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PREFACE

This compilation by the ORNL Controlled Fusion Atomic Data Center
of excitation cross sections for Fe ions represents the first part of
compilation of recommended collision cross sections for impurity ions of
fusion interest. Extensions to other species and other processes is on-
going. Specifically compilation of excitation and electron capture data
for C and O ions is currently in progress in collaboration with Japanese
data centers.

Data compilations for the processes of ionization and recombination
are also needed. At present the Lotz formula is the best overall predictor
for ionization cross sections with 0.85 of the Lotz formula found to be a
slight improvement for ions of charge +1 through +3. However, indirect
processes such as excitation-autoionization can cause the Lotz formula to
be an underestimate of ionization for specific ions, particularly heavy
ions with three or more attached electrons. Recombination formulas are in
use but are of highly uncertain reliability. Insufficient data and lack of
any test of reliability for recombination preclude meaningful data compilation

for this process at present.
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A COMPILATION OF
THEORETICAL ELECTRON-IMPACT EXCITATION CROSS SECTIONS
FOR Fe ATOMIC IONS

M. S. Pindzola* D. H. Crandall

This report compiles recommended "best available" cross sections for
electron-impact excitation of Fe+25 through Fe+8 atomic ions in common
units, cm2 for cross section and eV for energy. It is hoped that this
compilation will be useful to plasma physicists, astrophysicists, and
atomic physicists who need these data in various applications. Fe 1lons
were chosen because of specific interest in fusion and astrophysics and
because of the substantial number of detailed calculations available.

All of the available data are theoretical calculations. For Fe+25 through

Fe+l6 the outer-shell An = 0 and An = 1 transitions are included while for
Fe+15 through Fe+8 only outer-shell An = 0 transitions are included.
Primarily the selected cross sections are calculated in either close-
coupling or distorted wave approximations with the R-matrix, close-
coupling results generally taken as first choice. For optically allowed
transitions accuracy of the calrulated results tabulated here is generally
believed to be better than 240%. However, outstanding problems remain,
particularly in calculation of forbidden transitions for which significant
resonance level enhancement of the cross sections at energies near the
threshold region can be dominant. Where calculations overlap and dis-
crepancies are greater than *407%, there are notations pointing out the
disagreement.

Calculation of resonance effects has been carried out only for a few
cases, which are reported separately in Sect. 1. Because these resonances
result in excitation cross sections which fluctuate rapidly with small energy
changes, it is sometimes convenient to tabulate resonance effects as av-
eraged over some electron energy distribution. Thus, in Sect. 1 the Fe+24(He)
results are tabulated as rate coefficients for a given "Maxwellian'" electron
temperature distribution as presented by the original authors.

Results tabulated in Sect. 2 contain only the nonresonant part of the

*
Department of Physics, Auburn University, Alabama.



total excitation cross sections, and for most optically allowed transitions
these nonresonant results are believed to represent the total excitation
cross section to within the #40% uncertainty cited. However, for forbidden
transitions caution should be exercised, The Gailitis extrapolation method
[see M. Gailitis, Sov. Phys. JETP 17, 1328 (1963) and M. J. Seaton, J. Phys.
B 2, 5 (1969)] requires only nonresonant cross sections to estimate resonance
enhancement and should be applied in cases where a cross section or rate for
a particular transition is of direct interest.

The tables are intended to be self-explanatory. The ionization state
and isoelectronic sequence of each ion appear at the top of a tabulation
set [e.g., Fetl9(N) is 19 times icnized iron and is nitrogen-like], The
source of the data is given for each set of data, and there are comments
as appropriate. The configurations, L-S spectroscopic designation, and
energy of each level are given and numbered in the order of the excitation
energy. The energy values given are those found in the authors' target
state configuration-interaction calculation (except as noted) and thus
are not a '"best set" of atomic energy levels but are the energy levels used
in the cross-section calculation cited. Finally the excitation cross sections
are tabulated for each i-j transition where i and j refer to the energy
level listing table for each individual ion. The number of different col-
lisions energies for which the cross sections are tabulated are generally
as available in the original publications. Interested users should obtain
additional details from the publications cited. A thorough review on
excitation theory, which contains an extensive bibliography, has recently
been published by R.J.W. Henry in Physics Reports 68, 1 (1981) pp. 1-91.



————

FE+24 (HE)

10NI1ZAT 10N POTENTIAL=

8828.00 FV

A. K. PRADHAN, D. W. NORCROSS, AND D, G, HUMMER, PHYS. REV. A 23, 619 (1981)

ATOMIC STATE AND EXCITATION ENERGY

1 15(2) 150.0
2 15(1)28(1) 31510
3 15(1)2p(1) 3P0.0
a4 1s{1)2s(1) 2500
5 1s(1)2p {1} 2P0

RATE COEFFICIENT

J 344.70 EV
2 2.460-20
3 6.15D-20
4 1.990-20
5 §,120-20
FE+13(AL)

1ONIZATION POTENTIAL=

0.0 EV
6592.00 EV
6618.00 EV
6621.00 EV
6639.00 EV

(IN CM**3/SEC) V5 TEMPERATURE

689.40 EV

2.750-16
6.660-16
2.180- 16
6.01D-16

392.20 EV

1723.50 £V

4.140-14
1.08D-}3
4.22D.14
1.420-13

H. E. MASON, MOM. ROT. R. ASTRON. SOC. (M.N.R.A.S.) 170, 651 (1975)

ATOMIC STATE AND EXCITATIQN ENERGY

1 35(2)3p(1)
2 3s(2)3p(1)

CROSS SECTIONS IN CM**2 V5 ENERGY

19
1 2

81.63 EV
2.08D-17

2P0.5
2P 1.5

5170.60 tv

1.620-13
4.710-13
3.n7D-13
1.50D-12

COMMENTS: PRADHAN, NORCROSS, AND HUMMER USE THE
DISTORTED WAVE APPROXIMATION WITH CONFIGURAT ION-
INTERACTION WAVE FUNCTIONS. ONLY LS TERM VALUES
ARE AVAILABLE. THE ATOMIC ENERGY LEVELS ARE

CALCULATED BY PRADHAN, NORCROSS, AND HUMMER. 3INCE
THE RESONANCE STRUCTURE_IS QUITE COMPLEX, ONLY
EXCITATION RATES (IN CM3/sEc) ARE REPORTED. PRF AN,

NORCROSS, AND HUMMER FOUND A 15% AUTOIONIZATION
RESONANT ENHANCEMENT OF THE DIPOLE ALLOWED 1-5
TRANSITION,

8617.60 EV 34470.40 EV 68940.80 EV
1.470-13 4.850-14 7.220-14
4.44D-13 1.500-13 6.76D-14
4.080-13 4.170-13 3.740-13
2.40D-12 3.84D-12 4.63D-12
COMMENTS: MaSON USES THE DISTORTED WAVE APPROXIMATION

WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS, FINE-
STRUCTURE RECOUPLING 1S HANDLED BY THE JAJOM PROGRAM
OF SARAPH, CoMPuT. PHvs. CoMMuN. 3, 256 (1L972). THE
ATOMIC ENERGY LEVELS ARE CALCULATED BY Mason. MAson
USES THE GAILITIS EXTRAPOLATION METHOD TQ ESTIMATE THE
AUTOIONIZATION RESONANT ENHANCEMENT OF THE 1-2 TRANS-
ITION TO BE A FACTOR OF 12 NEAR THRESHOLD,
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FE+10(S) 10NIZATION POTENTIAL=

H. E. MASON, M.N.R.A.S. 170, 651 (1975)

ATOMIC STATE AND EXCITATION ENERGY

35(2)3P(4) 3
35(2 ap§4; 3
35(2)3p(4 3
3s 2;39 4{ 1
35{2)3p{4 1

CROSS SECTIONS IN CM**2 VS ENERGY

108,84 EV

.70D-18
78D-18
670-18
420-20
070-18
100-18
35D-20
600-18
410-19
.130-18

.

wovovvovo

2
1
0
2
0

b Wr —
[~ =J=F=Y -]

LBV BWNDBWRN G
B ND U By

FE+9{CL) IONIZATION POTENTIAL=

M. E. MASON, M.N.R.A.S. 170, 651 (1975)

ATOMIC STATE AND EXCITATION ENERGY

1 35(2)3P(5) 2P 1.5
2 35(2)3P(5) 2P 0.5

CROSS SECTIONS IN CM®"=2 VS ENERGY
J 74.83 €V
2 6.470-18

Oaas

O
NOwOBO

290,30 EV

262.10 EV

1.81

EV
EV

COMMENTS: MASON USES THE DISTORTED WAVE APPROXIMATION
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS, FINE-

STRUCTURE RECOUPLING IS HANDLED By JAJOM, THE ATOMIC

ENERGY LEVELS ARE CALCULATED BY MasoN, MASON USES THE
GAILITIS EXTRAPOLATION METHOD TO ESTIMATE THE AUTOION-
1ZATION RESONANT ENHANCEMENT OF THE 2+3 TRANSITION TO

BE A FACTOR OF 38 NEAR THRESHOLD.

CoMMENTS: MASON USES THE DISTORTED WAVE APPROXIMATION
WITH CONF 1GURATION-INTERACTION WAVE FUNCTIONS. FINE
STRUCTURE 1S HANDLED BY JAJOM, THE ATOMIc ENERGY

LEVELS ARE CALCU.ATED BY MASON, MASON USES THE BGAILITIS

EXTRAPOLATION METHOD TO ESTIMATE THE AUTO1ONIZATION

RESONANT ENHANCEMENT OF THE 1+2 TRANSITION TO BE A FACTOR

Of SIX NEAR THRESHOLD,



FEe25(H) IONIZATION POTENTIAL® 9277400 Ev
DowsWALRERY J(PHYS,BB,76011975)
ATONIC STATE AND EXCITATION ENERGY
1 15(H 2 S 0.5 Q.0 Ev
2 asth 25 045 6955.00 Ev
3 iR 2 P 0+5 6955400 Ev
'Y 2Kl 2 P 1.5 6975400 Evy
CROSS SECTIONS IN CMee2 yS ENERGY
1 J 7358400 Ev 9197,00 Ev  3678B.00 EV
10 9.,320-23 7.750=23 24310-23
13 14190=22 l.06D~22 64620223
1 4 2.310=22 2.080-22 le3lDe22
FEe24(HE} TONIZATION POTENTIAL® 882800 Ev
welROBB, UNPUBLISHED
ATOMIC STATE AND EXCITATION ENERGY
1 15(2) 15 0.0 0.0 Ev
2 15tl12scn 3 s 1.0 663700 €Ev
3 1sthr 2Pt AP 0ot 6666.00 Ev
. 15€(312Pt 1) I P 1.0 6668400 Ey
S 1stlrasel) 15 0.0 6668.00 Ev
[ 15td12P(1) I P 2.0 6683400 Ev
7 15(h2reld 1 P ls0 6701400 Ey
CROSS SECTIONS IN CMes2 yS ENERGY
1 g 6721.,00 EV 6911,00 Ev 7306.00 Ev
1 2 6456023 6.130-23 5.620023
1 3 4402023 3,7eD=23 Je260-23
1 4 1e08Da22 1.,370-22 le24Ds22
1 5 10260e22 1.250~22 le250022
16 2.010=22 1.870=22 le630-22
17 408022 s,100=-22 40290222

COMMENTS: WALKER USES THE COULOMB-BORN-OPPENHE IMER
APPROX IMATION W1TH DIRAC WAVE FUNCTIONS, BESIDES THE
COULOMB INTERACTION BETWEEN THE TWO ELECTRONS, WALKER
ALSO INCLUDES MAGNETIC AND RETARDATION EFFECTS. THE
ATOMIC ENERGY LEVELS ARE CALCULATED FROM THE DIRAC
ENERGY EIGENVALUE EGUATION,

CoMMENTS: RoBB USES THE R-MATRIX CLOSE-COUPLING
APPROXIMATION WITH CONFIGURATION- INTERACTION WAVE
FUNCTIONS, FINE-STRUCTURE RECOUPLING 1S WANDLED BY
JAJOM, THE ATOMIC ENERGY LEVELS ARE TAKEN FROM THE
RELATIVISTIC CALCULATION OF ERMOLAEV AND JONES.

J. PHYS, B 7, 199 (1974). NEAR THRESHOLD ROBB'S
RESULTS ARE WITHIN 10X OF THE DISTORTED WAVE
APPROXIMATICN CALCULATIONS OF JONES, MoN. Not. R,
AsTRON. Soc. 169. 211 (1974) aNp PINDZOLA AND CARTER,
Puys, Rev, A 22, 898 (1980), EXCEPT FOR THE 1°5
TRANSITION WHERE JONES AND ROBB AGREE TO WITHIN 20%.

8626,00 Ev  10626,00 Ev  13278,00 Ev
3.610-23 2447023 1438D0=23
2.160-23 1.230=23 6.T760=24
9.660=23 T.800a23 Se84De23
14130=22 1.030=22 84960-23
1,070=22 64150=23 34370-23
,0880=22 6,940a22 ®,920=22
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FE«23(L1) TONIZATION POTENTIAL® 2024400 EV

MeAJHAYESY MoN«RyA«$:1189,55P (1979) COMMENTS: HAYES ''SES THE DISTORTED WAVE APPROXIMATION
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS. FINE-
STRUCTURE RECOUPLING IS5 HANDLED BY JAJOM, AND THE
ATOMIC ENERGY LEVELS ARE CALCULATED By HAYES., HAYES'

ATOMIC STATE AND EXCITATION ENERGY 25 + 2P RESULTS ARE IN GOOD AGREEMENT WITH A COuLOMB-
BORN APPROXIMATION CALCULATION OF CALLAWAY ET AL..,

1 15t2)2s() 2 5 045 040 EV PHYs. Rev, A 19, 1416 (1979),

2 15t212P (1) 2 P 0.5 49.12 Ey

a 1S12)2041) 2P 15 64.8] EV

4 15(2)3s(y 2§ 0.5 1150,03 EV

S 15(2)3P(1) 2 P 0.5 1163475 Ev

6 15(2)3P (1) 2 P 1.5 1168.26 Ev

7 15(2)3011) 2 0 15 1173463 EV

8 1512)30¢1) 2 D 2.5 1175.11 Ev

CROSS SECTIONS IN CM®e2 yS ENERGY

I 3 1186,00 Ev 1633,00 Ev 2286400 EV 3428,00 EV 4571.00 EV

1 2 1s180=19 9,130=20 6499020 5.060-20 3.990«20
o3 2,150-19 1,680=19 129019 9,390«20 Te36De29
1 4 64220-2) 4,840-21 3.670-2) 24580221 14990-21
1 5 1,850+2] 1,730-21 le670-21 10590=21 1,480-21
1 6 3,590-2; 3,350-2] 3.220.21 3,0650.2] 2.850=21
[ S.610-2) 4,360-21 3446021 24620421 24120-2)
1 8 8444D-2) 6.560-21 54160-21 3,910-21 3.180-21
2 3 1.080-20 T.110-21 4.630-21 2.900+2] 2.090=2)
2 4 5.2)9~22 3,580-22 2.720-22 2+250-22 2.020-22
2 5 €4570=23 4,95D=21 3064021 2,510-21 1.910=21
2 6 2,280=-2] 1,370=21 8,330-22 5,010-22 3,670-22
2 7 2450020 2,150=-20 l.860-20 1.550-20 1.350-20
2 8 4,580-2) 2,430=2) 1.290-2] 64670=22 A hbD=22
3 48 Se330D=22 3,74De22 2,920-22 2.440-22 2.16V=22
3 5 14110-2) 6,800=22 4,200-22 2.590-22 192022
3 6 8,190-2] 6,010-2]1 4432021 2.930-2]1 2,230=2]
3 7 S5.230=2) 3,65De21 206702} 1.990421 1.650=21
3 8 2.440=29 2,050=20 1.750-20 lea70=20 1.26U=20



FE+22(BE)

W. 0. ROBB, UNPUBLISHED

IONIZATION POTENTIAL=

1950.00 EV

n

U. FELDMAN, G. A, DOSCHEK C. C. CHENG, A. K, BHATIA, 0, APPL, PHYS. 51, 190 (1980)

ATOMIC STATE AND EXCITATION ENERGY

ZS

OO B W —
N
]
ryuouoounnnL
NN NN s e N

—

ROBB

CROSS SECTIONS IN CM**2 VS ENERGY

FELOMAN ET AL,

CROSS SECTIONS IN CM**2 VS ENERGY

WVOE NN NG TV G GO B P B G ) G G IR NI PO b bt b s s
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£ 00 LN PO R s 0t s
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VOV TOTUOUTDTUTUW
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[=YoYojolaofolafatel=]

'163.26 EV

9.24D-21
1.050-19
5.14D-20
2.30D-18
1.03D-19
7.230-20
2.460-20
9.430-20
2.860-20
2.64D-20

204.18 EV

5.86D~22
17D-21
35D0-21
110-21
35D-21
280-21
010-19
410-20
520-21
860-22
84D-19
070-19
43D-19
170-20
170-21
04D-22
22D-19
830-19
550-19
11D-21
05D-20
770-21
14D-19
22D-18

O 00 et 0D £ G2 D N TN e R NI S et D G TN RN O G e 0 A RO £ PO

408.15 EV

O R Nt L 00 o 35 €0~

204.08 EV

.210-21
.620-20
000-20
.880-18
.030-20
690-20
890-20
370-20
.030-20
.030-20

2.93D-22
2.93D-22
1.17D-21
2.05D-21
1.170-21
2.350-21
4.44D-19
6.160-21
1.470-21

COMMENTS: ROBB USES THE R-MATRIX CLOSE-COUPLING APPROXIMA-
TION #ITH CONFIGURATION-[NTERACTION WAVE FUNCTIONS, FELDMAN
ET AL. USE THE DISTORTED WAVE APPROXIMATION WITH CONFIGURA-
TION-INTERACTION WAVE FUNCTIONS, FINE-STRUCTURE RECOUPLING
1S HANDLED IN BOTH CASES BY JAJOM. THE ATOMIC ENERGY LEVELS
ARE CALCULATED BY FELDMAN ET AL, WHERE THE TWO CALCULATIONS
OVERLAP, ONE FINDS A 30% AGREEMENT OR BETTER NEAR THRESHOLD.
AN R-MATRIX CALCULATION FOR THE 13 TRANSITION BY SCOTT AND
BURKE, J. PHys, B 13, 4293 (1980), 1s 30% LOWER THAN FELDMAN

ET AL, NEAR THRESHOLD, BUT A SURPRISING 45% LOWER THAN
RoBB'S RESULT,

272.10 EV

5.15p-21
6.690~20
2.870-20
1.44D-18
5.670-20
4.160-20

612.23

1.95D-22
1.950-22
7.82D-22
1.370-21
7.82D-22
1.37D-21
3.220-19
3.710-21
7.820-22
1.950-22
1.12D0-19
8.200-20
1.370-19
7.49D-21
2.61D-22
1.560-~22
8.84D-20
1.93D-19
5.990~20
£.080-~22
7.880-21
2.480-21
1.26D-19
4.970~19
1.89D-19
2.23D-29
2.420-20
4. 50U~z1

7.190-21

EV

680.25 EV

1.580-21

1360.50 EV

34

.32D-22
1.550-20
2.970-21
3.88D-19
5.390-21
7.080-21
1.190-21
7.230-21
1.46D-21
1.310-21

4081.50 EV

5.920-23
5.420-21

6802.50 EV

4.640-23



FEe23i8)

IONTZATION POTENTIAL®

WeD ROBB) UNPUBLISHED
HeEoMASUN AND PoJ.STOREYs MeNsReA+§,191,63311980)

ATOMIC STATE AND EXCITATION ENERGY

VTN WA

ROBB

CRDSS SECTIONS [N CMe#e2 vS ENERGY

- -

P
2511)12P(2)
2si{lier(2)
asthare2)
2St1yer(2)
2st2)3s(1)
es(2130¢1)
251y 30(1)

LA AVE I VG VE VR AR g ol ol o ol ol X ol g

MASON AND STOREY

CROSS SECTIONS [N CMee2 VS ENERGY

1

ot Ot s Bt s s Bt B B e Bt Pt

<

-
OOVD NP VIS LESOT-JONS N

~

J

RN AUNNNNNS AN FSIP VRNV S N
NMITODVWMODIVTODIIDUODVOOOTCTHITTATTTDUUT

102404 Ey

1+954D=]g
6+390-20
3.450-20
2,96D~-20
1,44D=19
2.210=20
1.570~18
4¢960=20
34050~19
1+320-2¢g
2,470=2¢
9,650=2¢
2.630=3p
9¢T4Dely
50@50'2l
T.210=1¢9
1463De)g

1156.00 Ev

5s740=22
20630-20
4o47Da2)
4,50D22
SeQ2D=22
1,260=21
S5.070~22
1e60D~21
20950-22
2,78D=2]
le60D=~22
8s800=a3

0.0
14,89
50.28
57.34
56,37
92e82
95436

106.88

122446

124,53
1008.00
1056400
1057.00
1013.00
1076,00
1081400
1082.00
1082.00
1085400
108700
1031.00
1092,00
1095.,00
1094.00
1100,00
1104400
1127.00
1126,00
1130.,00
1131.00
1137.00

170,06 Ev

1.120=19
A, 08D=20
14 99D~2D
1. 70020
9.110~19
1,27D=20
9.,820=19
3.120<20
1o91D~19
84370-21
1,610=20
6,050«20
1,480=20
6e120219
3,340=2)
4457D=1y
1,020-18

1497,00 EV

6o640-22
2e420~20
2458D=2)
3,680=22
3.320=22
le170-21
2eg6hea2
1.760~21
2420022
3.060%2)
le64Dew22
4.80D=23

12

1799.00 Ev

272410 EV

be5BD~20
2468D=20
lel18D-20
9.900-21
6,050=19
T.430=21
60510a19
26110=20
l.270-19
54540221
1,000«20
3,830420
Bea00w2]
3.990=19
le96021
3.030~19
64770~19

2041400 EV

3.960e22
24150420
1033042}
3.080=22
2¢170w22
14100e21
led7D=22
1+88D-21
1+670-22
3.280-21
1e67Da22
24350-23

CoMMEN"S: ROBB USES THE R-MATRIX CLOSE-COUPLING APPROX-
JMATION WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS.
MASON AND STOREY USE THE DISTORTED WAVE APPROXIMATION WITH
CONF IGURAT{ON~ INTERACTION WAVE FUNCTIONS, FINE-STRUCTURE
RECOUPLING 15 MANDLED IN BOTH CASES BY JAJOM, THE ATOMIC
ENERGY LEVELS ARE CALCULATED BY MASON AND STOREY. WHERE
THE TWO CALCULATIONS OVERLAP, ONE FINDS A 10% AGREEMENT OR
BETTER NEAR THRESHOLD, THE LEVEL ASSIGNMENTS FOR 8 AND §

ARE THOSE GIVEN BY MASON AND STOREY,

816,3¢ Ev 136050 Ev 442,00 EV 1088400 Ev
1.730-20 809302} 1.610-21 7,040w22
9,970-21 6e11002] 1268021 9,870-22
24830+2) 14290-21 1.31De22 3,760-23
2033021 1.020421 5.720-23 9,950-24
2,500-19 1.68D~)9 5,56D=20 3,130-20
1477021 7.790=22 4,45D-23 T.860=24
2465019 1+76De19 5,86D-20 3,31D=20
9438021 654470221 2,290=21 1,330-21
50240220 3e490-20 1.170=20 6.650=21
2404042} 1.250-21 3,43D=22 1,840-22
3.100-21 1.72De21 3,730-22 1920222
1.410a20 8+69V-2) 2,620e21 1.320-2)
24030e21 9.940022 1,350=22 6,080=23
14610-19 1.080=19 3,5%0-20 400020
5,200.22 2460022 4,480-23 2431023
1¢240-19 8420020 2468020 1.510-20
2,760-19 1 +B4La=lg 6.160~20 3,460-20
continued
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4e010=22
5¢170-24
Jen70e22
14500=22
3,670=22
1e860=22
20380-22
$eT10m22
5069D=22
5.280«2]
254020
1.8)0-2)
1,910-22
2.22D~22
247170~22
le08D=22
5.690=23
l.14D=22
Se670=22
S.46D=22
1.020-2}
l+260=21
24930«21
9.030-22
3.960e22
3.860=22
406022
8438022
14180D=22

See4l=22
*,000=2¢
J.neDe2e
1,000e22
3.88D=22
1.120=22
2444D=22
14680=22
4,580=22
3,910-21
24230«20
24000-2)
1476022
2¢320-22
10960'22
1.000-22
4,400-23
8,200-23
3,280-22
4,780=22
9.520'22
1,310-21
3,150-21
9,860.22
3,620e22
3,820«22
J.680=22
4,500-22
T.600-23

5:950e22
2093024
4413020
6+45023
4,020.22
Se860-23
2¢610-22
14580-22
Je930=22
2194021
1+ 8020
191023
1e660222
2438022
1+390a22
9,240423
3.520-22
5.,720-2)
14600422
4,3)0-22
8.830.22
1.350-2)
J.3a80-2])
1.06022)
JebIUa22
J.840e22
J.500a-22
8.71U=22
4,99Ue2)
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JONIZATION POTENTIAL®

WeDoROBBs UNPUBLISHED

1689.00 Ev

HeEoMASONY G, A,00SCHER ) U.FELDMANI A K BHATIAY ASTR,ASTPHYS73:T4(1979)

ATOMIC STATE AND EXCITATION ENERGY

V@2 PN S A -

-

3l
RosB

ast2rzpi2y
astarzr2)
2s5i2)2pr(2)
2st2reri2)
ast2yer (22
asthramid)
esthrz2p ()
2sthiarid)
eSthrapia
2sthiepidy
25t112pP(3)
2s(1120¢31
25(112P¢ )
25tl)aprid)
2stlrar(3)
251212P (1)
250y 2Pl
eSt2)ePi )
2s(2r2pr(1y
2512)12pPt1)
25(2)2r(1)
251212p(1)
25(€)12P 1313
25(212P(1130(1)
25(2)2P(11230(1)
25i&12P(1)30(H
25(212P(1)30( )
25(2)2P11230( 1
25(212p(1130¢ )
25(21aP (11301
25(212r(1130(1)

s
s
sty
EETRE
i
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i
(AR Y]
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CROSS SECTIONS [N CMes2 yS ENERGY

1 v 1
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NP sPrrrrLUuLWWWWANTIINNRN N N R e s o e bt St 5s et Bt s
[ ot pe
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b
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15,64 EV

1¢990=19
1s900=-19
3,480=20
7.060=21
le52D=18
3,230-20
2.560=22
T:870»22
8.810=20
6,940=2])
8,920=19
1.85Dw19
1401019
14660220
1.100=19
lel6D=18
9.140-2]
3,180-19
24150=19
3.,900=20
9.450=19
1.350-19
1.68D~20
1.360=20
1630028
Te040-19
24380-2)
3,310-19
64690=19
44550-20
1.550=20
1s64D=20
2+320=19
6:060=22
1.090=19
2,24D=19
1,300=19
1.700~]9

TNV VOOUONOOMMIUVTVIVDDVON VIV OOUONNO VDT

0.0
1.0
2.0
2+0
0.0
2.0

2.0
3.0
0.0

2.0
1.0
240
140
00
1e0
20
1.0
2e0
3e0
240
1.0
400
240
3.0
200
1.0
0.0
3.0
1.0

136.05 Ev

151019
1,420-19
2.890-20
4,720e2)
1.,310~18
2,700.20
1.940-22
6,560-22
7.560-20
4,120-21
T.6T0=19
1,380e19
7.910-20
1,350=20
5,530=20
1,000~18
7,620=21
2,750-19
1,860-19
3,280-20
8,120=19
13070'19
1,470=20
1,160-20
1,080=20
6,090=19
1,990-21
2,870-19
5,790=19
3.770-20
1,31D=20
1,370=-20
2,010-19
5,070e22
9,80D=20
1.,94D=19
1.,120<19
1,500=19

0«0 Ev

8.99 Ev

16,37 EV

30.1) Ev

44.99 EV

§7.87 EvV

94.95 EV

95.09 EV

98.75 kv
11218 EV
113.40 Ev
115.73 &v
135.24 Ev
139.5] Ev
155.98 Ev
952.29 Ev
953445 Ev
966405 kv
96910 kY
1000400 Ev
1009400 Ev
1010400 EV
1012400 Ev
1019400 EV
1020400 Ev
1023.00 Ev
1026.00 Ev
1026400 EV
1026.00 Ev
1032.00 Ev
1031.00 Ev

206,08 EV

9450020
9,090=20
14790=20
2+900-21
8.910=19
14720=20
le13b=22
4.110-22
5.240-20
2.620=21
5.290-19
B.760-20
%.970=20
8.390-21
64370220
6486U=}9
4,850-21
1.890-19
1.270-19
2,270-20
5.610-19
6.800-20
9.280-21
7.940-21
6478021
4,130-19
1.260=-21
1.960-19
3.960-19
2450020
8,4500-21
8,700~21
1437019
3.210«22
6,620-20
1:330~19
7.760=20
1,07D=19

COMMENTS :

INTERACTION WAVE FUNCTIONS,
HANDLED IN BOTH CASES BY JAJOM.
ARE CALCULATED BY MASON ET AL,
GROUND CONFIGURATION 252 2P2, THE TWO CALCULATIONS AGREE TO
10% OR BETTER NEAR THRESHOLD,
OVERLAP FOR TRANSITIONS OUTSIDE THE GROUND CONF1GURATION,
FOR EXAMPLE, ROBB'S

THERE ARE SOME SHARP DISAGREEMENTS,

4-12 RESULT NEAR THRESHOLD IS A FACTOR OF 10 LARGER THAN
MASON ET AL.

272.10 Ev

6.,690-20
6,600-20
1:26V=20
2,020.2]
6.86019
1.230-20
7:870e2)
24900=22
44130=20
1.8702]
4.060n19
6.250-20
3.520-20
5,850=21
4e810-20
5.,290-}19
3,470-2)
1.450=19
9.880-20
1.740=20
4,310=-19
4.880=-20
6e620=2]
6,040-2]
4.84022)
3.170=19
84970-22
1.500-)9
3,04D=19
1.660=-2¢
64210-21
60230=2]
1.060=19
2.300=22
4.90De20
1.020=19
64060=20
8.62020

660,25 EV

1,920=20
2.29020
3.520e2]
5¢330e22
3.150-19
3,770-21
2+30V=23
8,320=-23
2.550-20
5.75V«22
1.720«19
1.960«20
1.040e20
1+59D=2]
1,98D=20
2,65VU=19
1,060=21
6451020
5,620=20
T:68V=2]
1,850=19
3,900=20
5,2002]
64000221
3.710=2]
3.620=19
6084022
14520=}9
3,430-19
T.420-21
2.080-2)
1491021
40890=20
64930=23
1.980=20
4.68D=20
3.070=20
4.420=20

1360.,50 £v

64110-21
1.000-20
1.08D<2)
1.,500e22
1.860-19
1.,2702}
64860=26
2.620=23
2.080=-20
1493022
8.800-20
7.450-21
3.610-21
4,720=22
1.04D=20
1.430-19
3,550=-22
3,720-20
4,220=20
4,110-2}
9.760-20
6.110=21
8,160-22
1.100-21
5,050=-22
8,370-20
9,06D~-23
24920420
7.880-20
3.820-21
7.920=-22
64 640=-22
2.780=20
2.27D=23
9,43D=21
2.66D=20
1,590«14
2,630=20

RoBB USES THE R-MATRIX CLOSE-COUPLING APPROXIMATION
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS,
USE THE DISTORTED WAVE APPROXIMATION WITH CONFIGURATION-

FINE-STRUCTURE RECOUPLING 1[5
THE ATOMIC ENERGY LEVELS
FOR TRANSITIONS WITHIN THE

WHERE THE TWO CALCULATIONS

2721.00 Ev

14550-21
4,530-2)
2466022
3,360=23
lo110=19
3.360-22
14950=24
60470224
1.580=20
4,970=23
4.570=20
24760=21
1.150=21
1.,070=22
5.45De2]
8,31De20
9,46D=23
2.16D=20
3,03D-20
24.26D=2]
5422D=20
2.380-21
3,31D=22
4,84D-22
1,400-22
4,86D-20
2.330-23
1.,36D=-20
4,570-20
2,010.2)
2,730-22
1.740-22
1.570=-20
5.,700=-24
4,380-21
1.510+20
1.,250=20
1.530=20
continued

Mason ET AL,



MASON ET sL.
CRDSS SECTIONS

CROSS SECTIONS

[ ] 3.220e2) 2.89021
5 9 7,990=23 6,e10=23
s 10 1,530-20 1.280=20
5 11 4,87020 3,950=20
5 12 4,500e20 3.7170=20
5 1) 9.510-29 8,180e20
7 1.38U=19 1.150=19
T 9 3.790=20 3.17D=20
7 o 1.18D=2¢p 9.,76D=2)
7 4 7.93V=2¢p 6.600e20
7 12 3.830-20 3.230-20
7 13 1.750=2¢ 1,480e20
8 9 1413V=19 9.4lU=20
8 10 3,580«20 2.990-20
8 1l 1.800e20 1,57De2p
8 I¢ S.710=29 s, 170=20
s 13 1,390=20 1.,150-20
9 v 9.050=2s ToaoD=2s
9 1) 2,970=20 3,030=20
9 12 8.75D=20 7.400=20
9 13 1,350=20 1.130~20
10 11 lebel=yg 1.280=)9
10 12 TeBaD=29¢ 6.500e20
10 42 l.600=29 1.350=20
11 1e 1.15V=)9 9.470e20
11 13 1.270-20 1,050=20
1z W 9.,020-2] 7.500=-21

IN CMs02 ys ENERGY

1 v 272.10 Ev 650,25 Ev
1 ¢ 1.280=20 3,870«21
2 ¢ 1,630=20 5.060-21
2 1s 8,36D=2) 2.520-21
2 15 2.770=20 1.270«20
O 2.180e29 6.,800=21
3 14 14280219 5.88D=-20
3 1S 442021 1,580=21
. & 2,020=21 5.98D=22
4 lé 6,880-1% 3,210=19
s 15 3.840=19 1.770=19
5 19 7.480=19 3,500-1%

IN CMew2 ys ENERGY
1 ¥ 1088,00 EV 1361,00 Ev

1 36 24310-22 1,50D-22
117 9.240-22 8,71De22
118 6:600-23 4,400=23
119 5,500+23 5,280=23
1 20 3,140-23 1,830-2)
121 3,320-2} 2e260-21
12 §,320-21 3,030-2)}
1 23 4,0830~20 &,54D=20
124 24970-22 1.760=22
1 a5 3,190.22 1,850=22
1 26 4,620~22 2,820-22
127 176022 1,06D=22
1 28 24200422 1,500=22
1239 8+800~23 5.280-23
1 3¢ S¢170-22 2.990=22
13 5428022 4,130=22
2 1¢ 2409D-22 2,200-22
2 11 4,25D-22 3,40De22
2 18 4o44D=22 4,11Dw22
215 24090-22 1,52D=22
2 2v 1:880-2) 1,27De2]
2 2] 24190-2) 1431De2]
2 a2 1.850=-20 1,68D-20
2 ai 4et30e2) 3,800-21
¢ 24 1.380=2) 9.090=22
e as 1.270=20 1.,180=20
2 é6 1.72Dm2] 1.050=21
2 21 4,060=2] 3,490-2)
2 28 9,180=2) 8,54D=21
2 29 4,080=2] 3,820-21
2 30 1e260-2] 7.360-22
2 31 9,570-22 6,390-22
3 16 1,030e22 6,690+23
3 17 3.94D=22 3.470=22
3 18 54390=22 5,100=22
319 2442022 1.650=22

1471022}
3,71023
0,150-2}
2.630=20
2,000e20
S,870-20
Ts17We20
2,010=20
6,00U«21
4,30Ve20
2.090-20
9.19021
S,9aVe20
1.980«20
1.010w20
3, 00P=20
7.190=-21
4,730e2¢
1.99V=20
4,830-20
T.090=2}
T.98Ve20
4,160=20
8.390w21
S.HBV20
6.57De2])
a,6a0e2)

1360,50 Ev

1,320=21
Le190e2)
9.380=22
Telbbu2]
2.430-21
3.40D=20
Se280e22
26110=22
1.870-19
1e42D=19
2.%a2Da19

2U4)1,00 EV

6e45D23
84450e22
1e76Ue23
5,20Ue23
6,280~22
1,180<21
1408L=2)
3,980=20
5486023
6045023
1417022
3,520.23
T+620-23
1e760=23
9,970-23
2,99V<22
2.54De22
2.29D-22
44010222
9,190+23
6472022
4,95022
1,430-20
2+850-2]
4,540ap2
1.030.20
4,220-22
2477021
Te410e21
3,320.21
2:620e22
3,320e22
24820423
3,190=22
5.130«22
8,210.23

1422021
24490223
$,050=21
1.980020
1.12D=20
eea0D=20
5.040=20
1.050=20
s,24P=2]
A.110=20
14500=20
8.510=2)
4.22U=20
1.460<20
7.330-2)
2421020
S.060a2]
3,100=24
1.48Ve20
J.540=20
5.020=21
S.59V=20
3.010=20
5.850=21
413020
4.630=-21
3.240=21

deTIV=22
6e470=20
TeToU=2]

BasSDe2)

5,280=-2)
1.970=20
1.020=29
4,800e2]
1elT0=2y
14080epg
SeT0U=2]
1.95W=2}
1.30U=¢0
5,78)=2}
2,590=2)
7.530e2)
libsba2}
7.84D=25%
S5.78V0e2]
1.320=20
1,500=2)
1e57V=20
1.04L=20
L.61b=2)
1s18V=2g
1.350=21
8.HQUeg?

1.220e22
1,040=24
$.980=22
4,820-2])
177021
1.080=20
4.030=21
1.980=21
JeSbLe’
4.810-2)
2.760-2]
6.950=22
A HOU=2]
2.920-21
14170=2}
3.270=2]
4.560022
20390~25
22962l
6.360=21]
S.190=22
4o90D=2]
4e560=21
4.910=22
Jebiu=21
se63D=22
2.620=22

3.170=2)
4,620-2%
leST0=22
2.490=2)
4.020=22
5.63D= )
1.120«21
BeloD=22
Be55D=23
2e23U-21)
1.370=21}
de33D=22
lel3U=21
1.530=21
5,510=22
lssTU-21
Le2)0-22
5.860-26
1.53U=21
Ja.loU~2t
le660=22
1e22V0-21
24.070-2)
1421022
B.9uD~22
1.48D=22
6.110-23

continued
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3.020-2)
9130=2}
2.670-2)
9. }90-22
1.630-2)
208202
2e47T0=2y
1e000=-20
3.150-¢1
1800222
34190~2}
64800=22
Leb4U-21
.02D=21
Be25D=22
$5401De22
1e120=2}
1.320-2}
1.550=21
2482022
J.480-2)
4,120-21
6.180-21
65602}
1463021
2495022
3.708«20
1.200=2]
2.200-23
7e700=-23
5,0830wp22
Se940=22
2:970-22
706022
3e96D=22
4e510wz2
3.08D-2)
1.230-21
1.550=2}
2+65D-2)
2+310=2]
8.,80D-22
1:660-2}1
4,650-20

2,200=2)
7,960«21
2,060=2]
6519022
14190-21
2408021
2430020
9418021
24770=21
l1e02U=¢2
2,780=21
0,080=22
1.760-23
be69D=23
4,500=22
5,080=22
9,03D=22
8,90D=22
1,3%0«21
1,690=22
2,060=21
J.320~21
2,99D~2]}
5,600=21
1,190~21
1,690~22
3,480-20
1,010=21
1,76D=23
Gy16D=23
3.780-22
6:510-22
le6T0=22
4,050-22
2.200m22
3.690=22
1,780=2)
5.950e22
B8,800m22
1.560~2}
1.450=21
5.280-22
1.290=2)
4,420~20

1.470e2}
6.,480-21
1:4}10=2)
J,28V-22
S.,08D-22
1.330-21
2,00D-20
7+790-21
2,270-21
3,800=23
2,020=21)
1086022
Te0abn2e
44a402]
2.720e22
5.090-22
b,520-22
4,770-22
1.06D-21
6,570-22
7.680.22
2.430.21
1.,820=2}
Aea50a21
7.470-22
54750423
3,080-20
Te05De22
S¢860=-24
433023
le6aDa22
7.800=22
S.86D~23
1a41Da22
T+620=23
2e52D-22
64160a22
2.29Da22
2.870a22
5,510=22
645022
1.940.22
8.620-22
3.94D-20



FEo 10N IONIZATION POTENTYIaL® 1502.00 Ev

weDROBB UNPUALISHED COMMENTS:  ROBB USES THE R-MATRIX CLOSE (OUPL ING APPROXIMATION
WITH CONF IGURATJON-INTERACTION WAVE FURCTIONS, FIRE-STRuC TURE
RECOUPLING 15 NANDLED By JAJOM, THE ATOMI( ENERGY LEVLL" ARE
TAKEN FROM THME CONFIGURATION-INTERACTION (ALCULATION OF

ATOMIC STATL AND EXCITATION ENERGY BMATIA AND MASON, ASTRON, AsTROPHYS. 83, 380 (198Q). FoR
TRANSITIONS WITHIN THME GROUND CONFJGURATION 25229 , RoBB'Y
1 g:«:l:;tgl ; g 18 |g-23 2' RESULTS AGREL 70 4OT OR BETTER MNEAR THRESHOLD WITH ThE
; z,:z:zp:J; 20 2:; 22019 e DISTORTED WAVE CALCULATION OF BHATIA AND MAsoN, FoOR
» e:x:)zz.g) 2 : 0.5 );.:: :v OTHER TRANSITIONS OUTSIDE ¥TME GROUND CONF {GURATION FAC TURS
: TS 28 1 ety OF 10 10 20 DISAGREEMENT ARE FOUND.
? 2501)2P(s) o P 1.5 101.02 Ev
[] 2s(112P1s) 4 P 0.5 103.72 €v
9 25(1)2P(s) 20 1.5 12v.87 Ev
10 251112P (4! 20 248 131,98 £v
11 2scl1 2P (e 25 045 14845) Ev
12 2511)12P (s 2 P 1.5 155443 Ey
13 251841 2P ) 2P 045 167.0% tv
CROSS SECTIONS [N CMee2 v5 ENERGY
1 v 149,606 Ev 206,08 Ev 360,13 Ev 680,25 Ev 1360,50 Ly e0B1,%50 Ev 6602,50 Ev
1 2 6,800-20 4 710-20 2.470-20 9,450y 2.150-2) 2448022 60730-23
13 8,760-20 6,080-20 3.230-20 1.,230=-20 3.96u=-2] 5,070=22 2,010-22
1. 2,100-20 lea50-20 7.650-21 2.920-21 9.870-¢2 1.830-22 9.500-23
1 5 4, 74020 de300-20 1474U-20 bebabep) 2e22v-21 J.epbe22 1e610-22
18 3,320-19 2.490~19 1e57U-19 8,620-20 4e93U-20 2.050-20 1,350-20
17 95.200-19 3.940~19 2e090-1Y 1,400-19 lelOU-19 Jabob=2v 2e080-2¢
18 9.880=~19 6466019 6e2iD=19 2.300-19 1e35U=19 5.620=20 JeT00-20
F 8.580~20 6ee50~20 4,020-20 2,030-20 9490021 3.140-21 1.840-2}
110 3.560-2] 2.500-2) 1e490~2] 6,730-22 2e79D-22 64740-23 3.520=23
11 2.160-20 letl0=20 1e02De20 S.e3Ue2y 2.150-2) 9.20D=22 5.540-22
113 6,020-20 3,010-20 1.880-20 9.,46D-2] $0290-2] 1,060-2) §,230-22
1 1e 1.,980-20 1,420-20 8e120-21 4,000-21 2e4ale2) 1440024 1,060-2)
2 2 1:120+39 7.830-20 4.250-20 1473020 6053021 1.400-21 7.300-22
2 o “,380-20 3,150-20 14020020 8+710+2} 44270=21 1.45D=21 8,710-22
¢ 5 ZobaD=20 1.850-20 1,03D«20 s, 08022} 1.900-21 5¢310-22 3,010-22
2 ¢ 1421020 9,350-21 Te3JUe2l 6.6ea2) S5.830-2] 3.600-2} 2.650=2]
2 7 6:920-20 Se180~20 3,180-20 1.560=20 7.150-21 1.910-2) 1,010-21
2 6 4.060-20 3,030-20 14990-20 1,240-20 8.030-21 3.089D-2) 2o 72021
2 9 4,560-19 3,450-19 2.230~19 1,360-19 Ge4IV=20 4.990-20 3.54D-20
2 10 14320-20 9,350-21 S.140-21 2,100-21 74280-22 1.000-22 ., 270-23
2 1 7.820-22 6,760~22 2,060-2% 8.,050-2] 1430020 1.150-20 9,100-2)
2 1) 4,380-)¢ 3,310=-39 2¢130-19 1:310-)9 9.510-20 5.810-20 4,310-20
2 12 60660=19 5,03D~19 3,180-19 1.650-39 8.050-20 2.51D=20 1:450-20
3 % 2,950-2¢0 2,310-20 1,200.20 5,%10-2] 24600-21 8,550-22 5,100-22
3 s 7.260-2¢ 5+300=20 3,030-20 Teall=20 6+660-21 20170=2) 1.280-2]
3 8 9+240-22 6,490-22 3.5)0-22 1+360=-22 4037023 4435024 1e260=24
3 5.820-2] b,140-2) 2.350-21 1.060-2) 465022 1o02D=22 9.,060-23
3 6 4,070-2¢ 3.020-20 1.880-.20 9,840.21 5¢190-2] 1.90D~21 1,2)0-2)
3 9 2.130-19 1.,610-39 1.000-19 4,990.29 2.260-20 $,620-21 2,800+2)
ato 8.320=19 5,290=19 4,000.19 2.,210-19 1.270=19 5,380-20 3,550-2¢
an 2,720-22 1e900-22 9,85U-23 3,78V.21 1e28U~23 l1.66D-24 6,100-2%
313 1.220-2} 8,6060-22 4,660-22 1,810-22 5.880-2) 5.820-24 1+680=2¢
32 6e960=19 54270-19 3.380-19 1:940-1y 1e370~39 5,J80-20 3.670-20
a5 8.080-20 5.630-20 Je00U-20 1.260-20 se570-2] 9. 19V-22 4 be0-22
a8 1.640-2¢ 1.21042¢ T.730.23 A,490-21 2.70V~2} 1,23p-21 8,510-22
.7 1s44D=2¢ 1.,020-20 5,720.21 2.380.2) 8710222 1.48D=22 6.890-23
4 6 4.400-2] 3,110-2] 1.680-21 6.620-22 2+10V-22 2.210-2) 6035024
4 9 40200=19 31,110-19 2.010-19 1,060-19 5.540-20 1.980-20 1.220-20
410 1. 78D=20 1,260-20 6.910.21 2,750-21 9. 10022 9.630-23 2.820-23
& 3 9.720-20 Tes20-20 5435020 4,840220 asT1V=20 3.200-20 2.450-20
4 13 7.200-19 S.450~19 3,450-19 1.750-19 8.140-20 2.210-20 1:160-2¢0
4 12 8,440-2¢ 65+360-20 4,260.20 2.970-20 2.340.20 1.430-20 1,060-20
s 8 8.,180e2) 5.590+21 2.900-21 1.160.21 42130222 ©.970=23 3.310-23
s 7 7.,780=20 5.820-20 3,630-20 1.,070-20 90350421 3.060-21 1,830-2]
5 6 +,880-20 3,620+20 2.220-20 1.100-20 5,210-2] 1.530-2] 8,710-22
5 9.900-20 7.,450=20 4.090.20 2.430-20 Je200-2¢ 3.00D0-21 2,230-2)
s 10 4,04D=19 3,050+19 1,960+19 1.100-19 60400220 2.700-20 1.780-20
5 11 6,720-19 5,070-19 3,200-39 1.620-19 7.500.20 1.990-20 1,030-2¢
s 13 TeI20=20 5.560-20 4,000.20 3.0880-20 eel)De20 3.080-20 2,330-20
5 12 1,290-19 9.76D-20 60360-20 3,790-20 240020 1.16D-20 0,050-21
7 8 6,880-2¢0 s,740e20 2.480-20 9.370.21 2.990.2) 3.610-22 1,330-22
6 8 2.630-2¢ 1.800-20 1.,000+20 4,570.21 2.,080-2] 6+160-22 3,400-22
8 ¢ 5,960-20 4,130-20 2.180-20 8,170.21 2.960-21 3.060-22 1.,210-22

cont inued



A COPQCOOOCCO PP ORI dNNIITOD

- b o

as2ebe2¢
1:890=2¢
4, 920=2}
1038022¢
8,580+-2¢
$5,280-20
s.8202¢
1+510e20
5,080+2]
1e220e20
1.880-20
6.820=20
5.800+2]
9.20U=2)
1.690-2¢
¢t.200-2¢
3.600-2¢
1.980-2¢
76029
3.59U=¢¢
2.8,0-20
J.e80-2¢
Je0iU~29
3eS60-20
Se90be2¢

2.930-20
1.09C-20
3,360-21
T.730<28
S.90U~20
J.05%0-20
3,360=20
l.080=20
J.780=21
8,a20+2)
1.31b=20
4, 7Iu=20
3.990.21
6,390=2)
1,170-20
4,380-20
2,620=20
1,380-20
3,310-20
2,59U=20
1,77C=20
2,610-20
2,080-20
2,4060-20
3,930-20

145020
5458021
1070021
Jew9lagl
JelTWao
le9ib=2¢
1.760-20
Y.35Va2])
1.97021
sedbbedd
Be92V=2]
2.490=20
2.050.21
J.J0La2])
6.160-21
2.38b-20
1.50020
Tea50=21
1.710220
L.52u.20
9.74022)
1,270=20
1eU8V=20
l1.29Ue20
2.190-20

$.760.2)
1095022
$,890-22
1ea2be2y
1.200=20
6,990-2)
6.6002]
1,90U=2)
1.210-22
1.5802)
2.610-2]
9,300-2]
T.150-22
JelBUL2]
2.270-21
9,760-2]
7.83V-2)
2.970-2}
6.910=22]
ToebU-2}y
4e110-2)
4,660-2)
1.48V-21
4. 7702}
9.590-2)

10790=21
SsJT0=-22
1.660-22
4 l9U=22
a.T9vegg
2.080+2)
2.080=-21
9. 19Vee2
Z2.28Uw22
4.50V=22
8.3Iu=2e
2,9%0v=2)
1.9%0=22
3,40U=22
694022
3.0%0-2)
a.bbv=2)
1.08v-21
2.020-2]
3.1%0=¢)
1.470-2)
lea00=¢)
1ei3U=2)
1e48U=2)
e llb=2]

1e9abe22
3.1770=23
14270=2)
0esliDe2y
Fe8TU=2
1.830=22
2.460e22
4,220e2)
2.980=23
as2ble2y
1e08Ue22
J.Seue22
1.3802)
3.I50-2)
6,990-23
9.53D=-22
107022}
2.180-22
4,670-22
Ye32u-2)
4,220-22
1.390=22
9.500=23
1.890=22
1s170-2]

64980<23
8,970~24
1,870=-24
1.430=¢3
el V=22
5.150~23
9415023
1.120=23
14290=23
1.270=2)
0.3eD=23
1.390=22
3.610=24
1.230=23
2,180=23
5.190-22
HeBaD=22
1.120=22
2.,230=22
T.92V=22
2,430-22
*,550-23
2.952D=2)
7425023
64064022



FEe18(0) TONIZATION POTENTIAL® 14586400 Ev
w0 oROBB Y UNPUBY I SMED COMMENTS: ROBB USES THE R-MATRIX CLOSE-COUPLING APPROXIMATION
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS, FINE-
STRUCTURE RECOUPLING 1S HANDLED BY JAJOM., THE ATOMIC ENERGY
LEVELS ARE TANEN FROM THE ANALYSIS OF ATOMIC SPECTRA BY
ATOMIC STATE AND EXCITAYION ENERGY READER AND SuGAR, J. PHYs, CHEM. Ref. DaTa 4, 353 (1975).
1 2512129 () 3P 2.0 0.0 tv
F] 2s(2)2p (&) 3P 0.0 9.33 kv
3 251212p (&) 3P 1.0 1109 Ev
. 25(212P (4) 10 2,0 21,05 Ev
5 25021204 1§ 0.0 40,46 £y
6 2stli2p(s) AP 2.0 114.61 Ey
7 2511)1209) J P 1.0 122.08 tv
8 251112P15) 3P 0.0 127468 Ev
[ 2510112P(5) J P 1s0 157.26 Ev
CROSS SECTIONS [N CMee2 vS ENERGY
I v 162485 EV 238,09 Ev 680,25 EV 3401.00 Ev 6122400 EV 8843,00 EV
[ 3.9702] 2,320~2] T¢530«22 1e480-22 84250223 5.,600=23
13 TebhaDwzo 4,2280=290 1olab~20 1,306V} 6eTOV22 4,390e22
1 e 9422020 S.080=20 1.28V-20 1415Ve21 §e32Uug2 3,380ap22
1 s 2+580w20 1.44De20 44010-21 5,900=22 3.18be22 2413D=22
PO BedoDa]9 5,530=19 2¢250#19 64270=20 3.91D=20 2.900-20
17 3¢59V-19 2.25V=19 94060220 24500 20 1,56U=20 1.16V=20
18 »e98De22 2.72V=22 6,930s23 3.610-24 9434025 3,820+25
19 6e900=20 4,310=20 1:67D020 4429021 2.66D=21 1,970w2)
¢ 13 1e5S0al9 B8.450=20 1.99Ve20 B8e760-22 2409U~22 8403023
2 4 1e670=19 9.450=20 2, 730-20 42150421 2.19V=21 1.06U=21
2 5 8.80D=22 &.730e22 1,010022 4.22D=24¢ 1.660=24 1,130«24
e e Te62Vag2 3.,980=22 8,710«23 3004024 8403025 3+610=28
2 1 84300=19 5,180=19 2,220-19 Te140-2¢ 4465020 3,520«20
2z 8 1e32D=20 7.400=21 1s920e21 94750=23 2438023 9,350=2e
2 9 3.320=19 2,090=19 TebaDe20 le24Ve2q 6el2Umg] 3.900=21
3 . leloDely 6,320=-20 11090020 T+690=22 2e646U=22 1126022
3 5 10970=20 1.070-20 2,86D02) 1401022 2032023 8,750=24
E) 5e4T0=19 3,4%0°19 11430019 4001020 2450Ve20 1 eB5U=20
3 17 3e210=19 2.010~19 8,150020 2,280-20 1e41U-20 1,050=20
3 8 #ed30~19 2,700-19 1.100.19 3,070=20 14920=20 1e#3D=20
39 2e590~20 1.530=20 4,890.21 84150e22 44630e22 3.320-22
] 2063020 1.550-20 S¢310a21 1617021 6457022 4oh4D=22
a0 1+190=19 7.430=20 2,990.20 T¢600-2] 4065021 3.380~2)
s 7 1.53V0=20 8,56U-21 2200421 1235Ve22 4:26U=23 24180023
“ 8 5e970=21 3,350-21 8459022 4,200-23 14010=23 3,920~24
4 9 1409Dw]g 6,890~19 2084019 8,090=20 $,080-20 3,760=20
5 @& 4+0QU=20 2.250~20 582021 2495022 7¢250e23 2084023
5 7 4¢550=19 2.870-19 14110019 20160=20 14170=20 7+930=21
5 @8 B8e710~22 4,860=22 1200422 S5e420m24 1.290=24 4.98D=-25%
5 9 3e320«19 2.120-19 9e76Ve20 3477W=20 24540020 1.950=2¢
6 7 9e40D=20 5,180=20 la360-20 1.510=21 7431022 4671022
s 8 2¢130-20 1.190-20 3,520.21 5.780-22 3.100-22 2.07D~22
6 9 4e39D~20 2,370-20 5,620-2] 2034022 6:57U=20 3.110-23
1 8 5+81D=20 3,15D=20 7427021 3,11D=22 74430-23 2.880-23
7 9 5¢000-20 2,710-20 84330.21 4e120-22 1640222 9474023
8 9 5¢380=2¢0 2,900-20 60470221 24390=22 5.180-23 1.850=-23



FELY(F)

IONIZATION PQTENTIAL®

WeDoROBBy LA=B2bT=MSsMARCHI1980)

JeBsMANNy LA=826T=MSoMARCHM(])980)

ATQMIC STATE AND EXCITATION ENERGY

-
CDD® 2o VS WN—

11

25(2)2pP(5)
25(1)2p(6)
25(2)29(4)35&)
25(2)2p(4
25{2)2p{4
25(2)2p(4
25(2)2p(4)[3P)2
25{2)2p(4

25(2)2p(4)[3P]3D(1)
25(2)2p({4)[3rP]3D(1)
25(2)2p(4){3P)30(1)

25{2)2p{4){ 1D

25(2)2P(4)[10J30(1)
25i2)2P(4)[10]3D(1)
25{2)2P(4){15730(1)

25(1)2P(5)3P(1)
25{1)2p{5;3P(1)
25(1)2p S)JP 1)
25{1)2p ng(]}
25(1)2p{5)3P(1
25{1)2P(5)3P(1)

3Rt

NN ENSNRNUNNNNESNSIN IR PN
NMUDVMVDIDODUNTOMHaVIDOMN IO OTONT

CROSS SECTIONS IM CMea2 yS ENERGY

1

1

O bt et ot Bt B s A b e e b e Bt e e Bt Bt b e O s e

o

2

v

135449 Ev

6eT4De)9

Mann
CROSS SECTIONS [N CMee2 vS ENERGY

1360.50 Ev

9,720=22
le24De2]
1.,280-2})
2.550=~22
4.150=2]
8.500e2]
4,060=2]
1+250=2¢
Te780w2}
2.500e2)
2,63D=2]
2,7710=2)
4,820=29
3. 190=20
T.620e2]
1510=2¢
1.590=2]
1.940+2]
1.650=2]
1,6202]
le34Da22
7.520=22
1.320=-21
1,04D=2]
T,730=23

20

1358400 Ev
De0 Ev
118490 LYV
T81+20 €V
78120 tV
78120 tv
Tyle20 kv
857430 tv
857+30 €v
857430 Ev
B57430 Ev
857430 kv
857030 LtV
857430 £V
857.30 Ev
857.30 kv
857.30 Ev
857430 kv
457430 &y
932410 EV
932410 Ev
932410 bV
932,10 Ev
932.10 Ev
932010 kv
932410 tv
932.10 Ev
932,10 tv
544,35 Ev 9%2.01 Ev
2,060~19 1,330-19
2721.00 EV ©081.50 Ev
5040022 4,370-22
l,260=21 1.170e21
1,07De21 9,570~22
2.130e22 1.91Ve22
1.12D=21 6.76D=22
be0&D=21 4.330.2]
6.86D=22 2,580=22
9.17D21 T+5860a2)
5.26De21 4,25D«2]
1.320e2}) 1,020e2]
Be730=22 5.050-22
1.36D=2} 1.,020=21
3,510e20 2,930e20
2.82D=20 2,100=20
5¢81D=2] 4.820-2]
lelaDe29 9,480-21
1.270=21 14150«21
2,05D=21 1.920-2)
1,630e2) 1.520=2]
1,80D=21 1a70021
2,97D=23 leagDa23
8,570=22 8.130=22
1.,290-21 1420021
1.07De2] 14010=21
2.75D=23 191023

COMMENTS: ROBB USES THE R-MATRIX CLOSE-COUPLING APPROXIMAT]ON
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS, MANN USES THE
DISTORTED WAVE APPROXIMATJON WITH CONF|GURATION- INTERACTION
WAVE FUNCTIONS, ONLY LS TERM VALUES ARE AVAILABLE, MANN'S
RESULYS ARE SPLINE INTERPOLATED FROM THE ORIGINAL DATA FOR
EASE 1t PRESENTATION, THE ATOMIC ENERGY LEVELS ARE CALCULATED
BY RoBB AND MANN,

1360,00 Ev «0B0.00 Ev 6801.00 Ev 9520400 Ev
le010el9 4421020 2.78V=20 2.100-20
6802,50 €v  13605,00 Ev  27210.00 Ev  6802%.,00 Ev
3,480022 24390e22 1.560-22 8,270-23
9.830-22 6499022 4,590=22 2,43022
Te910a22 5.60V=22 3.670=22 1.94D=22
1.580e22 1s120e22 7.3302) 3,88D-23
64250822 2.520-22 1.50U=22 7,300-23
3,710=2] 2.410e2] 1.490=2] 7,530e22
9e410=23 3.85023 2.,060=23 9,610-24
54760-21 3.780-2] 2,36D2) 1,20021
3.210.21 2.090«2] 1,300e2} 6,010~22
7¢530022 4.890022 3,050=22 1,550+22
3.280.22 1. 71Ve22 8.910«23 3,690-23
70380-22 aob06De22 2,80De22 1,410-22
2025020 1.89U-20 9,32D-21 4,750-2)
1.420-20 1.070«20 6.690=2) 3.,410.2)
3.690-2] 2.440-2] 1.53D=21 7,790-22
Te250a2} o TBO=2] 2.9902) 1,520«2}
9460022 64920222 4.610=22 2,480-22
1640221 J+190+2) 7.910-22 4,250-22
1.290-21 9eIlVe22 6,210.22 3.340e22
1¢45D=21 1,05V«21 7.01D=22 3,70=-22
T7.270.24 8,220e28 2.690-24 1,430=24
6095022 5408022 3,36U=22 1,81D=22
1.020-21 7.350-22 4,900-22 2,630-22
8.560.22 b.20022 4,13D=22 2,220-22
1.40La23 Q. 64U=28 6.36D=2s 3eblDezs



FEs16(NE) IONJZATION POTENTIAL® 1266400 Ev

JeBeMANNY LA=B267oMS sMARCH()980) COMMENTS: MANN USES THE DISTORTED WAVE APPROXIMATION WITH
CONFIGURATION-INTERACTION WAVE FUNCTIONS. ONLY LS TERM VALUES
ARE AVATLABLE, MANN‘S RESULTS ARE SPLINE INTERPOLATED FROM
THE ORIGINAL DATA FOR EASE IN PRESENTATION., THE ATOMIC ENERGY

ATOMIC STATE AND EACITATION ENERDY LEVELS ARE CALCULATED BY MANN. MANN'S RESULTS ARE [N GOOD
AGREEMENT W!TH A DISTORTED WAVE APPROXIMATION CALCULATION OF

{ 25(212p (81 1s 0e0 Ev Frower, J. Puvs. B &4, 697 71971}, ExcePT FOR THE 1-11 TRANSITION.
2 2512)2P 15)3S(1) 1P 730.60 Ev

3 251212P(5)35()) 3 e 730060 LtV

. 2312)2P(5)IP (1) 3o 765,70 LV

) sir12P (5P 3P 76570 Ev

[] est2)2r(5)IP (1) s 765470 tv

1 25(2)2P (513P( 1) 1 0 165:70 Ev

[] e512)2P¢5)3P()) 1P 765.70 €V

§ €7:212P(513P(}1 is 765,70 Ev

10 ?5(2)2P (513041 JF 81070 Ev

1) 23(2)2P(5)30¢1; 30 810,70 LV

12 25(212P(5)30()) P 810s70 LV

12 2512)2P )3D{), 1 F 830.7¢ Ev

1o 25(2)2P (5)30()1} 10 810470 v

i5 25(212P(5)30¢(]) 1P 810.70 EvV

16 25(1)2P () 3S (1) 3 s 860.70 EV

17 2511)2P 413511 ls 866.80 LV

¢ 25(}12P (61 3P (] 1@ 495.90 Ev

1§ 25(112P (813P(}) k3] ¥895.99 £V

2v 2511)2P (613D (1) 10 94020 bV

21 2511)2P (6)30( 1 30 Qale20 EV

CROSS SECYIONS {n CMee2 vS ENERGY

1 9 1360450 Ev 2721,00 Ev «08l.50 Ev 6802,50 Ev 13605400 Ev 27210.00 Ev 68025,00 Ev

1 ¢ 3.210-21 3,240=2) 2+960-2) 24440221 1e710=21 le120=2} 5.860-22
13 3.770-21 2,940-21 2.560-21 2.060-21 1044021 9.33D-22 4,900-22
1 60010=-21 1.850-2} 1.080-21 6,180222 316022 l.60D-22 6,260-23
1 5 T7.000-2} 3,290=21 2,210-2) 1e360-2] Te01U<22 3.550~22 1,400=22
1 6 2,030-2) 3,970-22 1.420-22 3,630-23 5¢300-24 7.260=25 §,200-26
17 2.950-21 1.540-21 le100-2} 7.19D=-22 3,0880-22 2.01De22 7.,880-23
1 e 8.480-22 1,020-22 4e950=23 1.000-23 1,200=24 14390-25 8,900=27
1 9 4,670=-20 2,460=20 l.660-20 1.000-20 5.01U0=-21 2.500=21 9.940~22
V10 7.850-21 1.830-21 9.68D-22 5.,190.22 2.510=22 1.320=22 5,450-23
11 3.740-20 2,770-20 2.290-20 1.75D<20 1.leD=20 7.130=21 3.610=21
112 8.060-21 1,530-21 6.720-22 3.190-22 1.680=-22 1.000=22 5,050-23
133 2.94D-2] 1,360=21 90420222 6.000=22 3.200-22 1,68D=22 6094023
1 14 1.250-2} 1,530-22 4e180-23 7.800-24 8+34D=25 Y.690-26 6,270=27
118 1,200-19 9,670=20 8410020 64220-20 44100=20 2457020 1,300-20
1 16 6+240222 1,020=22 3.470=23 B8,520.24 1e220=264 1.67D=25 1,190=2¢
117 1,430-20 7.950=21 Sea70e2] 3,360-21 1.700=2) 8,520-22 3,410-22
1 18 4,39D=2] 5,450=21 5027021 4,580=21 3.350=2] 2.240e21 1.,210=21
11s 1.,880.2}) 9,090-22 7.20D0=22 Se720=22 44070=22 2.710e22 1,660=22
1 20 1,700-20 1.36De20 1.050=20 7.210-21 3,960m2] 2,050-21 8,160+22
121 5.670=21 8.,800%22 24970=22 8.030=23 1487023 6.T20-24 2.350-24



FE+15(NA) IONIZATION PQTENTIAL® 489,30 €v

DsRFLOWER AND H, NUSSBAUMER: ASTRON,ASTROPHYS,42,265(1975)

ATOMIC STATE AND EXCITATION ENERGY

i st 25 0.5 CeD Ev
2 EIa2Y] 2 P 0.5 34036 EV
3 LYY 2P )5 36.96 EV
» 301y 20 ].5 4d.74 Ev
1] E1AR ¥ 20 2.5 84s11 Ly
CROSS SECTIONS N CHes2 v5 ENERGY
S 88.43 Ev 108,84 Ev
1 2 8,320-~18 6,76D~18
1 3 1.650-17 1,330-17
1 4 8,8¢D=~19 7.150=19
1 5 1.290~1p 1,04D-18
2 3 1.420-18 1,150-18
2 & 1.200-17 9,90D-18
2 5 3,32V0-19 2,58D0=19
3 6 1.390e18 1,15D=18
a s 1.090«17 e,990~18
¢ 5 8.460«19 6,320-1%
FEsl4(MG) IONIZATICN POTENTIAL® 457,00 EV

AsKoBHATIA AND S.O0.KASTNERy SOLAR PHYS,65,181(1980)
AeKoBHATIA AND S+0+sKASTNERe JeQeSesReTe24+53(1980)

ATOMIC STATE AND EXCITATION ENERGY

22

COMMENTS: FLOWER AND NUSSBAUMER USE THE DISTORTED WAVE
APPROXIMATION WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS,
FINE-STRUCTURE RECOUPLING |5 HANDLED By JAJOM. THE aTomMIC
ENERGY LEVELS ARE CALCULATED BY FLOWER AND NUSSBAUMER. FLOWER
AND NuSSBAUMER'S LS TERM RECuULTS ARE 10% AGREEMENT OR BETTER
NEAR THRESHOLL WiTH THE DISTORTED WAVE APPROXIMATION CALCULA'{ON
OF BLAHA AND Davis, J, Quawt, SPeEcTROSC, RADIAT. TRANSrEk 19,
227 (1978),

COMMENTS: BHATIA AND KASTNER USE THE Di>TORTED WAVE
APPROXIMATION WiTH CONFIGURATION-INTERACTION WAVE
FUNCTIONS., FINE-STRUCTURE RECOUPLING 15 HANDLED BY
JAJOM, THE ATOMIC ENERGY LEVELS ARE CALCULATED BY BHATIA
AND KASTNER., BHATIA AND KASTNER'S LS TERM RESULTS ARE

IN FAIR AGREEMENT NEAR THRESHOLD WITH A DISTORTED WAVE
APPROXIMATION CALCULATION OF FLOWER AND JORDAN, ASTRON.
AsTropHYS, 14, 473 (1971),

1 as2) 16 0.0 0.0 EvV
2 35(113P¢1) I P 0.0 20479 tV
3 3stHaren I P 1.0 29.5]1 EV
. 35(1)3P( 1) AP 2.0 31620 EV
H as(l)ae() 1P 1.0 4608 EV
6 rtL2) d P 0.0 88484 EV
7 P2y 10 2.0 69430 EV
8 r(2) 3P Je0 70404 EV
9 3PL2) 3P 2.0 72408 EV
10 3P(2) 1S 040 82435 EV
11 35¢1)130¢1) 30 1.0 84460 EV
12 38(1130(12 310 2.0 84+75 EV
13 s 30 3D 3.0 84499 EV
14 3s(13oel) 10 2.0 95.67 EV
CROSS SECTIONS N CMee2 VS ENERGY
I ¢ 108.84 EV 217,68 EV 326,52 EV
1 2 3,850-20 1.,320%20 4,400=2]
1 3 2.58D=19 1,210e19 6467De20
104 1.92P=19 6,650220 2,200-20
1 5 2.650~17 1,520=17 9.89D=18
107 8+650=19 4,250+19 1.87D=19
1 9 1¢480~19 7.310=20 3.26D=20
110 3.,190-20 1,32D=20 6,23D-21
11 9.680=20 3,350-20 1.390-20

continued
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1,620=19
2.250=19
1.800=18
2.,93D=19
Fe692=19
4.040-20
2,860=20
1.320=19
1e270=17
1.320=20
9+:370=18
1el1D=}9
1e620=19
S.280=20
84430=19
Se.80R=2¢
4,34D=]8
1,100-18
3,230=-18
4,330-18
1.800-20
2,390=-18
7.100«18
1.610=19
1.0840-19
$,280=20
6,380-2)
l1.,420-18
3.29D=18
8,360-18
9,460-2)
1s64D~19
1:540=18
8.100-18
$4370=-20
5,61D=20
T,330-18
4,730-20
1,250-18
7.220-18
6.,020-20
1.060-1%
1.330=-}¢9
2,330-17
4,670=19
3,660=19
7.200-19
1.090-20
7.900=-2}
9,04D-21
6,270-22
5.510=20
1.490-19
4,130-19
3,720=19
24220=20
J.760-20
Se320-20
7.320-20
7+990-19
leaab=20
6.050-2]
6.89D=2)
4,470-2]
3.,230-20
1.0]D=}9
5.120-2)
1.070=20
2,240-20
3.720-20
30330421
5.970=2}
Tea30D=2]
1.390=18
7.370=19
2.040=19
le74D=19
Se980=19
1¢730=19
1¢730=19

5,610u20
7,86De20
8,520=19
1,00De}l9
4,380=19
’,890e20
9,350=21
4,560%20
7.070=18
4,000=2]
5,170=148
3.790-2¢0
7.200=20
1.760%20
3.070-19
2,05D=20
2,420=18
5,88D~]9
1.790=18
2,400-18
8,980-2]
l.3)V=]8
3,920-18
¢,620«20
4,490=2¢C
1,780=20
2,200-21
7.730«39
1,830-18
4,630-18
3,190«21
8,23De20
8,390-19
4,470-18
1.780=20
2,130=20
4,070-18
1,67D0-20
6,850-19
3,900-18
20380‘20
3,580-20
4,530-20
1,290-17
1,940-19
1,150«19
3,190e19
J,26D2)
2,420=2]
3,410-21
2,100-22
24140=20
5.650=20
1,75D=319
1,730=39
6,710=-21
1.140=20
1.620020
2,830-20
3,390-19
4,400-2]
2.200021
2,200-2)
1.690-21
1.060-20
4,41D0=20
1.650-2)
3,410=-21
7.920=-2]
1.,250=20
1,160=2}
2,090-21
2.470=21
6,320=19
2,7190=19
8,140=20
50‘90.20
2,190=19
5.180=20
5,150=20

2.270-20
3,080420
3.780=19
3,080=20
1.750=19
54130=2}
3430D=2}
1e070-20
4,52D=18
1e6T0=2]
3.180Dw18
le170=20
247)0=20
S¢850=-21
1¢530=-19
bedale2]
1+.550-18
3.730=~19
1o180=-18
1.570-18
5.250=-21
8.05U=19
Ze49Ua]8
2,350«20
2.280=20
5,57D=21
7.330.22
4,910-19
1.1680=18
2.970=18
1:250-21
40560220
5.200=19
2+950-18
5.,500-21
7.820.21
2r74b18
5,740-2]
4,530-19
2,530-18
7.940-21
1ed9~20
iedob=20
8.26D-18
8,140-20
4,110=20
1+350~19
14140-21
7.,330=22
1.630=21
7,330.23
8,800-2]
2.250=20
7.550=20
7.220=20
1:690=21
2486021
3.960=21
1.000=20
1036D=19
1.710=21
84190~22
6e720=-22
7.090-22
4,030-2)
1.890-20
4.470-22
1.03D0=21
3.150-21
446902}
4,400-22
B8,430=22
9.900-22
2463019
1.060=19
24610«20
1,25D«20
8436D«20
14250«20
14240«20

23



FEe13(aAL)

HeEoMAGONSE MoldsReAeS1704865111975)

IONIZATION POTENTIaL®

ATOMIC STATE AND EXCITATION ENEROY

38(2)3P(1)
38(2)3P(1)
3S11IP(2)
Is(rIr2y
ast1)aet2)
astly3r2)
s (hv)
3ast13Ip 2y
ISrav)
3IstirIei)
35(2)30¢)
35(2)30(11)

N OO 20 NS LN —

——— o

NNV S PN

CROSS SECTIONS N CMes2 yvS ENEAGY

AR AR R R A RRI R 0 0= 00 0 B 00 B e B0 &=
———
ArCOD~NCRIPWN=OOT YNNI WN

fepeye

81,63 Ev

1.680-18
1.30D=19
9.,97D«20
7.550-20
6,820-18
1.880-~19
8,08D-18
1.220=17
8,77D0=-18
2,05D=17
3.010<19
3.12D0-20
7.730-20
2.,260-1%
3.610=-19
S.48Da)g
1.,190-18
©.190-18
2,140-17
2,87D~)8
1,940-17

COUVNMOOoOTUDTUT

0.8
1.8
0.5
1.8
2+5
le§

Qe85
045
1.8

2.5

392,20 €V

0e0

2.20
25035
26422
2735
35.77
3596
4he80
49413
50.3)
5914
5947

24

COMMENTS: MASON USES THE DISTORTED WAVE APPROXIMATION
WITH CONFIGURATION-INTERACTION WAVE FUNCTIONS, FINE-
STRUCTURE RECOUPLING IS HANDLED BY JAJOM, THE ATOMIC
ENERGY LEVELS ARE CALCULATED BY MASON. MASON’S RESULTS
ARE IN FAIR AGREEMENT WITH AN EARLIER CL: .E-COUPLING
APPROXIMATION BY PETRINI, ASTRON., ASTROPHYS, 9, 392 (1970).



FEe12(SI1) JONIZATION PQTENTIALS

25

36)000 EV

D+RFLONER AND G,PINEAV UES FORETS, ASTRON.ASTROPHYS,24+181(1973)

DeR«FLOWER AND H(NUSSBAUMERe ASTRONJASTROPHYS:319353(1974)

ATOMIC STATE AND EXCITATION ENERGY

1 astz13pr2) 3
e 35(2)3P(2) 3
3 3s(21ar(2) 3
. 3512)3P(2) 1
5 35(2) 3P (2) 1
6 35(113P(3) §
7 35(1)3P(3) k]
[’ 35(113P () 3
9 35411 3P(3) 3
10 IR 3
11 s ae(a) 3
12 3541)3P () 3
13 35(1)13P(3) 1
14 IsthH3rey) 3
1S 35(2)3P11)30(1) 3
16 3S(1)13P () 1
17 35¢2)3P(1)30(1) 3
18 3S(2)3P(1)30(1) 3
19 35(2)3P(1)30( 1)) 3
20 35(2)3P(1)30(1) 3
21 3S5(2)3r(1)30(]) 1
22 35(2)3P(1)301]) 3
23 3S€2)3P(1)30(1) 3
24 35(2)3P(1)30(1) 3
25 IN2)3P (130 3
26 35(2)3P(1)30(}) 1
27 351¢)3P(1)3D(1) 1

CROSS SECTIONS IN CMew2 vS ENERGY
1V 6939 EV

6+040~-19
1.910=-18
le76D=19
14900220
1+330-19
S+970=18
2416019
24410-20
2+240=20
11 3.570-18
12 742D=20
13 1e54D=19
14 7+930-38
15 1.790=19
] 7.04D=19
17 2.810=19
18 6040=20

-
OOVE~NOMEWN

RTINS RO U 0 N I R 6 0 b e 1 6 0 bt 0 3 e B e B s B 0 e e B 0 e o
~n
[

19 1«85D0=19
20 24640=17
21 5035D0=20
22 1403020

60040=18
24 1.830=19
25 84450=20
26 1.220=19
217 2404D=16
3 1.500=18
. 3,080=19
§ 2.890=20
6 1e70D=)9
1 64670=19
[} 4421018
9 94660=20
10 1e510=18
11 2+02D%)8
12 9,370=19
13 2.890=19

TMNMUQOUOUV UMM IO TIIQOONNGCOTOT

0ed
1.0
200
2e0
040
2+0
1.0
2.0
3.0
0.0
le0

2.0
1.0
2.0
1.0
2,0
4.0
2v°
1.0
240
0.0
1.0
3.0
200
3.0
1.0

COMMENTS: FLOWER AND PINEAU DES FORETS Ust E DISTORTED

WAVE APPROXIMATION WITH CONFIGURATION-INTERACTION WAVE

FUNCTIONS, FINS- “TRUCTURE RECOUPLING 1S WANDLED BY JAJOM.
FLOWER AND Nir. SBAUMER EXTENDED THE FLOWER AND PINEAU DES
FORETS RESULTS BY INCLUDING MORE CONFIGURATIONS, THE

ATOMIC ENERGY LEVELS ARE CALCULATED BY FLOWER AND NUSSBAUMER.

continued
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7.300=18
2et40e]9
1+540=18
1e510e}9
1,830=-19
Gebab-18
1:,330-19
6.,270-18
3,2]0=14
B.l1D-18
2.07De10
B.850-18
1eJeD=19
bebll=20
5.860-19
6.520-2:
1.630«)9
1,970-20
1.260-19
Je20D-18
1,550=20
Te450=-19
393018
2.750~19
9.110-18
1+7u0e19
2+090-}19
3. 450«19
2.200-19
se26De1 8
1.190-18
$+00D-20
1.520-20
1,530«)8
1,880=-17
T.14D=18
7.870-19%
4o jobe2)
1.,20D-18
6,900-21
1.500-19
1+150«14
4,0T0=19
6,900a2]
7.930=20
4,380~]19
6,620-18
2,100=1y
2,730=19%
9,280-318
2.,39D=19
2.920«19
Sea90e18
1+420«19
1,030-17
2¢550«20
2.520-19
8,69D=-19
1.050=-18
1.730-17
6.06D=20
6,900=21
8,620-2]
94140=20
4,480-19
3.160-19
T.24D=20
1.000-18
8.280-20
1.110=17
1,480~)9
2.550=19
1,00D-19
4,24D-19
1.,380«319
3,620-20
1:690=19
T«76D=20
9.490=20
4,07D=39
34590-17

14



FEeld 1P TUNTZATLIUN PUTENT AL ™

DeRFLORE® e ASTRON ASTLOPHTYS G400 (917

AlpedC STATE ani EACITATION EnEROY

H EEXYZELES T .

'] 35113P 13} 2

k] IN2)IP (N 2
0 1512)3P () 2
[ 15t21P 0 2

] ISP 1) L3

? FEARYRLATY) .

8 ELARRELEYY] .

$ EERRFRLATY] 2
10 EENRRELAYY! 4
1 I15C113P1La) 4
1e 15t1i3P 142 2
13 FERRRE AT Y] 2
le 3S12)3P 123303} .
18 3S12)3P12130¢)) .
16 ISP I0NY ]
1R ISLH1IPL2)IVLY) .
18 EEXTIRLAFIRIERE) 2
1% 1512) P (2130 .
20 ISP 21V .
el 315(2)3P (23301 .
ee 3512)3P 12730 .
23 351 P 12130 (] 2
26 Isc21api2y3l ey 2
és 35t aP 21301 2
28 1S i213P 230y 2
27 IS(2)3P (223011 )
28 35¢213P (21301, 4
29 38(€13P(2130¢}) &
36 I5(2)3P (2130} 2
I 354213P (213041 2
3z IS5L1P 22301 2
33 319(213P (21301 2
36 35(2)IP 21301 2
35 ISP 301 2
3¢ ISy 22301 2
3 351213P (223011 2
kY] 351(2)3P (2130 () 2
39 3I5(2)3P ()30 () 2
.y 35¢2)3P12)301 ) 2
sl IS(2)IP 12101y ?

CRQ5$ SECTIONS IN CMee2 vS ENERGY

I v 89.79 Evy

170019
2¢630=1¢
3.330=2¢
6.330«20
3.70D-18
2+530=)8
1.300-18
1.000-20
1.670=29
11 2420019
12 84330=-2¢
«+330=-20
16 1,100=19
15 1.570=}9
16 1.900«)9
L7 24330=19
18 B8.330a30
19 2.000a20
20 6,000=-20
21 7.66D=2¢
22 1.230-19
23 5.000-2¢0
24 1.000-2)

-
QOO newWN

L o e e e e O e
-
w

DM MO TVIVVOVOVIU VDTN MTUOCTOM MMM T IOODIDTTCCw

1%
1e%
2.5
0.%
1.8
25
1e5
05
145
2¢%
1e5
CeS
045
1S
2.%
3¢y
4.5
2¢%
0e¢5
35
1¢%
2¢5
1.8
3.5
(X3
15

1¢5
(X3}
05
15
245
2,%
145
0.5
1+%
2.5
3.5
0.5

1.5

130.80 kv

0.0
5.70
6.27
9.0
9.80
32.87
33.96
Jeo.ab8
ele.78
4.9
4830
48.79
50.52
52450
$3.01
S5Jd.08
Se,45
54,94
9%032
554 39
55.45
95.98
57e11
6l,38
sl.71
bh .09
68,81
65,2
65.36
65.806
65496
67,36
10.62
70.68
T2e24
T2.94
73.30
13,74
6,45
76491
17405

(OMMENTS:  FLOWER USES THE DISTORTED wAVE APPROXIMATJON
WiTH (ONFIGURATION-INTERAC T]ON WAVE FUNRCTION . FINE
STRULTURE RECOUPLING 1S WANDLID BY JAJOM,  Tup atomy
ENLRGY LEVELS ARE (ALTULATEL BY FLOWER, Tup paRI%I
LOUPLINGS FOR THE SSZSP:SD CONFIGURATION ARE NKO!
IDENTIFIED.

continued
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3,3)0-22
3,330-19
2:200-17
1e320~17
$.,030-18
246130-18
1.800ey
5,000~1%
3.000-20
3+33D-2)
le6TU=2y
2etTU=2D
10100=}9
1+020-19
3,000-2)
8,660e20
2:670e20
6032019
9+060-19
6400059
112009
5¢660-20
2,670-20
J,83D=]8
2.270«19
4.330«}9
2.170-]8
1,000-19
1,53Ua19
120230-19
14130-19
1.670-2)
1.270-19
T+660«20
Jea0De]19
«s330=2p
6e.600=20
6.000=20
1.200-19
12000-19
3.570-18
1.870=39
4.870«19
1o630«18
3497018
Te66b=19
2+0U-19
1el0~18
117017
8.000=20
3e330aly
2.060-17
8.8060-20
4e330=19
9.660-20
145709
5.130-19
o090}
1022019
),110-20
s«88022]
1+8690-19
Je29e-)B
3e0aDe)p
1edil-¢0
1.110-20
6e.000=2]
.. 8090-20
1.000-1%
JewlDal®
ledabej9
1¢330=20
1260019
Bensl=29
9,310-20
1+270=19
1.530-19
1.510-19
T.b600-18
2e08U=~]Y
8,220-20
2.070e20
2e220=20
J.090~18
30260-54
9.890-]8
8.890-19
4,220-20
6.220-19
1.680=]18
2403D=}7
24670220

H

continued
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Jea20e19
¢s670-20
5,200-19
3+330-20
8,060-20
90330-20
4e00D-19
1e73D-19
2¢810-19
24200-18
1s000~-18
4s610=20
60000-20
74330=-20
5e000=20
650000-20
5¢330-20
BebOL=2D
84000-20
6e000.23
1¢33D=20
1e0T0=|9
74330-20
3¢330-}9
2467020
6400020
2+010e19
Jea?0=-}9
9433020
2.610-19
6,000-20
8.060-19
1+090=17
5.,660-18
1e200=19
1e00Qbe9
24070~18
8.0060=20
20100-17
8.660-20
14130=19
2 000=20
6.000=20
8ee060-19
1¢920=19
8+330=20
2¢000~-18
1.000=20
2e00L=20
0.00D=2v
9.66U=20
1+670-20
04000-290
2ee7D-20
4.670-20
9.060-20
2.070e19
1.070=19
1437019
2413019
S.660-20
T«08D-20
6433019
9.000-19
1.630-19
3.,320-19
12701y
1.000-39
1+670-18
9.2Q0-1p
1.030-19
1.500~19
$.530=18
2.090-17
2,400~18



FE L0 ST 1ONIZATLION POTENT AL ®

Mol o MASON) MuNoR,AeS,1701651()1978)

ATOMIC STatt AN EACITATION ENERGY

1512) 3R (s
3518) 3P 8)
15(2)IP (8
1512) 3P (s)
35121 3P (4
3S0b13P (51
354313814
315631 3P (%)
3StiIP ()
351213P 131304y,
112138 M alig),
3921 3P (3130
35121393330y,
ISR 0y,
15641 3P (NI
315621 3P 1 0 I0y ),
SEYLAR IR IR LID Y
FEICAR LIS IR TS
It I3

[P R e g
€ IPP IR —COD uh NS~

P "L VL Kk R R IR S vy Ve W WY I TTY W T P W T VR O W PO PR SRY Y RV Y TR WA VAT T T Y

el 3st21Iv (v,
21 IFAT4R AN TELTR ]
l¢ IS2I Wi
r'a ] 3e el IR 20¢),
'L} 19,<1 3k ( Iy
2% Isi2tart 313043,
2e 5121w 4330 )
27 ¥St€13IP N I0tY
28 3S(213P 33304
2% ISP NIV,
1 3si213P 1 ey,
) 351138 21301y
dé 356130121304y,
K 33.ca 3193308
N ILELAR LW IR TAS
L 39,4138 M Mgy,
it FERE IR LS DR SN
s’ Iyter b 3a
Je 1912533 Sv
3 38621 AP (vt
[ I850213P 31205
Y ISI2)IP(II3W(])
sz 3542139 ¢ 3T
.3 IMI2IIP WYy
b 3S12)3P 30
»5 3512138030
ae 3IS12)3P 1))
a7 35(213P (31301

CROSS SECTIONS In CMeeR vS ENEWGY

I~ 108,84 £y

5.920-19
2.430-}9
2,700=-)%
1.650=20
2.870-18
9.700-19
9.020=21
l.46D=}9
1.43D=320
€.120-290
S.370-20
14330-19
1.840-19
1.24D-19
14330-19
., 850-20
3e630-2¢

P o Bt P Bt e et B Bt Ge e B Gt s B0 s
BN P LI OO APWN P N

e s gt e ot e o o

TUBTTMRMMIVOCS C ROV " T MDUC OO COL IV VIR

VNOLDOD TV Y V& =

240

0.0
240
0.0
240
o0
0.0
le0
0.0
140
el
3.0
*e0
200
3.0
be0
rxy
Yo
L T
de
3.0
440
Hen
~el
2.0
1.0
g.0

4ol
FXX ]
10
2ol
r{19
3ol
Yoo
bot
e
1+
Ge0

3.0
2.0
1+C
240
3.0
leo

290630 Ev

0.0

l.aa

1,83
4,94
9.20
Je, 08
35,20
35.86
44,05
ab,7?
“6,80
“6,80
46,940
«?,03
50,72
50,98
51419
S1.8%
$2.23
%2.76
“ea9})
54,96
55,14
9% .19
56,56
57,60
$9.623
$9,97
60,04
60.19%
60,10
60,30
Grebe
0les}
6lee9
45,39
59, Te
sde s
88,71
89,39
s9.81
10.26
T1.0%
11.e7
Teodl
75.8)
79.00

COMMENTS.  MASON USES THE DISTORTLD wAVE APP&O¥I™ATIUM
WITH CONFIGURATION- INTERACTION WAVE FUNCTIONT. FInE-
STRUCTURE RECGUPLING 1S MANDLED By JAJOM. Twp a1,
ENERGY (EVE(S ARE CALCULATED BY MASON, THE E28ENT
COUPLINGS FOR THE 35°3P73D CONFIGURATICH ARE %G1
IDENTIFIED,

continued
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OsdPL 20
9,810-2¢
1.,870-20
6,4402¢0
Tetlle2t
1.880+3%
8.2W~20
152020
. 240~20
S,280e2)
4,110a20
3,780=3¢
1,14020
2+30D209
$¢030~2¢
*, 49019
1474019
8,20D-20
1.810-3p
1370=17
3.620-12
PLY 11 L¥3]
1.350=39
24900-17
2+290w38
1+04Dwg
©.00-20
$.390-26
1e08D-20
132019
2,28D-.%
2.820<720
1e?0Dejp
1.030-18
Yo20D-)p
1+080-39
2431020
6,010«20
¥,710-2¢
1,230-39
1.06D-19
2.680-20
1«190~196
Y.350=20
T.880-2¢
5.i70e2¢0
5«020~20
2,330-20
lelll~ts
1.230-49
€ 33020
b.41020
1.020=39
4.58D=20
2.16L~20
“.38D-20
&.530-20
5,6e0«29
8.80D«2)
3,370«19
2,84041%
9.130-2¢
3,340-29
2+360-18
4,670=)8
€,820-38
S5.710=18
7.300e19
6,45D-20
1,860-37
5.650~18
Lee90a18
©,19Ds20
Z,820-20
2.820~19
1.980~20
1.36D~19
Joﬁ‘ﬂ-la
3.300«28
1s18De29
3.850«20
9,020~20
T«260-20
6v820-20
le260~)3
1,18D=~19
44290e20
3.94Da20
5,060«20
8.030-20
9,900.2)

continued
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1.870=2¢
8.690-2p
S¢720=2p
1.200a)0
4.28Da}g
9.,24De2p
24310-20
T.700-20
«.510=20
2.090«20
3.300-2¢0
1.110«19
3.300-2p
1.980a]8
1.870-29
1.260<)17
9.90D-21
46,5508
6.930-20
3.080=20
280017
3.76D=2p
6.60D=20
2,5)0=19
T.82D=19
2,00D=29
6,800~2¢
2.970a2¢
3:170e3p
2.200=22
8.800-22
1.320-2)
1.,5D=2;
1.76D=21
4,770-2¢
6,620-2¢
3,190-2¢
{.100-19
1,680=19
2,190-19
$,9402]
7.63D=2¢
9.390=2¢
1.320=19
1.51D~1g
EPY Y ENTY
5.410~2¢
1.04De2)
7,28D-2p
8.03D«20
6.510=2¢0
4.38D«20
be86Dw2p
5.980~29
9.570~20
l.16D«19
leléD=10
ReQ10~19
1.6)D~)8
7.70D~2)
$.230~18
5.45D=2¢
6431D=)9
2.160~19
1.020~17
24210=17
8,380~20
1.350=19
34520w19
8405D=29
172019
1:1002)
2020021
1.4100«23%
6.400=2)
6.60D=2)
4040D=21
1e540=20
3,30D«20
5.720-29
110021
2.20D=2}y
%.51D=2p
2.750=20
$.720=20
1.75D=)3
2.76D=}0o
3.080-20
1e70D~19
5,830~2¢
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FE+9(CL)

HeE oMASONS MaN RoAeS,170+651(197%)

ATOMIC STATE AND EXCITATION ENERGY

N0 N® SO WM —

———

1

k3 2.8b6De19
35 64270=20
3¢ 24850=19
k4 3,74D=20
8 40400-21
39 1e210-20
40 7+700=21
1.820~18
42 2464020
43 24200-20
A4 T.810-20
5 2,640=20
(Y] 1,440-19
[} 3.78D-37

[CRL RV RCRT AT AT RT NV T AL R
>
-

IONIZATION PQTENTIAL®

3s(2)3P(H)
3S(2)3P (5
35111 3P ()
3Si2)3P (M 201
351(2)13P (413D (1)
25021 3P(#130(1)
3512)3P(4)30(])
IS1223P 1830
35(2)3P(4)3DL 1)
315(213P(#)30(1)
3562)3P14)30(])
35(2)3P(4)30(1}
a5(213P (4130 (1)
3512)3P 141304
351(2)3P(42230¢()
ASI2)IPI4)IDL)
3S(2)3P(4)30()
35(2)3P(4)301()
3512)3P («)3D(]
35(2:3P¢4)3D0 ()
35(2)3P (61301}
35(2)3P(413D()
3S(2)3P (41301}
3512)3P () 3D(]
35(213P (4) 304
35(213P (4130
35(2)13P (#3301
35(213P (430 ()
351213P {43301}
3S1213P(4)301¢()
X P

}
|
)
i
i
)
!
)
)
!
)
}
)
)
)
¥
)
35(213P(4)3 )

NANNNAUNNNNRNRNNNSGNSGNSNVSSPNG S rerNnNN

CROSS SECTIONS [N CHes2 vS ENERGY

| Y 74,83 EV

1.08D=18
2+4)D=-18
3.190-19
4715019
1479019
T.120-20
3,370-19
2,160-19
10 1,040-19
11 1,3680-19
12 8.920-20
13 2.,340-19
64720-20
15 2.910-19
i6 1.000=15
17 3.160-19
18 2+710-19
19 2.24D-19
20 3.140-16
21 1.620-19
22 1.330-19
23 5.,84D-20
26 1.910=~19
25 1.36D=19

DB~ NN

B Gt ger Bt Bt Bt Bt G P G Pt Db b P O B Pt e Bt e e Bt B e
-
»

COPIVIVNOOMMMNOOODTVTNMUVODIVMIMTAMNMOOOOOWN VD

1:5
0.5

2.5
3.5
15
0e5
805
3.5
0e5
2e5
15
LS
0e5
1+5
15
kIT-]
2eS
205
405
3¢5
2e5
2e5
Je5
15
2e5
005
1.5
Ce5
205
1.5

262410 EV

0.0

1.81
34,75
4725
4726
4739
4T.5%
50492
5169
51.78
Sle92
S2e12
§2.7})
53,25
53035
53,89
S4sl6
54416
54045
55.22
55.33
55.81
59.58
6004
6392
64ea5
70462
Tle22
Tle%8
73.26
74.80

COMMENTS: MASON USES THE DISTORTED WAVE APPROXIMATION
WITH CONFIGURATION~INTERACTION WAVE FUNCTIONS. FINE-
STRUCTURE 1S HANDLED BY JAJOM. THE ATOMIC ENERGY LEVELS
ARE CALCULATED BY MASON. THE PARENT COUPLINGS FOR THE
35“3p 73D CONFIGURATION ARE NOT IDENTIFIED.

continued



4

26 9.04D=-20
27 14170=17
H 1e660=17
29 5:500«19
30 2.940=19
3l 1.%9D=18
K} 2.550~18
4 1.090%19
5 14420=19
& 1.980~19
7 1.350=19
8 7360220
9 1.750-19
[+ 1.230«19
1 191019
2 1.380~19
13 2.470=19
le 9.040=2¢0
1,500«19
18 2.07019
134 1,02D0-39
18 9.280-20
\8 «s770-19
2e 3,840-19
2l 4.190-19
22 2437Dv)9
23 1.670-19
24 24120=19
25 1¢900~19
2¢ 2.040=39
21 3.550~18
28 1.960«318
29 le74De]7
3¢ 1.250-19
kD 3.870e]7

NARNRNRNARN RN DA AR R RN R R D R e o o e o
-
w

FE+8 (AR) IONIZATION POTENTIAL® 233060 tv

DeReFLORERY ASTHONGASTROPMYS,S56545) (19173 COMMEMTS: FLOWER USES THE DISTORTED WAVE APPROXIMATION
WiTH CONFIGURATION-INTERACTION WAVE FUNCTIONS. FINE-
STRUCTURE RECOUPLING 1S HANDLED By JAJOM, THE ATOMIC
ENERGY LEVELS ARE CALCULATED BY FLOWER.

ATOMIC STATE AND EXCITATION ENERGY

i P ey 15 0.0 0.0 Ev
F 3IP(5)304 1) 3P 0.0 49,78 Ev
3 3L (5)30(1) 1P 1.0 50,11 Ev
4 IP(5;30¢(1) 3P 2.0 50,77 Ev
5 IP(5)3041) 3F a0 52.27 EV
6 IP(s5)301 1) 3F 3.0 §2.068 Ev
14 IE(5)I0()) 3F 2.0 §3.21 Ev
[} 3P(5)30(1) 30 o0 56,35 Ev
$ 3#(5)30¢11 10 2.0 56.57 Ev
10 IP45)30(3) 3D 1o 56490 Ev
11 IPe5) 3011 30 2.0 57T.23 Ev
12 3P (5130¢1) 1 F 30 57.50 tv
13 I8 (5)30(1) 1P 1.0 7516 Ev

CROSS SECTIONS IN Cnee2 vS ENERGY

} 74,83 £V

2,240-19
6,560~19
1,090 8
4,800~19
6.880-19
8.960-)9
2.240-19
2.,080-19
2.26019
5.28D=19
7.840-19
S.890.}7
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