N Mult. T i Comments
4533.14 (1),2° 3579.5410 16.212 953.512 2,3
4532.919 1005 00 2
45436  (11) 1446.6' 2 100F 3097.06 (10) D+Q 3431046  Mult.: D+Q from yy(6)(DCO) in 82Sed1B,3ny).
4835.05 (1,2) 673.63 248 4161.28 (0,1,2)
881.8 5 25213 395354 (1,2)
1143.3825 226 3692.29 1
143058 19 31848 3404.83 (1,2,3)
1691.8 3 1826 3143.84 (1,2,3)
1842.6' 3 1625 2992.35 (1),2°
2203.148 10010 2631.93 (1,2,3)
2469.5324 183 2365.964 1
2701.2310 9112 2133.502 1,2
3073.8417 19.415  1760.977 2
3193.9610 463 1640.914 1
3263.2920 375 1571.614 2,(3)"
3623.1412 26915 1211.578 0
3882.98 63 953.512 2,3
4058.399 573 776.593 2
4834.8417 373 00 2
5068.39 1971389 7.0 14 3097.06 (10)
2209.5 1 100f 4 2858.86 (9)
5102.6  (12) 89026 100f 421250 (11) D 3.37%104 Mult.: from yy(6) in 82Sed1B,3ny).
5111.46  (13) 593.0F 2 70% 4 45185 (12)
898.8 2 100F 2 421250 (11) E2 8.0x104 Mult.: Q from yy(6) in 82Sel1B,3ny), assumed E2 from
assignment tg-ray sequence.
5359.7  (14) 248.% 2 100f 5111.46 (13) (M1) 0.01610 Mult.: D fromyy(6) in 82SedB,3ny), Azr=no from level
scheme.
5525.6  (12) 242847  100¢ 3097.06 (10)
5541.1  (12) 24443 7  100F 3097.06  (10)
5674.2  (12) 25774 4  100¢ 3097.06 (10)
6065.0  (13) 390.9" 3 6.0F 12 56742 (12) (E1) 0.00225 Mult.: D fromyy(6) in 82SelB,3ny), Ar=yes from level
scheme.
523.9 2 11.9° 12 5541.1  (12) (E1) 1.0810°3 Mult.: D from yy(6) in 82Sel!B,3ny), Ar=yes from level
scheme.
539.4" 3 11.9° 12 55256 (12) (E1) 1.0%1073 Mult.: D from yy(6) in 82Sel!B,3ny), Az=yes from level
scheme.
962.5 2 100.0F 24 5102.6 (12) (MFE2) 6.7410% 13 Mult.: D+Q from yy(6) in 82Sel!B,3ny), Ar=no from level

scheme.
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyT IyJr Et It Mult. ¥ i Comments
6065.0 (13) 1546.6 3 91.7# 12 45185 (12) (E1) 4.0510% Mult.: D from yy(6) in 82Sef1B,3ny), Ar=yes from level
scheme.
2068.3 9  11.9°12 3097.06 (10) [E3] 6.41x1074
6234.7  (13) 1716.%5 100 45185  (12) (E1) 5.1%10% Mult.: D from yy(6) in 82Sef!B,3ny), Ar=yes from level
scheme.
682252 (13) 1711.66 84t 6 5111.46 (13)
1719.9 4 21.6° 20 51026 (12) (E1) 5.2410%  Mult.: D from yy(6) in 82Se®1B,3ny), Ar=yes from level
scheme.
1754.% 1 100F 14  5068.39
227946 18t 4 4543.6  (11)
2303.9 3 157420 45185 (12)
6831.13 18 1719.6 2 85+t 4 5111.46 (13) (M1) 3.54x104 Mult.: D from yy(6) in 82Sef1B,3ny), Ar=no from level
scheme.
172843 35t 4 5102.6  (12) (E1) 527104 Mult.: D from yy(6) in 82Sef1B,3ny), Ar=yes from level
scheme.
1760.7P 5 54t 15 5068.39 E,: poor fit. Level-energy dierence-1762.6.
2287.5 4 100f 4 4543.6  (11)
2313.#4 314 45185 (12)
6856.992 1 2021.845 0.394  4835.05 (1,2)
2323.836 0.353 4533.14 (1),2°
2327.375 1.0511 4529.65 (0,1,2,3)
2341.055 0.545 4515.93 (1,2)
2405.395 0.9710 4451.576 (1,2)
2531.867 0.15416 4325.06 1,2
2589.685 1.2113  4267.38 (1,2)
2646.195 0.636 4210.81 (0,1,2,3)
2695.645 0.626 4161.28 (0,1,2)
2756.465 0.9710  4100.49 (1,2)
2819.567 0.848 4037.54 (1,2)
2903.455 0.515 3953.54 (1,2))
2922.475 0.798 3934.47 1
3164.596 1.055 3692.29 1
3171.756 0.663 3685.23 (1,2)
3229.256 1.025 3627.647 1
3254.876 1.055 3602.07 T
3282.486 1.688 3574.501 1
3301.306 24313 3555727 (1,2,3)
3380.946 1.406 3476.06 (1,2)
3387.777 0.1498  3469.14 (1,2,3)
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Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

Ei(level) J EyJr IyJr Et N Mult. ¥ il Comments
6856.992 1 3452.078 0.19410 3404.83 (1,2,3)
3544.557 1.438 3312.408 (2,1)
3696.737 1.216 3160.211 1
3713.077 0.693 3143.84 (1,2,3)
3813.538 0.1216 3043.50 (1,2,3)
3854.3813  0.0636 3002.69 (1,2)
3864.608 0.1005 2992.35 (1),2°
3870.847 0.794 2986.10 (1,2)
3997.4011  0.0985 2859.35 2
4009.569 0.795 2847.42 1
4018.688 0.42121 2838.32 1,2
4098.928 0.955 2758.078 (1,27)
4107.748 7.44 2749.240 (1,2,3)
4137.359 0.18610 2719.35 (1,2)
4193.738 0.21411  2663.28 (1,2)
42251111  0.036516 2631.93 (1,2,3)
4233.1718  0.0353 2623.99 1
4352.278 1.8310  2504.613 2
4361.1612  0.0493 2495.48 (2,1)
4380.909 0.754 2475.92 2
4490.909 0.835 2365.964 1
4612.609 0.33217  2244.30 (1,2)
4660.689 0.774 2196.120 (1,2)
4723.3812  0.0835 2133.502 1,2
5041.6210  0.493 1815.152 1
5095.7410  0.513 1760.977 2
5215.7420  0.0273 1640.914 1
5285.0811  0.25413  1571.614 2,(3)
54855612  0.37019 1371.133 1
5645.1513  2.6513  1211.578 0
6080.0514 1005 776.593 2
6654.0721  0.31416  202.496 3
6856.553 0.24613 00 2
6898.1  (15) 663.3 3 of 4 6234.7 (13) E2 1.7510°3  Mult.: Q from yy(6) in 82SefB,3ny), assumed E2.
833.# 3  100F 4 6065.0 (13) E2 9.66<10% Mult.: Q from yy(6) in 82Sel!B,3ny), assumed E2.
1538.4 1 45.0 14  5359.7  (14) E1l 4.010%  Mult.: D from yy(6) in 82Se®1B,3ny), Ar=yes from level scheme.
2379.6 3 10.0¢ 7 45185 (12) [E3] 4.83«1074
7355.53  (14) 524.4 1  100f 4 6831.13 18" (M1) 0.00259 Mult.: D fromyy(6) in 82Sel1B,3ny), M1 from assignment to
band structure.
533.0° 1 75.0° 18 6822.52 (13) (M1) 0.00250 Mult.: D fromyy(6) in 82Sel1B,3ny), M1 from assignment to

band structure.

BT A%

S133HS V1vad 4dv3TONN

8T-"TASE



TOT

Adopted L evels, Gammas (continued)

¥(®9Y) (continued)

#

Ei(level) J Eﬂ IyT Et It Mult. ¥ « Comments
7882.7? (1) 527.%2 100 735553 (14) (M1)  0.00256  B(M1)(W.u}1.35+46-28

Mult.: D from yy(6) in 82Sef!B,3ny), M1 from assignment to band structure.
79940 16) 1095.9 2 100 6898.1 (15) (M1) 5.06<10% Mult.: D from yy(6) in 82Sef!B,3ny), M1 from assignment tg' sequence.
8421.4  (16) 53841 100f3 788272 (15) (M1)  0.00243 B(M1)(W.u30.181+29-23

Mult.: D from yy(6) in 82Sef!B,3ny), M1 from assignment to band structure.

1065.8 7 36t 3 735553 (14) [E2] 5.3%104 B(E2)(W.u.)=-8.0 +14-11

9005.9 (17) 5845 1 100 84214 (16) (M1)  0.00202 B(M1)(W.u30.30 +6-4

Mult.: D from yy(6) in 82Se1B,3ny), M1 from assignment to band structure.
9317.1 132343 100f  7994.0 16)
9635.1  (18) 629.23 100f  9005.9 (17)

¥ From (ny), E=thermal, except where noted.
¥ From82sef1B,3ny).

§ From (d,p).

& From (@,ny).
@ From "4Ge80,npy),"6Ge80,3npy).

# Total theoretical internal conversion dheients, calculated using the Bricc cod20Q8Ki07) with Frozen orbital approximation based gray energies,

assigned multipolarities, and mixing ratios, unless oflies specified.
a Multiply placed with undivided intensity.
b Placement of transition in the level scheme is uncertain.

6T A

S133HS V1vad 4dv3TONN

BT-ASE


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

38Y51-20

NUCLEAR DATA SHEETS

90
39\(51'20

Band(A): Band based on

14+

(18%) 9635.1
629

(17) 9005.9
584

(16") 8421.4
539

15+

(57 v e 78827
527

(14%) i 7355.53

Adopted L evels, Gammas

Seq.(B): y cascade based on 77

Seq.(C): Cascade based

on 13~
160-) 7994.0
1096
(157) J 6898.1
663
(137) l 6234.7

(14+) 5359.7
T
(137) %8 511146
593
(124 89 45185
T
@) | ¥ a1250
1
\
1121
; 1115
| 1354
\
(104 3097.06
[
@ 38§ 2858.86
GLZ
8+ 2216.66
1535
7+ 682.01
90
39Y51
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305121 NUCLEAR DATA SHEETS 0y,,-21

90gr g~ decay (28.91y)  1983Ha35

Parent:2°Sr: E=0; J=07; T1,,=28.91 y3; Q(87)=545.914; %3~ decay-100.0
1983Ha35 Measured B, I8. Magnetic spectrometer.

Others:1964Dal6 1983Wa26
For measurements @f using liquid scintillator detectors sd®93Gr09 1993Gr18 1994Gr21 1994Gr30 using solid scintillator

detectors, se&€993Vall 1993Yal7 1994Us0] 1994Sz09 detecting electron-induced Cerenkov radiation, see
1994Ci1Q1994Br451995Ra27 using very high-gain avalanche diodes, 4884Fa24 Using gas-flow proportional counters, see
1992Bal9 using photomultipliers, se&€992B035 Others:1992Gr04 1994Sa701994He26

For an investigation on the chirality of the electrons fr8?8r 3~ decay, sed985C031

For measured first-forbidden shape factors, Ké@Dal6and 1983Ha35

%Y Levels
E(evel) F© Ty
0 2 64.05 h5
T From the Adopted Levels.
B~ radiations
E(decay) E(level) ,B*T Log ft Comments
(5459149 O 100 9.4Y1 E(decay): other: 546.06 (1983Ha35.

 Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ha35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ha35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Da16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Gr18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Gr21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Gr30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Va11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ya17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Sz09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ci10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Br45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Fa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ba19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Bo35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Sa70,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994He26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Co31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Da16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ha35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ha35,B

3051722 NUCLEAR DATA SHEETS 0V, 22

Y |T decay (3.19h)  1974K106,1973Ha18

Parent:20Y: E=682.015; J'=7"; T1/2=3.19 h6; %IT decay=-99.9982020

1978Ra05 2V activity from 8’Rb(a,n). Measured. Ge(Li) detector.

1974KI06 20V activity from 89Y(n,y), 89Y(d,p). Measuredyt, yy coin, yy(t), yy(f). Plastic scintillators, Ge(Li) and Nal
detectors.

1973Hal18 Measured k, ly. Ge(Li) and Si detectorsl@73Hal$.

See als01989Mul5 1990Mull 1990Ne08
Others:1961He09 1961Hal7 1970Si21

Py Levels

E(IeveI)Jr Fi Ty Comments

0 2 64.05 h5 Ty,p: from the Adopted Levels.
202.533 3 250 ps7 g=-0.28323
g: from IPAC (1974KI06.
Tyy2: from 1974KI06 delayed coin. Other: 180 (80 (1970Si2).
682.015 7* 3.19h6 %IT=99.99822; %3~=0.00182
E(level), Ty 2: from the Adopted Levels.
%B~: from measured)(2319%)/1y(479.5/)=1.89«10"> 18 (1976Gr16.

* From the Adopted Levels.

(%)
Iy normalization: FronEl(y+ce)(to g.5.399.99822.
EyT Iy§ Ei(level) J Et X Mult. ot o Comments
202.533 106.84  202.53 3 0 2- M1(+E2) -0.044 0.02735 I,: from ly(202y)/1y(479%)=1.0724

(1973Hal8. See comment on 479
for derivation of ly(479y).

6: From a(K)exp=0.024314 and
479.5-202.5 correlation with
Ap=-0.1785 and A;=0.0098
(1973Hal8.

479.515  99.653 682.01 7 20253 3 M4(+E5) <0.1 0.0965 4. from ly(682y)/1y(479)=0.00353
(1978Ra0%. Other: 0.004(8
(1974KI09.

6: From B(E5)(W.u.x300.

a: a(exp)=0.1014 from intensity balance,
using @(202)=0.02733 and measured
1y(202y)/1y(479y)=1.0724
(1973Hal8.

681.86 0.353 682.01 7 0 2 E5 0.0226 E: from 1978Ra05

I,: from 1y(682y)/1y(479y)=0.00353
(1978Ra0%. Other: 0.004(8
(1974KI08.

f From 1973Hal8 except as noted.

¥ From the Adopted Gammas. For cases where multipolaritysandre determined in this dataset, support is given in the
comments.

§ For absolute intensity per 100 decays, multiply by 0.808

& Total theoretical internal conversion dbeients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ra05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Mu15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ne08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961He09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ra05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ra05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ra05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Kl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

9
38Ysl'23

NUCLEAR DATA SHEETS

90
39Y51'23

90Y | T decay (3.19 h)

1974K106,1973Hal8

Decay Scheme

Intensities: |, e per 100 parent decays

%IT=99.99820

Legend
— Iy < 2%xIP¥

1y < 10%x |72
1y > 10%x1]

682.01 3.19h6

202.53 250 ps7

»
K
o &
o &
Q g
2 S
< Ing
© &
2
7+ & &
g
&
N
2
S
K
. ©
,

0 64.05h5
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3051724 NUCLEAR DATA SHEETS 0V, 24

74Ge(*80,npy),’5Ge(180,3npy)  1986Wa25

1986Wa25 E=40-80 MeV. Measured £ ly(6), ly(E(*80)), linear polarizationyy coin, recoil-distance, DSA. Enriched targets.

90y Levels

1986Wa25state that the order of the 23%nd 642 may be reversed, so the level shown at 2455.26 could perleaps 2859.05.
In subsequent experimental work Bp02Ra13n 82SefB,3ny) the reversed order is confirmed. The evaluators adopt her or
of 2002Ral3n the Adopted Levels, Gammas, however, preserve the agl@roposed by986Wa25in this dataset.

All y’s from and above the 2217 level have apparent lifetimes inghge 29-44 ps. It is not known which level lifetime is
reflected by these results.

E(IeveI)Jr JE Ty Comments

0 #
202.55420 3#

682.114 7+# 3.19h6 Ty/p: from the Adopted Levels.
2216.765 8"
24552676  (9)"
3097.5512  (10%)
4212.7313  (11%)
4518.8415  (12%)

* From a least-squares fit toyEby evaluators.

¥ From y(6) and linear polarization, assuming J(initial)(final) and using empirically determined alignment andnemended
upper limits on transition strengths, except where noted.

# From the Adopted Levels.

y(%0)

E, LT E(evel) T Es A Mult.$ 68

202.55420 F 202.554 3 0 2
23850 3 2307 2455.26? (9) 2216.76 8§ M1(+E2) +0.038
306.1010 443  4518.84  (12) 4212.73 (11) M1(+E2) -0.036
479.553 F 682.11 7 202.554 3

642.26% 10 21030 3097.55 (10) 2455.26? (9) (M1+E2)
1115.175 1338  4212.73  (11) 309755 (10) M1(+E2) +0.005
1421.3020 656 4518.84  (12) 3097.55 (10) (E2)
1534.644 2608 2216.76 & 682.11 7 M1+E2  -0.7314

T Relative photon intensities from(6).

¥ Intensity time dependent following 3.19-h isomer.

§ From ky(6) and linear polarization data.

& placement of transition in the level scheme is uncertain.

106


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Wa25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Wa25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Wa25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Wa25,B

9
38Y51'25

NUCLEAR DATA SHEETS

90
39\(51'25

8259(11B,3ny)  2002Ral3

2002Ral3 E=37 MeV. Measured &, ly, yy, yy(6)(DCO); lifetimes by Doppler-shift attenuation methodngiGASP array
consisting of 40 escape-suppressed HPGe detectors andembiall containing 80 BGO elements.

Py Levels

For detailed shell-model configurations see Tables IlI,MWand VII in 2002Ral3

E(Ievel)T FE T1/2# Comments
0.0 e 64.082 h 5
202,513 3
682.02 6 7 3199 he J': from Adopted Levels.
216 P4 g
285895 o
3097.P6 10t
21286  11*
451886  12°
4543.66 11+
5068.56
5102.66 12
5111.9 6 13
5350.P 6 14+
5525.66 124
5541.26 120+
5674.36 124
6065.06 13
623486 13
6822.66 13+
6831.16 13+
6898.5 6 15
7355.626  14M)
7882.7% 6 154 0.11% ps28 E(level): since the reversed ordering of the 538.7-527stade is not ruled out, this level
is either at 7882.9 or 7894.4.
7994.€6 160
8421846 164 057 ps8
9006.# 6 17"  0.37 ps6
9317.%8 7
9635. 27 (18)  0.38 ps6

* From least-squares fit toyEby evaluators.

+ As proposed i2002Ral3based on literature values for lower-lying states and ipalkirity deduced fromyy(6)(DCO).

# From DSAM measurement2@02Ral3}, except where noted.
@ From the Adopted Levels.
& Since the reversed ordering of the 538.7-527.2 cascade isileal out, the lifetimes of the levels at 7882.9 and 8421& a

affected by the ordering of this cascade.
a Band(A): Band based on 4.

b Seq.(B):y cascade based ort 7

¢ Seq.(C): Band based on 13
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B

3051726 NUCLEAR DATA SHEETS 90Y.,,-26

8255(11B,3ny)  2002Ral3 (continued)

y(°%Y)

DCO ratios correspond to gates ad=2, Q transitions, unless otherwise stated. DCO ratios oactsd from ratio ofy rays
detected at an average of°3and 145, with y rays detected at 90 Expected ratios are 1.0 if gating and observed transitoas
stretched transitions of pure and equal multipole ordé&# @or a pure dipole transition gated on a stretched Q triansiand 1.85
for a Q transition gated on a dipole transition.

Eﬂ IyJr Ei(level) J Et N Mult. 5% Comments
202.513 20251 3 00 2 E,: from the Adopted Gammas. Other: 202.6
(2002Ral3}.
238.21 74.02 3097.1 16 28589 O D DC0=0.981 (AJ=1 dipole gated).
248.22 11.02 5359.7 14 51115 13 D DCO=0.516.
305.91 18.01 45186 12 42126 1t D DCO=0.541.
390.93 051 6065.0 13 56743 189 D DCO=1.02 (AJ=1 dipole gated).
479.515 682.02 7 20251 3 E,: from the Adopted Gammas. Other: 479.5
(2002Ral}.
523.92 1.01 60650 13  5541.2 1£9 D DCO=0.527.
524.41 562 7355.6 1497 68311 13 D DCO=0.501.
527.22 6.22 7882.7? 18) 73556 149 D DCO=0.302.
533.01 421 73556 149 68226 13 D DCO=0.434.
538.71 582 84214 167 788277 18) D DCO=0.302.
539.43 1.01 60650 13 55256 127 D DCO=0.638.
584.51 592 9006.0 1¥) 84214 169 D DCO=0.658.
593.02 7.84 51115 13 45186 12
629.23 401 96352  (18) 9006.0 1%
642.23 97.75 28589 ¢ 2216.7 & D DCO=0.531.
663.33 1.36 68982 15 62348 13 Q DCO=1.32.
833.13 14.05 6898.2 15 60650 13 Q DCO=1.005.
890.26 23.98 51026 12 42126 1t D DCO=1.018 (AJ=1 dipole gated).
898.82 1112 51115 13 42126 1t Q DCO=0.903.
962.52 8.42 6065.0 13 51026 12 D+Q DCQ0=0.7 2 (AJ=1 dipole gated).
1065.87 212 84214 169 73556 149
1095.92 131 7994.1 16) 68982 15 D DCO=0.51.
1115.41 38.42 42126 1r 30971 16 D DCO0=0.911 (AJ=1 dipole gated).
1323.13 0.41 9317.2 7994.1 18
1353.73 1452 42126 1t 28589 U Q DCO=1.813 (AJ=1 dipole gated).
1421.61 27.65 45186 12  3097.1 10 Q DCO=1.752 (AJ=1 dipole gated).
1446.62 411 45436 1t  3097.1 10 D+Q DCO=0.794 (AJ=1 dipole gated).
1534.74 100.03 2216.7 8 682.02 7 M1+E2 -0.685 Mult.,6: DCO=1.102 gives D+Q, non-zero value
of 6 suggests M1E2.
1538.41 6.32 68982 15 5359.7 14 D DCO=0.606.
1546.03 771 60650 13 45186 12 D DCO=1.072 (AJ=1 dipole gated).
1711.06 433 68226 13 51115 13
1716.15 1.36 62348 13 45186 12 D DCO=0.452.
1719.62 221 68311 13 51115 13 D DCO=1.4 3 (AJ=1 dipole gated).
1719.94 1.11 68226 13 51026 12 D DCO=1.21 (AJ=1 dipole gated).
1728.43 091 68311 13 51026 12 D DCO=1.11 (AJ=1 dipole gated);
1754.11 517 68226 13  5068.5
1760.75 144 6831.1 13 5068.5 E: poor fit. Level-energy dierence-1762.6.
1971.39 0.51 5068.5 3097.1 10
2209.51 7.13 5068.5 2858.9 9

2279.46 0.92 6822.6 13 4543.6 1t
2287.54 261 68311 13 45436 1t
2303.93 0.81 6822.6 13 4518.6 12
2313.14 0.81 6831.1 13 4518.6 12

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B

305127 NUCLEAR DATA SHEETS 0V, ,-27

8255(11B,3ny)  2002Ral3 (continued)

¥(®9Y) (continued)

E' LT Eeve) T Er I

2379.63 1.41 68982 15 4518.6 12
2428.47 121 55256  1%9 3097.1 10
244437 113 5541.2 1% 3097.1 10
2577.44 091 56743  1%) 3097.1 10
2968.39 1.01 60650 13  3097.1 10

* From 2002Ral3 except where noted.
¥ Based onyy(#)(DCO) measurements i2002Ral3
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ra13,B

38Y51'28

NUCLEAR DATA SHEETS

90
39\(51'28

1974Ba06 E=11.8-13.0 MeV. Measured )k ly. Ge(Li) detector; enriched (99.20%) target.

87Rb(a,ny)

1974Ba06

90y Levels

For use of excitation function intJassignment see ald®72Li05

E(level)f

0
202.64
682.05

FE | E(level)t
2 | 776.74
3~ | 95364
7+ | 1047.36

FE
2+

(3%)
(5%)

E(level)  F¥
1189.46  (4%)
1214.76 0"

1298.16  (6%)

* From a least-squares fit toyEby evaluators.
¥ As proposed in974Ba06

E, LT Ei(evel
14214 225 1189.4
176.74 251 953.6
202.44 202.6
23595 171  1189.4
250.85 115  1298.1
36525 261  1047.3

X439.85 91
479.45 682.0
57405 5510 776.7

Rl
()
(3)
3
()
(6)
(5)

+
z

E¢ I

1047.3 (3)
776.7 %

0o
953.6 (3)
1047.3 (3)
682.0 7

2026 3
2026 3

E(level)f  JF¥

1370.510 1~

1416.910
¥(%oY)

E, LT Eievel)
616.15 221 1298.1
776.75 201 776.7
954.06 181 953.6

1214.76 81 1214.7
X1360.110 111

1370.510 81 1370.5

1416.910 71 1416.9
X1816.910  3.510

T

T

 Relative photon intensity for &{=13 MeV. Authors also report values for@E11.8 MeV. See als4972Li05 where ¢,ny)
data for E(levelx1300 are given.
Xy ray not placed in level scheme.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Li05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Li05,B

39Y 51729 NUCLEAR DATA SHEETS

90
39\(51'29

885r(SHep)  1977F012

1977F012 E=18 MeV. Measured E(p)r(9), 6(c.m.x2° to 5C¢°. Multi-angle spectrograph.

L values are from comparison with DWBA calculations.

Py Levels

E(level) L

0
18165  0+2
231310 0+2
34325  0(+2)
34905  0(+2)
36256  0+2
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305130 NUCLEAR DATA SHEETS 90Y.,-30
89Y(n,y) E=thermal ~ 1993Mi04
In(®Y)=1/2".

1993Mi04 detector: HPGe surrounded by two Nal scintillator detexctd his detecting system was operated in Compton-supgatess
mode fory-ray energies<3500 keV, and as a pair spectrometer feray energies-2000 keV. FWHM=1.9 keV for 2000-keVy
rays, and 4 keV for 7000-ke¥ rays. The energy andfiiency of the detector were calibrated wifCl. Since a strong ray in
36Cl is at 517 keV, this was the lowest calibration energy far detector #iciency. Consequently, the authors did not report

intensities fory rays below this energy. Values given here far<i617 keV are froml983De27 The detector fciency was

calibrated on an absolute scale (per 100 neutrons capthyed$ing a target of NaCl mixed with the Yttrium target andngsi

thermal-neutron cross section values of 1.28 b and 43.6 B%forand 3°Cl, respectively. The neutron binding energy was
determined to be S(8p857.02 keV17, in good agreement with SE$857.26 keV30 (1983De27.

1993Mi04 did not confirm the following levels reported Bp83De27 2003, 2055, 2139, 2184, 2208, 2324, 2405, 2423, 2430,

2565, 2590, 2646, 2903, 3172, and 33@993Mi04 found alternative placements in the level schemé&%f for most of the
transitions that defined these levels.

Other measurements:
1983De27 E=thermal. Measured ¥ ly. Detectors: Ge(Li) and annulus.

1970Ei03 E=thermal. Polarized neutrons. Measureg Eircular polarization. Detector: Nal.
1969Ch30 E=thermal. Measuregy(6). Detector: Nal.

1981Ra07 E=1-6 keV. Measured rays. Detector: Ge(Li).
Others:19671r01, 1986003 198772002 1988H006 1991Cu01 19917Zh22 1995Li31

90y Levels
E(level)f FE E(level) FE E(level) JE E(level) FE
0.0 > 2196.11921 (17,2) | 2992.354  2-(17) | 3953.544 12

202.49312 3~ 2244303  1*,2° | 3002.684  (1-,2) | 4037.543 1,2

681.669  7* 2365.96321 1- 3043504  (2,3) | 4100.494 1,2

776.59215 2+# 2475.923  2° 3143.833 2 4161.284  (1,2)

953.51217 3* 2495.483  (2) 3160.21024 1~ 4210.804  (1,2)
1046.8715  5* 2504.61223 2- 3312.40725 2,(1°) | 4267.383 1,2
1189.688  4* 2623.994  1- 3404.825  27,(3°) | 4325.065  1°,2
121157717 0~ 2631.934  (2,3) | 3469.134 2.3 445157424 1,2
1371.13215 1~ 2663.284  (1,2) | 3476.063 1,2 4515.933  (1,2)
1416.57916 3,(2°) | 2719.353  (1,27) | 3555.72519 1,2 4529.654  0°,1,2
1571.61317 2-,(37) | 2749.23919 2 357450123 1- 4533.144 27 (1)
1640.91416 1~ 2758.07620 1-,2° | 3602.073  1- 4835.054 1.2
1760.97618 2~ 2838.323 12 3627.64725 1- 6856.99212 1~
1811.014  3°,(2°) | 2847.424 1~ 3685.234 1,2
1815.15122  1* 2850.343  27,(37) | 3692.293 1~
2133.50123 1,2 2086.103 2 3934.473  1°

T From a least-squares fit toray energies from993Mi04
* Spin and parity assignments are thosd 893Mi04 These assignments are based on the assumption-tagtmulti-polarities

are E1, M1, or E2. For levels also populated in (d,p), spin peuity assignments are mainly from (d,p).

# From measured circular polarization of primaryay (assumed E1) to this level470Ei03.
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20V ,-31

39 51

NUCLEAR DATA SHEETS

90
39Y51'31

A total of 893y rays assigned t8°Y were observed, but only 391 placed in the decay scheme, anm@aced have been

reported in1993Mi04

89Y(n,y) E=thermal

1993Mi04 (continued)

y(°%Y)

E, T 1, & E;(level) T = I
x139.00 18  0.008 8
142.47%13 001688 118968 4 1046.87 5
x155.44 21 0.008 8
159.5013 0016 8 1371.132 1 1211.577 ©
176.913 0.59F 12 953512 3 776.592 2
x182.08 11  0.094 23
202.513 16t 4 202.493 3 00 2
236.177 0.12F 2 1189.68 4 953.512 3
X266.66 21  0.016 8
269.7911 0.07¢F 15 1640.914 1 1371.132 1
x334.08 11 0.094 16
x3555% 21 0.016 8
x362.5 3 0.008 8
365.2111 0.06% 16 1046.87 & 681.66 7
380.8114 0.06% 16 2196.119 (1,2) 1815.151 1
429.276 0.16" 3 1640.914 1 1211.577 0
x439.63 11  0.05% 16
479.179 0.00¢ 8 681.66 7 202.493 3
x517.08 13 0.039 8
574.103 153 776.592 2 202.493 3
x504.9% 15  0.039 8
603.3720 0.0308 1815.151 1t 1211.577 0
605.003 0.5711 2365.963 1 1760.976 2
618.5818 0.0205 1571.613 2,(3) 953512 3
628.7824 0.0237 3476.06 1.2 2847.42 1
630.42 3 001726  3469.13 23 2838.32 1,2
630.42 3 001726 410049 12 3469.13 23
637.8512 0.0307 3476.06 1,2 2838.32 *12
64882 16 002225 3312407 2,(1) 266328 (1,2
64882 16 002225 369229 1 3043.50 (2,3)
X655.95 18  0.06% 2
X658.6% 17  0.05% 15
673.63 0.0165 483505 1,2 4161.28 (1,2)
680.3915 0.0235 249548  (2) 1815.151 11
689.452 8 00499 10 2504.612 2 1815.151 t
680.4528 00492 10 369229 1 3002.68 (I,2)
692.642 19 00502 16 3685.23 1.2 2992.35 2(1)
692.642 19 00502 16 4267.38 1.2 3574.501 1
693.8017 0.05716  2504.612 2 1811.01 3,(2)
696.387 0.06213  3555.725 1.2 2859.34 —23°)
699.0114 0.0266 3685.23 1,2 2986.10 2
705.03 0.0124 2838.32 1,2 2133.501 1,2
71599 5 0.0069 3 247592 2 1760.976 2
71592 5 0.0082 3 3574501 1 2859.34 2,(3)

Continued on next page (footnotes at end of table)
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3051732 NUCLEAR DATA SHEETS 90Y,,-32
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
EyJr IyT& Ei(level) J Et I Mult. 0 Comments
718.02 4 0.0102 4 2133501 1.2 1416.579 3,(2)
718.02 4 0.0102 4 3555725 1,2 2838.32 12
723.0312 0.0378 432506 1,20  3602.07 T
724.987 0.06914  2365.963 1 1640.914 1
x730.8¢ 23 0.016' 8
74321@ 21 001625 2504612 2 1760.976 2
74321@ 21 001625 360207 T 2859.34 2,(3)
748.03 0.0206 2992.35 2,(1°) 224430 1,2
749.93 0.03611  3469.13 2,3  2719.35 (1,2)
751.3213 0.06716 953512 3 202.493 3
754.2116 0.0257 3602.07 1 284742 1
756.717 0.10222  3476.06 1,2 2719.35 (172
758.2623 0.0299 3002.68 (I,2) 224430 1,27
762.394 0.153 2133501 1,2  1371.132 t
776.643 56.011 776592 2 00 2 E1+M2 -0.0669 Mult.s: from yy(d) (1983De2].
x786.8 4 0.047 15
789.9112 0.06314  2986.10 2 2196.119 (12)
793.1410 0.08419 395354 1,2 3160.210 1
794.384 0.347 2365.963 1 1571.613 2,(3)
xg13.8¢ 21 0.038 8
816.456 0.06814 3574501 1 2758.076 1,2°
825.1514 0.0256 2196.119 (1,2) 1371.132 1
833.3321 0.0267 3692.29 I 2859.34 2,(3")
835.4320 0.0339 2475.92 2 1640.914 1
837.22 3 0.0202 7 3312407 2,(1) 247592 2
837.22 3 0.0202 7 3469.13 23 2631.93 (2,3)
843692 19 003529 3476.06 1,2 2631.93 (23
843662 19 003529 3602.07 I 2758.076 1,2°
84592 5 0.0272 11 3469.13 23 2623.99 1
84592 5 00272 11 368523 1,2 2838.32 *12
X846.795 0.276
855.3020 0.0175 3574501 1 2719.35 (1,2)
862.92 3 002627 262399 T 1760.976 2
862.92 3 002627 426738 12 3404.82 2(3)
864.285 0.265 1640.914 1 776.592 2
871.0114 0.0277 2631.93  (2,3) 1760.976 2
X873.434 0.153
881.92 5 001729 360207 t 2719.35 (1,2)
881.92 5 001729 483505 1,2 395354 1,2
882.83 0.0198 3602.07 I 2719.35 (1,2)
890.83 0.0124 3934.47 I 3043.50 (2,3)
893.5612 0.0368 4037.54 12  3143.83 2
895.746 0.08718 4451574 12 3555.725 1,2
xg98.68 15  0.118 2
904.7@ 4 001427 247592 2 1571.613 2,(3°)
904724 001427 271935 (1,2) 1815151 t
909.2611 0.0297 3404.82  2,(3°) 249548 (2)
915.787 0.05311  3160.210 1 224430 1,2
921.74 0.0114 2133501 1,2 1211577 0O
923.662 42  0.013®5 249548 (2 1571.613 2(3)

Continued on next page (footnotes at end of table)
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305133 NUCLEAR DATA SHEETS 90v.,-33
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
E,f L& Eevel) T Es T
923.7@4 0015 3555725 172 2631.93 (2B
930.8217  0.0195  4533.14 2,(1°) 3602.07 T
937.75% 14 0.076 15 2749.239 2 1811.01 3(2)
943.2424  0.04413 3574501 1 2631.93 (2,3)
X944.08 14  0.086 23
948.7315  0.0237  3934.47 T 2986.10 2
953.543 0.9719 953.512 3 00 2
959.93 0.0105 451593 (1,2)  3555.725 1,2
x962.8 3 0.038 7
964.386 0.133 3627.647 1 2663.28 (1,2)
965.9212  0.06214 368523 1,2 2719.35 (L2
970.83 0.03615 3602.07 T 2631.93 (2,3)
972.13 0.04015  3476.06 1,2 2504.612 2
976.23 0.0165 4451574 1,2 3476.06 1,2
977.969 0.05912 3602.07 I 2623.99 T
980.9522  0.0215  3476.06 1,2 2495.48 (2)
988.3714  0.04911  2749.239 2 1760.976 2
x990.24 21 0.063 16
994.768 0.06513  2365.963 1 1371.132 1
997.025 0.12525 2758.076 1,27  1760.976 2
x1003.8 5 0.03¢ 16
x1006.8 7 0.023 8
x1020.84 20  0.07C 16
1023.075 0.11624 2838.32 1.2 1815.151 1
X1028.5 3 0.047 16
1032.606 0.06313 224430 1,27  1211.577 0
1038.8% 5  0.047 15 1815.151 t 776.592 2
1039.7510  0.0429 451593 (1,2)  3476.06 1,2
x1049.3 10  0.038 23
1050.7110  0.0357  4210.80 (1,2)  3160.210°1
1059.0915  0.0389  2475.92 2 1416.579 3,(2)
1060.823 002026 2631.93 (2,3) 1571.613 2,(3)
1060.2 3  0.0202 6 452965 0,1,2 3469.13 23
X1065.96 13  0.08" 2
1069.755 0.09519 3574501 I 2504.612 2
1079.0211  0.0296  2495.48  (2) 1416.579 3(2")
x1081.8 7 0.008 8
1086.18% 22 0.055 16 2847.42 I 1760.976 2
1087.944 0.194 2504.612 2 1416.579 3,(2)
1098.1@3 001996 2859.34 2,3) 1760.976 2
1098.1@3 001996 410049 1,2 3002.68 (I,2)
1104.7213  0.0388  2475.92 2 1371.132 1
1107.4516  0.06517  4267.38 1,2 3160.210 1
1117.067 0.04710 2758.076 1,27  1640.914 1
x1122.56 13  0.039 8
1125.049 0.0398  4529.65 0,12 3404.82 2,(3)
1128.8723  0.0144  4533.14 2,(17) 3404.82 2,(3)
1132.039 0.07516  3627.647 1 2495.48 (2)
1133.6212  0.05412 2504.612 2 1371.132 1
x1140.9 4 0.03¢ 16

Continued on next page (footnotes at end of table)
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9
38Y51'34

NUCLEAR DATA SHEETS

90
39\(51'34

89Y(n,y) E=thermal

1993Mi04 (continued)

¥(®9Y) (continued)

E," 1,7& Ei(evel) T = T
1143.3825  0.0154 4835.05 1,2 3692.29 1
1151.549 0.04910  3627.647 1 247592 2
1158.73 0.0135 4161.28  (1,2) 3002.68 (12)

x1165.1% 15  0.05% 16

1168.624 0.327 1371132 1 202.493 3
1170.8913  0.0358 2086.10 2 1815.151 11
1177.546 0.06714  2749.239 2 1571.613 2(3")
1181.42 22 001525 299235 2,17) 181101 3,(2)
118142 22 001595 432506 1,27 314383 2
1186.474 0.275 2758.076 1,2  1571.613 2,(3)
1188.1131  0.0258 3002.68 (1,2) 1815.151 1
1190623 001595 3555725 1,2 2365.963 "1
1190623 001595 403754 12 2847.42 T
1206.3012  0.217 2847.42 1 1640.914 1
1208.2911  0.04510  4210.80  (1,2) 3002.68 (12)
1211.563 3.67 1211577 © 00 2
1214.053 0.6613 1416.579 3,(2°) 202.493 3
1217.088 0.04810  4529.65 0,1,2 3312.407 2,())
x1226.0% 13 0.08 2

1231.308 0.05211  2992.35 2,(1°) 1760.976 2
1242.564 0.214 2196.119 (1,2)  953.512 3
x1254.8 4 0.023 16

1264.256 0.08117 247592 2 1211577 ©
1279.3110  0.05913  4037.54 1,2 2758.076 1,27
128132 10 0.077@ 16 4267.38 1,2 2986.10 2
1281.32 10 00772 16 4325.06 1,27 304350 (2,3)
1288.2513  0.0328 4037.54 1,2 2749.239 2
1290.8310  0.05613  2244.30 1,27 953512 3
1293.0717  0.0288 2504.612 2 1211.577 ©
130257 24 001995 2719.35 (1,2) 1416.579 3,(2°)
130257 24 001995 416128 (1,2)  2859.34 23
x1309.8 4 0.016' 8

X1315.8 4  0.08 8

1319.2613  0.0317 3685.23 1,2 2365.963 1
132198 23 0.027@ 7 395354 12 2631.93 (23
1321.982 23 002727 432506 1,27 300268 (I,2)
1323.94 0.0155 416128  (1,2) 2838.32 *12
1330.02 24 001625 3574501 1t 224430 1,2
1330.02 24 001625 395354 12 2623.99 1
1332.683 0.306 2749.239 2 1416.579 “3(2")
x1336.9% 21 0.03¢ 8

1341.03 0.0279 2758.076 1,27  1416.579 3,(2°)
1345.289 0.05512  2986.10 2 1640.914 1
1347.9622  0.0195 2719.35 (1,2) 1371132 1t
x1354.68 4 0.038 8

1356.914 0.163 2133501 1,2 776.592 2
1359.554 0.204 3555.725 1,2 2196.119 (12)
1369.103 0.8417 1571.613 2,3°) 202.493 3
1371.133 265 1371132 1 00 2
1378.083 0.245 2749.239 2 1371.132 1

Continued on next page (footnotes at end of table)
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0¥ <,-35 NUCLEAR DATA SHEETS 20Y,-35
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
E,f 1,7& Ei(evel) T Ef T
1383.167 0.05011  3627.647 1 224430 1.2
1386.979 0.0419 2758.076 1,27  1371.132 1
1399.244 0.11523  3160.210 I 1760.976 2
1402.6711  0.0286 304350 (2,3) 1640914 1
x1404.% 3 0.038 8
X1408.25 18  0.047 16
1416.553 1.43 1416.579 3,(2) 00 2
1419.484 0.09519  2196.119 (1,2)  776.592 2
1422.335 0.05712  3555.725 1,2 2133.501 1,2
1428.7923  0.0185 426738 1,2 2838.32 *12
1430582 19 0.021@5 3002.68 (1,2) 1571.613 2,(3)
1430562 19 0.021@5 483505 1,2 3404.82 2(3°)
1438.9711  0.0439 3934.47 1 2495.48 (2)
144112 20 002826 3574501 1 2133.501 1,2
144112 20 00286 368523 1,2 2244.30 *12-
x1446.13 17 0.07¢ 16
1448.884 0.12425 4451574 1,2 3002.68 (12)
1452.0521  0.0225 2663.28 (1,2) 1211.577 0
1461.9620  0.0164 4210.80  (1,2)  2749.239 2
X1466.447 0.174
1467.637 0.194 224430 1,2 776.592 2
1471.8811  0.0307 304350 (2,3) 1571.613 2,(3)
1476.249 0.0408 4100.49 1,2 2623.99 1
x1481.56 16 0.1%F 2
1488.928 0.0419 3685.23 1,2 2196.119 (12)
1494.4820  0.0185 3627.647 1 2133.501 1,2
1497.256 0.07615  3312.407 2,(1) 1815.151 1
x1501.32 16 0.08% 2
1507.72 0.083 2719.35  (1,2) 1211.577 ©
X1508.75 0.033
x1515.3 8 0.038 16
1519.314 0.163 3160.210 1 1640.914 1
1533.2115  0.0256 4037.54 1,2 2504.612 2
1542.33 0.03716  2495.48  (2) 953.512 *3
1543.6012  0.113 4529.65 0,12 2986.10 2
1546.515 0.194 2758.076 1,27  1211.577 0O
1551.162 10  0.0552 12 2504.612 2 953,512 3
1551.162 10  0.0552 12 3312407 2,(1) 1760.976 2
1558.453 1.1323 1760.976 2 202.493 3
1561.769 0.04410 403754 1,2 2475.92 2
1568.455 0.10622 393447 T 2365.963 1
1571.623 1.0421 1571.613  2,(3) 00 2
1587.624 001929 395354 1,2 2365.963 ~1
1587.624 001999 421080 (1,2)  2623.99 1
x1603.2 6 0.038 16
1604.869 0.05111  4100.49 1,2 2495.48 (2)
x1606.3 5 0.05% 16
1608.529 0.226 1811.01  3,(2°) 202.493 3
X1609.4711  0.185
1615.049 0.0388 2086.10 2 1371.132 1
1624.3319  0.05814  4100.49 1,2 2475.92 2

Continued on next page (footnotes at end of table)
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38Y51'36

NUCLEAR DATA SHEETS

90
39\(51'36

89Y(n,y) E=thermal

1993Mi04 (continued)

¥(®9Y) (continued)

E,f 1,7& Ei(evel) T Ef T
1626.8212  0.05011  3043.50 (2,3) 1416.579 3,(2)
X1629.63 21 0.14 3
1635.3%% 19 0133 284742 1 1211577 0
1640.933 1.1423 1640.914 1 00 2
1643.466 0.08317  4267.38 1,2 2623.99 1
1648.0118  0.0185 2859.34 2,(3) 1211577 O
x1663.3¢ 19  0.094 23
1671.41@ 22 002195 3312407 2,(1) 1640914 1
1671.49@ 22 0.021@5 403754 12 2365.963 1
1673.6610  0.04910  4533.14 2,1°) 2859.34 2,(3°)
x1681.3% 18  0.18 2
x1686.44 18  0.10% 2
1691.623 00124 452065 0,12 283832 172
1691.623 001224 483505 1,2 3143.83 2
X1696.5 20  0.05 4
x1706.28 14 012 2
x1712.2 3 0.062 16
x1717.63 23 0.055 16
x1724.8 9 0.05% 2
1727.224 0.347 314383 2 1416.579 3(2)
1732.2411  0.09822 4451574 172 2719.35 (LR
X1733.997 0.163
17445811  0.0358 3555.725 1,2 1811.01 ~32)
X1747.9% 17 010 2
x1754.59 15 0.2 2
1757.259 0.04610  3953.54 1,2 2196.119 (12)
1760.924 0.5511 1760.976 2 00 2
x1767.0 3 0.05% 16
1772.0812  0.153 4267.38 1,2 2495.48 (2)
x1773.896 0.4810
X1775.836 0.316
1780.68% 11  0.45 9 2992.35 2,(17) 1211577 O
1790.24% 22 0.094 23  3602.07 T 1811.01 3,(2)
1795.062 25 0.0342 11 3555.725 1,2 1760.976 2
1795.082 25 0.0342 11 4161.28 (1,2)  2365.963 1
1796.6613  0.07016  4515.93  (1,2) 2719.35 (L2
x1800.84 18  0.1% 2
1810.829 0.245 1811.01  3,(2) 00 2
1812.3511  0.123 3627.647 1 1815.151 t
1815.024 1.73 1815.151 1 00 2
1829.03 0.0134 4325.06 1,27 249548 (2)
1835.4%5 01X 4 3476.06 1,2 1640.914 ~1
1842823  0.011@3 403754 12 2196.119 (1,2)
1842823  0.011@3 483505 12 2992.35 2(1°)
1847.9921  0.0164 262399 1 776.592 2
X1852.174 0.224
1855.0718  0.0317 2631.93 (2,3)  776.592 2
x1859.% 17 0.016' 16
1867.0118  0.0225 3627.647 1 1760.976 2

Continued on next page (footnotes at end of table)
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20V ,-37

39 51

NUCLEAR DATA SHEETS

90
39\(51'37

89Y(n,y) E=thermal

1993Mi04 (continued)

¥(®9Y) (continued)

E,f L& Eevel) T Es T
1869.9€2 10 0.04529 368523 12 1815.151 *1
1869.9¢2 10 0.0452 9 4533.14 2,(17) 2663.28 (1,2)
1884.785 0.153 2838.32 1,2 953.512 3

x1889.2% 22  0.086 23

x1894.8 4 0.08 4

1895.814 0.428 3312.407 2,(1) 1416.579 3,2)
x1902.% 3 0.055 16

1904.9% 5  0.038 16 2859.34 2,3) 953.512 3
1914.765 0.143 3555.725 1,2 1640.914 1
1933.475 0.163 3574.501 1 1640.914 1
x1936.5 4 0.094 23

x1940.8 7 0.047 16

1942.735 0.153 2719.35  (1,2) 776.592 2
x1947.58 21 0.094 2

x1951.4 3 0.06% 23

1961.93 0.0256  3602.07 I 1640.914 1
1964.7% 6  0.063 23 4161.28 (1,2) 2196.119 (12)
1966.842 16 0.041@9 410049 1,2 2133.501 1,2
1966.842 16 0.041@ 9 421080 (1,2) 2244.30 2
1972.3%3 0183 2749239 2 776.592 *2
x1974.615 0.194

x1082.8 5 0.023 8

1986.64 0.0216  3627.647 1 1640.914 1
1988.5313  0.05712 3404.82 2,3) 1416.579 3,2)
1993.4%% 19 0182  2196.119 (1,2)  202.493 3
x1999.8 7 0.03¢ 16

2002.986 0.0849 3574501 1 1571.613 2,(3)
x2011.3 5 0.038 8

x2014.8 10  0.016 8

2021.845 0.24825 6856.992 1 4835.05 1,2
x2022.2 3 018 5

2030.8%5 01 4  3602.07 I 1571.613 2,(3)
2032.3410  0.12313  2986.10 2 953.512 ‘3
2034.73 0.0538  4529.65 0,12 2495.48 (2)
2043.73 0.0234  3685.23 1,2 1640.914 -1
x2047.2 3 0.038 16

2049.3110  0.0556  3002.68 (I,2) 953.512 3
2057.94 0.0134  4533.14 2,(1°) 247592 2
x2065.23 21 0.094 23

2070.9418  0.05811 2847.42 T 776.592 2
2077.0611  0.0628  4210.80 (1,2) 2133.501 12
2086.0120  0.0214 4451574 1,2 2365.963 1
2090.64 0.0228 304350 (2,3) 953.512 3
X2094.5 5 0.055 16

2104.875 0.283 3476.06 1,2 1371.132 1
2129.3223  0.0194  4325.06 1,27  2196.119 (1,2)
2133.3017  0.0335 2133501 1,2 00 2
X2136.197 0.263

2138.976 0.596 3555.725 1,2 1416.579-32")

Continued on next page (footnotes at end of table)
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305138 NUCLEAR DATA SHEETS 90v.,-38
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
= 1, 7& Ei(evel) T Ey T
2142.558  0.0698 3953.54 1,2 1811.01 3(2°)
x2153.08 19 0.16 4
x2156.86 22 0.1% 3
2163.3512  0.0759 2365.963 1 202.493 3
x2166.8 5 0.1} 4
2184.655  0.303 3555.725 1,2 1371.132°1
2190.335  0.20120  3143.83 2 953.512 3
2196.005  0.606 2196.119 (I,2) 00 2
2203.148  0.0677 4835.05 1,2 2631.93 (23
x2208.887  0.263
X2216.428  0.15918
x222083 0285
x2227.866  0.283
2230.887  0.10511  3602.07 T 1371.132 1
2244286  0.404 224430 1,2 00 2
2256.516  0.23223  3627.647 1 1371.132 1
2264.537  0.21723  3476.06 1,2 1211.577 0
2268.8114  0.0233 3685.23 1,2 1416.579 “32°)
x2270.8 10 0.0 2
2273396  0.768 2475.92 2 202.493 3
22853 8 01089 11 410049 1,2 1815.151 1t
22853 8 01089 11 452965 0,12 224430 1,2
2292.876  0.15416 249548  (2) 202.493 3
2302.056  0.283 2504.612 2 202.493 3
2312.6513  0.0335 3953.54 1,2 1640.914 -1
2314.5723  0.0174 3685.23 1,2 1371.132 1
2320.977 014615 369229 1 1371.132 1
2323.836  0.22122  6856.992 1 4533.14 2,(1)
2327.375  0.667 6856.992 1 452965 0,1,2
2336.6418  0.0285 4533.14 2,17) 2196.119 (1,2)
2341.055  0.343 6856.992 1 451593 (1,2)
2345.9410  0.0516 4161.28  (1,2) 1815.151 1
2362.935  0.384 3574501 1 1211.577 0
2365.926  0.10911  2365.963 1 00 2
x2374.485  0.07 3
2381.923 001223 395354 1.2 1571.613 ~23°)
2381.923 00123 451593 (1,2 2133.501 1.2
x2386.975  0.15816
2396.707  0.0606 403754 1,2 1640.914 1
23996626 008028 421080 (1,2 1811.01 3(2°)
23996626 008028 453314 2,(17) 2133.501 1,2
2405395  0.616 6856.992 1 4451574 1,2
2416.116  0.0637 3627.647 1 1211.577 ©
x2423.09 22 0.1F 3
2429485  0.15516  2631.93  (2,3) 202.493 3
x2433.8 6  0.023 16
x2443.8 3 0133
2452.3424  0.0153 426738 1,2 1815.151 *1
2459.9220  0.04915  4100.49 1,2 1640.914 1
2461.0617 0.05915  2663.28  (1,2) 202.493 3
2465.6419  0.0122 403754 1,2 1571.613 2,(3)

Continued on next page (footnotes at end of table)
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0¥ ,-39 NUCLEAR DATA SHEETS 29Y -39
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
E,f L& E(evel) T Ef T
2469.5324 0.0122  4835.05 1,2 2365.963 "1
2473.9716 0.17620 3685.23 1,2 1211.577 0
2475.988  0.17519 2475.92 2 00 2
x2478.8 6 0195
2495385  0.10411 249548  (2) 00 2
2504.615 1.2613  2504.612 2 00 2
2509.9811 0.0263  4325.06 1,2°  1815.151 1
2515.605 0.14415 3469.13 2,3 953.512 3
2520.158 0.0778  4161.28  (1,2) 1640.914 1
2531.867 0.09710 6856.992 1 4325.06 1,2
2546.715 2.1622  2749.239 2 202.493 3
x2552.8 6 0.070 23
2555.625  0.14915  2758.076 1,2 202.493 3
2563.8119 0.0357  3934.47 1 1371.132 1
X2565.736  0.364
X2583.845  0.22023
2589.685 0.768 6856.992 1 4267.38 1,2
x2617.3 5  0.047 16
2623.955 0.333 262399 T 00 2
2628.3720 0.0204  3404.82 2,3) 776.592 2
2636.335 0.11712 4451574 1,2 1815.151 *1
2639.0714 0.0233  4210.80  (1,2) 1571.613 2(3°)
2646.195 0.404 6856.992 1 4210.80 (1,2)
2648.566 0.11612 3602.07 T 953.512 3
2656.755  0.11712 2859.34 2,37) 202.493 3
2663.275 0.18519 2663.28  (1,2) 00 2
X2674.8 4 0.086 23
2690.6422 0.0102 4451574 1,2 1760.976 2
2695.645 0.394 6856.992 1 4161.28 (1,2)
2699.4515 0.0386  3476.06 1,2 776.592 *2
2701.2310 0.0618  4835.05 1,2 2133.501 1,2
x2710.3 4 0.078 23
2719.298  0.0374  2719.35  (1,2) 00 2
2722.726  0.0707  3934.47 1 1211.577 ©
X2726.985  0.20821
2731.93 00164  3685.23 1,2 953.512 3
27423521 0.0123 395354 1,2 1211.577 0
2749.245 24424  2749.239 2 00 2
2756.465 0.616 6856.992 1 410049 1,2
2758.046  0.323 2758.076 1,2 00 2
2779.158  0.0394  3555.725 1,2 776.592 2
2783.7410 0.0628  2986.10 2 202.493 3
2789.937  0.11612 2992.35 2,(1°) 202.493 3
2797.9512 0.0304 3574501 1 776.592 2
2800.2412 0.0324  3002.68 (I,2) 202.493 3
2810.757 0.0435 4451574 1,2 1640.914 1
2819.567  0.535 6856.992 1 4037.54 1,2
2825.906 0.0828  4037.54 1,2 1211.577 ©
x2831.835  0.364
2838.425 0.17918 2838.32 1,2 00 2
2840.956  0.0839 304350 (2,3) 202.493 3
2847.395  0.535 2847.42 1 00 2
2850.365 0.10411 2859.34  2,(3) 00 2

Continued on next page (footnotes at end of table)
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9
38Y51'40

NUCLEAR DATA SHEETS

90
39\(51'40

89Y(n,y) E=thermal  1993Mi04 (continued)

¥(®9Y) (continued)

E,’ L& E(eve) T Es T
2875.086  0.0879 451593  (1,2) 1640.914 -1
x2881.3 6  0.03¢ 16
x2885.065  0.313
2889.067  0.15516 410049 1,2 1211.577 ©
2896.0515 0.0152  4267.38 1,2 1371.132 1
2903.455  0.323 6856.992 1 3953.54 1,2
2908.809  0.0364 368523 1,2 776.592 *2
2915765  0.16216 3692.29 T 776.592 2
2922.475  0.505 6856.992 1 3934.47 1
x2031.3 8  0.038 16
x2035.8 3  0.1F 3
2041305  0.17918 3143.83 2 202.493 3
2044.429  0.0445 451593 (1,2 1571.613 ~23°)
x2949.09 24 0.148 3
x2054.% 12 0.038 16
x2062.8 9  0.038 16
x2065.3 15  0.0% 2
x2060.8 5  0.039 16
x2975.8 6  0.039 8
x2081.68 16 0.188 4
2086.189  0.10214  2986.10 2 00 2
2092.139  0.0273  2992.35 2,(1°) 00 2
X3000.3 6  0.055 23
3002.4710 0.0684  3002.68 (L,2) 00 2
x3005.8 9 0.039 16
x3020.8 13 0.023 16
x3025.117  0.1809
3043.427  0.0583  3043.50 (2,3) 00 2
x3050.8 4  0.047 16
x3056.3 4  0.055 16
x3062.8 3 0.055 16
x3067.6 5  0.038 8
3073.8417 0.0131  4835.05 1,2 1760.976 —2
x3080.8 3 0183
x3008.886  0.38719
3109.876  0.1377  3312.407 2,(1) 202.493 3
3143.03 0.0185 314383 2 00 2
31445010 0.0756 451593 (1,2 1371.132 1
3160.186  0.603 3160.210 1 00 2
3164.596  0.663 6856.992 1 3692.29 1
3171.756  0.41321  6856.992 1 3685.23 1,2
x3181.346  0.1809
X3190.696  0.23012
3193.9610 0.0312  4835.05 1,2 1640.914 -1
3202.5510 0.0262  3404.82 2,3) 202.493 3
X3212.206  0.27414
3229.256  0.643 6856.992 1 3627.647 1
3239.6716  0.0142 4451574 1,2 1211.577 0
x3250.8 13 0.023 16
3254.876  0.663 6856.992 1 3602.07 1

Continued on next page (footnotes at end of table)
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20V 1-41

39 51

NUCLEAR DATA SHEETS

90
39Y51'41

89Y(n,y) E=thermal

1993Mi04 (continued)

¥(®9Y) (continued)

E, L& E(evel) T = T
3260.948 0.0915  4037.54 1,2 776.592 2
3263.2920 0.0253  4835.05 1,2 1571.613 ~23°)
3266.3011 0.0393  3469.13 2,3 202.493 3
3282.486  1.065 6856.992 1 3574.501 1
x3206.8 5  0.078 23
3301.306  1.538 6856.992 1 3555.725 1,2
3312.368  0.0463  3312.407 2,(1) 00 2
33243022 0.0368 410049 1,2 776.592 2
3353.078 0.0483  3555.725 1,2 202.493 3
x3362.3 7 0.05% 23
x3377.8 5  0.07¢ 23
3380.946 0.884 6856.992 1 3476.06 1,2
3387.777 0.0945  6856.992 I 3469.13 2,3
x3391.3 8  0.038 8
3399.559 0.0856  3602.07 T 202.493 3
3404.6224 0.0365  3404.82 2,3 00 2
x3437.3 4 0.070 16
x3444.8 4 0.078 23
3452.078 0.1226  6856.992 1 3404.82 2,(3)
3469.2415 0.0141  3469.13 2,3 00 2
3475.967 0.1307  3476.06 1,2 00 2
x3481.8 4  0.05% 16
3490.6410 0.0242  4267.38 1,2 776.592 *2
3498.028  0.16911  4451.574 1,2 953.512 *3
X3514.657  0.1588
3544557  0.905 6856.992 I 3312.407 2,(1)
3555.617  0.33817  3555.725 1,2 00 2
3574.558  0.0583  3574.501 I 00 2
3579.5410 0.0272  4533.14 2,17) 953.512 3
3602.037 0.22512  3602.07 t 00 2
3623.1412 0.0181  4835.05 1,2 1211.577 0
3627.718  0.0613  3627.647 1 00 2
3674.9811 0.0342  4451.574 1,2 776.592 +2
3692.197 0.0282  3692.29 T 00 2
3696.737 0.764 6856.992 1 3160.210 1
x3704.2 9 0.078 23
3713.077 0.43222 6856.992 1 3143.83 2
3731.988  0.0422  3934.47 T 202.493 3
3751.0314 0.0141  3953.54 1,2 202.493 3
3813.538 0.0764  6856.992 1 3043.50 (2,3)
x3823.2 6  0.038 8
x3834.8 5  0.03F 16
x3838.4 10 0.016' 8
3854.3813 0.0404  6856.992 1 3002.68 (1,2
3864.608 0.0633  6856.992 1 2992.35 2,(1)
3870.847 0.49525 6856.992 1 2986.10 2
3882.98  0.0042 483505 1,2 953.512 *3
3934.418  0.0895  3934.47 1 00 2
x3045.3 4 0128 3
3953.559 0.0352  3953.54 1,2 00 2
*3973.8 7 0.016' 8

Continued on next page (footnotes at end of table)
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9
38Y51'42

NUCLEAR DATA SHEETS

90
39\(51'42

89Y(n,y) E=thermal  1993Mi04 (continued)

¥(®9Y) (continued)

E,f 1,7& Ei(eve) T Es T
3997.4011 0.0623  6856.992 1 2859.34 2,(3)
x4005.3 5  0.06% 16
4009.569  0.503 6856.992 1 2847.42 T
4018.688  0.26513  6856.992 1 2838.32 1,2
4058.399  0.0382  4835.05 1,2 776.592 *2
x4069.8 6  0.07¢ 23
x4088.8 13  0.08 3
4098.928  0.603 6856.992 1 2758.076 1,2
X4100.7510  0.20515
4107.748  4.6923  6856.992 1 2749.239 2
4122.6917 00171  4325.06 1,2 202.493 3
4137.359  0.1176  6856.992 1 2719.35 (1,2)
4161.3010 0.1477  4161.28 (1,2 00 2
x4175.23 16  0.038 16
x4178.8 18 0.038 16
4193.738  0.1357  6856.992 1 2663.28 (1,2)
X4201.4 15  0.016' 8
4210.799  0.0844  4210.80 (1,2) 00 2
42251111 0.0231  6856.992 1 2631.93 (2,3)
4233.1718 0.0222  6856.992 1 2623.99 T
4267.358  0.24212 4267.38 1,2 00 2
X4301.4 5  0.055 16
X4306.8 6  0.047 16
43131711 0.0251 451593 (1,2 202.493 3
4352278  1.156 6856.992 1 2504.612 2
4361.1612 00312  6856.992 1 2495.48 (2)
x4379.8 4  01F 4
4380.909 047124 6856.992 1 2475.92 2
X4426.479  0.1528
x4451.3 6  0.038 8
4490.909  0.523 6856.992 1 2365.963 1
45294810 0.0513 452965 0,1,2 00 2
4532919 01679  4533.14 2,(1) 00 2
4612.609  0.20911 6856.992 1 224430 1,2
x4630.3 4  0.039 16
X4648.68 4  0.047 16
4660.689  0.48424  6856.992 1 2196.119 (1,2)
X4719.8 10  0.047 23
4723.3812 0.0523  6856.992 1 2133.501 1,2
4834.8417 0.0252  4835.05 1,2 00 2
5041.6210 0.31116 6856.992 1 1815.151 t
5095.7410 0.31916 6856.992 1 1760.976 2
52157420 0.0172  6856.992 1 1640.914 1
x5248. % 4 0.03¢ 16
*5269.9 6  0.03F 8
5285.0811 0.1608  6856.992 I 1571.613 2,(3°)
54855612 0.23312 6856.992 1 1371.132 1
5645.1513 1.678 6856.992 1T 1211.577 0O
6080.0514 633 6856.992 1 776.592 2
x6620.83 7 0.008 8

Continued on next page (footnotes at end of table)
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NUCLEAR DATA SHEETS

90
39\(51'43

9
38\(51'43
89Y(n,y) E=thermal  1993Mi04 (continued)
¥(®9Y) (continued)
E,f L& E(eve) J Ef T
6654.0721 0.19810 6856.992 1 202.493 3
6856.553  0.1558  6856.992 1 00 2

f From 1993Mi04 unless otherwise specified.

¥ From 1983De27

$ Reported by1983De27only.

& |ntensity per 100 neutron captures.

@ Multiply placed with undivided intensity.

# Placement of transition in the level scheme is uncertain.
Xy ray not placed in level scheme.
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3051744 NUCLEAR DATA SHEETS 0V, 44

89y(n,n’)  1973Ei03

For measurements indicating the existence of three resesat neutron energies 0.9-1.2 MeV, 46&3EI03
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39Y 5745 NUCLEAR DATA SHEETS

90
39\(51'45

89Y (pol d,p)

1993Mi04

In(®Y)=1/2".

1993Mi04 E=22 MeV. Measured E(p)r(0), 6=5° — 70°. Deduced cross-sections, analyzing powers, and angularemom

transfers. Detector: magnetic spectrometer with an enegglution of 5-8 keV (FWHM).

All data are from1993Mi04, except where noted.
Other measurements:

1972Gol11 E=33.3 MeV. Measured E(p)r(9), 8(lab)=12.5-47.5. FWHM=25 keV.
1969Ya01 E=3.2-4.2 MeV. Measured E(p¥y;(E(d)g), 6=10° to 148 . Surface-barrier detectors.
1965Hal16 E=15 MeV. Measured E(p)r(0), six angles 8 to 85°. FWHM=30-60 keV (1965Hal1§.
1964Wal4 E=12 MeV. Measured E(p)yr(6), §=20° to 170, FWHM=10-15 keV.
1968Mi04 E=12.0 MeV. Measured E(p)r(6), 6=20° to 140, FWHM=16 keV.

1966BI07 E=11.95 MeV. Measured E(p)r(9), 6(c.m.x5° to 9C¢ FWHM=~20 keV (estimated by evaluators).

Magnetic spectrograph and nuclear emulsions were used fnealsurements.
Others:1965Hal16 1966BI07 1969Ya0] 1972Ya02 1973Mo027 1975Ya09

0y evels
E(level) Ft L s& Comments
0.0f  2- 2 225  L:from1972Gol1l

2025 1 3 2 2.95  L:from1972Go1l
1211.32 0O 0 0.54
1371.32  1- 0 1.55
1416.83 (27),3 2 0.029
1561.95 3.4 4 0.11
1571.44 27,(3) 2 0.045
1640.63 1- 0+2 S: 0.016 (I=0), 0.030 (L=2).
1760.82 2- 2 0.11
1810.62 (27),3 2 0.23
1962.12 56" 5 1.18
2021.4 4
2085.73 5*6" 5 0.22
2133.% 9
2179.47 (2°,3) (2) 0.011
2195.4 9
224052 5*6" 5 1.65
2327.4 4
2365.63 1° 0 0.069
2475.92  2- 2 1.92
2504.63 2° 2 0.12
252095 5*6" 5 0.40
2558.43 3 244 S: 0.012 (1=2), 0.24 (L=4).
2500.25 3.4 4 0.10
262422 1° 2 0.98
2663.1 7
2678.14 3 244 S: 0.020 (I=2), 0.025 (L=4).
2702.65
2745.95
2755.43 3 244 S: 0.034 (1=2), 0.25 (L=4).
2784.63
2819.73  1- 0+2 S: 0.005 (1=0), 0.008 (L=2).
2847.32 1° 0+2 S:0.19 (=0 or 2).

2858.94 2°,(3) 2 0.040
287042 3.4 4 0.47

2032.82 3.4 4 2.12
2992.42  (17),2° 2 0.35

Continued on next page (footnotes at end of table)
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9
38\(51'46

NUCLEAR DATA SHEETS

90
39\(51'46

89y (pol d,p)  1993Mi04 (continued)

90Y Levels (continued)

E(level) Fi L s& Comments
3002.32 3.4 4 2.61
304822 3.4 4 1.56
3119.% 4
3137.12 3.4 4 0.61
3160.22  1- 0+2 S: 0.11 (1=0), 0.24 (L=2).
3203.94 3.4 4 0.077
3270.04
3309.53  3- 244 S: 0.005 (I=2), 0.037 (L=4).
3342423 (1,5)
3354.42 3 (2,5)
3405.76  (2),3 2 0.022
3413.48
3438.88
3496.84  (37) (2+4) S: 0.011 (I=2), 0.020 (L=4).
352264 567 5 0.33
3534.45  (5*,6') (5) 0.11
3556.26
3574.75  1- 0+2 S: 0.020 (I=0), 0.004 (=2).
3584.55
3502.96 56 5 0.13
3602.15  1- 0+2 S: 0.014 (1=0), 0.009 (L=2).
3627.56  1- 0+2 S: 0.015 (I=0), 0.004 (1=2).
364425 5767 5 0.32
3667.% 8
3692.76  1- 0+2 S: 0.010 (1=0), 0.009 (L=2).
3736.7 3
3757.83
3792.13 3 244 S: 0.017 (=2), 0.039 (l=4).
3801.34 (1) (0+2) S: 0.005 (I=0), 0.011 (L=2).
3833.6 4
3858.73 3~ 244 S: 0.069 (1=2), 0.17 (L=4).
3881.43  3- 244 S: 0.025 (I=2), 0.15 (L=4).
3907.24 (1) (0+2) S: 0.009 (=0), 0.008 (L=2).
3934.64  1- 0 0.026
39428 2
3954.% 4
3972.37
3980.43  (37) (2+4) S: 0.032 (I=2), 0.05 (L=4).
3996.4 7
4015.14  (5*,6") (5) 0.088
4024.23  (37) (2+4) S: 0.013 (I=2 and L=4).
4038.03  (3°) (2+4) S: 0.005 (=2), 0.017 (L=4).
4065.62 3 (2,5)
4080.% 4
4100.6 4
412753  1- 0+2 S: 0.049 (I=0), 0.015 (l=2).
4140.4 8
4158.8 4
4166.42 3 (2,5)
4197.73  (2°,3) (2) 0.010
4219.73  (20) 2 0.024

Continued on next page (footnotes at end of table)
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9
38\(51'47

NUCLEAR DATA SHEETS

90
39\(51'47

89y (pol d,p)  1993Mi04 (continued)

90Y Levels (continued)

E(level) Ff L s& Comments
4288.6 4
4302.99 3
4325.63 -2 2 0.012
4341.23 5t6° 5 0.25
4352.¢ 4
4377.93 1- 0+2 S: 0.025 (I=0), 0.009 (L=2).
4411.34 (5*,6")  (5) 0.037
4425.73 (5*,6") (5) 0.040
4482.13 (5*,6") (5) 0.097
4504.73 56 5 0.19
4518.84 -2 2 0.010
4532.94 (1) 2 0.013
4548.¢ 4
4558.55 (0,17) (0) 0.022
4572.04 ) 2 0.012
4587.% 5
4619.8 5
4636.85 (5*,6")  (5) 0.12
46454 11
4656.17 (5*,6") (5) 0.07
4662.86 3 244 S: 0.015 (1=2), 0.043 (L=4).
4672.67 3 244 S: 0.006 (I=2), 0.020 (L=4).
4685.87 1~ 0+2 S: 0.015 (I=0), 0.009 (L=2).
4694.22 7
4713.07 5:6* 5 0.095
4725.4 18
4735.% 8
4749.4 8
4777.1 10
4784.79 34 4 0.045
4802.9 10
4g814.7# 11
4822.# 11
4835.42 10 (2,5)
4865.912 56" 5 0.055
4881.42 12 (2,5)
4895413  (27) 2 0.011
4914.813  (17,2) (2 0.019
4927.% 15
4940114  (3) (2+4) S: 0.014 (I=2), 0.036 (L=4).
4953215  (17) (0+2) S: 0.015 (1=0), 0.007 (L=2).
4971216  5*6° 5 0.082
4986.016  (0-,1) (0) 0.018
4997.925 273 2 0.009

T Spin and parity assignments are based on angular momeransfears and analyzing powers.

¥ Cross-sections measured at two angles only.
# Peak not well resolved or has poor statistics.
@ Multiplet with several L-transfer values.

& S-factors defined as=S[do/dQ]exp / [do/dQ]pwaa, With the cross-section values taken at first maximum of thgukar

distribution. DWBA calculations performed using the CHUEKode (993Mi04).
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3051748 NUCLEAR DATA SHEETS 90y,,-48

89y(d,py)  1972Li05

1972Li05 E=6 MeV. Measured E(p), & ly, py coin. Ge(Li) and silicon detectors. FWHMO0O0 keV.
Below 1300 keV the results are frofdRb(a,ny) measurements also reportedli&i72Li05

90y Levels
E(level)l  J¥ Ty2 Comments
0 2 64.05 h5 Tq2: From Adopted Levels.
202.35 3
682.19 7t 3.19h6 Ty From Adopted Levels.
776.76 2+
953.46  (3%)
1047.89  (5%)
1189.89  (4%) E(level): y(142y)/1v(236y)=0.24923.
1211.010 0O
1298.210 (6%) E(level): y(251y)/1v(616y)=0.06114.
1371.38 1~
1418.18
1570.17  (3)
1641.17 (1)
1760.25 (27
1813.27 (20)

1960.910 (5)
2089.011 (5)
2241.011 (5)
2364.29
247418  2°
2502.010
2623.38 1°
2749.09  (4)
2847.18
2938.27 4~
2993.28
3002.98
3047.110 3-
3140.110
3158.17

T From 1972Li05
¥ Assignments are based on decay properties and other meesuse

)
Ef L% E(eel) F B T | ET L} E(eve) I E I
1419 19 1189.8 (4 10478 (3) | 7510 3 9534 (8) 202.3 3
1767 52 9534 (9 7767 2 | 771 35 19609 (5 1189.8 1}
202.4 100 2023 3 0 2 | 7767 78 7767 2 0 2
2362 81 11898 (4 9534 (3)| 791 55 2089.0 (5) 1298.2 (§
250.8 6 12982 (5 1047.8 (3) | 794 35 2364.2 1570.1 (3
3655 100 1047.8 (9 6821 7 | 83 7 26233 1 17602 (2)
479.8 100 6821 7 2023 3 | 899 45 2089.0 (5) 1189.8 (3
5743 22 7767 2 2023 3 | 913 35 19609 (5) 1047.8 {5
604 65 2364.2 1760.2 (3| 943 55 22410 (5 1298.2 (§
6163 94 12982 (§ 6821 7 | 9534 45 9534 (3 0 2
663 30 1960.9 (5) 12982 {§| 1125 25 29382 4 18132 (2)

Continued on next page (footnotes at end of table)
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39Y 51749 NUCLEAR DATA SHEETS 39Y 5,749
89y(d,py)  1972Li05 (continued)
¥(®9Y) (continued)
Eﬂ Iyi Ei(level) T Et N Comments
1169.0 8 13713 1 2023 3
1178 20 29382 4 1760.2 (2)
1193 45 22410 (5) 1047.8 {5
1206 25 2847.1 1641.1 11
1211.0 100 1211.0 © 0
1233 35 2993.2 1760.2 12
1368 80 1570.1 (3 202.3 3
1371.4 92 13713 1 0
1398 22 3158.1 1760.2 12
1418 100 1418.1 0 2
1438 16411  (I) 2023 3 I, Weak.
1517 13 3158.1 1641.1 1)
1520 20 29382 24  1418.1
1558 75 17602 (9 202.3 3
1570 20 15701 (3 0
1611 55 18132 (9 202.3 3
1641 100 16411 () 0
1701 30 27490 (4) 1047.8 {5
1760 25 17602 (9 0
1813 45 18132 (2 0
1985 35 29382 4  953.4 (3)
2226 30 3002.9 776.7 *2
22717 77 24741 2 2023 3
24741 23 24741 2 0
2502 100 2502.0 0
2547 70 27490 (4) 202373
2623.4 93 26233 1 0
2791 65 2993.2 202.3 3
2847 75 2847.1 0 2
3003 70 3002.9 0 2
3047 100 3047.1 3 0
3140 100 3140.1 0 2
3158 65 3158.1 0 2

T Deduced from level energy fiierence, data below 1300 keV are fromrfy) measurements also reportedli72Li05

¥ Photon branching a=90° in coincidence with protons detectedéatl55 . The stated uncertainty is 10980%. Data below
1300 are from ¢,ny) measurements.
§ Placement of transition in the level scheme is uncertain.
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3051750 NUCLEAR DATA SHEETS 90Y.,-50
89Y(¢,3He)  1972Go1l
In(®Y)=1/2".

1972Go11 E=65.7 MeV. Measured EHe), o(6), =15 and 20. Magnetic spectrograph, nuclear emulsions. FW6 keV.

E(level)f

0
2035

12215
13765
15745
16465
17625
18145
19625

T 1972Go11report values for excitation energies from their (d,p) noeasient presented in the same article.

LT

2
2

5

g

2.47
3.53

1.55

E(level)f

20885
22455

24755
251# 5
26265
275% 5
28407 5
28735
29395

LT
5
5

a1

(2.,9)

90y Levels
gt E(level)’ LT
0.26 3004°5 (2,5
2.28 30525
3160" 5  (2,5)
0.48 3347 (4)
35165 5
0.17,0.13| 35905
1.13 36345 (4,5)
40695 5

g

0.72,1.84

0.58,0.18

0.43
0.66

1.12,0.50
0.84

¥ From comparison of 15data with DWBA calculations. Data normalized &Y (d,p) results for the 203 keV state. Data for 2517

keV, 2840 keV, 3004 keV and 3634 keV were corrected for urvesiotransitions before analysis.

# Unresolved level.

132


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Go11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Go11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Go11,B

Vy_ 51

39 51

NUCLEAR DATA SHEETS

90
39\(51'5 1

Jn(®1zr)=5/2*.

917r(d,2He)

1980H005

1980H005 E=24.3 MeV. Measuredr(0), 6=6°-50°, magnetic spectrograph, multi-wire proportional cham&/HM = 30-35 keV.
Other: 1974Co34

L values and spectroscopic factors are from comparison BNiIBA calculations.

E(level) L ST | E(evel) L s | E(level
0 1 048 | 950 4 0.09 | 1420
200 1 0.63 | 1050 4 013 1570
680 4 0.31 | 1190 1640
780 4 0.09 | 1300 4 011 | 1760

 The results deviate a factor of two froh®74C034 probably due to non-locality corrections in wave funcsion

L

3
u3
3
u3

90y Levels

st

E(level)

0.470.53
0.90+0.85
0.211.09
0.12+0.37

1810
2030

L

3
3

st

0.22+0.46

1.07
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3051752 NUCLEAR DATA SHEETS 90Y,,-52

97r(t,@) 1983De27

Jn(®1zr)=5/2*.
1983De27 E=17 MeV. Measured &, o(6), =15° to 5C°. Enriched target (89%), Q3D spectrometer, position sersitetector,

FWHM=18 keV .
L values and spectroscopic factors are from comparison BVMBA calculations, consideringr{®zr)=5/2*.

90y Levels

E(level) J¥' L 25| E@evel) JFT L  C2S | E(level) JF' L
0 2 1 04014175 (3) (1,3) 262315 1~

2025 3~ 1 0.63]15665 (4) 1 1.20 | 275015 (2)

6825 7+ 4 0.6/ 16475 (4) 3 1.94 | 282015

7775 2+ 4 0.10]| 17615 (27) 3 0.83 | 284015 (1)

9535 3* 4 0.10] 18135 (37) (1,3) 290515 (2,3)

10475 5* 4  0.12| 19655 292515

11895  4* 203015 (57) 3 1.28 | 299015 (1)

12125 0" 209015 305015 3~

12985 6 4  0.12| 229015 312015

13715 1~ 236615 (0,1) (1,3) 313015 (07) (L,3)

 As given by1983De27 Assignments based on spectroscopic data, decay prapartiepreviously knownsls. See also the
89Y(n,y) data set 1993Mi04).
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9
38\(51'53

NUCLEAR DATA SHEETS

90
39Y51'53

1966BI07 E=12.0 MeV. Measuredr. Magnetic spectrograph, emulsion plates, enriched (9bta?get.

Other: 1974Gi09

E(level) | E(level) | E(level) | E(level)
0 965 1430 1819

202 1050 1572 2030

683 1214 1645

77 1374 1763

927r(d,a)

1966BI07

90y Levels
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QOZr

40 50'1

NUCLEAR DATA SHEETS zglgerO'

1

Q(")=-61113; S(n)=119683; S(p)=8353.216; Q(a)=-6674.3612

Adopted L evels, Gammas

S(2n)=212865; S(2p)=15428.8612 (2017Wal0.

E(level)f
0

C?u|r._4

1760.7414  0*

2186.27314 2*

2319.0009 5

2739.295  (4)

2747.87516 3~

3076.92515 4*

2017Wal0

907r Levels

Cross Reference (XREF) Flags

A Py p decay (64.00h) N  0Zr(a,’) Others:
B 9y p decay (3.19h) 0  9zrCHep) AL 99Zr(e,d)
C  9Nb e decay P 8%(py) AB  927r(p,t)
D  97r T decay (809.2 ms) Q@  9Zr(e.€p).(r,p) AC  1Zr(d,t)
E  5Gel80,4ny) R 99Zr(y,n) AD  88SrCHe,n)
F  %Sr(,ny) s 8y(p,n),(p.m) AE  8gr(%014C),(*2C,0Be)
G %Y(PHe,d) T  8Y(p,p).(pol p,p) AF  0Zr(n,n)
H  90zr(tt) U 8Y(pp).(p.ry) AG  92Zr(abHe)
I 91zr(pd) v 90zr(p,p) AH  9*Mo(dLi)
3 99zr(3He,dp) W 9zr(p.py) AT 92Mo(**C160)
K 8v(dn) X 97zr(n,ny) Al Coulomb excitation
L QOZf(d,d) Y 93Nb(pa) AK QOZI’(]]O,]]O'),(170,170')/)
M %9Zr(HelHe) z  9%Zr(yy) AL 208pp@0zr907y'y)
Tl/gi XREF Comments
stable ABCDEFGHI JKLMNOP VWXYZ XREF: Others:AA, AB, AC, AD, AE, AF, AG, AH, AT,
AJ, AK
61.3ns25 A CDE GH KL P VWXY XREF: Others:AB, AC, AD, AF, AH, AI, AK, AL
Ty/2: from delayed coincidence i?PZr(p,pe). Other: 62
ns 4 (1959Kl46).
J': EO0 1760.7 transition to™Q
87.9 fs21 A CDEF HIJ LMNOP VWXYZ XREF: Others:AA, AB, AE, AF, AG, AH, AT, AJ, AK,
AL
u=2.54
Ty/2: from DSA measurements following projectile
Coulomb excitation usin§®Zr (2000Jal) Others: 87.0
fs 28 from (e,€) Coulomb excitation {984He02, 93 fs5
from nuclear resonance fluorescent®12Me04, 82 fs
+16-12 from Doppler-Shift Attenuation if°Y(p,y)
(1993Sa3Band 86.6 fs+49-42 from 29Zr(n,n'y)
(2013Pelp
w: from Transient Field Integral Perturbed Angular
Correlation 2000Jal1014StZ7.
J: E2 2186 to O'.
809.2 ms20  BCDEFGH KL N P VWXY  XREF: Others:AB, AE, AG, AH, AK, AL
%IT=100
©=6.2513
Ty2: from (n,rly).
w: From Nuclear Magnetic Resonance on Oriented Nucle
(1987Ed021987Ra172014StZ3.
J': E5 2319.¢ to O".
CEFGIKMO XREF: Others:AK, AL
Jr: 2252.9 from 27, 420.3 to 5.
15.2 ps28 CEFHJLNP VWX XREF: Others:AB, AE, AG, AH, AI, AK, AL

C EF HI L NOP VWXY

Continued on next page

u=3.02

. From Nuclear Magnetic Resonance on Oriented Nucle
(2000Ja12014StZ2.

J: E3 2747.% to OF.

XREF: Others:AA, AE, AF, AH, AK, AL

(footnotes at end of table)
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QOZr

40 50'2

NUCLEAR DATA SHEETS zglgerO'

E(level)f

T1/zi

Adopted L evels, Gammas (continued)

907y Levels (continued)

XREF

Comments

3308.108

3448.23014

35575
3589.41815

3842.3411

3932.46
3958.5910

4058.079
4124.4914

4223% 2
4225.3512
4229.059
4232.22024
4236.9610
4262.378

4299.1211

2+

6+

8+

2+

2"
4)
ot
(67)
(1,2
39

67

67.9 fs+42-35

>1.46 ps

131 ns4

15.1 fs12

33 1s6

0.12 ps+6-4

20 fs5
27 fs3
45 fs+37-19
104 fs21
0.28 ps+13-7

31fs6

F HI L NOP

CEFH LN

CEFH

HI LMNOP

N P

VWXYZ

V XY

VWXYZ

J: E2 890.¢ to 2*.

XREF: Others:AA, AE, AF, AG, AH, AK, AL

Tyy2: from measurement with metallic sample in
(n,ny) (2013Pelh Others: 69 fsl3 from Coul.
ex. in (e,&) (1984He02, 72 fs21 from nuclear
resonance fluorescenc&df4Mel3, 96 fs+6-5
from Doppler-Shift Attenuation if°Y(p,y)
(1993sa3B and 97 fs14 from Doppler-Shift
Attenuation in%0Zr(n,n'y) (1993BeZL).

J: E2 3308.% to 0.

XREF: Others:AA, AH, AK, AL

J: E2 371.3 to 4.

E(level): From%1zr(p,d).

XREF: Others:AA, AH, AL

Q=-0.513; u=+10.846

Ty/2: weighted average of 125 risfrom delayed
coincidence iP9Nb ¢ decay (964003 and 134
ns 4 from y(t) (1977Ha49.

Q: from time-diferential Perturbed Angular
Distribution (1977Ha491989Ral172014StZ3.

w: from time-diferential Perturbed Angular
Distribution, corrected for diamagnetic shift and
Knight shift (1985Ra091989Ral172014StZ3.

J: E2 141.% to 6.

XREF: Others:AA, AG, AH, AL

Ty/2: weighted average of 15.1 &from Coul. ex.
in (e,€) (1984He02, 19.0 fs27 from nuclear
resonance fluorescendg,o/I',=1 was assumed,
14 fs +6—4 from Doppler-Shift Attenuation in
89Y(p,y) (1993Sa3y 10 fs3 from Doppler-Shift
Attenuation in 90Zr(n,fy) (1993BeZl) and 24 fs
5 from DSA measurements in (riy) (2003Ga23.

J: E2 384% to 0.

XREF: Others:AA, AH

J': from DWBA analysis ofo(6) in (e,€),
L(p.p')=5.

XREF: Others:AA, AL

XREF: Others:AB, AG, AH

J': from L(p,p')=0, L(p,t)=0.

XREF: Others:AA, AK

J': from L(d,d)=2.

XREF: Others:AA

J: (M1+E2) 1905.% to 57, 1478.9/ to 3.

XREF: Others:AA, AG

J: E2 4229.3 to O'.

XREF: Others:AB

J: (M1+E2) 1913.19 to 57, feeding from &
parent in%Nb & decay.

J: 2476.% to OF.

J: (M1+E2) 1185.¢ to 4*, (M1+E2) 2076.2 to
2+

J (M1+E2) 1908.% to 5, (M1+E2) 1559.9 to
(4.
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2027503 NUCLEAR DATA SHEETS A
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(IeveI)T J Tl/zi XREF Comments

430896 4t N v F: from L(a,a’)=4.

4319.273 C HI Y  XREF: Others:AH

4331.939  4F 37 fs6 NO vV X XREF: Others:AA, AB, AG

J': from L(p,t)=4. Suggested to be the 4nember
of the configuratior((v 1gg2)~(v ds)2))
multiplet.

4348.1013 (4%) 29 fs7 LM X J': shape of excitation function consistent with4]
in (n,ny), 2161.9 to 2.

4375.076 7 C H N V XY  XREF: Others:AL

J: from L(a,0’)=7.
4426.4313 OF 0.20 ps+24-8 K P V XY  XREF: Others:AB, AH
J': from L(p,t)=0.
4454.7110 (5%) HI 0 XY  XREF: Others:AA
J': shape of excitation function in () consistent
with J=4 or 5; LEHea)=(4) and suggested to be
the 5" member of the configuratier{(v
1gg/2)~1(v dsp2)) multiplet.
4455.5810 (2) 0.14 ps+5-3 VXY J:D+Q1707.9 to 3.
4474.3114 4F 0.15 ps+18-6 N V XY  XREF: Others:AA
J': from comparison of DWBA calculations @(6)
in (e,€).

4494.7912 (37) 42 fs8 VX J: D+Q 1755.% to (4)", 1747.% to 3,
L(p.p")=(3).

45000 15 0+,1%2* G F: from L(3He,d)=1.

4507.08

4533.5210 (37) 69 fs +35-28 HI X J: (M1+E2) 1794.72 to (4), 2347.3 to 2.

4537.7011 (47) 0.13 ps+7-5 K XY  XREF: Others:AG, AH

J: (M1+E2) 2218.7 to 5.
4541.373  6F 59 fs +17-12 C NO vV X XREF: Others:AA, AB
J': from L(p,t)=6; suggested to be the" Gnember
of the configuratior((v 1gg2)~(v ds)2))
multiplet.

4562.0214 5 0.14 ps+10-4 GI X XREF: Others:AA

J': shape of excitation function in () consistent
with J=5.

4578.9313 (1) 5.1 fs20 P X Ty/2: other8.7 fs+13-9 from DSA in 8% (p,y).

J': population in §,y").

4591.3710 (3*) 0.14 ps+4-3 H 0 vV X J': shape of excitation function in () consistent
with J=5;ssuggested to be thé 3nember of the
configuratior:=((v 1gg/2)‘1(v ds/2)) multiplet in
(*Hea).

4614.4213 (6%) X J': shape of excitation function in () consistent
with J=6, 1537.¢ to 4*.

4640.944 7.8 C X J': feeding from & parent in®Nb beta decay,
1192.% to 6'.

4646.73 1,2+ 5fs4 GHI P VX XREF: Others:AG, AH

J': 4646.6/ to O'.
4681.2612 2* 31fs7 NOP VX XREF: Others:AA, AB, AK
J': E2 4680.8 to 0'; suggested to be the 2
member of the configuraties{(v 1gg/2)‘1(v
ds2)) multiplet in GHe,d).
4701.1010 2* 46 fs7 X J: E2 2940.6¢ to 0.
47109 6 \ E(level): possibly the same as the 4701 level.
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20Zrs04 NUCLEAR DATA SHEETS 02T 504
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(IeveI)Jr J Tl/gi XREF Comments
L(p,p')=2 would be consistent withzJof 4701
level.
4774.2913 G X
4781.8120 4,(3) 14 fs+22-13 vV X J': shape of excitation function in (r;n)
consistent with 33 or 4; 2462.8 to 5.
4795.63 2+ 7 fs +6-3 HI X XREF: Others:AH
J: E2 4795.% to O'.
4814.4411  (37) X XREF: Others:AB
J': from L(p,t)=3, assuming the 4814 level
corresponds to that observed in (p,t).
4818.0212  (3,4%) 0.14 ps+19-7 N X XREF: Others:AB, AG
J': shape of excitation function in (r;n)
consistent with 33 or 4, 975.§ to 2.
4824.2113  2* 40 fs+10-8 V X J: L(p,t)=2; 1747.% to 4%, 4823.9 to 0.
4840.2714 5 83 fs+28-14 X J': shape of excitation function in (r;n)
consistent with 35, 2092.% to 3".
48492 6 v
4867.4712 5" 0.14 ps+5-4 X J': shape of excitation function in (r;n)
consistent with 35, M1+E2 1790.% to 4.
48752 6 v
4932.64 1,2¢ 0.18 ps+35-11 X J': 4932.5 to 0.
4941.8913  (4%) 49 fs 10 N V X J: from L(a,0)=4.
4992.3612 0.21 ps+13-6 GI P VX
5059.97521 7 C I NO vV X XREF: Others:AA, AB
J. E3 274} to 57, E1 827.% to 6°; suggested
to be the 7 member of the configuratierf(v
1gg2)~1(v dsp2)) multiplet in CHeq).
5068.66 1,2 7 fs +13-6 X J': 5068.4 to O".
5084.0314 2,3 46 fs+12-10 G K VX XREF: Others:AA
J': shape of excitation function in (r;n)
consistent with 32 or 3.
5090.3023 (3") G1I P XY J': shape of excitation function in (r{;n)
consistent with 33.
5107.9221  (3),4" 0.07 ps+4-3 H P X XREF: Others:AB, AG
J': 2368.6/ to (4)7, 2921.% to 2*.
5112.614 3 N vV X J': from L(a,0’)=3.
5164.48423 (8)* CE J: (E2) 1717.3 to 6%, M1,E2 1575.9 to 8.
5171.9016  (4) 23 fs+8-6 X J': shape of excitation function in (r;n)
consistent with 34.
5175.83 3,4" 22 fs+21-8 G vV X J': shape of excitation function in (r;n)
consistent with 33 or 4, 2989.5 to 2*.
5183.6118 1,2* 6.9 fs35 P X J: 5183.% to 0.
5222.9723  (4%) H N vV X J': from L(p,p)=4.
5232.33 34.0 fs28 X
5247.524 9t <289 ps CE J: E2(+M1) 1658.1 to 8*.
5270.7420 17 fs+53-16 X
5275.410  (2%) 0.80" ps +20-11 P F: 5275 (E2) to 0.
5305.9720 2* 17 fs5 X J': E2 5305.§ to 0.
5307.7515  (37,4%) 0.07 ps+8-2 G P X J: 2988.9 to 57, 3121.3 to 2*.
5312.7720 1,2¢ 59 fs 10 N V X XREF: Others:AB
J': 5312.6/ to 0.
5317.73 3 0.19 ps+11-6 0 X XREF: Others:AB, AH
J': from L(p,t)=3.
5359.2219 34 22.9 fs28 X J': shape of excitation function in (r;n)
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202755 NUCLEAR DATA SHEETS
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(IeveI)Jr J Tl/gi XREF Comments
consistent with 33 or 4.
5379.83 (4" 20 fs4 H N vV X J': from L(p,p)=L(a,@’)=4.
5426.0113 3 52 fs+19-14 C GI X XREF: Others:AH
J: E2 3106.§ to 57, 2118.% to 2.
5432.79022 7*,8* C JF: feeding from & parent in%°Nb ¢ decay,
M1,E2 1843.3 to 8%, 1984.5 to 6'.
5437.3313  2* 24.3 fs35 VX XREF: Others:AG
XREF: V(5433).
J': from L(p,p')=2, E2 5436.9 to 0.
5441 5 0* XREF: Others:AB
J': from L(p,t)=0.
5457.7018  (4%) 115.9 fs28 H N VX  XREF: N(5464)V(5462).
J': from L(t,t")=4.
5504.7519 7.7 fs7 I N VX
5513.4116 (3,4 0.16 ps+8-6 X XREF: Others:AB
XREF: AB(5507).
J': from L(p,t)=3,4.
5564.24 7.6 fs28 I X XREF: Others:AH
55829 6 (3) N v F: from L(a,’)=(3).
5590.5814 2+ 15.9 fs21 X XREF: Others:AB
J': from L(p,t)=2.
5601.84 24 fs4 X
5607.64 14 fs +9-7 G MN X XREF: Others:AA
5631@7 3~ IK v B(E3)1=0.006810 (1975Si2)
J': from (e,€).
5644.024 10* <289 ps E H XREF: Others:AH, AL
J: E2 2054.¢ to 8.
5651.13 45 fsb G X
56662 7 3 NO v F: from L(a,a’)=3.
57032 7 v
5724.34 22 fs4 X
57532 7 G K v XREF: Others:AA
5775.15 24 fs +21-6 H N X
5781@ 7  3- v XREF: Others:AA
B(E3)1=0.0014522 (1975Si2)
J': from (e,é), L(p,p')=3.
5785.04
5792.053  (9%) E F: (M1+E2) 2202.6 to 8.
58084 0
5821.86 X
58292 7 v
5846.45 14 fs +44-13 G K X
5884.44 N Vi
5938" 5 HI N v XREF: Others:AB, AH
J: L(p,p)=3 and L(p,tx(1) are in conflict.
5977@ 7 v
60062 7 v
60200 15  1-,2°,3 G K F: L(3He,d)y=L(d,n)=2.
60582 7 v
6o70f 15  1-2°.3 GH v F: L(3He,d)=2.
61062 7 v
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99216 NUCLEAR DATA SHEETS 90216
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(Ievel)T J Tl/gi XREF Comments
61269 7 v
6167Q 7 v
62000 15  1-,2,3 G K v F: L(3He,d)=2.
62299 7 v
62500 15  1-,2,3 G K v F: L(3He,d)yL(d,n)=2.
6279.708  11* E F: E2 1032.3 to 9*.
62909 v
62963 1- H 0 z
63082 7 v
63200 15  1-,2,3 G F: L(3He,d)=2.
6370 15 G
6376.105  (107) <289 ps E J: E1(+M2) 818.2 from (11*).
6389.83 1 Z J:D6389.6 toO".
6397@ 7 _ G Vil
6424.33 1! H V Z XREF: Others:AK
64792 v
64962 7 v
6517@ v
6547@ 7 H v
6565.73 1 Z J:D6565.4 to 0.
65742 7 \ E(level): Unresolved doublet.
6640.110  (2%) 21N s +7-6 G p v F: (E2) 6649 to 0.
6669.27 1 G K Z J:D 66689 toO".
66949 v
6710 15 G v
6721.115  (107) E F: 1473.% to 9*.
67429 . G v XREF: Others:AH
6761.42 17! z
6769.5114 (12%) E F: (M1+E2) 489.8 to (11°).
67942 7 v
68100 15 1-,2,3 G K v F: L(3He,d)=2.
68532 v
6867@ . v
68763 1! G z
6895@ v
69249 g v
6953.946  (11) <289 ps E J: E1(+M2) 1309.8 to 10'.
6960.47 1 Z J:D6960.% to O'.
69749 v
70000 15 0,1 G K v F: L(3He,d)=0.
7008.636  (117) E F: (E1(+(M2)) 1364.% to 10'.
7025.594  (10%) E F: (E2) 1861.4 to (8)*.
7042.07 1 Z J:D7041.% to O'.
7047@ v
70609 v
7085.610 (1) z J: (D) 7085.3 to 0.
70892 v
71100 15 0,1 G K F: from L(3He,d)=0.
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992t 7 NUCLEAR DATA SHEETS 902t 7
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(Ievel)T J Tl/gi XREF Comments
7120@ v
71369 8 v
7151@ v
71600 15 1,273 G v F: from L(3He,d)=2.
7194.354  (11%) <28 ps E F: M1+E2 168.8 to (10).
719826 1 Zz JF:D7197.9 to O'.
72009 v
7223.896 (12) 59 ps10 E F: E1(+M2) 269.9 to (11) .
7235@ . v
72503 1! G K yA
7263@ v
7279@ v
7280.97 z
73500 15 17,273 G v F: from L(3He,d)=2.
7361.06 1 Z J:D7360.8 to 0.
73769 8 v
7387.64 1 Z J:D7387.3 to 0.
7407@ v
74200 15 G v
7424510 z
743388 1 Zz J:D7433.5 to O'.
7437.827 (13) 2.9 ps5 E F: M1+E2 213.9 to (12).
7461@ v
74682 z
747493 (1) Z J: (D) 7474.6 to O.
7480" 15 G K
75300 15 G v
75801 15 G
76149 v
7633@ v
7649.910 (24) 0.59" ps +9-7 p F: (E2) 7650 to O,
76500 15 1-,27.3 G F: from L(3He,d)=2.
768584 1 Z J:D 76854 to 0.
770293 17! yA
7723.19 vV oz
77502 v
7759.76 (1) z J: (D) 7759.3 to O.
7767@ G v
7774 10 K XREF: Others:AA
7779.06 1 Z J:D7778.6 to O'.
7796@ v
7806% 10 (2) XREF: Others:AA
J': from (e,é).
7807.93 1 Z J:D7807.5% to O'.
7840f 15 17,273 G K F: from L(3He,d)=2.
7857.87 (1) Z J: (D) 7857.4 to O'.
7868% 10 (1+,2) XREF: Others:AA

J': from (e,é).
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997r,,-8 NUCLEAR DATA SHEETS 202758
Adopted L evels, Gammas (continued)
907y Levels (continued)

E(Ievel)T J T12 XREF Comments
7877@ v
7907 10 G v XREF: Others:AA
7926@ v
793563 1 Z J:D7935.% to 0.
7976.64 1 Z J:D7976.3 to O*.
7984@ v
7996% 10 (3) G K XREF: Others:AA

J': from (e,8).
8006.98 1 Z J: D 8006.5 to 0.
803% 10 2 G XREF: Others:AA

J': from (e,8).
8058.418 (14) 0.28 ps14 E F: M1+E2 620.¢ to (13).
8067.45 (1) Z J: (D) 8067.0 to OF.
81103 1! Z XREF: Others:AA
g120f 15 G v
81313 1) Z XREF: Others:AA

F: (E1) 8131.5 to OF.
81442 z
8166.75 (1) vV z JF:(D)8166.3 to O'.
822128 1 Zz J:D 8220.8 to O*.
8235.63 1 Z J:D8235.3 to 0.
8250.75 1 Z J:D8250.3 to 0.
8276@ v
8291% 10 2~ XREF: Others:AA

J'. from (e,8).
8295.310 (1) z J: (D) 8294.9 to O'.
8313.07 1 Z J:D8312.6 to 0.
8316% 10 (2) XREF: Others:AA

J': from (e,é).
8334.15 1 Z J:D8333.% to 0.
8357.518 1 Z J:D8357.% to 0.
8366% 10 (1Y) XREF: Others:AA

J': from (e,8).
8382.110 (1) z J: (D) 8381.% to O'.
8400% 10 (2°) XREF: Others:AA

J': from (e,8).
8403.711 z
841354 1 V Z JF:D8413. to 0.
8430@ v
8440.64 1 Z J: D 8440.% to O*.
844% 10 2~ XREF: Others:AA

J'. from (e,8).
8467.715 _ z
8501.24 17! Z XREF: Others:AA
8515@ v
85183 z
854% 10 2~ v XREF: Others:AA

J': from (e,8).
85444 z
8553.512 1 Z J: D 8553 to 0.
8588.37 1 Z J:D8587.9 to 0.
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90219 NUCLEAR DATA SHEETS 99Zre 9
Adopted L evels, Gammas (continued)
907y Levels (continued)

E(Ievel)T J T1/2i XREF Comments
8598.210 1 Z J:D 8597.8 to O".
8625.610 1 Z J: D 8625.% to 0.
8627% 10 2- XREF: Others:AA

J': from (e,8).
8664.15 1 Z J: D 8663.% to 0.
8701% 10 (27 XREF: Others:AA
. J': from (e,8).
8716.65 1! Z
8751.08 1 Z J: D 8750.5 to O*.
8760.45 1 Z J: D 8759.9 to 0.
8809% 10 (27) XREF: Others:AA
] J': from (e,8).
8812.013 1) z
8833.28 1) z
8853 10 2- XREF: Others:AA
) J': from (e,é&).
8874.99 1) z
8sg 10 2- XREF: Others:AA
J': from (e,é&).
8903.08 z
8911% 10 2~ XREF: Others:AA
J': from (e,é&).
8927.44 z
8934 10 2 XREF: Others:AA
J': from (e,é).
8958.1315 (157 0.8 ps3 E J: E1 899.% to (14).
8971% 10 2~ XREF: Others:AA
J': from (e,é&).
8978.49 1) z J: (D) 8977.9 to O*.
89852 _ z
9004.75 1) z
9014.08 z
9034.08 . z
9043.64 1) Z
9053.57 z
9061% 10 2~ XREF: Others:AA
) J': from (e,é&).
9085.13 1) z
910% 10 2~ XREF: Others:AA
] J': from (e,é&).
9111.16 1) z
9123.67 z
91274 10 2- XREF: Others:AA
J': from (e,8).
9137.57 . z
9148.53 1! Z XREF: Others:AA
9164.97 z
9177.55 z
91873 z
9196.53 1) z J:(E1) 9196.9 to 0.
9260.56 1) z
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992110 NUCLEAR DATA SHEETS 997r.,-10
Adopted L evels, Gammas (continued)
907y Levels (continued)
E(IeveI)Jr J T1/2i XREF Comments

9265% 10  2- XREF: Others:AA

. J': from (e,8).
9292.85 1) z
9204 10  2- XREF: Others:AA

. J': from (e,8).
9309.47 1) z
9327 10 2- XREF: Others:AA

] J': from (e,8).
9333.46 1! z
9373.27 _ Z XREF: Others:AA
9392.48 1) z
9409.411 z
9424.310 . z
9444.74 1) Z XREF: Others:AA
9465.15 1) z
9486.84 1) z
948¢% 10  2- XREF: Others:AA
9510.513 (1) Z XREF: Others:AA

_ J: (D) 9510.0 to O*.
9524.113 1 z
9539.25 1) z
9541% 10 2- XREF: Others:AA
9551.46 1) z
9563.06 1) z
9601% 10 (1,2) XREF: Others:AA
9609.27 z
9625.18 . z
9640.48 1) z
9666.08 (1) Z J: (D) 9665.4 to 0.
9678.37 1) z J: (E1) 9677.% to O*.
9686.96 1) z
9694 10 2- XREF: Others:AA
9707.00725 (167) 0.4¥ ps 14 E J: (M1+E2) 748.9 to (15).
9733.25 1) z
9741.77 _ z
9754.06 1) z
9784.65 z
9805.410 z
9836.0118  (15)* E J: 1777.6 to (14).
9843.46 1) z
9855.58 1) z
986 10  (17,2) XREF: Others:AA
9872.44 1) z
9890.713 (1) Z J: (D) 9890.% to OF.
9901.913 . z
9932.112 1) z
9962.85 1) z
9984.111 . z
10004.210 1 z
10019.611 1) z
100312 z
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90
4OZr50-11

NUCLEAR DATA SHEETS 20275511

Adopted L evels, Gammas (continued)

907y Levels (continued)

E(IeveI)Jr J T1/2i XREF Comments
10042.94 1) z ¥ (E1) 10042.3 to 0.
10083.86 1) z
10094.27 1 z
10104.912 (1) Z J: (D) 10104.3 to O*.
10123.718 1) z
10125.8418 (16)* 0.69 ps2 E J: M1(+E2) 289.8 to (15).
1014689 1) z
10163.48 1/ z
10193.05 1) z
10216.810 1! z
102334 z
102412 €)) Z J: (D) 10240 to 0.
10260.911 z
10270.07 . z
10286.26 1 z
10298.310 (1) z J: (D) 10297.% to O*.
10306.69 1) z
10315.14 1) z
10334.96 1! z
103612 1) z J: (D) 10360 to 0.
10376.84 1 z
10402.59 1 z
10494.511 (1) Z J: (D) 10493.8 to O*.
10507.98 1) z
10524.64 1) z
10595.07 1) z
10618.78 1/ z
1063859 1) z
10682.26 1 z
10713.212 (1) z J:(D)10712.5 to O*.
10728.211 1) z
10764.94 (17t)  0.14 psi4 E F: (M1+E2) 639.9 to (16).
10827.15 1 z
109142 1) z J: (D) 10913 to 0.
109572 1) z
10987.010 1! z
110442 z
11094.215 z
11108.016 _ z
11120.49 1 z
11129.217 z
111402 . z
1123247 1) z
1124326 1) z
11337.76 1! z
11403.96 (18*) 0.219 ps11 E F: (M1+E2) 639.9 to (17*).
11417.57 () Zz J:(D)11416.% to O'.
11452210 1) z
11479.78 1! z
115013 z
115107 z
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907112 NUCLEAR DATA SHEETS 20250712

Adopted L evels, Gammas (continued)

907y Levels (continued)

E(Ievel)T J T1/2i XREF Comments

115312 1 z

11627.99 Z

11651.58 (1) Z J: (D) 11650.% to O'.

11777.410 1 z

117883 1) z

11963.318 (1) Zz J: (D) 11962.4 to 0.

119842 1) z

12020.68 1 z

12067.89 1) z

12110.76  (197) 0.18 ps5 E

12208.312 1 z

12219.625 P

12243.614 1) z

12496.318 z

12880.310 Z

12964.77  (20%) <0.39 ps E F: 1560.8 to (18'), 854.0/ to (19).
13110.24 (2) K P ST E(level),¥: Probable analog oi%Y g.s.
13314  (3)° K P STU E(level),J: Probable analog oY, 203 keV.
13943 S E(level): Possible analog &Y, 777 keV.
1409 S E(level): Possible analog 8PY, 954 keV.
14223 S E(level): Possible analog Y, 1048 keV.
14276 30 0,1) Q ST E(level),¥: Probable analog ot%Y, 1212 keV.
14316 S

14416 ST

14438 1) P S E(level),J: Probable analog oY, 1371 keV.
1474& 3) U

1487& o) U

1492¢ 1) U

15500 30 27,(1) P S E(level),F: Probable analog oi%Y, 2474 keV.
15708 30  17,(2) P ST E(level),J: Probable analog oY, 2624 keV.
15908 ) p

1614& ) U

16258 1) U E(level),J: Possible analog ot°Y, 3145 keV.
16290 P

17308 P

19408 PQR

2080 P

2180¢° R

23706 R

 From least-squares fit toyEby evaluators, except where noted.

¥ From DSAM measurements fZr(n,n'y) reaction, except where noted.
# From 92Zr(p, ).

@ From 90zr(p,p).

& From 99Zr(e, €).

a From 8%y (p,n),(p.ny).

b From &Y (p,y).

¢ From 99Zr(y,n).

4 From 89y (p,p).

Continued on next page (footnotes at end of table)
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9071413 NUCLEAR DATA SHEETS 20250713

Adopted L evels, Gammas (continued)

907r Levels (continued)

® From &Y (p,p),(p.p'y).

f From89Y(3He,d).

9 From Doppler-Shift Attenuation and Recoil-Distance meaesents in’8Ge80,4ny).
h Doppler-shift attenuation if%Y(p,y) (1993Sa3R

I From EL1 transition to 0 ground state.

I From D transition to ® ground state.
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67T

Ei(level) J
1760.74 0
2186.273 2
2319.000 5
2739.29 (4
2747.875 3
3076.925 4
3308.10 2
3448.230 6

Eﬂ& ly E¢ J’fr
1760.76 20 § 0 ot
425.52 0.0275 1760.74 ©
2186.242 25 100.08 9 0 ot
132.716 18 5048 5 2186.273 2
2318.958 25 100.G% 2 0 ot
420.28 5 100 2319.000 5
429.8 3 0.5311 2319.000 5
561.60411 100.03  2186.273 2
2747.475 6.13 0 ot
329.093 6.7418 2747.875 3
337.6114 0.9011 2739.29 (4)
757.867 2.6621 2319.000 5
890.62914  100.03  2186.273 2
1121.99022 454 2186.273 2
1547.5 3.910 1760.74 ©
3308.12 1004 0 ot
371.30% 8 1.95% 7 3076.925 4

Adopted L evels, Gammas (continued)

y(%21)
Mult. 5t oP Comments
EoS E,: from %Nb & decay. Probability of two-photon decay is
0.040%5, see®Y g~ decay. Other: 0.0189% with a ratio
<2E1>/<2M1>0f 1.97 (1984Sc3J. Probability of
one-photon EO transition for 1760.7 relative to internal
conversion is 1077 2 (1990Zh2(, seeY g~ decay.
[E2]§ 0.00688 B(E2)(W.u35.210
ER 5.36<10%  B(E2)(W.u.)=5.3813
E3(+M4)§ <0.07 3.09 B(E3)(W.u.=0.18010
§: from 9°Nb & decay.
E5S 4.64¢10%  B(ES)(W.u.)-8.7433
§
[E2] B(E2)(W.u.)-0.53 +18-13
El B(EL)(W.u.x1.17x10% +27-18
E,: from ®Nb ¢ decay.
Mult.: D from y(0) in (n,n'y); E1 from An=yes.
E3 B(E3)(W.u.»-8.0 +18-13
Mult.: O from y(0) in (n,n'y); M3 excluded by comparison
to RUL.
E1l E,: weighted average of 329.08% (°°Nb & decay) and
329.12515 (°°Zr(n,n'y)).
l,: weighted average of 6.823 (°*Nb ¢ decay) and 6.8
(0zr(n,1y)).
Mult.: D from y(6) in (n,n'y); Axr=yes from level scheme.
E,: weighted average of 337.55 (°*Nb ¢ decay) and 337.8
2 (%0zr(n,n'y)).
l,: weighted average of 1.8 (*°Nb ¢ decay) and 0.881
(%9zr(n,n'y)).
E,: weighted average of 757.95(°°Nb & decay) and 757.80
4 (°0Zr(n,n'y)).
l,: weighted average of 2.233 (%*Nb & decay) and 2.761
(%0Zr(n,nv)).
ER 8.82x1074
M1+E2  +0.25 B(E2)(W.u¥3.5+15-13 B(M1)(W.u.)=0.0656
Mult.: D+Q fromy(6) in (n,ny); Ar=no from level scheme.
[E2] B(E2)(W.u.)-1.0326
E2 B(E2)(W.u.)>-0.58938
Mult.: Q from y(0) in (n,n'y); M2 excluded by comparison
to RUL.
EXR 0.01064 B(E2)(W.uJ46

1091258

S133HS V1va dv3T10NN

y1-0575%


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Sc37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B

04T

Ei(level) J
3448.230 6
3589.418 8
384234 2
3932.4
395859 5
4058.07 4
412449 0O
422535 (4)
4229.05 2

4232.220 (6)

E, T4 Lt Er
1129.224 15 100.0 4  2319.000 5
141.178 15 100.0 10 3448.230 6
1270.398 18 1948 4 2319.000 5
1656.0511 17.015  2186.273 2
3842.210 100.015 0 ot
3932% 6 1007 0 ot
1219.333 53.812  2739.29 (4)
1639.604 100.012  2319.000 5
981.317 7.815  3076.925 &
1310.0018 4314 2747.875 3
1318.9219 2413 273929 (4)
1871.903 1003 2186.273 2
1938.266 100 2186.273 2
1478.0216 224 2747.875 3
1485.7514 1004 2739.29  (4)
1906.5017 276 2319.000 5
1481.406 6515 2747.875 3
2042.734 10012 2186.273 2
4229.32 285 0 ot
g4ape <18 3589.418 8
7845€ <058 3448.230 6
1155€ <0.4% 3076.925 4

Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

b

Mult. st o' Comments
E1d 2421048  B(E1)(W.u.x1.6x1074
E28 B(E2)(W.u.)=2.417
(E3)® 7.63¢1074 B(E3)(W.u.)=0.052320
M1+E2  +1.1  3.7%10410 B(E2)(W.u.=10.0+20-23; B(M1)(W.u.)=0.0225
Mult.: D+Q from y(8) in (n,ny); Az=no from level
scheme.
E2 B(E2)(W.u.3:1.60+14-12
Mult.: Q from y(6) in (n,"y); M2 excluded by comparison
to RUL.
#
(M1+E2) +0.08 B(E2)(W.u.30.59 +32-22;, B(M1)(W.u.)=0.128+29-20
Mult.: D+Q from y(8) in (n,ny); Az=no from level
scheme.
(M1+E2) +0.06 B(E2)(W.u30.14 +7-5; B(M1)(W.u.)=0.098+22-15
Mult.: D+Q from y(6) in (n,ny); Ax=no from level
scheme.
(M1+E2) -0.11 B(E2)(W.u.30.18 +13-9; B(M1)(W.u.)=0.013+7-5
Mult.: D+Q from y(8) in (n,ny); Az=no from level
scheme.
[E1] B(EL)(W.u.}=4.7x107° +27-21
[E1] B(E1)(W.u.)=2.6x107° +20-14
E2 B(E2)(W.u.}-7.5+38-25
Mult.: Q from y(6) in (n,y); M2 excluded by comparison
to RUL.
(M1+E2) +0.31 B(E2)(W.u.310.7 45, B(M1)(W.u.)=0.21+7-5
Mult.: D+Q from y(6) in (n,n"y), non zero value ob
suggestAr=no.
(M1+E2) -0.57 B(E2)(W.u}2.1+11-8; B(M1)(W.u.)=0.022+9-6
Mult.: D+Q fromy(6) in (n,n"y), non zero value of
suggests\r=no.
M1+E2  +0.04 B(E2)(W.u.3:0.020+10-8; B(M1)(W.u.)=0.0508
E2 B(E2)(W.u.}0.094+22-19

Mult.: Q from y(6) in (n,y), M2 excluded by comparison
to RUL.

gT-%%175%

S133HS V1va dv3T10NN
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyJr Et N Mult. 5% oP Comments
4232220 (6)  1493F€ <0.7 2739.29 (4)
1913.194 25 100.¢ 13 2319.000 5 (M1+E2) +0.5 4.2%10%4 16 B(E2)(W.u.=4.0 +34-21; B(M1)(W.u.)=0.055+40-25
Mult.: D+Q fromy(6) in (n,n'y), non zero value of
suggests\r=no.
4236.96 1,2) 929.0118 7.73 3308.10 2
2050.819 275 2186.273 2
2476.224 1005 1760.74 @
4237.¢ 15 0 ot E,: observed only in (p/p) (1974Ce03.
426237 (3) 954.21 19917 3308.10 2  (M1+E2) +0.06 B(E2)(W.u30.026+15-13; B(M1)(W.u.)=0.006321
Mult.: D+Q from y(6) in (n,ny); Ax=no from level
scheme.
1185.565 414 3076.925 4  (M1+E2) -3.1 B(E2)(W.u.x4.6 16; B(M1)(W.u.)=6.3x10"% +39-26
Mult.: D+Q fromy(6) in (n,n'y), non zero value of
suggests\r=no.
1514.81 437 2747.875 3
1523.074 84.720  2739.29 (4)
2076.204 1005 2186.273 2 (M1+E2) +0.6 B(E2)(W.u.3-0.209; B(M1)(W.u.)=0.00228
Mult.: D+Q from y(@) in (n,n'y), non zero value of
suggest\r=no.
4299.12 (5)  1559.917 50.417 2739.29 (4) (M1+E2) +0.34 B(E2)(W.uX2.9 +13-10; B(M1)(W.u.)=0.056+14-10
Mult.: D+Q fromy(6) in (n,n'y), non zero value of
suggest\r=no.
1980.068 100.017 2319.000 5  (M1+E2) +0.85 B(E2)(W.u37.0 +24-19, B(M1)(W.u.)=0.035+11-8
Mult.: D+Q from y(@) in (n,n'y), non zero value of
suggest\r=no.
4319.2? 20009%€3 1008 2319.000 5
433193 4 1255.183 74521  3076.925 &4  MI1+E2 B(E2)(W.u.x99; B(M1)(W.u.x0.15
Mult.: D+Q fromy(6) in (n,n'y), Ar=no from level
scheme.
1584.254 1003 2747.875 3 [E1] B(E1)(W.u.)=0.00118+22-17
2012.92 204 2319.000 5  [E1] B(EL)(W.u.)=1.15¢10"4 +30-26
4348.10  (4) 1608.8 2739.29 (%)
2161.873 2186.273 2
4375.07 7 2055.777 100 2319.000 5 E2 Mult.: Q fromy(6) in (n,n'y), Ax=no from level
scheme.
442643 O 2240.205 100 2186.273 2 [E2] B(E2)(W.u.)=2.1+15-11
445471 (8) 1377.7412 163 3076.925 4
1715.7314 197 2739.29 (4
2135.705 1007 2319.000 5
4455.58 2) 1707.96 754 2747.875 3 D+Q +0.024
2269.404 1004 2186.273 2

o1-%%175%

S133HS V1va dv3T10NN

o1-%%12%%


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ce03,B

[4°]"

E;(level)
4474.31

4494.79

4507.0
4533.52

4537.70

4541.37

4562.02
4578.93

4591.37

4614.42

4640.94

4646.7

4681.26

4701.10

il
4
3)

®3)

(4)

5
@)

@)
(6)

7,8

1,2

Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Eﬂ& IyT Et N Mult. ot Comments

1726.687 1005 2747.875 3 [E1] B(E1)(W.u.)=3.1x10°4 +21-16

1735.0 405 2739.29 (4 [E1] B(EL)(W.u.)r1.2x104 +8-6

1747.22 53 2747.875 3

1755.494 1003 2739.29 (4] D+Q -0.02

450688 1007 0 ot

1225.% 2 17.722 3308.10 2

1456.784 10011  3076.925 &

1794.156 394 2739.29 (4 (M1+E2) +2.0  B(E2)(W.u.»3.4+23-13 B(M1)(W.u.)=0.0025+23-10
Mult.: D+Q fromy(6) in (n,n’y), non zero value of suggests\r=no.

2347.3 144 2186.273 2

1460.956 636 3076.925 4

2218.657 1006 2319.000 5 (M1+E2) -0.36 B(E2)(W.u30.24+18-11; B(M1)(W.u.)=0.008+5-3
Mult.: D+Q fromy(6) in (n,n’y), non zero value of suggests\r=no.

228 <1.08 431927

309%€ <145 4232220 (6) [E1] B(E1)(W.u.x0.0033

g5%e <148 3580418 8  [E2] B(E2)(W.u.x8.6

1092.979 8.122 3448.230 6 l,: other: 15.813in %*Nb & decay.

1464€ <37 3076.925 4  [E2] B(E2)(W.u.x2.6

2222.433  100.022 2319.000 5 [El] B(E1)(W.u.)=4.7x1074 11

1822.75 100 2739.29 (4)

2818.330 1008 1760.74 0O

4578.72 838 0 0

1843.705  100.012 2747.875 3

2405.187 36.612 2186.273 2 (M1+E2) -0.07 B(E2)(W.u30.0027+15-11; B(M1)(W.u.)=0.00318
Mult.: D+Q from y(6) in (n,ny); Ar=no from level scheme.

1166.2412 10010  3448.230 6

1537.6412 7510  3076.925 4

22955 758 2319.000 5

40%F° <42 4232220 (6)

1051.53 4 1008 4  3589.418 8

1192.7 1 7788 3448230 6

2322¢€ <3.8  2319.000 5

2884.813 1003 1760.74 ©

4646.63 183 0 0"

1933.778 10010  2747.875 3 [E1] B(EL)(W.u.)=7.5x1074 +23-15

2495.1 426 2186.273 2

4680.82 588 0 ot E2 B(E2)(W.u.0.098+32-21
Mult.: Q from y(6) in (n,ny), M2 excluded by comparison to RUL.

1953.2617 1005 2747.875 3 [E1] B(E1)(W.u.)=4.0x104 6

2514.7613 393 2186.273 2

L1-%517%%

S133HS V1va dv3T10NN
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& ly Ef I Mult. ot Comments
4701.10 2 2940.6012 954 1760.74 O E2 B(E2)(W.u.30.88+15-12
Mult.: Q from y(6) in (n,n'y), M2 excluded by comparison to RUL.
4701.23 194 0 o* E2 B(E2)(W.u.>0.0168+46-40
Mult.: Q from y(6) in (n,n'y), M2 excluded by comparison to RUL.
4774.29 537.3%6 343 4236.96 (1,2)
2587.9625 1003 2186.273 2
478181  4,3) 2462.8119 100 2319.000 5
4795.6 z 4795.53 100 0 o E2 B(E2)(W.u.31.3+10-6
Mult.: Q from y(6) in (n,ny), M2 excluded by comparison to RUL.
4814.44  (3) 2066.958 1007 2747.875 3 D+Q +0.34
2495.5 163 2319.000 5
2628.0110 163 2186.273 2
4818.02  (3,4) 975.7515 16 3 3842.34 2
2070.397 1003 2747.875 3
482421 2 1747.22 85 3076.925 4 [E2] B(E2)(W.u.)=2.3 +15-12
2638.0711 1005 2186.273 2 M1+E2 B(E2)(W.u.x5.0; B(M1)(W.u.x0.032
Mult.: D+Q fromy(q) in (n,"y), Ar=no from level scheme.
4823.95 173 0 o* [E2] B(E2)(W.u.)=0.0319
4840.27 5 1763.466 1006 3076.925 4
2092.7 436 2747.875 3
4867.47 B 1419.2310 535 3448.230 6 M1+E2 -1.0 B(E2)(W.u.x4.6+21-16; B(M1)(W.u.)=0.0086+41-27
Mult.: D+Q from y(6) in (n,n'y), E1+M2 excluded by comparison to
RUL.
1790.738 1008 3076.925 4 M1+E2 +0.8 B(E2)(W.u.}2.1+10-8; B(M1)(W.u.)=0.0098+45-29
Mult.: D+Q from y(6) in (n,n'y), E1+M2 excluded by comparison to
RUL.
2128.2 177 2739.29 (4
4932.6 12 4932.54 100 0 o
494189 (4) 1865.038 1003 3076.925 4
2623.02 323 2319.000 5 [E1] B(EL)(W.u.)=9.2x107% +25-17
4992.36 1150.3 33 3842.34 2
1684.358 1005 3308.10 2
2244.53 313 2747.875 3
2252.92 203 2739.29 (4
5059.975 7 518.60 6 29.0° 21  4541.37 6
827.74 4 46.68 7 4232220 (6) E8
1470528 24 19.3 7  3580.418 8
1611.76 3 100% 3 3448.230 6 M1,E28
2741.0 3 0.38% 10 2319.000 5 E3
5068.6 1,2 5068.46 100 0 o
5084.03 2.3 2336.180 1007 2747.875 3

81-%%125%

S133HS V1va dv3T10NN
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Ei(evel) T E, & L Ef
5084.03 2,3 2345.3 377 2739.29 (4)
5090.30  (3) 2904.0323 100 2186.273 2
5107.92 (3),4  2368.6 2739.29 (4)
2921.72 2186.273 2
51126 3 2365.010 100 2747.875 3
5164.484 (8) 5248€ <38 464094 7.8
g23e <378 454137 6
g3%e <28 4232.220 (6)
1575.03% 23 100° 4 3589.418 8
1716.2% 3 97 4 3448230 6
2845%€ <0.3  2319.000 5
5171.90  (4) 2432.3 565  2739.29 (4)
2853.0614 1005  2319.000 5
5175.8 3,4 2989.53 100 2186.273 2
5183.61 1,2 2997.52 8513 2186.273 2
5183.23 10013 0 ot
5222.97  (4) 2483.6719 100 2739.29 (4
5232.3 3046.G8 100 2186.273 2
524752 9 1658.1& 4 1002 3589.418 8
5270.74 2531.446 100 2739.29 (4)
52754  (2) 5275.2 10& 0o 0
5305.97 2 5305.82 100 0 o
5307.75  (3,4*) 2560.24 135  2747.875 3
2988.92 204  2319.000 5
3121.32 1007 2186.273 2
5312.77 1,2 3551.£ 6 1760.74 ©
5312.62 0 ot
5317.7 3 2570.24 10012 2747.875 3
3131.24 7212 2186.273 2
5350.22 3.4 2282.2 100 3076.925 #
5379.8  (4) 3193.63 100 2186.273 2
5426.01 3 2118.12 10018 3308.10 2
3106.82 8014 2319.000 5
3239.72 286  2186.273 2

Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Mult. ¥ 5F b Comments
(M1+E2) -0.1 Mult.: D+Q from y(6) in (n,n'y), Ar=no from level
scheme.
M1,E28 3.64¢10°4 8
(E2)8 3.91x1074
E2+M1)&  +1414 3.80x104 17 B(M1)(W.u.)>2.2x10°7
(E2) 1.5%1073 B(E2)(W.u.)=0.0072+12-15
Mult.: from 89Y(p,y).
E2 B(E2)(W.u.>-0.33+14-7
Mult.: Q from y(6) in (n,n'y), M2 excluded by
comparison to RUL.
[E1] B(E1)(W.u.)=2.5x107° 11
[E2] B(E2)(W.u.)=3.6 +9-6
[E1] B(E1)(W.u.)=3.3x1074 +13-10
E2 B(E2)(W.u.3-0.60 +24-18
Mult.: Q from y(6) in (n,n'y), M2 excluded by
comparison to RUL.
[E1] B(E1)(W.u.)=2.6x1075 +11-9

6T-29125%

S133HS V1va dv3T10NN
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Ei(evel) T E, & 1,7 Er T
5432.790 7,8°  268€ <0.6% 5164.484 (8)
792.08 19 1555 464094 7.8
go1¥e 8.3 454137 6
1057.8 1 258 437507 7
1208%€ <2.B 4232.220 (6)
1843.342 22 100.0 24 3589.418 8
1984.54 3 oo’ 4 3448.230 6
3114€ <028  2319.000 5
5437.33 2 2690.0823 1003 2747.875 3
3676.62 343 1760.74 ©
5436.92 29.118 0 ot
5457.70  (4)  2380.63 5217 3076.925 4
2710.22 10017 2747.875 3
5504.75 3744.% 1005 1760.74 ©
5504.52 755 0 ot
5513.41  (3,4) 2436.3 5313 3076.925 4
2765.82 10013 2747.875 3
5564.2 3377.9 100 2186.273 2
5590.58 2 2842.92 356 2747.875 3
3404.12 1005 2186.273 2
5590.93 573 0 ot
5601.8 3415.5 100 2186.273 2
5607.6 2299.8 100 3308.10 ?
5644.02 10 2054.5% 5 1007 3589.418 8
5651.1 2911.8 100 2739.29 (4)
5724.3 3538.04 100 2186.273 2
5775.1 3588.% 100 2186.273 P
5785.0 5784% 4 100* 0 ot
5792.05 (9)  2202.60830 10(R 3589.418 8
5808 5807.% 3 100# 0 ot
5821.8 3635.% 100 2186.273 2
5846.4 3660.5 100 2186.273 2
5884.4 58843 4 100# 0 ot
6279.70 1t 1032.18 10 1007 4 524752 9

Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Mult.* 5F a Comments
M1,ER 4.08<107% 14
[E1] B(E1)(W.u.=4.5x104 7
E2 B(E2)(W.u.>-0.30+6-4
Mult.: Q from y(6) in (n,ny), M2 excluded by
comparison to RUL.
E2 B(E2)(W.u.>-0.037+7-5
Mult.: Q from y(6) in (n,n'y), M2 excluded by
comparison to RUL.
[E1] B(E1)(W.u.=9.6x107° 12
[E1] B(EL)(W.u.)=1.68<10"4 +36-31
E2 B(E2)(W.u.3-0.081+13-11
Mult.: Q from y(6) in (n,n'y), Ax=no from level
scheme.
ER 4.88<1074 B(E2)(W.u.»>0.023
(M1+E22 -0.074 5.03<10°* 5: from y(6) andy(lin pol) in (180,4ny).
EXR 6.24¢1074

0z-%%170¢

S133HS V1va dv3T10NN
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

E;(level) J Eﬂ& IyT E¢ J’fr Mult. ok ab Comments
6296 T 6295.67 2 1007 0 0+ E1*
6376.10 (10) 584.04 8 a 5792.05 (9)
1128.2 7 a 524752 9
6389.8 1 6389563 1007 0 0+ D#
64243 T 6424.7 3 1007 0 0+ E1*
6565.7 1 656574 3 1007 o o lid
6640.1  (2) 6640.1 10& 0 o (E2) B(E2)(W.u.3-0.087+34-22
Mult.: From 89y (p,y).
6669.2 1 66687 7 1007 0o o lid
6721.11 (10) 34524820 1007 8 6376.10 (10)
441.42€13 <11.6 6279.70 1t
929.08€9 <23.F 5792.05 (9)
1077.08€8 <233 5644.02 10
1473.6% 20 452 5 524752 9
1556.68€9  <17.4 5164.484 (8)
6761.4 T 6761.7 2 1007 0 0+ E1*
6769.51 (12) 489.8R 15 10(R 6279.70 1t  (M1+E2®  -0.266 0.003426
6876 T 6876" 3 100* 0o o E1#
6953.94 (11) 1309.8% 7 1007 5644.02 10  E1G+-M2)&  +0.022 2.90x1045  B(E1)(W.u.»-5.3x10°6
5: from y(6) in y(lin pol) in (80,4ny).
6960.4 1 696074 7 100 0o 0 bid
7008.63  (1I) 54.68 5 11.917 6953.94 (11)
287.5% 7 1007 3 6721.11 (10) MI1+ER -0.075 0.0123521 5: from y(6) in y(lin pol) in (80,4ny).
1364.78 20 7323 5644.02 10  (E1(+M2)& -0.012 3.1210* &: from y(6) in y(lin pol) in (*80,4ny).
7025.59 (10) 1233.54 10 288 4 5792.05 (9)
1381.78 30 9.6410 5644.02 10
1778.18 7 100710 524752 9
1861.37 30 26.8 13 5164.484 (8)  (E2@ 4.26x10°4
7042.0 1 7041% 7 100% 0 0+ D#
70856 (1) 7085810 1007 0 0 (D)*
7194.35 (11) 168.76@ 4 44515 702559 (10) MI1+ER 0.116 B(E2)(W.u.>>0.0017; B(M1)(W.u.}4.5¢10°8
818.2% 5 100.0* 29 6376.10 (10) E1(+M2)&  -0.024 4310410 B(E1)(W.u.»»1.3x107°
&: from y(6) andy(lin pol) in (180),4ny).
1402.2R 7 <1.52 5792.05 (9)
1550.27 30 5185 5644.02 10 D
71982 1 7197%6 100% 0 0+ D#
7223.89 (12) 29.578 183 7194.35 (11) (M1) 6.7411 B(M1)(W.u.)=0.90+19-16
215.274 474 7008.63 (11) [E1] B(EL)(W.u.)=9.3x107° +24-16

12-512%%
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyT Et N Mult. 5% oP Comments

7223.89 (12) 269.935 1003  6953.94 (11) E1(GM2) -0.023 0.0065116 B(E1)(W.u.)=1.00<10°4 +22-16
6: from y(6) andy(lin pol) in (80),4ny).

1580.0030 253 5644.02 10  (E2) 3.7<10%  B(E2)(W.u.)=3.5x107% +9-7

7250 T 724893  100¢ 0 o =g

7280.9 728067  100* 0 o

73610 1 736086 1007 0 o D¥#

73876 1 738784  100¢ 0 o D#

7424.5 7424%10 100* 0 o

74338 1 7433%8 1007 0 o D¥#

7437.82  (13) 213984 1007  7223.89 (12) MI1+E22 -0.073 0.02645  B(E2)(W.u.F9x10! +9-6; B(M1)(W.u.)=0.75+16-11
s: from y(6) andy(lin pol) in (180),4ny).

7468 7468 2 100 0 o

74749 (1)  7474%3  100¢ 0 o (DY

7649.9  (2)  7649.6 100 0o 0 (E2) B(E2)(W.u.}-0.0016424
E,.l,,Mult.: from 8%Y(p,y).

76858 1 768544  100¢ 0 o D¥#

77029 T 770283 100¢ 0 o E1#

7723.1 7722%9  100* 0 o

7759.7 (1) 775986  100¢ 0 o (DY

77790 1 7778%6  100° 0 o D¥#

78079 1 7807%3  100¢ 0 o D#

78578 (1)  7857A7  100¢ 0 o (DY

79356 1 7935%3  100¢ 0 o D¥#

79766 1 7976%4  100¢ 0 o D#

8006.9 1 goo6%s 1007 0 o D¥#

8058.41 (14) 620588 10073 7437.82 (13) MI1+E2  -0.145 0.0020916 B(E2)(W.u.)r17 +24-11; B(M1)(W.u.)=0.32+27-11
5: from y(6) andy(lin pol) in (180),4ny).

8345£8  <1.35 7223.89 (12)
1288.9% 21  <1.35 6769.51 (19

8067.4 (1) 806765  100¢ 0 o (DY

8110 T 8109.6/8  100¢ 0 o =g

8131 (r) 813184  100* 0 o (E1Y

8144 814% 2 100 0 o #

8166.7 (1) 816685 1007 0 o (DY

82212 1 822088  100¢ 0 o D#

82356 1 8235%3  100¢ 0 o D¥#

2 "1Z08

S133HS V1va dv3T10NN

2z %1Z0¢



84T

Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyT Et N Mult. ¥ aP Comments

8250.7 1 8250%5  100* 0o o D#

82953 (1)  8294%10 1007 0 o (D)*

8313.0 1 831267 100" 0o o D#

8334.1 1 8333%5  100* 0o o D#

83575 1 8357418  100* 0o o D#

8382.1 (1) 8381710 1007 0 o (D)*

8403.7 8403311 100" 0o o

84135 1 841314  100* 0o o D#

84406 1 8440%4  100* 0o o D#

8467.7 8467415 100" 0 o

8501.2 T 8500.8' 4  100* 0o o =

8518 8514 3 100 0o o

8544 854% 4 100 0 o

85535 1 8553112 100* 0 o lid

8588.3 1 8587%7 100" 0o o lid

85082 1 8597810  100* 0 o lid

86256 1 8625%10 100* 0 o D¥#

8664.1 1 8663%5  100* 0 o D¥#

87166 T g716.¥5  100* 0 o =g

8751.0 1 8750%8  100* 0 o D¥#

8760.4 1 8759%5  100* 0 o D#

88120 1 8811%13  100* 0 o D¥#

88332 1 88328 100" 0 o D¥#

88749 1 8749 100* 0 o D#

8903.0 890248  100¢ 0 o

8927.4 8926464 1007 0 o

8958.13 (15) 899.7A20 100® 8058.41 (14y E12 3.71x104 18 B(E1)(W.u.=9x10* +9-4
1520.28 22 <18  7437.82 (13)

89784 (1)  8977%9 1007 0o o (DY

8985 89s¥ 2 100 0 o

90047 1 9004%5  100* 0 o D#

9014.0 9013%8  100¢ 0 o

9034.0 9033%8  100¢ 0 o

90436 1 9043%4  100* 0 o D#

9053.5 905367 1007 0 o

£2-%%1zZ¢

S133HS V1va dv3T10NN
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyJr Ef X Mult. 5% P Comments
9085.1 1 9084% 3 1007 0o o 0%
91111 1 9110%6 1007 0o o 0%
9123.6 9123% 7 1007 0o o

9137.5 913767 1007 0o o

91485 T 9148.0 3 1007 0o o E1*
9164.9 91644 7 1007 0o o

9177.5 9177865 1007 0o o

9187 9186 3 1007 0o o

9196.5  (f) 9196.0 3 100* 0 o0 (E1Y*
9260.5 1 92606 6 100* 0 o D
92928 1 929245 100* 0 o D
93094 1 930847 100* 0 o D
93334 T 9332.9 6 100* 0 o Ex?
9373.2 937287 100* 0 o

93924 1 9391%8 100* 0 o D
9409.4 9408911 1007 0 o

9424.3 9423810 1007 0 0o

94447 1 9444% 4 100 0 0o 0%d
94651 1 9464% 5 100 0 0o 0%d
94868 1 94864 4 100 0 0o 0%d
95105 (1) 9510613  100¢ 0 0o 0)id
95241 1 9523%13  100* 0 0o bid
9539.2 1 9538% 5 100 0 0o 0%d
9551.4 1 95504 6 100 0 0o 0%d
9563.0 1 9562% 6 100 0 0o 0%d
9609.2 96085 7 100 0 0o

9625.1 9624% 8 100 0 0o

96404 1 9639788 100 0 0o 0%d
9666.0 (1) 966548 100 0 0o 0)id
96783  (r) 9677.#7 100 0 0o (E1Y*
9686.9 1 96864 6 100 0 0o ¥
9707.00? (18) 748.8R€20 100" 8958.13 (15) (M1(+E2)® -0.1515 1.2710°32 B(E2)(W.u.)=5 +16-4; B(M1)(W.u.)=0.105+39-26
97332 1 9732%5 1007 0o o 0%
9741.7 97414 7 1007 0o o

97540 1 9753% 6 1007 0o o 0%

2091758
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyJr Et WA Mult. ot oP Comments
9784.6 978485 1007 0o o
9805.4 9804810 1007 0o o
9836.01 (15 1777.6'3 1007 8058.41 (14)
98434 1 9842%6 100" 0 o D¥#
98555 1 985488 100" 0 o D¥#
9872.4 1 0871%4 100" 0 o D¥#
9890.7 (1) 9890413  100* 0 o (DY
9901.9 9901813 100" 0 o
9932.1 1 9931%12 100" 0 o Did
9962.8 1 9962%5 100" 0 o Did
9984.1 9983811 100* 0 o
10004.2 1 10003%10  100* 0 o Did
10019.6 1 10019%11  100* 0 o Did
10031 10038 2 100 0 o
10042.9 (1) 10042.% 4  100* 0o o (E1Y*
10083.8 1 10083%6 1007 0o o D#
100942 1 10093%7 1007 0o o D#
10104.9 (1) 1010412  100* 0o o (D)*
10123.7 1 10123118 1007 0o o D#
10125.84 (16) 289.8% 6 57.2 23 9836.01 (15 MI1(+E22 -0.016 0.0120518 B(M1)(W.u.)=0.54+25-14
&: from y(6) andy(lin pol) in (180,4ny).
1167.78 20 107 4 8958.13 (15) E1(+M2)& -0.025 2421045 B(EL)(W.u.)=2.2x10* +11-6
5: from y(6) andy(lin pol) in (80,4ny).
2067.4 3 <5.18 8058.41 (14)
10146.8 1 1014679  100* 0 o lid
10163.4 1 10162%8 100" 0o o lid
10193.0 1 1019275  100* 0o o lid
10216.8 1 10216710  100* 0o o lid
10233 1023% 4 100 0 o
10241 (1) 102482 100 0 o (DY
10260.9 10260%11 1007 0 o
10270.0 10269%7 1007 0 o
10286.2 1 10285%6 100 0 o D¥#
10298.3 (1)  10297%10 100 0 o D¥#
10306.6 1 1030679  100* 0 o D¥#

Ge-%Z5%
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyJr Et N Mult. ¥ Comments
10315.1 1 10314%4 100 0o o D#
103349 1 10334736 100 0o o D#
10361 (1) 103682 100* 0 o (D)*
10376.8 1 10376%4 100 0o o D#
104025 1 10401%9 100 0o o D#
10494.5 (1) 104937811 100* 0 o (D)*
10507.9 1 10507%8 100 0o o D#
10524.6 1 10523%4 100 0o o D#
10595.0 1 10594787 100 0o o D#
10618.7 1 1061878 100* 0 o lid
10638.5 1 10637789 100* 0 o lid
10682.2 1 10681756 100* 0o o lid
10713.2 (1)  10712%12 100* 0 o (DY*
10728.2 1 10727911 100* 0 o lid
10764.9 (17) 639.602 8 1007 23  10125.84 (16) (M1+E2@ B(E2)(W.u.»>6.7x10"% B(M1)(W.u.)>2.7x10°7
928.9 7 <5.72 9836.01 (15)
1806.7 8 <4582 8958.13 (15)
10827.1 1 108265 100* 0 o Did
10914 (1) 10918 2 100* 0 o (D)*
10957 1 10958 2 1007 0o o D#
10987.0 1 10986710 100 0o o D#
11044 11048 2 1007 0o o
11094.2 11093% 15 100 0o o
11108.0 111077316 100 0o o
111204 1 11119%9 100 0o o D#
11129.2 11128%17 100 0o o
11140 11138 2 1007 0o o
112324 1 11231%7 100 0o o D#
112432 1 1124276 100 0o o D#
11337.7 1 11336%6 100 0o o D#
11403.9 (18) 639.¢% 8 1.0x10°83  10764.9 (17) (M1+E272
1278.f2 10 <3.9%  10125.84 (16)
114175 (1)  11416%7 100* 0 o (D)*
114522 1 11451710 100 0o o D#
11479.7 1 11478%8 100 0o o D#

9z-%%17¢
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Adopted L evels, Gammas (continued)

v(®9Zr) (continued)

Ei(level) J Eﬂ& IyJr Et N Mult. ot P Comments
11501 11508 3 100 0 0+
11510 11508 7 100 0 0+
11531 1 11538 2 100 0 0+ D#
11627.9 1162749 100 0 0+
11651.5 (1) 1165078 100* 0o 0 (D)*
117774 1 11776%10 100 0 0+ D#
11788 1 1178% 3 100 0 0+ D#
11963.3 (1) 11962718 100* 0o 0 (D)*
11984 1 1198% 2 100 0 0+ D#
120206 1 1201978 100 0o 0 lid
12067.8 1 12066799 1007 0o 0 lid
12110.7 (19)  706.8* 3 100* 10 11403.9 (18) (M1(+E2)® -0.35 0.001518 B(ML)(W.u.)=0.39+14-18
6: from y(6) andy(lin pol) in (180,4ny).
1345.4' 8 <9.88  10764.9 (17)
122083 1 12207%12 100* 0o 0 bid
12219.6 838 6 18 3842.34 2
89192 6 26 3308.10 2
9467@ 6 16 2747.875 3
100332 6 47 2186.273 2
104532 6 40 1760.74 0
122129 6 100 0o o
122436 1 12242% 14 100 0 0+ D#
12496.3 12495% 18 100 0 0+
12880.3 128797310 100 0 0+
12964.7  (20) 854.06130 1.0x10723  12110.7 (19)
1560.8 5 <10.A 114039 (18)
131102 (2) 92709 3842.34 2
9800@ 3308.10 2
103602 2747.875 3
109202 2186.273 2
113502 1760.74 O
131109 0o o

T From (n,dy), except where noted.

¥ Fromy(6) in (n,n’y) except where noted.
§ From 9ONb ¢ decay.

12-%517%%
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Adopted L evels, Gammas (continued)

¥(®9Zr) (continued)

& From89Y(p,y) reaction.

@ From89Y(p,y). From level energy dierence for level 13110; not included in level energy fit.

# From 90Zr(y,y").

a From 5Ge(80,4ny).

b Total theoretical internal conversion dbeients, calculated using the Bricc cod®(8Ki07) with Frozen orbital approximation based gmray energies,
assigned multipolarities, and mixing ratios, unless otlies specified.

¢ Multiply placed.

d Multiply placed with undivided intensity.

€ Placement of transition in the level scheme is uncertain.

8z-%%175%

S133HS V1va dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

907y, 29 NUCLEAR DATA SHEETS 3025029

90y B~ decay (64.00h)  1976Gr16,1990Zh20

Parent:2°Y: E=0; J'=2"; T1,,=64.00 h21; Q(37)=2278.516; %3~ decay-100.0

1976Gr16 Y(n,y), chemical separation.z8-counting,y(t) with Ge(Li).

1990Zh20 90Sr source witt?OY in equilibrium. Measuredy with HPGe detector in low-background setup.

For relative measurement of the longitudinal electron ppddion, seel971Jo17

For studies of shape factors, sE864Dal16 1966Ri01 1971Na09 1975FI07 1983Ha35 2005Gr41

For measurements @f using liquid scintillator detectors sd®93Gr09 1993Gr18 1994Gr2] 1994Gr30 1995Gr04 2005Gr41
using solid scintillator detectors, s@893Vall 1993Yal7 1994Us01 1994Sz09 detecting Cerenkov radiation, see
1994Br451995Ra27 using gas-flow proportional counters, sE896Be48 using photomultipliers, se€992B035 using
ion-chambers, se£996Wo008

907r Levels
E(evell  FT Ty
0 0"  stable
1760.7414 0O
2186.27314 2*
T From the Adopted Levels.
B~ radiations
E(decay) E(level) ,/j‘T Log ft Comments
(92.216) 2186.273 141063 11.0410 187: From measured intensity of 218§1976Gr16.
(517.816) 1760.74 0.01134 9.64 6 18~: From measured #()/1(3~)=0.0000344 (1961La07 and
I(ce)l(y*)=2.388 (1962Ne02.
(2278.516) 0 99.988514 9.2240Y 23 Measureds~ endpoint energies: 2265 ke (1957Yu0§; 2261 keV3

(1958J033; 2271 keV2 (1961Ni02); 2268 keV2 (1964An13; 2273 keV
5 (1964Lal3; 2284 keV5 (1964Dal6; 2275 keV5 (1966Haly; 2280
keV 5 (1966Ri03; 2275 keV3 (1993Gr17.

 Absolute intensity per 100 decays.
y(%zr)

Probability of two-photon decay for 1760.7+ @o 0" transition is 0.04095, weighted av of 0.051925 (1973Na0}, 0.0317%77
(1973As04, 0.039%12 (1989Mul3, and 0.052%L0 (1993Ba6%. Others:1961La07 1970Ha27 1970Va09

Probability of one-photon EO transition for 1760.7 relatio internal conversion isx&0~7 2 (1990Zh2(. Probability of
two-photon EO transition relative to internal pair convensis 7.4x10~4 14 (1993Ba65.

E,T Ei(eve) J Ef Jf
1760.7020 176074 O 0 O

Mult. T I(ch)i Comments

EO 0.011514 ce(K)(y+ce)=0.891; ce(L)(y+ce)0.111

l(y+cq: derived from B~ to this level, see comment ofl.

Probability of one-phonon EO transition relative to intrn
conversion is %107 2 (1990Zh29).

internal pair production of 1760.7 EO transition, branchin
ratio=0.0032015 pairg100 decaysZ020Pi0}, 0.003264
pairg100 decays2020Dr0J, 0.00318647 pairg100 decays
(2007Se0L

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Jo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Da16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ri01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Na09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Fl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ha35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Gr41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Gr09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Gr18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Gr21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Gr30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Gr41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Va11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ya17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Sz09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Br45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ra27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Be48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Bo35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Wo08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961La07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Ne02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Yu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958Jo33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Ni02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964An12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964La13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Da16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ha15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ri01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Gr17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Mu12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ba65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961La07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Va09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ba65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Pi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Dr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Se01,B

907r,-30 NUCLEAR DATA SHEETS 30250730

90y g~ decay (64.00h)  1976Gr16,1990Zh20 (continued)

v(®9Zr) (continued)

EyT Iyi Ei(level) J E¢ Mult. ¥ od Comments

2186.24225 1.4x10°%3 2186.273 2 0

i

0" E2 5.36¢10°4 ly: From absolute countingl@76Gr1§. Other:
1.12x10°% 6 from measurement of activity in
equilibrium with a9Sr source 1990Zh20. The
method of normalization 0£990Zh20is however
not described.

* From the Adopted Gammas.

¥ Absolute intensity per 100 decays.

S Total theoretical internal conversion dheients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Zh20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

ggzr50-31 NUCLEAR DATA SHEETS

90
4OZr50-31

90y B~ decay (64.00h)  1976Gr16,1990Zh20

Decay Scheme

Intensities: |,.,ce per 100 parent decays

2_ 0  64.00h21
Q =2278.516 %B-=100 N
90 S
39751 N ©
& <
Q
W S
1B~ Log ft \ qg)’?' &
QO
14x10°1104 \2+ v & 2186.273
N
0.0115  9.64W 0t ~ 1760.74
999885 92240V \0+ 0 stable
90
20<%s0
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07y, -32 NUCLEAR DATA SHEETS 2050732

0y B~ decay (3.19h)  1976Gr16

Parent:20Y: E=681.684; J'=7"; T1/2=3.19 h1; Q(87)=2278.516; %5~ decay-0.0018020

90Y.965~ decay: From measured 1(231)9(480y)=1.89<10"°> 18 (1976Gr16; in agreement with upper limit of>8L0~> (1973Ral).
Value is recalculated by evaluator with adopted photon diteng ratios.

1976Gr16 Y(n,y), chemical separation. Measurg) with Ge(Li).

Other: 1973Ra10

0z Levels
E(level)l  JF LT
0 (0 stable
2319.0009 5 809.2 ms20

* From the Adopted Levels.

B~ radiations

E(decay) E(level) ,/j‘T Log ft
(641.216) 2319.000 0.0012 9.62“5

 Absolute intensity per 100 decays.

y(%zn)
= L¥  E(eve) J Ef ¥ Mult? od
2318.96810 100 2319.000 5 0 0" E5 4.64107

* From the Adopted Gammas.

¥ For absolute intensity per 100 decays, multiply by 0.000218

$ Total theoretical internal conversion dheients, calculated using the Bricc cod008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ra10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ra10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

ggzrso-ss NUCLEAR DATA SHEETS

90
4OZr50-3 3

90y B~ decay (3.19h)  1976Gr16

Decay Scheme

Intensities: |, ¢ per 100 parent decays

7 681.68 3.19h1
Q =2278.516 %B-=0.00180 o
90 S
39Y51 N
&
(2]
©
1B~ Log ft o
- - "7
0.0018 9.62W \5* v 2319.000
0+ 0
90
20<%s0

809.2 ms20

stable
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9071, 34 NUCLEAR DATA SHEETS 2025034

ONb ¢ decay ~ 1990M e15,1982Wa24

Parent:2°Nb: E=0.0; J=8"; T1/2=14.60 h5; Q(¢)=6111.030; %es+%5" decay=100.0

1990Mel15 Measured precisionjeand ly with carefully calibrated Ge(Li) detector systems.

1982Wa24 Measured precisionjg y(t), yy and delayed-y coin with Ge(Li)-Nal escape-suppression spectrometer@a(Li).

1968Pe01 Measuredy singles and ce(t) spectra with chemically separated ssurce

1987Bel2 yy(#) with Nal-Ge(Li) detectors.

1964L002 DelayedBy coin with anthracene and Nal.

Others:19540n06 1955Ma3] 1957Sh321958Lal2 1959Bj39 1960Ha06 1966Pe1p1970Tu04 1971Za03 1975Pa07 1980Iw03
2001Ba06

Decay scheme is based gf coin and energy sum4982Wa24.

Total energy release in the decay is 6040 l&/as computed by the code Radlist, compared to the Q value df 811

0z Levels

E(level)f b T12 Comments

0 o* stable
1760.7415 o*
2186.26519 2+
2318.99119 5° 809.2 ms20 g=1.25026 (1987Ed02
g: From nuclear magnetic resonance on oriented nuclei.

2739.295  (4)
2747.86721 3°
3076.91721 4*
344822121 6*

3589.40922 8F 125 ns6 Ty/2: From delayegBy coin (1964L003.
4232.213 67,77

4319.02710

4375.067 s

4541.364 6*

4640.945

5059.973 7+
5164.483  (8)*
5247.525  OF
5432.783  7+,8%,9¢
5589.46710

T From a least-squares fit toyEby evaluators.
¥ From the Adopted Levels.

&,B* radiations

&+B* branches are obtained from+ce imbalance at each level.

E(decay)  E(level) gt lef Logft  I(e+p%)T
(522" 3) 5589.467 001 7357  0.071
(6783)  5432.78 1.48  6.28111 1.403
(8633)  5247.52 0.3385 7.11620 0.33515
(9473)  5164.48 1.0124 6.71511 1.01724

(10513)  5059.97 468  6.1489  4.649

(214703) 4640.94 0.0046@3 0.2149  7.77918 0.2199
(17363) 4375.06 0.01a 0.0889  8.315 0.09810

(17921 3) 4319.02? 0.009 0.061 8.507 0.071
(18793) 4232.21 0.034 0.14120 8.186 0.17224

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Lo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1954On06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1955Ma31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Sh32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958La12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Bj39,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ha06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Tu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Za03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Pa07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Iw03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ed02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Lo02,B

90
4OZr50-35

NUCLEAR DATA SHEETS

90
4OZr50—35

E(decay) E(level) pa* T
(25223) 3589.409 512
(26633) 3448.221 <4

9ONb & decay ~ 1990M e15,1982Wa24 (continued)

€,8" radiations (continued)

1ef  Logft  i(e+ph)T

361 6.02816 873
<2 >7.3 <6

T Absolute intensity per 100 decays.
¥ Existence of this branch is questionable.
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T.T

90Nb & decay

1990M €15,1982Wa24 (continued)

y(%%zr)

For adjusted k and ly (based on energy sums and intensity balance)l982Wa24

For a search for the 2319 to 1761 ES5 transition with mini-geadetectors, seE985HazI

E«yfF Iyi& Ei(level) J Et NH Mult.§ 58 2@ Comments
132.71618 50.45 2318.991 5 2186.265 2 E3(+M4) <0.07 2.9711 Mult.: a(K)exp=2.1115; K/L=3.2216 (1968Pe0}L
Mult.: (132.7%)(2186.3)(6): A,=+0.18738, A,=—0.06336
(1978Bel2.
§: +0.06 10 from yy(6); 0.007 from ce measurements.
141.17815 8148 3589.409 8 3448.221 & E2 0.316 Mult.:a(K)exp=0.26819; K/L=6.2533 (1968Pe0}
Mult.: (141.3/)(1129.2)(6): A,=—0.07012, A4,=—-0.00310
(1978Bel2.
§: —0.02 +11-5 from yy(6); 0.054 from ce measurements;
both consistent with no M3 admixture.
224 <0.08 454136 6 4319.02?
2682 <0.05" 543278 7,8°,9" 5164.48 (8)
309 <0.11 4541.36 6 4232.21 6,7
329.05816 1.505 3076.917 4 2747.867 3
337.5015 0.31 3076.917 4 2739.29 (4
371.3078 22.08 3448221 6 3076.917 4 E2 0.01064 Mult.:a(K)exp=0.0886.
40P <0.11 4640.94 4232.21 QG7°
420.285 0.333 2739.29 (4 2318.991 5
425.52 0.061 2186.265 2 1760.74 @ E2 0.00688
42FR <0.060 2747.867 3 2318.991 5
518.606 8.46 5059.97 7 4541.36 6 a(K)exp=0.0019517.
5242 <0.23" 5164.48 (8§ 4640.94
561.60411 1.464 2747.867 3 2186.265 2
623 <0.23" 5164.48  (8) 4541.36 6
64F <023 423221 6,77 3589.409 8
757.955 0.495 3076.917 4 2318.991 5
7842 <0.08" 423221 6,77 3448.221 6
792.0519 0.134 5432.78 7.8v,9" 4640.94
827.744 13.52  5059.97 7 423221 6,7 E1 419104  Mult.: o(K)exp=0.000334.
Mult.: (827.7%)(1913.2)(6): A»=+0.16440, As=+0.06235
(1978Bel2.
890.645 22.05 3076.917 4 2186.265 2 (E2) 8.8x10% Mult.: a(K)exp=0.000766.
Mult.: (890.6y)(2186.3)(6): A,=+0.13251, A4,=—-0.02348
(1978Bel2.
§: +0.057 from yy(6); 0.0 1 from ce measurements; both
consistent with no M3 admixture.
8912 <0.700  5432.78  7,8".9" 454136 6

9e-%17¢

S133HS V1va dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985HaZI,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B

[AA)

9ONDb & decay

1990M €15,1982Wa24 (continued)

¥(®9Zr) (continued)

Eﬁ Iyi& Ei(level) J Ef N Mult.$ @ I(y+ce)& Comments
932 <1.47 5164.48 (8 423221 6,77
9522 <0117 454136 6 3589.409 8
1051.534 261 4640.94 3589.409 8
1057.81 0.216  5432.78 7.,8t,9" 4375.06 7
1093.149 1.21 4541.36 6 3448.221 6
1129.22415 11305 3448.221 6 2318.991 5 E1l 241074 Mult.: @(K)exp=0.00019711

Mult.: (141.3/)(1129.3)(6): A,=—0.07012,
A4=-0.00310 (1978Bel2.

6: —0.027 from yy(6); 0.00014 from ce
measurements; both consistent with no M2
admixture.

1155 <0.060 423221 6,7 3076.917 4

1192.71 0.202 4640.94 3448.221 6

12012 <0.23 5432.78 7.,8t,9" 423221 6,7

1270.39618 15.83 3589.409 8 2318.991 5 (E3) 7.6%10™4 Mult.: a(K)exp=0.000687.
1464 <028 454136 6 3076.917 4

1470.52824 562 5059.97 7 3589.409 8

149F <011 423221 6,77 2739.29 (4)

1575.03523 6.32 5164.48 (8y 3589.409 8 M1,E2 3.6410%48 Mult.: a(K)exp=0.000236.
1611.763 29.08 5059.97 7 3448.221 & M1,E2 3.6%10%49 Mult.: a(K)exp=0.00024022.

Mult.: (1611.8/)(1129.2)(6): A»=-0.08820,
A4=+0.01318 (1978Bel2.

6: +0.357 or +2.45 from yy correlation.

1658.104 4.0818 5247.52 9 3589.409 8
1716.273 6.12 5164.48 (8y 3448.221 & (E2) 3.9x104 Mult.: a(K)exp=0.000217.

Mult.: (1716.2/)(1129.2/)(6): A,=-0.01175,
A4=+0.04160 (1978Bel2.

1760.7020 1760.74 0O 0 o EO 0.06010 E,: Conversion electrons observed b968Pe01
ly+ce: From intensity balance, assuming ao
feeding.

Mult.: a(K)exp > 4.8.

1843.34222 8.42 5432.78 7.,87,9" 3589.409 8 M1,E2 4.0&10% 14 Mult.: o(K)exp=0.00016623.

1913.19425 15.62 4232.21 6,7 2318.991 5 M1,E2 4.2%10% 16 Mult.: o(K)exp=0.00014417.

1984.543 8.33 5432.78  7,87,9" 3448.221 6 (1984.5)(1129.2/)(6): A2=—0.00654, A4=—0.03650
(1978Bel2.

2000.72 3 0871 4319.027? 2318.991 5

2000.72 3 0871 5589.467 3589.409 *8

2056.108 141 4375.06 7 2318.991 5

2186.24225 2192 2186.265 2 0 (0 E2 5.36<10°4 Mult.: a(K)exp=0.00012310.

2222.343 763 4541.36 6 2318.991 5 a(K)exp=0.000103.

16-%517%%

S133HS V1va dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Wa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Be12,B

€LT

9ONb £ decay  1990M €15,1982Wa24 (continued)

¥(®9Zr) (continued)

Eyi Iyi& Ei(level) J Et 5 Mult.$ 2@ Comments
2318.95925 10002 2318.991 5 0 0 E5 464104 Mult.: o(K)exp=0.00038530 (1984HaZg.
X2321.92 92
2322 <0.10°  4640.94 2318.991 5
2741.03 0.093 5059.97 7 2318.991 5 E3 5.86¢1074
2747.83 0.062 2747.867 3 0o 0
2845 <0.02 5164.48 (8} 2318.991 5
3114 <0.02" 543278  7,8°,9* 2318.991 5

T Upper limits from1982Wa24renormalized to current normalization.

¥ From 1990Me15 except as noted.

§ From the Adopted Gammas. For cases where values origiratetfis dataset, supported evidence is included in the cortsme

& For absolute intensity per 100 decays, multiply by 0.08203

@ Total theoretical internal conversion dbeients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation based gsray energies,
assigned multipolarities, and mixing ratios, unless oflez specified.

# Multiply placed with undivided intensity.

2 Placement of transition in the level scheme is uncertain.
X'y ray not placed in level scheme.

ge-%%175%

S133HS V1va dv3T10NN
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QOZr

40 50'40

NUCLEAR DATA SHEETS Zng50—4O

07y |T decay (809.2ms)  1990Mel5

Parent:®°Zr: E=2319.0009; ¥'=5; T1,2,=809.2 ms20; %IT decay-100.0
907 Levels

E(evelf T Tl

0.0 o stable
1760.7415 o+ 61.3 ns25
2186.26519 2F 88 fs3
2319.0009 5- 809.2 ms20

T From the Adopted Levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B

9.7

90Zr IT decay (809.2ms)  1990M el5 (continued)

y(%%zr)

ly normalization: FronEl(y+ce)(to g.s.3100. A sum of §=ce out of the 2319-keV level gives a normalization of 0.0888h larger uncertainty due to
possibility of M4 admixture in the 132y7

Eﬁ IyTi Ei(level) J E¢ NH Mult. T st a8 I(y+ce)fF Comments
132.71618 50.45 2319.000 5 2186.265 2 E3(+M4) <0.07 29711
425.52 0.061 2186.265 2 1760.74 @ E2 0.00688
1760.7020 1760.74 v 00 0 EO 0.06010 ly4cq: from transition intensity balance.
2186.24225 2192 2186.265 2 00 O E2 5.36¢10°4
2318.95925 10002 2319.000 5 00 0 E5 4.64¢10°%

T From ?°Nb ¢ decay.

* For absolute intensity per 100 decays, multiply by 0.0820

§ Total theoretical internal conversion dheients, calculated using the Bricc codQ8Ki07) with Frozen orbital approximation based grray energies,
assigned multipolarities, and mixing ratios, unless oflies specified.

Tr-"512%%

S133HS V1va dv3T10NN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Me15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

0z¢_ 42

42 NUCLEAR DATA SHEETS 40-'50

907, _
40%"50

90Zr IT decay (809.2ms)  1990Mel5

Decay Scheme Legend
Intensities: |, ce per 100 parent decays
%IT=100.0 — |y < 2%xIP™
. — 1y < 10%x1D
. 3 1y > 10%x i
¥ A
cg’ § /\09 9
¢ 5 P
& voQ
S o Y o o
cbo) ’{\/ (é‘\’ & N
. & ,{’:9\/ o 0 o
5 V.\,‘b_é'; S 2319.000 809.2 m<L0
2t v o 2186.265 88 fs3
>
N
0" ~ 1760.74 61.3 ns25
(O 0.0 stable
90
40Z"50

177



QOZr

40 50'43

NUCLEAR DATA SHEETS

90
40Zr50—43

1985Wa09 E(180)=40-80 MeV. Measured excit;y coin, y(6), y-ray linear polarizations, DSA and recoil distance. Ge clets.

E(levelf g%

0 ot
1760.6920  O*
2186.2858  2*
2319.0028 5
2739.295 4
2747.83924 3-
3076.89911 4*
3448.19310 6"
3589.44610 8"
5164.46318 (8%)
5247.49823 9*

6Ge(80,4ny)  1985Wa09

907y Levels
T]_/g# E(|(—'.“V€|)T Jﬂi Tl/Z# E(IeveI)T J’Ti Tl/Z#
5644.045 10t <28 ps 7437.848 (13" 2.9 ps5
5792.073  9() 8058.4211 (14)"  0.28 psl4
6279.6911 (11)* 8958.1323 (155 0.5 ps3
6376.129  10¢) <28 ps 9707.0?3  (167)  0.49 psl4
6721.119  (107) 9836.03 (15)*
6769.5019 (12%) 10125.83 (16)*  0.62 ps21
6953.967 (117 <28 ps 10764.978  (17°)  0.14 psl4
7008.637  (11) 11403.911  (18")  0.21 psil
7025.617  (10)* 12110.811  (19*)  0.14 ps5
7194.367  (11)* <28 ps 12964.812  (20) <0.35 ps
<28 ps| 7223.917 (12)* 59 ps10

T From a least-squares fit toyEby evaluators.
¥ From 1985Wa0%ased om(d), linear polarization and RUL assuming J(initial)final) and using systematics for the alignment

codficients.

# From DSA and RDM {985Wa09.
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1985Wa09 (continued)

pAGac4))
E, IyJr Ei(level) J Ef N Mult. ot o Comments
29.578 14.520 7223.91 (12 7194.36 (11 (M1) 6.7411 I,: From E. Warburton, priv. comm.
Mult.: No polarization data available. Mult. is from
intensity argumentsa(for E1 and M1 are 3.7 and 6.8,
respectively). Absence of E2 admixture is from RUL.
Mult.: A»=—0.0164 (1985Wa09.
54.665 2.1530 7008.63 (1) 6953.96 (11) ly: From E. Warburton, priv. comm.
A»=+0.07616 (1985Wa09.
132.71% 3 16.510 2319.002 5 2186.285 2 A»=+0.0011, A4=+0.0011 (1985Wa09.
X134.343 407 A»=-0.00312 (1985Wa09.
141.25% 2 26010 3589.446 8 3448.193 6 E2 0.316 }: Unresolved from impurity line. From intensity
balance at the 3448 level, usiagexp)=0.32 for 141
Y.
Mult.: A»,=+0.0233, A4=-0.0073, Pok+0.0323
(1985Wa09.
168.7604 30.810 719436 (11 7025.61 (10) MI1+E2 0.10759 Mult.: A»=-0.0302, A4=0.0002, Pok=-0.0228
(1985Wa09.
213.934 1776 7437.84  (13) 722391 (12) MI1+E2 -0.073 0.02645 Mult.,6: A»=-0.0322, A4=+0.0022, Po=-0.0194
(1985Wa09.
215.274 37.230 722391 (12) 7008.63 (11) Mult.,6: A»=-0.0379 (1985Wa09.
269.935 78.525 7223.91 (12 6953.96 (11) E1(+M2) -0.023 0.0065116 Mult.,6: A=—0.0261, Pok=+0.0366 (1985Wa09.
287.557 18.05 7008.63  (11) 6721.11 (10) MI1+E2 -0.075 0.0123521 Mult.,5: A,=—0.0352, Pok=-0.03512 (1985Wa09.
289.836 22.39 10125.8 (16) 9836.0 (15§ MI1(+E2) -0.016 0.0120518 Mult.,5: Ap=—0.0253, Pok=-0.03014 (1985Wa0).
329.052 25  ~0.58 3076.899 # 2747.839 3
337.652 20 ~0.12 3076.899 # 2739.29 4
345.2420 8.67 6721.11  (10) 6376.12 16) A,=+0.0403, A4=0.0003 (1985Wa09.
371.295 7 6.15 3448.193 6 3076.899 % E2 0.01064 Mult.: A=+0.0275, A;=+0.0045 (1985Wa09.
420.242 5 ~0.12 2739.29 14 2319.002 5
425582 20 ~0.14 2186.285 2 1760.69 O
X429.98 13.210 M1 0.00457 Mult.: A=-0.0334, Pok-0.0258 (1985Wa09.
441.42b 13 <18 6721.11  (10) 6279.69 (11j
X484.7525 24.210 M1 0.00344 Mult.: A=-0.01710, Pok-0.0047 (1985Wa09.
489.8115 12.05 6769.50 (12) 6279.69 (11) (M1+E2) -0.266 0.003426  Mult.,6: A,=-0.0625, A4=+0.0145, Pok-0.0057
(1985Wa09.
*516.4025 9.410 M1 0.00296 Mult.: A=-0.0396, Pok=-0.01810 (1985Wa09.
561.552 5 ~0.55 2747.839 3  2186.285 2
584.04 8 § 6376.12 167 5792.07 &) l,: 14 +10-4.
Pok=-0.02710.
620.588 1485 8058.42 (14y 7437.84 (13} MI1+E2 -0.145 0.00194 Mult.g: A,=-0.0394, Pok-0.0152 (1985Wa09.

051758
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1985Wa09 (continued)

v(®9Zr) (continued)

#

E, Iﬂ Ei(level) J Et N Mult. ¥ 5 o Comments

639. 8 44210 10764.97 (17) 10125.8 (16 (M1+E2) 0.0019414  Mult.,5: Ap=—0.0465, Pol=—0.0177 (1985Wa09
for doublet.

639. 8 38210 11403.9  (18) 10764.97 (17) (M1+E2) 0.0019414  Mult.,5: Ay=—0.0465, Pol=—0.0177 (1985Wa09
for doublet.

706.83 20520 12110.8  (19) 11403.9 (18) (M1(+E2)) -0.35  0.001455 Mult.,s: A,=—0.08060, Pok=+0.01012
(1985Wa09.

X713.0520 13.65 M1 1.41x10°3 Mult.: Ap,=+0.0124, A;=+0.0054, Pok—0.022
19 (1985Wa09.

748.8P 20 16.08 9707.0?  (16) 8958.13 (15) (M1(+E2)) -0.1515 1271032  Mult.,5: A;=—0.0565, Pol=—0.00020 (1985Wa09.

757762 20 ~0.18 3076.899 # 2319.002 5

818.235 69.220  7194.36 (11) 6376.12 167 E1(4+M2) -0.024 43010410 Mult.,5: A,=—0.0263, A4=0.0004, Po=+0.0313
(1985Wa09.

8345808 <28 8058.42  (14) 722391 (12

854.03 144 12964.8  (20) 121108 (19 Pol=+0.04020 (1985Wa09.

890.61% 10  8.35 3076.899 4 2186.285 2 E2 8.8x107% Mult.: Apy=+0.0154, A;=—0.0024 (1985Wa09.

899.7120 92730  8958.13  (15) 8058.42 (14) E1(+M2) -0.077  0.000363 Mult.,8: A,=—0.0342, Pok=+0.04315
(1985Wa09.

928.9P 7 <258 10764.97  (17) 9836.0 (15§

920.03P9 <28 6721.11  (10) 5792.07 &)

1032.1910 22.09 6279.69 (11  5247.498 9 E2 6.24107 Mult.: A,=+0.0303, A;=—0.0123, Pok+0.061
14 (1985Wa09.

1077.08P8 <28 6721.11  (10) 5644.04 10

1128.27 506 6376.12 16)  5247.498 9

1129.18% 10 34012 3448.193 6 2319.002 5 El 2.41x107 Mult.: Ap=-0.0201, A;=+0.0012, Pok=+0.0223
(1985Wa09.

1167.7020 39.016 10125.8  (16) 8958.13 (15) E1(G+M2) -0.025 2421045  Mult.,5: A;=—0.0284, Pol=+0.0374 (1985Wa09.

1233.5410 558 7025.61  (10)  5792.07 & A,=—0.0294, A4=-0.0014 (1985Wa09.

1270.42% 15  5.24 3589.446 8 2319.002 5 Ap=+0.04415,

12788010 <15 11403.9  (18) 10125.8 (16)

1288.90P 21 <28 8058.42 (14 6769.50 (12)

1309.837 79.624  6953.96 (11) 5644.04 10  E1(+M2)  +0.022 2901045  Mult.5: A,=—0.02586, A4=—0.00046,
Pol=+0.0324 (1985Wa09.

1345.9b g <28 12110.8  (19) 10764.97 (17)

1364.7320 13.25 7008.63 (11) 5644.04 10  (E1(+M2)) -0.012  3.12x10°% Mult.,6: Ap=—0.0243, A;=0.0044, Pol=+0.008
10 (1985Wa09.

1381.83 1.9020 7025.61  (10) 5644.04 10 A»=+0.00820, As=—0.01930 (1985Wa0y.

14022707 <18 719436 (11 5792.07 &)

1473.6520 3.94 6721.11  (10) 5247.498 9 Ap=—0.0046, Ay=—0.0046 (1985Wa09.

1520.28P 22 <18 8958.13  (15) 7437.84 (13)

Gp-29175%
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1985Wa09 (continued)

v(®9Zr) (continued)

E, Iﬂ Ei(level) J Et N Mult. ¥ ot o Comments

1550.33 35030 7194.36 (11 564404 10 D Ap=—0.0717, A4=—0.0047 (1985Wa09.

1556.63P 9 <15 6721.11  (10) 5164.463 (8)

1560.8P 5 <1.58 12964.8  (20) 11403.9 (18

1575.008 20  3.05 5164.463 (8)  3589.446 8

1580.03 2.0020 722391 (12) 5644.04 10 (E2) 3.70k10°% Mult.: A,=+0.04814, A4=—0.01818 (1985Wa09.

1658.03% 20 955 5247.498 9 3589.446 8 E2(+M1) +1414 3.80x10°4 17 I,: Unresolved from impurity lines.yl is from
intensity balance.

Mult.,8: A,=+0.0044, As=+0.0305, Pok=+0.0075

(1985Wa09.

1716.24& 20 407 5164.463 (8)  3448.193 6

1777.6 3 ~22.3 9836.0 (15§ 8058.42 (14) Ap=-0.0222, A4=+0.0022, Po=+0.03310
(1985Wa09.

1778.16 7 19.88 20 702561  (10)  5247.498 9 A,=-0.0223, A4=+0.0022, Po=+0.03310
(1985Wa09.

1806.7P 8 <28 10764.97  (17) 8958.13 (15)

1861.43 5.3025 7025.61 (10) 5164.463 (8) (E2) 4.26¢1074 Mult.: A,=+0.02810, A;=—0.00612 (1985Wa09.

2054.555 1304 5644.04 10 3589.446 8 E2 4851074 Mult.: A,=+0.03215, A;=—0.01025, Pok=+0.0447
(1985Wa09.

2067.4b 3 <28 10125.8  (16)  8058.42 (14)

2186.25% 10 69.620  2186.285 2 o o E2 5.36¢107% Mult.: A,=+0.0022, As=—0.0032 (1985Wa09.

2202.603 25510  5792.07 &) 3589.446 8 (M1+E2) -0.074 5.0%10°% Mult.,8: A,=—0.0343, A;=—0.0043, Pok=+0.00417
(1985Wa09.

2318.96& 10 3068 2319.002 5 o o

2747.62 3 ~0.03 2747839 3 o o

T Fromy-ray data at Ef0)=60 MeV, except as noted.

¥ Fromy(6); 6 assumes given spin combinations.

§ Ey deduced from level energy ftkrence, ¥ estimated.

& Ey from 9ONb & decay (982Wa22.

@ Ey from 9ONb & decay (982Wa23, |y estimated.

# Total theoretical internal conversion dheients, calculated using the Bricc cod20Q8Ki07) with Frozen orbital approximation based gfray energies,
assigned multipolarities, and mixing ratios, unless oflez specified.

a Multiply placed with intensity suitably divided.

b Placement of transition in the level scheme is uncertain.
X'y ray not placed in level scheme.

op-29175%
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9071, 47 NUCLEAR DATA SHEETS 202547

87Sr(a,ny)  1971Gl06

1971GI06 E=10.3-13.5 MeV. Measured)E Ge(Li) detector.

0zr Levels

E(level)  FT

of o+

2186.3 2+

23199 5

2738.9 (4

27475 3

3076.9 4+

3305.0% 2+
34483 6"
3580.4 gt

T From the Adopted Levels.

¥ As given by1971Gl0o6

y(%zr)

E, Ei(level) J E¢ N
132.8 23190 5 2186.3 2
141  3589.4 8 34482 6
420 27389 (4 2319.0 5
561 27475 3 21863 2
891 30769 4 21863 2
1118" 3305.0?7 2 21863 2
1128 34482 6 23190 5
2186.3 2186.3 P 0 o
2319.0 23190 5 0 o

f Placement of transition in the level scheme is uncertain.
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20275748 NUCLEAR DATA SHEETS

90
40Zr50—48

885r(3Hen)  1974Da20,1976Fi09

1974Da20 E=16.86-25.49 MeV. Measured(E(n)), #=0°, neutron time-of-flight, enriched target. DWBA analysis.
1976Fi09 E=25.4 MeV. Measured-(0) for g.s., neutron time-of-flighy=0°-40°, natural target. DWBA analysis.

No additional excited levels were observed by tPidd,n) reaction up to 12.6 MeV and(1760x<c(g.s.) (L974Da20.

90z Levels
E(level L¥
0 0
1760
 From 1974Da20

¥ From 1976Fi09
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9071, 49 NUCLEAR DATA SHEETS 202549

88gr(160,14C),(12C,19Be)  1978Tu06

1978Tu06 E(160)=80 MeV, E{2C)=60 MeV. Measuredr(d), 6(c.m.)=10°-70°, semi, FWHM 150-200 keV, enriched target.
DWBA and CCBA analyses.
Other: 1973Ch10

0z Levels

E(level)
0
2190"
2320"
2740

2750
3080
3310

T Unresolved doublet. Separate experiment shows at leastt@@# 2320 level.
¥ Unresolved doublet.
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20254750 NUCLEAR DATA SHEETS

90
4OZr50—50

89Y(p,y)  19691r01,19795z06

1967BI07 E=2.8-10 MeV. Measured-(E), W(p), scin.

1969Ir01 E=3930 keV. Measured-(Ey), semi.

1973Ha62 E=5.4-17.0 MeV. Measured-(E,Ey,0), scin.

1974Ra04 E=4.82 MeV. Measured £ ly, semi.

1979Sz06 E=2.2-3.4 MeV. Measured ¥ ly, semi. Deduced gamma-ray strength function.

1987Sz02 E=3.7-11.5 MeV. Measured(E,Ey), semi. Deduced spectroscopic factors.

1993Sa38E=4 MeV. Measured E, ly, y(6), levels half-life. Doppler-shift attenuation, Detectdtal.

2013Ha03 E=2,3,4 and 4.8 MeV; # summing technique using Nal(Tl) detector; measuredlk, ly(d), angle integrated
cross-section; deduced astrophysical S-factor and oeaddites; statistical model calculations; TALYS code.

2015Ne07 E=3.65 to 4.70 MeV. Measured(E), Ey, ly.

The analog states are superimposed on the broad giant dgsmdaance centered at E(level5500 with a width'~4000
(1973Ha62.

Other: 2014Nel8

907y Levels
E(level)f Fe€ Tt c2sd Comments
0 0"

17623 o 0.80

2183 2* 82 fs +16-12

2320%0 5 1.16

2740% 4) 0.97

27483 3"

30813 4*

33083 2t 96 fs+6-5

38423 2t 14 fs+6-4

41263 ot

42333

44243 ot

45813 1+ 8.7 fs+13-9

46813 2t

49923

50953

51083 3"

51873 o+,1*,2

5275.2  (2%) 0.8 ps+2-1

53083

6640.2  (2%) 21 fs+7-6

7649.88  (2%) 0.55 ps+9-7
11936 26
122203
1248% 28
1277% 29
1297F 26
131102 E(level): Probable analog 8PY g.s. E(p)(lab}4810.
133102 E(level): Probable analog 8PY(203). E(p)(lab}:5010.
14430* E(level): Probable analog 8PY(1371). E(p)(lab}6140.
15500* E(level): E(p)(laby7220.
15700/ E(level): E(p)(laby7420.
15900* E(level): E(p)(lab}7620.
16290* E(level): Probable analog 8PY(3145). E(p)(lab}8020.
17300* E(level): E(p)(Ilab}9000.

Continued on next page (footnotes at end of table)
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9071, 51 NUCLEAR DATA SHEETS 40250751

89Y(p,y)  19691r01,1979Sz06 (continued)

907y Levels (continued)

E(IeveI)Jr Comments

19400* E(level): Possible analog resonance. E(p)&did)100.
208007 E(level): Possible analog resonance. E(p)&di2550.

 From 19795206 except as noted.

¥ From Doppler-shift attenuation metho#l993Sa38

# From 1973Ha62 For resonance parameters, 48¢3Ha62 Calculated from E(p) by evaluators using S{§353.1 keV16
(2017Wa1.

@ From 1967BI07 Calculated from E(p) by evaluators using S{p353.1 keV16 (2017Wal0.

& From 19875202

@ From 1993Sa38

b 2013Ha03confirmed population of this level from sum peaks and entayesat 11.317 MeV.

¢ From 2015Ne07

d From comparison with statisticadlirect-semidirect model, ¥5=1.31 for g.s. was used to determine the strength of the dptica
potential (987Sz02.

€ From the Adopted Levels.

¥(%0zr)
Ei(level) T E, Iy& Ef J  Mult. Comments
4581 g 4582.7 0 o (E2)§ Mult.: Assigned (E2) multi-polarity is not consistent wigh=1*, as
adopted for 4581 level.
5275.2 (2) 5275.3 o o (E28
6640.1 (2) 6640.8 0o ot (E2)8
7649.6 (2) 7649.6 0 ot (E2
12220 83836 18 3842 2
8919' 6 26 3308 2
9467' 6 16 2748 3
10033 6 47 2187 2
10453 6 40 1762 ©
12212 6 100 0o o
13110 9276 3842 2
9800F 3308 2
10360 2748 3
1092¢F 2187 2
11350 1762 O
13116 0 o

T From 19691r01

¥ Approximate B from level energy dierence. Observed H974Ra04
S From 1993Sa38

& From 19691r01
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sz06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Sa38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha62,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ha62,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Sz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Sa38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ne07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Sz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ir01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ra04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Sa38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ir01,B

9071, 52 NUCLEAR DATA SHEETS 3050752

89y (p,n),(p,ny)  1967Bl107,1968J001,1969Li17

1967BI07 E=4.7-6.5 MeV. Measured-(E), BFs-counter, scin.

1968J001 E=3.6-5.8 MeV. Measured-(E), 4r flat-response neutron detector.
1969Li17 E=5.4-7.8 MeV. Measured(E,Ey), semi.

Other: 1995Ka51

0zr Levels

E(Ievel)T Comments

13108 4 E(level): Probable analog 8PY(g.s). E(p)(lab¥4807 4.

13309 4  E(level): Probable analog 8PY(203). Not observed in (p,n) to the first excited staté$dr (1967BI07).
E(p)(lab)}=50104.

13940 E(level): Possible analog #tY(777). E(p)(lab}:5645.

14090 E(level): Possible analog #Y(954). E(p)(lab}:5800.

14220 E(level): Possible analog #tY(1048). E(p)(lab}5930.

14270 E(level): Probable analog #tY(1212). E(p)(lab}5980.

14310 E(level): E(p)(lax6025.

14410 E(level): E(p)(las6120.

14440 E(level): Probable analog #tY(1371). For resonance parameters $669Li17. E(p)(lab)=6150.

15510* E(level): Probable analog 8PY(2474). E(p)(lab¥x7230.

15690* E(level): Probable analog 8PY(2624). E(p)(lab}7420.

 Calculated from E(p) using S@$353.1 keV16 (2017Wal0.
¥ From 1968J001 For resonance parameters, 4868Jo011965Ma20 For angular distribution of neutrons, s&@66Ki08

1965Ma20
# From 1969Li17.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ka51,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Jo01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ma20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ki08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ma20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li17,B

90
4OZr50-53

NUCLEAR DATA SHEETS

90
4OZr50—5 3

1964F003 89Y(p,n)(p,p), measured(E).
1969Mi18 E=7.04-7.61 MeV. Measured(E.f), Si(Li), polarizationg), carbon foil polarimeter andE/E telescope.

89y (p,p),(pol p,p)  1964F003,1969Mi18,1973Gr08

1973Gr08 89Y(polarized p,p), E4.7-5.1 MeV. Measured(6), A(6).
Others:1969Li17, 1992Ch38

Data are froml964Fo03 except as noted.

E(level) J

1312030 1-,2,3°&
1332030 1-,2°,3°%
1427030
1440030
1555030 2-,(1)@
1570030 1-,(2)@

T Tin keV.
¥ From 1973Gr08
# From 1969Mi18
@ From 1969Mi18
& From L.

NN

rt

07 Levels

Comments

25.5 20 E(level):
27.7# 20 E(level):

607
607

E(level):
E(level):
E(level):
E(level):

Probable analog 8PY(g.s.).
Probable analog 8fY(203).
Probable analog 8PY(1212).
Probable analog 8PY(1371).

Proton configuration ¢d3. Probable analog SY(2474).
Proton configuration @3 Probable analog SY(2624).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Fo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Mi18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Gr08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Fo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Mi18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Gr08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Li17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ch38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Fo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Gr08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Mi18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Mi18,B

07y .54

407750

NUCLEAR DATA SHEETS

90
204750704

1964J0131967BI07 E=4.7-6.4 MeV. Measured yield of 909-keV isomeric transitisointillator.

Y (p.p").(p.p"y)

1967B107,1968L 004

1968L004 E=5.5-10.9 MeV. Measured(E), W(#), magnetic spectrograph.

E(level)f

13088
13314
13917
14095
1433%
14748
14878
14928
15578
15948
16148
16258
16278

@)
)
1)

)

)
1)

0z Levels

Comments

E(level): Probable analog 8PY(g.s.).
E(level): Probable analog 8PY(203).
E(level): Probable analog 8PY(777).
E(level): Probable analog 8PY(954).

 E(level) has been calculated from E(p) using S&853.1 keV16 (2017Wa1l0.

¥ From 1967BI07

# From 1968L004
@ Tentative assignment fromi(6) (1968L004.

189


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Lo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Jo13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Lo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Bl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Lo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Lo04,B

9071455 NUCLEAR DATA SHEETS 30250755

89y(d,n)  1976Ad06

In(®Y)=1/2".
1976Ad06 E=11.5 MeV. Measuredr(0), =10°-75° in steps of 8. Liquid scintillator, time-of-flight, FWHM-80 keV. (L976Ad0§.
For vector-analyzing power i#Y(pol d,n), see1972Qu02

0zr Levels
E(evel) L c2g Comments
0 1 1.09
176320 1 0.43
232110 4  6.37
273510 4  4.37
422815 1 0.09 L,&Y: L=1+4, C235'=0.08+0.10 for 2p32+1992.
4430
4540
5090
564010 2 071 &S 0.64 for 2d%2.
576415 2 0.26 S 0.24 for 2d%2.
586815 2 0.13 &S 0.12 for 2d%2.
602020 2 0.05 &S 0.04 for 2d%2.
619820 2 0.14 &S 0.12 for 2d32.
624715 2 020 &S 0.17 for 2d%2.
6670
6820
6870
700520 O 0.04
711630 O 0.04
725815 0 0.04
7480
7600
777625 2 0.10 &S 0.09 for 2d32.
7840
8000
13140 2 E(level): Suggested analog®8¥ g.s.
13340 2 E(level): Suggested analog“8¥(203).

T From comparison ofr(6) with DWBA calculations.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ad06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ad06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Ad06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Qu02,B

907156 NUCLEAR DATA SHEETS 40250756
89y (PHed)  1969Vo03
In(®Y)=1/2".

1969V003 E=25 MeV. Measuredr(), ten angles between 1@nd 55. Magnetic spectrograph, nuclear emulsions. FWARA

keV.

For a discussion of anti-analog states, $8669V003

E(level)

0
176015
232015
273015
423015
450015
456015
465015
478015
498015
508015

510015

* From comparison with DWBA calculationd $69Vo03.
¥ Values are given for both=1/2 and *3/2, respectively, for states of1.

Lr c2sft | Elevel
1 1.31 518015
1 0.52 531015
4 12.43 542015
4 9.99 562015
1 0.22,0.18| 566015
1 0.08,0.06| 576015
1 0.14,0.11| 586015
1 0.04,0.04| 602015
1 0.06,0.04| 607015
2 0.04 620015
# # 625015
# # 632015

-

—t

NN DNNNDNNDNNDNDN P

[EEN

# =2 and GS'=0.57 for 508@-5100 keV.

@ =(2) and @S'=0.49 for 637@-6400 keV.

907y Levels
c2stt | E(level) LT
0.08,0.06| 637015 @
0.06 640015 @
0.05,0.04| 664015 2
1.09 667015 &
0.38 671015 &
0.43 676015 2
0.26 681015 2
0.16 688015 0
0.25 700015 0
0.18 711015 0
0.33 716015 2
0.12 726015 0

& | =0+2 and @S'=0.10+0.16 for 66766710 keV.
a =2 and @S'=0.36 for 75307580 keV.

c2stt

0.17
0.17

E(level)

735015
742015
748015
753015
758015
765015
777015
784015
791015
800015
805015

812015

@)

c2stt
0.18

0.25
0.26
0.26
0.23

0.19
0.37
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Vo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Vo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Vo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Vo03,B

90
202750797

NUCLEAR DATA SHEETS

90
4OZr50—5 7

Zr(y.y')

2008Sc20,1984Be31,1974M €13

2008Sc20 E=7.9,9.0,13.2 MeV beam from ELBE accelerator at the reseegcdlre Dresden-Rosendorf. Measured B, angular

distributions, scattering cross sections, width pararsaising four HPGe detectors.
2013Ru01 E= 7 — 11 MeV 100% linearly polarized and monoenergetic beam fraghHintensityy ray Source (H}S) facility.

Measured E, ly, angular distribution using four 60% HPGe detectors, twiperdicular to the beam and two in horizontal plane
at#=135". Deduced giant M1 resonance strength.

1984Be31 Polarized bremsstrahlung with<B5 MeV. Measuredr(Ey,6), 6=0°, 9¢°, 18C°, 27C°, semi, enriched target.

1972Me041974Mel13 Bremsstrahlung with E5.6 MeV. Measuredr(Ey,0), =98> and 127, semi, natural and enriched targets.

1976CaY X Bremsstrahlung with £9.5 MeV. Measuredr(Ey,0), 6=90° and 127, semi, natural and enriched targets.
Others:1969Ra091974Ar15 1982Bel8

E(level)f
0.0

2186.21

3308.02

3842.02
3932.46
4507.08

4578.33
5183.05
5304.53

5503.63
5785.04
5807.93
5884.44

6295.82
6389.83

6424.32
6565.73
6669.27

6761.42

6875.42
6960.47
7042.07
7085.610
7198.26

7249.23
7280.97

7361.06
7387.64
7424.510
7433.88
74682
7474.93
7685.84

7702.93
7723.19
7759.76
7779.06
7807.93
7857.87
7935.63
7976.64

|
3+

R RPRRPRPR PR RPRE PR
H

07 Levels
r2r ev)@ s evbP | Efevel)l I 121 (eV)@ I (evbP
8006.98 1 0.20 eV5 369
0.0048% eV 28 194 8067.45 (1) 0.31 eV7 5513
0.0034 eV 7 4719 | 811008 1% 070evi4 12424
0.024% eV 4 26 4 8131.94 (1°)* 0.88eV16 15428
8.332 | 81442 11575
2110 | 8166.75 (1) 0.57eVil 9819
0.024% eV 4 16 4 8221.28 1 0.33 eV7 5712
7.124 | 823563 1 1.5 eV3 254 44
0.12eV5 578 8250.75 1 0.50 eV10 8516
0.048% eV 17 346 8295.310 (1) 0.24 eV7 4011
0.145 eV22 508 8313.07 1 0.42eV10 7015
0.23 eV3 7810 | 8334.15 1 0.54eV1i2 9020
0.143 eV23 488 8357.518 1 0.10 eV4 167
2.55 eV22 74063 | 8382.110 (1) 0.16 eV3 256
0.29 eV5 8215 | 8403.711 0.26 eV4 437
1.72 eV15 47943 | 841354 1 1.30 eV24 21238
0.25 eV3 669 8440.64 1 1.38 eV25 22440
0.11 eV3 298 8467.715 0.19 eV1l 3117
2.55 eV24 64460 | 850124 1% 22eva 346 63
0.81 eV9 19822 | 85183 0.25eV10 4016
0.18 eV4 4410 | 85444 0.051eV19 83
0.11 eV3 256 8553.512 1 0.50 eV5 798
0.13 eV4 3010 | 8588.37 1 0.60 eV13 9321
0.20 eV5 4510 | 8598.210 1 0.27 eV8 4212
0.45 eV8 9917 | 8625.610 1 0.24 eV7 3711
8664.15 1 0.39 eV9 59 14
0.15 eV3 337 8716.65 1%  116ev22 17633
0.36 eV7 7514 | 8751.08 1 0.41eV10 6215
0.069 eV24 145 8760.45 1 1.08 eV20 16231
0.09 eV3 196 8812.013 1 0.25 eV9 3713
0.061 eV18 124 8833.28 1 0.56 eV13 8320
0.62 eV11 12723 | 8874.99 1 0.28 eV8 4111
0.36 eV7 7013 | 8903.08 0.39 eV4 576
0.82 eV14 15828 | 8927.44 0.88eV9 12713
0.11 eV3 206 8978.49 (1) 0.62eV22 8831
0.20 eV5 389 89852 0.32 eV9 4513
0.21 eV5 409 9004.75 1 0.24 eV8 3411
0.66 eV12 12523 | 9014.08 0.17eV10 2414
0.18 eV5 349 9034.08 0.25 eV5 357
1.14 eV20 20936 | 9043.64 1 0.50 eV7 7110
0.69 eV12 12523 | 9053.57 0.27 eV5 387

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Sc20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Sc20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Me04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976CaYX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ra09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ar15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Be18,B

20275758 NUCLEAR DATA SHEETS 2021558
90Zr(yy’)  20085c20,1984Be31,1974Mel3 (continued)
907y Levels (continued)
Efevell  J¥ 121 (V)@ I5(evbP | Efevelll FF 121 (ev)@ I (evbP
9085.13 1 0.93 eV11l 12915 | 10193.05 1  1.51eV22 16825
9111.16 1 1.02 eV14 14120 | 10216.810 1  0.69eVi6 7618
9123.67 0.91 eV13 12617 | 102334 0.43eV35 4738
9137.57 1.34 eV16 18522 | 102412 (1) 0.72 eV3 7934
914853 1% 510ev48 70366 | 10260.911 0.21 eV5 236
9164.97 0.78 eV10 10714 | 10270.07 0.31 eV8 349
9177.55 1.18 eV13 16218 | 10286.26 1  0.39 eV8 429
91873 0.33 eV10 4513 | 10298.310 (1) 0.29 eV7 328
919653 (17)* 1.85eVv19 25225 | 10306.69 1  0.43 eV8 469
9260.56 1 1.11 eV14 14919 | 1031514 1  0.95eV13 10314
9292.85 1 1.62 eV18 21624 | 10334.96 1  0.47 eV9 5110
9309.47 1 1.03 eV14 13718 | 103612 (1) 0.50eV13 5414
933346 1%  1.06eVi5 14119 | 10376.84 1  2.24eV26 24028
9373.27 0.84 eV16 11121 | 1040259 1  0.80eV15 8516
9392.48 1 0.78 eV15 10219 | 10494.511 (1) 0.41 eV9 4310
9409.411 0.54 eV12 7116 | 10507.98 1  0.47eV10 4910
9424.310 0.61 eV13 7917 | 1052464 1  1.38eVi8 14318
9444.74 1 1.71 eV22 22128 | 10595.07 1  0.90eVi4d 9214
9465.15 1 1.32 eV19 16925 | 10618.78 1  0.65eV12 6712
9486.84 1 1.77 eV25 22632 | 1063859 1  0.58eVi2 5912
9510.513 (1)  0.35eV12 4516 | 1068226 1  0.42eV10 4210
9524.113 1 0.35 eVi1l 4414 | 10713212 (1) 0.37eV20 3720
9539.25 1 1.21 eV18 15422 | 10728.211 1  1.0eV3 10232
9551.46 1 1.27 eV19 16023 | 10827.15 1  1.07eV17 10516
9563.06 1 1.42 eV22 18028 | 109142 (1) 1.17ev2l 11321
9609.27 0.57 eV18 7222 | 109572 1 1.22ev20 11819
9625.18 0.47 eV13 5816 | 10987.010 1  1.69eV24 16123
9640.48 1 0.46 eV12 5614 | 110442 0.52eV18 4917
9666.08 (1)  0.32eV7 399 | 11094.215 0.74eVil 7010
9678.37 (1) 0.55ev8 6710 | 11108.016 0.42 eV8 398
9686.96 1 0.59 eV9 7211 | 1112049 1  0.99eV1i8 9217
9733.25 1 0.45 eV7 558 | 11129.217 0.61eV20 5718
9741.77 0.28 eV5 336 | 111402 0.61eV10 579
9754.06 1 0.41 eV7 509 | 1123247 1  0.96eVi5 8813
9784.65 0.92 eV12 11115 | 11243.26 1  1.01eVi5 9214
9805.410 0.34 eV7 419 | 1133776 1  1.0levi7? 9115
9843.46 1 0.70 eV13 8415 | 1141757 (1) 1.2eV3 10825
9855.58 1 0.49 eV11 5813 | 11452210 1  15eV3 13228
9872.44 1 1.07 eV21 12624 | 11479.78 1  2.2eV4 19133
9890.713 (1) 0.7 eV3 8134 | 115013 0.8 eV4 66 37
9901.913 0.59 eV24 7028 | 115107 0.38eV17 3315
9932.112 1 1.1ev3 12339 | 115312 1 085eVv35 7430
9962.85 1 1.5 eV3 17237 | 11627.99 0.52eV18 4416
9984.111 0.6 eV3 6934 | 1165158 (1) 0.56 eV19 4816
10004.210 1 0.61 eV14 7016 | 11777.410 1  15eV5 12440
10019.611 1 0.82 eV14 9416 | 117883 1 09ev4 7336
100312 0.60 eV14 6916 | 11963.318 (1) 0.85eV18 6814
10042.94 (1)# 2.76 ev31 31636 | 119842 1 072ev17 5713
10083.86 1 0.82 eV12 9313 | 1202068 1  1.94eV26 15521
10094.27 1 0.73 eV12 8314 | 12067.89 1  157eV24 12419
10104.912 (1)  0.43eVi2 4913 | 12208.312 1  0.93eV2l 7216
10123.718 1 1.22 eV89  14x10' 10 | 12243614 1  0.80eV19 6215
10146.89 1 0.41 eV11 4613 | 12496.318 1.18ev24 8718
10163.48 1 0.54 eV15 6016 | 12880.310 0.16 eV5 113

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Sc20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Be31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Me13,B

9071, 59 NUCLEAR DATA SHEETS 30250759

90Zr(yy’)  20085c20,1984Be31,1974Mel3 (continued)

907r Levels (continued)

* From 2008Sc2Q except as noted. The energy was deduce@@8Sc20from they-ray energy measured at 2% the beam by
including a recoil and Doppler correction.

¥ As given by2008Sc20 except where noted. Values for levels above 6 MeV are frorasmedy(6).

# From measured asymmetry with polarized photdr@8¢Be3).

@ From 2008Sc20 except where noted.

& From 1974Me13

a8 From 1976CaYX

b Integrated scattering cross section. The values were deddiiom data at kinetic energies of 7.9, 9.0 and 13.2 MeV ffetént
excitation energy ranges, viz., up to 6.875 MeV, betweeb®&nd 8.832 MeV and above 8.832 MeX008Sc2).

y(%°zr)

Ratios y(90°)/Iy(127) are from2008Sc20 Expected values are 0.74 for elastic pure dipole (0-1-6 spguence) and 2.18 for
elastic quadrupole (0-2-0 spin sequence).

Eﬂ Ei(level) J Ef % Mult.* Comments
2186.21 2186.2 Z 0.0 0
3307.92  3308.0 Z 00 O
3841.92 3842.0 Z 0.0 0
3932.36  3932.4 00 0
4506.98 4507.0 00 0
4578.23  4578.3 00 0
5182.85 5183.0 00 0
5304.33  5304.5 00 0
5503.63 5503.6 00 0
5784.84 5785.0 00 0
5807.73 5807.9 00 0
5884.24  5884.4 00 0

00 or E1 19(90°)/1y(127°)=0.753.
000 D 19(90°)/1y(127°)=0.828.

00 00 EB 1(90°)/1y(127°)=0.74 4.
000 D 19(90°)/1y(127°)=0.79 15.
000 D 19(90°)/1y(127°)=0.64 16.

00 00 E1 19(90°)/1y(127°)=0.76 3.

6295.62  6295.8
6389.63  6389.8

6424.12  6424.3
6565.43  6565.7
6668.97  6669.2

6761.12 6761.4

HPDRPRPR R PRPR PR
©
o
Q

6875.12  6875.4 E1S 19(90°)/1y(127°)=0.73 4.
6960.17  6960.4 000 D 19(90°)/1y(127°)=0.77 11
7041.77  7042.0 000 D 19(90°)/1y(127°)=0.7419.
7085.310 7085.6 ) 000 (D) 19(90°)/1y(127°)=0.8321
7197.96  7198.2 000 D 19(90°)/1y(127°)=0.49 20.
7248.93  7249.2 0.0 0t E1 19(90°)/1y(127°)=0.787.
7280.67  7280.9 0.0 0

7360.86 73610 1 000 D 19(90°)/1y(127°)=0.57 17.
738734 73876 1 000 D 19(90°)/1y(127°)=0.68 10.
7424210 74245 0.0 0 19(90°)/1y(127°)=1.46.
743358 74338 1 000 D 19(90°)/1y(127°)=0.5221.
74682 7468 0.0 0 19(90°)/1y(127°)=1.55.
7474.63 74749 (1) 00 0 (D) 19(90°)/1y(127°)=0.96 10.
7685.44 76858 1 00 0 D 19(90°)/1y(127°)=0.65 10.
770253 77029 t 00 of E1 19(90°)/1y(127°)=0.837.
7722.79 77231 0.0 0 19(90°)/1y(127°)=0.9 3.
7759.36  7759.7 (1) 0.0 0 (D) 19(90°)/1y(127°)=0.82 19.

Continued on next page (footnotes at end of table)
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90
4OZr50-60

NUCLEAR DATA SHEETS

90
4OZr50—60

E,f E; (level)
7778.66  7779.0
7807.53  7807.9
7857.47  7857.8
793523  7935.6
7976.24  7976.6
8006.58  8006.9
8067.05  8067.4
8109.68  8110.0
8131.54  8131.9
81442 8144
8166.35  8166.7
8220.88  8221.2
8235.23  8235.6
8250.35  8250.7
8294.910 8295.3
8312.67  8313.0
8333.75  8334.1
8357.118 8357.5
8381.710 8382.1
8403.311 8403.7
8413.14 84135
8440.24  8440.6
8467.315 8467.7
8500.84  8501.2
85183 8518
85444 8544
8553.112 8553.5
8587.97  8588.3
8597.810 8598.2
8625.210 8625.6
8663.75  8664.1
8716.15 8716.6
8750.58  8751.0
8759.95  8760.4
8811.513 8812.0
8832.78  8833.2
8874.49  8874.9
8902.58  8903.0
8926.94  8927.4
8977.99  8978.4
89852 8985
9004.25  9004.7
9013.58  9014.0
9033.58  9034.0
9043.14  9043.6
9053.07  9053.5
9084.63  9085.1
9110.66  9111.1
9123.17 91236
9137.07 91375
9148.03 91485
9164.47  9164.9
9177.05 91775

il

[
~

RPRRPRRRPRR RPRPRRE

1)

m
S

o
o
0000000000000 00000302 0000000030002 QR sscooooaal

OZr(y.y')

2008S¢20,1984Be31,1974M €13 (continued)

Mult.

v(®9Zr) (continued)

Comments

UUUUUE v AvAvAwAw
wor

(D)

18

Continued on next page (footnotes at end of table)

19(90°)/1y(127°)=0.77 17.
19(90°)/1y(127°)=0.756.
19(90°)/1y(127°)=0.84 25.
17(90°)/1y(127°)=0.816.
19(90°)/1y(127°)=0.67 7.
19(90°)/1y(127°)=0.7125.
19(90°)/1y(127°)=1.0 3.

19(90°)/1y(127°)=0.719.
19(90°)/1y(127°)=0.749.

19(90°)/1y(127°)=0.89 14,
19(90°)/1y(127°)=0.8013.
19(90°)/1y(127°)=0.74 4.
19(90°)/1y(127°)=0.68 7.
19(90°)/1y(127°)=0.9 3.
19(90°)/1y(127°)=0.73 18,
19(90°)/1y(127°)=0.72 18,
19(90°)/1y(127°)=0.3218.
19(90°)/1y(127°)=1.1 4.

19(90°)/1y(127°)=0.879.
19(90°)/1y(127°)=0.87 10.
19(90°)/1y(127°)=1.0 5.
1y(90°)/1y(127°)=0.818.
19(90°)/1y(127°)=1.6 6.

19(90°)/1y(127°)=0.126.
19(90°)/1y(127°)=0.58 13,
19(90°)/1y(127°)=0.59 22.
19(90°)/1y(127°)=0.7 3.
19(90°)/1y(127°)=0.68 16.
19(90°)/1y(127°)=0.756.
19(90°)/1y(127°)=0.36 14.
19(90°)/1y(127°)=0.58 10.
19(90°)/1y(127°)=0.76 24,
19(90°)/1y(127°)=0.67 15.
19(90°)/1y(127°)=0.37 13.

19(90°)/1y(127°)=0.8 4.

19(90°)/1y(127°)=0.45 23,
19(90°)/1y(127°)=0.446.

19(90°)/1y(127°)=0.609.
19(90°)/1y(127°)=0.64 15.

19(90°)/1y(127°)=0.604.
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2027561 NUCLEAR DATA SHEETS 20Zrs 61
90Zr(yy’)  20085c20,1984Be31,1974Mel3 (continued)
v(®9Zr) (continued)
Eﬂ Ei(level) J Et X Mult. Comments
91863 9187 00 0O
9196.03 91965 (I) 0.0 00 (EL¥  1y(90°)/1y(127)=0.727.
9260.06 92605 1 000 D 1y(90°)/1y(127)=0.67 9.
9292.35 9292.8 1 000 D 17(90°)/1y(127)=0.657.
9308.97 9309.4 1 000 D 17(90°)/1y(127)=0.71 10.
9332.96 93334 T 00 0 E1 17(90°)/1y(127)=0.67 10.
9372.87 9373.2 0.0 0
9391.98 9392.4 1 000 D 17(9C°)/1y(127)=0.4513,
9408.911  9409.4 00 0
9423.810 9424.3 0.0 0
9444.24 94447 1 000 D 1(90°)/1y(127)=0.658.
9464.65 9465.1 1 000 D 17(90°)/1y(127)=0.66 11
9486.34 9486.8 1 000 D 17(90°)/1y(127)=0.75 10.
9510.013 95105 (1) 0.0 6 (D) 1y(90°)/1y(127)=0.9 4.
9523.613 9524.1 1 000 D 17(90°)/1y(127)=0.47 22.
9538.75 9539.2 1 000 D 17(90°)/1y(127)=0.8513.
9550.96 9551.4 1 000 D 1(90°)/1y(127)=0.47 9.
9562.56 9563.0 1 000 D 17(90°)/1y(127)=0.6417.
9608.67 9609.2 00 0
9624.58 9625.1 0.0 0
9639.88 9640.4 1 000 D 1y(90°)/1y(127°)=0.6 3.
9665.48 9666.0 (1) 0.0 0 (D) 1(90°)/1y(127)=0.7 3.
9677.77 9678.3 (I) 0.0 0" (E1¥  1y(90°)/1y(127°)=0.6719.
9686.36 9686.9 1 000 D 17(90°)/17(127)=0.6617.
9732.65 97332 1 000 D 1y(90°)/1y(127)=0.5 3.
9741.17 9741.7 00 0
9753.46 9754.0 1 000 D 17(90°)/1y(127)=0.5 3.
9784.05 9784.6 00 0 1y(9C°)/1y(127)=1.4 3.
9804.810  9805.4 0.0 0 1y(90°)/1y(127)=1.6 6.
9842.86 9843.4 1 000 D 17(90°)/1y(127)=0.77 16.
9854.98 9855.5 1 000 D 17(90°)/1y(127)=0.5517.
9871.84 9872.4 1 000 D 17(90°)/1y(127)=0.49 12
9890.113 9890.7 (1) 0.0 0 (D) 1y(90°)/1y(127)=0.7 5.
9901.313  9901.9 00 0
9931.512 9932.1 1 000 D 17(90°)/1y(127)=0.43 14,
9962.25 9962.8 1 000 D 17(90°)/1y(127)=0.57 14.
9983.511  9984.1 0.0 0
10003.610 100042 1 000 D 17(9C°)/1y(127°)=0.4219.
10019.011 10019.6 1 000 D 17(90°)/1y(127)=0.65 16.
100302 10031 00 0
10042.34  10042.9 (L) 0.0 0" (EL¥  1y(90°)/1y(127)=0.708.
10083.26  10083.8 1 000 D 17(90°)/1y(127)=0.7813.
10093.67 100942 1 000 D 17(90°)/1y(127)=0.7419.
10104.312 101049 (1) 0.0 © (D) 1y(90°)/1y(127)=0.7 3.
10123.118 10123.7 1 000 D 1y(90°)/1y(127)=0.5 3.
10146.29 101468 1 000 D 1(90°)/1y(127)=0.6 3.
10162.98  10163.4 1 000 D 17(90°)/1y(127)=0.5023.
10192.45 10193.0 1 000 D 17(90°)/1y(127)=0.6012.
10216.210 10216.8 1 000 D 17(90°)/1y(127°)=0.57 24.
102324 10233 00 0
102402 10241 (1) 000 (D) 1(90°)/1y(127)=0.9 3.
10260.311 10260.9 00 0
10269.47  10270.0 00 0

Continued on next page (footnotes at end of table)
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2027562 NUCLEAR DATA SHEETS 2021562
90Zr(yy’)  20085c20,1984Be31,1974Mel3 (continued)
v(®9Zr) (continued)
Eﬂ Ei(leve) J Ef X Mult. ¥ Comments

10285.66 102862 1 0.0 © D 1y(90°)/1y(127)=0.64 19.
10297.710 10298.3 (1) 0.0 0 (D) 1(90°)/1y(127)=0.8 3.
10306.09 103066 1 0.0 ©®6 D 1y(90°)/1y(127)=0.7121.
1031454 103151 1 0.0 0 D 1(9C°)/1y(127)=0.6312.
1033436 103349 1 0.0 0 D 1(90°)/1y(127°)=0.68 21.
103602 10361 (1) 00 0 (D) 1(9C°)/1y(127)=0.9 3.
10376.24 103768 1 0.0 0 D 17(90°)/1y(127)=0.46 7.
10401.99 104025 1 0.0 0 D 1(9C°)/1y(127)=0.72 14.
10493.811 104945 (1) 0.0 6 (D) 19(90°)/1y(127)=0.7 3.
10507.28 105079 1 0.0 0 D 19(9C°)/1y(127)=0.6 3.
1052394 105246 1 0.0 0 D 17(90°)/1y(127)=0.72 10.
10594.37 105950 1 0.0 0 D 19(90°)/1y(127)=0.8019.
10618.08 106187 1 0.0 ©® D 19(90°)/1y(127)=0.7423.
10637.89 106385 1 0.0 0 D 1(90°)/1y(127)=0.41 20.
10681.56 106822 1 0.0 0 D 17(90°)/1y(127)=0.54 16.
10712.512 107132 (1) 0.0 6 (D) 1y(9C°)/1y(127°)=0.8 4.
10727511 107282 1 0.0 0 D 17(90°)/1y(127)=0.67 20.
10826.45 10827.1 1 0.0 0 D 1(90°)/1y(127)=0.82 15.
109132 10914 (1) 00 0 (D) 19(90°)/1y(127)=0.7921.
109562 10957 1 000 D 1y(90°)/1y(127)=0.358.
10986.310 109870 1 0.0 ©® D 17(90°)/1y(127°)=0.66 13.
110432 11044 0.0 0

11093.515 11094.2 0.0 0

11107.316 11108.0 0.0 0

11119.79 111204 1 0.0 0 D 17(90°)/1y(127)=0.60 16.
11128.517 11129.2 0.0 0

111392 11140 0.0 0

11231.67 112324 1 000 D 1y(9C°)/1y(127)=0.4514.
1124246 112432 1 0.0 0 D 17(90°)/1y(127)=0.58 15.
11336.96 11337.7 1 0.0 0 D 1(90°)/1y(127)=0.8513.
11416.77 114175 (1) 0.0 6 (D) 19(90°)/1y(127°)=0.8 4.
11451.410 114522 1 0.0 0 D 1(9C°)/1y(127)=0.4212.
1147898 114797 1 0.0 0 D 17(90°)/1y(127)=0.58 15.
115003 11501 0.0 0

115097 11510 0.0 0

115302 11531 1 000 D 1y(9C°)/1y(127)=0.42 25.
11627.19  11627.9 0.0 0

11650.78 116515 (1) 0.0 0 (D) 1y(9C°)/1y(127)=1.0 3.
11776.610 117774 1 0.0 0 D 17(90°)/1y(127°)=0.46 22.
117873 11788 1 000 D 19(90°)/1y(127°)=0.4 3.
11962.418 11963.3 (1) 0.0 6 (D) 19(9C°)/1y(127°)=0.8 3.
119832 11984 1 000 D 19(90°)/1y(127)=0.57 18.
12019.78 120206 1 0.0 0 D 1y(9C°)/1y(127°)=0.67 14.
12066.99 120678 1 0.0 ©® D 17(90°)/1y(127°)=0.6317.
12207.412 122083 1 0.0 0 D 1(9C°)/1y(127)=0.4015.
12242714 122436 1 0.0 0 D 19(90°)/1y(127)=0.57 19.
12495.418 12496.3 0.0 0

12879.310 12880.3 0.0 0

* Deduced by the evaluators from level energies giver2®98Sc20and with recoil correction removed which varies from 1.0 keV

at the highest of 12.9 MeV to 0.03 keV at 2.2 MeV excitation.
¥ From h(90°)/ly(127)ratios from2008Sc20
§ From measured asymmetry with polarized photat23¢Be3}.
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90
4OZr50-63

NUCLEAR DATA SHEETS

90
40Zr50-63

0zr(v.y)

2008Sc20,1984Be31,1974M €13

Level Scheme

12880.3

12496.3

12243.6

12208.3

12067.8

12020.6

11984

11963.3

11788

11777.4

11651.5

11627.9

11531

11510

11501

11479.7

11452.2

11417.5

11337.7

11243.2

11232.4

11140

11129.2

11120.4

11108.0

11094.2

11044

10987.0

10957

I~
=
—

10914

10827.1

10728.2

-

10713.2

10682.2

10638.5

10618.7

10595.0

el e e e e

10524.6

ot

0.0

90
20<%s0

0.16 eV5
1.18 eVv24
0.80 eV19
0.93eV21
1.57 eV24
1.94 eV26
0.72 eV17
0.85eV18
0.9eVv4
1.5eV5
0.56 eV19
0.52eV18
0.85eV35
0.38 eV17
0.8eVv4
2.2eV4
1.5eV3
1.2eV3
1.01eVv17
1.01eV15
0.96 eV15
0.61eV10
0.61eV20
0.99 eV18
0.42eV8
0.74eV11
0.52 eV18
1.69 eV24
1.22 evV20
1.17 ev21
1.07 eV17
1.0ev3
0.37 eV20
0.42 eV10
0.58 eV12
0.65eV12
0.90eV14
1.38eV18
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90Zr. 64
382r50_64 NUCLEAR DATA SHEETS
0Zr(yy)  2008Sc20,1984Be31,1974Mel3
Level Scheme (continued)
’\/Q Q)
S %f o 10507.9 0.47 eV10
1 T o 10494.5 0.41eV9
Q) R I 10402.5 0.80 eV15
o )
1 > $-2 5 10376.8 2.24 eV26
1 ~ 5307;7 5 10361 0.50 eV13
@) T o 5 10334.9 .47 eV9
1 o3 103151 0.95eV13
1 s 10306.6 0.43eV8
1 T 102983 0.29eV7
€) i e 102862 0.39 eV8
1 A 102700 0.31eV8
MY SN 10260.9 0.21eV5
S 9

§ 5 o 10241 0.72eV3
@ s 10233 0.43eV35
Ng”—&'r 3 10216.8  0.69 eV16
1 S ¥ o 10193.0 1.51eV22
1 N&*&W 3 10163.4 0.54 eV15
1 ng*@ 10146.8 0.41eVil
1 S ¥ o 101237 1.22 eV89
1 S5 o - 10104.9 0.43eV12
() S 100942 0.73eV12
1 S 10083.8 0.82eV12
1 S s o 10042.9 2.76 eV3l
@) S 10031  0.60 eV14
S 10019.6 0.82eV14
1 S 10004.2 0,61 eV14

1 S VS 99841 (06eV3

$ 9962.8 15ev3

1 & 7 9 99321 1.1ev3
1 S & o 9901.9 0.59 eV24

¥ & 9 9890.7 0.7eV3
@ 4 43? 5 9872.4 1.07eV21
1 F 2 9855.5 0.49 eV1l
1 § & 9843.4 0.70eV13
1 ¥ & 9 9805.4 0.34eV7
> o 9784.6 0.92 eVi12

> 3 9754.0 0.41eV7

1 S 9741.7 0.28eV5

0.0
0+
20250
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907165
997165 NUCLEAR DATA SHEETS 40%"50
0Zr(yy)  2008Sc20,1984Be31,1974Mel3
Level Scheme (continued)
Q
©

5’,‘/ (gf’ @\ 9733.2 0.45eV7

1 A 9686.9 0.59 eV9
117 O@:; Q 9678.3 0.55eV8
(1 ) gg,ff 9666.0 0.32 eV7
@) & - 9640.4  0.46 eV12
1 & S o 9625.1 0.47 eV13
o’g? S 9609.2 (.57 eV18
é)g,f@ Q 9563.0 1.42 eV22
1 é)g:—‘t,; 5 9551.4 1.27eV19
1 5,9’7;9 ) 9539.2 1.21eV18
1 S S 9524.1 0.35eV1l
1 & P 9510.5 0.35eV12
) o S 9486.8 1.77 eV25
1 Q;;o—;y 9465.1 1.32 eV19
1 OSY 2 9444.7 1.71eV22
1 & 2 5 9424.3 0.61eV13
0’@*‘; 9409.4 (.54 eV12
$ 2 o 9392.4 (.78 eV15
1 ongj& 5 9373.2 0.84eV16
o 5 93334 1.06 eV15
1~ o o 9309.4 1.03eV14
1 A < 9292.8 1.62eV18
1 A2 92605 1.11eVvi4
1 S o 9196.5 1.85eV19
1) > S 9187 0.33eV10
& s o 91775 1.18eVi13
& &9 9164.9 0.78 V10
- & § 9148.5 5.10eV48
1 NG & o 9137.5 1.34eV16
¥ & o 9123.6 0.91ev13
> %;‘? 9111.1 1.02eV14
1 & &9 9085.1 0.93eV1l
1 & gy 9053.5 0.27eV5
S o 9043.6 0.50 eV7

1 & 5’7 o 9034.0 0.25eV5
Y Q& 9014.0 0.17 eV10

S o 9004.7 0.24eV8

1 ® 8985 0.32eV9

0.0
0+
20Zrso
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907166 NUCLEAR DATA SHEETS 202150766
NVzr(y,Y)  20085c20,1984Be31,1974Mel3
Level Scheme (continued)
g
§ o
W 8§ o 8978.4 0.62 eV22
o 6\4/07 5 8927.4 0.88eV9
$ . 8903.0 0.39 eV4
: S 8874.9 0.28eV8
N & C{”L 5 8833.2 0.56eV13
N © ‘g)o; o 8812.0 0.25eV9
N ES @0;7 & 8760.4 1.08eV20
. £ o 8751.0 0.41eV10
C 25 8716.6 1.16eV22
1 & (@1 9 8664.1 0.39eV9
. e, 8625.6 0.24 eV7
. e, 8598.2 0.27 eV8
) & 8588.3 0.60 eV13
. &, 8553.5 0.50 eV5
¥ o @ 8544 0.051 V19
& 8518 0.25eV10
- LS 8501.2 2.2eV4
I 8467.7 0.19eV1l
: 3 8440.6 1.38eV25
N s 5 84135 1.30eV24
T2 9 8403.7 0.26 eV4
o < &9 8382.1 0.16eV3
) T 5 o 8357.5 0.10 eV4
T L Q
. R 8334.1 0.54eV12
) T 2 o 8313.0 0.42eV10
o g ‘9“’7 o 8295.3 0.24eV7
) @ & a 8250.7 0.50 eV10
) IS 82356 1.5eV3
. & N 8221.2 0.33eV7
o R4 8166.7 0.57 eV1l
¥ 2y 8144
) v g Q 81319 0.88¢eV16
- CENERS 8110.0 0.70eV14
o & o 8067.4 0.31eV7
) S & o 8006.9 0.20 eV5
. R 7976.6 0.69 eV12
n NN 7935.6  1.14eV20
o < 7857.8  0.18eV5
0+ ! 0.0
262750
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99Zr. 67
ggzr50-67 NUCLEAR DATA SHEETS

90Zr(y,y)  2008Sc20,1984Be31,1974Me13

Level Scheme (continued)

[y

7807.9 066 eV12
7779.0 0.21eV5
7759.7 0.20eV5
@ “&L@"L o 77231 0.11eV3
K 77029 0.82 V14
L T 76858 0.36 eV7
F—o 74749 0.62eV1l
@) AN 7468  0.061 eVi8
W0 74338 0.09 eV3
S o 74245 0.069 eV24
N 7387.6 0.36eV7
7361.0 0.15eV3
S 7280.9
N 72492 0.45ev8
71982 0.20eV5
SRS 7085.6 0.13eV4
&) "o o 70420 0.11eV3
L, 6960.4 0.18 eV4
6875.4 0.81eV9
67614 2.55eV24
6669.2 0.11eV3
6565.7 0.25eV3
64243 1.72eV15
6389.8 0.29 eV5
3 6295.8 2.55eV22
hd 5884.4 0.143eV23
5807.9 0.23eV3
5 5785.0 0.145 eV22
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907y, 68 NUCLEAR DATA SHEETS 3050768

90Zr(y,n)  1973As01

1973As01 Bremsstrahlung with endpoint energies of 20 and 24 MeV.e=d E(n), I(n), scin, enriched target.
Other: 1971Le28

907y Levels

E(level)

16200
17200
19400
20700
21800
23700
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Le28,B

%07y, 69 NUCLEAR DATA SHEETS 30250769

N7zr(ee) 1975Si21,1980M e13,1984He02

1975Si21 E=53.75-112.2 MeV. Measured(E,0), momentum transfei0.29-1.07 fm1, FWHM~0.15%, enriched target. DWBA
analysis.

1980Mel3 E=24-66 MeV. Measured-(E,f), momentum transfe0.20-0.62 fml, FWHM~30 keV, enriched target. DWBA
analysis.

1984He02 E=70-368 MeV. Measured-(E,f), momentum transfei0.4-3.1 fnr, FWHM<40 keV, enriched target. DWBA analysis.

Others:1983Sc011982Sc081982Fal11974Si01 1973Ph021991Ta23 1970Be07
The radius of the g(2) proton orbit was determined from the density of the 3589|e®el as R=5.04 fm5 (1984He02.

Configuration assignments are frdt884He02
For summed M1 and M2 strength in the region 8-10 MeV, 5880Me13
For deformation parameters, s&@75Si21

907r Levels
E(IeveI)Jr JF# Comments
0
218013 2* B(E2)1=0.065321 (1984He02; Configuratior:(r 1gyz)*?
B(E2): Other: 0.0676 (1975Si2).
231011 5
273815 3 B(E3)1=0.08710 (1975Si2)
306015  4* Configuratior(r 1gg)*?
B(E4): Other: 0.00309 (1975Si2).
329025 2* B(E2)1=0.00788 (1984He02; Configuration:(r 1go20")(CORE 2)
3456 6t Configuratior(r 1gg2)*?
3589 8" Configuratior(r 1gg2)*?
383514 2% B(E2)1=0.022413 (1984He02; Configuration:(r 1gy22*)(CORE 2)
395523 5°
406722  (4%) Configuratior:(r 1gg»22")(CORE 2')
4223 2 (29
4228t 2 (4)
4232 (6)
43342 4+ Configuratior:((v 20k2)(v 1dy2) ™)
4460F (5%) Configuratior:((v dsj2)(v 1gy2)™%)
447112 4+
4542 6~ Configuratior((z 1go2)(7 2pa2) 1)
4548 4 6+ Configuratior:((v 20k/2)(v 1dy2) ™)
4690F 2t Configuratior:(r 1gg0")(CORE 2)
5061 7* Configuratior:((v 20s/2)(v 1dy2) L)
5070 24 Configuratior:(r 1go20*)(CORE 2)
562020 3 B(E3)1=0.006810 (1975Si2)}
577032 3 B(E3)1=0.0014522 (1975Si2)
777410  (1*,2)
780610 (2°)
786810  (1*,2)
790710
799610 (3°)
803210 2~

811310 17,(2)
814210 1*,(2°)

823310 1+
829110 2-
831610 (2)
836610 (1)
840010 (27)

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Sc01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Sc08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Fa11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Si01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ph02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ta23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Be07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B

9071470 NUCLEAR DATA SHEETS 40250770
07Zr(ee)  1975Si21,1980M e13,1984He02 (continued)

907y Levels (continued)

E(evel)l  F# | Edevel)l F# | E(evelll  F* | E(level)f F#

844210 2- 885310 2- | 910110 2- 943910 1+,(2)

849410 1-,(2°) | 888210 2- | 912710 2- 948910 2-

854210 2- 891110 2- | 915010 1-,(27) | 952010 (1*,2)

860210  (1*) 893410 2° | 926510 2- 954110 2-

862710 2- 897110 2° | 929410 2- 960110 (1-,2))

870110 (2°) 900010 1* | 932710 2° 969410 2-

880910 (2°) 906110 2- | 937110 1* 986310 (1-,2)

 Data are froml975Si21for levels up to 6 MeV and froni980Me13for levels above 6 MeV, except where notetE as stated
by 1980Me13 is 3-10 keV for levels above 6 MeV.

¥ From 1984He02

# As given by the authors, derived from a combination of literea and DWBA analysis b§975Si211984He02 and from DWBA
analysis byl980Me13
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Si21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984He02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Me13,B

20ZTsg 7L NUCLEAR DATA SHEETS

90
4OZr50—71

0zr(eep).(y,p) 1973As01,1974Sh05

1974Sh05 E=14-30 MeV. Measured-(E,E(p)f), deduced’,, magnetic spectrometer, FWHMOO keV, enriched target.

1973As01 Bremsstrahlung with endpoint energy of 30.5 MeV. MeasuEég), I(p), semi, FWHM-60 keV, enriched target.

For T, of resonances, sek974Sh051983D006
Data are froml973As01 except as noted.

907y Levels
E(level) Comments
14300
16200
17200
19400

21000 E(level): From1974Sh05

 Broad resonance corresponding to a coherent st&&4Sh05.

206


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Do06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973As01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sh05,B

90
4OZr50-72

NUCLEAR DATA SHEETS

90
4OZr50—72

07r(n,n’)

1975Gu20,1990Wal3

1975Gu20 E=1.8-4.0 MeV. Measured-(E,0), neutron time-of-flight, enriched target.
1990Wal3 E=8.0, 10.0, 24.0 MeV. Measured(E 0), neutron time-of-flight, FWHM135, 188 and 410 keV for the three energies

respectively, enriched target.

Others:1972Le05 1977Ba38 1978Ba6() 1980Fi08 1988Wa27 1993Ji01
For discussion of isotopic decomposition of matrix eleragseel988Wa27 1990Wal3

E(level)f

0
174915
216915
230620
273220
306820
330020

L¥ g RE

2 0.443
5 0.424
3 0.865

 From 1975Gu20
¥ From 1990Wal3

0z Levels
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gu20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Wa13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gu20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Wa13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Le05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ba38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ba60,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Fi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Wa27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ji01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Wa27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Wa13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gu20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Wa13,B

9071473 NUCLEAR DATA SHEETS 205073

90Zr(n,n’y)  2003Ga23

2003Ga23 Neutrons from spallation reaction with the maximum enesfiyhe “WHITE” neutron spectrum up to 800 MeV. For
accelerator produced neutrons, E{B)5 and~9 MeV. Measured E, ly, yy, (), excitation functions, lifetimes by Doppler-shift
attenuation method (DSAM) using the GEANIE detector arragsisting of 11 planars and 15 HPGe detectors, nine of theeHPG
detectors had BGO suppression shields.

2013Pel6E(n) = 2.5 and 3.5 MeVn on natural Zr target; measured lifetimesrsf find second*2levels in9°zr by
Doppler-shift attenuation method (DSAM); used ZR metal aritle targets of natural isotopic abundance.

1971GI11 E(n)=2.85-5.97 MeV, enriched target, semi. Measureq .

1963Sc14 Be(d,n) source, natural target, scin. Measured Ik, Ty.

Others:1959Kl146 1963Wa08 1972Br53

907r Levels
E(IeveI)T ¥ T1/2# Comments

0.0 0
1760.619 OF 62 ns4 Ty/2: from 1959Kl46
2186.216 2t 86.6 fs+49-42  Tyo: from DSAM (2013Pel} Value is the average of half-lives obtained from the

metal and oxide scattering samples.
2318.966 5 809.2 ms20 Ty2: from 1972Br53 Other: 801 m$ (1963Wa0$.
2739.278 4~
2747.606 3
3076.797 4+
3308.108 2t 67.9 fs+42-35 Tyo: from DSAM (2013Pel measurement with metallic sample.
3448.1410 6* >1.46 ps
3589.2912 8*
3842.2713 2+ 24 fs5
3958.5910 5° 33fs6
4058.079  4F 0.12 pst+6-4  J: shape of excitation function consistent with41(2003Ga23.
4124.4914 0O*
4225.3512 4~ 20 fs5
4229.059 2* 27 fs3
4231.9313 (67) 45 fs +37-19
4236.9610 (1,2") 104 fs21
4262.378  3* 0.28 ps+13-7 J': shape of excitation function consistent with31(2003Ga23.
4299.1211 (57) 31fs6 J': shape of excitation function consistent withdJor 5 2003Ga23.
4331.939 4* 37 fs6
4348.1013 (4%) 29 fs7 Ty1/2: likely contamination of the 2161;9from 2%9Bi makes the lifetime derived from
DSAM using this transition suspe2{03Ga23.
J': shape of excitation function consistent with4(2003Ga23.

4374.7614 7~
4426.4313 0* 0.20 ps+24-8
4454.7110 (5%) J': shape of excitation function consistent withdJor 5 2003Ga23.
44555810 20) 0.14 ps+5-3  J': shape of excitation function consistent wita2Jor 3 2003Ga23}.
4474.3114 4* 0.15 ps+18-6
44947912 3~ 42 fs8
4533.5210 3~ 69 fs +35-28 J': shape of excitation function consistent with3J(2003Ga23.
4537.7011 49 0.13 ps+7-5  J': shape of excitation function consistent wita4](2003Ga23.
4541.3712 6" 59 fs +17-12
4562.0214 5 0.14 ps+10-4 J: shape of excitation function consistent with5J(2003Ga23.
4578.9313 1) 5.1 fs20
4591.3710 3* 0.14 ps+4-3  J': shape of excitation function consistent wita31(2003Ga23.
4614.4213 6F J': shape of excitation function consistent with6J(2003Ga23.
4640.5817 7,8
4646.73 1,2 5fs4
4681.2612 2+ 31fs7
4701.1010 2* 46 fs7

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Pe16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Gl11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sc14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Kl46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Wa08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Br53,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Kl46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Pe13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Br53,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Wa08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Pe16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B

20ZTsg 74 NUCLEAR DATA SHEETS AL
90Zr(n,n’y)  2003Ga23 (continued)
907y Levels (continued)
E(Ievel)T FE Tl/z# Comments
4774.2913 (1,2)*
4781.8120 4,(3") 14 fs+22-13 J': shape of excitation function consistent wita3Jor 4 2003Ga23.
4795.63 2+ 7 fs +6-3
4814.4411 3~
4818.0212 3,4F 0.14 ps+19-7  J: shape of excitation function consistent with3Jor 4 2003Ga23.
4824.2113 2+ 40 fs +10-8
4840.2714 5 83 fs+28-14 J': shape of excitation function consistent with5J(2003Ga23.
4867.4712 5* 0.14 ps+5-4 J': shape of excitation function consistent with51(2003Ga23.
4932.64 1,2 0.18 ps+35-11 Ty, positive part of the uncertainty is missing in Table |12803Ga23 estimated
here from listed uncertainties for #(value.
4941.8913 4* 49 fs 10
4992.3612 2- 0.21 ps+13-6
5060.8517 7*
5068.66 1~ 7 fs+13-6
5084.0314 20)3) 46 fs+12-10 J: shape of excitation function consistent with2Jor 3 2003Ga23.
5090.3023 (37) J': shape of excitation function consistent with31(2003Ga23.
5107.9221 (3),4" 0.07 ps+4-3
5112.614 3~
5171.9016 (4) 23 fs+8-6 J': shape of excitation function consistent with4J(2003Ga23.
5175.83 3,4" 22 fs+21-8 J': shape of excitation function consistent wita3Jor 4 2003Ga23.
5183.6118 1*,2* 6.9 fs35
5222.9723 4*
5232.33 3.4 34.0 fs28
5270.7420 3,4 17 fs+53-16
5305.9720 2* 17 fs5
5307.7515 37,4* 0.07 ps+8-2
5312.7720 1,(2%) 59 fs 10
5317.73 » 0.19 ps+11-6
5359.2219 3*,4 22.9 fs28 J': shape of excitation function consistent wita3Jor 4 2003Ga23.
5379.83 4* 20 fs4
5426.0113 3~ 52 fs+19-14
5437.3313 2* 24.3 fs35
5457.7018 4* 115.9 fs28
5504.7519 1~ 7.7 s7
5513.4116 (3,4) 0.16 ps+8-6
5564.24 2,34 7.6 fs28
5590.5814 2+ 15.9 fs21
5601.84 3.4 24 fs4
5607.64 3,4* 14 fs+9-7
5651.13 45 fs5
5724.34 22 fs4
5775.15 24 fs+21-6
5821.86
5846.45 14 fs +44-13

T From least-squares fit toyEs; systematic uncertainty of 0.1 keV for eaghay was added in quadrature in this procedure.
¥ As proposed by003Ga23based ony(6), excitation functions and decay pattern.
# From DSAM measurement2@03Ga23, except where noted.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B

90
4OZr50-75

NUCLEAR DATA SHEETS 20275775

90Zr(n,n’y)  2003Ga23 (continued)

y(%%zr)
Ei(level) J Eﬁ I73t Er % Mut& 5@ Comments
1760.61 O 1760.7020 0.0 0" EO E, ,Mult.: from the Adopted Levels.
2186.21 2 2186.22423 100 00 0 Q Ar=+0.202
231896 5 132.71618 2186.21 2 a(K)exp=2.2 3 (1963Sc13}
Mult.: from a(K)exp.
2318.963 0.0 0
2739.27 4 420.32113 100 231896 5 D Ay=+0.052
274760 3 429.03 051 231896 5
561.31 93.83 2186.21 2 D A,=-0.061
2747.475 573 00 0 O Ap=+0.558
3076.79 4 329.12515 6.03 274760 3 D A,=-0.056
337.82 0.81 2739.27 4
757.804 251 231896 5
890.62914 90.73 2186.21 2 Q Ap=+0.403
3308.10 2 1121.99022 303 2186.21 2 D+Q +0.25 A=+0.316
6: other: +1.3.
1547.5 267 1760.61 O
3308.12 673 00 0 Q Ap=+0.293
3448.14 6 1129.11317 100 231896 5 D A,=+0.01
3589.29 8 141.17815 3448.14 6
1270.1616 2318.96 5
3842.27 2 1656.0511 14513 2186.21 2 D+Q +1.1  Ay=+0.437
¢: other: +0.3.
3842.24 85.513 00 0 Q Ap=+0.382
395859 5 1219.333 35.08 2739.27 4 D+Q +0.08 Ap=-0.167
1639.604 65.08 2318.96 5 D+Q +0.06 A=+0.484
4058.07 4 981.317 6.813 3076.79 4 D+Q -0.11 A=+0.3123
1310.0018 3.712 2747.60 3
1318.9219 2111 2739.27 4
1871.903 873 2186.21 2 Q Ar=+0.465
412449 0O 1938.266 100 2186.21 2
422535 & 1478.0216 153 2747.60 3
1485.7514 673 2739.27 4 D+Q +0.31 A=+0.545
1906.5017 184 2318.96 5 D+Q -0.57 A=+0.4314
4229.05 2 1481.406 348 2747.60 3
2042.734 526 2186.21 2 D+Q +0.04 A=+0.308
6: other: +2.0.
4229.32 14524 00 O Q Ar=+0.477
423193 (6) 1912.944 100 2318.96 5 D+Q +0.5  A=+0.5025
4236.96 (1,2) 929.0118 5,72  3308.10 2
2050.819 19.835 2186.21 2
2476.224 74.435 1760.61 O
4262.37 3 954.21 6.96 3308.10 2 D+Q +0.06 A=-0.2013
1185.565 14.115 3076.79 4 D+Q -3.1  A=+0.1120
6: other: -0.2.
1514.81 14.825 2747.60 3 A,=+0.3814
1523.074 29.47  2739.27 & Ap,=-0.0111
2076.204 34.716 2186.21 2 D+Q +0.6  A»=+0.4410
4299.12 (5) 1559.917 33.511 2739.27 4 D+Q +0.34  A=+0.309
1980.068 66.511 2318.96 5 D+Q +0.85 Ap=+0.407
4331.93 4 1255.183 38.211 3076.79 4 D+Q +0.1  Ay=+0.484
1584.254 51.314 2747.60 3 A,=-0.085
2012.92 10.520 2318.96 5
4348.10  (4) 1608.8 2739.27 & placement fromyy coin.
2161.873 100 2186.21 2 Ap=-0.125

Continued on next page (footnotes at end of table)

210


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Ga23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sc14,B

9921576 NUCLEAR DATA SHEETS 99Zr 76
90Zr(n,n’y)  2003Ga23 (continued)
v(®9Zr) (continued)
Ei(level)  F E,f 1+ E ¥  wmu& 5@
A; likely has contamination from?°Bi
(2003Ga2}.
437476 T 2055.777 100 2318.96 5 Q A,=+0.3119
4426.43 0O 2240.205 100 2186.21 ? A,=0.007
445471 (3)  1377.7412 11.922 3076.79 4
1715.7314  13.850 2739.27 4
2135.705 74351 2318.96 5 A,=+0.5310
445558 %) 1707.905 42.725 2747.60 3 D+Q +0.024 A=-0.107
2269.404 57.325 2186.21 2 A,=+0.329
447431 4 1726.687 71.333 2747.60 3
1735.¢ 28.733 2739.27 4
449479 3 1747.22 4730 2747.60 3
1755.494 95.330 2739.27 4 D+Q -0.02  A,=-0.083
6. other: —6.4.
453352 3 1225.% 2 10.413 3308.10 2
1456.784 58.962 3076.79 4 A,=+0.5411
1794.156 22723 2739.27 4 D+Q +2.0 A=+0.129
o: other: —-0.4.
2347.3 8.022 2186.21 2
4537.70 &) 1460.956 38.535 3076.79 4
2218.657 61.535 2318.96 5 D+Q -0.36  A,=+0.33
6. other: —1.8.
454137 6 1092.9723 7520 3448.14 6
2222 .434 92.520 2318.96 5
4562.02 5 1822.75 100 2739.27 %
4578.93 {9 2818.3310 54.544 1760.61 O
4578.72 45544 0.0 0 A,=—0.017
459137 3 1843.705 73.29 274760 3 A,=+0.436
2405.187 26.89 2186.21 2 D+Q -0.07 A=-0.387
4614.42 6 1166.2412 404 3448.14 6
1537.6412 304 3076.79 4
2295.5 303 2318.96 5
464058 7,8 1051.28 100 3589.29 8
46467 1,2  2884.813 84.524 1760.61 O
4646.63 15.524 0.0 O
4681.26 2 1933.778 505 2747.60 3
2495.% 213 2186.21 2
4680.82 294 0.0 0O Q A,=+0.517
4701.10 2 1953.2617 39.618 2747.60 3
2514.7613 15.411 2186.21 2
2940.6012 37.617 1760.61 O Q A,=+0.5111
4701.23 7.416 0.0 0O Q A,=+0.74
477429 (1,2  537.345 25.424 4236.96 (1,2)
2587.9625  74.624 2186.21 2
4781.81 4,3) 2462.8119 100 2318.96 5
47956 2 4795.53 100 00 O Q A,=+0.53
4814.44 3 2066.958 765 2747.60 3 D+Q +0.34  A=+0.73
2495.5 12.023 2318.96 5
2628.0110 12.524 2186.21 2 A,=-0.029
4818.02 3,4 975.7515 143 3842.27 2
2070.397 863 2747.60 3
482421 2 1747.22 64 3076.79 4

Continued on next page (footnotes at end of table)
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$0Zre 77 NUCLEAR DATA SHEETS 90Zr 77
90Zr(n,n’y)  2003Ga23 (continued)
v(®9Zr) (continued)
Ei(level) J EyJr Iyi Et Mult& 5@ Comments
482421 2 2638.0711 804 2186.21 2 D+Q +0.11 A=+0.346
6. other: +1.7.
4823.95 13.925 00 00 Q A,=+0.7514
484027 5 1763.466 704 3076.79 4
2092.# 304 2747.60 3
4867.47 5 1419.2310 313 3448.14 6 D+Q -1.0 Ay=+0.5814
1790.738 595 3076.79 4 D+Q +0.8  Ay=+0.7516
2128.3 10 4 2739.27 4
49326 1,2 4932.54 100 00 O
4941.89 4 1865.038 75.724 3076.79 4
2623.02 24324 2318.96 5
4992.36 2 1150.3 16.617 3842.27 2
1684.358 553 3308.10 2 A,=+0.357
224453 17.217 2747.60 3
2252.92 10.816 2739.27 4
5060.85 7 1612.6911 100 3448.14 6
5068.6 T 5068.46 100 00 O
5084.03 £),3°) 2336.1810 735 2747.60 3
2345.73 275 2739.27 4
5090.30 (3) 2904.0323 100 2186.21 2
5107.92 (3),4  2368.6 2739.27 4
2921.72 100 2186.21 ? A,=+0.5114
51126 3 2365.010 100 274760 3 D+Q -0.1  Ay=+0.2511
E,: from yy coin spectra.
5171.90 (4) 2432.3 363 2739.27 4 A,=+0.63
2853.0614 643 2318.96 5
5175.8 3.4 2989.53 100 2186.21 2
5183.61 1,2 2997.52 467 2186.21 2
5183.23 547 0.0 0O
522297 4 2483.6719 100 2739.27 4 Ap=+0.4123
52323 34 3046.03 100 2186.21 2
5270.74 3,4 2531.446 100 2739.27 4
5305.97 2 5305.82 100 00 0 Q A,=+0.2619
5307.75 3.,4* 2560.24 104 2747.60 3
2988.92 153 2318.96 5
3121.32 755 2186.21 2
5312.77 1,(2) 3551.4 6 1760.61 O
5312.62 100 00 O
5317.7 3 2570.24 587 2747.60 3
3131.24 427 2186.21 2
5359.22 3.4 2282.42 100 3076.79 # Ap=+0.3413
5379.8 4 3193.63 100 2186.21 2
5426.01 3 2118.12 48.286 3308.10 2
3106.82 38.466 231896 5 Q A,=+0.74
3239.72 13.328 2186.21 2
5437.33 2 2690.0823 61.820 2747.60 3 A,=—0.1414
3676.62 21.017 176061 0 Q A,=+0.4823
5436.92 18.011 00 00 Q A,=+0.4719
5457.70 4 2380.63 3411  3076.79 4
2710.22 6611  2747.60 3 A,=—0.4312
5504.75 T 3744.55 573 1760.61 O
5504.52 433 0.0 0O
5513.41  (3,4) 2436.3 348 3076.79 4 Ap,=-0.2116

Continued on next page (footnotes at end of table)
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90
4OZr50-78

NUCLEAR DATA SHEETS

90
4OZr50—78

90Zr(n,n’y)  2003Ga23 (continued)

v(®9Zr) (continued)

Ei(level) qf Eﬂ Iyi E¢ J’fr Mult.& Comments
5513.41 (3,4) 2765.2 648 2747.60 3
5564.2 2,34 3377.8 100 2186.21 2
5590.58 2 2842.92 18.130 2747.60 3

3404.12 52.324 2186.21 2

5590.93 29.717 00 0O Q Ar,=+0.5514
5601.8 3,4 3415.54 100 2186.21 2 A,=+0.53
5607.6 3,4 2299.53 100 3308.10 2
5651.1 2911.8 100 2739.27 4 A,=+0.2518
5724.3 3538.6¢ 100 2186.21 2 A,=-0.2215
5775.1 3588.% 100 2186.21 2
5821.8 3635.% 100 2186.21 2
5846.4 3660.5 100 2186.21 2

* From 2003Ga23 except where noted.

¥ From 2003Ga23 except where noted. Values are relative branching frorh é&ael.
§ From level energy dierence.2003Ga23state that peak in singles spectrum was either componeniresalved doublet or

heavily influenced by background.
& Fromy(6) in 2003Ga23 except where noted.

@ Fromy(6) in 2003Ga23 The value with smalleg? is listed in the data field while the value with large? is given in the

comments.

# Placement of transition in the level scheme is uncertain.
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20275579 NUCLEAR DATA SHEETS

90
4OZr50—79

07Zr(p,p’)  1983Va03,1981Fu01

1983Va03 E=25.05 MeV. Measured-(¢,E(p)), magnetic spectrograph, FWHM2-16 keV,0=9° to 107, enriched target.
1981Fu01 E=65 MeV. Measuredr(6,E(p)), magnetic spectrograph, FWHMS5 keV, =10°-63°, enriched target.

For other measurements of deformation parameters1$@@Wal3 1981Fu01 1973Hi04 1968Di05 1967Mal4

Data are from1983Va03for levels below 6250 keV, frond981FuOifor levels above 6250 keV, except as noted.

E=12.7 MeV, FWHM=40 keV (1968Di05.

E=14.7 MeV (1967MalJ.

E=24 MeV (1974Ce03.

E=40: MeV, FWHM=20 keV (1973Hi04.

E=61.2 MeV, FWHM~ 45 keV (1972Wh031981Sc04.
E=65 MeV, FWHM=15 keV (1981Ful0.

E=65 MeV, FWHM=15 keV (1989Fu07J.

E=800 MeV, FWHM=170-230 keV 1979Di0J).

E=800 MeV, FWHM=70-100 keV {982Ga021983Ga0).
Experiments using polarized protons:

E=20 MeV (1979P1011984PI1061988P1041989PI109.
E=20.3 MeV, FWHM=100-150 keV 1969GI05.

E=30 MeV, FWHM=80-100 keV (977De03.

E=40 MeV, FWHM=60-80 keV (979Del}.

E=57.5 MeV, FWHM=150-250 keV 1979Ma0§.
E=160 MeV, FWHM=80 keV (1980Sc2)L

E=185 MeV, FWHM=280-320 keV 1971Ha63.
E=400 MeV, FWHM=120-300 keV 1989Le041989Le0§.
E=500 MeV (1987Ba23.

E=800 MeV, FWHM=120 keV (983Ba0§.

E=16 MeV (1994PIZZ 1994PIZY).

907r Levels
E(IeveI)Jr LT# BL RT Comments
0

17564 0

21854 2 0.45

23194 5 0.45

27514 3 1.02

30784 4 0.27

33115 2 0.28

34555 6 0.20

35965 8 0.14

38465 2 0.32

39625 5 0.38

40625 4 0.16

41285 0

42335 (2,5) E(level): unresolved doublet§83Va03.

L: L=5 from 1968Di05 1983Va03report L=2, BR=0.23, but state that+2 alone cannot reproduce

the o (6).

43056

4338926 4 0.36  E(level): suggested to be the hember of the configuratier{(v 1gg/2)‘1(v ds/2)) multiplet
(1981Ful0.

43806 7 0.45

44276

4467Q E(level): suggested to be the Bnember of the configuratier{(v 1gg/2)*1(v ds/2)) multiplet
(1981Ful0.

44806

45006  (3) 0.21

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Va03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Di05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Va03,B
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90
4OZr50-80

NUCLEAR DATA SHEETS

90
4OZr50—80

E(level)f
45479 ¢

45962 6

46536
46896
47106
47836
48286
48496
48756
49466
49976

50652 6

50896
51186
51766
52156
53156
53816
54336
54626
55126
55826
56317
56667
57037
57537
57817
58297
58917
59397
59777
60067
60587
60787
61067
61287
61677
62097
62297
62457
6290

6308* 7
6397 7

6428 7
6479

6496 7
6517

6547 7

90Zr(p,p’)  1983Va03,1981Fu01 (continued)

907y Levels (continued)

Comments

LT BLRT
(2,6)

2 0.18
2 0.12
2 0.10
2

3 0.29
4 0.19
(4,5)

4 0.27
2 0.10
4 0.27
0,1

3 0.33
3 0.27
3 0.23
1

3 0.27
4 0.22
4 0.18
(4)

4 0.14
1

©)

(4)

(3)

1

)

(4)

E(level): unresolved doublet$83Va03.

L: L=2 from 1968Di05 1983Va03report L=6, BR=0.39.

E(level): the 6 state is suggested to belong to the configurat{en 199/2)‘1(v ds/2)) multiplet
(1981Ful0.

E(level): suggested to be the 3nember of the configuratier{(v 1gg/2)*1(v ds/2)) multiplet
(1981Fu10.

L: from 1968Di05

E(level): suggested to be the Thember of the configuratier{(v 1gg/2)*1(v ds/2)) multiplet
(1981Fu10.

L: from 1974Ce03 Comparison of strength in (g)pand @,a’) suggests natural parity.

E(level): unresolved double1983Va03.

L: from 1983Vva03

Continued on next page (footnotes at end of table)
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9071, 81 NUCLEAR DATA SHEETS 30250781

90Zr(p,p’)  1983Va03,1981Fu01 (continued)

907y Levels (continued)

E(IeveI)Jr Lt¥ Comments
6574 7 E(level): unresolved doublel983Va03.
6636* 7

6666 4
6694 (4)
6709 (3)
6742 @)
6794 7

6813 4
6853 (4)
6867 (3)
6895 (4)
6924 8

6974 3)
7002 @)
7047 (3)
7060 (4)
7089 (3)
7120 @)
7136* 8

7151 4
7165 8

7200 A3)
7235 ©)
7263 (3)
7275 (4)
734F 8

7376 8

7402 3)
7423 ©)
7461 (3)
7523 (4)
7614 (3)
7633 )
7722 (3)
7750 ©)
7767 (4)
7796 (4)
7877 (4)
7902 @)
7926 (4)
7984 (4)
8123 (3)
8168 ©)
8276 (3)
8412 ©)
8430 (3)
8515 ©)
8539 (3)

* From 1983Va03for levels below 6250 keV and frorh981FuQ1for levels above 6250 keV, except where noted. Energies of
1981Fu0lare systematically high and have been lowered by 15 keV byvhkiators.1981FuOlreport an uncertainty of 5 keV.

¥ Most of the parentheses on L values have been added by theamral

# From 1983Va03

@ Configuration assignment from comparisonoc(®)(exp) with distorted wave calculationd9481Ful.
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90
4OZr50-82

NUCLEAR DATA SHEETS 20275782

907zr(p,p’y)  1971Ra08,1974Ce03

1971Ra08 E=3.0-7.2 MeV. Measured £ ly, semi, enriched target.
1974Ce03 E=24 MeV. Measuredr(E(p),d), semi, py coin, Ey, scin.

Others:1962Ne02 1970Am01 1972Bul8 1972Pil13 1974Ch52 1984Sc37 20150t02
Data are froml971Ra08 except as noted.

90zr Levels
E(level) Ft T12 Comments

0 o*

17622 o+ 61.3 ns25 E(level): From1962Ne02
Tl/zi From1972Bul8

2186.33  2*
2318.73 57
2738.85 4) E(level): For cross section limit on excitation of this leie (p,p’), see1974Ch52
2748.04 37
3077.34  4*
3308.86 2*
3845.010 2*
4237.913 (2%)
5510F 15 1*,17,2%
5890 15 17+
6420F 15  1+,17,2+%

T From Adopted Levels, except as noted.
¥ From 1974Ce03 Jr based on observed,o/I", andy(6).

For measured conversion electron spectrum,1852Pi13

y(%°zr)

Probability of two-photon decay for 1762F @o 0, transition is 0.018%2, with a ratio<2E1>/<2M1>of 1.9 0.7 (1984Sc3J.

E, Iﬁ Ei(level) J Er X Comments

236.8° 33088 Z 3077.3 4 E,: From1972Pi13

420.13 2738.8 4y 2318.7 5

561.73 27480 3 2186.3 Z

891.03 3077.3 4 2186.3 Z

1122.08 2612 33088 Z 2186.3 Z

1762 1762 0 0 0" a: l(ce)l(y)=2.388, K/ILM=7.068 (1962Ne02.

E,: For excitation function of K-electrons for E($.0-8.6 MeV, see
1970Co01

2186.33 2186.3 Z 0 0"

2318.73 2318.7 5 0o o

2477.712 42379  (2) 1762 O

2747.510 2748.0 3 0 0" I, afew percent1971Ra0$.

3309.18 7412 33088 Z 0 0"

3844.910 3845.0 z 0o o
4237.015 4237.9 ) 0 0"

5510¢ 5510 17,24 o o

5890¢ 5890 T 0o o

 Percent photon branching from each levEST0AmMO?).

¥ From 1974Ce03
§ Placement of transition in the level scheme is uncertain.
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%07 .83

407750

NUCLEAR DATA SHEETS

90
4OZr50—83

90zr(d,d’) 1973Ba28

1973Ba28 E(d)=15 MeV. Measuredr(0) with magnetic spectrograpi=20°-110. FWHM=35 keV.

1992Se02 E(d)=16.0 MeV, polarized deuterons. Measure() and vector-analyzing power with semi telescope.

Data are froml973Ba28 except as noted. Other$982CI03 1975Ba41 1996Kal0

907r Levels
E(IeveI)Jr L¥ ﬁRi Comments
0

1750 0 0.10

2180 2 0.39 pBR:1975Ba4lobtainR=0.24 in poor agreement witht973Ba28and 1992Se02
2300 5 0.24

2750 3 0.71 pBR:1975Ba4lobtainR=0.49 in poor agreement witht973Ba28and 1992Se02
3090 (4) 0.8

3290 2 0.23

3440 (6) 0.09

3820 2 0.27

3940 5 0.16

4220 2 0.20

4350 (4) 0.23

T From 1973Ba28

¥ From comparison with DWBA calculationd §73Ba2$, except where noted.=4 and 6 give poor fits to the data, and are
considered tentative.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Se02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Cl03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1996Ka10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Se02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Se02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ba28,B

2027584 NUCLEAR DATA SHEETS

90
40Zr50—84

0zr(t,t’)  1968FI06,1994S026

1968FI06 E=20 MeV. Measuredr(0), 6(lab)=18"-78" in steps of 3. AE-E telescope. FWHMG60 keV.
1994S026 E=20 MeV. Measured deformation parametggsand 3.

907Zr Levels
E(IeveI)Jr L¥ BL s Comments
0
175015
218015 2 0.070 p.: other:3,=0.09 (1994S02%.
230015 5 0.039
275015 3 0.12  p.: other:B33=0.16 (1994S028.
309015 4 0.027
329015 2 0.040 p: other:3,=0.03 (1994S028.
344015 6 0.016
358015 (1)
382015 2 0.047 p: other:3,=0.03 (1994S02§.
399015 5 0.027
404015 (2,5) 0.022
422015 (2) 0.037
433015 4
437015
445015 3
453015 5
461015
467015 (2)
481015 (1)

511015  (3,4,5)
522015  (1,3)
538015 4
546015 4
565015 3
578025
596025
607025
630025
643025
656025

T From 1968FI06
¥ From comparison with DWBA calculationd $68FI0§.
# From 1968FI06
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Fl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Fl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994So26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Fl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Fl06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Fl06,B

907185 NUCLEAR DATA SHEETS 40250785

07r(BHe3He)  1967Gi05

1967Gi05 E(PHe)=43.7 MeV. Measured-(d) with semi,#=14"-123. FWHM=200 keV.
Other: 1993Fa091993Be07 1981Ya02

907 Levels

E(evelf L* pRE

0

2180 2 052
2710 3 078
3270 )

3840 2 033
4350

5630

T From 1967Gi05
¥ From comparison with DWBA calculationd 967Gi05.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Gi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Gi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Fa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Be07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Gi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Gi05,B

907186 NUCLEAR DATA SHEETS 40250786

907zr(PHedp)  1979Fi02

1979Fi02 E=30.2 MeV. Measured-(E(d),E(p)), dp coin. Enriched target (97.7%). /&t-E telescope.

907 Levels

E(level)

0
2180
2750
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Fi02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Fi02,B

9071, 87 NUCLEAR DATA SHEETS 2025087

07r(a,0’) 1986Lal8

1986Lal8 Ex=35.4 MeV. Magnetic spectrograph, FWHN5-50 keV. Measured-(6), 6=10°-50°.

1987Ry01 Ea=35.4 MeV. Magnetic spectrograph, FWHMO0-70 keV. Measured-(d), §=10°-50°.

1968Ma30 Ea=31 MeV. Si detectors, FWHMB80 keV. Measuredr(6), =16"-70°.

1995Lu05 Ea=34.5 MeV. Magnetic spectrometer. Measure@), 6=8° —46.5. Determined B(E2) and B(E3].

2018Gu05 E(x)=385 MeV beam was from the ring cyclotron facility of the RasbaCenter for Nuclear Physics (RCNP). Target
was self-supporting foil of 97.7% enrich@8zr with a thickness within 4.0 to 5.4 nigm?. Inelastically scattered particles were
momentum-analyzed with the high-resolution magnetic speteter Grand Raiden and detected with a focal-plane tetsgstem
consisting of two position-sensitive multi-wire drift ainders (MWDCs) and two plastic scintillators. Measure@, ,6). Deduced
energies, widths, percentages of energy weighted sum EWESR) of the isoscalar giant monopole (ISGMR), dipole (1SG2nd
quadrupole (ISGQR) from DWBA analysis.

Others:1966Bi05 1973Bi12 1974Ce031975Gi1Q 1978ToZU 1989Ku29 1990Bu25 2001CI01 2004Yo05 2004Lu04 2013Yo07
2015Kr08 2016Gu13

Data are froml986Lal8 except as noted. There is good agreement between thesrefiR68Ma30and 1986Lal8

For studies of projectile excitation i fo’), see1979Ka03

For discussion of isospin decomposition of matrix elemesee1987Ry01 1990Bu25

907 Levels

Parameters of strength distributions of the giant resaemace deduced from DWBA analysis of measurdtedéntial cross sections
(2018Gu03j.

E(IeveI)Jr L¥ ﬁRi Comments
0
2194 2 0.42 B(E2)=0.0635 (1995Lu0).
2327 5 0.34
2754 3 0.77 B(E3)=0.051 to 0.091 1995Lu03).
3082 4 0.21
3319 2 0.19
3463 6 0.12
3839 2 0.25
3957 5 0.25
4056 4 0.14
4121 0
4229 2 0.14
4305 4 0.08
4334 4 0.25
4374 7 0.19
4491 3 0.13
4542 6 0.14
4685 2 0.14
4821
4941 4 0.07
5060 (7)
5114 3 0.20
5215 4 0.15
5317
5382 4 0.20
5464 4 0.18
5512 1
5582 3)
5630 3 0.27
5671 3 0.22
5778 3 0.18
5891 1
5951 3 0.19

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ry01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ma30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Lu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Bi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Bi12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ce03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gi10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978ToZU,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ku29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Bu25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Cl01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Yo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Lu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Yo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Kr08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Gu13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ma30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Ka03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ry01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Bu25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Lu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Lu01,B

20275088 NUCLEAR DATA SHEETS 202r5,-88
90Zr(a,e’)  1986Lal8 (continued)
907y Levels (continued)
E(Ievel)T J r L¥ Comments
13.9%102 7  2* 7.44 MeV +30-28 2 %EWSR=1085 (ISGQR).
E(level),J¥,I': from 2018Gu05
16.76<10° 12 0* 4.96 MeV+31-32 0 %EWSR=759 (ISGMR).
E(level),J¥,I': from 2018Gu05
E(level): other: 1655@®0 (2016Gul3.
I': other: 4.2 MeV3 (2016Gul3.
27.8<10°9 1 11.3MeV+24-27 1  E(level): from 27.&10° +10-8 in 2018Gu05

%EWSR=69 12 (ISGDR).
E(level),¥,I': from 2018Gu05

* From 1986La18with general statement that uncertainty is 10-15 keV, exedmere noted.
¥ From comparison with DWBA calculationd 986La18, except where noted.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Gu13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Gu13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986La18,B

%07, -89 NUCLEAR DATA SHEETS 30250789

907 (170,170"),(170,170’y)  1993Li24,2010K r 01,2015Cr 02

1993Li24 (’0,170’), E=1435 MeV. Measured scatterédO ions at various angles. Determined B(E2nhd B(E3}. Detector:
ion chamber, plastic scintillator. Othet995Be12 1992VazW

1993H003 1992H002 (8Li,6Li’), E=70 MeV. Measured scatterédli ions at various angles from=4° to 45°. Detector: magnetic
spectrometer, FWHM225 keV. Determined B(E2) Target: 97.67% enrichetfzr.

2010Kr0z (BLi,5Li’), E=240 MeV. 90% enriched 5.0 rgn? 997Zr target; measured scatterB ions at various angles from
6(c.m.) = 4° to 43. Multipole-Dipole-Multipole (MDM) spectrometer at TAMWDetermined B(EZ2), B(E3)f. Double folding
model analysis using density dependent M3Y Nieetive interaction and with phenomenological Woods-Sgsatential.

2015Cr02 E(1’0)=340 MeV beam from the Tandem-ALPI accelerator complex ofltegnaro National Laboratories of INFN at
Legnaro, Italy. Self-supporting target with thickness ahg/cm?. Measured E, ly, y(6) using the AGATA demonstrator
consisting of three triple clusters of HPGe detectors arréddfl), recoily coincidences using twaE-E silicon telescopes
(FWHM =~ 0.3% at 340 MeV). Diferential cross sections compared to the results of DWBAutations using both the standard
collective form factor and a form factor obtained by foldimgcroscopically calculated transition densities. Corngmar of data to
(v,y’) and (p,p) data in the energy region of 6 to 11 MeV.

907r Levels
E(level) Ff Comments
0.0 (0
1760.7 )

2186.3 2%  B(E2)1=0.0666 (6Li,5Li") (1993H003; B(E2)1=0.0439, (:70,170’) (1993Li24), B(E2)1=0.059+2-6
(6Li,5Li") (2010Kr0J).

23190 5

2739.3 (4"

27479 3% B(E3)1=0.0275, (:70,170')(1993Li24) ;B(E2)1=0.086+2 -9 (6Li,6Li")(2010Kr02.

30769 4

3308.8 2%

3448.2 5]

3842.2 z E(level): cross section best reproduced by a calculatioiciwbonsiders only the Coulomb excitation
contribution.

4223 )"

4681 2 E(level): excitation cross section measurements sugfesother sizable decay branches (apart from the
observed 839 and 468%) might exist from this level.

6424 T E(level): cross section not well reproduced by DWBA caltiola using standard deformed potential model,

better agreement obtained when nuclear contribution sutated from a microscopic form factor.
E(level): dominant isoscalar component, exhausts 2.17%efsoscalar dipole energy weighted sum rule
strength.

¥ From the Adopted Levels.
¥ DWBA calculations with standard deformed potential modwisistent with 4 from Adopted Levels.
# Listed without parentheses in level-scheme Fig. 2@f5Cr02

y(%°zr)

Yield ratio is determined from ¥=Y(125°-150)/Y(100°-125’) where Y@) is the yield at angl®. The average for the known E2
ground state transitions from the 2186-, 3309-, and 38421keels is Yr=1.055 (read by evaluators from Fig. 3 @015Cr032.
For the 6.5 to 8 MeV energy interval,R¢1.397, and for the 6.5 to 10 MeV energy intervalg¥1.366 (both read by evaluators
from Figure 3 0f2015Cr032, suggesting dominant E1 character for transitions in ¢misrgy range, although the presence of M1 and
E2 transitions cannot be excluded.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Li24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Kr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Li24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Be12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992VaZW,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ho03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ho02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Kr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Ho03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Li24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Kr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Li24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Kr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B

907r,,-90 NUCLEAR DATA SHEETS 30250790

90zr170,170"),(1"0,170’y)  1993Li24,2010K r01,2015Cr 02 (continued)

v(29Zr) (continued)

E, Ei(level) J Et % Mult. ¥ Comments
420 2739.3 (4 2319.0 5
425 2186.3 2 1760.7 O E,: listed as 562 keV in Figure 4 ¢f015Cr02 which evaluators consider to

be a typo. Figure 1 and text @15Cr02describe a 42p depopulating the
2186.3-keV level. A 562 depopulates 2748, 3evel.

562 2747.9 3 2186.3 2

83 4681 2 3842.2 7 E,: observed in spectrum with condition on the energy of thetemd 1’0
particles which corresponds to excitation energie%%#r between 4.2
MeV and 5.2 MeV, however, absent in same spectrum gatet¥zm
energies between 3.0 MeV and 4.0 MeV.

891 3076.9 4 2186.3 Z

1122 3308.8 2 2186.3 2

1129 3448.2 6 2319.0 5 E,: a 562 is shown in Figure 4 0R015Cr02as depopulating the 3448-keV
level and populating the 2739-keV level, which evaluatarasiders to be
a typo. Figure 1 and text #015Cr0O2describe a 1129depopulating the
3448-keV level.

2186' 2186.3 z 0.0 0¢ E2 Mult.: Yr=1.022, read by evaluators from Figure 3 2015Cr02

2748 27479 3 0.0 0

3309' 3308.8 z 0.0 0¢ E2 Mult.: Yr=1.11, read by evaluators from Figure 3 2015Cr02

3842" 3842.2 z 0.0 0¢ E2 Mult.: Yr=1.138, read by evaluators from Figure 3 2015Cr02

4223 4223 2) 0.0 O

46817 8 4681 74 0.0 0

6424 6424 T 0.0 00 E1 Mult.: dipole from observation in spectra with condition angle between

emittedy ray and recoil direction which enhances dipole transitions
Mult.: Yr=1.4317, read by evaluator from Figure 3 @D15Cr02

 Confirmed ground state transitions through their obseswaiti spectra obtained by requiring theray energy to be equal to the
excitation energy irf9Zr, within the energy resolution of the charged-particlegeopes.

¥ From yield ratio,Yg (2015Cr03.

§ Placement of transition in the level scheme is uncertain.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Li24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Kr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Cr02,B

90
4OZr50-91

NUCLEAR DATA SHEETS

90
4OZr50—91

Jn(®1zr)=5/2*.

1968Ba31 E=31 MeV. Measuredr(6). Magnetic spectrograph, nuclear emulsions. FWAE keV.

917r(p,d)

1968Ba3l

For discussion of strength distribution ofll, L=3 and =4 levels, sed987DuzZW.

Other: 1971Ma58

E(level)f L¥ c2sH*

0 2 0.98
21845 2 0.04
27445
30695
32965
35575

* From 1968Ba31

E(level)f

38405
40305
42205
43205
44435
45285

-

AR SAD

907y Levels
c?sH# | Egevelll LY 2 | E(level)t
45785 4 0.96 542010
46505 550010
026 | 481010 1  0.37,0.34| 556010
1.27 | 498010 1  0.42,0.38| 564010
1.85 | 505010 4  2.05 595010
220 |510010 1  0.41,0.37

¥ From comparison with DWBA calculationd $68Ba3).
# Values are given for both=1/2 and &3/2, respectively, for states of41.

*

-

I—\HI—\HI—"

c2st#

0.47,0.51

0.18,0.19
0.20,0.22
0.41,0.44
0.58,0.62
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ba31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ba31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987DuZW,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ma58,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ba31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ba31,B

07y, 92 NUCLEAR DATA SHEETS 20250792

917r(d,t)  1963Col10

Jn(®1zr)=5/2+.
1963C010 E=15 MeV. Measuredr, magnetic spectrograph, FWHM 75-100 keéM47°, enriched target.
Others:1960VI04 1965Ja07

907 Levels

E(level)

0
1750
2210
2770
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Co10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Co10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Vl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ja07,B

90
4OZr50-93

NUCLEAR DATA SHEETS

90
4OZr50—93

Jn(®1zr)=5/2*.
1973Fa05 E=24 MeV. Measuredr (), 6=10°, 2(°, 35°, 45°, 55°. Position sensitive proportional detectors, magnetictspgraph.

FWHM=40 keV.
1977Gal7 E=39 MeV. Measuredr(d), §=5°-40C° in steps of B. Position sensitive detectors, magnetic spectrographHMA/30-35

keV.

Other: 1968Ru02

917r(BHew)  1973Fa05

Data are froml973Fa05 except as noted.

E(level)

0
2186

3077

3309

3843

433410
445710
454210
459410
469410
506110
535020
569020
581020
630020

(4)
(4)
(4)
(4)
3.4)
3.4)
3.4)
3.4)

c?si&

907 Levels

Comments

0.94@

0.05
0.05
0.10
0.03
1.54
1.80
211
1.03
0.34
2.66
0.2%
0.2¢
0.2¢
0.8¢

E(level):
E(level):
E(level):
E(level):
E(level):
E(level):

Suggested to be the hember of the configuratier{(v 1gg/2)‘1(v ds/2)) multiplet.
Suggested to be the member of the configuratier{(v 1gg/2)*1(v dsp2)) multiplet.
Suggested to be the Biember of the configuratier{(v 1gg/2)‘1(v ds/2)) multiplet.
Suggested to be the @iember of the configuratier{(v 1gg/2)*1(v ds/2)) multiplet.
Suggested to be the tember of the configuratier{(v 1gg/2)‘1(v ds/2)) multiplet.
Suggested to be thé Mmember of the configuratier{(v 1gg/2)*1(v dsp2)) multiplet.

T From comparison of-(6) with DWBA calculations {973Fa03, except where noted. The L values should be regarded as

tentative. Brackets have been added by the evaluators.
¥ From the Adopted Levels.
# Assuming =4 (1973Fa05.
©@From1977Gal7
& Relative strength only, except for g.s.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ga17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ru02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ga17,B

9071, 94 NUCLEAR DATA SHEETS 2025094

927r(p,t)  1971Ba43

1971Ba43 E=38 MeV, magnetic spectrograpb(c.m.=5°-49°, FWHM= 25 keV, enriched target, DWBA analysis.
For analyzing power of the g.s. transition, s€385Ya02 1982A001

For bump of two-hole states at around 8 MeV excitation enesgg1982Na06

Other: 1972Ba75

907Zr Levels
E(level) L | E(level) L | E(level) L | E(level) L
0 0 | 41255 0 | 46835 2 54415 0
17615 0 | 42325 2 | 48175 3 55075 (3,4)
21865 2 | 43355 4 | 50685 (1) | 55925 2
23195 44275 0 | 51105 3 59385 (1)
27485 45435 6 | 53145 3
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba43,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ba43,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ya02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ao01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Na06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ba75,B

907195 NUCLEAR DATA SHEETS 30250795

927r(a,8He)  1979TazL

1979TaZLl: E=64 MeV. Measuredr(6), =4.5-30°, magnetic spectrograph amde counters.

907y Levels

E(level) | E(level) | E(level) | E(level)

0 3310 4340 5110
2190 3840 4540 5440
2320 4130 4680
2748 4230 4820
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979TaZL,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979TaZL,B

9071, /96 NUCLEAR DATA SHEETS 30250796

92Mo(*4C,1%0)  1982Ma30

1982Ma30 E=71 MeV. Measuredr(6), 6(c.m.x11°-46°, magnetic spectrograph, FWHM 100-200 keV, enriched taigé/BA
analysis.

907 Levels

E(level)

0
1761
2186
2748
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ma30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ma30,B

90
40Zr50—97

NUCLEAR DATA SHEETS

90
4OZr50—97

Jr(P3Nb)=9/2".

1974Ve08 E=15.2 MeV. Measured-(Ea,0), 0=10°-160C, semi;§=10°, 30°, magnetic spectrograph, FWHM1 keV.
Other: 19950101

Nb(p,a)  1974Ve08

For shell and odd-evenffects on alpha-particle energy spectra from the)(peaction on nuclei around neutron nhumber 50, see
1987Ku01

E(level)

0
1760
2180
2320
2740
3070
3290
3450
3590

3840
395510
4015710
4120710
422510
428010
433010
437010
4420710
4450710
447010
449010
454010
5100

¥ Normalized to 1 for the ground stat&974Ve0§.

#

#

1
3

07 Levels

Comments

1.0
0.022
0.177
1.0
1.4
0.35
0.14
0.43
0.56

0.68

®®

L,S: Doublet.

¥ From comparison with DWBA calculationd $74Ve08.

# L=(3) for the levels at 4470 and 4490 keV.

@ Weak.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ve08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ve08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Ku01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ve08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ve08,B

90
4OZr50-98

NUCLEAR DATA SHEETS

90
4OZr50—98

1979Sa121983Val81984Va31 E=45 MeV. Measuredr(d), §=6°-26°, magnetic spectrograph, FWHMO0-100 keV, enriched

target, DWBA analysis.

Others:1979Sa121984Um04

94Mo(d

BLi)  1984va3l

For a spectroscopic strengths, s&834Um04(1984Va3).

E(levelll LT | Egevel)f

0 0 | 331015
177015 0 | 345015
219015 2 | 359015
233015 5 | 385015
275015 3 | 396015
308015 4 | 411015

* From 1984Va31

CUZR®
N Nt

E(levell LT | E(levelf
433015 (4) | 543015
441015 0 | 556015
454015  (6) | 565015
468015 (2) | 595015
481015 (3) | 675015
534015  (3)

907 Levels

LT

(4)
()
(3)
(4)
(©)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Va31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Va18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Va31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sa12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Um04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Um04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Va31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Va31,B

90
4OZr50-99

NUCLEAR DATA SHEETS

90
4OZr50—99

208pp(0zy NV7z¢75)  2015Val2

2015Val2 E(°°zZr)=560 MeV. Measured £ ly, yy, recoil-y using CLARA array consisting of 24 Compton-suppressed €Hov

detectors. Projectile-like products detected with the SNRA magnetic spectrometer at lab angles of 56d 6.

Ohter: 2005Ga44

E(level)f

0.0
2186.3
2319.0
2739.3

FT

0
2

5
4y

E(level)l JFT
27479 3
3076.9 4
33082 2
34482 6

* From Figure 3 in2015Va12

Ey

329.1
420.3
561.6
890.6
1122.0
1129.2

E;(level)

3076.9
2739.3
2747.9
3076.9
3308.2
3448.2

O’il\‘b#w’\#|
3 -

m

2747.9
2319.0
2186.3
2186.3
2186.3
2319.0

907r Levels
E(level)l  FT
3589.4 g
3842.3 z
4058.1 4
4374.8 7
5644.0 10
pAGar4))
It E, Ei(level) J E¢ N
3 | 1871.9 4058.1 ! 2186.3 2
5 | 2054.6 5644.0 10 35894 8§
Z | 2055.8 4374.8 7 2319.0 5
Z | 2186.3 2186.3 P4 0.0 O
Z | 3308.1 3308.2 P 0.0 O
5 | 3842.2 38423 P4 0.0 O
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Va12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Va12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Ga44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Va12,B

20275100 NUCLEAR DATA SHEETS

90
40Zr50—100

Coulomb excitation  1965Ga05

1965Ga05 E(1*N)=44 MeV. Measured*N’-y coin, semi-scin.

907r Levels
E(level) Comments
0
2.2x10°  B(E2)1=0.04215
y(%2r)

E, Ei(level) E Mult.
22108 2.2x108 0 E2

Coulomb excitation  1965Ga05

Level Scheme

%zf/"
N
Vi
v 2200
0
90
20<%s0
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ga05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ga05,B

2Bl NUCLEAR DATA SHEETS 90Nb,4-1

Adopted L evels, Gammas

Q(5~)=-24893; S(N)=1010824; S(p)=50755; Q(a)=-580315 2017Wal0
S(2n)=2263060, S(2P}:129404 (2017Wal0.

ONb Levels

For influence of the chemical and physical environment ga(I25), se€l965C012 19690101 19700104 1971Sm07 1977Do07

1978Me03
For activities not definitely assigned Mo, see1965Mc03(80 us), 19671v04(20.1 ms),1975DeYP(53 ms, 10 ms)1977DeZT

and1977DeXV (85 ms6). No trace of a 50-100 ms component in the decay of the 382 Veas found in a search with a
mini-orange spectrometef$82Hu0).

Cross Reference (XREF) Flags

A  Moedecay E  99Zr(p,n) I 7%Ge(°F5ny)
B 99Zr(p,ny) F o 59Y(a,3ny)%%ZrCHe,p2n) 1 9Be(**XeXy)
¢ PzrGHety 6 %zr(*c!?B)
D 9Mo(da) H  %3CullP,3pn)
E(IeveI)T J T2 XREF Comments
0 gt 1460h5  ABCD FGHIJ %e+%3* =100

Q=+0.014; u=+4.9575

J': J from atomic and molecular beam measuremet®3$Ru061978Ru04;
7 from u comparison with shell model predictions.

Tyy2: from g(t) with chemically separated sourcE968PeO). Others in good
agreement19540n06 1957Sh32

. from weighted average 0f4.9614 (from NMR on oriented nuclei,
1981Ha24 and +4.9524 (from colinear laser spectroscopy (CLS),
2009Ch2Y; for a latest compilation se2014StZZ

Q: from colinear laser spectroscopy (CLPQ9Ch252016St14. Other:
+0.0467 (from multiple adiabatic passage NMR on Oriented Nuclei
(MAPON), 1998Se0}L

A<r2>(919Nb 209N b)=+0.011 fn? 1 (2009Ch25.

122.37022 6%  63us2 ABC FH  %IT=100
u=+3.72024
Ty2: from y(t) (1978Bal8. Others: 61us 4 (1971H027, 73 us (1967Iv04.
w: from time diferential perturbed angular distribution (TDPAD); coreztt
for Knight shift and diamagnetisml978Ha52 2014STZ3.
J': E2 122.4 to 8", member of (£1gg2)(v1gy2)1) multiplet.
124.6725 47 18.91 s6 ABDF %IT=100
Q=-0.264; u=-0.0189
J': from L(d,@)=3.
Ty/2: weighted average of 18.974s5(2011Ki49, 18.82 s9 (1969Ge03y, 18.84
s 9 (1971Sm07, and 18.76 40 (1974Co033, y(t) and ce(t) for the
122-keV transition. Decay of level 124.67 has not been oleskrOther:
1978Me03(18.87 s2, statistical uncertainty only).
. From colinear laser spectroscopy (CL8PQ9Ch252014StZ3.
Q: From colinear laser spectroscopy (CL3DQICh252016St14.
A<r2>(919Nb 20MNb)=+0.042 fn? 2 (2009Ch235.

171.1010 7% <1us BCD F J*: from L(d,a)=6.

T12: Fromyy(t) in 8%Y(a,3ny).
2853010 5% ABCD FH  J: M1+E2 162.9 to 6'.
328.0010 4 ABC FH  JF:M1427yto5".
362.43 5-# BC F J: from D 237.% to 4-.
382.0125  1+¥ 6.19 ms8 AB D %IT=100

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Co12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ol01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ol04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sm07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Do07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Me03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Mc03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Iv04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975DeYP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977DeZT,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977DeXV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Hu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ru06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ru04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Pe01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1954On06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Sh32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ha24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Se01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ba18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ho27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Iv04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ha52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014STZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ki45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ge03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sm07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Me03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ch25,B

90,
41N b49'2

NUCLEAR DATA SHEETS

Adopted L evels, Gammas (continued)

9ONb Levels (continued)

E(Ievel)T J T2 XREF Comments
T2 Fromy(t) with Ge(Li) (1974Ha50. Others: 6.3 mg (1974Co33
ce(t)), 6.3 ms2 (1977DeXV), 6.44 ms (9671v04.
J': from log ft=5.3 in ¢ decay from 0 parent, E3 2578to 4.
651.1919 4M¥ ABCD F H J: M1+E2 323.3 to 2".
812.9010 (9)** CD F HIJ J: M1 812.9 to 8.
822.66 AB
827.43 AB
847.74 BCD F
854.3221 2~ ABCD F H J: E1203.% to 3", 472.2% to 1*.
9587 (3,4,5) CDE G E(level),¥: from (®He,t). J assignment is tentative.
1128.24 BD
1195.29 B D
123110 D E(level): from (dg).
125510 D E(level): from (d,a).
1279.711 BC
128610 (3,4,5) D E(level),¥: from (3He,t). J assignment is tentative.
1344.14 1+ ABD H J: 489.8 to 2, feeding from @ parent ins decay.
1362.76 (3% BCD J: fromy’s to I, 4" and 4.
1372.14 B
1414.211 BCD
1433.38 B
14987 27,34 D J': From L=3 transfer in%2Mo(d ) reaction (974Co037.
E(level): from (dg).
15587 4~ 5.6 D J': From L=5 transfer in%2Mo(d @) reaction (974Co37.
E(level): from (dg).
1630.711 B
1646.711 BCD
16927 D E(level): from @He,t).
1769.14 1+ ABCD H J: M1+E2 1387.4 to 1*, log ft=5.2 from O parent.
180410 D J: from (da).
1809.1120 (97) F HIJ J: D 996.% to (9)".
1815.711 BC
1835.79 BD
1844.86 () AB H J:. D 990.% to 2°.
187310 (D FH E(level): from (dg).
1880.2120 (117) 463 ns13 F HIJ u=+8.783
T1/2: weighted average of 477 i® from (3!P,3pry), 440 ns20 from
(@,3ny) and 415 n$b7 from (124Xe, Xy).
w: from time diferential perturbed angular distribution (TDPAD); corestt
for Knight shift and diamagnetisml78Ha522014STZ3.
J: (E2) 71.3y to (97).
1971.711  (3,4,5) BCD J: from 184% to 4.
1985.6123 (10%) FH J: D 1172.% to (9)*.
1990.48 BC
20007 BD E(level): from @He,t).
203710 C E(level): from @He,t).
2063.3224 (10%) I J:Q2063.3 to 8.
208210 C E(level): from @He,1).
210410 C E(level): from @He,t).
2125.67 1+ ABC H J:M11271.3 to 2.
21687 (3,4,5) D J: Tentative assignement froft{e,t).
2180.65 (12) H J': M1 300.4 to (117).
2309.07 3* A GH J:. E11454.6 to 2.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ha50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977DeXV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Iv04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Co37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ha52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014STZZ,B

90,
41N b49'3

NUCLEAR DATA SHEETS

90
41N b49'3

Adopted L evels, Gammas (continued)

9ONb Levels (continued)

E(level)f XREF

23447  H E(level): from €He,t).
237015 D E(level): from He,t).
243015 C E(level): from €He,t).
247915 D E(level): from He,t).
2487.33  (12°) FHI J:M1607.% to (11).
253015 C E(level): from He,t).
256015 C E(level): from He,t).
258015 C E(level): from €He,t).
265015 C E(level): from He,t).
268015 C E(level): from €He,t).
2690.03  (11) I J:Q1876.6 to (9.
271015 C E(level): from €He,t).
273015 C G E(level): from He,t).
278015 C E(level): from €He,t).
2793.26 H

2813.65 (13) H  J 633.2 to (12), 933.3 to (11).
2818.84 (12) I JF:Q 755% to (10°).
285015 C E(level): from €He,t).
288015 C E(level): from He,t).
295015 C E(level): from €He,t).
298015 CE E(level): from He,t).
302015 C H E(level): from He,t).
3071.86 (13) FH  J:D 5845 to(12).
3074.76  (13) I J:D587.1 to (12).
316015 C E(level): from €He,t).
3314.85 (13%) I J: D 496.0 to (12}).
3497.05 (13" I J:D678.2 to (124
3654.35 13 H J E21773.9 to 11",
3672.27 (14) I J:D597.5 to (13).
3975.76 (14" I J:D660.9 to (13}
4068.06 (154 I J:(Q) 5710 to (13).
4330.66 14%) H J: D 676.4 to 13".
442217 (15%) I J. D 446.4 to (14").
50376 O C E(level),¥: from (GHe,t).
5051.26 H

5557.85  150) H J: Q 1903.4 to 13".
5576.58  (157) I J:D 1904.3 to (14).
5762.67 (17" I J:Q 1694.6 to (15Y).
6147.18 (18" I J:D 3845 to (17").
6155.56  16() H J: M1 597.% to 157,
6229.96 H

6684.68 I

674236 17 H J': E1586.8 to 167).
702427 18% H J: M1 281.9 to 17%).
7351.08 (17) I J:Q1774.4 to (15).
7768.17 19 H J: E2 1025.% to 17%).
8094.89  (18) I J:D743.8 to (17).
8376.39 I

T From least-squares fit toyE by evaluators.
* Probable configuratics((r 1092)(v 109/2)).
# Probable configuratioa((r 2py2)(v 1dy2))-
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6€¢C

Ei(level)

122.370

124.67
171.10
285.30
328.00
362.4

382.01

651.19
812.90
822.6
827.4
847.7

854.32

1128.2

1195.2
1279.7
1344.1
1362.7

1372.1

1414.2
1433.3

1630.7
1646.7

4)
(9)

@)

Adopted L evels, Gammas (continued)

¥(®°Nb)
Eﬂ Iﬁ Et NH Mult. T 6 o Comments
122.37G 22 100 0 8 E2 0.557 B(E2)(W.u30.0087828
Mult.,s: from ce measurements Mo & decay.
(2.34) 122.370 & [M2,E3] 3x10° 9 E,: from level energy dterence.

171.1@ 1 100@ 0 8 D Mult.: from (a,3ny).

162.93 9 100* 122.370 6 M1+E2 0.2417 0.06713 Mult.,s: from ce measurements Mo & decay.

42.76F 4 100F 285.30 5 M1+(E2) <0.18 2.94 Mult.,s: from ce measurements %Mo & decay.

237791 1002 12467 4 D Mult.: from (a,3ny).

257.34 4  100f 3 12467 4  E3+M4) <0.12 0.18212  B(E3)(W.u.)=4.60+13-16

Mult.,s: from ce measurements Mo & decay.

323.26 18 100* 328.00 49 M1+E2 0.63 0.012215  Mult.,s: from ce measurements Mo & decay.

812921 1009 0o 8 M 1.16<103  Mult.: from yy(6) andy(lin pol) in 3Cu@P,3pn).

4405 6 100  382.01 T

4453721 100  382.01 T

4854 3 3624 5

728 1 124.67 &

203.1% 10 100f 9 651.19 49 E1 0.01535 Mult.: fromyy(6) andy(lin pol) in 83Cu@!P,3pn).
Inconsistent with ce measurements®Mo & decay which
give M1+E2 with §<0.36.

472.% 3 2263 38201 t 1.59¢1073

4774 3 651.19 4

1003 1 124.67 &

1078 1 100 124.67 4

1158 1 1008 12467 4

489.8 4 1008 85432 2 1.46¢10°3

7118 1 651.19 4

9818 1 38201 t

1035 1 328.00 49
1238 1 124.67 &
517.¥ 3 854.32 2
1248 1 124.67 &
763 1 108  651.19 49
1108 1 328.00 49
1309 1 124.67 &
1508 1 1008 12467 4
1525 1 1008 12467 4

t-SaNgE

S133HS V1vad dv3T10NN

-SaNgE



ove

Adopted L evels, Gammas (continued)

v(®°Nb) (continued)

Ei(level) J Eﬂ ly Et N Mult. ¥ il Comments
1769.1 T 425.% 3 6.5F 14 13441 T
941.5 4 100 12 827.4
946.4' 8 12% 4 822.6
1387.4 5 33t 4 382.01 t M1+E2 4.06¢1047 Mult.: from ®Mo & decay.
1809.11  (9) 996.22 100 812.90 (9) D 3.11x10°
1815.7 169% 1 1008 124.67 4
1835.7 64% 1 § 1195.2
1184 1 § 651.19 4%
1844.8 (1) 990.% 6 100F 10 854.32 2 D 3.15¢104  Mult.: from DCO ratio data of {P,3pn).
1463.5 9 69F 23 382.01 T
1880.21  (11) 7119 2 6.72 19 1809.11 (9) (E2) 3.977 B(E2)(W.u.)=1.41 +29-33
1067.82 2 100@ 4 812.90 (9f  (M2) 1.4810°2  B(M2)(W.u.)=0.00181+15-13
1971.7  (3,45) 18471 1008 124.67 &
1985.61 (10) 1172.2 2 100 812.90 (9) D 528104 Mult.: from (e,3ny).
1990.4 1348 1 651.19 4%
1865 1 124.67 &
2063.32 (10)  1249.93 167 812.90 (9 D 472107
2063.33 10014 0o 8 Q 5.0210°4
21256 T 1271.5 6 100F 854.32 2 M1 2.86<104  Mult.: from yy(¢) andy(lin pol) in $3Cu@P,3pny).
2180.6  (12) 300.4° 100F 1880.21 (11) M1 0.01218 Mult.: fromyy(6) andy(lin pol) in 83Cu@P,3pn).
2309.0 3 1454.6 7 100 30 854.32 2 E1 3.66<104  Mult.: from yy(6) andy(lin pol) in 83Cu@lP,3pm).
1481.6 14 13% 13 827.4
24873  (12) 607.1@2 1009 1880.21 (11) M1 0.00223 Mult.: fromyy(6) andy(lin pol) in 83Cu@P,3pm).
2690.0 (11)  626.73 5321 2063.32 (10) Q 0.00234
1876.63 1.0x10% 3 812.90 (95 Q 4.44¢10°%
2793.2 807.%a 100% 1985.61 (10)
28136  (13)  633.% 91% 18 2180.6 (12) 0.00203
933.3% 100% 18 1880.21 (11) 8.46<1074
28188  (12) 75553 100 2063.32 (10) Q 1.421073
3071.8  (13) 584.925 100@ 24873 (12) D 0.00244 Mult.: fromyy(6) in 83Cu@P,3pm).
30747  (13)  587.13 100 24873 (12) D 0.00241
33148  (13)  496.03 100 28188 (12) D 0.00358
3497.0 (13)  678.23 100 28188 (12) D 1.73x10°3
3654.3 13 1773.% 100% 1880.21 (11) E2 418104 Mult.: from yy(6) andy(lin pol) in 83Cu@P,3pn).
3672.2  (14)  597.53 100 3074.7 (13) D 0.00232
3975.7  (14)  660.93 100 33148 (13) D 0.00184

G-"angt

S133HS V1vad dv3T10NN

G-%vangt



e

Adopted L evels, Gammas (continued)

v(®°Nb) (continued)

Ei(level) J Eﬂ IyJr Et N Mult. ¥ i Comments

4068.0 (18) 571.03 100 3497.0 (18) (Q) 0.00303

43306 14 676.4  100% 36543 13 D Mult.: from yy(6) in $3Cu@P,3pm).

44221  (18)  446.43 100 3975.7 (14) D 0.00460

5051.2 72082 100% 4330.6 14)

5557.8  1%) 1903.4¢  100% 18 3654.3 13 Q 45%10%  Mult.: from yy(6) in 83Cu@lP,3pny).
2744.% 47% 9 28136 (13) Q 7.61x10%  Mult.: from yy(6) in $3Cu@P,3pm).

5576.5  (15) 1904.33 100 3672.2 (14) D 4271074

5762.6  (17) 1694.63 100 4068.0 (15) Q 4.03<1074

6147.1  (18) 38453 100 5762.6 (17) D 0.00661

61555 16)  597.7% 5557.8 157 M1 0.00232 Mult.: fromyy(6) andy(lin pol) in 83Cu@P,3pny).
1824. 8 4330.6 14)

6229.9 672.%2 100% 5557.8 1%

6684.6 537.83 100 6147.1 (18)

67423 11 588  100% 61555 167 E1 9.5<10%  Mult.: from yy(6) andy(lin pol) in 83CulP,3pn).

7024.2  18)  281.9%  100% 6742.3 1¥) M1 0.01429 Mult.: fromyy(6) andy(lin pol) in $3Cu@P,3pn).

7351.0  (17) 1774.43 100 5576.5 (15) Q 41910

7768.1 169 744.0¢  100% 18 7024.2 18) M1 1.41x103  Mult.: from yy(6) andy(lin pol) in 3Cu@!P,3pny).
1025.% 48% 9 67423 17D  E2 6.80<10°4  Mult.: from yy(6) andy(lin pol) in $3Cu@P,3pm).

8094.8  (18) 743.83 100 7351.0 (17) D 1.41x10°3

8376.3 281.8 100 8094.8 (18)

¥ From 76Ge(°F,5ny), except where noted.
¥ From 99Mo & decay.
§ From 99Zr(p,ny).

& From %3Cu@P,3pny),
@ From 89Y(«a,3ny),20Zr(3He,p2ny).

# Total theoretical internal conversion dheients, calculated using the Brlcc cod2008Ki07) with Frozen orbital approximation based grray energies,

assigned multipolarities, and mixing ratios, unless oflieg specified.
@ Placement of transition in the level scheme is uncertain.

9-"angt

S133HS V1vad dv3T10NN

9-%"angE


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

2INb, -7 NUCLEAR DATA SHEETS

90
41N b49'7

OMoedecay  1968C005,1966Pel0

Parent:®®Mo: E=0.0; F=0"; T1/,=5.56 h9; Q(s)=24893; %e+%3"* decay-100.0

1968C005 ?3Nb(p,4n), E=50-55 MeV, chemical separation. Measurgdsingles andyy coin with Ge(Li) and Nal.

1966Pel0measured: ce(t) ang" spectra.
Others:1955Ma31 1965C014 1965Gr29 1981KaZ| 1984Bu36

ONb Levels

The decay scheme has been established frgrooin data {968C00% and excit in®Zr(p,ny) (1972Y003.

E(evel)  F7 Tyl E(evel) F©  Typf E(level) F'

0 8"  14.60 h5 | 382.04 1+ 6.19 ms8 | 1344.15 1t
122.37022 6 63us2 | 651.2021 3* 1769.15 1%
124.74 4~ 18.81s6 | 822.66 1844.86 1%
285.3010 5% 827.44 2125.67 1t
328.0010 4™ 854.3223 2° 2309.07 1*

* From Adopted Levels.

&,B* radiations

& branches are obtained fromyk{ce) imbalance at each level.

E(decay) E(level) g+ T lef Logft I(e+p%)T

(1803) 2309.0 2.16 45113 216
(3633) 2125.6 4.15 4.876 4.15
(6443) 1844.8 1.6®24 5777 1.6924
(7203) 1769.1 8.08 5.205 8.08
(11453) 1344.1 0.7311 6.657 0.7311
(21073) 382.0 252 563 5303 815

 Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Bu36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Yo03,B

eve

90M o & decay

1968C005,1966Pe10 (continued)

y(*°Nb)

ly normalization: Calculated from totatce feeding to g.s. assuming edeeding to g.s. (0 to 8" transition).
a(K)exp values given in comments are calculated fran{1968Co0% and Ice (966PelDassumingy(K)(122.4y)=0.47 for an E2 transition.

= 1, +& Ei(level)
(2.34) 124.7
42.704 2.83 328.00
122.37022 833 122.370
162.939 777 285.30
203.1310 8.27 854.32
257.344 1003 382.0
323.2018 8.17 651.20
X421.03 0.3210
425.15 0.4610 1769.1
440.5 6 1.23 822.6
445.3721 7.78 827.4
472.23 1.8319 854.32
489.84 0.9413 1344.1
X517, % 7 0.2013
941.54 718  1769.1
946.4 8 0.93 1769.1
x987.3 10 0.187
990.26 1.3113 1844.8
1271.36 535  2125.6
1387.45 243  1769.1
X1446F 2 0.063
1454.67 247  2309.0
1463.59 093  1844.8
1481.614 0.33  2309.0

T

&

4)

N a o

s

[

[ e S

E¢ N/
122.370 6
285.30 5

0 8
122.370 6
651.20 3
1247 &
328.00 49
13441 T
3820 1t
3820 1
3820 I
854.32 2
827.4
822.6
854.32 2
854.32 2
3820 I
854.32 2
3820 T
827.4

Mult.8

@

lyrca®

Comments

[M2+E3]

M1+(E2)

E2
M1+E2

E3(+M4)

M1+E2

M1+E2

<0.18

0.2417

<0.12

0.63

3.3x10° 89

2.94

0.557
0.06713
0.0364

0.18212

0.012215

4.06¢1074 7

8.28

ce(MY(y+ce)=0.9 11; ce(NY(y+ce)=0.1035;
ce(O)(y+cex4.E-6 13

E,: From level-energy dierences. For an
attempt to measure the conversion electron
energy sed 988GezZV

ly+ce: From intensity balance of 124.7 level.

Mult.: a(K)exp=2.38, K/L=9.540
(1966Peld

6: From a(K)exp/a(L)exp.

Mult.: KL=6.0318 (1966Pel]

Mult.: a(K)exp=0.0596.

Mult.: a(K)exp=0.0344.

Mult.: M1+E2 with §<0.36 is inconsistent
with adoptedAr.

Mult.: a(K)exp=0.15011, K/L=5.5116
(1966Peld

6: From a(K)exp anda(K)exp/a(L)exp.

Mult.: a(K)exp=0.010612.

6: From a(K)exp.

a(K)exp=0.003814.

Mult.: a(K)exp=0.00507.
Mult.: a(K)exp=0.00294.
Mult.: a(K)exp=0.00387.

Mult.: a(K)exp=0.0007110.
Mult.: a(K)exp=0.0007012.

Mult.: a(K)exp=0.000506.
Mult.: a(K)exp=0.000446.

Mult.: a(K)exp=0.0003612.
Mult.: a(K)exp=0.0004822.

8-ange

S133HS V1vad dv3T10NN

8-angE


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988GeZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B

vve

90M o & decay

1968C005,1966Pe10 (continued)

¥ From 1966Pe1(from ce spectra), except as noted.
* From 1968C005

§ From conversion cdicient data above and adoptedsl E3M2 and MR=0.10 for the other multipolarities. B&#2 and MR=0.10 for the other multipolarities.

& For absolute intensity per 100 decays, multiply by 0.224

@ Total theoretical internal conversion dheients, calculated using the Bricc cod2008Ki07) with Frozen orbital approximation based grray energies,

assigned multipolarities, and mixing ratios, unless otlies specified.
Xy ray not placed in level scheme.

v(®°Nb) (continued)

6-"aNgE

S133HS V1vad dv3T10NN

6-"aNgE


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

90,
41N b49-10

NUCLEAR DATA SHEETS

90,
41N b49-10

Legend

ly < 29xI172
ly < 10%xI72
ly > 10%x|m2x

-~ yDecay (Uncertain)

Coincidence

90M o £ decay

1968C005,1966Pe10

Decay Scheme

Intensities: |, ce Per 100 parent decays

%e + %BT=100

2309.0/

l+
N
o
N
AN
Q%
1+ 3 2125.6/
©
&
N& ~
5SS 8
§f §808 /
1+ R e 1844.8
— &
1+ A 1769.1
0
3
& /
G
1+ N 1344.1
Joo©
Y o
A S o
Yoo A o
S N
P ¥ égf o o 854.32
¥ Qf/&’ 827.4
3 822.6
A
&
3+ 651.20
&
S @
o Y
¢ @
" Q 3"
o N &
AR N
1t v L S 382.0
2 ™
4+) . & O o 32800
5t i g & 285.30
EAh
S
4 VA 124.7
6" i 122.370
g+ 0
90,
a1Nbyg

oF 0.0 556h9
/  Q+=24893
90
22MOy,g
1B+ le Log ft
21 451
41 4.87
169 577
8.0 5.20
073 665
6.19ms8 25 56 530
18.81 6
63 us2
14.60 h5
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2iNb,g-11 NUCLEAR DATA SHEETS %Nb,g-11

9Be(124XeXy)  2017Pa35

2017Pa35 2°Nb produced in fragmentation of'#*Xe beam at E345 MeV/nucleon incident on a 740 nmn? thick °Be target
at the RIKEN-RIBF facility. The identification of the nuckdof interest was made through the BigRIPS separator and the
ZeroDegree spectrometer by determining the atomic numittee mass-to-charge ratio of the ion using the tpfAE method.
The secondary beam was stopped in the double-sided siltdpndgtector of the WAS3ABI spectrometer. Measured B and
Ty2 using the EURICA array consisting of 84 HP Ge detectors.

%Nb Levels
E(level)f ¥ T12 Comments
0 8"
813 9
1809 g
1880 1T 415 ns67 E(level): Isomeric ratio R16% 3 (2017Pa3h

Ty2: Fromy(t) in 2017Pa35gatingy-ray transitions were not specified by the authors.

* Rounded values from the Adopted Levels.
¥ From the Adopted Levels.

y(*°Nb)
Eﬁ Iy Ei(level) J Et J Mult of ly+co Comments
71 5.414 1880 1r 1809 9 [E2] 3.977 277 l,: from reported l¢+ce) in2017Pa3%nda .
813 813 9 0 8"
996 1809 9 813 9
1067 737 1880 1r 813 9 [M2] 1.48x10°3 737 I,: from reported lf+ce) in 2017Pa3%nda.

T Rounded values from the Adopted Gammas.
¥ Total theoretical internal conversion dheients, calculated using the Brlcc cod2008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Pa35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

2aNDg-12 NUCLEAR DATA SHEETS 9Nb,g-12

63cu(®P,3pny)  2005Ch65

Results of two experiments are reported:

1. EGP)=120 and 125 MeV incident on a AP 1.2 yog? enriched®3Cu target on a 10 njign? gold backing. MeasuredsE ly,
vy, vy(6)(DCO) using Indian National Gamma Array (INGA), consistiaf eight Compton-suppressed Clover HPGe detectors
and a 14-element Nal(TI) multiplicity filter.

2. EGP)= 120 MeV. Measured £ ly, yy, y-(recoil) coin,y(t) using eight Compton-suppressed Clover HPGe detectatstae
Heavy-ion reaction analyzer (HIRA). A 23% HPGe detector piaed at the focal plane far(recoil) coincidences.

ONp Levels
E(level)l  F¥ T12 Comments
0.0 8
122.6 6
285.6 5
328.1 4
651.4 3
813.4 g
854.7 z
1345.3
1770.3
1809.5 g
1845.1 k3
1880.3 1t 0.47us1 Ty: from y(t) (2005Ch65.
1985.5 10
2126.0 3
2180.6 (12)
2309.4 3
2487.3 (12)
2793.2
2813.6 (13)
3071.6 (13)
3654.3 13
4330.6 14
5051.2
5557.8 15)
6155.5 16)
6229.9
6742.3 1t
7024.2 18)
7768.1 169

 From least-squares fit toyEs, by evaluators.
¥ From 2005Ch65with assignments based on mutipolarityyofays deduced from DCO and polarization data.

7(*°Nb)

DCO values corresponds to angles 9950 and 285 along one axis and 180210 and 325 along the other axis. DCO ofl is
expected for same multipolarity as for the gajeds2 if different.
POL is polarization asymmetry parameter, positive for teleand negative for magnetic multipole character.

E, ly Ei(level) J Et Mult. ¥ Comments
4258 21 328.1 4 285.6 5
70.8 1.73 1880.3 1r 18095 9 Q DCO=1.3523 (gate: 99¢, AJ=0, quadrupole).

Continued on next page (footnotes at end of table)
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90,
41N b49'13

NUCLEAR DATA SHEETS

90,
41N b49'13

83cu(®'P,3pny)

2005Ch65 (continued)

7(®°Nb) (continued)

E, ly Ei(level) J Et NH Mult. ¥ Comments

1226 513 1226 6 0.0 8

163.0 683 2856 5 1226 6 D DCO=0.8710 (gate: 323, AJ=1, dipole).

2033  22.%»5 8547 7 651.4 3 E1l DCO=0.9710 (gate: 163, AJ=1, dipole).
POL=+0.082.

281.9 519 70242  18) 67423 1) M1 DCO=1.2413 (gate: 598, AJ=1, dipole).
POL=-0.084.

300.4 5.09 2180.6 (12) 1880.3 1t

3233 22414 6514 3 328.1 4 M1 DCO=1.1711 (gate: 163, AJ=1, dipole).
POL=-0.042.

425.0 1770.3 1345.3

490.6 1345.3 854.7 2

584.3 6.011 3071.6  (13) 2487.3 (12) D DCO=1.1914 (gate: 607, AJ=1, dipole).

586.8 6.512 67423 1¥) 61555 16) E1 DCO=1.0920 (gate: 598, AJ=1, dipole).
POL=+0.243.

597.7 11.921 61555 167 5557.8 1%5) M1 DCO=2.0820 (gate: 1774, AJ=2, quadrupole).
POL=-0.132.

607.0 122 2487.3  (1z) 1880.3 1 M1 DCO=1.0412 (gate: 813, AJ=1, dipole).
POL=-0.063.

633.2 2.04 28136 (13) 2180.6 (12)

672.1% § 6229.9 5557.8 15)

676.4 417  4330.6 14 36543 13 D DCO0=2.0021 (gate: 1774, AJ=2, quadrupole.

720.6% § 5051.2 4330.6 14

744.0 448 7768.1 189 70242 187 M1 DCO=2.05 (gate: 1774, AJ=2, quadrupole).
POL=-0.082.

807.% § 2793.2 1985.5 10

8134 459 813.4 g 0.0 8 M1 DCO0=2.0224 (gate: 1067, AJ=2, quadrupole).
POL=-0.023.

933.3 224 28136  (13) 1880.3 1t

990.4 232 18451 %Y 854.7 2 D DCO0=1.3820 (gate: 203, AJ=1, dipole).

996.2 163 18095 9 8134 9 (M2)  DCO=0.465 (gate: 813, AJ=1, dipole).
POL=-0.114.

1025.% 214 77681 169 67423 1) (E2) DCO=1.2 6 (gate: 1774, AJ=2, quadrupole).
POL=-0.084.
Mult.: Pol is inconsistent with E2 assignment.

1066.8 285 1880.3 1T 8134 9 M2 DCO=0.468 (gate: 813, AJ=1, dipole).
POL=-0.063.

1172.1 194 19855 10 8134 9

1271.3 108 21260 3 854.7 Z M1 DCO=1.14 (gate: 203, AJ=1, dipole).
POL=-0.073.

1454.7 423 23094 3 854.7 Z E1l DCO=0.96 14 (gate: 323, AJ=1, dipole).
POL=+0.173.

17739 183 36543 13  1880.3 1I  E2 DCO=0.459 (gate: 58%, AJ=1, dipole).
POL=+0.125.

1824.9 § 6155.5 167 4330.6 14

1903.4 6.812 5557.8 15) 36543 13 Q DCO=0.5515 (gate: 598, AJ=1, dipole).

2744.2 326 5557.8 1%5) 28136 (13) Q

 Not observed by005Ch65 value taken fronf9Y (a,3ny),99Zr(3He,p2ny) dataset 1981Fi03.
¥ Deduced from DCO ratio and polarization information2005Ch65

§ Weaky ray.
& placement of transition in the level scheme is uncertain.
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90
2iNb,g-14

NUCLEAR DATA SHEETS

7GGe(19F,5ny)

2005Cu07

E=80 MeV. Measured ¥, ly, yy, yy(6) (DCO) using an array of 14 Compton-suppressed HPGe desecto

9ONb Levels
E(level)’ F E(level)l E(levell  JF E(level)’ F
o* 8* 2690.03  (11%) | 3975.#6  (14') | 6684.62 8

813.4124 9 2818.86 4 (12) | 4068.026 (15) | 73518 (17)
1809.74 9 307476 (13) | 4422 7 (15%) | 8094.8' 9  (18)
1880.94 11~ | 331485 (13" | 557688 (157) | 8376.F 9
2063.3% 24 (10%) | 3497.09 5 (13") | 5762.827 (17"
248785 127 | 3672#7 (14) | 6147.@8 (18"

* From least-squares fit toyEby evaluators.

¥ Seq.(A):y sequence based on g.s..

# Seq.(B):y sequence based on711

@ seq.(C):y sequence based on (13

y(*°Nb)

DCO ratios extracted from the spectrum gatedAdr2, Q transitions; angles are 9@nd 48. DCO ratio of 1.2 is expected for

AJ=2, quadrupole transitions and 0.5 f&6d=1, dipole transitions.

Multipolarity deduced from measured DCO ratio and is coorabed with the known multipolarity of prompt rays in 909z,

E, Iy Ei(level) J Et NH Mult. Comments
281.5 3 8376.3 8094.8 (18 E,: from figure 2 0f2005Cu07
384.53 5.323 6147.1 (18) 5762.6 (17) D DCO0=0.3525
446.43 134 44221 (18) 3975.7 (14) D DCO=0.65
496.03 618 3314.8 (13) 2818.8 (12) D DCO=0.5721
537.5 3 6684.6 6147.1 (19
571.03 154 4068.0  (18) 3497.0 (13) (Q) DCO=0.85
587.13 5.025 3074.7 (13) 24876 12 D DCO0=0.3529
597.53 93 3672.2 (14) 3074.7 (13) D DCO=0.6635
606.73 83 2487.6 12 1880.9 11 D DCO=0.74
626.73 6.325 2690.0 (1%) 2063.32 (10) Q DCO=1.36
660.93 388 3975.7 (14) 33148 (13) D DCO0=0.4320
678.23 4521 3497.0 (13) 2818.8 (12) D DCO0O=0.2236
743.83 2114 8094.8 (18) 7351.0 (17) D DCO=0.7 4
755.53 658 2818.8 (12) 2063.32 (10) Q DCO=1.45
813.43 10010 81341 9 0o 8 D DCO0=0.509
996.33 275 1809.7 g 81341 9 D DCO=0.97

1067.53 527 1880.9 1T 813.41 9 Q DCO=1.54
1249.93 94 2063.32 (10) 81341 9 D DCO=0.84
1694.63 7.026 5762.6 (A7) 4068.0 (18) Q DCO=2.214
1774.43 6.626 7351.0 (17) 5576.5 (15) Q DCO=1.76
1876.63 124 2690.0 (1r) 81341 9 Q DCO=2.016
1904.33 3.318 5576.5 (15) 3672.2 (14) D DCO=0.53
2063.33 56 8 2063.32  (10) 0o 8 Q DCO=1.63

 Placement of transition in the level scheme is uncertain.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Cu07,B
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90,
41N b49'15

NUCLEAR DATA SHEETS

90,
41N b49'15

1981Fi02 E(a)=35 MeV. EEHe)=33-43 MeV. Measured(d), ny, yy and delayedy coin, excitation function {981Fi03.

89Y (,3ny),29Zr (PHe,p2ny)  1981Fi02

%Nb Levels
E(level)f  F¥ T12 Comments
0 8"

122.61 6F

124.95 4~ 18.81 s6 Ty/2: from the Adopted Levels.

171.11 7" <1lus Ty/2: from absence of delayed (1981Fi03.
28552 5*

328.06  4*

362.65 5

651.06  3*

81291 9*

854.012 2*
1809.12 9
1880.22 117 0.44us2  Ty/: from delayedyy coin (1981Fi03.
1985.63  10*
2487.33 (12)
3071.86

* From a least-squares fit toyEby evaluators.
¥ As given by1981Fi02from y(6), lifetimes and previous work.

y(*°Nb)
E, IyJr Ei(level) J Et It Mult. ¥ Comments
(2.349) 124.9 vy 122.6 6 E,: from the Adopted Levels.
42.55 0.74 328.0 & 2855 5 D I,: from author$ I(y+ce)=2 1 anda value.
Mult.: A»=-0.052, A4=—0.023 (1981Fi03.
71.12 1.85 1880.2 11 1809.1 9 Q Mult.: A,=+0.252, A4=-0.032 (1981Fi03.
l,: from authors I(y+ce)=10 3 anda value.
122.61 513 122.6 6 0 8
162.91 201 285.5 5 1226 6 D Mult.: A»=-0.081, A4=+0.001 (1981Fi03.
171.11 221 171.1 T 0 8 D Mult.: Ap=-0.121, A4=+0.032 (1981Fi03.
203.010 128 854.0 z 651.0 3 A»=-0.017, A4=—0.11 (1981Fi03.
237.71 221 362.6 5 1249 4 D Mult.: A»=-0.262, A4;=+0.032 (1981Fi03.
323.02 6.64 651.0 3 328.0 4 A>=+0.033, A4=+0.014 (1981Fi03.
58455 3 3071.8 2487.3 (12
607.12 122 2487.3 (12z) 1880.2 11 D Mult.: Ap=-0.717, Ay=+0.22 (1981Fi02.
812.91 100 812.9 9 0o 8 D Mult.: A»=-0.471, A4=+0.031 (1981Fi03.
996.22 211 1809.1 9 8129 9 Ar=+0.296, A4,=—0.127 (1981Fi03.
1067.32 271 1880.2 11 8129 9 Q Mult.: Ap=+0.333, A;=-0.085 (1981Fi03.
1172.72 91 1985.6 10 8129 9 D Mult.: Ap=-0.237, A4=—0.11 (1981Fi02.

* Deduced fromy(6) data following @,3ny) reaction at 35 MeV.
¥ Fromy(6) measurements i981Fi02
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2iNbg-16 NUCLEAR DATA SHEETS %Nb,,-16

07zr(p,n)  1980Bal6,1988B043

1988B043 E(p)=22.5 MeV. Measuredr(d) with neutron time-of-flight, distorted wave analysis.
1996Gr07 E(p)=26 MeV. Measured neutron time-of-flight.
1980Bal6 E(p)=120 MeV. Measuredr(d) with neutron time-of-flight, FWHM-660 keV. L values are from comparison with

distorted wave calculations.
For polarization transfer in the (p,n)-reaction, 4887Sal141987Ta22

For studies of the IAS 0f%Zr(g.s.), se€l971Be46(E(p)=23 MeV), 1973J005(E(p)=22, 30, 40 MeV),1975D008(E(p)=25, 35, 45
MeV), 1976G023(E(pol p)}=22.8 MeV).

ONb Levels

—
—

E(Ievel)T Comments

350 E(level): From1988B043
1.0x10% 2
2.13x10°20 0
3.0x10°3 0
51x10°2 0
8.7x10°3 0
(1
1

E(level): from1996Gr07
E(level): IAS of%0zr(g.s.).

13.4¢10° 4
17.9<10% 6

)

* From 1980Ba16 except where noted.
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2iNbg-17 NUCLEAR DATA SHEETS %Nb, 17

%0Zr(p,ny)  1972Y003

1972Y003 E(p)=6.90-9.50 MeV. Measured excit with Ge(Li) atQ0

9ONb Levels

E(level)l F¥ | Eevelll  F¥ | E(evel)l  Ft | E(evelf  F¥

0.0 8 | 8226 1372.012 (2°) | ~1907?
122.4 6 | 8275 (2 | 14141 19721
12485 4~ | 847.87 14331 19911
17123 7+ | 8543 2 | 16311 ~2007?
285.3 5 | 1128.33 16471 21256 (1)
328.03 4+ | 11961 1769.0 1y | ~2160?
362.46 5 | 12801 18161
382.1 T | 13441  (1F | 18361
651.2 3 | 13631 1844.5 (ay

* From 1972Y003

¥ As proposed byl972Y003

¥(%°Nb)
For measured ce spectrum, sE¥72Pil13
E, E;(level) J E¢ NH Comments

(2.4) 1248 4 122.4 6

42.73 3280 4 2853 5
122.37 22 1224 6 0.0 8
162.93 9 2853 5 122.4 6
171.23 1712 7 0.0 8
203.13 10 8543 2 651.2 3
237.63 362.4 5 124.8 4
257.34 4 382.1 1 124.8 &
323.20 18 6512 3 328.0 4
4405 6 822.6 3821 1
44537 21 8275 (2y 3821 T
4723 3 8543 2 382.1 1
477.13 1128.3 651.2 8
485.43 847.8 362.4 5
489.8 4 1344.1 (1 854.3 2
517.7 7 13720 (2) 8543 2
6411 1836 1196
7111 1363 651.2 3
7221 847.8 124.8 2
7631 1414 651.2 3
941.5 4 1769.0 (1 827.5 (2f
946.4 8 1769.0 (1f  822.6
9811 1363 3821 1t E,: Authors value of 891 in their Table | is a misprint.
990.7" 6 18445 (1 854.3 2
10031 1128.3 124.8 4
10351 1363 328.0 2
1053 1 ~1907? 854.3 2
10711 1196 124.8 2

Continued on next page (footnotes at end of table)
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90,
41N b49'18

NUCLEAR DATA SHEETS

90,
41N b49'18

E, Ei(level)
11051 1433
11551 1280
11841 1836
12381 1363
12481 1372.0
1271.3 6 21256
13091 1433
13401 1991
1387.4 5 1769.0

T

)
Ay

)

90zr(p.ny)

1972Y003 (continued)

y(®°Nb) (continued)

Et J E, Ei(level)
328.0 4 | 14635 9 1844.5
124.8 4 | 15061 1631

651.2 3 | 15221 1647

124.8 4 | 16251 ~2007?

124.8 4 | 16911 1816

854.3 2 | 1778F 1 ~2160?

124.8 4 | 18471 1972

651.2 3 | 18651 1991

382.1 1

T

)

=

382.1
124.8
124.8

382.1
124.8
382.1
124.8
124.8

T From %Mo & decay. Values are mostly frot966Pel0as quoted byl968C005
¥ Placement of transition in the level scheme is uncertain.

NN N uu'#|_5~_;
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Pe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Co05,B

2iNbg-19 NUCLEAR DATA SHEETS %Nb,;-19

07zr(PHet)  1982Fi09

1982Fi09 E(®He)=43.4 MeV. Measured-(f) with magnetic spectrograph, FWHMO keV.

1991Ja04 E(3He)=200 MeV. Measured-(¢) with magnetic spectrograph, observed IAS%r(g.s.), 382 and 2126, *1states.

2012Th12 E(He)=420 MeV. Target0.99 mgcn? self-supporting®©Zr foil enriched to 57.7%. which contained 9.2%r.
Measured triton spectra;(6) using Grand Raiden spectrometer at the Osaka UniversityiRfacility. FWHM ~ 32 keV.

Others:1969Be46 1969Ha47 1981FuZ\V, 1989Va09
For studies of IAS oPOZr(g.s.), se€l971Fa031972Fa061972Fal121972Hi08 1981FuzZV, 1989Va09

ONb Levels
E(Ievel)'t Ft L& B(GT) Comments
0 8t
123 6,4
171 7
285 5
328 4t
362* 5-,(1%)
651 3
813 9"
854 2
95910  (3,4,5)
128610  (3,4,5)
136410  (1,2)
142410  (1,2)
150310  (4,5,6)
156310  (7.8)
165810  (3,4,5)
169210
1797 10
182710
186210
197310  (3,4,5)
199810
203710
208210
210410
213610 1t 0+2 1.563 do/dQ=9.95 migsr 21 (2012Th132.

E(level): value is 10 keV above 2125.6 keV given in Adopteddls. The peak appears
at 8408 keV in%ONb excitation spectrum2012Th13.
216510  (3,4,5)
234015
237015
243015
253015
256015
258015
265015
268015
271015
273015
278015
285015
288015
295015
298015
302015
316015

Continued on next page (footnotes at end of table)
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22N g-20 NUCLEAR DATA SHEETS 90Nb,4-20

90Zr(®Het)  1982Fi09 (continued)

9ONb Levels (continued)

Comments

E(Ievel)i JT_T L&

5037@ 6 0" 0  E(level): 507225 (1991Ja0}
E(level): IAS. The peak appears at 11309 ke\P9ib excitation spectrum2012Th13.

 Tentative &’s from comparison with DWBA calculations and from companisaith o-(6) for levels with known & (1982Fi09
¥ From 1982Fi09 unless stated. Energies below 900 and 2126 are ®#2Yo03as quoted byl982Fi09

# Unresolved doublet.
@|AS of 99zr(g.s.) (L981FUZ\).

& From 1982Fi09 unless stated.
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2iNb,g-21 NUCLEAR DATA SHEETS 90Nb,4-21

90zr(12Cc,12B)  1991An12

E(*?C)=70 MeV. Measuredr(f) at angles<2.5 in 0.32 bins. FWHM«800 keV. Compared-(6) of 2.3 MeV peak with distorted
wave calculations.

9ONb Levels

E(evel) F L Comments

0
~1000
~2300 T 0 L:rather poor fit to data assuming configurati§fr 1go)(v 199/2)*1) or configuratior:((7 1g72)(v

1g92) 7).

~2730
~3400
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90,
41N b49'22

NUCLEAR DATA SHEETS

90,
41N b49'22

1974Co037 E(d)=17 MeV. Measuredr(#) with magnetic spectrograph, FWH25-30 keV.

E(level)f

0.0
12910
17610
28610
38110
65510
81910
84810

L¥

NONOM~MOW

T F

AN

E(level)f

958 10
113110
119410
123110
125510
128910
135010
137010

LE
(%)

0+2

E(level)f

141510
149210
155210
164710
169110
177610
180410
184210

T Uncertainties are 5-10 keM9§74Co37.
¥ From comparison with DWBA calculationd §74Co37.

w o1 w

0+2

92\ o(d,a)

1974Co37

ONb Levels

E(level)f

187310
197410
200210
213010
217210
231110
234910
247910

LE

0+2
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90 )
a2MO,g1

NUCLEAR DATA SHEETS

90 )
a2MO,g1

Q(8~)=-9448.040; S(n)=13229.050; S(p)=683624; Q(a)=—-46285
S(2n)=236295; S(2p)=111226.

E(Ievel)#
0.0"

948.07 9
1896.5313
19795
2002.17 11
2432.6317
24505
2534.17

2548.8212

26135
27065

2811.69 12
2859.2% 13
2874.81 15

2901.2319
2946.8914
3037.610
30747
3106.2016
3147.910
3150.05

31857
3293.8622

33557

o+
ot
ot
4+
3
ot
29

2+
6+

8+

Adopted L evels, Gammas

2017Wal0

OMo Levels

Cross Reference (XREF) Flags

A 9Tcedecay (8.7 s) F 92Mo(p,t)
B 9Tc e decay (50.7 s) G 97r(He,3nw)
C  8Ni(36Ar,4py),(3°Cl,3py) H  9Be(*?*Xe,Xy)
D  %6zn(38si,2p2n) I %9cof5Cl,2p2ny)
E  28Ni(*Cap4py)
T2 XREF Comments
5.56 h9 ABCDEFGHI =~ %e+%3"=100
T1/2: weighted average of 5.67 %1(1966Pel} 5.60 h15 (1965Gr29, 5.32 h7
(19690103, and 5.7 h2 (1953Di08§.
ABCDEFGHI  J": from L(p,t)=2.
C FG J': from L(p,t)=2.
F J': from L(p,t)=0.
BCDEFGHI  J*: from L(p,t)=4.
C FG J': from L(p,t)=3.
F J': from L(p,t)=0.
FG XREF: F(2528).
J: D(+Q) 1586.% to 2*, possible 2534 to O*.
16 ps3 BCDEFGH  u=5.514
Jr: from L(p,t)=5.
wu: From IMPAD (ion-implantation perturbed angular disttiioun)
(1994We0R014StZ3.
F J': from L(p,t)=2.
F
BCDE GHI J: E2 809.¢ to 4", assignment to ground state sequence.
BC FG J': from L(p,t)=5.
1.14us5 CDEFGHI Q=0.613; u=-1.39114
J: systematics of half-lives forx:8" member of g.s. rotational band #zr
and®8sr. L(p,t)=(6) is in disagreement. §3to 6*.
Ty/2: weighted average of 1.14s 5 (1978Ha52, 1.05us 10 (19711s04 and
1.15us5 (2017Pa3p 1.14us 5 (2019Ha26 and 1.17us +11-7 (2004Ch335.
. from TDPAD (time-diferential perturbed angular distributiorf)9Q78Ha52
2014stZ3.
Q: from TDPAD (time-ditferential perturbed angular distributiorf)985Ra09
2016St14.
C FG J: 468.6y to 3.
BC G J': 944.8/ to 4+, 135.2% to 6.
B
F J': from L(p,t)=3.
4.9 ps13 CDE G I J 231y M1+E2 AJ=0 transition to 8.
FG J': from L(p,t)=2.
B E(level): possibles+g* feeding from #=8" suggests that this level isftirent
from the 3148 level.
F
BC FG J: feeding from 8 parent in®®Tc & decay would suggest=J,8,9. However,
1291.4 to 4" and 482.3 to 6" suggests34+,5,6".
F

Continued on next page (footnotes at end of table)
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99Mo,.-2 NUCLEAR DATA SHEETS 99Mo,5-2

Adopted L evels, Gammas (continued)

90Mo Levels (continued)

E(Ieveli# J Tl/z@ XREF Comments

3367.38 13 7- <0.69 ps CDE G J: E2 818.¢ to 57, assignment to negative parity sequence.
3446.2219 (77) cC G J:. (E2) 897.4 to 5.

34947 F

35147 F

3539.88 B

3659.7316  (77) cC G J: (E2) 800.5 to 5°.

36837
37367
38347
39367

4078.9f 16 10* 14.6 ps28 CDE G I J: E2972.% to 8", assignment to ground state sequence.
4094.85 B
4175.48 B
4192.5215  10* <3.5ps CDE G I J: E21317.% to 8".
4297.7% 15 9- 9.7 ps21 CDE G J:E2930.3to 7.
4357.510 B
4555.86 15 12¢ 526 ps3 CDE G I u=6.07
w: from g-factoe0.506, by IMPAD (ion-implantation perturbed angular
distribution) (L994We0®014StZ3.
J: E2 476.9% to 10'.

4594.2525  (9,10) C G J:D(Q)296.51t0 9.
4789.3718 10 cC G J: D+Q491. % to 9.
4842.0% 15 11~ 39 ps2 CDE G u=+4.614
w: from g-factoe0.4213, by IMPAD (ion-implantation perturbed angular
distribution) (994We02014StZ3.
T1/2: other: < 0.7 ps from £8Si,2p2ny).
FE25443 109 .
4895.1418 (1) C G  J:105.8 to (10).
5377.2417  (13%) 1.8 ps3 CDE G I J: D+Q 821.4 to 12"
T1/2: weighted average of 1.0 @sfrom 8Ni(*CAr,4py),(3°Cl,3py) and
1.94 ps13from 59Co°Cl,2p2n).
5499.4216  (12) c J: D 657.4 to 11"
5621.63 (14%) D J: D 244.% to (13").
5625.02 17 14* 0.76 ps7 CDE I Ty from59Co(5Cl,2p2ny), uncertainty increased by evaluators. Others:
2.7 psl from %8Ni(36Ar,4py),(3°Cl,3py) and 4.8 psl4 from
(%8si,2p2n).
J: E2 1069.% to 12".
5699.65 16 13" 1.4 psd CDE JF: E2 857.% to 11"
Ty/2: other: < 0.7 ps in £8Si,2p2ny).
5863.7516  (13) c F: 364.4 to (12).
5903.7418 14+ 1.5 ps3 CE I J:MI1+E2526.5 to13".
T1/2: weighted average of 1.7 gsfrom 8Ni(%CAr,4py),(3°Cl,3py) and
1.39 ps28 from 59Co°Cl,2p2ny).
6064.8919  (13) c F: 565.5 to (12).
6148.1618  15° 0.721 ps49 CDE I Ty from 59CoRCl,2p2ny). Others:<0.3 ps from
SBNi(36Ar,4py),(33Cl,3py) and<1.4 ps in £8Si,2p2n).
J: M1+E2 244.5 to 14+,
6475.9116 14 1.5 ps10 CE J: M1+E2 776.% to 13".
6643.13 16 15 1.3 psl CDE J: E2943.3 to 13
T1/2: other: < 0.7 ps in £8Si,2p2ny).
6746.10 18 16* 2.0 ps3 CDE I J:M1+E2598.9 to 15.

T1/2: weighted average of 3.6 psfrom %8Ni(%6Ar,4py),(*°Cl,3py) and

Continued on next page (footnotes at end of table)
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NUCLEAR DATA SHEETS 22M048'3

Adopted L evels, Gammas (continued)

90Mo Levels (continued)

E(Ieveli# J Tl/z@ XREF Comments
1.91 ps14 from 59Co@°Cl,2p2ry).
7027.074 17 J: D+Q 280.9 to 16'.
7170.9819 (16%) C J: 1545.9 to 14'.
7385.5919 16~ 6.6 ps15 CE J: M1+E2 742.5 to 15
7515.0f 19 17 7.4 ps3 CDE T1/2: Other: 5.5 ps7 from (8Si,2p2ry).
J: E2 872.6/ to 15°.
7629.6121  (16) C J: (D+Q) 1481.4 to 15'.
7682.474 (18) J: (D+Q) 167.4 to 17.
8066.7719  17* 0.60 ps4 CE J: E2 1918.6¢ to 15'.
8123.55 20 (18°) CE J: D+Q 608.5 to 17°; assignment to negative parity sequence.
8281.8522  (17%) C J: 2133.% to 15'.
8525.30 19 18* 0.16 ps2 CE J: E2 1779.2 to 16°.
8616.8420  (17%) C J: 1870.% to 16', 2468.¢ to 15'.
8678.44 23 19) CE J: D 554.9 to (187), assignment to negative-parity sequence.
9079.1820  (18") C J': 1564.1 to 17, 1693.6 to 16"
9136.6019  (18") CE J': (E2) 2390.% to 16'.
9319.0120  (197) CE J: (E2) 1803.97 to 17-.
9443.9020  (19Y) CE J: D+Q 918.6/ to 18, 1377.G/ to 17*.
9739.3819  (19%) CE J: (E2) 1672.5 to 17*.
9787.96 21 (20%) CE F: (E2) 1262.% to 18.
9995.0421  (207) CE J: D+Q 676.6/ to (197), 1871.6 to (18°).
10235.1420  20* 0.21 ps6 CE J: E2 1709.9 to 18'.
10477.3621  (20%) CE J': 738.0 to (19%), 1952.6' to 18".
10537.9125  (21) CE J: D 542.9 to (20)).
10855.6120 21* 0.90 ps14 CE J: M1+E2 620.5 to 20".
11135.76 21 22*  <0.07 ps C J: M1+E2 280.3 to 21*.
11269.37 (21) E J': 2590 to (19).
11577.0723 (22" CE J: E2 1789.% to (20%).
11735.55 E
12016.6123 23+ <1.2 ps CE J: E2 1161.9 to 21'.
12257.710 E
12383.63 (23) CE J: (E2) 1845.% to (21).
14279.810 E
14412.110 E
14486.610 E

T Seq.(A): Ground state sequence.
¥ Seq.(B): Negative-parity sequence.
# From a least-squares fit toyEby evaluators.

@ From recoil distance Doppler-shift and Doppler-shift attation methods if8Ni(36Ar,4py),(3°Cl,3py), except where noted.
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T9¢

E;(level)
948.02

1896.53

2002.12
2432.63

2534.1

2548.82

2811.69

2859.21

2874.81
2901.23
2946.89

3037.6
3106.20
3147.9
3150.0
3293.86

3367.38

Rl
A
2

w M

@)

(4)
(6)

7

Adopted L evels, Gammas (continued)

y(®*Mo)
E,T 1,7 Er ¥ Mult? 5 a? Comments
948.019 100 00 O E2 8.741074 Mult.: Q from R(DCO) in®8Ni(3Ar,4py),(3°Cl,3py),
Ar=no from level scheme.
948.5010 948.02 Z [M1+E2] 8.87%10°% 19
1896.8 00 0 [E2] 4.64x10°4 E,: from CHe,3ny).
1054.107 100 948.02 2 E2 6.86<1074
536.1010 575 1896.53 2 l,: from (CHe,3m).
1484.7 10016 948.02 2 EI1+M2  -0.128 3.9%104 11 E,,l,: from He,3my).
Mult.,s: D+Q from yy(6) in (®He,3ny), Ar=yes from
level scheme.
1586.2 100 948.02 2 D(+Q) -0.1322 E,.ly,Mult.,5: from (He,3n).
2534 <5.6 00 O E,.l,: from (He,3my).
546.694 100 2002.12 4 E1 1.2010°3 B(E1)(W.u.)=1.29¢<10~4 +30-20
Mult.: D from R(DCO) in®8Ni(3Ar,4py),(3°Cl,3py),
An=yes from level scheme.
262.8417 493 254882 5 E1 0.00790 Mult.: D from R(DCO) if?8Ni(36Ar,4py),(35Cl,3py),
An=yes from level scheme.
l,: weighted average of 3.82 from %°Tc ¢ decay (50.7
s), 5.03 from 58Ni(3%Ar,4py),(3°Cl,3py), 12.55 from
667n(28si,2p2ny), 8.916 (*OCan4py), and 4.64 from
(®He,3my).
809.576 1003 2002.12 4 E2 1.2810°3
310.396 10011  2548.82 5 l,: from (He,3m).
857.1012 =30 2002.12 24 l,: from (He,3ny). Other<125 in
58Ni(38Ar,4py),(3°Cl,3py).
63.159 100 2811.69 6 [E2] 6.30 B(E2)(W.u32.8413
468.6010 100 2432.63 3
135.188 ~50 2811.69 6 l,: from (He,3ny). Other 8050in
58Ni(36Ar,4py),(3°Cl,3py), 14.222in Tc ¢ decay
(50.7 s).
944.8014 10012  2002.12 4 ly: from (CHe,3nm).
1035510 1008 2002.12 4
231.438 100 2874.81 8 M1+E2  -0.04+10-40 0.0266 B(M1)(W.u.)=0.35+9-12
715.3 100 2432.63 3 E,: from CHe,3ny).
114785 1008 2002.12 4
482.2@0 1007 2811.69 6 E,: weighted average of 4813 (°°Tc £ Decay (50.7 s)),
482.4015 (*BNi(3Ar,4py),(3°Cl,3py)), 482.410
(°9Zr(3He,3my)).
1291.45 545 2002.12 4 E,.l,: from %9Tc & decay (50.7 s).
508.2015 <13 2859.21 5 [E2] 0.00452
555.659 30.821 2811.69 6 E1 1.15¢10°3 l,: other: 15.519in (3He,3ry).
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29¢

Eilevel)  J = L Er I
3367.38 7 818.5610 1007 2548.82 5
3446.22  (7) 897.4015 100 2548.82 5
3539.8 50288 1008 2946.89 (6)
3659.73  (7) 292.3024 1008 3367.38 7
800.5215 604 2859.21 5
4078.91 10 972.738 100 3106.20 8
4094.8 801.95  100° 15 3293.86
2091.7 9 68% 15  2002.12 4
4175.4 13638 1008 2811.69 6
419252 10 113.648 1.83  4078.91 10
1086.3712 1.3621 3106.20 &
1317.687 10014 2874.81 8
429775 9 638.0015 3.1223 3659.73 (7)
930.349 1007 3367.38 7
43575 2355810 1008 2002.12 4
4555.86 12 36333 4 584 4192.52 10
476.9% 10 1001 4078.91 10
4594.25 (9,10) 296.50 100 4297.75 9
4789.37 10 491.684 100 4297.75 9
4842.02 11 544.229 1002 4297.75 9

Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Mult. 5F a® Comments

Mult.: D from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
An=yes from level scheme.

E2 1.24¢10°%  Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

(E2)% 9.95¢1074

(E2)% 1.31x10°3

E2 8.2%10* B(E2)(W.u.)=1.86+45-29

Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

ly: others: 5.76 in (*°Cap4py), ~ 70 in CHe,3ry).

[E2] 6.41x104

E2 4.54¢10% Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

(E2) 0.00237 B(E2)(W.u50.70+21-14

Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

E2 9.1%10% B(E2)(W.u.)=3.4 +10-6

Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2

excluded by comparison to RUL.
E2 0.01282 B(E2)(W.u32.57 12

Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

I, weighted average of 58 from
58Ni(36Ar,4py),(3°Cl,3py), 64.311 from
667n(28si,2p2ny), 53.69 (*°Capdpy). Other: 7.07 from
(®He,3ny).

E2 0.00546 B(E2)(W.u51.14230

D(+Q) -0.2+4-3 0.014318
D+Q 0.00455
E2 0.00370

Mult.: Q from R(DCO) in®8Ni(3%Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.

B(E2)(W.u38.77
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.
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Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Ei(level) J E, 1, = X Mult. ot a? Comments
4842.02 1t 649.6416 47 10 4192.52 10 E1l 8.0%104 B(El)(W.u.):l.00><10‘5 +15-17
l,: weighted average of 6322 from
58Ni(36Ar,4py),(35Cl,3py), 34.319 (*°Cap4py), and 466
from (3He,3ny).
Mult.: D from R(DCO) in®8Ni(3Ar,4py),(3°Cl,3py),
An=yes from level scheme.
4895.14  (11) 105.78 100 4789.37 10
5377.24 (13) 821.379 100 4555.86 12  MI1+E2  0.094 1.24<103  B(M1)(W.u.)=0.0219+44-32; B(E2)(W.u.)=0.28 +33-19
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
Ar=no from level scheme.
5499.42  (12) 604.335 527 4895.14 (11) (BQ) 0.0026616
657.415 10026 4842.02 11 D
5621.6  (14) 244.23 13.12 5377.24 (13) D
5625.02 14 247.758 1002 5377.24 (13) M1(+E2) 0.045 0.02204 B(M1)(W.u.)=1.07 10
Mult.: D(+Q) from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
An=no from level scheme.
1069.1221 772 4555.86 12 E2 6.6410%  B(E2)(W.u.=9.6 +10-8
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(35Cl,3py), M2
excluded by comparison to RUL.
l,: from (*°Cag4py). Other: 9514 from
58Ni(38Ar,4py),(3°Cl,3py).
5699.65 13 857.5215 1003 4842.02 11  E2 1.1%10°3  B(E2)(W.u.=23+9-5
Mult.: Q from R(DCO) in®8Ni(3Ar,4py),(3°Cl,3py), M2
excluded by comparison to RUL.
1143.7810 552 455586 12  E1 2.7%10%  B(EL)(W.u.)=5.7x107° +22-13
l,: weighted average of 58 from %8Ni(3€Ar,4py),(*°Cl,3py),
52 4 from (28Si,2p2nry) and 573 from (*°Cax4py).
Mult.: D from R(DCO) in®8Ni(36Ar,4py),(32Cl,3py),
An=yes from level scheme.
5863.75  (13) 364.38 100 5499.42 (12)
5903.74 14 526.538 100 5377.24 (13) M1+E2  0.135 0.00343 B(M1)(W.u30.099+25-17; B(E2)(W.u.)=6 +6-4
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
E1+M2 excluded by comparison to RUL.
6064.89 (13) 365.2Q0 10025 5699.65 13
565.5030 28.825 5499.42 (12)
6148.16 15 244.468 589 5903.74 14  M1+E2  0.123 0.0231 B(M1)(W.u.3-0.46 6; B(E2)(W.u.)=1.2x10? +7-5
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
E1+M2 excluded by comparison to RUL.
l,: weighted average of 4@ from %8Ni(3€Ar,4py),(*°Cl,3py)
and 642 from (*°Cap4py).
523.1110 1002 5625.02 14 M1+E2 0.113 0.00348 B(M1)(W.ux0.0817; B(E2)(W.u.)=3.8 +24-18
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Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Ei(level) J E, 1, = X Mult. ot a? Comments
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
E1+M2 excluded by comparison to RUL.
6148.16 15 526.43 1002 5621.6 (14) (M1+E2) 0.113 0.00343 B(M1)(W.u30.0806; B(E2)(W.u.)=3.7 +22-18
l,: weighted average of 1005 from
58Ni(36Ar,4py),(3°Cl,3py) and 1002 from (*°Cap4py).
Other: 393 from (28Si,2p2ny).
Mult.: (D+Q) from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
E1+M2 excluded by comparison to RUL.
647591 14 411.0013 143 6064.89 (13) D
612.108 433 5863.75 (13)
776.246 10012  5699.65 13  M1+E2  3.1+10-7 1.42¢10°3 B(M1)(W.u.)=0.0025+35-13, B(E2)(W.u.)=43 +47-19
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(°Cl,3py),
E1+M2 excluded by comparison to RUL.
6643.13 15 167.119 382 6475.91 14 M1+E2 0.12564 l,: weighted average of 39 from
58Nii(36Ar,4py),(3°Cl,3py) and 372 from (*°Cap4py).
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
An=no from level scheme.
779.436 73 5863.75 (13) E2 1.40103 B(E2)(W.u)=2.19
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(32Cl,3py), M2
excluded by comparison to RUL.
943.52 1003 5699.65 13 E2 8.8410°4 B(E2)(W.u.=11.812
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(32Cl,3py), M2
excluded by comparison to RUL.
1018.1012 5811  5625.02 14 E1 3.2<10%  B(E1)(W.u.)=6.9x1075 11
Mult.: D from R(DCO) in®8Ni(36Ar,4py),(32Cl,3py),
An=yes from level scheme.
I,: weighted average of 4@ from
58Ni(38Ar,4py),(3°Cl,3py), 41 4 from (28Si,2p2ny) and 72
3 from (*Cap4py).
6746.10 16 598.0010 100 6148.16 15 M1+E2 3.45 0.00281 B(M1)(W.u30.0041+17-10; B(E2)(W.u.)=142 +24-20
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
E1+M2 excluded by comparison to RUL.
7027.0? 17 280%3 1007 6746.10 16  (D+Q)
7170.98 (16) 1267.1517 408 5903.74 14
1545.9218 10016 5625.02 14
738559 16 742.4614 100 6643.13 15 M1+E2  3.18 1.5%10°3  B(M1)(W.u.)=8x10* +7-3; B(E2)(W.u.)=14.3+41-31
Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(°Cl,3py),
E1+M2 excluded by comparison to RUL.
7515.01 17 129.417 16.310 738559 16  MI1(+E2) 0.1414 0.13019  B(M1)(W.u.)=0.142+9-14

Mult.: D(+Q) from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py),
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Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Eilevel) T E,T 1,7 Et I Mult. ¥ a? Comments
An=no from level scheme.
ly: from (*°Cap4py). Other: 154 from 8Ni(*6Ar,4py),(3°Cl,3py).
7515.01 17 768.8910 36.015 6746.10 16 E1 5.6x104  B(E1)(W.u.=2.33x107° 13
Mult.: D from R(DCO) in®8Ni(36Ar,4py),(35Cl,3py), Ar=yes from
level scheme.
l,: weighted average of 3323 from 58Ni(36Ar,4py),(*°Cl,3py), 38 3
from (28Si,2p2ry) and 36.815 from (*)Cap4py).
872.03 1002 6643.13 15  E2 1.0%103  B(E2)(W.u.)=4.1018
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2 excluded by
comparison to RUL.
7629.61  (16) 458.7Q0 ~100 7170.98 (16)
1481.4015 355 6148.16 15 (D+Q)
7682.47  (18) 16743 100 7515.01 17  (D+Q)
8066.77 17 437.2031 122 7629.61 (16)
895.738 8.613 7170.98 (16)
1320.7511 3111  6746.10 16 l,: weighted average of 2a from %8Ni(3€Ar,4py),(*°Cl,3py) and 495
from (*°Cap4py).
1918.6020 1004 6148.16 15  E2 47104  B(E2)(W.u.)-1.00+11-9
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2 excluded by
comparison to RUL.
812355 (18)  608.549 100 7515.01 17 D+Q 0.0026115
8281.85 (17) 2133.7020 100 6148.16 15
8525.30 18 458.599 10017  8066.77 17  M1+E2  0.00557 Mult.: D+Q from R(DCO) in®8Ni(38Ar,4py),(3°Cl,3py), Ar=no from
level scheme.
1779.2017 16.722 6746.10 16 E2 4.3510% B(E2)(W.u.=1.18 +31-22
Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2 excluded by
comparison to RUL.
ly: other: 484 from (*°*Cap4py).
8616.84  (17) 335.0015 10016 8281.85 (17)
1446.03 406 7170.98 (16)
1870.7015 10016 6746.10 16
2468.5519 486 6148.16 15
8678.44 (19) 554.9020 100 8123.55 (18) D
9079.18 (18) 1564.1020 <63 7515.01 17
1693.6010 10025 7385.59 16
9136.60 (18) 519.7030 10015  8616.84 (17) (M1+E2) 0.003%4 Mult.: D+Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), Ar=no from
level scheme.
2390.467 358 6746.10 16  (E2)% 6.32x10°4
9319.01 (19) 239.839 154 9079.18 (18)
640.6020 112 8678.44 (19)

44
8_8V0W06

S133HS V1vad dv3T10NN

t44
8_8V0W06



99¢

Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Ei(level) T E, 1, = N Mult. 5% a? Comments
9319.01 (19) 11954510 134 8123.55 (18) (M1+E2) 5.4%10°4 16 Mult.: D+Q from R(DCO) in
58Ni(36Ar,4py),(33Cl,3py), Ar=no from level
scheme.
1803.9711 10024 7515.01 17 (EZ)& 4.41x1074
9443.90 (19) 918597 10015  8525.30 18  (M1+E2) 9.5%104 19 Mult.: D+Q from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), Ar=no from level
scheme.
1377.0020 2.49 8066.77 17
9739.38 (19) 602.7710 1004 9136.60 (18) (M1+E2) 0.0026315  Mult.: D+Q from R(DCO) in
58Ni(36Ar,4py),(3°Cl,3py), Ar=no from level
scheme.
1214.1010 233 8525.30 18
1672.5214 253 8066.77 17  (E2f% 4171074
9787.96 (20) 344.0012 10015  9443.90 (19) (M1+E2) 0.0123 Mult.: D+Q from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), Ar=no from level
scheme.
1262.7010 426 852530 18  (E2% 4.82¢10°
9995.04 (20) 676.039 10023  9319.01 (19) (M1+E2) 0.001977 Mult.: D+Q from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), Ar=no from level
scheme.
1871.65 196 8123.55 (18)
10235.14 20 4957111 10014  9739.38 (18) MIL(+E2) 0.1423 0.0039611  B(M1)(W.u.)=0.43+15-13, B(E2)(W.u.)-4x10" +26-3
Mult.: D(+Q) from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), Ar=no from level
scheme.
1709.8611 9613 852530 18 E2 423107 B(E2)(W.u.)=3.8 +15-9
Mult.: D+Q from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), M2 excluded by
comparison to RUL.
10477.36 (20) 738.0020 70 30 9739.38 (19)
1952.0020 10013 8525.30 18
10537.91 (21)  542.2 <109 9995.04 (20) D
1859.4515 10022  8678.44 (19)
10855.61 21 378.258 6.913 10477.36 (20)
620.474 10014  10235.14 20 M1+E2  0.169 0.00234 B(M1)(W.u30.093+16-14; B(E2)(W.u.)=7 +10-5
Mult.: D+Q from R(DCO) in
58Ni(38Ar,4py),(3°Cl,3py), E1+M2 excluded from
comparison to RUL.
11135.76 22 280.153 100 10855.61 21 M1+E2 0.12+8-6 0.01625 Mult.: D+Q from R(DCO) in

58Ni(38Ar,4py),(3°Cl,3py), E1+M2 excluded from
comparison to RUL.

8 v
6- OWOG

S133HS V1vad dv3T10NN

8 ta%
6- OWOG



19¢

Adopted L evels, Gammas (continued)

v(®Mo) (continued)

Ei(evel) T E,T 1,7 E¢ ¥ Multh a? Comments

11269.3 (21) 2590@ 10 1009 8678.44 (19)
11577.07 (22) 1789.1220 100 9787.96 (20) E2 4.3%10°4 Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2 excluded
from comparison to RUL.

11735.5 87985 100@ 1085561 21 @
12016.61 23 439.548 293 11577.07 (22) l,: other: 163 in (*°Cap4py).
880.8019 10014 1113576 22  MI1+E2 1.0%10°2 Mult: D+Q from R(DCO) in®8Ni(36Ar,4py),(35Cl,3py), Ar=no from
level scheme.
1161.0020 133 10855.61 2t  E2 5.5810°4 Mult.: Q from R(DCO) in®8Ni(36Ar,4py),(3°Cl,3py), M2 excluded
from comparison to RUL.
12257.7 1719€ 10 1009  10537.91 (21) @
12383.6 (23) 1113@10 49@7 112693 (21) @
1845.6810 100 10537.91 (21) (E$  4.50<107%
14279.8 2263@ 10 1002 1201661 23 @
14412.1 2028® 10 10029 123836 (23) @
14486.6 24709 10 1009 1201661 23 @

T From ®8Ni(36Ar,4py),(3°Cl,3py), except where noted.

¥ Fromy(6) and DCO ratios irP8Ni(36Ar,4py),(3°Cl, 3py), except where noted.

§ From9°9Tc & decay (50.7 s).

& stretched Q from R(DCO) iA8Ni(3®Ar,4py),(3°Cl,3py), assumed E2.

@ From ®8Ni(“°Cap4py).

# From %6zZn(28si,2p2n).

a Total theoretical internal conversion dbeients, calculated using the Brlcc cod20Q8Ki07) with Frozen orbital approximation based gfray energies,
assigned multipolarities, and mixing ratios, unless ofliez specified.

0T-2"oINGg

S133HS V1vad dv3T10NN

0T-2"oNGE
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90
aMO,g-11

NUCLEAR DATA SHEETS

90
aMO,g-11

Adopted L evels, Gammas

Seq.(A): Ground state
sequence

22+ 11135.76

(20) 9787.96

Seq.(B): Negative-parity

1263 sequence
(197) 8678.44
18"  § 852530
555
(187) 8123.55

1779 17- 7515.01
J_/ T
16+ 6746.10
15 l 6643.13
944
14+ sosonl 13 l 5609.65
858
1069
11- 4842.02
10+ 4555.86 5L4
A 9 4297.75
10 4078.91 ‘
930
7- l 3367.38
508
8" 2874.81
. - R | 2859.21
6" - 637281169 =

1054

2+ 948.02

90
25MOyg

268



99Mo,-12 NUCLEAR DATA SHEETS 2oM0,5-12

OTcedecay (50.7s)  19810x01

Parent:*°Tc: E=0.0; F=8"; T1/,=50.7 s63; Q(£)=94484; %e+%3* decay=100.0

90Tc-J,T1)2: From the Adopted Levels.

19810x01 Produced by2Mo(p,3n) reaction at E(p}¥43 MeV: measured(t) with Ge(Li) and Ge detectors;y andgy
coincidences with Ge(Li) and magnetic spectrometer. Tlwaylscheme is established from coincidence data.

Other: 19741a01

9OMo Levels
E(level) F T12 E(level) F E(level)
0 0" 5.56 h9 | 2859.79 5 3539.910
948.12 2* 2947.05  (6%) | 4094.87
2002.44 47 3037.911 4175.99
2549.47 5 3150.37 4357.711
2812.25 67 3293.85

&,Bt radiations

e+B* branches are obtained fromy#ce) imbalance at each level.

E(decay) E(level) a* ¥ let Log ft I(s+ﬂ+)T Comments
(50904) 4357.7 0.73 0.031 6.8220 0.73
(52724) 4175.9 3.5 0.122 6.208 3.65
(53534) 4094.8 4.5 0.152 6.128 476

(59084) 3539.9 1.24 0.0289 6.9516 1.24

(61544) 3293.8 17.712  0.36324 5877 18.112

(62984) 3150.3 1.73 0.0326 6.9510 1.73

(64104) 3037.9 1.14 0.0197 7.1817 1.14

(65014) 2947.0 39.@22 0.674 5.656 40.622 Log ft: value is too small for a\J=2 transition suggesting
the decay scheme is incomplete.

(65884) 2859.7 2.66 0.04110 6.8712 2.66 Log ft: value is too small for a\J=3 transition suggesting
the decay scheme is incomplete.

(66364) 2812.2 13.21 0.203 6.189 13.221 Log ft: value is too small for a\J=2 transition suggesting
the decay scheme is incomplete.

(68994) 2549.4 5.310 0.07314 6.66 10 5.410 Log ft: value is too small for a\J=3 transition suggesting
the decay scheme is incomplete.

(74464) 2002.4 <7 <0.07 >6.7 <7

 Absolute intensity per 100 decays.
¥(®°Mo)

Iy normalization: From the assumption of adeeding to the g.s.AJ=8).

E, L Ei(level) T Er  J Multf

134.65 528 2947.0 (6) 28122 6
X231.28  2.684

26258 134 28122 6 25494 5 E1
310.36 2.66 2859.7 5 25494 5
481.73 13.69  3293.8 2812.2 6
X543.45  4.24

546.88 9.36 25494 5  2002.4 4 E1

Continued on next page (footnotes at end of table)
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99Mo,;-13 NUCLEAR DATA SHEETS 2oM0,513

9OTcedecay (50.7s)  19810x01 (continued)

v(®Mo) (continued)

E, L¥  E(eve) F  E F  Multf
502.98 124  3539.9 2947.0 (5)
801.25  2.84  4094.8 3293.8

809.83 34.315 2812.2 6 2002.4 4 E2
944.74 36.620 2947.0 (6) 20024 4 E2

948.12 100 948.1 2 0 O E2
X983.55 545
1035.510 1.14 3037.9 2002.4 4
1054.33 1006 2002.4 4 948.1 2 E2
1147.95 1.73 3150.3 2002.4 4
1291.45 7.36  3293.8 2002.4 4
1363.78 3.65 4175.9 28122 6
2091.79 1.94 4094.8 2002.4 4
2355.310 0.73  4357.7 2002.4 4

T From the Adopted Gammas.
¥ Absolute intensity per 100 decays.
Xy ray not placed in level scheme.
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99Mo,-14 NUCLEAR DATA SHEETS 12MOg14

90Tc e decay (50.7s)  19810x01

Decay Scheme
Legend —_—

Intensities: |, ce per 100 parent decays

ly < 2%xIma
ly < 10%x |
ly > 10%x 1

"
. Coincidence : 22 50.7s63
% -+ 968 +=100 Qt=94484
90
431C47
A
S
» IB* Log ft
P / BT e 9
Va2 4357.7, / 07 003 682
Y
T &S 4175.9/ 35 012 620
4094.8 45 015 612
v
N
()
§ o0 /
g N 3539.9 12 0028 695
S &Y © /
QRS 4 ;
Y PR e, i o 3293.8 / 177 0363 587
N G S :
Vo L e (c;;& 3150.3 / 17 0032 695
A g;g?i%‘af 3037.9 11 0019 7.18
G i S— 2947.0, / 3909 067 565
= o 2859.7 / 26 0041 687
= ) 28122 / 130 020 618
N3
5 3 2549.4 53 0073 666
S
S
&
o
/
p 5 2002.4 <7 <007 >67
\)
S
&
o
ot S 948.1
o+ 0 5.56 h9

90
42MOy,g
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99Mo,4-15 NUCLEAR DATA SHEETS 22M0,5-15

OTcedecay (8.7s)  19810x01

Parent:20Tc: E=144.117; J=1*; T1/2=8.7 s2; Q()=94484; %s+%B" decay-=100.0
19810x01 Produced by??Mo(p,3n) reaction at E(p¥43 MeV; measured(t) with Ge(Li) and Ge detectorg,y andgy
coincidences with Ge(Li) and magnetic spectrometer. Tlwaylscheme is established from-coin data.

Other: 1974la01
With a Q value of 9.4 MeV and the highest observed level at 063/Mhis decay scheme is likely incomplete angs™ feedings

and logft values should be taken as lower and upper limits respegtivel

9OMo Levels
E(level) F Ty Comments
0.0 0" 5,56 h9 Typ: from the Adopted Levels.
948.12 2*

&,p* radiations

¢+B* branches are obtained fromy#ce) imbalance at each level.

E(decay) E(evel) a+T 1ef  Logft I(e+pH)"

(86444) 948.1 7810 0.506 5.31 7810
(95924) 0.0 2210 0.105 6.0520 2210

 Absolute intensity per 100 decays.
y(**Mo)

Iy normalization: From measurementgft) for the gs band, and theoreticgB* values. The contribution te(+) from other
sources were eliminated by following+)(t) (19810x0).

E, LT E(evel) J Er ¥ Mul ot

948.12 7810 948.1 2 000 E2 8.741074

 Absolute intensity per 100 decays.
¥ Total theoretical internal conversion dheients, calculated using the Bricc cod08Ki07) with Frozen orbital approximation

based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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99Mo,;-16 NUCLEAR DATA SHEETS 12M0,4-16

9OTcedecay (875  19810x01

Decay Scheme

Intensities: |, ¢ per 100 parent decays

1+ 1441 g7s2
%e + %B+=100 Q*=94484
9
48TC47
N
%
wQ/ IB* g Log ft
; /o =
2+ > 948.1 78 050 53
ot 0-0/ 556h9 22 010 605
90
22MO,g

273



99Mo,;-17 NUCLEAR DATA SHEETS 2oM0517

9Be(124XeXy)  2017Pa35

2017Pa35E(12*Xe)=345 MeV/nucleon incident on a 740 nm? thick °Be target at the RIKEN-RIBF facility. Fragments
identified using the BigRIPS separator and the ZeroDegreetigpmeter by determining the atomic number and the mashame
ratio of the ion using the tof-B-AE method. Secondary beam was stopped in the double-sidednsdtrip detector of the
WAS3ABI spectrometer. Measured:yHly, implant+y(t) using the EURICA array consisting of 84 HP Ge detectors.

2019Ha26 E(124Xe)=345 MeV/nucleon incident on a thickBe target at the RIKEN-RIBF facility. Fragments identifiesing the
BigRIPS separator and the ZeroDegree spectrometer byndateg the atomic number and the mass-to-charge ratio ofatne
using the tof-B-AE method. Secondary beam was stopped in the double-sideahssitrip detector of the WAS3ABI
spectrometer. Measured:yEly, implant+(t) using the EURICA array consisting of 84 HP Ge detectors.

OMo Levels

E(level)l JF¥ T12

0.0 0
948.0 z
2002.1 4

5
6
8

Comments

2548.8
2811.7

2874.8 1.15us5 E(level): isomeric ratio R61% 3 (2017Pa3h

Tyy2: from implanty(t) in 2017Pa35but the gatingy-ray transitions were not specified by the
authors. Also 1.14is 5 from implanty(t) in 2019Ha26

T From the Adopted Levels. Level energies are rounded values.

y(*°Mo)
Eﬁ Ei(level) J Er X Comments
63.2 28748 8 2811.7 8 E,: other: 63 keV reported i2017Pa35
262.8 2811.7 6 25488 5
546.7 25488 5 2002.1 4
809.6 2811.7 6 2002.1 4
948.0 9480 2 0.0 0
1054.1 2002.1 4 948.0 Z

* Rounded values from the Adopted Gammas.
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99Mo,;-18 NUCLEAR DATA SHEETS 22M0,518

58Ni(38Ar,4py),(3°Cl,3py)  1992K a27

1992Ka27 99.98% enriche®®Ni + 3Ar reaction at E149 MeV:; OSIRIS array of 12 Compton-suppressed HPGe detecto
measured &, ly, yy(0), DCO ratios; deduceg-ray multi-polarities.

Other measurements:
1993Ka24 general treatment of DCO ratio analysis applied to a fewsitions in®°Mo.

1994Ka20 99.8% enriche®Ni(%6Ar,4p) reaction at E140 MeV; measured £ ly, yy(d), DCO ratios; measured;} of
excited levels using the recoil-distance Doppler-shifthod (RDDS) and dferential decay curve method (DDCM). OSIRIS array
of 12 Compton-suppressed HPGe detectors.

58Ni(%6Ar,4p), E=149 MeV. Measured T, of excited levels using the Doppler-shift attenuation rogt(DSA)
(1992Ka271994Ka20.

58Ni(3°Cl,3p), E=120 MeV. Measured/(6). Deduceds using the Rose and Brink phase conventia@94Ka2().

2013Zh10 58Ni(38Ar,4py) reaction. Measureg(d) andy(lin pol) for 478y and 1054.

Level scheme and DCO ratios (given in comments) are fit@92Ka27

9OMo Levels
E(level) F Taot E(level)f F Tt E(level)f F Taot
0.0* 0* 4594.1625  (97) 8123.44 20 18

94799  2* 4789.2819 107 8281.7622 (17"
1896.4814  2* 4841.9% 16 11~ 39 ps2 8525.1& 19  18* 0.16 ps2
2002.06/ 12 4* 4895.0419  (11)) 8616.7420 (17"
24325817  3- 5377.1317 13 1.0 ps3 | 8678.3% 23 19
2548.7512 5 16 ps3 5499.3216  (12) 9079.0820  (18)
2811.6% 13 6* 5624.8% 17 14+ 2.7psl | 9136.4819 18
2859.14 13 5 5699.5% 16 13 1.4 ps4 | 9318.9120 19
2874.7% 15 g+ 5863.6517 13 9443.7820  19*
2901.1820  (4) 5903.6418 14+ 1.7 ps4 | 9739.2620 19
2946.8214  (6%) 6064.7919  (13) o787.8# 21 20
3106.11@ 16 8* 4.9 psl3 | 6148.0718  15°  <0.3 ps 9994.9522 20
3294.0320  (7%) 6475.8217 14 1.5 ps10 | 10235.0220  (20*)  0.21 ps6
3367.3% 14 7 <0.69ps | 6643.0% 17 15 1.3 psl | 10477.2321  (20%)
3446.1620  (7°) 6746.06 18 16+ 3.6 ps7 | 10537.8125 21~
3659.6616  (7°) 7170.8819  (16") 10855.4821 21+ 0.90 ps14
4078.8% 16 10"  14.6 ps28 | 7385.4919 16 6.6 ps15 | 11135.6% 21 22  <0.07 ps
4192482 15 100 <35ps | 7514.9% 19 17 7.4ps3 | 11576.9424  (22%)
4297.6% 15 9 9.7 ps21 | 76295121  (16) 12016.4723 23"  <1.2ps
4555.7% 16 12 526 ps3 8066.6519 17+ 0.60 ps4 | 12383.53 (23)

 Deduced by evaluators from a least-squares fit-tay energies.

¥ Average of recoil distance Doppler-shift, Doppler-shifieauation, and dierential decay curve method$994Ka2().
# Seq.(A): Ground state sequence.

@ seq.(B): Positive-parity sequence.

& Seq.(C): Negative-parity sequence.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ka20,B

90
a2M0,g-19

NUCLEAR DATA SHEETS

90
a2M0,g-19

DCO ratios in comments are frod®92Ka27 They are defined ag/(yl at 162 gated byy2 at 65,115)/ly(yl at 65,115

®8Ni(°Ar,4py),(3°Cl,3py)

1992K a27 (continued)

y(*°Mo)

gated byy2 at 162). Expected values are 1.0 for stretched quadrupole ando® &retched dipole transitions.

Eﬂ IyT Ei(level) J Ef N Mult.§ o Comments

63.159 7.86 2874.73 8 2811.63 6

105.789 0.488  4895.04 (11) 4789.28 10

113.648 0.519 419243 10 4078.82 10

129.417 3.810 751491 17 7385.49 16 D+Q& 0.1414 Mult.: R(DCO)=0.24.

135.188 1.610 2946.82 (8) 2811.63 6

167.119 7.79 6643.03 15 6475.82 14 D+Q Mult.: R(DCO)=0.308.

231.438 335 3106.11 8 2874.73 8 D+Q& —0.04+10-40 Mult.: R(DCO)=0.717.

239.839 1.33 9318.91 19 9079.08 (18)

244.468 11.48 6148.07 15 5903.64 14 D+Q& 0.123 Mult.: R(DCO)=0.387.

247.758 213 5624.89 14 5377.13 13 D+Q& 0.045 Mult.: R(DCO)=0.367.

262.8417 3.12 2811.63 6 2548.75 5 D Mult.: R(DCO)=0.437. Deviation from a
expected value of 0.6 is due to the
timing effect.

280.153 9.814 11135.63 22 10855.48 2t D+Q 0.12+8-6 Mult.: R(DCO)=0.408.

292.3024 131 3659.66 (7) 3367.31 7 R(DCO)0.7.

296.5020 0.625  4594.16 (9) 4297.67 9 D+Q -0.2+4-3 Mult.: R(DCO)0.8.

310.396 161 2859.14 5 2548.75 5 & R(DCO)=0.7913.

335.0015 193 8616.74 (17)  8281.76 (17)

344.0012 3.35 9787.84 20 9443.78 19 D+Q Mult.: R(DCO)=0.466.

363.334 17.425  4555.77 12 4192.43 10 Q Mult.: R(DCO)=0.959.

364.368 2,710 5863.65 13 5499.32 (12)

365.2020 0.872  6064.79 (13) 5699.57 13

378.258 1.12 10855.48 21 10477.23 (20)

411.0013 1.02 6475.82 14 6064.79 (13) D Mult.: R(DCO)0.5.

437.2031 1.83 8066.65 17 7629.51 (16)

439.548 0.232 12016.47 23 11576.94 (22)

458.599 183 8525.18 18 8066.65 17 D+Q Mult.: R(DCO)=0.696.

458.7020 ~1.3t 7629.51 (16) 7170.88 (16)

468.6010 0.575  2901.18 (4) 2432.58 3

476.9510 325 4555.77 12 4078.82 10 E2 Mult.: R(DCO)1.016.

Mult.: A»=+0.328, A4,=-0.101,

Pol=+0.519 (2013Zh10.

482.4015 2.32 3294.03 (7) 2811.63 6 D Mult.: R(DCO)=0.709.

491.6614  3.32 4789.28 10 4297.67 9 D+Q Mult.: R(DCO)=0.498.

495.7111  9.814 10235.02 (20) 9739.26 19 D+Q 0.1423 Mult.: R(DCO)=0.706.

508.2015 <2.6F 3367.31 7 2859.14 5

519.73 487 9136.48 18 8616.74 (17) D+Q Mult.: R(DCO)=0.627.

523.1810 264 6148.07 15 5624.89 14 D+Q 0.113 Mult.: R(DCO)=0.516.

526.538 11.320 5903.64 14 5377.13 13 D+Q 0.135 Mult.: R(DCO)=0.456.

536.1010 141 243258 3 1896.48 2

542.92 <3.5F 10537.81 21 9994.95 20 D Mult.: R(DCO)=0.596.

544.229 18.013 484191 11 4297.67 9 Q Mult.: R(DCO)=1.016.

546.694 32.423 2548.75 5 2002.06 4 D Mult.: R(DCO)=0.606.

554.9020 ~6% 8678.33 19 8123.44 18 D Mult.: R(DCO)=0.567.

555.659 6.04 3367.31 7 2811.63 6 D Mult.: R(DCO)=0.627.

565.53 0.232 6064.79 (13) 5499.32 (12) R(DCO)0.4.

598.0010 193 6746.00 16 6148.07 15 D+Q 3.45 Mult.: R(DCO)=0.596.

602.7710 6.5 9739.26 19 9136.48 18 D+Q Mult.: R(DCO)=0.616.

Continued on next page (footnotes at end of table)
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99Mo,,4-20 NUCLEAR DATA SHEETS 2oM0,45-20

58Ni(38Ar,4py),(3°Cl,3py)  1992K a27 (continued)

v(®*Mo) (continued)

Eﬁ Iﬂ Ei(level) J Et NH Mult. 3 6% Comments
604.3315 142 5499.32 (12) 4895.04 (11) (D+Q) Mult.: R(DCO)=0.454.
608.549 11.416 8123.44 18 7514.91 17 D+Q Mult.: R(DCO)=0.497.
612.108 0.322 6475.82 14 5863.65 13 R(DCOXk0.3.

620.474 16.022 10855.48 21 10235.02 (20) D+Q 0.169 Mult.: R(DCO)=0.3811

638.0015 0.695 4297.67 9 3659.66 (7) (Q) Mult.: R(DCO}1.2.

640.6020 0.92 931891 19 8678.33 19

649.6416 11.54 484191 1t 4192.43 10 D Mult.: R(DCO)=0.668.

657.415 277 5499.32 (12) 484191 11 D Mult.: R(DCO)0.5.

676.039 3.17 9994.95 20 9318.91 19 D+Q Mult.: R(DCO)=0.568.

738.0020 0.52 10477.23 (20) 9739.26 19

742.4614 5.815 7385.49 16 6643.03 15 D+Q 3.18 Mult.: R(DCO)=0.697 too large because

of contamination from 2 to O*
transition in88Mo.

768.8910 8.66 7514.91 17 6746.00 16 D Mult.: R(DCO)=0.607.
776.246 7.49 6475.82 14 5699.57 13 D+Q 3.1+10-7 Mult.: R(DCO)=0.518.
779.436 1.45 6643.03 15 5863.65 13 Q Mult.: R(DCO)=0.97 23.
800.5215 0.785 3659.66 (7) 2859.14 5 (®)) Mult.: R(DCO)1.0.
809.576 624 2811.63 6 2002.06 4 Q Mult.: R(DCO)=0.996.
818.5610 19.514 3367.31 7 2548.75 5 Q Mult.: R(DCO)=0.996.
821.379 315 5377.13 13 4555.77 12 D+Q 0.094 Mult.: R(DCO)=0.496.
857.1012  <2F 2859.14 5 2002.06 4 E,: From level energy dierence.
R(DCO)=0.926, for the 857-keV doublet.
857.6511 205 5699.57 13 4841.91 11 Q Mult.: R(DCO)=0.883 for doublet.
872.03 266 7514.91 17 6643.03 15 Q Mult.: R(DCO)=1.036.
880.8019 7911 12016.47 23 11135.63 22 D+Q Mult.: R(DCO)=0.567.
895.738 1.32 8066.65 17 7170.88 (16)
897.4015 3.22 3446.16 (7) 2548.75 5 @ Mult.: R(DCO)0.8.
918.597 467 9443.78 19 8525.18 18 D+Q Mult.: R(DCO)=0.607.
930.349 22.116 4297.67 9 3367.31 7 Q Mult.: R(DCO)=1.006.
943.5020 19.65 6643.03 15 5699.57 13 Q Mult.: R(DCO)=0.977.
944.8014  <2F 2946.82 (6) 2002.06 4
948.019 1088 94797 2 0.0 0O Q Mult.: R(DCO)=1.006.
948.5010 151 1896.48 2 947.97 2
972.738 325 4078.82 10 3106.11 8 Q Mult.: R(DCO)=0.999.
1018.1012 8.212 6643.03 15 5624.89 14 D Mult.: R(DCO)=0.657.
1054.107  100.0 2002.06 # 947.97 Z E2 Mult.: R(DCO)=1.006.
Mult.: A»,=+0.323, A4=-0.021,
Pok=+0.576 (2013Zh10.
1069.1212 203 5624.89 14 4555.77 12 Q Mult.: R(DCO)=0.917.
1086.3712 0.386 4192.43 10 3106.11 8
1143.7810 10.715 5699.57 13 4555.77 12 D Mult.: R(DCO)=0.668.
1161.0020 1.02 12016.47 23 10855.48 2t Q Mult.: R(DCO)=1.1020.
1195.4510 1.13 9318.91 19 8123.44 18 D+Q Mult.: R(DCO)=0.5109.
1214.1010 152 9739.26 19 8525.18 18
1262.7010 142 9787.84 20 8525.18 18 Q Mult.: R(DCO)=1.0010.
1267.1517 1.02 7170.88 (16) 5903.64 14
1317.687 284 4192.43 10 2874.73 8 Q Mult.: R(DCO)=1.008.

1320.7511 3.65 8066.65 17 6746.00 16
1377.0020 0.114 9443.78 19 8066.65 17

1446.03 0.7611 8616.74 (17) 7170.88 (16)
1481.4015  0.456  7629.51 (16) 6148.07 15  (D+Q) Mult.: From R(DCO}0.59 14.
1545.9218  2.54 7170.88 (16) 5624.89 14
1564.1020  <0.5F 9079.08 (18) 7514.91 17

Continued on next page (footnotes at end of table)
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90
a2M0,g-21

NUCLEAR DATA SHEETS

90
a2M0,g-21

%8Ni(36Ar,4py),(3°Cl,3py)

1992K a27 (continued)

E,T 1,7 Eilevel)  J E¢
1672.5214  1.62 9739.26 19 8066.65
1693.6010 0.82 9079.08 (18)  7385.49
1709.8611 9.413 10235.02 (20) 8525.18
1779.2017 3.04 8525.18 18 6746.00
1789.1220 0.81  11576.94 (22) 9787.84
1803.9711 8520  9318.91 19 7514.91
1845.6810 2.75 123835 (23) 10537.81
1859.4515 3.27  10537.81 21 8678.33
1870.7015 1.93 8616.74 (17)  6746.00
1871.65 0.62 9994.95 20 8123.44
1918.6020 15.221  8066.65 17 6148.07
1952.0020 0.7610 10477.23 (20) 8525.18
2133.7020 0.507  8281.76 (17) 6148.07
2390.467  1.74 9136.48 18 6746.00
24685519 0.9112 8616.74 (17) 6148.07

f From 1992Ka27 except where noted.
¥ From transition intensity balance.

§ Fromy(6) in 58Ni(35Cl,3py) and DCO ratios irP®Ni(36Ar,4py) (1992Ka27.
& DCO ratio underestimated due taférent detector timing characteristics.

v(®*Mo) (continued)

Mult. Comments
Q Mult.: R(DCO)=0.948.
Q Mult.: R(DCO)=1.1810.
Q Mult.: R(DCO)=1.0511.
Q Mult.: R(DCO)=1.04 30.
Q Mult.: R(DCO)=0.918.
Q Mult.: R(DCO)=0.8712.
Q Mult.: R(DCO)=0.956.
Q Mult.: R(DCO)=1.0010.
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90Mo,,4-22 NUCLEAR DATA SHEETS 2oM0,45-22

58Ni(*°Ca,adpy)  1992Ar15

1992Ar15 99.7% enriche®®Ni(*°Cap4py) reaction, E180, 187 MeV. Measured-E ly, yy coin, yy(6). NORDBALL array,
consisting of 15 Compton-suppressed HPGe detectors, afdrwall of 11 liquid scintillator neutron detectors andsa 4
silicon-ball consisting of 21 detectors for protons anchakp

DOMo Levels
E(level)t Ft T1/2 Comments
0.0% o*
947.71 20 2+
2001.7#3 4+
2548.% 3 5
281043  6*
287448 8"
310528 gt
3366.% 4 7-
407778  (10%)
419128 (10Y)
4297.% 4 (9)
4554.4 8 azh) 0.4 nsl Tyo: Doppler-shift method.
4840.% 8  (11)
5375.58 (13%)

5623.%8  (14%)

5698.0¢ 8 (13)
5901.88 (14
6146.08 (157
6473.811  (14°)

6641.0 8 (15)

6743.88  (16%)
7383.111  (16)

7512.6¢ 8 (17)
8064.89 (17

81204 9  (18)
8523.0/ 10 (18"

8674.% 11  (19)
9134.011  (18")
9316.511  (197)
9441.113  (19%)
9737.210  (19)

9784.8' 15 (20%)

9991.511  (207)
10232511 (20%)
10475.012  (20%)
10532.812  (217)
10852.412  (21%)
11264.614  (217)
11573.815  (22")
11732412 (22%)
12012.213  (23")
12252616  (227)
12378.414  (23°)
12488.8?16
14275517  (24*,25%)

Continued on next page (footnotes at end of table)
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90
42M0,g-23

NUCLEAR DATA SHEETS 29M0,45-23

E(level)

FT

14406.917
14482.317

(257)
(25Y)

58Ni(49Ca,a4py)

1992Ar 15 (continued)

9OMo Levels (continued)

T Assignments were mostly based pnay anisotropies determined by(6) measurements.
¥ Deduced from a least-squares fit tg, By evaluators.
# Seq.(A): Ground state sequence.
@ seq.(B): Positive-parity sequence.

& Seq.(C): Negative-parity sequence.

y(®°Mo)

vy-ray anisotropies R2 ly(143)/[Iy(79) + 1y(101°)] provided some information om-ray multipolarities. From systematics of
transitions with known multipolarity, R1.7 for Q transitions, R0.9 for D transitions.

Eﬂ ly Ei(level) J E¢ X Anisotropyg‘ Comments
62.910 28740 8 28109 6 E,: From Adopted Gammas. Not measured in this
experiment.
113.910 293 4191.3 (10)  4077.7 (10) 1.8536
129.610 654 75126 (17) 7383.1 (16) 0.829
167.210 894 6641.0 (15) 6473.8 (14) 0.807
231.22 100010 31052 & 2874.0 8 1.663
244.12 2869 6146.0 (18) 5901.8 (14) 0.753
247.52 4557 5623.2 (14) 5375.5 (13) 0.853
262.510 1763 28109 6 2548.3 5 1.1225
279.610 985 12012.2 (23) 117324 (22) 0.849 See Adopted Levels, Gammas for adopted placement
from 11136 level {992Ka27.
343.210 734 9784.5 (20) 94411 (19) 0.9212
363.12 4888 4554.4  (12)  4191.3 (10) 1.655
377.310 143 10852.4 (21) 10475.0 (20) 0.7425
438.310 163 12012.2 (23) 11573.8 (22) 0.9136
458.05 1535 8523.0 (18) 8064.8 (17) 0.796
476.72 91011  4554.4 (12) 4077.7 (10) 1.724
495.35 1084 102325 (20) 9737.2 (19) 0.706
522.82 4498 6146.0 (18) 5623.2 (14) 0.733
526.22 2616 5901.8 (14) 53755 (13) 0.724
541.7 10 10532.8 (21) 99915 (20)
543.68 10 2686 4840.7 (1)  4297.2 (9) 1.376 ly is for 543.6+ 541.7 doublet.
546.62 2236 25483 5 2001.7 4 0.935
554.310 924 8674.3 (19) 8120.4 (18) 0.8310
597.82 3807 6743.8 (16) 6146.0 (18) 0.804
603.45 1195 9737.2 (19) 9134.0 (18) 0.794
607.82 1606 8120.4 (18) 7512.6 (17) 0.756
620.05 1255  10852.4 (2%) 10232.5 (20) 0.786
649.510 925 4840.7 (11)  4191.3 (10) 0.939
675.210 835 99915 (20) 9316.5 (19) 0.8211
742.110 754 7383.1 (16) 6641.0 (15) 0.637
768.65 1476 7512.6 (17) 6743.8 (18) 0.806
775.910 845 6473.8 (14) 5698.0 (13) 0.667
809.22 1926 28109 6 2001.7 4 1.317
818.62 2238 33669 T 2548.3 5 1.338

Continued on next page (footnotes at end of table)
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90
Mo 48—24

NUCLEAR DATA SHEETS

90
Mo 48—24

58Ni(49Ca,a4py)

1992Ar 15 (continued)

v(®*Mo) (continued)

Eﬂ ly E;(level) J Ef X Anisotropyg‘ Comments
820.92 73812 53755 (13) 4554.4 (12) 0.853
857.32 2467 5698.0 (13) 4840.7 (1r) 1.869
871.62 3998 7512.6  (17) 6641.0 (15) 1.697
879.95 96 4 11732.4 (22) 10852.4 (21) 0.8010 See Adopted Levels, Gammas for adopted
placement from 12016 levell992Ka27.
918.010 474 9441.1  (19) 8523.0 (18) 0.9916
930.32 2487 4297.2  (9) 33669 7 1.658
943.12 2387 6641.0 (15) 5698.0 (13) 1.819
947.72 4275 9 947.71 2 00 0O 1.486
972.52 98514 4077.7  (10) 31052 §& 1.654
1017.75 1726 6641.0 (15) 5623.2 (14) 0.865
1054.02 448t 10 20017 4 947.71 Z 1.365
1068.92 3508 5623.2  (14) 4554.4 (12) 1.728
1113.510 223 12378.4 (23) 11264.6 (21) 15231 See Adopted Levels, Gammas for adopted
placement from 12383.5 level
(1992Ka27.
1143.85 1397 5698.0 (13) 4554.4 (12) 0.918
1160.210 144 12012.2  (23) 10852.4 (21) 1.4944
1196.310 143 9316.5 (19) 8120.4 (18) 0.303
1213.610 163 9737.2  (19) 8523.0 (18) 0.9240
1317.4 2 51011 4191.3  (10) 28740 & 1.646 ly is for 1317.4+ 1318.0 doublet.
1318.6@ 10 99915  (20) 8674.3 (19)
1320.910 717 8064.8 (17) 6743.8 (16) 0.7312
1672.410 285 9737.2  (19) 8064.8 (17) 1.8341
1719.810 43 12252.6  (22) 10532.8 (21) 0.5023
1779.010 736 8523.0 (18) 6743.8 (16) 1.5821
1789.110 94 11573.8  (22) 9784.5 (20) 1.5065
1804.010 876 9316.5 (19) 7512.6 (17) 1.4016
1845.810 454 12378.4 (23) 10532.8 (21) 1.6732 See Adopted Levels, Gammas for adopted
placement from 12383.5 level
(1992Ka27.
1858.210 113 10532.8  (21) 8674.3 (19) 1.8384
1870.510 124 9991.5 (20) 8120.4 (18) 1.1652
1918.75 1456 8064.8  (17) 6146.0 (18) 1.4211
1951.910 123 10475.0  (20) 8523.0 (18) 2.0268
1956.62 10 114 12488.8? 10532.8 (2}
2028.510 145 14406.9  (25) 12378.4 (23) 1.6764
2263.210 52 142755  (24,25") 12012.2 (23)
2391.110 133 9134.0 (18) 6743.8 (16) 2.3173
2470.010 163 14482.3  (2%) 12012.2 (23) 2.7083
2590.010 62 11264.6  (21) 8674.3 (19) 1.7999

 Uncertainties vary from 0.2 to 1.0 keV, depending on the gnand the intensity of the transition. The evaluator hagtetb
the values given here for individugl rays.
¥ The measured intensity is lower because yhef the gate is considerably shorter thapg, the half-life of the 2875 level.

§ Doublet.

& Anisotropy=2 ly(142)/[ 1y(79) + 1y(101°) ].
@ placement of transition in the level scheme is uncertain.
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9Mo,,4-25 NUCLEAR DATA SHEETS 22M0,5-25

59Co(®Cl,2p2ny)  2001WuO01

2001Wu01 E(®®Cl)=116 MeV. Measured £ ly, yy using ten Compton-suppressed HPGe detectors. Deduggdsing the
Doppler Shift attenuation method.

OMo Levels

E(evell 7 | E(evell FT Tyt E(level) 7 LT

0.0 0" | 3106 g 5625 14 0.762 ps7
948 28 | 4079 10 5904 14  1.39 ps28
2002 4 | 4193 10 6148 15 0.721 ps49
2812 6 | 4556 12 6746 16 1.91 psi4

2875 8 | 5377 13 194 psi13

¥ From Figure 1 02001Wu01
# From DSAM in 2001Wu01

¥(°*Mo)
Ei(leve) J E, Er ¥ |E(eve) J E LT E X
948 2 048 00 0 | 4556 12 477 4079 10
2002 4 1054 948 2 | 5377 13 821 100 4556 12
2812 6 810 2002 4 | 5625 14 248 39 5377 18
2875 g 63 2812 6 1069 61 4556 12
3106 g§ 231 2875 8 | 5904 14 527 100 5377 138
4079 10 973 3106 8 | 6148 15 245 29 5904 14
4193 10 1318 2875 8 523 571 5625 1#
4556 17 363 4193 10 | 6746 16 598 100 6148 15

 Relative photon branching from each level.
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90Mo,,4-26 NUCLEAR DATA SHEETS 22M0,45-26

667n(28si,2p2ny)  1992Si03,1994Dal5

1992Si03 667n(28Si,2p2n) reaction; E=90-120 MeV. Measured £ ly, yy coin, yy(6), y(d) at 15, 30°, 44°, 60° and 90.
An array of 5 Compton-suppressed HPGe spectrometers.
1994Dal5 ®6Zn(?8si,2p2ry) reaction; E-115 MeV. Measured excited levehjf using the recoil-distance method.

OMo Levels

%Mo seems to be a transitional nucleus which exhibits botglsiparticle nature (even-parity states) and the feataféke
collective vibration (odd-parity states).

E(level)  F% | E(level) F¥ Tl E(evel) F¥  Typf
0.0* o | 4079.7#8 10t 5701.3% 8 13~ <0.7 ps
048.#3 2+ | 4193.428 10t 6149.68  15° <1.4ps
2002.6'5 4% | 430037 o 6644.68 8 15 <0.7 ps
2549.6¢ 5 5 | 4556.8'8 12* 6747.98 16'
2812.6/'5 6t | 484437 11- <0.7ps | 7028.879 17*
287548 8 | 5378.68 13 7516.68 8 17 5.5 ps7
3106.62 8 8" | 5623.08  (14%) 7684.079 18
3368.68 6 7- | 562658 14 4.8 ps14

* Recoil-distance method.994Da15.
¥ Based ony(#) andyy(6) (1992Si03.
# Seq.(A): Ground state sequence.
@ Seq.(B): Positive-parity sequence.
& Seq.(C): Negative-parity sequence.

¥(®°Mo)

Evaluators changed order of the 544-819-930 cascade bastw devel scheme given H992Ka27in %8Ni(36Ar,4py).

Eﬁ Iﬂ Ei(level) J Et Mult. ¥ Comments

I
62.7  60.89 28754 & 2812.6 6
167.43 7.33 7684.0? 18  7516.6 17
231.33 4956 31068 & 2875.4 &
24423 13.12 5623.0 (14) 5378.6 13
24773 1352 56265 14  5378.6 13
263.33 954 28126 6 2549.6 5
280.93 221 702887 17 67479 16  (D+Q) Ay=-0.513, Ag=+0.111.

10
10
14
(14)

(D+Q) A,=-0.172, A4;=—0.011.
D+Q  A,=+0.351, A4=—0.021.
D Ay=—0.422, Ay=+0.151.
(D+Q) A,=-0.072, A4=+0.091.

363.43 24.34  4556.8 12 4193.4 Q Ap=+0.302, A,=-0.331.
477.13 37.85  4556.8 12 4079.7 Q
523.23 8.75 6149.6 18 5626.5 (D+Q) A=-0.623, A4=+0.121.
526.43 3.43 6149.6 15 5623.0 (D+Q) Ap=-0.775, A4,=+0.302.
544.03 14.74 48443 1T 4300.3 9 Q Ap=+0.023, A,=-0.121.
E,: placed by1992Si03from a 4026 (9) level.
547.33 28.16  2549.6 5 2002.6 4 (D) Ap=-0.272, A4=-0.091.
598.23 16.56 6747.9 16 6149.6 15 (D+Q) A=-0.203, A4=+0.041.
768.63 554  7516.6 17 6747.9 16 (D) Ap=-0.455, A,=-0.042.
809.73 76.311 2812.6 6 2002.6 4 Q Ar=+0.243, A4=-0.081.
819.03 9.74  3368.6 T 2549.6 5 Q Ap=+0.414, A,=-0.162.
E,: placed by1992Si03from a 4845 (11) level.
821.43 17.45 5378.6 13 4556.8 12 (D+Q) A,=-0.082, A4,=-0.111.

A,=+0.331, A4=—0.181.

Continued on next page (footnotes at end of table)
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90Mo,,4-27 NUCLEAR DATA SHEETS 22M0,5-27

667n(28si,2p2ny)  1992Si03,1994Dal5 (continued)

v(®*Mo) (continued)

Eﬂ Iﬂ Ei(level) J Er % Mult. ¥ Comments
857.03 10.26  5701.3 13 48443 11 Q Ap=+0.225, A4=—0.162.
872.13 1465 7516.6 17 66446 15 Q Ap=+0.434, Ay=—0.222.
931.73  30.08 4300.3 g 33686 7 Q Ap=+0.233, A4=—0.211.
E,: placed by1992Si03from a 3482 (7) level.
943.43 13.44 6644.6 15 57013 13 Q Ap=+0.174, A4=—0.071.
948.23 100.014 948.2 z 0.0 0 Q Ap=+0.233, A4=—0.081.
972.93 4439  4079.7 10 3106.8 8§ Q Ap=+0.363, A4=—0.151.
1018.03 556 6644.6 15 5626.5 14 (D) Ap=+0.093, A4=+0.192.
1054.43  97.914 2002.6 4 948.2 2 Q Ap=+0.303, A4=—0.071.
1070.03  47.12 5626.5 14 4556.8 12 Q Ap=+0.302, A4=—0.131.
1144.53 534 5701.3 13 4556.8 12 (D) Ap=-0.1711, A4=+0.295.
1318.03  26.98 41934 10 28754 8 Q Ap=+0.244, A4=—0.082.

T From 1992Si03
¥ Fromy(6) andyy(6) (1992Si03.
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90Mo,,4-28 NUCLEAR DATA SHEETS 2oM0,5-28

07r(BHe3ny)  1982De34,2009Be49

1982De34 %97Zr(3He,3ny), ECHe)=33-43 MeV. Measured(6), excit,yy and ry coin. Shell-model analysis.

2009Be49 %07r(3He,3ny), ECHe)=27 MeV. Measuredy coin, y(); deduced mixing ratio; HORUS spectrometer at Univ of
Cologne. IBM-2 calculation.

1971Is04 93Nb(p,4ny), E(p)=53 MeV; measured (t) with Ge(Li).

Other: 1977BeXM

OMo Levels

E(IeveI)Jr FE Ty Comments

0 o*

948.28 2*
1896.78 2t
2002.617 4*
2433.110 3~
2534.28  (2%) J': from yy(#) (2009Be49.
2549.518 5°
2812.318 6"
2859.920 5°
2875.221 8 1.054510 Ty Fromy(t) (19711s03.
2902.014 (47)
2947.720 (6%)
3106.822 8"
3148.414
3294.519
3368.020 7°
3447.224 (57)
3660.222 (77)
4079.923 (10%)
4193.122 (10%)
4298.123 (9)
4557.023 (12%)
4595.225 (97)
4788.225 (117)
4842523 (117)
48943 (13)
53783 azh

T From a least-squares fit toyEby evaluators, assumingEy=1 keV when not specified.
¥ Suggested by982De34from y(6), excitation function and tendency to populate yrast statgcept where noted.

¥(®°Mo)

Eﬂ I«yi E;(level) J E¢ X ly+co Comments

62.910 =7.7 2875.2 8 2812.3 6 ~57 l,: Calculated from K+ce)=57 given by1982De34corrected
for conversion.

105.910 =40 4894 (13) 4788.2 (11r) =79 l,: Calculated from K+ce)=79 given by1982De34corrected
for conversion.

113.310 ~58%  4193.1  (10) 4079.9 (10)

135.310 =~23% 20477 (6) 28123 6
231.610 12313 31068 & 28752 &
262.910 212 28123 6 25495 5
292.210 122 3660.2 (7) 3368.0 T
207.110 112 45952  (9) 4298.1 (9)

Continued on next page (footnotes at end of table)
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99Mo,5-29 NUCLEAR DATA SHEETS

90
42M0,g-29

907r(PHe3ny)  1982De34,2009Be49 (continued)

v(®Mo) (continued)

E,’ L¥  Ei(evel) T Er  J  Mult 5

Comments

310.310 465 2859.9 5 2549.5 5
364.010 212 4557.0  (12) 4193.1 (10)

468.910 <27  2902.0 (4) 24331 3
477.010 30231 4557.0 (12) 4079.9 (10)

482.410  ~19% 32945 2812.3 6

490.110 ~37%  4788.2  (1I) 4298.1 (9)
536.610 212 24331 3 1896.7 Z
544.410 526 48425  (1I) 4298.1 (9)
547.010 25225 25495 5 2002.6 4
555.710 253 3368.0 7 28123 6
649.410 243 48425  (1I) 4193.1 (10)
715.3 3148.4 2433.1 73
809.915 45646 28123 6 2002.6 4

818.515 <161% 33680 7 25495 5
821.115 <161% 5378 (12) 4557.0 (12)
857.315 ~13% 28599 5 2002.6 4

897.715 ~108 34472 (5) 25495 5
930.115 798 4298.1 (9) 3368.0 7
945215 435 2947.7 (6) 2002.6 4
948.315 1000 9482 2 0 o

948.5 <508 18967 7 9482 7

973.015 687 4079.9  (10) 3106.8 &
4

1054.415 84485 2002.6 948.2 2
1291.6 3294.5 2002.6 *4
1317.915 839 4193.1  (10) 2875.2 &
1484.7 376 24331 3 948.2 2 D+Q  -0.128
1586.2 25342 () 9482 2 D(+Q) -0.1322
1896.8 <50 1896.7 2 0 o
2534 25342 (2 0 o

* From 1982De34 except where noted.

¥ Fromy(6) measurement at 33 Me\1982De33, except where noted.
$ From coincidence measurement af $0982De34.

& Unresolved doublet, composite intensity 146(1982De34.

E,: other: 536.1 2009Be49.

E,: observed only by2009Be49

E,: from 2009Be49 Other: 951.210
(1982De34. Evaluators adopt value from
2009Be49 as they also observe ground state
transition which supports a level at 1897 keV,
rather than at 1899.5-keV as proposed by
1982De34

E,: observed only by2009Be49

l,: calculated from
1y(536.6/)/1y(1484.%)=0.57 8 from
2009Be49and ty(536.1)=21 2 from
1982De34

E,: observed only by2009Be49

E,: observed only by2009Be49

l,: calculated from
1v(1896.6/)/1v(948.5)=0.0599 from
2009Be49and 1y(948.5/)<50 from 1982De34

E,: transition not observed i2009Be49 upper
limit on intensity of ly(2534y)/1y(1586.%) <
0.056.
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90
42M0,g-30

NUCLEAR DATA SHEETS 29M0,4-30

92Mo(p,t)  1976Ka08

1976Ka08 E(p)=28.0 MeV; measured-(0) from 5° to 60° in steps of B; enriched targets (98.45%), magnetic spectrograph,
FWHM=11-15 keV; L values are from comparison with DWBA calculago The agreement with previous work is good.

1972Y005 E(p)=38.6 MeV; measured-(d) with semiconductor telescope; FWHMS5 keV.

1971Mo08 E(p)=40 MeV; measured-(#) with semiconductor telescope; FWHMO keV.

Others:1971Tal6 1972Ba75

E(level)l LT | Eglevel)
0 0 | 25285
9475 2 | 25455
18965  2f | 26135
19795 0 | 27067
20025 4 | 28557
24295 3 | 28717
24505 0 | 29037

T From 1976Ka08

LT
2
5

(6)

9OMo Levels

E(level)l LT | Egevel)

30747 3 | 36837

31485 2 | 37367

31857 38347

32987 39367

33557

34947

35147

¥ 1972Yo05assign 1=0, but their fit to DWBA is rather poor.
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99Tc, -1 NUCLEAR DATA SHEETS 99T, -1

Adopted L evels, Gammas

Q(8~)=-58414; S(n)=114014; S(p)=29994; Q(a)=-40166 2017Wal0
S(2n)=25190150 S(2p)=913060; Q(ep)= 2612 (syst)24 (2017Wal.

90T¢ Levels

Cross Reference (XREF) Flags

A PRue decay
B (HI,xny)
C  Ni(*°ca,x)

E(IeveI)Jr JFE Tl/z# XREF Comments

0 (8%) 49.2 54 BC Ty/2: from 809.8/(t) (19810x0). Other: 50.7 $£3 (2012Kal2 based on analysis
of data in2008We10.

E(level): TOF spectra in NfCa,X) reaction give population fractions of 89 36
and 11 %5 for the ground state and isomer, respectiv@@l2Kall. As
high-spin levels are more favorably produced in these i@astthe ground state
is assigned as ther3(8") level.

J': from systematics ofzd=8* states in neighboring odd-oddTc(N=43),
9O0Nb(N=49) and®Nb(N=47) nuclei and supported by shell-model calculations
(1993Ru03.

103.7022 (6%) B J': shell-model calculations predict @=36" state at 106 keV1Q93Ru03; in
9Nb a 6" isomeric level lies at 123 keV with{, = 60 us, which could
explain the non-observation of a depopulating 104-keVsitam.

144.117 1+ 8.7 s2 AC %e+%BT =100

E(level): from Penning-trap mass measurem@l@Kall: mass excess-70724.7
keV 11 for %°Tc g.s. and-70580.6 keV13 for %°Tc isomer R012Kal3.

Tyy2: from two component fit to 944y4-948.1y(t) (19810x0). Other: 7.9 £
(19741a0).

J: theoretical prediction is®2but 1* is suggested from lo§ value to 0 and 2
states in*Mo. If g.s. feeding is not properly determined thehig possible
(2012Ka1).

152.5% 20 (4") B F: 187.8 from (5°).

298.71 A

340.3% 18 (5) B J: E2 683.5 from (7).

494088 (9% B J: (M1+E2) 494.% to (8").

636.9 A

993.728  (10*) 1.4 ps5 B J: E2 993.% to (8).
1023.8% 15 (7°) B F: E2 608.% from (9°).
148598 10 (11¥) <5 ps B J: (M1+E2) 492.% to (10%).
1613.8510 B
1631.9% 12 (9) B F: E2 363.3 from (11°).
1698.7713 B
193858 10 (12*) 2.8 ps5 B J: E2 944.9 to (10%).
1995.0% 9  (117) 33 ps4 B J': D 1001.4 to (10), (M1+E2) 191.6 from (11°).
2186.4811  (117) 13 ps2 B J: E2 554.4 to (9).
2247.9518 B
2537.48 11  (13") <0.7 ps B J': 1051.5 to (11%), D+Q 598.9 to (12+).
2557.88 11 (12°) <0.7 ps B J: (M1+E2) 562.8 to (117).
2600.4811 127) 5.3@ ps8 B J: (D+Q) 605.2 to (117); assignment to negative-parity sequence.
2775.6% 10 (13°) 2.7 ps3 B J: E2 780.6 to (117).
2946.7412 B
2982.0012 B

B

3167.7#11 (14") 1.0 ps3 J: E2 1229.9 to (124).

Continued on next page (footnotes at end of table)
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T Deduced by evaluators from a least-squares fitjpexcept where noted.

¥ Spin and parity assignments for excited states are baseeray multipolarities and on the assumption thatay deexcitation
takes place through yrast states. Spin and parities of theai®d (6°) levels are based on shell-model calculations which use a
configuration space of only the 2f2land 1g® orbitals for protons and neutrons993Ru03.

# From recoil-distance Doppler-shift method in (Hhdnexcept where noted1994Ru13.

@ Effective half-life from (HI,xry), not corrected for feeding.

& Band(A): Negative-parity sequence.

a Band(B): Positive-parity sequence.

Ei(level) J
152.52 (4)
298.7

340.33 (5)
494.09 (9)
636.9

29TC,72 NUCLEAR DATA SHEETS 2aTC472
Adopted L evels, Gammas (continued)
90T¢ Levels (continued)
E(Ievel)T FE T1/2# XREF Comments
3201.1914 B
338326113 (15") 1.8 ps4 B J: E2 845.8 to (13").
3405.7315 B
3488.64 12 (147) <1.4ps B F: (E2) 930.6 to (12°).
3593.0813  (15") 1.2 ps4 B J: E2 919.% from (17%).
3672.9% 12 (15) 1.1 ps3 B J: E2 897.4 to (13).
4486.48 15  (16%) B J': 1103 to (15"); assignment to positive parity sequence.
45121814 (17') 1.5ps3 B J: E2 1128.8 to (15Y).
4637.1% 16 (177) 1.6 ps2 B J: E2 964.3 to (157).
4864.6617  (17%) B J: 378.1 to (16'), 1481.9 to (15').
5599.1& 17  (18") B J': 1087.1 to (17*); assignment to positive parity sequence.
5651.2% 17 (19*) 2.4 psl B J: E2 1139.% to (17").
5705.9% 19 (19°) 1.3 ps2 B JF: E2 1068.8 to (17°).
5808.2121 B
6338.5424 B
645527 21  (20%) <0.7@ ps B J: (D+Q) 803.9 to (19"); assignment to positive parity sequence.
6884.8% 23  (21") B J: (D+Q) 429.6/ to (20"); assignment to positive parity sequence.
6993.9% 21 (21) 0.8@ ps2 B J: E2 1288.9 to (19).
7373.43 B
7439.6¢ 4 (227) B J: 445.% to (217); assignment to negative parity sequence.
7678.83 B
8394.4 4 23) B J': 954.8 to (227); assignment to negative parity sequence.
8756.% 3 (22%) B J: 1872.% to (217), 2300.8 to (20%).
9342.13 B
9804.23 B
11246.44 B

y(*Tc)
Eﬂ IyT Ef X Mult. o a8 Comments
48.81 100 103.70 (&) E,.l,: from ®°Ru ¢ decay.

154.61 100 1441 1t

187.81 10012 152.52 (4) (M1+E2) 0.23+7-6 0.0543 Mult.: D+Q from y(6) andyy(6) in
(HI,xny); non-zero value ob
suggests MiE2 character.

236.83 106 103.70 (6)

494.11 100 0 (8) (M1+E2) 0.20+6-5 0.00440 Mult.: BrQ from y(6) andyy(6) in
(HI,xny); non-zero value ob
suggests MiE2 character.

492.81 100 1441 t E,.l,: from ®°Ru & decay.

Continued on next page (footnotes at end of table)
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9
231C,73

NUCLEAR DATA SHEETS

90T~ _
23164773

Adopted L evels, Gammas (continued)

v(®°Tc) (continued)

Ei(level) J Eﬂ IyJr Et N Mult. 5% ol Comments
993.72 (10) 499.71 553 494.09 (9) M1+E2 0.32 0.0043212 B(M1)(W.u.)=
0.0060+31-19;
B(E2)(W.u.=2.3 +40-18
Mult.: D+Q from y(6) and
yy(0) in (Hl,xny);
Ar=no from level
scheme.
993.71 1003 0 (84) E2 8.3%10%  B(E2)(W.u.=16 +9-4
1023.83 (7) 683.51 100 340.33 (5) E2 0.00210
1485.90 (11) 492.11 1004 993.72 (10) (M1+E2) 0.154 0.00443 B(M1)(W.u}0.031;
B(E2)(W.u.>1.7
Mult.: D+Q from y(6) and
yy(0) in (Hl,xny);
non-zero value of
suggests M1E2
character.
991.52 10.122  494.09 (9) [E2] B(E2)(W.u.>0.35
1613.85 620.24 216 993.72 (10)
1119.81 1006 494.09 (9)
1631.93 (9) 608.11 1009 1023.83 (7) E2 0.00288
1137.83 4511 494.09 (9)
1698.77 1204.4¢ 100 494.09 (9)
1938.56 (12) 452.61 5.84 1485.90 (11) M1+E2 0.00617 B(M1)(W.u.)<0.0062;
B(E2)(W.u.x32
Mult.: D+Q from y(6) and
yy(6) in (Hl,xny);
Ar=no from level
scheme.
94491 1003 993.72 (10) E2 9.4%10* B(E2)(W.u.=10.6+23-16
1995.09 (11) 296.31 1.77 1698.77
363.31 6.114 1631.93 (9) [E2] 0.01355 B(E2)(W.u35.1+14-12
381.31 5.010 1613.85
509.11 22,921 1485.90 (11) (E1) 1.5%10°3  B(E1)(W.u.x=
1.30x10°° +21-18
Mult.: D from y(6) and
yy(0) in (Hl,xny);
An=yes from level
scheme.
1001.41 1003 993.72 (10) (E1) 3.5%10% B(E1)(W.u.)=
7.5x10°% +10-8
Mult.: D from y(6) and
yy(0) in (Hl,xny);
An=yes from level
scheme.
2186.48 (11) 191.61 1006 1995.09 (11) (M1+E2) 0.20+30-10 0.05012 B(M1)(W.u.)=0.124+20-27
Mult.: D+Q from y(6) and
yy(0) in (Hl,xny);
Ar=no from level
scheme.
554.41 67.320 1631.93 (9) E2 0.00373 B(E2)(W.u912.5+24-18
1192.85 146 993.72 (10) [E1] B(E1)(W.u.)=1.1x1078 5
2247.95 309.2 100 1938.56 (12)
2537.40 (13) 598.91 1003 1938.56 (12) (M1+E2) 0.07+10-8 0.00278 B(M1)(W.u}0.12

Continued on next page (footnotes at end of table)

Mult.: D+Q from y(6) and
yy(0) in (HI,xny);
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9
291C74

NUCLEAR DATA SHEETS

90T~ _
231C4774

Adopted L evels, Gammas (continued)

v(®°Tc) (continued)

Ei(level) J Eﬂ IyJr Et N Mult. ot od Comments
Ar=no from level scheme.
2537.40 (13) 1051.51 15.911 1485.90 (11) [E2] B(E2)(W.u.»>3.3
2557.88 (12) 371.41 8.17 2186.48 (11)
562.81 1003 1995.09 (11) (M1+E2) 0.083 0.00321 B(M1)(W.u}0.16;
B(E2)(W.u.>1.4
Mult.: D+Q from y(6) and
yy(0) in (Hl,xny);
non-zero value of
suggests M1E2 character.
2600.48 (12) 41391 605 2186.48 (11) D+Q
605.21 1005 1995.09 (11) D+Q
2775.61  (13) 175.01 17.419 2600.48 (12) (M1+E2) 0.11454 B(M1)(W.u.)<0.18;
B(E2)(W.u.x6472
Mult.: D+Q from y(6) and
yy(6) in (Hl,xny); Ar=no
from level scheme.
217.71 1004 2557.88 (12) (M1+E2) 0.063 0.03416 B(M1)(W.u.)=0.425;
B(E2)(W.u.)=35 +44-25
Mult.: D+Q from y(6) and
yy(6) in (HI,xny); Ar=no
from level scheme.
589.31 7.412 2186.48 (11) [EZ2] B(E2)(W.u.=5.010
780.61  39.916 1995.09 (11) E2 1.4%10°3 B(E2)(W.u.)=6.5+9-7
837.11 15.98 1938.56 (12) [E1] 5.03x10% B(E1)(W.u.)=
1.8210°° +24-21
2946.74 409.4 745 2537.40 (13)
698.92 3711 2247.95
1008.52 10021 1938.56 (12)
2982.00 381.3 255 2600.48 (12)
42421 1009 2557.88 (12)
3167.77 (14) 221.21 9.47  2946.74 (MKE2) 0.05321 B(M1)(W.u.)<0.26;
B(E2)(W.u.x5634
Mult.: D+Q from y(6) and
yy(6) in (Hl,xny); Ar=no
from level scheme.
630.41 91 2537.40 (13) (M1+E2) 0.002549  B(M1)(W.u.)<0.011;
B(E2)(W.u.x29
Mult.: D+Q from y(6) and
yy(6) in (Hl,xny); Ar=no
from level scheme.
1229.01 1004 1938.56 (12) E2 538104 B(E2)(W.u.=7.1+30-17
3201.19 600.2 100 2600.48 (12
3383.26  (15) 215,51 1004 3167.77 (14) (M1+E2) <0.06 0.0349 B(M1)(W.u30.81+26-17;
B(E2)(W.u.x88
Mult.: D+Q from y(6) and
yy(6) in (Hl,xny); Ar=no
from level scheme.
845.81  47.820 2537.40 (13) E2 1.2%10°% B(E2)(W.u.)=9.6 +27-18
3405.73 238.2 2611 3167.77 (14)
868.42 10021 2537.40 (13)
3488.64 (14) 287.51  21.823 3201.19
506.51 496 2982.00
713.11 1003 2775.61 (13) (M1+E2) 0.14+9-6 0.00186 B(M1)(W.u3>0.019;

Continued on next page (footnotes at end of table)

B(E2)(W.u.)-0.27

291



99Tc, -5 NUCLEAR DATA SHEETS 99Tc, -5

Adopted L evels, Gammas (continued)

v(®°Tc) (continued)

Ei(level) J Eﬂ IyJr Et N Mult. ¥ od Comments

Mult.: D+Q from y(8) andyy(6) in
(HI,xny); Az=no from level scheme.
3488.64 (1) 930.62 33.323 2557.88 (12) (E2) 9.76¢10%  B(E2)(W.u.)>3.5
3593.08 (1%) 187.41 414 3405.73
210.14 115 3383.26 (15%)
42531 1004 3167.77 (14) (M1+E2) B(M1)(W.u.x0.25; B(E2)(W.u.X1503
Mult.: D+Q from y(8) andyy(6) in
(HI,xny); Az=no from level scheme.
3672.91 (15) 184.21 43517 3488.64 (14) (M1+E2) 0.09644  B(M1)(W.u.)<1.4; B(E2)(W.u.x42741
Mult.: D+Q from y(8) andyy(6) in
(HI,xny); Az=no from level scheme.

505.02  5.010 3167.77 (14) [E1] B(E1)(W.u.)=7.8x10°5 +34-22
897.41 1004 2775.61 (13) E2 1.06¢103  B(E2)(W.u.)=24 +9-5
4486.41 (16) 1103.01 100 3383.26 (15)
451212 (17) 919.11 32.113 3593.08 (1%) E2 1.0x103 B(E2)(W.u.)=5.8 +15-10
1128.81 1003 3383.26 (1%) E2 6.3%10% B(E2)(W.u.)=6.5+17-11
4637.12 (17) 964.21 100 367291 (15) E2 8.9%104 B(E2)(W.u.)=17.7+26-20

4864.66 (17) 378.11 439 4486.41 (16)
1481.92 1009 3383.26 (15)

5599.18 (18) 1087.11 100 4512.12 (17)

5651.25 (19) 1139.11 100 4512.12 (17) E2 6.21074  B(E2)(W.u.)=5.1321
5705.92 (19) 1068.81 100 4637.12 (17) E2 7.1%104  B(E2)(W.u.)=13.0+24-17
5808.21 209.2 100 5599.18 (18)

6338.54 1473.2 100 4864.66 (17)

645527 (20) 647.11 12.314 5808.21
803.92 1004  5651.25 (19) (D+Q)

6884.81 (21) 429.61 100 6455.27 (20) (D+Q)
6993.93 (21) 1288.01 100 5705.92 (19) E2 5.00k104  B(E2)(W.u.)=8.3 +28-17
7373.4 1722.5 100 5651.25 (19)
7439.6  (22) 445.73 100 6993.93 (21)
7678.8 3052 5313  7373.4
1340.22 1007 6338.54
8394.4 (23) 954.82 100 7439.6 (22

8756.5 (22) 1077.85 4217  7678.8
1872.23 10025  6884.81 (21)
2300.83 8317  6455.27 (20)

9342.1 5852 10012  8756.5 (22) (D+Q)
1663.04 306 7678.8
9804.2 462.11 100 9342.1 (@-Q)
11246.4 1442.2 100 9804.2 (E2)

* From (HI,xny), except where noted.

¥ Fromy(6) in 58Ni(3°Cl,2pny) and DCO ratios irP®Ni(3¢Ar,3pny), both from (HI,xry) dataset.

$ Total theoretical internal conversion dheients, calculated using the Bricc cod008Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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9
2371C,;6

NUCLEAR DATA SHEETS

90T~ _
231C47°6

Adopted L evels, Gammas

Band(B): Positive-parity sequence

"
Band(A): Negative-parity sequence (22") 8Z56'5
(237) 8394.4
955
1872
2301
(227) 7439.6
446
@) | 6993.93 .
(217) 6884.81
430
@ | | 645527
1288 ‘
804
(197) v 5705.92 (194) 5651.25
s —5599.18
1069
1139
1087
17~
ar) 463712 (17+) 4512.12
(167) 4486.41
964
1129
1103
(157) v 3672.91
(147) 184 3488.64
M (151) 3383.26
I
897 (147) 26 | 3167.77
713 M
931 846
(137) v 2775.61 630 l
' v
12-) 218 4
(127) 2 2557.88 (13%) g 2537.40
‘ 781
563 599
() i v 1995.09 (12+) 1052 1938.56
363
) v 1631.93 453
(11%) 1485.90
945
608
492
(7) l 1023.83 (10") 993.72
‘ 992 v
684 500
(99 l 494.09
(67) 340.33 M
. -
(47) 188 152.52
9
23Ty
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99TC, -7 NUCLEAR DATA SHEETS 99Tc, -7

ORu e decay  2004De40

Parent:>°Ru: E=0.0; F=0%; T1/2=11.7 s9; Q(s)=58414; %e+%3* decay-100.0

2004De40 PORu isotope produced in tRENi(36Arl%* 2n2p) reaction with E150 MeV. Nuclei recoiling out of the target were
stopped and neutralised by 500 mbar of purified Ar gas insidella Reaction products were ionized selectively, acewdo Z,
using two dye lasers tuned to the resonant atomic transitbrthe particular element. Laser-ionized nuclei were editb the
LISOL mass separator by a sextupole ion guide. Measused)E vy, By (coin), 18, isotopic Ty» with two HPGe detectors
arranged in a compact configuration aroyfidensitive plastidE detectors.

19917Zh29 19947Zh26 Enriched®8Ni(3°Cl,2np) EE°Cl)=112-132 MeV; Si(Li), Compton-suppressed HPGe and neutstectors;
Wheel transportation system; MeasuretE(>8Ni), Ey) andy(t); Identification of*°Ru decay based on comparisonsE(8Ni))
with cascade calculations; 37rays identified in coincidence with Tcdx ray by 1994Zh26but not placed in a decay scheme.

90Tc Levels
E(level)l  F¥ Ty2 Comments
144117 (1*) 8.7s2 E(level),Ty/o: from the Adopted Levels.
298.717
636.917

* From Ey, except where noted.
¥ From Adopted Levels.

&,Bt radiations

E(decay) E(level) ﬁ*i e LogfﬂL |(s+ﬂ+)i Comments

(52044) 636.9 92 031 51911 92

(55424) 298.7 415 121 4677 425

(56974) 144.1 4811 133 4.6711 4911 I(e+p%): isomer feeding was determined Bp04De20from
measurement of 511-keV annihilation intensi2@04De20do not
provide value for J(511y).

 Values should be regarded as lower limits, as there is a Hifterence between the allowed energy for decay (5.8 MeV) and the
highest observed excited level (0.6 MeV).
¥ Absolute intensity per 100 decays.

¥(%°Tc)

Iy normalization: fromXly(to 144-keV isomeg51 11, based on 144-keV isomereis*) feeding of 4911 from 2004De20
derived from a measurement of 511-keV annihilation intgnsi
2004De40confirm only twoy rays out of 37y rays reported byl994Zh26

Eﬁ Iﬁi Ei(level) E X Comments

154.61 100 298.7 144.1 (1) E,: strongy-ray identified in coincidence with Tcd&x ray but not placed in a
decay scheme b$9947h26

49281 214 636.9 144.1 (1) E,: strongy-ray identified in coincidence with Tc&x ray but not placed in a
decay scheme b%9947h26

¥ From 2004De20
¥ For absolute intensity per 100 decays, multiply by 0942
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9
231C,8

NUCLEAR DATA SHEETS 99Tc,,-8

Legend

ly < 29xI172
ly < 10%xI72*
ly > 10%x 72

ORu £ decay  2004De40

Decay Scheme

Intensities: |.,ce per 100 parent decays

ot 00 11.7s9
%e +%pB+=100.0/ ~ Q"=58414
90
24RUgg
an’ cha le Log ft
/o E e
¥ 636.9 9 03 519
@/
©
5 /
~ 298.7 41 12 467
€3} 144-1/ 87s2 48 13 467
9
a3TCy7
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99Tc, -9 NUCLEAR DATA SHEETS 99Tc, -9

Ni(*9Ca,X) 2012Kal2

Determination of the energy of the low-spin isomeric state.

2012Kal2 9Tc isotope was produced through the Mita,X) at E=210 MeV using HIGISOL facility via JYFLTRAP mass
measurement. Measured isomer excitation energy frdfardince in mass excess. Deducgg Bf high-spin ground state analyzing
data from2008We10

0Tc Levels

E(level) F T12 Comments

0 (8") 50.7s63 Ty2,J: from 2012Kal2based on analysis @i(t) data from2008We10
144117 (1*) 8.7s2 Ty from the Adopted Levels.

E(level): from Penning-trap mass measurem@0l@Kall: mass excess-70724.7 keV11 for
90T¢ g.s. and-70580.6 keV13 for 99Tc isomer 012Kal3. Fit to TOF spectra yields fractions
of lower-mass and and higher mass state as 8a&bd 11 %5, respectively 2012Kal2. As the
high-spin state is more favorably produced in the reactidized in 2012Kal2 the ground state
is most likely the high-spin level and the isomer the lownsigvel.

J': from the Adopted Levels.
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9
231¢,7-10

NUCLEAR DATA SHEETS zglgTC47'1O

(HI xny)  1993Ru03

1993Ru03 1993Ka24 99.98% enriched®Ni target; measuregt rays using the OSIRIS array of 12 Compton-suppressed HPGe
detectors. Reaction$8Ni(36Ar,3pny), E=149 MeV. Measured £ ly, yy coin, DCO ratios38Ni(3°Cl,2pny), E=120 MeV.
Measuredyy(0) for 6=0° to 9C¢°, angular correlation cdgcients, ry coin.

1994Ru13 99.8% enriche®®Ni target. Measured level half-lives using the recoil dist doppler-shift method (RDDS). Data were
also analyzed using theftrential decay curve method (DDCM). ReactioP&Ni(36Ar,3pn), E=140 MeV: 58Ni(35Cl,2pn), E=120

MeV.

1993Ka24 general treatment of DCO ratio analysis applied to a fewsitions in°°Tc.

19937h16 99.8% enriche®®Ni(3°Cl,2pn) reaction, E124 MeV:; measured £ ly, nyy coin, DCO ratios; used an array of five
Compton-suppressed HPGe detectors.

Others:1992CrZY, 1992LiZT, 1992WeZR 1993RuzZV.

90T¢ Levels
E(IeveI)Jr JFE Tl/z# Comments
0.07 8t J: based on systematics of<38* ground states in neighboring odd-o8Rrc(N=49),
90Nb(N=49) and®Nb(N=47) nuclei. Shell-model calculations prediet=8* for the g.s. of
0Te,
103.7022 (6%) J': shell-model calculations predict a=)6" state at 106 keV.
15258 21 4
340.34 18 5
494088  9*
993.728 10 1.4 ps5
1023.84 16 7-
148598 10 11*  <5ps
1613.8511  (10%)
1631.94 12 9
1698.7814  (10%)
1938.56 10 12+ 2.8 ps5
1995.08 10 11~ 33 ps4
2186.4811  11- 13 ps2
22479518  (12%)
2537.48 11 13+  <0.7 ps
2557.88 11 12 <0.7 ps
26004911 12 53@pss
2775.6% 11 13" 2.7 ps3
2946.7413  (13%)
2082.0112  (13)
3167.724 12 14* 1.0 ps3
3201.1915  (13)
3383.26113  15* 1.8 ps4
3405.7315  (14")
3488.65 12 14~  <1.4ps
3593.0814 15 1.2 ps3
3672.9% 13 15 1.1 ps3
4486.48 16  (16%)
4512182 14 17" 1.5 ps3
4637.1% 16 17 1.6 ps2
4864.6617  (17%)
5599.18 17  (18")
5651.2% 17  19* 2.4 psl
5705.9% 19 19 1.3 ps2
5808.2121  (19Y)

Continued on next page (footnotes at end of table)
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9
291C,711

NUCLEAR DATA SHEETS

9
291C,711

(HI xny)  1993Ru03 (continued)

90T¢ Levels (continued)

E(level)f JE Ti2 E(level)l  F¥ | E(evel) FE
6338.5424  (19%) 7373.43  (20) | 8756. %3 (22)
645527 21  (20*) <0.7@ps | 7439.8¢ 4 (227) | 9342.13  (23")
6884.8123  (21%) 7678.83  (21%) | 9804.24  (24%)
6993.94 22 21~ 089 ps2 | 83044 5 (23) | 11246.44  (26)

" Deduced by evaluators from a least-squares fit-tay energies.

¥ Spin and parity assignments for excited states are basedray multi-polarities, and on the assumption thatay deexcitation
takes place through yrast states. Spin and parities betpa@mthesis are based on shell-model calculations whielaus
configuration space of only the 2f2land 1g® orbitals for protons and neutrons9Q3Ru03.

# Recoil distance Doppler-shift metho994Ru13.

@ Effective half-life, not corrected for feedind994Ru13.
& Seq.(A): Negative-parity sequence.
a Seq.(B): Positive-parity sequence.

y(®°To)
Eﬂ Iﬂ Ei(level) J Et NH Mult. ¥ 5 Comments
48.81 15252 4 103.70 (8)
(104) 103.70  (8) 00 &
175.01 455 2775.61 13 2600.49 12 (D+Q) Mult.: R(DCOX1.
184.21 1757 367291 15 3488.65 14 D+Q Mult.: R(DCO)=0.379.
187.41 343 3593.08 15  3405.73 (14)
187.81 516 340.34 5 15252 4 D+Q 0.23+7-6 Mult.: A»=-0.552, A4=0.053; R(DCO)1.
191.61 493 2186.48 11  1995.09 11 D+Q 0.20+30-10 Mult.: A»=0.314, A4=—0.014; R(DCO)=1.13
12,
209.22 204 5808.21 (19) 5599.18 (18)
210.14 94 3593.08 15 3383.26 15
21551 24910 3383.26 15  3167.77 14 D+Q  <0.06 Mult.: Ap=—0.272, A4=0.083; R(DCO)=0.37
6.
217.71 25810 2775.61 13  2557.88 12 D+Q 0.063 Mult.: A»=-0.332, A4=0.022; R(DCO)=0.35
7.
22121 272 3167.77 14  2946.74 (13) D+Q Mult.: A,=—0.5211, A,=0.1914; R(DCO)1.
236.83 53 340.34 5 103.70 (8)
238.12 52 340573 (14) 3167.77 14
28751 192 3488.65 14 3201.19 (13)
296.31 73 1995.09 1r  1698.78 (10)
305.42 82 7678.8 (21) 73734 (20)
309.52 92 224795 (12) 1938.56 12
363.31 266  1995.09 11 1631.94 9
37141 242  2557.88 12 2186.48 11
378.11 102 4864.66 (17) 4486.42 (16)
381.31 214 1995.09 11  1613.85 (10)
381.31 163 2982.01 (13) 2600.49 12
409.41 141  2946.74 (13) 2537.40 13
41391 343 2600.49 12 2186.48 11 (D+Q) Mult.: R(DCOX1.
42421 656 2982.01 (13) 2557.88 12
42531 833 3593.08 15 3167.77 14 D+Q Mult.: R(DCO)=0.627.
42961 394 6884.81 (2f) 6455.27 (20) (D+Q) Mult.: R(DCO)=0.7310.
44573 402  7439.6 (22) 6993.94 21
45261 322 193856 12  1485.90 1t D+Q Mult.: A»=-0.3514, A;=-0.0916.
Mult.: R(DCO)=0.4111 (1993Zh18.

Continued on next page (footnotes at end of table)
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99TCc,-12 NUCLEAR DATA SHEETS 99TCc,-12

(HI xny)  1993Ru03 (continued)

v(®°Tc) (continued)

EyT IyJr Ei(level) J Et N Mult. ot Comments
462.11 364 9804.2 (24) 93421 (23) (D+Q) Mult.: R(DCO)=0.6514.
492.11 1395 148590 1t 993.72 10 D+Q 0.154 Mult.: A>=-0.513, A4=0.103;
R(DCO)=0.507.

494.11 1305 49409 9 00 & D+Q 0.20+6-5  Mult.: Ap=-0.604, A4=0.165;
R(DCO)=0.4014.

499.71 553 993.72 10 494.09 9 D+Q 0.32 Mult.: A>=-0.596, A4=-0.048;
R(DCOX1.

505.02 204 367291 15 3167.77 14

506.51 435 3488.65 14 2982.01 (13)

509.11 979  1995.09 11 1485.90 1t D Mult.: A>=0.388, A4=0.059;
R(DCO)=1.1023.

554.41 331 2186.48 11 1631.94 9 Q Mult.: R(DCO)=0.857.

562.81 2959  2557.88 12 1995.09 11 D+Q 0.083 Mult.: Ap=-0.352, A4=-0.012,
R(DCO)=0.477.

585.72 334 9342.1 (23) 8756.5 (22) (D+Q) Mult.: R(DCO)=0.7314.

589.31 193 277561 13 2186.48 11

598.91 1826  2537.40 13 1938.56 12 D+Q 0.07+10-8 Mult.: A»=-0.374, A4=0.084;
R(DCO)=0.537.

600.92 245 3201.19 (13) 2600.49 12

605.21 573  2600.49 12 1995.09 11 D+Q Mult.: R(DCO)=0.6412.

608.11 535 163194 9 1023.84 7 Q Mult.: A»=0.286, A4=-0.026;
R(DCO)=0.8218.

620.24 72 1613.85 (10) 993.72 10

630.41 263 3167.77 14 2537.40 13 D+Q Mult.: R(DCO)=0.4413.

647.11 172  6455.27 (20) 5808.21 (19)

683.51 533 1023.84 7 340.34 5 Q Mult.: A»=0.318, A4=-0.038,
R(DCO)=1.0713.

698.92 72 2946.74 (13) 224795 (12)

713.11 873 3488.65 14 2775.61 13 D+Q 0.14+9-6  Mult.: A»=-0.504, A4=0.104
R(DCO)=0.3910.

780.61 1034  2775.61 13 1995.09 11 Q Mult.: A»=0.396, A4=—0.096;
R(DCO)=0.9215.

803.92 1386  6455.27 (20) 5651.25 19 (D+Q) Mult.: R(DCO)=0.5218.

837.11 412 277561 13 1938.56 12

845.81 1195 3383.26 15 2537.40 13 Q Mult.: R(DCO)1.1512

868.42 194  3405.73 (14) 2537.40 13

897.41 40214 367291 15 2775.61 13 Q Mult.: A»=0.343, A4=-0.053;
R(DCO)=0.9919.

919.11 773 451212 17 3593.08 15 Q Mult.: A»=0.3012, A4=0.0813
R(DCO)=1.2811

930.62 292 3488.65 14 2557.88 12 Q) Mult.: R(DCO)=0.7618.

94491 55417 1938.56 12 993.72 10 Q Mult.: A»=0.303, A4=-0.083;
R(DCO)=0.956.

954.82 283 83944  (23) 74396 (22)

964.21 44312 4637.12 17 3672.91 15 Q Mult.: A»=0.302, A4=-0.102,
R(DCO)=1.027.

991.52 143  1485.90 1t 494.09 9

993.71 1.00x10° 3 993.72 10 00 & Q Mult.: A»=0.312, A4=-0.062
R(DCO)=1.027.

1001.41 42314 1995.09 11 993.72 10 D Mult.: A>=-0.363, A4=0.083;
R(DCO)=0.596.

1008.52 194  2946.74 (13) 1938.56 12

1051.51 292  2537.40 13 1485.90 1t

1068.81 2869 570593 19  4637.12 17 Q Mult.: A»=0.343, A4=-0.084;
R(DCO)=1.0210.

Continued on next page (footnotes at end of table)
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231C,;-13

NUCLEAR DATA SHEETS

9
2971C,;13

(HI xny)

1993Ru03 (continued)

v(®°Tc) (continued)

EyT IyT Ei(level) J Et N Mult. ¥ Comments
1077.85 52 8756.5 (22) 7678.8 (21)
1087.11 222 5599.18 (18) 4512.12 17
1103.01 172 4486.42 (16) 3383.26 15
1119.81 332 1613.85 (10) 494.09 9
1128.81 2408 4512.12 17 3383.26 15 Q Mult.: R(DCO)=0.989.
1137.83 246 1631.94 9 494.09 9
1139.11 2007 5651.25 19  4512.12 17 Mult.: A»=0.254, A4=-0.035; R(DCO)=0.96 10.
1192.85 73 2186.48 11 993.72 10
1204.44 93 1698.78 (10) 494.09 ¢
1229.01 28810 3167.77 14 1938.56 12 Q Mult.: A»=0.313, A4=-0.014; R(DCO)=1.008.
1288.01 1696 6993.94 21 5705.93 19 Q Mult.: A»=0.274, A4=-0.044; R(DCO)=0.87 14.
1340.22 151 7678.8  (2T) 6338.54 (19)
144222 234 112464  (26) 9804.2 (24) (Q) Mult.: R(DCO)=1.0521
147382 192 6338.54 (19) 4864.66 (17)
1481.92 232 4864.66 (17) 3383.26 15
1663.04 102 9342.1  (23) 7678.8 (21)
172225 113 7373.4  (20) 5651.25 19
1872.23 123 8756.5 (22) 6884.81 (21)
2300.83 102 8756.5  (22) 6455.27 (20)

* From 28Ni(36Ar,3pny), (3°Cl,2pny) (1993Ru03.

¥ Fromy(6) in 58Ni(35Cl,2pny) and DCO ratios irP8Ni(36Ar,3pny) (1993Ru03.
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S9RU-1 NUCLEAR DATA SHEETS 2aRU;g1

Adopted L evels, Gammas

Q(87)=-1.32¢<10" SY. S(n)=14.7x10° SY. S(p)=47785; Q(a)=—31985  2017Wal0
S(2n)=26690 (systB00, S(2p)=67755; Q(ep)=2842 (syst)p.
AQ(B7)=300; AS(n)=300.

ORu Levels

Cross Reference (XREF) Flags

A PRh e decay (29 ms)
B 9Rhe decay (0.56 s)
C  58Ni(36Ar,2p2ny)
D  58Ni(“0Ca,ary)
E(IeveI)Jr J T2 XREF Comments
0.0 o 11.7s9 ABCD  %e+%B*=100
Ty/2: from 2004De40 Others: 13 $ (1991Zh29; 11 s3 (1994Zh26.
738.16 10 2* BCD  J: E2 738 to O'; band assignment.
1638.3F 22 4+ BCD  J: E2 90Y to 2*; band assignment.
2524.6' 3 6t B D J: E2 886 to 4*; band assignment.
2602.0 3 57) D  J: D 964y to 4%; systematics of negative parity bands.
2802.23 (6%) B J': from ¢ feeding from (6,7,8) parent, 11640 4, and comparison to shell model
calculations in2019Pal16
2954.93 (6%) B J': from ¢ feeding from (6,7,8) parent, 11640 4, and comparison to shell model

calculations in2019Pal16

3036.3 4 8t D J: E251% to 6%; band assignment.
3299.¢ 3 ™) D J: E2698 to (5); band assignment.
3982.6 4 10" CD  J: E2 946 to 8"; band assignment.
4197.4 4 9) D J: E2 898 to (77); band assignment.
4958.3 5 12* CD  J: E2 976 to 10*; band assignment.
4979.% 4 (117) D J: E2 783 to (97); band assignment.
5310.775 D

5731.3 6 14* CD  J: E2 773 to 12F; band assignment.
5815.96 (13) D J: D 858 to 12*.

5827.% 5 13) D J: E284% to (11); band assignment.
6098.56 (15) CD J: E2283 to (13); D 36% to 14".
6143.37 D

6260.77 D

6389.07 (16) CD  J: D 291y to (15).

6748.9 6 (15) D J: E292% to (13); band assignment.
7417.17 (18) D J: E2 1028 to (16).

7654.9° 7 @) D J: E2 906 to (157); band assignment.
7674.57 D

8023.17 D

8105.977 D

8376.4' 7 19) D J: (E2) 722 to (17°); band assignment.
8622.38 (20%) D J: E2 120% to (18"); band assignment.
9476.7 8 (217) D J: (E2) 1100 to (197); band assignment.

T From a least-squares fit oray energies, by evaluators.
¥ Band(A): Yrast sequence.
# Band(B): Band based on (%
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0Py, .
4RUz62

NUCLEAR DATA SHEETS

0Py, .
4RUz62

Adopted L evels, Gammas (continued)

y(*°RU)
Eilevel) J E,T 1,7 Es ¥ MultF
738.10 2 738.8 1 1008 00 0 E2
1638.31 4 200.% 2 1008 738.10 2 E2
25240 6 8853 2 1008  1638.31 4 E2
26020 (5)  963.73 100 1638.31 4 D
2802.2 () 1163.9 2 1008  1638.31 4
2954.9 () 13166 2 1008  1638.31 4
30363 & 512.23 100 2524.0 6 E2
3299.9 (7)  697.93 10013 2602.0 (5) E2
776.03 74 25240 6
3082.6 10 946.13 100 3036.3 8 E2
41974  (9)  897.53 100 32999 (7) E2
1161.% 3 3036.3 8§
4958.3 12 975.73 100 30826 10 E2
4979.7 (1) 782,53 10015 4197.4 (9) E2
99683 53 30826 10
5310.7? 3318 3 100 4979.7 (11)
57313 14 773.03 100 49583 12 E2
5815.9  (13) 857.8 100 49583 12 D
5827.1  (13) 847.43 100 4979.7 (11) E2
60985  (15) 282.@ 213 58159 (13) E2
367.23 10011 57313 14 D
6143.3 412.8 100 5731.3 1%
6260.7 4448 100 5815.9 (13)
6389.0  (16) 290.8 100 60985 (15) D
6748.9  (15) 921.83 100 5827.1 (13) E2
74171  (18) 1028.B 100 6389.0 (16) E2
7654.9  (17) 906.03 100 6748.9 (15) E2
7674.5 925.8 100 6748.9 (15)
8023.1 348.8 100 7674.5
8105.9? 451% 3 100 7654.9 (17)
8376.4  (19) 721.53 100 7654.9 (17) (E2)
8622.3  (20) 1205.23 100 74171 (18) E2
9476.7  (21) 1100.33 100 8376.4 (19) (E2)

¥ From ®8Ni(#°Ca,2vy), except where noted.
¥ From angular distribution and DCO datadfNi(*“°Ca,2vy). Stretched quadrupole transitions are assumed to be Eeanacter.

§$ From %Rh ¢ decay (0.56 s).

& placement of transition in the level scheme is uncertain.
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9ORuy, -3

e NUCLEAR DATA SHEETS S9Ru,-3

Adopted L evels, Gammas

Band(B): Band based on
(567

(217) 9476.7
1100
(197) 8376.4
722
ar) y 76549
906
a5) y 67489
922
Band(A): Yrast sequence
(137) 5827.1
14° 5731.3
773 847
12+ a0583  (117) § 49797
/
/ 782
976 /

y 41974

98

, 32999

98

, 26020

2y 7810
738
0 00
90
24RUgg
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S9RU, -4 NUCLEAR DATA SHEETS 24RUzg4

9ORh £ decay (29 ms)  2019Pal6

Parent:>°Rh: E=0.0; F=(0"); T1/2=29 ms3; Q(g)=13.2<10° 3; %s+%g3" decay-100.0

9ORh-Q): value is from systematics fro017Wal10 In 2019Palfthe Q value is measured as 13.19 Me¥50—116 from
endpoint energy measurements.

2019Pa16 %°Rh produced from fragmentation of!d*Xe beam at E345 MeV/nucleon on a 740 mign? °Be target at RIKEN,
Japan. Fragments separated hy/&E-Bp method in the first stages of BigRIPS and them BOF-Bo measurements using later
stage of BigRIPS and the ZeroDegree spectrometer. lons iwmglanted in WAS3ABI consisting of three double-sidedcgihi strip
detectors and ten single-sided silicon strip detectorsni@a rays were detected using the Euroball-RIKEN Clusteayrr
(EURICA) consisting of 84 HPGe crystals arranged in 12 elisstMeasured E ly, 8 spectra, E(p), I(p)By-coin, gp-coain,
vBp-coin, half-life, 3-delayed proton emission probability.

PRu Levels

E(level) JF
0.0 o

&,Bt radiations

E(decay)  E(evel) a*T 1ef  Logft I(e+p0)T
(1.3%10*3) 0.0 ~99.8 ~0.198 ~3.6 2100

T Absolute intensity per 100 decays.

304


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Pa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Pa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Pa16,B

S9RU,-5 NUCLEAR DATA SHEETS 24RUsg5

ORh ¢ decay (0.56s)  2019Pal6

Parent:>°Rh: E=0.0+x; J'=(6,7,8); T1/2=0.56 s2; Q(£)=13.2x10° 3; %s+%3" decay-100.0

9ORh-Q): value is from systematics fro2017Wal0 In 2019Palfthe Q value is measured as 13.19 Me¥50—116 from
endpoint energy measurements.

2019Pa16 %°Rh produced from fragmentation of!d*Xe beam at E345 MeV/nucleon on a 740 mign? °Be target at RIKEN,
Japan. Fragments separated hy/&E-Bp method in the first stages of BigRIPS and them BOF-Bo measurements using later
stage of BigRIPS and the ZeroDegree spectrometer. lons iwmglanted in WAS3ABI consisting of three double-sidedcgihi strip
detectors and ten single-sided silicon strip detectorsni@a rays were detected using the Euroball-RIKEN Clusteayrr
(EURICA) consisting of 84 HPGe crystals arranged in 12 elisstMeasured E ly, 8 spectra, E(p), I(p)By-coin, gp-coain,
vBp-coin, half-life, 3-delayed proton emission probability.

PRu Levels

E(level)l  J¥

0.0 o
738.1010 2*
1638.3122 4*
2524.03  6*
280223  (6%)
2954.93  (6%)

* From Ey.
¥ From the Adopted Levels.

&,B" radiations

E(decay)  E(level) g** le¥ Log ft™  I(e+p%)F

(1.0210* 3) 2954.9 185 0.08124 50914 185
(1.04x10* 3) 2802.2 245 0.102 50012 245
(1.07x10* 3) 25240 376 0.143  4.8710 376

 Calculated taking the isomer excitation energy to be zero.
* Absolute intensity per 100 decays.

y(%°Ru)

Iy normalization: FronEl(y+ce)(to g.s.390.4 %10, considering %p=9.6 % 10 from 2019Paléand assuming no feeding to the
ground state with\J>5.

E, L¥  Eevel) J Er ¥ Mult] od
738.11 10012 738.10 2 00 0 E2 0.00184
885.72 417 25240 6  1638.31 4 E2 1.1%10°3
900.22 8511 163831 4 73810 2 E2 1.1%10°3

1163.92 266 28022 (6) 1638.31 4 [E2]  6.36x10°%
1316.62 206 29549 (6) 1638.31 4 [E2]  5.1710°%

T From the Adopted Levels.

¥ For absolute intensity per 100 decays, multiply by 0.904

§ Total theoretical internal conversion dbeients, calculated using the Bricc cod®(8Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.
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90py, .
42RUye6

NUCLEAR DATA SHEETS

44

90Ru, -6

16

Legend

ly < 2%x 12
ly < 10%x 72
ly > 10%xI72

9ORh £ decay (0.56s)  2019Pal6

Decay Scheme

Intensities: |, c per 100 parent decays

% + %B+=100

Q)
g
&>
S
© & A
© )
& o o /
) v 5§ 9 2954.2/
(6") & 2802.
6" A 2524.0
&
v
3§
4+ S o 1638.31
&
>
2+ © 738.10
ot 0.0
90
aaRUgg

(6,7.8)  0.0+x (5652
Q=13.2<10° 3
90
asRMs
1B 1 Logft
18 0081 5.09
24 0.10 500
37 014 487
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S9RU,-7 NUCLEAR DATA SHEETS 2aRUsg7

58Ni(%6Ar,2p2ny)  1994He09

1994He09 58Ni(38Ar,2p2ny), E=149 MeV. 99.98% enriche®®Ni target. Measured rays using the OSIRIS array of 12
Compton-suppressed hyperpure germanium detectors. kéebBy, |y, nyy coin, pyy coin. Charge-particle and neutron
detectors:AE silicon surface barrier for protons, NE213 for neutrons.

%ORu Levels
E(Ievel)T i Comments
0.0 0

738.0010 (2%)
1638.1114 (4%)
2584.33 (6%) E(level): This level has been omitted from Adopted Levéistead a level at 2524.5 keV has been

adopted based on more extensive measuremetiNi{*°Ca,2ry) dataset.

3096.24 (87 E(level): This level has been omitted from Adopted Levéistead a level at 3037.7 keV has been

adopted based on more extensive measuremetiiNi{*°Ca,2ry) dataset.
3981.87  (10%)
4957.48  (12Y)
5730.413  (13*,14%)
6097.416  (15Y)
6387.919 (167

* Deduced by evaluators from a least-squares fit-tay energies.

¥ Jr values are from authdrsssignments based on systematics in this mass region alhansidel calculations. The energies of
the most intensg-ray transitions are very similar to those in the isot8filo. Thus, the detectegl rays have been assumed to
belong to a cascade connecting yrast states with even parity

y(*Ru)
Eﬂ Iy Ei(level) J Et NH Comments

290.510 223 6387.9 (16) 6097.4 (18)

367.010 243 6097.4 (18) 5730.4 (13,14%)

511.93 648  3096.2 (8) 2584.3 (8)

738.01 10012 738.00 (2) 0.0 0

773.010 264 57304 (13,14*) 4957.4 (12)

885.65 397 3981.8 (10) 3096.2 (8) E,: This y-ray has been interchanged with 946.2 kgVay
by 2004Bu13in 58Ni(*9Ca,2vy) dataset from intensity
consideration and placed below 512.2 keNfransition.

900.11 9014 1638.11 (4) 738.00 (2)

946.23 7311 2584.3 (&) 1638.11 (4) E,: Thisy-ray has been interchanged with 885.6 keVvay
by 2004Bu13in 58Ni(“°Ca,2ry) dataset from intensity
consideration and placed above 512.2 keYfansition.

975.65 355 4957.4 (12) 3981.8 (10)

 Uncertainties in k are 0.1-1.0 keV, depending on tleray energy and intensity. Values for individual transiScare estimates
assigned by the evaluators.
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0Py, .
42RU;58

NUCLEAR DATA SHEETS

0Py, .
42RU;58

2004Bul3 E(*°Ca)=135 MeV from Legnaro XTU tandem accelerator. Measured Ik, yy, y(6), yy(6) with the GASP array

58Ni (40Ca,2ary)

2004Bu13

consisting of 40 Compton-suppressed HPGe detectors an@ BG® element inner ball. The ISIS Si ball of AE-E telescopes
was used for the detection of charged particles.

E(level)f

0.0
738.4 3
1639.6 5
2524.9 5
2602.8' 5
3037.% 6
3300.¢ 6

ORu Levels
F | E(evel)f ¥ | E(evelll  F | E(level) F
0" | 39835 6 10" | 5827.97 139 | 7655.%8 (17)
2t | 419836 90 | 6099.48 15* | 7675.38
4+ | 4959.% 7 12" | 6144.28 8023.99
6" | 4980.8'6 110 | 6261.68 8106.7?79
50) | 5311.577 6389.98 16" | 8377.29
8" | 573258 14+ | 6749.78 157 | 862329  (20%)
70) | 5816.88 13+ | 7418.09  (18") | 9477.69
* From least-squares fit toyEs, by evaluators.
¥ Band(A): Yrast Sequence.
# Band(B): Band based or{3.
y(*°Ru)

R(DCOXI(y1 at 72,90° or 108; y, at 35 or 145)/ I(y1 at 35 or 145; y, at 72,90° or 108). All gating transition were
AJ=2 in character yielding expected values of 0.5 for stretafipdle transitions and 1.0 for stretched quadrupole ttems.

EyT Iy Ei(level) J Et i Mult. Comments
282.63 386 6099.4 135 58168 13 Q Ay=+0.43; Ay=+0.13
290.53 15.014 6389.9 16  6099.4 15 D DCO=0.4610; A»=—0.37 14; A,=—0.0318
331.0° 3 5311.5? 4980.5 11
348.63 268 80239 7675.3
367.23 17.919 6099.4 15 57322 14 D DCO=0.629; Ap=—0.3114; As=+0.13
412.03 205 61442 5732.2 14
44483 278 62616 5816.8 13
451.6 3 8106.7? 7655.7 (L)
512.23 574 3037.2 & 2524.9 6 Q DCO=0.935; A,=+0.3512; A4=+0.1618
697.93 324 33008 *) 26028 %) Q DCO=1.047; A,=+0.2323, A4=-0.13
721.53 6.912 8377.2 7655.7 (17 (Q) DCO=0.9518 A,=+0.0422; A4=—0.33
738.43 100 7384 2 0.0 0 Q DCO=1.046; A,=+0.27 14, A4=—0.0118
773.03 253 5732.2 14 49592 12 Q DCO=1.1620; A,=+0.3010; A4=+0.0416
776.03 2.214 33008 ¥) 25249 6
782.53 274 49805 119 41983 ) Q DCO=1.0611; A,=+0.279; A,=—0.0914
847.43 214 5827.9 18) 49805 1f) Q DCO=0.8612 A,=+0.4415 A4=+0.0224
857.63 7.112 5816.8 13  4959.2 12 D DCO=0.4612; A,=—0.1123; A,=+0.85
886.03 615 25249 6 1639.0 4 Q DCO=1.0011; A»=+0.2610; A4=—0.0316
897.53 325 41983 ¢) 33008 ) Q DCO=1.0717; A,=+0.148; A4=—0.2112
900.63 974 1639.0 4 738.4 2 Q DCO=1.009; A,=+0.205; A;=—0.108
906.03 10.816 7655.7  (17) 6749.7 18) Q DCO=0.984; A,=+0.5421; A4=+0.2720
921.83 14.924 6749.7 1§) 58279 18) O DCO=0.93; A,=+0.2824; A4=+0.0333
925.63 339 76753 6749.7 165
946.13 454 39835 10  3037.2 8 Q DCO=0.978; A,=+0.1916; A4=—0.0821
963.73 374 2602.8 %)  1639.0 4 D DCO=0.615; Ap=—0.1514; A4=+0.63
975.73 40 4 4959.2 12 39835 10 Q DCO=0.928; A,=+0.289; A,=—0.1018

Continued on next page (footnotes at end of table)
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S9RU,-9 NUCLEAR DATA SHEETS 24RUz6-9

58Ni(4°Ca,2ay)  2004Bul3 (continued)

7(®%Ru) (continued)

Eﬂ ly Ei(level) J Et X Mult. Comments
996.8 3 148 49805 1f) 39835 10
1028.13 12.218 7418.0 (18) 6389.9 16 Q DCO=0.93; Ap=+0.23; A4=-0.0543
1100.33 3.910 9477.6 8377.2 Q) DCE0.93; A,=-0.23; A4=+0.34
Mult.: negative value of A is inconsistent with Q assignment.
1161.3 3 41983 ¢) 30372 & E,: from figure 1 0f2004Bu13 not listed in authorstable I.
1205.23 8.317 8623.2 (20) 7418.0 (18) Q DCO=1.0922, A»=+0.1518; A4,=+0.34

0.3 keV uncertainty assigned by evaluators based on a destatement by2004Bul3that errors are below 0.3 keV.
¥ Placement of transition in the level scheme is uncertain.
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99RU,,-10 NUCLEAR DATA SHEETS 2aRUe10

58Ni(*°Ca,2ay)  2004Bul3

Band(B): Band based on 5(-)

(77) 7655.7

ﬁ

906

15(-) 6749.7
922
Band(A): Yrast Sequence
13(-) 5827.9
14+ 5732.2
773 84
12+ 49592 110 4980.5
/
/
| 782
976 /
/ 90-) 4198.3
10" 39835y |
/
/ 898
/
946 /
y 33008
8+
98
o y 26028
886
4+ y 1639.0
901
2* 738.4
738
0t 0.0

90
aaRUyg
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29Rh,-1 NUCLEAR DATA SHEETS 28RN

Adopted Levels

Q(B7)=-11990SY, S(N)=13910SY, S(p)=730SY, Q(@)=—2550SY 2017Wal0

AQ(B7)=500; AS(n)}=470; AS(p)=AQ(x)=420 (2017WalJ.

S(2n)=30980 (systp00, S(2p)=4600 (syst)340, Q(ep)=8410 (syst)300 (2017Wal).

1995He391995M0261994He28 9ORh produced by fragmentation of!8%Cd beam (E6.36 GeV) on a natural Ni target. Mass
separation and identification 8PRh using the A1200 Fragment Mass Separator of the NationarSanducting Cyclotron
Laboratory at Michigan State University.

2001Ki132002Fa13 %°Rh produced by fragmentation of!42Sn beam (E1GeV/A) on a Be target. Halflives and other decay
properties measured after isotopic separation by Frag®eparator (FRS) of GSI, Darmstadt and implanting the radilices in a
stack of position sensitive Si-detectors, used as a mitooeeter. The microcalorimeter was surrounded by a seggden
Nal-detector and a Ge-clover detector allowjygy coincidence studies of implanted and identified nuclei.

2019Pa16 %°Rh produced in fragmentation of'@*Xe beam with E:345 MeV/nucleon on &Be target at RIKEN. Fragments
separated and identified using the BigRIPS and ZeroDegmseirspeters. Nuclei were implanted into one of the DSSD#$ef t
WAS3ABI array consisting of three DSSDs and ten singlessisiicon strip detectors. Measured implghtimplant3-p,
implant(t), and implants-p(t). Deduced T» and decay branching ratio.

%ORh Levels
E(level) F T12 Comments
0.0 (0%) 29 ms3  %e+%B"=100; %p=0.7<(2019Palp
Tyy2: from implantA(t) in 2019Pal6 Other: 12 ms+9-4 from implantA(t) (2001Ki13

2002Fal3}.

%ep: from the number oBp decays relative to the total number deca381@Palh

J': from log ft=3.6 to 0" ground state of°Ru.

0.0+x (6,7,8) 056 %e+%B"=100; %p=9.6 10 (2019Palp

Ty/2: weighted average of 0.553from implants(t) and 0.58 s4 from implants-p(t), both
from 2019Pal6 Other: 1.0 s+3-2 from implantA(t) (2001Kil3 2002Fal3}.

%ep: from the number oBp decays relative to the total number deca3@10Palkh

J: no B feeding to yrast # in %°Ru; population of (12*) and (92*) levels inBp decay to
89T¢; shell model calculations i8019Palépredict k=7*.
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9oPd, -1 NUCLEAR DATA SHEETS 99Pd, -1

Adopted Levels

S(p)=1140SY; Q(a)=—2360SY 2017Wal0

AS(p)=540; AQ(a)=570 R017Wa10.

S(2p)=-50 (syst)500, Q(ep)=11260 (systp00 (2017Wal).

First identification of®°Pd nuclide.

2016Ce02 %pd nuclide produced and identified at RIBF-RIKEN facility3Be(24Xe,X) reaction at E345 MeV/nucleon.
Separation of ions based o8 OF-AE measurements using the BigRIPS separator and Zero Dggge@neter (ZDS). Nuclei
were implanted in a wide range silicon-strip stopper ar@yidn andg particle detection (WAS3ABI), consisting of three
highly-segmented 1 mm thick double-sided silicon detectord a stack of ten segmented 1 1 mm thick single-sided rsitip
detectors. Deduced existence8Pd.

90p( Levels

E(level) J Comments

0 0" %e+%B7=100; Y%ep="?; %2p="
%e+%B": expected decay modes assigned by the evaluators. Systesmiaes suggest®Pd is bound to 1 proton
emission (S(p31140 syst540 but potentially unbound (S(2p)}-50 500) to 2p emissionZ017Wal0.
A total of two events were assigned Bp16Ce02o 99Pd.
Ty2: > 760 ns from time-of-flight 2016Ce02 through the BigRIPS fragment separator and ZDS spectemet
(2016Ce02. Theoretical calculations predict a,7 of 73 ms 019Mo03.
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NUCLEAR DATA SHEETS

1950P067
1953Di08
19540n06
1955Ma31
1955V003
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