BMNL--35653

DEZ5 DD6645

INVITED PAPER

INTERNATIDONAL SYMPDSIUM
ON

NUCLEAR SHELL MODELS

Drexel University
Philadelphia, Pa. 19102

Detr. 31-Nov. 3, 1984

DISCLAIMER

“This report was prepared as an account of work sponsorsd by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor apy of their
cmployees, makes any warranty, express or implied, or assumes any legal linbility or responsi-
bility for the accuracy, completencss, or usefulness of any information, apparatus, product, .or
process disclosed, or represents that its use would mot infringe privately owned rights, Refer-
ence herein 1o any specific commercial product, process, or servioe by trade name, trademark,
manufacturer, or otherwise does not neoessarily constitute or imply its endorsement, recom-
mendation, or favoring by ibe United States Government or any agency thereof, The views
and opinions of authors expressed herein do not pecessarily state or refloct those of the
United States Government or any agency thereol,

MICTRELTION TF THIS D020

STy

NENT 13 TALINITED



BNL 35633

g~-FACTOR MEASUREMENTS ON EXCITED STATES

IN THE Ne=82 ISOTONES

John €, H#ill and F. XK. Wohn
Ames Laboratory USDOE, Ilowa State University, Ames, Iowa 350011

A. Wolf® and z. Berant™
Ames Laboratory USDOE, Iowa State University, Ames, Iowa 50011
and
Brookhaven National Laboratory, Upton, New York 11973

R. L. Gill, H. Mach, and M. Rafailovich'!
Brookhaven National Laboratory, Upton, New York 11973

H. Kruse' and B. '{-1.Wilxd‘enfr:'h.al'E
Michigan State University, £. Lansing, Michigan 48824

G. Peasglee
SUNY at Stony Brook, Stony Brook, New York 11794

ABSTRACT

A program for the measurement of g-factors for excired states
of neutron-rich nuclei ot the TRISTAN separator facility is
described. Results are given for the &1+ states in the NH=82
isotones 136y and 1383a, Systematics for g~factors for hl* and

-+ “ » 4
6, states in the N=B2 isotones are presented and the results are
compared with those of a shell-model calculation. The results are
well described using effective proton spin and orbital g-factors.

1. 1Introduciion

A knowledge of g-factors of nuclear excited states is of
interest in that features of the nuclear wavefunction are often
revealed that cannor be easily determined by other means. A good
example is the g-factor measured for the §K6I+) state in *°“Te by
Wolf and Cheiferzl’. The region around 13257 has been shown to be
cne of our best doubly magic regions, therefore features of the
low-mass N=82 isotones should be well described by excitations of
protons outside of an inert 1°2sn core._  Such calculations have
been carried out by Wildenthal et a1.293) an4 Waroquier and
Heydea). Level energies, J" values and spectroscopic factors were
well described by the abowve models.
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The g-~factor for the 61 state in 1B’Te is an exception to
the above generalization in that it is not well descrided dy a
shell-model calculation invelving only extra-core protons, If the

3250 core were truly inert then the g-factor should be

describable in terms of simple excitations of the 51st and 52nd
protons. The lowest relevant conf;guratlon would be {g,,,) which
gives a calcul~-=d gi6, *) of 0.491, This is considerably smaller
than the expertmentally measured valuel) of D B45£0.025, The
calculated gl6; *) can be increased by admixture of the (g7;2,d5/23
configutation. Detailed calculations regarding the structure of
the 134Te levels have been carried out by ¥ayde et al.”’ anad
Wildenthal and Larson3) The 61+ state was calculated to be
primarily (37,2) with an {g5;5,d5/7) admixture of 2.3% and 13.7%
resgeitively for Ref. 5) and 3). The corresponding calculated 3[61 3

Te thus becomes 0.504 and 0.573 respectively. Thus such
admixtures cannot account for the measured g(61+3_

Wolf and Cheifetz1> next evaluated the effect of core
polarization due to ”(3912 1,g7/a) and ”(h11/2 -1 hg/zD exc1tat;ons
using the method of Arima and Horic This inecreased g(bl ) by
0.192, giving values of 0.696 and 0. 765 regpectively for the
two (g7,2.dq,¢) admixtures given above. This corresponds to a
particle~hole admixture in the wave function of 0.47%. A particle-
hole admixture of 0.9% would account for the entire deviation of
the experimental 3(61 ) from the (g7/23 Schmidr value, !’ Heyde
et al.’’ have reproduced the experimental g{6; *) of 134q, by
taking into account core polarization and veloc1ty dependent
corrections to the magnetic dipole operator.

In this paper we present another approach. We determine
effective proton spin and orbital g-factors from g-factors of two
odd-Z nuclei and are able to reproduce observed g-factors for five
even-even nuclei,

2. The TRISTAN g-Factor Measurement Facility

TRISTAN is an Isotope Separator On Line {ISOL) systemB) for
the study of neutron-rich nuclei far from stability located at the
High~-Flux Beam Reactor at Brockhawven National Laboratory.
Activities are produced by fission by th2rmal neutrons of 235y
which is a component of a target ion source combination. Due to
the development of several types of ion sources a large wariety of
fission product beams are available for study.8 The layout of
the TRISTAN facility is shown in Fig. 1.




The TRISTAN separator is ideally suited for studies of the
validity of the shell model iu regions far to the neutron-rich
side of stability. Of special interest is_the question of whether
the ri:gions around neutron-rich 25n and 'ONi are truly doubly
magic. Mass separation of short-lived fission products is abput
the only means available to study such nuclei, Study of the 132g,
region at the ISCL facilities, NSIRIS, JOSEF, ISGLDE and TRISTAN
have shown it to be one of the best doubly magiz regions. Study
of the N=50 isotones above 'ONi is planned at TRISTAN which should
give some information on the degree to which the 7By region is
doubly magiec.
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Fig. 1. Llayout of TRISTAN separator System.

A system for the measurement of g-factors of nuclear eacited
states using the technique of perturbed angular correlations (PAC)
has been set up on-line to the TRISTAN separator. The initial
system used a conventional electromagnet to achieve magnetic
fields of up to 2.7T. Results from this system on g(2, ) for
states in 14%Ba and 14083 have been reported earlier?’. Recently
a supevconducting magnet (see Fig. 1) has been installed allowing
maximum fields of 6.25T at 4.2%K or 6.75T if the A- point
refrigerator is used to cool the magnet to 2.2°K. Details of this
system are given in Ref. 8.



In a typical PAC measurement the TRISTAN ion beam is
deposited on an aluminized mylar tape for an appropriate period of
time and subsequently movec te a position between the poles of the
magnet. Four Ge y-ray detectors measure Y-y coincidences in a
plane perpendicular to the direction of the magnetic field as
shown in Fig. 2. ¥-y coincidences between any of the six pairs of
detactors are recorded as address triplets on magnetic tape,  The
four~detector system bas baen described in detail elsewhere*”’.

Fig. 2. Schematic disgram of the PAC experimental system.



3. Measurement of g!a,+) for 13%%e and 1383,

The measurement of gl *) was carried out by observing
appropriate Y-y cascades between levels in *“PXe and Ba
populatad in the 3~ decay of 1367 ana 138gs respectively. The
activities wers produced by a FEBIAD-type ion source ’. The
magnetic field was 1.72 and 1.83 T for the Xe and Ba measurements
respectively, The integral PAC method was wsed since the 41*
state half-lives are 1.32 and 2.17 ns respectivelyll,l?) for 136xe
and 138Ba. ¥or each isotope, an unperturbed angular corvelation
measurement to determine the coefficients Ag9s Ayy in the Legendre
polynomial expansion and a time~integral perturbed angular
correlation measurement to determine the g-factor were carried
out. For each experimen., a different set of angles between the
detector pairs was chosen. For the unperturbed correlations, the
detectors were set in such a way that angles of 90°, 105°, 120°,
135%2, 150° and 165° were obtained between the various pairs, T¥For
the perturbed correlations, the detectors were set so that between
four pairs we had 130° (for 13%%e) or 140° (for 1388a). For the
particular ¥y correlations which were used te determine the
g~factors of these nuclei, the expected effect is nearly maximal
at these two angles. We thus had about four times more statistics
per uni: time as compared with a two-detector system.

Partial decay schemes of 13f%e (Ref. 13) and 13833 (Ref. 14)
which are relevant to the present work are given in %ig. 3. WNo y=y

correlations have been reported to date for Xe. ¥or *““Ba,
some spin assignments were obtained from y-y c«rrelation
measurements.}?) We measured unperturbed Y-y correlations for

some of the cascades in Fig. 3. The coefficients Ay,, A, of the
polynomial expansion are given in Table I. In the case of ’3833,
our results agree with those of Basinger Eﬁijll,‘ ’ and confirm
their spin assignments. The results for the 381-1313 and 197-381
cascades(keV) in 13%fe are consistent with 4*-2%-0* and 6*-4*-2*
assignments, respectively. The Ajp, Ay coefficients for the
750-381 cascade in ““"Xe are consistent with the spin sequences
3-4*-2*% or 5-4%-2*. The J=3 possibilitiy can be ruled out since
a ¥ transition is observed from this level to the 61+ but not the
'21+ state.13) we therefore assign 5 for the J of the 2444~keV

level.
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Fig. 3. Partial decay schemes of 136ya and 138pa,

TABLE 1. Regults of the unperturbed angular correlation measurements.

Present results? Spin
Isotope Cascade {keV) Aye YA sequence
1363, 381-1313 0.083£0.015 =D.D2 #0.02 A:—Z:-D:
197-381 0.080£0.020  0.004£0.020  6"-4"-2
750-381 -0.410:0.010 0.00320.030 S5-4*-2*
1385,  409-463 0.192£0,010 =-0.02 £0.03  &*-g4*-2*
409-(463.-1436 0.19420,004 -0.,00820.020 &*-3*-2%-p*
872-1436 ©,126£0.020 -0.006£0.030 4*-2%-p*
1010-1436 -0.095x0.032 0,014£0.045 3*-2*-p*

547-(463)~1436 -0.0354+0.010 0.001£0.014 37-4"-27-0

—

and A,, are the coefficients of the legendre polynomials
PA?cosB) and Pylcos8), respectively.

The half-lives of thevh1+ states in 130%e and 13882 are
suitable for integral perturbed angular correlation measureents.



of their g-factors. Experiwentally, we measured the double ratio

(18,8 , 1(-0,8) 72
RO =|1¢5,-8) / TC5,-8)]

where I(8,8) is the number of counts for the given y-y coscade at
angle 8 with magnetic field B up. The advantage of using this
ratio is that it does not depend on normalization inwvolving
detecteor efficiency, geometty, beam intensity and counting time
with field up and down. Several sources of systemaric errors are
thus eliminated.

The angular correlation coefficients were corrected for solid
angle attenuation using information given by Camp and van Lehn,
The magnetic field at the site of the Xe or Ba nuclei {stopped in
the aluminized tape) was taken to be equal to the applied magnetic
field. Extranuclear perturbations from electric field gradients
are not expected because of the cubic structure of aluminum.

Also, many unperturbed correlations have been mensured to date
using aluminized mylar tape and good agreement with theoretical
values was iound. This indicates that extranuclear perturbations,
if at all present, are smaller than the statistical errors.

For a given Y-y correlation, R(8) has a‘maximum at an
angle Bmax’ which depends on A22 and A&A' E =145° for :he
cascades fonsidered in this work. The results for R{8) for Xe
and Ba are given in Table II along with the g-factors which were
deduced using known formulas for perturbed angular correlations.

TABLE II. Results of the perturbed angular correlation measurements.

Isotope fascade R{B) g(&1+5
136y.2 750-381 0.868+0.033
750-(381)-1313 0.8440 ,030 0.8020.15
1383,b 409-463 1.094+0.,010
409-(463)-1436 1.09740.013 0.800.14

ag=1,72 T, 8 = 130°,
bg=1.83 T, & = 140°.



4, Shell-Model Interpretation of g-Factors in the N=82 Isotones

All g-factors which have been measured Em--al‘+ states in the
¥=82 isotones are given in Table III along with these for the b1+
states in 1347 and 138ga, Table 111 also gives the results of a
shell-model calculation for the above g~factors. Wavefunctions
for the states of interest were obtained from a shell-model
calculation which was carried out for the N=B2 nuclei sb to

Buy. The mo?el space consi?;ed of all 87/2i355/2'[d3/2’ Syyg0
and hllJZ configurations outside of a closed Sn core. The only
restrictions were that a maximum of four protons were allowed in
the hy;/9 orbit, and that only configurations with overall
seniority less than or equal to 4 were considered. Values for the
individual matrix elements of the two-body Hamiltonian and for the
single-particle energies were fitted using a set of approximately
150 well-determined energy levels for the NeB2 isotones, A
description of this fit, and the detailed results of the shell
model calculation will be reported by two of us (HK and BMW) in a
future publication.

TABLE III. Measured and calculated g-factors for states in tho N=82
isotones.

Calculated with <Caleculated with

i free proton effective proton
nucleus J g{experimental) g-factors g-factorsd
1347  g* 0.8464.025P 0.55 0.82
1363, 4* 0.80¢.15° 0.58 0.84
1385, 4% 0.80%.14¢ 0.67 0.90

6* 0.98%.02% 0.83 1.01
1400,  4* 1.11%.04% 0.99 1.11

——— et rs————
—— —

a g'y =1.12 and g =4.12.
b pef. 1.

€ This work

d Ref. 18.

® Ref. 19.




It has been established1> in the case of the g-factor for the
61+ state in 13%Te that the use of configuration-mixed shell-model
wavefunctions along with frer proton spin and orbital g-factors is
not sufficient to give the correct g(ﬁl+). We have chosen to
indirzetly incorporate core polarization effects by determining
one set of effective proten orbital and spin g-factors g',6 and
g' . Tese were determined by fitting the ground state g-factors
for 13%a and 14lp:, which are g(7/2*)=2.78 and g(5/2*)=4.28,
respectively,20 to the configuration-mixed wavefunctions. These
wavefunctions are very pure for the ground states of 13915 and
141p. uhich is consistent with spectroscopic factors obtained from
single-proton transfer reactionms. Fits to the experimental
g-factors for 13912 and 14lp; yield g'£=1.12.and 8'g=4.12,

The above effective proton g-factors g' and g'y were _

next used to calculate the g-factors for the 41 states in IBBXe,

Ba, and 1M’Ce and the 6 states in 13%Te and 1383, using the
appropriate conflguratlon-mxxed wavefunctions. The results are
given in Table III. The known g(&l*) values caa all be reproduced
using one pair of effective proton g-factors that adequately
describe the core polarization effects for all &4 nuclei. It is
interesting to examine the contributions of the various components
of the wavefunctions to the magnetic moments of the.al* states
in 139 and 138Ba. This is illustrated in Fig. 4. 1In both cases
more than 75% of the contribution to the g-factor comes from a
single component of the wavefunction.

The 136%e components shown in Fig. 4 are:

4 2 3 1
(a) (g,,,) » (b) {g,,.0° (d ) {e) {g.,,) d.,0)"
W2 4 72 4 5!2 7/2 272 5/2 5/2
3 y 1
2 1 . 3
(g} (g (d a) s (h) (g,,,) {d.,.) .
7/2 5/27,, 1205, 51275,
For 13BBa the components shown in Fig. 4 are:
6 5 a1
(2) (g_,.) , (b} (g ) (d ) {e) {g,,,0" Ld_,.0" ,
Hza 7& !20 772 272 Wzim

3 3 4 2
{(d) (g712)7/2(d512)512’ (e} (g712).(h11!2 (£) (37/2) (d5}2
3 1
(g) (37!2) (dSIZ) ,» (1) (37J2) (dB/ZD » (1) (gvyzD /2 (dslz)S/2



In summary, we have measursd g(4,*) for 136}{@. and 138}33 and
created systematics fer g(bl*) in the N=B2 isotones, The results
for the known g(hl+) and 3(61+) are well described by caleulations
employing configuration-mixed shell-model wavefunctions and
eflective proton spin and orbital g-factors that account in an
empirical fashion for core polarization effects.
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Fig. 4. Contributions to g(lol"') in 136%e and 13835 from various -
components of the &1+ wavefunction. See text above for details.



