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Chapter 1

iazraduction . \

%w: ‘t experimeantal studies  (Wo71, Ba7i, au’2,
11073} Co73, An78, Ka77, St77) have previously been cirhlod
Tout on gﬁ,;tvo jnt;ritly occuring antimony (8d) isotopes,
i21gpy .na'_‘!'cyf' These experiments have made use of such

reactions as the (Reyd4) stripping reaction, the (t,a)

r-.
pickup “Naction, (d,d') inelastic scattering, wvarious

‘O
" coulombdb excitation reactions, . and (Y,7¢) resonance-~
scattering. Despite the mmany experimental measurements

‘-ﬁd. ia th..‘ -tuﬁloo. the information availadble tor energy

levels above 1 MeV in chooo nuclei s still qui te
\

incomplete. Nany of the studies noted above were selective
in the levels they populated, and furthermore many of the
charged ﬁgrtlclo studies exhibited poor energy resolutione.

These two factors make the cor;tl.tlon of results froa
ﬁ#ﬂtoront ;xporllont- éfttlcult; As well, few measurements

XY
have been made of the spins of these levels.

.
- The (n.n'?) reaction does not suffer from the
difficulties mentioned above. For inclident neutron

.energles of less than 10 NeV, this readtion is not overly

selective in the levels it populates. In addi tion,
-

excellent energy resolution can be obtained provided the

enltted Y-ray is detecteds An earlier study of the Sb

nuclei (Ba7]1) made use of this reaction to study level

energies and Y=ray branching ratios. The recent
§ -



development, however, of a new expérimental technique at
the University of Alberte luclorr Resesarch Centre (Da76)

)

‘makes it practical ¢to deteraine lovot’gﬁlhl*u-tn. th-
reaction. A sestudy was thorotor; ‘gfdo;f;kon{-ot energy
lovolq below 2 !QV in 21 gy n;;"3’!;tﬁiln¢ the (ayn’?7)
reaction. As well, a *tudy og l21g)y !d{;i the “°Sn(p,?l
resction was carried out in order ﬁo;co-plo-ont the (nyn'7)
worke
One of the fundamental goals of nuclear physics has
been to undir.t.nd»ind,o;plcln the structure of nuclei.
¥Yhile 1t is obvious that the properties of a nucleus must
in some way be determined by the characteristics of the
individual nucloon; which make up the nucleus, most nuclei
contain too many nucleons to perait simple c.lculntloni
based on the individual nucleon parameters. The problea of
understanding nuclear structure is greatly simplified ff it
is possible to correlate the properties of many nucleons,
’;nd express these coréolatlon- in terms of collective
parimeters. There is, of course, considerable experimental
evidence for the correlation of nqcloon parameters {n
nuclei, and many nuclei exhibit ysrlou- forms of collective

~

motion.

J A basic model of nuclear structure which couples the
collective motions of many nucleons to the independent
parameters of & few nucleons is the intermediate coupling

model. The odd—mass Sb nuclei, with one proton outside the
LS



2
2 7480 :lo-od sheld}, are J\%-olo. o nuclei for which
simple lnf.r-odl.to coupling wesodel c.léulntlon. can be
atteapted. In these auclel the siangle-particle paremeters
of ¢the extre~-core proton are conpl;d to fho vibrational
structure ~©of the doubly even tin (8n) core. Model
calculations of this type hévo been carried out in the
present study, and a comsparison aade bo;voon cxporlnontil
measurements and model prodlctloni. This coip.rl.on is
.uoqtul for two rou.on--\'ntrlndlécto. to what exteat the
various assumptions implicit in the model calculations are
valia. It also prov:;o. & convenient framework with which

to discuss and interpret both the present and previous

experimental resul ts.



Chapter 11

\ ‘ g
Ammarimantal Ratails '
) | B
2.1 Ins Small-Rassla Nethed far Atudviag Y>Rax Angulac
) . ‘ ‘ o .

A useful tool is nuclear -truct;ro -tudluo’ is a
I | o
m;sasureament ot<t~1 angular distribution of 7Yerays ealtted
/1;110'1;; a nuclohé r;Qetlon (ld‘?). Y-rp* angular
dl-;rlbutlon. provide information about the spins of the
-nuclessr levels Linvolved in & Y-ray Jocny. and e.; also be
used to‘-oa;uro the -nitlpolo aixing ratio of eaitted Y':
radiation. This ;1xlﬁ¢ ratio fnto;qgtlon can be useful
‘
when itudyln. other properties of the nuclear levels, such
as their parities. 'bf course tﬁo amount of inforamation
obtained from an angular distributiof experiment dopond-‘to
‘a large extent on the neture of the nuclear reac tion used
to excite a nuclou;. The (n{n'?) reac tion is particularly
qdv.ntc.eou; in this sort of a study because there is no
couloab barrier. . Hence this reaction can be used on
heavier (A>100) nuclei where chcrgod particle studies are
difticult. Purthermore, since for 1low incident nout:oﬁ

\ .
energies (<10 MeV) this reactlon is a compound one, the

-

strength with which 1t populates a particular nuclear level
is dependent only on the energy and spin of the o;;ltcd
level relative to the ¢round. state, and not on subtler
properties of the nuclear structure. Hence this action

is not overly selective in the nuclear levels it po tes,

as are sany other reactions.
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Fros an on’orl.oaicl.fpolat ot .view, hovov'r: " the
difficulties 1in pm-xluc | vlth Qoutnp. .r; on.t“r.blo-

Novortholo.-. a toehnlqu. had .o‘a dovelopad at this lqb

for measuring Y-ray angular dl.trlbutlon-‘u.lgy t;o (a,n'?)

reaction (Da76). Por cqnplotono--.. tho‘d;gntlj‘ot thlir

A

“toehnlqa. are gliven below., .

.Ptco lvcnqvq .cho..tlc.lly the difference between a

.

‘normal 7Y-ray angular distribution oxporl.out and one using
n.néutron productlon sourcee. In the normsal experiaent _3“;
lnelndutpch.rggd jort;elo beam is cpllluutod. monoenergetic
and of reasoriadbly high tlux* The angulag distribution is
obtained by measuring the ;olctlvb suaber of Y-rays eaftted
48 a function of the angle of emission © ., where © is.
;enlurod with respect to the incldent beam. In‘ an

N

inelastic neutron -catﬁorln" oxporl-dnt, hovovgr, the
.
necessity of good counting statistics requli res that the
scatterer be t.irt& large, and that it be blncog close to
the neutron production target. In this arrangement the
. ’
flux of neutrons through the scatterer is produced by a
nuclear rocctlop such as JH(p,n)?’He and is .nolthor
honooﬁorsotlc nor collimated. It; the 7VY-ray yleld is
msasured as a function of the angle ©, where O is mea sured
relative to the incldont charged particle beanm, then a
dl.to;tod Y=ray angular distribution |{sg obtnlnod; a
distribution which averages over the incident neutron

~

direc tion, energy end fluxe. As well, the distribution is
)



- ) * .rn . . ". 3

Ne

I -

Normal y-ray angular distribution experiment -

N" (pulsed)

NEUTRON
PRODUCTION TARGET

DETECTOR

Fig. 1 Comparison between a normal y-ray angular distribution
experiment and one using the (n,n'y) reaction.



'vunu the scatterer lt-ott. S el

L

: d
ot &m wutres produetivs’ mno. and ¥eray ouor..uo.:

¢

[} ' R R
' . <
L

"In e .ln.lo -tog_#ru treansition, o sus in a8

initial . excited ofsto of spin J and porl

the emission of e ‘r-ny with -ulnpol.o aixing ﬁt&o Y to -

. 2inal .Octo ot .pln J; and nrtty Nee I tn.{ n\ntou has

been laululty excited by tbo .¢nyn') reaction, and lt 3y
L J;. Ty and 8 svo known, then it  is ponnlbto to
calculate, u.;ac tho CGngund luctott l%stl.'lco\ Nedgel
(8nh66)y the relative 7Y-ray yield at any angle @ provided
the inclident neutron direction, energy and flux s‘? ¢£von;

For -o?tﬂﬂuclonr decays of interest, J; and Me cr‘ known.

Therefore a computer ‘progras wvas written vhlc;. for
particular values o Jio ﬁ; and § , integrates over all
possible noﬁtron directlions .rd energles and produces a
distorted theoretical angular distributione. This progﬁdn.

called EVA (Da76a), éilso takes into account such effects as

neutron and 7Y-ray abporption within the scattPrer, the

° 3

thickness of thgﬂd‘ﬁz:;n production target, and the finite

area of the charged pgrtlclo beam spot on the neutron

\

ploductlon target.

EVA compares the distorted engular distributions it
: *
generliites to the experimental angular distributions using »

.t.ﬁdnrd X2 test tor goodnci. of fit. In this way deflinite

velues of J; and § cen often be deduced. The initial state



ﬁoJlty 77; csnmet normsally bde deteratned esince angular

distridution scasurencats are lnsennitive ¢o 1¢,

|
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» N '

2.2 Ipa 28 :83an(0,q17)838 1835y gxaarinant
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The pneutron scatterer coa.l-'nd“ot e ;yilndor of
natural Sb powder (87.3% 121gp, 432.8% !23gp) o2 length
1.50 ca and ,rudlp. 0.87 cm¢ The 8Sb powder had & nass of
13.5 g and was contalned in o thin-walled nylon tube. The
cylindrical scatterer was aligned axially with the beem at
a separation Histance of 0.8 cm from the neutron production

target, . .

Neutrons wlith maximsum energies ranging from 1.5 to 2.7
MeV were produced using the SH( pyn )¥He reaction,
Exditntlon curves were -i.-urod for 7-rays produced (n the
128 *12385h(nyn'Y) reaction, and maximum neutron onorgl;-
were chosen for occh angular distribution run so that tho;o
wvas no appreciable feeding of the levels of interest froam
higher exci ted stct.;- The trl!luu target consjisted of a
327 wmg/cm?2 layer of metallic erbium deposited on a
tantalum Sncking with tritium absorbed' in the erbium layer

at a 121 atoatic rn{lo. The energy spread in the neutron

beaa due to the target thickness was txpically 150 keV.

A 10 ns pulsed proton besm with a 2 MHz repetition

rate and average current of about 0.7 MA was provided by
|
- ‘

the University of Alberta, Van de Graaff accelerator.

Typlc.l‘ runs required an accusulated charge of 10 mC per



o -, R
angle. 7Y-rays Whre detected in two Ge(Li) detectors placed

adbout S0 ca froms ;ho _scatterer, and a stationary NE21J
llquld‘lclntlll.for noutr01 dotfcfbr vas ,Qlod te waoaltor’
total neutron tlux.‘ ll.n.lé’;gro- the detectors vwere
'.nclylod and stored in an on~line computer, with signals
tfo- the 60(L1) de tec tors bo}na sorted both as ; function
of energy and ..l. function of time, measured relative to‘t
signeal from a pulsed proton beam pickoff. A 137Cg ierco'
‘'was placed close to the Ge(lLi) d-toeto;. in order to

-onlto; dead time and 48in stability within the system.
N

The Y=ray energy spectra were calibrated using the

$73.16 t 0.13 keV and 1385.5 t 0.4 keV Y>rays from '21gp,

The energles of these two Y-rays were measured in the (p,7)

experiment,

* The Ge(Ll) timing spectra proved to be quite useful in
reducing neutron-induced. b.ckafound in tho'Y-r.y energy
spectra. Because the protons were pulsed, so too were the
neutrons producod in the neutron production target and the
Y-rays created in the scatterer. After any one pulse of
‘protons, the 7Y-rays would arrive at the Ge(Ll) detectors
ahead of the neutrons because 0f their higher velocity.
Two distinct peaks could therefore be distinguished in the
timing spectrai one due to the pulse of Y-rays and ~tho
other due to the pulse of neutrons. By sorting to the
energy spectra only tho-; slgnals which fell in the Y-ray

time peak, background from fleutron induced épactlon. within

the Ge(Li) detectors could be significantly reduced. This

[}



time-of-flight gating is lllurtr.tod in fige 3, which shews
. T L .

e typical Y-ray spectrua both' with and without timse-of-
flight gatinge Pig. 3 outlines the electronice used during

n

the expetriment,

Ono“ltnlt on the aéount of information which could be
obtained from thioo f-rny .n.ulnr-dlotrlhutton aeasuresen ts
wvas predetermined by ' basic feature ot angular
distribution theory. It is well known that the aaiso tropy
in & particular ¥Y=pay .ncul.r.dl-trtbutlon is dependent on
the alignment of ‘the nuclear level emitting the VY-
raoldtloa. An excited nuclear state wiltl only be
Qpprecl.bly aligned by any nuclear reaction if the espin ot
the excited state is higher than the ground state spin.
Hence, since the ground state spins of 121§h ana 1238y are
5/2 and 7/2 ro-pocflvcly, little information will bpe
torthcoming from 7-ray angular distribution measurements
for levels with spins less than 7/2 in 2218p, and less than

9/2 in 123gp,

The advantage in using a natural Sbp scatterer was that
the natural Sb was readily available and inexpensive. The
cost of separated Sb igsotopes was found to be prohibitively
high, considering that this type of experiment requires a
sample with a mass of at least a few granms. However, using
a natural Sb scatterer Ilntroduced the problem that a 7Y-ray
observed in the 121 °1233n(n,n'7) reaction cannot definitely

be assigned ¢to either one of the two Sb isotopes unless

.
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Fig. 3a Electronics used in the '?1°123gh(pn,n'y) experinient.

Abbreviations used in this fi{

fig. 3b.

gure are explained in

During the. experiment two Ge(L1) detectors were used,
each with its own set of electronics.

& 4
CFD Delay Fanout
Delay
stop T
i
e pickoff NE213 A Monitor
ulse
pbcam start] C
Go(Li)__ TFA ’
stop T .
Del Time
F by
4 start C
‘unipol ! E
Shaping | unipolar a:;.y nergy
Mmp . P
,fast
bipolar
Timing
SCA
L
,G6&0D Event
- ’ Gen. —



CPD-=gonstant fraetien dlocrl-lnctor'
Oo(Ll):-llthlu- drifted germaniva Y-ray detecter

G 8 D-=gate and delay ‘onorctor>
Gen.

NE213=-ljquid scintillator neutron de tector
TAC--tl,p to amplitude converter
TPA--tiaing filter amplitier

Timjing=-tiaing single channel analyser

SCA

FPilde 3b) Abbdbreviations used in fig. Ja).
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The terget wodd da ¢thie on‘rbo.ﬁ’f‘MC“ et o
separated Sa ieetepe '(>Ol! 180ga) ia the fera of 8n0;
evaporated to a thickaess eof adeut I.8 ag/es® oate o Te
backing. A dlank Te backing was alee empleyed in erder te

abserve the bagkground aspestFrua.

A decs pretea bde Qlth an energy of J.4 MoV oad an
average ocurreat ef ﬁp‘ vae wsed teo bo-‘hrd the target.
This beaa eonergy vas chosen because (It was the higheet
energy which could be uged without croselag the thresheld
for the 120gn(p,n)i20g), reactions VY-rays vere deotocted in
a Ge(lLi) ‘*’ootor placed about | ¢a from the target at am
anglte of .p"Lxlutoly s0° te tho. preton beas directien. A
Y=ray eomergy opectrua wese quuul.tod in an on=line
computer. The energy .p.c'l'\;. vas ealibrated using ! 3%p,,

837%g and soce Y-rey seurces. Spectre vwere typlcally

accumulated for Abouf 3240 esinutes.



Chapter III

3.1 ﬂl;ltll.lllﬂl&l_lld;Anllxlll
J .

*leb 1 lists the f-r.y- observed in the (n,n'7)
.adlér the (pbi) oxporf-oht- which have been assigned to
either 123igy or 123gy, Errore listed in table 1 .;o purely
,.tl'l.tlcql in nnturo; Table 2 compares esome of the
present Y-rey measurements with the results of two previous

experiments.

Bnergy level and decay schemes could be constructed
'».;2. the 7VY-ray snergies listed in t.blc°1; and vlthltho
help ;t pro?lou.ly published Llevel schemes, and 7Y-ray
thro-h;ld information obtained t;o- the (nyn'”7) experiment.,
" Table 3 1lists the excited -staves of 12iSp hd 123sp as
d‘duc.; in this work, and figs. 4 and S lllu-grnt. thol
decay schemes. A detalled discussion of tho'Lovol. and
their assignesent |s givea Later in the chapter. For

“
comparison, ?figs. é and 7 show decay schemes for 12!Sp and

123g) deduced in an earlier (n,n'Y) experiment (Ba71).

Tables 4 and § list the results of the 7Y-ray angular
distribution measureaents. In order to evaluate the
angular dtotributlon dntn! the alignment of the initial
state 3n a particular 7vY-decay was calculated using the
Compound Nuclear Statistical Model (Sh66) and the optical
-dd‘l .parameters of Vilmore and Hodgson (¥i64).  The

L}
computer code BVA_ vas us ed to calculate distorted

15
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Gamma Ray Bn.rg'y in keV

(n.t:")')°~ . (pn')b Co-blno&
282.5 20.3 \ 282.5 $0.3
374.9 20.2 374.9 £0.2 374.9 £0.23
381.8 20.2- 381.8 20.2
391.3 $0.2 391.3 20.2
470.2 £0.2 470.4040.13 470.3420.13
542.1 $£0.2 S42.1 20,2
§52.2 0.2 . $8S2.2 $0.2

($73.1620.13) §73.1640.13 573.16$0.13
834.,2 £0.2 834.1 $0.3 834.2 20.2
888.1 20.3 888.2 10.3 898.1 20.2
810.0 0.2 (87Ga) 910.8 $0.2
940.1 £0.4 938.9 $0.3 940.0 £0.3
947.6 £0.3 (??)° 947.6 $0.3
998.7 20.3 (%%Zn) 998.7 $0.3
1021.3 $£0.3 1021.3 $0.,3
1025.1 £0.3 1024.8 $0.2 1024.9, £t0.2
1030.5 £0.3 1030.5 $0.3
1088.8 0.4 "1088.8 $0.4
1100.2 £0.6 1100.2 20.6
1102.4 $£0.58 1102.4 £0.4 1102.4 $0.4
110107 tO.4 ("G" ‘107.1 tO.{
1144.9 $0.4 1145.0 $0.4 1145.0 0.4
1176.5 £0.5 1176.5 $0.5
» 133708 tO.S ("G.’ 133708 tO.S
(1385.5 £0.4) 1385.%5 $0.4 1385.5 $0.4
1406.8 $0.7 1407.0 0.5 1406.9 10,5
1410.2 $0.6 1410.2 $0.4 1410.2 $0.4
1425,5 0.6 1425.5 0.6 *
1437.3 10.6 1437.3 £0.6
1470.8 $0.6 1470.8 $0,6
1473.3 1.6 1473.3 1.6
1481.8 $0.6 1481.8 $0.6
1509.2 $0.7 1508.7 $0.8 1509.0 20.7
1514.6 1.2 1514.6 1.2
1519.0 $0.8 1S519.4 $0.4 1S19.3 $0.4
1575.5 0.7 1575.4 $0.7 1575.4 $0.7
1590.3 $+1.2 1580.5 $0.6 1380.5 0.6
1735.9 0.7 1736.5 $0.5 1736.3 $0.5
1810.8 $0.7 1811.0 £0,6 1810.9 $0.6

‘Bn.rglol in brackets were used to calibrate the (nyn®?7)
spectra., See text for details of energy calibration.,.

bln cases where a background contaminant peak aay have
obscured an Sb peak, the contaminant is listed in brackets.

CSee comment in chapter I1 concerning this background Y-raye.

Table ! Y-rays froam !2igp and 12338p obmserved in the (n,n'Y)
: and (p,7Y) experiments.



This Study

-

Gaama Ray Energy in keV

Ref. An7S

Previous Stucdies

Ref. Ra74

17

sRef. Bo73

282.5:0.2
381.820.2
381.320.2

- 470,3420.13

542.1+20.2
§52.220.2

573.1610.13

610.020.2
598.7£0.3
1021.320.3
1024.2+20.2
1030.5+0.3
1088.820.4
1100.220.6
1107.720. 4
1145.0120. 4
1176.520.5
1337.8+0.5
1385.5120.4
1425.510.6
1514.6%1.2
1736.320.5
1810.920.6

Taktle 2

281.740.1
381.620.1
391.310.1
470.8520.1
541.920.1

$73.020.1
909.810.85
988.420.1
1021.820.3
1024.920.1
1030.440.2
1088.610.2

1107.6%0.1
1144.8+0.1

1386.210.1

A comparison of 7Y-ray
this study with some previous measurements.

381.720.4

542.220.4
552.2£20.4

1021.0£0.2

1030.23+0.10
1088.6410.10

1100.5¢0.4

1177.0610.20 .
1337.,4410.20

energies

1025.%1.
1030.%1.
1089.t1.

1144.t1.

1385.¢1.
1433.%£3,
1512.£2.
1736.%1.
1810.%1.

measured in



Nucleus Level Baergy (ke?V) N
., This Study * Other Vorks Ref.
121 gy (37.18£0.02) . 37.1820,02 1

507.4920.13 607.8544¢0.08 1
§73.1620.13 $73.08£0.08 1
847.3 £0.2 947.0 £0.8 2
1024.9 290.2 10324.90 20,1 2
. 1038.9 20.3 1038.6 20.1 2
1139.6 $0.4 . 1139.3 21,0 1
1145,0 20.3 1144.8 £0.1 3
13222 20.3 1328. k o
1J88.85 0.4 1386.2 $0.1 2
1407.3 £0.2 1408. =2, 4
1427.4 $0.23 1426.8 $0.1 2
1447.8 £0.3 1446. =S, 1
1471.3 ¢0.3 *1473, 2. 4
1474.8 £0.6 %1476, 2. 4
1509.0 20.7
1819.2 £0.3d 1821, 22, 4
*15785.4 £0.7
*1612.6 £0.7
1627.7 $0.6 1630. 2. -4
1736.3 20.8 1736, 1, 5
1810.9 $0.6 1810, 1. s
123g), (160.3320.05) 160.3320.0S 6
S§42.1 20.2 541.9 0.1 2
712.5 $0.2 712.5 0.4 6
1030.5 $£0.3 1030.23%0.,10 6
1088.8 $0.4 1088.64+0.,10 - 6
1181.6 $0.3 1181.27¢0.14 6
1260.5 $0.6 1260,9 0.4 6
1337.3 +0.5 1337.4210.14 6
1514.6 1.2 1512, %2, S
*1585.8 0.6 1574, £10, 7
qcholl shown in brackets were observed in the

present study, but the energiles quoted are from

previous works. Levels preceded by an
are tentatative. (

asterix

® peferences: i-Ho71, 2-An7S, 3-St77, 4-Ba71, S~

8073' 6“‘74' T=Babb.

Table 3 EBnergy levels in 1i21gy qnd

1235y as

deduced 1In this work. Fer comparison,

levels from previous experiments

which

appear to correspond to ones seeoen in

this study are also listed.

18
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Fig. 4 Energy level and decay scheme for !2!Sh as deduced in
this work. Only those y-rays observed in the present
study are shown. All energies are in keV. ‘

y-ray branching ratios are taken from Ba71, with the
exception of ‘the decay of the 1448 keV level for which
the branching ratio was calculated from this work.
Errors in these branching ratios may be as high as 20%.

- Spin assigmments for the four Towest levels are from Ho71,
while definite assignments for higher levels are from
the present study. Tentative.assignments for the 1140
keV level are from Ba71, and the tentative assignment for
the 1322 keV level is from St77.



F1g

’

~

N\

“ |
, RE I -« (15858
SSa] 1504,
~ O
~N ™~ . ,
§ 2 - : 1337.3
g_;- ! ~1260.5
=27 ‘\f j 1181.6
K ] 1088.8 (9/2,11/2)*
= n 1030.5 9/2
| :
TR S 1 | o
s S [ naz.s 172"
—~ @ ! |
N - ) | +
38|, 542.1 3/2
) T
N 1.
|
1 |
vy L ‘ | 160.33 5/2*

L' i ' o.o"7/z+

5 Energy level and decay scheme for 1235h as deduced
in this work.

Spin assignments for the four lowest levels are from Au72.
The spin assigmment for the 1030 keV level is from the
present study, and the tentative assignment for the 1089
keV level is from Ba7! and the present study. -

For further details see the caption of fig. 4.
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Level Y=-Ray J¢ ----J"r arctanf *
Energy EBnergy
(keV) }QQV) (deg)
947 847 9/2\--512* Alld
910 9/2=—»7/2* 13 6)
67(6)
1028 10258 7/ 2>-»8/2* 478
1036 299 9/2--»7/2*% 19(11)
61(11)
1145 1145 9/2=--=5/2* -90 =86
-33--=31
60-90
1108 9/ 2-—=7/2*% 674
1336 1386 1/2-==8/2* ALl S
3/2--=5/2* ALl §
§5/2-—=5/2* AlLS
7/2--»5/2¢ ALl
9/2=——=5/2* -90 -85
-4+90

"2apctand is given

paren theses

been used.

Table 4

glve

Experisental

degrees.

numbers in

uncertalnties In degrees.
The phase conventlion of Rose and Brink (Ro67) has

spin values

ratios in 121gp

and mixing

~ A



Level Y=Ray J;'-'-J;" arctanl *
Energy Energy
(keV) ( keV) ( deg)
1030 1030 8/ 2—w7/2* 9-=72
1089 1089 3/2-+7/2*% -90-+<-14
6990
S/ 3~—7/2* -89 -9
9/ 2=-em=7/2* -81-»<18
11/3--+=7/2* -~88( 13)
HN12)
1182 1021 1/2--»5/2*¢ Alld
3/2--=5/2% Alld
S§/23=--=5/2* «90-»-56
-2-+90
7/2---S/2* AlLLS
9/2-—»5/2* AlLLS
1337 1337 1723+7/72% o?
3/2-—=7/2* All d
5§/2--—7/2* -7-+89
7/2<4-7/2* ALl §
9/2--=7/2* -90-~-88
' =-10+90
11/2+v—+7/2* 19+7S

a4

2game as in table 4.

bTho radiation was assumed to be pure octupole.

Table S Experimental spin values and

ratios in 1238y

mixing



as
3 ‘

theoretical angular distributions tor comparisen with the '
data:. The uncertainties sesoclated with thq ‘oxporl-ont.t
points were purely -t.tl-tl;.t in nature. Plots of X2 per
degree of freedom (X2/d2) as & function of initial state
spin J| and V-ray sultipafe mixing retio § were generated,
vith velues of J; ranging from Jg ~ 3 to Jp + 3,
Combinations of J and § for which the minime in X2(J:,8)

‘toll above the 0.1% confidence limit were re jected (Ené4).
Values ot J; gnd § which were not reJjected, and which have
. not been ruled out as a ro.ult';t previous work, are listed
in tables 4 and S, The errors reported in the alxing

reatios are calculated according to the X2, *1 rule (RO7S).
In cases where the aixing retio error could not be
calculated according to this rule, a r.ggc of values |is
"listed corresponding to xtgxgh\*t. The -lgn-.ot the aixing
ratios are in accordance with the phase convention of Rose

and Brink (Ro67).

3:2 Ine Excited Statsg of 2!gp

(a) Levels at 0y, 37, S07 and S573 kxeV

The first four states in 12155 pave been studied
extens ively (n previous works (Ho71). The energy of the
37.15 £ 0.02 kxeV 1level 1listed 1in table 3 is taken from
Nuclear Data Sheets (Ho71), | The energy of the second
excited state, 507.49 t 0.13 keV, has been deduced from the
470.34 keV transition to the first excited state, while the

energy of the 573.16 t 0.13 keV level ig the same as that



for the 873.16 keV 7Y=ray. The 8507~-+»0 keV transition
ebserved in previous wvorks (Ba71,An78) wae hidden in this

study by the background S11 keV Y-ray.

These four levels have known .pfn-pcrltto- ot 8/13¢,
7/2%, 3/3%* and 1/2* respectively. A graph of angular
distribution data for the 873~-»0 keV, 1/2%--»8/2¢
transition ie showa in fige. 8. For this cese, of course,

the angula dL-trtb‘tloq,lo expected to be lsotropic apart

‘from the distyrtions produced in the experiament.

(b) Levels at 947 and 1322 kxeV

An energy of 947.3 t 0.2 kxeV was assigned to the
fourth excited state in 22i3h on the basis of the 947.6 and
9100 keV 7Y-rays seen in the (n,n'Y) experiment. In the

(py7) experiment, the 910 keV Y-ray was hidden by " a

‘background 7Y=-ray from %7Ga. The source of a 9548.8 % 0.3

xeV Y=-ray visible in the target-in spectrum, but not in the
background spesctrum of the (p,7) experiment, has not Dbeen

identifled., However, it does not correepond in energy to

the ©647.6 £t 0.3 keV 7Y-ray observed in the (neynt'7)

experiment.

A spin assignaent of 9/2 wae sade for the 947 keV
level, with arctan for the 910 keV transition equal to
elither 13° £ 6° or 67° %z 6°. Previous suggestions that

this state has positive parity (Ho71,Ba7l) are further

strengthened by the fact that arctanf for the 810 keV VY-~ray

~
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Fig. 8 For each y-ray transition, the experimental angular
distribution was measured a number of times. In this
and following figures only one sample angular distribution
is illustrated for each transition. The errors shown
are purely statistical in nature. The smooth lines
drawn through the data in this and following figures
are theoretical angular distributions generated using
the computer code EVA.

In this figure, data is shown for the 573 + 0 kav
tragsition, The theoretical calculation is for a
1/2° + 5/2 transition with a mixing ratio & = 0.
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s net censistent with zeres 4 /2 -e7/2°, u3/B1
transition veuld deo empes teg te m- e aizniag nuo o\t
z0ro. The value of .nto.‘ ter the NM bV tnulﬂn
ie (‘}'"""' with uro. hevever, as veuld de onpested feor
an -anz transition. Pig. 9e) showe & greph of angular
dl-tr.l.utlon data and f2ige 9) o plot of %.'Idl v" aretand

for the 010 xeV ¢ransitien. -

Stvertiua ot ale (8¢77) Bave recontly propeosed that the
947 xeV level 1e the bend head for o 4J » | retational
bend. - Similar dands have Deen sees “In ether 8 auslel
(Ga?78), According to Stwvertka, the first escited etate ia
thie b.n; decays to the band hqad vith the ealssion eof o
378 xeV 7-ray. A 374.9 2 0.3 keV 7Y-ray observed d\u-ln. the
present study in both the (n,a'7Y) ;nd (pe7) spectra appears
to correspond to the above transitiea. T“rotoro. [ Y iovol
with an energy of 1322.2 % 0.3 keV has been included ia the
present level scheme. The spin-parity of this level shoula
beys according to Stwertka, 11/72¢, ~ Accurate aagular
distridbution measurements to test thig pro;;ocl could net
be made in the present study, ho-‘v.cr. due te the overlap
okth. 378 xeV 7Y-ray ’vlta a ‘ck.row 377.8 eV Y-ray.

(c) Level at 1028 xeV o’

This Llevel has a measured emergy of 1024.9 P 3 o.z’xov.
based on its 1024.9 keV decay to the grouad state. It hes

been assigned a sepin of 7/2, with a value of arctani for

4
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the ;1025 keV transi tion gptveen 4° and 75°, Posltive
e'ffty_h.. previously been suggested for this level (Ba71).
'.A .

A jw.ph of angular distribution data and a plot of X2/df ve

arctand are shown in f£ig. 10,

(d) Level at 1036 keV

This level was found to decay to the first excl ted
state via the 998.7 kev Y-ray, and therefore has a deduced
energy of 1035.9 ¢t 0.3 keV:, The 599 keV Y-ray was observed
in the (n.n{?) experiment, but could not bo..oon in the

(py7) experiment due to large background peak from %*Zn,

The 1036 keV level could be assigned a definite spin
of S5/2 with possible values: of arctand for the 999 keV
transition of 19° t 11° or 61° ¢ 11°. The fact that
arctan’ was ‘inconsistent with zero strengthens an earlier

et
suggestion that thlis state has positive parity (Ho071,Ba71).
A graph of an experimental angular distribution and a plot

of X2/df vs arctan are shown in fig. 11. \

(@) Level at 1140 keV

On the basis of the 1102.4 keV Y~ray obdserved in both
the (nyn'?7) and (p,7) experiments, the measured energy for
this Llevel is 1138.6 ¢t 0.4 keV, In the (nyn'”7) experiment
the 1102 keV 7-ray was part of a doublet with the 1100 keV
7-reay from the 1260--»160 keV transition Iin 123s), pBecause

of the close proxiaity of these two Y=rays, Lt. was
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’
impossible te extract peak areas ;lth sufficient accuracy
to permit angular dl.tr%butloa'-on-uro-ontco Spla~parities
of ?12’ or 11/2% have previocusly been suzgested for this

tevel (Bo73). ’

(£) Level at 1145 keV

Based on the energles of the 1145.0 and 1107.7 keV 7-
riﬁ&, the energy of this level was calculated t§ be
Lf;s.o t 0.3 keVs, Although the 1145 keV V-ray was obl,rvod
in the (p,7) oxp.rlnon‘. the 1108 keV Y=ray could not be
distinguished in this experiment due to a b.ck.r#und peak
from ¢9%a. As shown in figs. 12a) and 12b), a definite
spin essignment of 9/2 wes deduced from the 1108 keV
tran.k;iqp for a value of arctan between 6  and 74", A
spin ';-nlgn-ont of 11/2 was pot.ltf.d at the 0.5%
confidence level by the 1108 keV 7-ray angular distribution
data, but could{b. rejected on the basis of the 1145 kxeV ¥~
ray datae. Figse 12c) and 12d) show graphs of angular

distribution data for the 1108 keV and 1145 keV

transitions.

‘Previous experiments have .u.“.t.! positive parity

for this stats (Ba71,Bo73). .
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\ 1 4

(g) Level at 1386 keV

An ‘energy of 13868.6 t 0.4 keV was deduced for this
level tro-l the 1385.8 keV Y-ray seen in both the (n¢n'Y)
cnq‘(p.Yl oxporl-o;ti. A previgus paper has proposed a
spin-parity of 3/2% tor this 1;vol'(lo73). The results of
tho.pr!-ont study were consistent with thig assignment,
since the measured angular distribution for this transition
wae isotropice. Pige 413a) shows a measured angular
distridbution tlttb& for 0‘312’ initial state, and fig. 13p)

a plot of X2/df vs arctanfe.

(h) Levels Above 1400 kxeV

Many of the excited states aboveé 1400 xeV have only
. .

recently been proposed, and the energy level scheme in this
reglon is still in some doubt. Barnard et al., (Ba71), in a
study which also made use of ¢the (nyn'7) reaction ;nd
natural sp targets, -uggc-t;d the exlilstence of a number of
levels above 1400 keV which had not previously been
reported, Most of these assignasents wvere made on the basis
of Y=ray energy suas, with the uncertainties for 7VY—-ray

energies being about 2 keV. Since the present work

improved on these 7-ray uncertainties, the evidence for the

existence of wmany of these Llevels could ei ther be
strengthened or challenged. Unfortunately, most of the
transitions were rather weak, and therefore angular

distribution measurements were not possible.
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The existence of a level with an energy of
1407.3 £ 0,2 xeV waes contlnod‘n the basis of the 1406.9
xeV 7Y-ray and the 834:.2 KxeV Y-ray observed in both the

(n,n'7) and (p,7) experiments.

|
A level with an energy of 1423 £ S keV has been

reported. in a number of previous experiments (Ho71).

Barnard et al. reported a level at 1427 £ 2 kev ;hlcﬁ
decayed via three 7Y-ray branches with energles of 1427, 2392
and 282 KxeV, These three Y-rays were also ob.;rvod in a
recent couloab excltation experiment, which made use of
both natural Sb targets and isotopically enriched targets
(An7S5). The authors of this study noted that th;-l427 keV
Y-ray was quite weak compared to ého 392 and 282 keV f*
rayse. In the present work, however, the energies of these
three Y-rays were no longer \con-l-tont with their
originating from a single level. Aq> well, the threshold
for the 1425 keV 7Y-ray seemed tf lnélbato that this Y=ray
originated from a level above 1%95 keVe. Theretore a level

. . ./—-"/
has been propgsed with eh energy of 1427.4 £t 0.3 keV which
decays to the 1 55. \nQ\114S.0 keV levels via the 391.3
NI

and 282.5 kty r- ays ro.péz?TVoly- The 1425 keV Y-ray will
be considered later during the discussion of fhc levels in

123g;,., It should be noted here that these three Y-rays

were not observed in the (py7) experiment,
L3

A level with an energy of 1446 £+ S keV has bheen

observed in previous works (Ho71), but was not specified in
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the paper by Barnard et al. Barnard did propose a level at
1410 ¢ 2 keV which was assumed to decay to the ground state
via a 1410 xeV Y-ray, and to the excited state at 1036 ko.V..
via a 375 kxeV Y-ray. However, the 375 keV Y-ray appears to
originate, as estated earlier, from the 1332 keV level.
Therefore, on the basis of energy sums & level with an
energy of 1447.5 ¢t 0.3 ke¥" is proposed. This level |is
assumed to decay to the (first excited state vwith the
emission of a 1410.2 keV VY-ray, .n& to the second exci ted
state with the eaission of a 840.0 keV 7Y-ray. These two Y-
rays were observed {in both the (nynt7) and - (p,7)
experiments. It should be noted here that a possible spin-
parity aeassignment of 11/2° ﬁropo.od for this level ( Bo73)
is not consistent with the decay of {hll level to the

second exclted state, which has a known spin-parity of

/7 2+,

Levels at 1471.3 ¢ 0.3 and 1474:5 t 0.6 xeV were
observed in accordance vwith the work of Barnard et al,,
although the 1474 keV level appeared to be quite weakly
populated. These level energles were assigned on the basis
of the 898.1 keV decay of the 1471 kxeV level to the 573 kxeV
level, and the 1437.3 keV decay of the 1474 keV level to
the 37 keV level. 7-rays with energies of 1470.8 t 0.6 keV
and {473.3 2 1.6 keV which could correspond to ground state
d.c.y; of these levels were observed 1in the (pr7)

experiment. However, either one of these 7Y-rays may have

originated from the 1509 keV level, which 1is discussed



be low, These ¢two 7Y-rays were not geen in the (n,n'?Y)
experiment, while the 1471-=01036 keV transition observed
by Barnard wae hidden by a large backgrouand peak, poasibly

®
trom 23Na, in both the (n,n'Y) and (p,7) spectra.

In his work, Barnard assigned a level with ‘u energy
of 1514 £ 2 xeV to 12igy and a level with an energy of
1511 ¢t 2 keV to '233n., Nowever, since the 1509.0 keV Y-ray
wvas obeerved in this study In doth the (n.n’Y) and (p,7)
experimentsy but the 1514.6 keV Y~ray was loon.only in the
(nyn'?7) oxporlno?t. the lSiS keV level has been assigned to
123Sp while a level with an energy of 1509.0 ¢t 0.7 keV is
proposed for "‘;b. The 1509 xeV level may decay to the
first excited state in !218p through the emissiea of elther

the 1470.8 xeV or 1473.3 keV Y-ray mentioned above.

Further exci ted -tqto. were obgerved at energles of
15182 t 0.3 keV and 1627.7 £50.6 koV in accordance with
the work of Barnard et al, The 1628 ikeV: tr.nlitlon

observed by Barnard was obscured by a background peak,

possibly from 29Ne, in both the (n,n'7) and (p,7) spectra.

A 7Y-ray with aen energy of 1575.4 £ 0.7 xeV was
observed In both the (nyn'7Y) and (p,7) oxp;rlnont.. Based
on the threshold energy for observing thise 7Y-ray 1in the
(neynt7) experiment, this VY-reay may originate from either a
level Qlth an energy of 1575.4 keV decaying to the ground
state, or a level of oenergy 1612.6 keV decayinmg to the

first excited state., Levels at either of these energies
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have net be observed in previeus experimente.

Levels at energles of 1736.2 & 0.8 keoV and
1810.9 £ 0.6 xeV wore assigned on the basis of the 1736.3
and 1810.9 xeV 7-rays pro-oﬁt.ln both the (i.n'?) and (p,7)
spectra. Level  energies of 1136.1 1 ko; and 1810 ¢ { xeV
have previously boon\roportod for these levels (Be73). The
1736 keV level was assigned a deftvite spinvparity of 1/32°

by Nuclear Data Sheets (Eo71), but this assignaent has

since been disputed (Bo73).

3.3 Ihe Excited Statga of '2%gp

(a) Levels at O, 160, 542 and 712 keV

The first four setates {in 1233, nave been studied
extensively 1ln the past (Au72), and bave khovn opin-
parities of 7/2%, S§/2%, 3/2* and 1/2¢ ro.ﬁoctlvoly. The
energy of the first excited state, 160.33 £t 0.05 keV, was
taken from a recent radloactive decay study (Ra74). The
energy of the second exclted state was deduced to be
542.1 £ 0.2 keV based on the S42.1° and J81.8 keV
transitionsy and the energy of the third excited state was
determined to be 712.5 t 0.2 kxeV based on the 552.2 keV

transl tion. P

An experimental angular distribution {s shown in
fige 14 for the 542--+»0 xeV, 3/2%--»7/2% <transition. For
this transition .rctcns vas set equal to zero, as would be

expected for an MI/E2 transition.
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Fig.' 14 A sample angular distribution for the 542 + Q keV +
transition. The theoreticag curve is for a 3/2 -+ N2
transition with arctané = 0°. .
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'(b) Level at 1030 keV
9

Thie tovo% decays to the ground state vwith the

.opt:otoa otﬂ. Y-ray of inor.y 1030.8 ¢ 0.3 kxeV. A epin

essigunment ef 9/2 has been _made for this level, with

arctand renging froa 9° to 72°. Positive parity has

pfovlqualy been assigned to this level (Au72). A graph of

engular distribyution data and a plot of X2/df wvs arctan}

for the 1030-—>0 keV transition are shown in fig. 1S,

—~

t

‘(c) Level ni;l@l’ keV

[l - S

This state decays to the ground state with the
emission of a Y-ray of energy 1088.8 ¢t 0.4 KeV, A spin-

parity of 11/2¢* has previously been proposed for this level

“(Bo73). AS can be seen in the plot of X2/df vs arctan}

|

-hoiu in 2igé 16{ the present work (s coaslistent with this
L] .

°

-spin assigoment, but also peraits other spin choices. The

value of .(ct.ns deduced assuming this level has a spin-
parity of 11/2% is consistent with zero degrees, which is
what would be expected for an [1'1/2%--=7/2%, M3/E2

transitione.

(d) Level at 1182 keV
. 0 ‘

On the bcolﬂ o2 the 1021.3 keV transition io the first
.;pttod state, j‘hl- }ovol vas aeassigned an energy of
1181.6 } 0.3 toV.- léanp.rlty &col.u;ont. of 7/2% or 9/25

have previously been suggested for this level (Bo73), The
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L)

-

plot of X2/df ve arctany shown in 2ig. 17 1is elocrlb
B

consistent with thoio and many other spin assignmeats.

(e) Level at 1260 keV

This level has b;on assigned an energy et 1263.8 t 0.6
keV on the basis of the 1100.2 keV tiransitien to the first
excited state. A transition to tﬁfagrouad state repor ted
by B.rﬁ.rd ot .l; was obscured ian this vork by a background

peoaks.

: x’.., ¢
Because of.the cloge proxiuity of the 1100 keV 7VY-ray
to the 1102 kxeV 7Y-ray, accurate angular distribution

measuremsnts could not be made.

(f) Level at 1337 xeV

Based on the 1337.8 keV transition to the ground state
and the 1176.5 keV. transition to the tir.t excited state,

an energy of 1337.3 ¢t 0.5 kxe¥Y was deduced for this level.

As cen be seen from the plot of X2/df ve arctan§ for the

1337 keY transition shown in tig. 18, no spin assignment

could be made for this level.

(g) Levels Above 1400 keV .

A 1514.6 keV Y-ray was observed in tife (ayn'?7)
experiment but not in the (p,7) experiment, and hence a

level with energy 1514.6 t 1.2 keV has besn proposed for
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12385, Thie level ie probably the level observed by Barnes
ot al. (Ba66) in a (?He,d) experiment with an energy of
1802 £ 10 xeVy, and in a (ded?) oiporl-ont with aa énergy of
1610 ¢ S xeV, N 1350 keV Y-ray observed by Barnard §Ba71),
corresponding to a transition tfo- this level to the first
eicited state, was not observed in the present study due te

the presence of a background peak.

”

;A 1877 £ 2 xeV level assigned to !233p by Barnard was
assigned to 121sh (n the present work because the 18785 keV
Y=ray through which the level decays was observed in beth
the (py7) and (nyn'7) experiments. Barnard's assignaent of

this level to 1238y vas based on an earlier observation of
A

a level at 1574 ¢t 10 keV in a (3Heyd) experiment (Babé6).

Howvever, a level at energy 1585.8 % 0.6 keV has been
tentatively propq-od in the present york on the basis of a
1425.5 kxeV 7Y-ray. This 7-ray has already been mentioned in
a discussion of the 12185 resgults. From threshold
irfformation, the 1425 keV 7Y-ray appeared to be coming froa
a level with an energy between 1500 and about 1700 keV.

Only a level at energy 1586 keV decaying to the first
excited state of 12385 would be consistent with this

threshold requirement, and honci. this level has been

proposed.



Chapter 1LV

<

\Baskarsund te_the Mogal Caloulatigns
4.1 Jptroductian O

-~

Since the even mass 8Sn {sotopes, with Z = 80, are
semi~closed-shell nuclei, the odd mass Sb lsotopes, with
Z = §1, should be particularly sulted to interpretation
using nuclear shell theory. There are several models
avallable for carrying out this type of a c.bcﬁlctlon; Sut
in general these models E.n be categorized as either
-lci;o-eoplc or macroscopic model s, . The Wind of model used

in a particular problem will depend on the purpose of the

calculation,

Microscopic models attempt to derive the structure of
a nucleus in terms of the nucleon-nucleon forces acting
ﬁctvccn the nucleons within the nucleus. Both the
collective, coherent -othﬂ“tﬁ?'cl{ the nucloqﬁ.. and the
independent particle ‘;;Ionl of Lédlvldual nucleons are
determined using o troo‘ nuc leon-nucleon interaction
Hamiltonian. A moditled BCS ( Bardeen, Cooper, Schrieffer)
;heory\ot superconductivity is often used In this type of a
calculation (see for example Bab60, Ki63), and c.icul.tlon-
of this sont have been c.rrlod out for nuclei in the Sn

\
region (Bc?lr).

Macroscoplc models differ from alicroscopic wsodels in
that they treat the collectivé and si ulo-pcr&lo motions
of the nucleons separately. No atteapt is made to

SO



understand the collective motion in terss of a fundamental
mucleon-nucleon potential, but instead the coherent
rotations or vibrations of all the nucleons are descrided
phenomenologically, A popular model of this type, the
unified model, couples the independent motlion of nuc leons
in some common potential to the motion of the potential
itsel?, Since the potq&tl.l is qonor;tod by the nucleons
themselves, its motion represents the collective, coherent

motion of all the nucleons.

\
From a theoretical point of viev, microscopic models

are most appealing since "it has }lvnyi been the aspliration
of nuclear theorists to derive the properties of finite
nuclei starting tor the free nuclegn-nucleon integaction”
(Ba71la). However, calculations of this sort.- can become
very cosplicated if realistic interactions are used for the
nucleon-nuc leon potential. Furthersore, whereas these
techniques can be quite useful in predicting qualitatively
how nuclear .tructur; will vary as a function of atoaic
veight over a range of isotopes, they ave often not nearly
as successful in describing the detailed gquantitative
structure of a single nucleus. Macro.coplcv-odoi-. on the
other hand, are usually more successful in predicting the
quantitative sastructure of 16d1v1du.l nuclei, primarily
because these models are to a certain extent empirical In

forme

In the present study the wmodel calculations were
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intended to illuminate the experimental results obtained in
this and earlier vorks. Hence, a unified model approach
using the intermediate coupling model was easployed, since
this w®model ‘could provide good quantitative results for
levels in the nuclei of Lntoro-t.' The ocalculations vwere
ro.oon.bly. stralghtforwvard, and could readily be coapared
with such experimental observables as Llevel energies and
spec troscoplic f.ctor.. and Y=ray transition rates. Details
of these model calculations are gilven below, while thé

results of the calculations are compared with experimental

observations in the next chapter.,

4.2 The Intarasdiate Couplioq dodel

a) General Commentes

The intermediate coupling model is a theoretical model
used to describe the ngclour structure of nuclei close to
closed shells. In its simplest form, this model couples a
single nucleon in various single-particle states outside a
closed shell to the collective states of the “magic®", or
closed core. For the Sb isotopes; the Slist proton in a
single~particle state outside the Z = S0 closed shell |is
coupled to, the vibrational states of the doubly even Sn
COore. In this way, the energy, spin, ’ parity and
elec tromagnetic properties of nuc lear states can be
calculated, and the electromagnetic transition rates for

I

transitions between various states predicted.
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A nuaber of papeirs have been published discusesing the
odd mass 8b ilsotopes in terms of the intermediate coupllﬁ.
model (8¢70,¥va70,Va?71,Va73). The present study fellows
closely the work of Vanden Berghe and Degrlech (Va73), but
®makes use of the notation of O;oon (Gr73). The details of’
these calculations are as follows.

1. The vibrational core atates are composed of up to three
quadrupole phonens, up to two octupole phonons, or up to
two quadrupole phonons coupled to one octupq‘o phonone.

2. Both single-particle states, and tvoi;:;tlclc—ono-holc
t2plh) states can be coupled to the core states. For
simplicity 1t is assumed that, for 2plh states, the two
particles lie in the seme orbital and are coupled to ‘-pln
Zeroe. This assuaption will be Jjustified later. The
permitted single-particle orbitals for Sb are the 1g7/2,
2a5/2, 2d43/2y 3s1/2 and 1hl1/2 states, while the permitted

hole orbitals are the 1g8/2, 2p1/2 and 2p3/2 states.

Detailed calculations were made for only the 321ShH and
12385 nuclei, although some limited calculations vere also
carried out for all the odd mass Sb lsotopes with
115 ( A € 125 and all the odd mass In isotopes with
ll'( A £ 123, ‘fho.o calculations aided in the choice of
input parameters for the 1218Sp and 123gp calculations. For
the In isotope calculations, the model made use of single-
hole and two—hole-vne-particle states rather than single-

particle and two-particle-one~hole states.



A concise cutline of the sedel tforsalisa Iis given

below.

b) The Formalisms

It is useful to begin by introducing a convenient wave
function notation. Pollowing the notation of Vanden Berghe
and Degriech (Va73), wave functions for single—particle
states are written as

IJ (NgRgNa Ry )R Si u >
where N; quadrupole phonons couple to spin Ry Ny octupole
phonons couple to spin Rz, R; and Rp couple to core spin R,
and the core spin R couples with the single—-particle spin J
to total spin I and splin projection M. The single-par ticle
state IJm> is formed by coupling the particle spin 1/2 and

orbital spin 1 to total particle spin J.

'.jotunctlon- for the 2plh terms are written as

1€Ja)20J3( Ny R¢gNgR2)R I M >
where the core part is the sasme a® adbove, dut now the two
particles in orbi tal jg couple to -p5n zero, while the core
spin R couples ylth the hole spin j3 to total spin I and
spin projection M. The two particle state is coupled ¢to
spin zero because this state is by far the lowest in
on.rgy; For two protons in the 2d5/2 or 1g7/2 orbitals
coupled via a two-body force, the next two particle state,

with a spin-parity of 2%, would be expected to Be at least

rd

LS
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one MeV higher ia energy than the 0° state!,

These basls wavefunctiens can be deceuposed lg'o their

single~particle or 3pilh teras and sere teras e toetlv-l

-— ¢

1J (MygRgNgRg)R (I M > = E(JISDI‘llI’

x| Jn> |(l.l.l.l.bll.) .
')
I(J.)'OJ)(U;I;IQIQ)I 1L M D> = Q (J;lll)l.,'ll)

. ¢ X|Jamg> |( lg’llglg )I. > (4~1)

Y

Elgenstates with an energy B(®) can bde empanded |Iin

teras of these basis states?

J

|s“’:xu:
s Ayl (NgRgNaRz)R ;I M )
fﬁ% «{J 1R N2 R H ; ,
T k] J (NgRyNaR2 IR 31 M >

+ 3 ACJII20 3( Ny RyNaRR IR ;1 M )

J-uN-N;

(30 )20 3N Ry NgRe IR I .M > (4-2)

where the Ay n\rjoxp.n-lon coefflelents. The problon:ﬁ
hand is to solve the Schrodlngof equation . ' ;a Q
D > v “ . .
. e oo -;.}.. Q\"K
u'B(ﬂ);[ M > = B(®) | B(=®):1 y > g o, . 2R
R AT -
or < EGOI MIHIE(%);I M > = B(%? a3l
%here H is the total Hamiltonian. This ls uiop&t.h“ ‘P \

; N, s
calculating the matrix ‘elements in the ntrlx’tllll,)ll)

F
where [
‘.
| IM> = Z (NyRyNaR2 IR I M > .

0 [ S

l.b

+ S 10J1)20Ja( N Ry NaR )R il M D>
)a)\l‘ﬂ‘
e R

and then diagonalizing this matrix.

1See torinstance deS74, pages 279-290,369




In the Latermediate cogoling medol, the total
Rasiltenian for o nuelevs can be enpanded as .

Bem,*m,, Mg | . (e=8)
vherd HNgq Ls the eere Neaal l‘o.;oa. Byp 40 the .lu%o—
partiele or 32pla HNamiltealan; and l;“; represen te \\iho
unul.cuqi botween the single~particle or 2pih etate and
the sere. The Namiltenian Lo designed se that E, ealy
oomm ea the oagre part .g‘,-n. basies vavetuneaticas, shile

Hgp operates enly en the-gplugle-particle or 2plh pertione
%

of these states.

I
-Fellowing the onotatiem ef Greem, if the nvelear

.\u:taco vibrations are expanded as .
‘o) =1 +2 2 a v, (0 )] ‘ (4-6)
\ '¢' . Pei-~Sabe . o$ ,
then \ ot
SN = v‘/zébcl,‘li,.,,,}' ’C,\lml;) é (4=7) _ «
) % )

vhere B, is the lnoétlcl perateter and C, the swupfuce S

stiffnees. The frequemcy of the vibrationhs 1is

>

Va -
W, = Q_C_l_) . . ™~
: .Y - (4-8)

It is convenient ta introduce the vibrator creation
and snaihilation opéfe ters bf,,, and b,,, defined by the

equations : ¥ ¢
L ] ‘
by = & [Ux“* *ia(x+] s
T 216\#\@,.3"’- has -

' | -
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(4-9)

tb‘ ?olloctlvo Hamiltonian can thea de rewrittea as

[ 4

de = 2 (ofn, 1720, ( 4-10)

Thus

HelCNyRyNgRy )BU,> /\p
= (MU #672) ¢ Rug(Nz+T/2)]|(M Ry NgRe BN > (4-11)

The single-particle Nesmiltonian Hgp ie defined so that

7

vhere €3~l. the -Lngib-pcrtlclo energy corresponding to

particle orbit j. PFor 2plh states, -

A

Eypll 42020 3m5> = (€5, + 2€5 - Broy M (J1)20J3m3> (4=13)
wvhere ‘j‘ is the hole ordbit energy, Ei.l- the particle

L . . . . .\
-orbit energy, and ‘rts is the residual intgdraction energy.
. -

lrg‘,to the . energy (‘lpod'yhon the two protons in orbdbital

‘ol

J1 couple - to spin zero. Bryg 1ls often taken to have the

torq

‘fgs '.(‘ul"t’aft;r (4-14)

wvhere Ggair = 237/A MeV for protons'.

The wsatrix elements contalning H, and Hegp are

theretore?
- .

»

18ee deS74, page 643



1.

= [Rwy( My +8/2) + KUy (Na+7/3) ¢ €5, ¢ 2€{ ~ &

l
CI'OM{RINERE IR JRM| M * My | J (MR NgRe IR 1N X
= (RUON*8/3) + Kuy(N2¢7/3) ¢+ € ] §, ' Sy, wy Bgp/ (4~16)
ax Se.w,’ Sems 833

<CCI{NR0JSCMIRINZRE IR IN | Mo ®Rgp | (Jg DZOJ3( Ny R NgRe IR 1N

.

(4-16)

-

R YV YNVUR YR TNV YT UR THY.
‘nd u"o
CY CN{RINZRE IR/ JIM | B ®Mep | ( J3 )20 3( N R MR )R 31N> = O ., .

(4-17)

The interaction Hamiltoalan, Hi,++ cen be deduced by
’ortornla( a Taylor expansien of [ siagle~par ticle
potp‘tl.l V(r¢R), where R has been defined in equation 4-6,

o .

about a spherical potential V(r,Rqg):

V(r,R) = V(r,Ro) + (R-Ro) 3dY| + ... (4=18)

The iocond and higher order tor--> 1; ‘thll equation
répresent Hint« H,_ , cen thus be expressed to first 'Srdor'
in @,, as

iy % k() &c&!x,(9'¢)m (4-19)

where r, © and ¢ are the particle coordinates, and

3R

: | \

»~

Ke) = -Rg )_g‘ , ( 4-20)
e,

A first order expansion should be sufticient since the

[}

.dgiltudo- ef the vibrations are expected to be small”
compared to the radius of the nucleus, ead heace '&P<<l'
The redial dependence, k(r), will dopou& both on the shape

of the potential V(r,R) and on the quantus auabers of the

-
. - ! . )
- .
- ¢ .

4 g '_.'
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single~particle states. It has beea shown, ?unovor. that

Kk 2 <a'L'|x(r)|inl > ie r;unsbty insenditive to the

3
constant (Br60). ‘ . . v
. . : '3
.. x*

K .+ cean be rewvritten in terms o2 the @oaoa creatioa

values of ny, L, n' ane 1{°, .n‘d‘ can be g l‘oiLod te be a

and annihi lation .Q’.I‘.t@l‘l (equation 9) as
H'nd'f = = % I;—Vt tw) E; ¢ )
X Z ("’“ [b):,u *k-)“k))b] Y),u.(ox é)

AL - o (2‘,

where X : (2)+1 )‘l*. and the dimensionless coupling

parameter E, has been intreduced. ¥, is defined as

E, = ( 2\ &1 )”‘ K )
ATR W,\C, (4-22)

Using this oipro..lon the matrix oio-out. of H w4 can
be calculated. After a considerable .-oun\ of ‘Racah
olgob;..'it can be shown that
<J’(uikniu_,:n]£ n"':ull-;.;.u (NgRyNgRp )R 1IN
. - % lb’.ﬁ'hd,,ﬁx(")‘ - .

XQ (NgRIN2RZR N R N2 RaR) W(R® JORIFIN),

. - o . (4=23)
- : e
CCILI0ISCNIR MR IR SIMIH at | (Jg VROJ3( MR MR IR IMD
» . PR ' .
4 2 N R 4+iy~
Do e TP BNROL R, (-) AIRRITIT NTTSS

XQu(MIRINZRZR'W Ry NaRR) W(R'JIRJ33IN),

4

U N

v

s
%

o

(4-24)



, 60
o . \
and
< OUIR{MERE IR ENI N 4 1 € 33 D20 S0t My RyNaRe )m TIN>
-q._xv'x( e g*tw,\ VT i iae
on(l,:.n.n,l MyRyMaReR) v«n'J'lesxx)

" ( 4-28)
or , | oL
<(JK)'OJ‘(I‘I;I;I‘)I'Sllll,h+]J (NgRyNaRa )R 31D

!?-’vtz‘ ) ‘;VL*\J‘ ""5-;‘}‘ <J‘.'l"‘ > o
XQ,( MiRNIRIR u.l.l.n.l) v«n‘;.na:xi).'
o - - (4-26)

A

vhere V(abedisf) ies & Racah ceefficient, and
Qa(NiRINZRIR Ny Ry NaRaR)
= n' SN..D/ ’ Sg e, W R2RgR{:R'Ry)

(<N{R{NDEAN Re> + (=107 <N R DS UN R{>) (4-27)

Qa (N Ry NaRaR NyR NaRgR)
- 20 SN N’ Sp) () ¥ % I(nn.n, R'Rp) | l
[o-)fet <u,n£u».uu.n.> + <uamalinbinind>l.
(4-38!
A detailed derivation ef the reduced matrix oleacats
<l'!'ﬂb{"ll> for the phonon creatien operators is ¢lv;n by
Green (Gr73)e 4 llet of velues otw<l'!'nb:lll) for all

cases of interest in this study is given ia tadble 6. I

s
BEqua tions 4—23'Ghbou¢h 4-26 above deal with " the case

of slagle-particle or t'o—’.'tfulqiono-holo teras ceupled

to & vt»r.tlng tores as is the.Bee’ for the edd wmass 8>
Y $
isetopes. In erder to deal vith single~hele or tvo~hole-

p

™ ' ~ : . W



R (<nomelintium>)e &

A Ne Re N
2 1 2 0 0 s
2 () 1 2 2
2 ? 1 2 10
32 4 ) 2 18
3 2 2 0 7
3 0 2 2 3 \
3 2 2 2 2077
3 3, 2 3 18
“l(% ' 2 2 99/7
.3 2 2 4 3677
> 3 3 2 4 s *
3 4 2 4 90/7
3 6 2 4 39
3 1 3 0 0 7
2 0 ) SR 2
T 2 1 3 16 —
2 4 1 3 18
2 6 1 3 26

® C(N'R'UDTANRD )2 18 non~zero only if N'sN#i,
® . *

.
Crhe presence of an cﬁtorlok preceding a nuaber
indicates 'that the 'reduced matrix element is
given bY -the negative square root of that number.

Table 6 Reduted nphtrix eléments for the boson
f}o.tlon opers tors.,
P c
2 , t

»

61
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one-particle terams . which vyeuld be emceuatered
nuclel ag the odd mase Ia isotopes, these egquatieoas aust be

wodl'fied slightly. Rquaticas 4-22 and 4-24 must ia these
\ .

cases pe sultiplied DY a further phase factor ef | (-)A*1,
vhile equaticns 4-25 and 4-26 would be sultipliied by a

further ppsse ot (-)*.

The reduced matrixz element for the ophcr!c;l hareocnics

ca&n be ghown to be!

~

<YhYLnyg >

| o
AT O TRl B T T e (IX=Y2014'~ %) (4-20)
¥ My :

Using these equations, therfore, it ié poesible to

calculgte all the matrix elements in the matrix < MiHIIN>,
where (IN> LIs defined in equation 4-4 abolve. By

L Y
dlagonalizing this matrix, the energy ol.ony.luo#,e“’ and

elgenatates |EB(%);1 M > can be calculated.

4.3 Elgctromagnatic Proparties .

Once the energy ®igenstates |E(™);1)> are 1uova. it

becomeg possible to calculate certain elect

’

omagne tic

propertieg of the nucleus being studied. In rticulare,
sagnetic dipole and electric quadrupole amomerits, Y-ray
branching ratios, and gaultipoley mixing ratlo can be

calculgteds ' !

in sush

In ofder to deduce these quantities it is nedessary to “

i18ee for example the appendix of deS863 -

-

&.‘ ey Ny
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G 6d

4

solve nttli eloments of the feta

< BEPIgnome | Raulou) | BC® 31 M D>
R Y
and < BPIgrome | M(BI,u) | BECHI3X 4 D

vhere R( N1 M4 L g{r-uuoﬂc dipole ;b..-.c..-\. end H( l:./ul

ié the electriy pupele operator, These matrix elements

wi ll'“n soluti ens of the tere .v
' Y '
 BCPBgGRO M | MA) | B¢ M D>

= S apCY (NIRINERE IR/ SE M/ DAL (U R NQRIIR ST W ) 7

<I'Ou{RiNgR{IR TT N IMLADILY (NyRiNaReIR JF M D>
+ iL‘(J’(u{uiuini‘!;’;x'u'u‘(uu'ou(l;l.u.a.n 31 M)
</ (MIR{NZRS bi’;x’u'ﬁu)ﬂ J..)'OJ;( NyRyMgRg IR ;I K D
¢ S agCIi 1205 NIRINERIIRT (I M/ Ml (N RiNZRSIR $1 M )
<CJirrogsnriuindI®/ ;1 W AMCAII Y (N R MeRIR 3T M D
+ £ agcginrogdniningeprn’sr’n’y |

X A0 Jg V203 Mg RN R IR I X ) ( 4-30)
< Jir2ossan{r{niri )n’ax';c'ih(A)l,;J, 20 3(MyRyNaka)R 31 M D
where the susaations are over all primed and unprised
vwariables except l.' I'y M and M'y and M(A) represents

either %( Il.f’ or %( 82'#)0
]

Bx’pro--ianl for the magnetic dipole ena electric
qugdn.&lo operators Aare’ doducod in appeandix A The

n?otlc dipole operator is defined as

. ‘ N X K ‘ ) ‘
h (I'll,.,u,)“ (73?) Ehir | " TR Q’ ‘-pu-:n)
where # denotes the nucl.o_n_?iﬂoton, . _ .

- . LI

i
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( 4=32)
and 8, 85 and gg are the g facters fer the orbl tal, -pui

and core angular ascaente, To.poctltol.y.

-
Y

llnc,. h(ll./') is & comaponent of an {rredueible temsor

operator, the reduced ma trikft olements <IYYR(MLIII > can be
‘\ '. “ ’

deduced rather  thedy . the _ matrix elements

L
. ®

<l'l'|7q(ll.;a)|l M > Thege reduced matrix eleaents are
defined by the equation

CI MY IR(ML)IE M D> & (20 )0 CI1MAITI MY ) <IOUMCMIDIT >,

' ( 4=33)

~

Using Racah nl'gobru and the single-particle and 2pih
vafrotunctlon- defined earllier, it can be shown that
CI'ON{RINZRE IR/ ENDH(MIDINY (NgRyN2 R IR 31 D

s (374M)21Y0 §y o $e.0./ Swwy Soiry $aa

x§ 8;5;r g 200 (=) F T Ry ey an)
[ R Ra(R1#1)])" WOIRR R2iR Ry )
t!g[n,(n.ﬂ»]"tvuu,n,:non.)]
+ $02° 33 wrgr'Rig‘n)
x[c}ﬂl(l*l)]Vl'(llJ"/‘L:fJ)
* t-_)s"" . Y3732 'thtJ'u\(;J))}.' { 4=34)
CJg IE0JS(NIRINZRZIR' 5 I/ RO ML INC J1)20J3 (N  RiN2R2IR 51 > '
EETZLILS o LE QVIVED SRS YV PIOR, 54‘1\ I
160,10 @M (=17 TRy ipre jyimeg)

X[ Ra[Rat R +1)] 2w 1RR, 2} BY2,)

/



(1]

*Re(Ra(Ra*1)]" w(1mRsR iR Ry) )
+ (ger 3338 wargar/migdny
X (& Tal (a0 02+41)) w1435 ' Vi3 8393)

(3] [ ]
+ (=phdy s, ¥3/32 ut'k.s,’t;sh..on]}. ( 4-38)

and
</ (N{R{NZR; )n'n'muu)uu.)'o.s;(u.n.u.n, T IRR I
- V‘SS,S'N“"’/""' Su.ﬁ. et Svamy’ Cens Su e ¢!
xJ3J* WL RIYO D) |
x[@ Ral 22 C3+11) Rwcata g0V 10345 .
0.,(-)'“'3,\/3_17 w( l‘/tJ'Q,x VAU TR)] ( 4=-36)

or
[}

SCIEIR0ISUN{R{MIRS B’ s B UM(MIIIY (N Ry N2Re IR 31 >
| ‘/l ol V ) ‘ ’ r ’
= (2) "4;,’(3/4M) L 3 &) Su,y,' Sp_.a.' SaNy’ gg\h ‘ﬂ; d2e,
xJJ4 wergrem;yin)
(@ TTQCEr1) 1w 1245 43¢ y)

¢ g
+8, (=170 372 w(1Ve g 9 Ve y) ) (4-37)
—

~

The electric quadrupole operator for & nucleus with

one extra-~core proton is given in appendix A as

m(EZu) = 3 ez-Nelt [xw, (bS + %, )
‘/’r lC,_ ¢
+er" Yy | ( 4-38)

where Ry 1Iis the mean radius of the puclouﬁ‘.nd Ca is the
surface stiffness for quadrupole  vibrations. Since the
vibrations are 4ssuaed to be small, .nd the oqu;llbrlu-
shape of the aucleus is -pho;lc.l. the oxpoctctloa?&m ot

rZ can be approximated as JI/S5R§. ém

)
Since the 5(82) operator is obviocusly an irreducible
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tengor oﬁor.tor. the reduced matrix elements <I;I§(l2)ll >
) [ 4

defined by

A < MIRE2001 > = (T (raiupitone ). cxoldemDIIL >
(4-39)
can again be used. .
Defining two constants ), and 7, as
h s % e | ‘
( 4-40)
aand
| S
bz 73”-' ek %&  (4-41)
it can be shown that
<I/ON{RINZRZ IR ST/NACE2)1J (N R N2R2 )R I D
= 1t {3y §5q (2T T HER]
XW(IRI*JIR'I) Qa(N{R{NFRFR'Ns R;N2R2R)])
*hs Suw,’ 3‘&.1.{ S vany Sapy Saer
(4-42)

XW(2JI'R3 4'1) <J'l!zIJ>]§ ’
<(J;,zo4;(.;g{u;g5 RZINACE2M(J1 )20 3( Ny Ry NaR2 IR 1 >
-1’ -p’ .
= 11 { (%, $yay, =) *R-R ‘
* WO2RIVYI3R'I) Qa( N/R/NZRIR/N, Ry Nz RaR) )

=2 SV.MI {l,&,' SVUV;' gk;ﬂ" sgg'

V(253003930 <ailrahaa> )Y 85 5, (4-43)
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and
<I/ON{RINERI IR/ ST INCBIINC I3 )20 3( Ny R NaRe IR ST >
|}
== h ha IR0 CN,M' S‘nﬂ.‘ Smm’ “l e’ “A"g"j‘

\

XW(2J31'R3J'1) <3 MY I8 (4-44)
or b
’ [ [ Y Y ’ / 6
I D20 (N Ry N2R2 IR SI'NACRIINY (N Ry NgRe IR 3X >
RtV DAL TS : JVVRE PYPRY SR PR R TY IR YNy

XVCIJI'RJSID <Jslivaliyd. ( 4~45)

As shown In .ppoﬁdlz Ay the wmagnetic dipole io-ont
M%) and electric quadrupole moment Q%) for an eigenstate

|EC%X) 3 I> can be expreased as follows:

T [xm < TimaE
A - \/(‘[»ﬁ&LIH» f3 ) |

(4-46)
and *
Q. 1/ (2T wr (™5 T IMeDNE™ T
G FENCETDIE TN s (4-47)

\

In order to calculate the branching ratio for a
particular Y-ray decay, ;t is necessary to calculate the

transition probability for ¢that transi tion and all

'co.potlng transi tions. The transition prob.élllty for a

decay from lewvel la(";x M > to level |B(P23104'> via N1
and/or E2 radiation is given as (see appendix A)
1

)
WER=e®) | cme g* g,3
9 (k)Y

X
,.[ Blatd o 3 ((Ep ) akez\] ( 4-48)

100 *

where



\ 8

y ’ | o  §
BCmLN. IKCE®: T (MINE™: £
(wr+)e . (4=49)

B(EV) . __| <& ® :'IIMGI\I\VE“’;:) 1*( «80)

(vz+)e

The mixing ratio for am E3/M1 trensitien between tuouo' .

tvo levels le deduced in appendix A to be

§- ../ 3 & <e®:r'mEe2e” ;) .
/oo ke KEM T IMWMINET;TY (4-81)

vhqrt the aign ot £ 1s consistent with the phase conveation

of Rose and Brink (Reé7).



Chapter V \ S

-

S.1 Jamut Parsastars fer Medal Calsulatisas *

In order to carry out the wedel caleulaticns deserided
ia  the previocus chapter, twve gcesputer pregrass uuv; beeon
weltten. CUPPLEBI (e \r pregraa dedigned te sarry out
intermediate oouplla. acdeol oatcul.tlﬁn- and hence ¢t
geonerate energy o}.oavoetor. and ol..uvqluo.o lnlllt ie, ’
program designed to calculate the olec tremagnetio
observables dessrided in eh.;tor IV using as faput the
energy olgcavoctor. goﬁorctod by CUPPLEI. The con.utlu.

dot.ll. o2 these two prograas are given ln .ppondlx Be

‘,
i .
a) The CUPPLE3 Calculations

Input paremeters to CUPPLE] laclude the quadrupole and
octupole phonon energles (Kw;y ;nd kw3 ), the coupllﬁ.
strength parameters (¥ and ¥€3)e the Lrtl,clo and hole
orbital energies (€) and &j,), the pairing energy (9";;\,'

\

and a wmaximua energy cutoff which excludes from the

212

calcpylations any basis states whoge unperterbed energies
¥ .
ém the cutoftf. Certalin of these parameters wvere

ar

hout the calculations:. An upper energy cutort
of 5 MeV vas used for most of the calculations, simce only
states belov 2 NeV were being considered. In a few

instances, for reasons which will be explaimed later, a

higher cutqff wes used. Gpa.~r was set equal to 127/a MeV,
\\

69
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- R : S T
’ . .. ‘ ,‘\ \ m
“’”W ia onpho%’. Q.&_tdg o‘hh :90.0 M %
»e m\\ te the energles 62 e levesr 3¢ .‘_h-"r"but‘n"
respoctively ia Qh’ Wn« even sase Sa awsleus.

;. wnd \' wvere alee prdohnlm by ° erling,
ﬁ”rluaatnt Gata takes Srea the ovea sdse Su sus :* t
moc metrix oto.oot l(lo\lf fer oxeiting o one m ‘_'.
.t.:o ia en even mass 8a nuclous can be oxpressed n' . ') “

Slan)r , Cade) X (% %o l. )

Y S : fl-‘
|‘ ‘

"“ the thlanﬂ. o2 ‘& .lm 1a- chapter 1v, oquation -

. a,v(:%.s.%'zu-; —_—

"*‘ 33. uo boo uod.

: .\'_’ { -&; %z" “‘> (s-2)

U-lag q ulu o2 ® = 40 Tov llroO) and experimentally

-on.\u‘:‘ ICIM r.‘uoo. 1t wvas possibdle te o.loulnto the R,
;

ntuqo., v.tut. Qc R, .-c ¥, d‘t:cnl-od trem the 8a auclel
ere. \ut« l'n nbh To ® g. reasons whieh will he diecwssed
13

.bhcrtl(, cb,o eoloulntod voluu were in too\ varied to

oo‘- ’
.}

eortc{n Q,:'tont durlu the CUPPLIG “h\ll.flou.

LI ‘
N . (r ' . -

‘l‘hh ’oruolo h-d heole erbital energies, &; qad Ej‘,
...-. '.m.l. uufl.. the CUPPLRD c.loulotlm-.- ;-d wore
.u.c.‘ te on.u o “aest® 21t betvesa the medel
mlcuhtuno aad ounlmt.l resulte.  Per this
“-Q-sl-oao tve types of oxperimcatal ebservadles vere

tgee for example de874, page 476 N

o : .
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\h’o Ry MR} :
=Y P (-&) te2nt) b Onlcul.tr Veed Aa
S g S frem B(BA \CUPPLEI
N » esalculations
114 1,3 32 1.300 0,28 2.1 1.8
) : 3 3278 OQ“( 6) 1¢3+3,0 ;07
\126 1,2+ 2. 1,294 0.216(8) - 2.0 1.6
-\ ‘ 3 3.3“ 0.2490) 1.86+2.3 1.7
118 142, .3 14330 0.216(8) 2.1 1.7
S s D 24310 0.1%(T7) Le 2.0 1.8
L SN 26 3 .1.171 0.36314) 21 1.8
T LT 3.400°0.11(1)  1.21.3 1.3
123 142, 3 %140 0.196(4) 2.1 1.8
\ 9 3 2.4983 0.13(3) 1.2+1.4 1.3
124 1,3, 3 1,131 0.161(4) 1.9 1.8
s . b | "“3 0.20( 8) 1e21.8 1.8
/ v '- . .
“Reterencesn: 1-‘&“. 3—0&10. 3-!118. 4\-c.‘1s. $-Ca76, 6~
‘gkeTé, T-Re33y 8-Be73. . '
"»“‘tlc mttnlﬂ\tlo. 1a  the B(EMM v.lu. are givena 1a"
‘ m?h&vco | ‘
°~l ez‘m large relative errere in the l(l:HQ values, a
| £ ﬂlm ie given for each lsotepe.
m T c-.uu : ﬂl‘m‘th nn-Lton 3 ”deduced from
. oxperimentsl M EX)¢ values comparpd with etreangth
poransters gsed ia the CUPPLED loculations.
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e Enperissatal level onor}lo-,tor the lewest gteteas of
opia were ecempared vwith the energy oeigesvalues

ted dhtleg the medel chaleulations. A+ woll,
experimentally : measured '.poctrqocop}c tactors 40““ be
conp‘rod with .poctrcﬂo‘pl‘qtbctoro calculated uqln. the

aodel dldueod eligenvec tore.
, ' ‘
Spectroscoplc factors for a proton stripping qtcetlon.

f

|
such L1 the l’lc.d) reaction, on an even aass $n tqr.ot are

given py (Va?d) |

‘xfg'“ = . At J€ 0000003 4) |2 o M s-3)%
’ ¢ ry
where tho Ay coefticlents are as defined in oquctlJn "2 ¥

chq.tbr IVe These -poctro-coplc t.ctor- are normalized so
’ . ‘ ’ '
that )
> . L
* . ‘| .
Y * o
lptéi.ﬁ.coplc factors for &4 proton pickup reac tion,
e , !
such as the ((.c) sedction, ea the even mass ro-uuclot are

‘calculated in opg ot tw vuyo’ingoudlng on vhothqr e pragon

is ‘blckod Ub 2rc-.\“0'o othp,l:‘ ‘the Z = S50 c!oudr shell, v

1}
The grouad .!ntc of an even mass Te nucleus is .qou-‘d to

have a zereg phonoﬂ core coupled to two protons ro*t[n. in
sp’ one of the -lnltO‘v.rthRO ‘ states above the Z = S0

closed shell. The twe prptou- are ..-u-od to be coupled to
: it i .

spin zere.' The Te ground -fA§C<!nrOtuoctlon caa Qnoro!gro

L )

»e vrltt-n as (Co?il
| |.cw,.0> }uuwuom)o;omu'o«oooonc% (8-5)
vcuoroAQho (] oool#lotnq‘b ase . ‘l-tt‘r to. the A‘-Qooittctout- ‘

. 3 ; ‘.~ ) -o’ o ! i‘f",

T . Y f ‘ Co.
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«%

. 4 C e
> > TP
ssatisned above, 1\0 ._ ever J l. over all the -lulo—

notoh leysle dbove the z = S0 oclosed mtlo e o pickup
reactien, It 'PQ pretea 19 plokod up trom o lovel abeve the

closed shell, thea (Va73) - '

ot

8% = 2184 41200000003 0) 4a( 300000 054) |2 (8-6)
This u“tmcopte fagc tor is nomuud se that
Q .
%) , -7
“ﬁ‘o\“ 'y z. | | _ ‘ {£6=7)

I the pr_ot* is picked up from belev the closed shell,
‘thon'('o73) ,é ' . ’ »
', gﬁ*’ . (24¢1) l-}' -g\( J* )% 0( booo)o'so:- \ )

A 1(J°9%0 J(0opoOIOs )2 (8-8)

where this ipqctnoco’lc fac tor 1s noru!.l.z“ e® that
- (%) o - ) C T . ' -
fs“ = 2yt R _ 18=9)
P ,

CUPPLEI cclcn‘ctlu. were carrled out*\tor all the odd

mass In isetopes with 113 ¢ A ¢ na’.u to; sl\l fho odd
sass. Sb Ql.,otono wvith 115 ‘ A € 1238, Table . lisgse g(bo
input paremeters used during ’th; “uutctloa.. viile tabdbles
® and 10 compare the sedel eclcuhnd otomluo- and
,-en'o.cople ucor- with omrlnnt.t values Figs. 19
and 2320 \cq-p.n the -odol cc-ou}Qd &lconn uee vlth the
o;n;-lo‘o.-’f.}ly' asasured lovol. oaorglo- - for the lovoot‘
.‘..lq-m.‘ states in !q. and . the lpvoot .iaqlo-nrﬂelo
sal Zpid .tnu is 85 The €ate Lllustrated in .tlge. 19

-~

and 30 ie teken frem tadles Sa and )o.. A,

Medel ““‘ufl“. “" d“"-".‘




'l! .Y .

.' ..
RS
) ) \ B Y ‘.
Input  i18gp 117g, lisgy 138gy 108, t8%gy
Peremeters o e - ®
s 1.8 . 1.6 1.7 1.8 . 1.8 18
‘l » 1.7 1% . 1.8 1.9 1.3 1.8
L g 1.300 1,204 1.230 L.171 1.140 1.131
Ry 20278 3266 2,310 - 2.400 2.492  3.612

B i

1773 0638 0.18 0.0 0.0 0.0 ' 0.0
-3l 3 - Qe . 0@ -] 020 0.40 0.%
34372 . 1.90 120 1,20 1.40 1 .80 1.70
Jet/3 1106 1.10 1.30 48 1.8  1.78
1a12/3 1.30 1.20 1.40 . 1,68  1.08 2.40

 1g8/3  2.10 3.3 1’3*.«-\ 2.70 3.08 3.48
r . 341/2 2.90 2.08 [3.08 - 3.30 J.68 ‘.1.8 '
- 24T 3460 368 |3,06 - 3.88 - €330  4.8B.

.
1%

tagg - $i71a ey, 213, 12235,

_ 0.0 g.o 0.0 0.0
341/2  0.80 0.68 e60 0.60 0,70
243/3 1:40 / "1.28  1.16  1.16  1.40

.3}15 3.0 .3.0 . 360 3.0
3.0 3.08 3.20 3.40 370 N

‘ . - ]
’ . s .

AUl energy parcactars are measured l%
Table 8 Input paremeters for CUPPLE3. s -

~
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Axascissatal DRats

Isotope’ 8131 888y, 117, "'t(n KL 40

‘Reterences® 1 2 3 4 . .8

iovolo . \

9/32¢ 0 0 0 0 0
172~ 392 33¢  a1s ats 310
. €6)
I " 647 $97 889 604 610
: : (13)
, L cates @
‘* 2, ® 0o . o 0 0
43 . '10; | 4‘"18_’ 328 330 327
" Y AR "

r 648 ,gozg‘ 597 610 603

° : . ‘ '.’ . .' o : o)

QAI.I. eanergles are in ‘;o' nxporlno'ntdl. *torl

parentheses.

uncertainties gredter than 13 Ke®.are
- 4 . ' .

“References: 1-2a71, 3-Ra7S, 3-Gr73, d4=NcD74,
AuT2. ’

-

'

3320
(10)

660
(20)

0
311

-

648

78

o

&

tor levels

t‘.*od
s-',’l ’

]

" energies fof the lowest single-holhs levels in

odd masq In avelel,

4

in

.‘
6~

Table Sa Experimentally asasured n.‘ odel ‘calculated

the

¢



. Exaszimsatal Data® .

. \ | o ‘
.

. — - . .

1,3 1,3 13

0,67, 0.67 0.68
0.57f  0.88 0,80
( \
0,78  0.76 . 0.80
0,80 0.85 0.60

a * ‘ | 0
9/3* "y G860

172~ 0.8¢ O, 0.82, 0.83 ,0.83 .

3/~ ' 0.88 0. ‘{‘)o.sa 0.64 .0.60

L)

. v

; . é SN
v * .
@ lization of spectroscoplc factors is explalined 1an the
b'l.tu-om:ooz 1-0269. 32-ve71. T
Table 8b ,Bxporl-ﬁit.lly meagured a | odel, ecalculated
spectroscopic factors fopr lowest single-hels

levels in the odd mass In nuejel .

-

p . \f

2

m'-.".:- . ”7’
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.

. . R
‘& . k“

Table 10.}'Exp0r1-¢ntatly measured and“ lo‘ calculated

energies

feor the lowest tln.lo~’.raclo and 2pin

levels in the edd mues Sb nuclel, ©

«y

3 . g [y
v . <



.

78

‘ N - N
o Rinscinsatal-Bata ¢ 5.
' fsetope 118gy 1175y 05, 1215, 1R2g), “'lb
o o
References® 1,3 1930 1:3) 6,7, 6,8, 6,81
5 s - 10
Levels ' -
; Y “
/2% -, 734 637 210 . 37 \:\-9!‘ » ;{
8/2¢ .. 0 ) 0 0 ‘160 333 -
asa+ 1072 .'93¢ 700 . 508 ,1.pz~ 643
Ve ‘ . e \ '9; Y o \ ,
. ™M 720 644 8§73 M3 . 0322
N | { o
t1/3% 1300 3313 1366 1420 1630 1890 .
AR ¥ ' L (20) €30) -
R N P SR <
o .. b iR P
42 8/3% - 1380 1160 971 948 ‘1339 1813
L L 140)
. /3" -—- 1355 1337  tedg, 1120 mis Ve 0
(1) 100  (10)° «10) (100,
. . o .
: a3~ ——  -e= _18¢ 16590 1884 220
(10)  (10) (10) (10
. ®
7/3¢ 743 849 284 4s o \ o
8/3% o' o o 0 161 aas
3/72¢ 1073 916 703 530 836 602
1/3* 187 6990 631 $88  p6 'Y
- 9 W/2° 1314 1323 1371 1453 1673 1908 '
98/3¢ 1373 ‘1164 540 1024 1388. 1839
172~ 1613 . 1634 1395 1428 1680 1962
s W3 1620 1688 1466 1567 1864 2270-
€A1l energies are tn keV. Experimental errors for levels
with Uncertainties greater then 1 ke¥ are listed 1in
parentheses. - : C :
B - ‘ L3 .
: ‘I.f’“mlz 1-6a78, 3-ke7{, :3~Ka%6, 4&~Pr78, S-Du?78, 6-

. €aT3, T=1a6T, S-NeT1, 8-Cob8; 10vAe72, 11zAuT2a.

o~



8 )’l'

Bx;urlﬁlly meagured .and godel calculated
spectreswgpic factors for the lovest siagle-

parf‘l_",!,. ind 2pih levels in the odd mass Sb
nuclei. , :
4 ’ ' SR

F
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Exsani : l" ~

Isotope 1liSgy 117gy tisgy, 121g, 123g, iBsg,

References® 1 1,3 1,3, 103, 1,3 1,3,
Levels v
772¢ |, 0.86 ,0.81 0.79 0.70 0,84 0.74

T \ 9.10 0.66

* r\
ﬂiklz’ 0.70 0.790 0.78 0.67 0.80 0.,3
0.90 0.93 0.92

‘@

» E V2 1 0.88 ,0.48 0.38 0.30 0.32
au - . 0.43 0.44 0.30
1/72* 5 0.50 0.60 0.30 0,38 0.28
~ 0.51 0.41 0.38
11,2- bt 0052 0063 0063 0.49 0075
0.9 1.0 1.1
9/2¢ = g —=  1.853 1.60 2.0
e . . . 2010
172 -— ee= === 10,78 0.81 0.80
. 1413
vr - cee ===  0.62 0.88" 0.39
! ' 10,78
ln.m_h.l.*h.tmn -
" 9/2¢% . 0.78  0.78 0.77 0.78 0.79 0.80
5/2¢ 0.77 0.78 0.76 0.77 0.76 0.7S
B,
as2¢ 0.38 0.39 0.36 0.32 0.39 0.36
172+ 0.35 0.34 0.29 0.32 0,33 0.36
1172 0064 0.63 0,63 0.64 0.64 0060

. 9/2* ——- ——- S 4..8 8.2
’ - ) * )
3’2- - e - apen - - 1.. 1.‘ . 1"

“Normalization of -poctrnéboplc fastors t.,oxbl.gaod in the
\ text.. ' \ ' > :

N -

Sneferencest 1-Ce68, 2-1867, 3=Ce73, 4-AuweS.
- ) ) ‘ (

~ e . s
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‘Leve) Energy (MeV)

/

«
0.75¢ - o
[N !
. o
. ® o 3/27
\'_._l‘ g _/
R
0.50¢ - b
* 4
i'\-ﬁ“
0,25¢
~ »
+* *
A\
0.0 ¢+ X - o P - x9/2*
13 1us 17 119 121 123

~ Atomic Weight

Fig. 19 A comparison of the model generahd efgenvalues and
the experimentally measured level energies for the:

Towest single-hole states in the odd mass In {sotopes.

- The,solid 1ines represent the model results, while
the symbols t{mcate the experimental measurements.



Level Energy (MeV)

2
-9 3/2°
X 1/2°
011/2"
. 9/2*
' 1/2’
® 32t
x ss2*
+ 772
s 117 19 121 122 128
Atuic Weight \ :
]
Fig. 20 A couurison of the mode ngnmntcd eigumlucs and
experimentally measu 1 energies for the
t single-particie and M—nrﬂclo—om-hoh
states n the odd mass Sb fsotopes. -
The solid 1ines represent the mode) rm\ts.-dme
the s_nho'fs indicate the experimental msmts
| . B ‘ e i

-
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a.ua and 3p3/3 hale esrvitals:. The 1g¥/3 oad 3¢8/2

*
particle otastes were alee ine luded ;u e -.\«uu.u A

AT

oerder to utofc“.o 1 tv«notofgn-ur%to (Imtp) - torne
were eof aay sigaificence ia the \evest la energy levelses
Sisce the lecatiens o2 the ‘tnoot\llz’ and 7/3* oto(oo Mv;
net ;ooq experineantally ' ldentified 12 many of the Ia

molel, 80 attonpt wag ' Bede to dowmralne omastly the

- -——_/

eaergles of the 157/3 aad 248/3 erditals. iomd.
: . " )
»

particle state eoaesgles eof adeyt I lov\ wvere we ecause

for these energies the leveat "$/2%* aad /3¢ states
. LI E ]

LI

‘and 1060 ko'.;‘h the ground stete, which Ais what |ie

) -mtod oz.or!untclly. ASs Lt turned ont. enly the 1/2~
eseorgy level wag tomd te bde nl.auluuﬂq Q!f.c'“ by ¢the

. no.ogf:\\!. ,_"’-,'_‘.’.‘. qu\ th;o ‘}cvolf tho. sedel
caleulations predicted that 3nlp terse of the . ‘_or-
1€3/72)20 S/ % “lQ)Sﬂi!) and |( tlkﬁ )20 7/2¢0013)331/3>. 448
altar the level energy by petween 100 ‘and 180 KoV, llq@o
these to;-g would uouotli have bocn excluded by the § MeV
weper ‘energy cutott on bDasis oc.tn. a higher eonergy ‘eutoff

4 't-——-__M »

® was used for this lml. Nelither the 9/2° grouad -t.to nor
: \

* the !gr.t /2~ exci ted -Mt,o coﬁsluo‘ .l’ltlout nlp

uo) were either of tho.o .ﬁgﬂn cttontod by nl-lu

- M cavrgy cutoffs . A

‘ fe c.rnlsl rewt the ’ 8d caloculatieas, ‘o -l..l.,-
,J’u-”cp ondrglew . for the 197/2¢ 24872y 243/3, Iu1/3 and
“W\q@(pu ?ﬂ M by comparing the gedel results

. LM N rs\\‘,

!

predieted iy [® veuld have ouor.loo,.o-‘f‘phol_-o betveen TOUT
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the CUPPLR3 calculatieans. This depeadence i@ lllu.trc\q’
¢ )

in 21g¢ 21. Using the values of \s llsted in tadle 7, the

CUPPLRD clagula tioneg prodlcto& energlies for the levest. 3/32*
. . .

end 1/23* getates vwhich were toe low cempared with
experiment. These model energies could bde liqr‘n.od by

.laerocogaa “the sjngle-particle orbdital oaor.lo.‘tor the

3d3/2 and Is1/2 states, but then the apec trescoplic¢ t&ct‘r-
. ( . .

. 9 . i .
for these levels vwere found to be too .-‘ll,"lohco.

-illQr values of §p than those predicted in tadble 7 were

.

used during the final CUPPLE] calculatione id order to
obtain a botto; f1¢ botvg(a the experimental and model
calculated e¢nergles and spectroscopic t;ctorq for the
lgvoot 3/2* and 1/3*% states. ’

Lthc general resul ts for all the rn‘cnd sb auclei  will
not be diescussed, except to note that the results of Qho
model cniculitl;n., displayed in tables 9 and 10 .nd.}l...
19. and 20, !ro in reasonabtle agreement with the
experimental measurements. Alseo L( wvill be noted that the
CUPPLEJ] input parase tars 'll.tod in taeble 8 vary qultoh
swxoothly with A, A detailed discussion of the model

calculations for '218p and '238ph will be given in the next

sectlion.

b)'Tho MOMENT Calculations

The calculation of various electromagnetic observab les

was accoaplished by the coaputer progranm MOMENT., Thise

4

o

-



e lo00¢
Y and
, 0.15%
[
0.50 4
0.“ -
172*
0.25 4
5 3/2*
< -
£ 9
g — 172"
do + - 572"
—_—
1.0 1.5 2.0 2.5

w
N
-t

Quadrupole coupling strength parameter £,

Model calculated energies as a fumction of the
quadrupole coupling strength parameter £, for -
the four Jowest levels in 121Sh,



. . 1 . O
pregrea ceuld sateslate sagnet u ’Cl’oto and oloctq-u
mdmnlo ,0-..0.. Pepay br,.cnu .“ -lxk-. reties, and ]
rq‘nu utrtg, oleomeats fer olntﬂ. quhdrupele tmltlon‘
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Input ’u-;-oton te NWONENT l.olt-u the wval ot twg | and
Ea \uod ©dn e ,tl.so" currLEd’ “lcn«lnﬂnoh 'thi -6-.:--7
t .
ol.uvntov. Senerated 'by CUPPLEI, the atemic n-bor 4 .l‘
we ight A o! tho aual eus bolu. studied, the radial uu-ohr
. (dotlnod l- chapter IV), and the -.utlc s t.ctol'., ‘g'
&y, and gy _All of these p.l-notor. were fixzed duriag the
9.}6&‘.1!0;,. ;‘ii vatues of g, = i. By = 2.62 and gy = Z/A
as specified la‘ ‘loo'l. aad . ‘v.tuo _ 92 k = 40 naqV co.
.ua.o.t;h gu 8r60 and HNeb67. Dotcl¥.¢ calcutlations were
écrrlod out onl; for the 121gn gqad f"lb.nuclol.inad these
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results will be discussed ia the next sectien.

5.2 Enargy Laxels of 32'2n and '233p Balow 2 MaY

BExtensive model calculations were sade .for oxcltod’///
states below 2 MeV in 1218p and 12%gn, Pigs. 22 and 23
coapare these deduced ;n.rgy levels vith known experimental
\\}} ot-. while t;blo-.lt and 12 list the model deduced
olao;voctor- for wmany of the levels. It should be not;d
th.t cqrrcl.tlon- acdc' between experimental levels and
scttel e.lcul.todv levels shown in figse. 22 and 23.nnd

&

tablés 11 and 12 are probable, but not certaln. Tables 13

and 14 compare the electromagnetic observables c.tédl‘tod

by MOMENT with experimental measureeents.
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but not certain. ,

~ ”~



) J

N hd ' o
y “ " . |
2.0 . ’ .
32 ,8/2" ei——— - = = i (3/77)
eab aat S B S
5/2_,3/2 - - - EEEEE———— 1 /9" .
1/2.,172, I - e
11/2 '7,!’ ) \ SR —
sn’m : -..'-.-f"(azs +
I A. .
2 3l Emm————-- ——(9/2")
7M. ——— \
M . -—(1142,9/2)"
Lol 072 - - —9/2
. - \ -
-~ 172" e v
oslk - - = 72"
5/ — .- 5/2*
0.0t 72" —————— . 17t
E (MeV) Mode o Experimental :
Predictiens - - . tevels .

Fig. 23 A comparison of i\ogel predicted and experimental

energy levkls {n 1235p,

. The experimental levels are the same.as ‘those 1isted
in table 16. Experimental lgyels represented by ' .
dashed lines are tentative. Cqrrelations made between
mdde) predicted and experimental leveli are probable,
but not certatn. ;

.".

\



)

lo-Goomzo .

10.037:772%> =
[
| 0.80733/3%> =
q
‘e
10.673; 172%> =
|0.0847:972¢> =

|1.028;7/2¢> =

|1.036;8/2¢> =

Ix '140:11/2% ‘= 0.86 17720 120012>-0.19'17/2(3200)32> -
_ £ =043117/2(240014>~0.1215/2¢3400)4> .

" [1.145;8/2¢> =

v
. v -

< ) V

0.8818/2¢ 600010540, 16! 7/ lh’3>
'=0.30) 8/32¢ 1300)2>+0, 1711/ 130072

0,8017/73¢ oobo»o»t..un/u 1300)2>
=0.1118/2¢1200)3>¢0.2013/72(1200)2>

o.ulant; om 20>%0.6317/21200)2>

. 40,3218/ 130002>=0.2113/2( 1300)2>
. ~0+2011/3¢ 120012>*0: 1¢)3/232000 0>
+ =0e3317/2(3200)3>-0,1 01/_2( ;«o 14>
;do.ul‘uz(uoo)» ' !

0. 86'113( 0000)0>+0.68! 5/ 2 1200 )3)

. *0.3213/2(420002>+0. 16! 1/2(2000 )0>

=0.2318/2¢(22300)2>-0.1113/2(3300)2>

+0.211%73¢ zm:o-o.u un )80 9/3¢ 2400 > ;

&

s’

+0.31(41/32(0013 n)-o.xz (873 D‘O .Ill 1200)2>

1 4

0.241772(1200)32>*+0. ..U 7/3)20 9/2(0000)0>

+0.34107/3)20 9/2(1200)2>

+o.1slt1(2)‘o 3/3¢0013)3>
-0.2017/2¢( 0000)0>+0.60!7/2( 1200 )2>
-0.5818/2(1300)2>-0.1117/72(2000)0>
+0.1817/2(2200)2>-0.19!5/203200)2>
+0,1013/2(220002>-0.3117/3(2400 14>
+0.17t8/72¢ uoo)o

-0, 16!7/2( 120002>-0.34|5/2(1200)2>
-0.2717/2(2200)2>+0.28)772a¢ 32400)4>

+0.131(8/2)20 9/2(0000)0>
+0.11107/2)20 9/2 120 )3>

+0.2713/2(2400)4>

-0. 33!7/2( 120012>#0.7615/2( 1200)2>

~=0.16|8/3(2200)2>+0. 2217/20(2400)4>

=0.23(5/2(2400)4>-0.1513/2(2400)4>

o

N

- %0.2018/2(2400)4>+0.181(7/2 )20 9/2(0000)0>

+0.21]1/2(2400)4>+0.121(7/2)20 8/2( 0000 10>

-0.25|( SIU‘O 8/72¢ 0000)0)

~ - (continued on mext page)

4

\.__‘



Loy »

l1s 3“83/2’) s -0.323)7/2 12¢ . . 00)2> - ..
.40.101372¢ 12009 :
-0.17|8/2(3300¥2>-0.119/312200)3>
+0.1111/202300)2>9452817/72(2400)4>
~0.1618/30(2400)4>-0.18|(8/2)20 6/2( 2400)4>

|l-42086112‘> = 0.80111/3¢ 0000)0)-0 34111/72(1200)2> '
«0.16817/3( 0013)3>¢0.421872(0013)3>
-o.ulsn« 1313)3>-0.10|8/72¢1213)¢>

q

|lo44l81/2‘> = ~0.40)|7/3¢0012)3>¢0.84|(7/2)%0 112( 0000)0>
) «0.32|(7/3)%0 1/21200)2>

|l.6593312‘> = ~0.16|7/2(0013)3>%0.791(7/2)%0 3/200000)0>
+0.201(7/2)20 1/2(1200)3>

~ - _*+0.261(7/2)20 37/2(1200)2>
-.-0:4”(7/2)‘0 9/2(0013)3>

- 114770;1/73%> = ~0.4415/201200)2>+0.5313/2(1200)2>
+0,1118/3(2200)2>-0.1813/2(220012>
+0.63|7/302400)4>+0.111372(330p)2>
-0.23)7/2(3400)4>

-

Table 11 ~ Model predicted energy eigenvectors for !21gp,

Only components which contribute more than 1% are
Listed.
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Table 12 Model predicted energy elgenvectors for r23g),
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Only components which contribute more thnn 1% are

listed.
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Electronagnetie Level eor Experimental Caloulated
Observadle Treasition Values ¢ Values
(xeV) 4 .
- Magmetlc Dipele 0 3:.380 ma J.21 #m
Mome ’C ﬂ‘ 37 2.81 am 3:78 am
Electric Quade. 0 =020 eod «0:33 b
Momeat Q QAITHI/QO) 12420.01 1.32
Branchiag Raties 807--+0 94 969
‘ =37 6% 4%
94 Tee( 8% as -
e 2 X J 2% 208
1028~==0 1008 789
-==37 os 288
1036-—=0 os 108
-==37 . N\ 100%: 908
1148=-+»>0 S0% 68%
——nld? $0% 338
1386--+0 1009 28%
-—e37 o% 3%
Mixing Ratlios $07--»0 lb't!'. -4°
arctan§ 947--»37 13°26° 49°
or 67°26°
1028--=0 ¢ 4 -»78° 40°
1036~-»37 19°29° 42°
or 61°29°
1145--+37 6" -»74° -38°
» BCE2)t froa 37 <0.018 e2b? 0.0054 o2p?
Coulomb citation $07 0,010 20,003 o2n2 0.0061 e%p2
: 0,011 £20.0023 o¥p2
5§73 e024 20.003 eo2b2 0,023 e2p2
+028 20,002 e2n2
947 0.000720.0002 o2b2 (00,0001 e2p2
1028 0.100 20.016 o2 0.022 o2p2
0.070 20,008 o2p2 '
1036 0,004 20,001 eipl 0.011 e2p2
0.002820.0003 e2p2
1148 0.081 £0,00S eln? 0.004 e2p2
1386 0.020 20,008 eip? 0.011 o2p2
00007 *00002 .‘bt
quporl-ont.l alxing ratios are taken ¥rom the preseat vwork,

exceapt for the

Branching ratios are teken from Ba7l, a
from Ho71 and An7S.

bTho sign of
experimentally.

thils

Other experimeatal

aixing

predic ted

ratio has no

and

B(E3)¢$

t been determined

experimentally

Table 13 Model '
electromagnetic properties of 121g),,

val ues

$S07-~»0 keV tr.noltl;gayh{ch is from Ho71,
alues are from Ho71.

are

observed



electromagnetic properties ot 123gp,

‘ L]
/ . [ 4 .
. . e | ‘ .
ltgo'nu.nono Level eor Bzpecrinental Caleulsates
, Observenle  Translition Yalues * Velwee
“L (keV)
Magnetie Dipele 0 2.847 aa 2.7¢ ng
Nemeat a 160 — 3:20 no
¢ 3
RElectrie Quad. 0 «0:37 e «0.43 o»
Memount Q 160 o, =0:3J o
Branching Raties $42~~»0 (3626 )% 218
~=p=160 (6526 % 70%
1030-->0 + 100% ow
. =gl 0 os 1%
5 1337--+0 738 9208
* |’>/ -t “‘“ 37‘ ‘“
Mixing Raties 1031Q--»0 9°-»72° s1°
arctaan § 1337--0 «90° ~-»-88° -11°
-10°~=90°
3(22)! from | 160 0.003520.0007 e®»? 0.0040 e2p2
Ceulead Excitation 842 0.028 20.004 e2p? 0,031 e2p2
0.040 20,003 o2p2
1030 0,08 20.01 o¥p2 0.044 o2p2
0.073 30.000 .e2p?
1089(11/2) 0,088 20.014 b2 0.068 o?p2
(9/72) 0.076 20.008 e2p2 0.002 o2p2
1337 ——— 0.0011 o2p2
q!xportnout.l mixing retios are taken from the present work,
and B(E2)* wvalues are from both Au72 and An7S, All other
experimental values arfe taken gro- AuT2.
Table 1+ Model predicted and experimentally observed
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Since both 1205, oq¢ 128854 pave sere phenean grnua;
states, the Sat Be,¢)80 oatripplng reas tion veule be
expected te ozol'o' slagle-pertiele \ov‘\o ot the fewrm
1J(0000103J> 4ia the 85 nuclefs The 120%a(a,p)’?%sp
reaction would also be o:poctod/?f’oaclto bevels ot this
ior-. ﬁprovldod the two aeutrons traasfered are ceupled to
epin zero.. The Te(t,e)8d plokup reaction wotld be expected
'to exclite both -la.l-—parflelo levels, and 3plh states of

the tfora |(J*)20 J(0000)034>.

(ded? ) Lmelastic .c.ttorin. .n; coulomb exclitation
oxporlic;t. -honlq preterentially excl te collective ‘states
in the 8b nuclely but which collective states are oxcltod/
-;1ll depend on the .rod\d state '.iotunctlo;: oL tn; s>

nuc led . From tabdbles 11 and 12 it can be seen that the

grouand .},f.io!"“ti is l,ﬁ.oly ia the l8/2(0060)03812>
-;.t;.(\vntio the grdund state ot '235s jevpredeainantly
|112(0066D0:7/2>. 'loqco. these rouctlon.(.cgoutd excl te
lcvot./‘;ltﬁ t;rgo cfiponontl in their v.vo€::ftlon. of the

form 18§/201200)2:4> ia '21gp, and 17/2(1200)
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The !228p(p,t)2i8b reaction, on the other hand, should

’

excite collective terms with ldrgo I713(ﬂ300)28J>

coqooaoa“’ia 1231gn, The (7,7') Llnteraction will also be

expec ted t; sxcite collective levels 1in these nuclel,
-

although o%ho‘-lovil- may also be exci ted. .

Pln.l}y. in table 1S an' experiment using the
1209n(7Li,e2n)2218p reaction is listeds This experiment

-

was intended te excite any high spin rotational levels in
- - -

‘l2igy,

Vith the Information availadle in tables 10 through
16, 1; is possible to discuss in sowe &cfsll the structure
of the individual Sb levels. \it cen be seen trpn table |5
thet the first four levels in '218p are strongly excited in
the (ilobd) stripping rouction. and hon;o aust have slizable
single-particle coaponents., Both the S07 and 573 keV
levels are also excited in the (dyd’) and coulomb
oxcl:;tlon experiments, cnd‘thorotoro muat have significant
. co}l‘ctlvo termse. This fact |is borﬁ.‘ out by the
i;octrOlcoplc factors Llisted In table 10b and the model
'F.ducod wavefunctions listed in table 11. The 0 and 33 keV
levels are almost entirely single-particle -t.toniyi;hllo

the S07 and 573 keV Llevels have auch smaller single-

partl‘Eo components and many collective teras.

- -

ALl of these states are excited In the 122Te(t,a)
reactione. The fact that the 37 keV level is most strongly

oxéltod indicates that the ground state wavefunction for

~

~
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is dominated by a term with two protons Iin the 1g7/2

-

ltti,
$rbltnt cou;lod to spin zero. The 37 keV loyol_ is also
strongly excited in the 23%&y(p,t) reaction, which ls
expected since this level is the analogue of the 123gp

I

ground state.

The model calculated magnetic dipole and electric
quadrupole moments for the 0 and 37 keV levels are in good
agreement with the experimental vulu.-‘llotod in tablg 13,
as are the branching ratios for the S07 keV level and the
B(E2)} values for the 37, 507 and S73 keV levels. The
deduced sixing ratio for the S07-—0 keV transition is only

in falir agreement with experiment, however.

The 947 keV level, which has been assigned a definite
spin of 8/2 in the present study, was excited in the
122Tq( ty,a) reaction with an transfer of 4, suggesting

that the wavefunction for this level is dominated by a 2plh
~

“——

term of the form [(7/2)20 98/2(0000)0;8/2>. The model
calculations for this level were able:  to reproduce  this
fea ture { table 11), al though the ¢ model predicted
spectroscopic factors ( table 19:’ are considerably larger
than the experimental spectroscopic factors. It should be’
no ted, however, that many of the model predic ted
) spectroscopic factors for 2plh states were larger than the
experimental values, and that the (2,j+1) sua rule was far
from being exhausted bLY the experimental values. The

authors of the (tya) study (Cd¥3) noted that either the

~

-
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absolute values of their c.lchX‘loa- vere incorrect, or
that the remalaing strength for the (2j*1) gsum rule lay

_over many levels above J MeV in excitation.

The model predictions listed 1in tadble 13 for the
electromagnetic obmservables associated with the 947 keV

level are in reasonable agreement with ekxperiment. “

The 847 keV lov.l. was also excited ian the
"ASn('Ll.c2n) reaction, and idedtified as the band head
for a 4J=l.rotntlonnl bnnd.. It would thus appear that the
2plh excitation predicted by the Intersediate coupling
model introduces a permanent deformation to the nucleus,
and hence permits rotationeal bands to gc built on this
level, The 1322 keV 1level |is presumed to be the first
excited state In this rotational band. fhl- level would
no t, ot coursey be predicted in the present model
calculations.

The four levels between 1.0 and 1.2 eV appear to be
largely collective in nat;ro. Both the 1025 and 1145 keV
levels are strongly excited in the (dyd?), coulomb
excitation and }7.7') reactions, but not in the (p,t)
reaction, indicating that they have large 15/7201200)2; 3>
components In  their wavefunctions: The 1036 end 1140 keV
levelsy, however, are excited in the ip.t) reaction but only
veakly in the other reactiona indicating the presence of
large [|7/2(1200)2;j> components in thelr wavefunctions.

The 1036 and 1145 keV levels have been al.(gnod spins of
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8/2 in the present study, and cen thg;otoro'bo readily
cof‘htatcd with model calculated levels which have the sane
dominant componen ts as Qho..'.poclt&o& dbo&o; The 1bzs keV
level, which was assigned a definite spin of 7/2 ia this
study, can also be coérolntod vith a ;hdﬂl calculated
level. In this case, however, the model appears to predict
too large a S/201200)2;7/2>¢component in the wavefunc tion;
if thls component were as t.;.. the model predicts (see
table 11), then this level lb;uld be appreclabdbly excited in
the (pet) reaction. - The 1140 keV Llevel presumably
corresponds to the lowest 11/3* model predicted 1;vol. In

-

this case the model c‘:;octly predicts a large

[7/2(120092;11/72> component in the wavefunctiog.

The model calculated electromagnetic observables for

these Llevels are in reasonable c.ro;::::-;}th experiment,
al though the agreement is not nearly -\good as that for

the lower levels. The branching rntio predicted for the
1025~-+37 keV transtien is certainly too large, while the
B(E2)} value for this level is too smali. As well, the.
B(E2)} value for the 1036 keV level is a little too large,
and the sign of thé amlxing ratio predicted for the 1145-—>

37 keV transition disagrees with experiment.

The 1386 keV level has been observed in (JHe,d),
(dyd®), coulomb excitation and (7,7°) experiments.
Hovever, the (3He,d) results for this level are soaswhat

ambiguous. In one study (Pa6é6)y, a level with an energy of
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1380 ¢ 10 xeV was strongly ezcited, but no £ trenster "I‘
measured, In t-o. othar ;dkudloo (1867 and Co68), lov.}.
with energies of 1420 £ 20 eV and 1(40 t JO xeV ioro_
observed with £ transfers of 2 + S, “' is not ‘ebvious that
the levels observed in these last two experiments are
;ptatod to the lo;ot observed in the tlr;t experiment. - A .
l-pln-pnrlty of J3/2% has pfevicusly been proposed for thl(
.lovrl (3073)5 and lndqod. only for a -pqn 3/2 level did the
aodel calculations reproduce the large ;r.uchlng ratio of-
this l‘vol ta the ground state. The B(E2)f value {or th&u (
llovbl was also eorfpctty predicted . by the model
en1culatlon..' Kévovor. the wavefunction gor this tevel,
llltig in table 11, contalns'vlrtually no single-particle
tetn. Therefore, If the model calculations are correct,
this level should not be observed in a (3He,d) setripping
exper iment. The model predicted wavefunction does contaif
a large colloct{v. term of the form |5/2(1200)2;3/2>, vh}ch
is what would be oxpo@tod from .tho (d,d), coulomb

excitation and (7,7%) experiments.

Tko experimental information available for levels
above 1400 keV in 1218p is not nearly as decisive as it is
for lo;cl- below this energy. As was mentioned above,
levels at energies of 1420 + 20 keV and 1440 ¢+ 30 keV have
been observed In (3He,d) experiments with £ transfers of
2 f S The measured spectrvoscopic factor for an { transfer

of 5§ is quite large (see table 10b), and hence an 11/2- *~

state with a large single-particle component *is most likely
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somevhere in this energy rnn.o.' Froa Juo present study the
. ]

most likely candidate fer this Asvel is the 1437 kev level,
. ) M \
‘which decays to the two 8/2% levels at 1036 and 1148 keV.

Thie agsigneent would be ﬁnltkoly i thise level vyere

0

exclted by the (7,7' ) reaction, since a transition froam the
‘ L]

$/2%* ground state of 121gn to an 1172~ level -u-t,proéood
IR o ,

via EJ radiation, and the (7,7°) reaction toal, .to only

: r
proceed via El or E3/4] rediation. A scattered 1433 2 3

keV Y-ray was in fact obsérved in the (7,7') experiment
. ‘-»V'. ‘ .
(Bo73) end assigned ™o 121gy, put it has been sssumed in

this analysis that this Y-ray came from the 1586 keV level
ot

of 1238b proposed earlier in the discussion of the present

experimental worke The fact that this level 1is -tron:ly

excited iIin the (d,d') and coulomdb excitation experiments

could be due to the presence ot 7. one octupole - phonon

collective term, | $/72(0013)3311/72>, in the 1172~
wavefunction, as shown in table 11.
Levels with energies of 1448 ¢t 10 KxeV o 1659 ¢ 10

BN
keV have been observed {n the (t,a) experimdot

ith

>

moderately sized spectroscopic factors for £ trcng*or-
1. These states must therefore have 2plh components
their wavefunctions, with th; one hole occuring 1in th
2p1/2 and 2pl/2 states respectively, The model calculated
spec troscoplc t;ctor listed in table 10b for the 3/2— level
is about twice as large as the experimental value, as was
the case for the 9/2* 2pih level at 947 keV. The

L

-poc‘tro-coplc factor calculated for the 1/2~ 1‘1 is,

PR S
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hovovoﬁ. in reasonadle agreesent with 6:,0?\.06'.
: ‘ ' . L

There As coatradictery evidence 6uoornin¢ the

‘properties of the .exelited state ;Q 1736 eV, Ayloéol with

en energy ot 1738 £ 10 ho'kcﬁo‘orlgtaokly opesepved to be

- 4

moderately excited in .‘(’l;.di experiment (Dabb

’; put no {
transfer was don.uro’f A later (¥Ke,ad) o:porlﬂpu? (Te67)
noted a level with aa energy of 1770 tlzo kKeV ind having a
‘measured of;ctropoop@o' factor .ot 0¢16 4 0.03 for an 4

.

transfer of 0. On the basis of these measurements, the
level at 1736 ;ay vn.'...liﬂ:d s spin-parity of 1/2¢ by
g .Nublcnr Pata Sheets (Ho71 )., This assignaent was ch.lloq.od
in a (7,7%) scattering experiment (Bo73), hoiovorﬂgbn the
grounds kgct fho’!2 strength required to populate thlq
level, assuming a spin-parity of 1/2%, was too lcrgo; The
measured 8(32)! for this 1§vol .l.ualn; thli spin~-pari ty
vas 0.09 ¢ 0.02 e¥b2, The presqpt model calculations -tend
to support this last oxporl.‘nt. The model does predict a
172* level in ghl. enevgy ro.lo;. and the wavefunction for
;hll level is listed .in table 11, T?o model calculated
B( E2) fov this lovvlgi; 0.0006 eZp2, however, which I's at
least two orders of magnitude lower than the oxporl-ont’l
value gquoted above. PFurthermore, the spectroacopic factor

predicted Dby the theory for this level is less than 0.01,

in clear disagreement with the measured value. On the

< -

basis of the B(E2){ results, 1t would appear that the 1736
GeV level is not the 1/2* level predicted In the (JHe,d)

study. The exact location and properties of a 1/2% energy



level in this regiea have .tlll"o be deteramined.

The firet four s'tates 4n 2785 are quite similar in
structure to the feur lowest levels in 123igy, oxcoﬁf that
the §/2% level now @lo.‘.bovo the 7/3* level 1in energy.
All four Llevels are excited by the 12%Te(?Ne,d) stripping
reaction with the Llowest two levels having large

spectroscopic factors and tﬁo noxEx two levels h.vlh.

smaller spectroscopic factorse. As shokn in table 16, “the

542 ko; level .L- also strongly excited in the (d,d?),
couloab excitation and (V,7%) experiments, indicating ¢that
.Lt hae a large ﬁolloctlvo component of the .for-
|77201200)233/2> in its vnvofﬁnctlon. The '712 keV lov‘l
would not be , expected to be exclted in any of these
reactions because, with a spin-parity of 1/2%, it 1s 3
) unlt; of angular momentum above the ground state.

The model calculated vavefunctions (table 12) and
spectroscoplc factors ( table 10b) for these levels are 1in
ngroo-on; with the experimental results dlscussed above.
The model calculated oloctro-.aﬁotlc observables for thogo

levels , shown #ﬂ table 14, are also in good agreement with

experimental values.

These four levels are also moderately excited in the
129Tg( tya) reaction, vlfﬁ the ground state of 12385 heing
very :trongly exci ted DYy this reac tion., This suggests
that, as was the case for 12274, the dominant term in the

wavefunction for the ground state of 12%Te contains two
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protons outside thd Z = S0 core both occupying the 1g7/3

orbital and coupled to -pin zere.

" The level at 1030 keV has been assigned a definite
spin of 8/2 1in the present study. Prom table 16 1t can

also be gseen that this level is strongly exclited by the

.

‘(dyd? ), coulomb excitation and (7,Y') experiments, wHich
suggests that this level hdk‘t large collective component
of the form [7/20(1200)2;9/2>. The wmodel calculations
.ucco-.tulli predict a level with these properties, and the
wvavefunction of this level 1is listed in table 12. The
model calculated branching ratios for this level are in
good agreement with experiment, and the calcula ted mixing
r.tlo‘h.s the correct signe The model calculated B(E2)} is
smaller than the experimental measurements, although the

agreement is still reasonable.

The 1082 xeV level was assigned possible spin-pari ties
of 7/2%, 9/2% or 11/2* by Nuclear Data Sheets (Au72), but
the 7/2% assignment was rejected earller in the present

study (see 7chnptor IIID). In table 14, measured B(E2)}
values for this level of 0.0 ¢+ 0.014 e2p? and
0.076 t 0,008 e2b2 are compared with model calculations for
levels in this reglon with spins of 9/2 and 11/2. The
calculation Tor an 1112’ level, 0.065 e2b2, 1g in good
agreement with the experimental values, while the result

for a 9/2% level, 0.Qb2 e?b2, 1s much too smell. The

wavefunction Llisted in table 12 for the 1089 keV level is
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that of the 11/2% aedel c.i}u&ctpd level. It will be noted
that this v.votunctloq\gﬂ.’c l.r;o component of the fora
17/201200)2;311/72>, vhich agrees with the experimental
finding that thie level is strongly excited in the (d,d'),

)

coulomb excitation and (7,7' ) experiments.,

-~

a_'l'ho levels at 118? and 1360 keY are not strongly
excited in any of the oiporl.onto listed in tadble 16, which
suggests that thooo‘lovol. are largely collective in nature
with the single proton outeide the Z = SO0 core ro.‘dln. in
an orbital other than the 1g7/2. Terms of the form
I5/2(1200)2; > are probable, since the 24aS5/2 orbital 1s
next lowest {in energy to the 1g7/2 orbital. Since
experimental spin-parities for these levels have not been

-

measured, any further discussion of their sfructure would

. ‘/,
be highly speculative. . .

:

The 1337 keV level 1s strongly excited by the 12¢Te
(tya) reaction for an 2 tr.n.t;r of 4. This suggeats that
this level is similar to the 947 keV level in t2lgy, peing
e 2plh state with a proton hole occuring in the 1g9/2
orbital and having two protons in the 1g7/2 orbital coupled
to spin zera., The model calculated wavefunction for this
level is listed in table 12, and the calculated
spectroscopic factor is compared with experiment 1in ‘
10b, As 1in the case ;f the 947 keV level in ‘3‘§b.

calculated spec troscopic factor is between twvo an

times larger than the experimental one. The c
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branching reties shewa in tadle 123 for thie Level are 1ia
reasonable agrecsent with experiswnt, and the caloculated
mixing ratio for the 1337--00 keV ¢traneition Is alse 1in

general agreement with the rather poor eoxperiaental

aeasuremaent.

As was the case for 121 gp, the experiamental
Information on levels above 1400 keV in 1233gp g gomwhat
confusing. The 1516 keV level listed In table 16 1ls
.--niod to correspond to levels at 1802 £ 10 keV and
1S00 £ 30 xeV observed in two (?Hey,d) experiments (Ba66 and .
Co68), levels at 1510 £ 5 keV and 1526 ¢ 1S keV seen in two

Jﬁd.d') experiments (Bab6é6 and HJj67 )y and o l’vol'.t 1512 =2 2
keV observed in & (7,7') experiment (Bo73), This level was
also observed in an (a,p) experiment (1‘11). but measured
excltation energles were not reported in this study. An {
{ransfer of 2 was measured for this level in the . ;ocond

(?He,d) experiment.

The 1586 keV level proposed in the present study
should correspond ¢to a level at energy 1574 ¢t 10 KkxeV
observed in a (JHe,d) study (Ba66), a level at 1601 ¢ 15
keV observed in a (dyd®) experiment (Hj67), and a level at
1583 £ 3 keV possibly seen in a (7,7') experiment (Bo73).
It has been assumed that the 1423 ¢t 3 keV Y=-ray observed in
the (7,7') experiment orlgln.jod from the 123gp aucleus.
This level was also observed in the (asp) study, and may

correspond to a peak with energy 1630 t 30 keV observed to



|
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have 'n. Y ¢rencsor of 3 ¢ 0 in a (%Rey¢) etugy (Cobl).

\
A level at an energy of 164 keV propesed by Nuclear

Data Sheets (Au73) eppears te eorro.pond. te lcvoi. at
1644 £ 10 keV and 1630 ¢ 30 keV obeerved ia the tve (’Ne,d)
experiments sentioned abave, a lovel at 1683 8 § keV .ioou
in one of ;ho (d,e®) oxpori-gat. (Bab6);, a level observed
in the (ayp) experiment, and perhaps to a level at 1643 ¢ 3
keV excited in the (7,v') ‘experiment. NHowever, o sepin-
parity of 11/2 wase proposed for thl! lLvot in the (a,p)
study, whereas the (7,7') study proposed spin-parities of

3/72¢% or S/2°%.

Finally, a level at 1740 keV was observed is a (?Ne,d)
experiment (Co68) with an energy of 1740 & 30 kxeV, in the
(ayp) study, and (n a (d;d') btudy (HJ67) with an energy of
1750 ¢ 1S keV. However, the ! transfer of 2 weasured i
the (JHe,d) sestudy suggests .ﬁln-pnri{lo. ot 3/2*% or S/2¢
for this level, whereas a spin-parity of 7/2*% was proposed

s

in the (a,p) study.’

A corr?lnflon betwewen the model calculated levels nﬁd
any of the four levels Jjust discussed cannot be aade with
the information .v.ilcblo. Indeed Soc.u.o the model
predicts many more livol- in this energy region than are
observed .oxporlnontally. .n; in light of the contradictory
oxporl.on&nl ro-hlt- noted above, it is gquite possible that

some of the levels dliscussed above are doublete.

AN
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The oedol caleviated vavefunction fer %the 1172~
.luto:uvtlolo etate io listed In table 13+ end 10 'coounce
te have an energy of 1630 2 30 NeV. The spectrececpie

facter csleculated for this lovel is in goee agreomaoat with

onpoerimental resuyl te.
«-k

Flaally, levele with energies of 17290 2 10 seV ana

1884 ¢ 10 %oV have deen obeserved h. a (tia) exporiment with

ransters of 1, The two ovelsg -gloutd therefere

orrespgond te 2pilh levels with protha holes oceurji. in the

1/232 ana ipalﬁ stat ilvely, and must have spin-
> .
pearitien of 1/2 and 3J/2~. wavefunction for these

levels are listed 1in able 12, and thelr epec trescoplic

"
wvas the case for the 1/2 and

factors In table 10D, A
e

3/2= levels in 1218y, the calculated spectroscopic factor

for the 1/2~ level is in agreement with experiment, but the

spectroscopic factor calculated for the 3&3‘ level is about

tvice as large as the experimental value.



Chapter VI
Sasalualgns

The pressat study haeo etrated ¢that level gplae
eas bHO doduced by ﬁ.-uu. Yeray .;“lov distridbutions
prodused By the (8ea'Y) reastioa, T™he eouat ra to0
casountored wvhen uelag ¢the (awm’Y) receticoa are sweh
onaller than the couat rates odtained whea delng, fer
exasple, (prad) verk on lighter ..'o;:{. Nenee, the mixing
reaties deduced in thid verk have relatively large errers

assecia he vith thea.

Pour definite oplin aselgneents vere made |

only one assignmeent was made in !233g,, Thie wa
the .r#hnd etate 'krln ot 12835, |g larger than the greund
state epin of 121gp, and hence excited states in 1238y e
not as .trQ:,‘;js:llgnod a8 states ia 121gy, Alteraste

experiments te deteraine level spine, ouch as measuring v-¥

correlations, were impractical due te the lew count ra tes.

\

It vas noted in the discussien ;} experimental results
that angular distridutien mseasuresents could net bDe made
fer levels above 1.4 MeV in 12igy pecauae these levels were
veakly oxéltod by the (nya'?) reaction. This ob.'cfv.tt_on
can be oxpl.inod by noting that the level density ia $2igy
incresses consideradly at 'this energy. Reace there are
many aere oxit ¢hannels availabdle for the cempouand nucleus
to decay to, and the yield to each of the oxit channels

decreases.

111
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{:5 .The intermediate coupling model calculations are 1in
roalonuglo agreement with the o;vort-out.l re sl ts. Tﬂ%
model eoeretly prodlcf. the large one quadrupole phonon
components in the lowest 1/2% and 3/2* states in the Sb
nuclei, and also oxpl;l;- many of the features of thg
predoainantly one quadrupole phonon levels grouped in the
1.0 to 1.2 NeV region. There ls insufficient oxporl;ontnl
data avajiladble to extend the co-p’fl-on to higher levels,
where tvo“qundrupolo phonon states would start to beconae
important., , In"\ this reglion a coaparison betwveen
experimental results and model calculations might begln to
bro;k down, however, because the experimentally observed
two qun&rupolo phonon. states in the Sn nuclei{ are split in

-

energy, whereas the model two phonon states are degenerate.

The 2plh terms includéd 1in the modelX calcula tions
aprear to couple only weakly to the single-particle terams.
Most of the eigenstates pf.dlctod by the model below 2 KeV
do not have both‘,ln;;o single-particle and large 2plh

components, dbut instead have either single-pacticle terms,

or 2plh terms, coupled to vibrational components. If the
2plh terms were removed from the model calculations, the

model predictlions for aost states would not change

appreclagly, except of course that levels with large 2pilnh

composients would be overlooked.

v/'

In

the discussion of _the model results it vu-'notod

that a AJ=l rotational band has been discovered
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experimentally with & band head corresponding to the 9[2*
2pih stete in 1218h., It is poseible that rotational _gyld.
aay ﬂl.o be built on the 1/2~ and 3/2 2pilh states in the
Sb nuclei, although no experimental ovidonco exiots as yo*
for such bands. The ({ntermediate coupling model does not
account for the por-cnont‘nuclon; deforsation which must
exist 1f @ rotational band 1is observed. _Honeo another type
323 of -odol., most likely a -lero.eoplc calcudation, must be

used in order to explain the 9/2% rotational band, and to

investigate the possibility of other rotatlienal Nands.

-
»

Comparison ‘}ot the wmodel predictions and present
ro.u&(ﬂ with previous studies for a varjety of reac tions
leadg to a consistent picture of the structure of the low

- .
* AYxing levels in the Sb isotopes. As excitation energy

increases, however, the structure can no longer be

interpreted Iin terms of a simuple model.

-

Further experimental investigation of higher energy
rotational bands in l21gp and 1238y would be of
conslderable lnf.ro-t. and hopefully will b, undertaken., A
study of the analogue reactions 123gn(p,t)l21gpy and

1Sh(ty,p)t23Sp would also be useful, The poor esnergy
resolution noted in many of the previous charged particle
experiments could be -lcnltlcuntly‘ improved {if VY-ray-
particle colncidence experiments were carried oute.
Forinstance, the energlies of the Llowvest 1/2- and 3/72-

states could be measured with greater accuracy ({(f the a-
; .
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particle emitted In the Te( t,a)8» resction was detected in

coincldence with de-excltation Y raye.

; . (/]
oéhor experiments of theoretical interest which say be

feasible are the two proton ‘tvanster ronet!gn.
118 In(7Li,p)2 2L gy eand 127p(q,84 )28y, qana he three

proton transfer reaction 118ca(Li,n)t21g)p,



RaZacgacans

Abe4 -

Al 64

An7S8

AuéS

Au72
AuT2a
Ba 60

Bab6
Ba71l

Ba7la
Be72

Be?73

P03

Bré0

Ca78

Ca?6

Co68

Co 69

'o»/'bf.“'l‘t ‘ cnd' Lehe Stegua, Kandbook. . _af
datheaxical . _Ruacsiens. Ue8e. MNational Bureau eof
.t..“f‘.. 1964.

-

DeGe Alkhazov, Yu.P. Gangrskii, I.Kh. Lemberg and
Yuel. Udralov, Bull. Acad. Scil. USSR 28, 140 (1964).

DeS:. Andreevy K.I. Brekhinay, V.S8. Zvenev and [.N.
Chugunov, Bull. Acad. Sci. USSR 3§ #8, 88 (1978).

ReLoe Aubl‘. JeBe Ball and C.B, Pulaer, Nﬁcl. Phys.
All8, 14 (1968). : :

ReLes Audble, Nuecl., Data .1’ 363 (1972). ' !
Rele Aubley, Nucl. Data BZ, 468 (1972).

e Baranger, Phys. Rev. 120, 987 (1860).

-

PeDsBarnes, E. Ellegaard, B. HNerskind and ¥.C. Joshi,

Physe Lett, 23;_266 (1966).

Reitmann and P, Van der Merwe, Nucl., s A172, 218
(18971).

E. Barnard, N. Coetzee, JeAeM. o; Villiers, D.
hy

B.Ues Baranger, Adv, u“clo‘Ph'.u " 261 (1871).

F.E. Bertrand, Nucl. Data Z, 419 (1972).

FP.E. Bertrand, Nucl. Data 10, 21 (1973)

BeCe Booth, R.0, Arnold and ¥.J. Alston II1, Phys.
Reve Ql' 1500 (1873). -

DeMe Brink, Proge. Nucl. Phys. 8, 99 (1960),

GeHe 'Carlson, ¥.L. Talbert, Jr, .n& S. Rasan, Nucl,
Data 14, 247 (197S). ’

G.He Carlegon, V.L. Talbert, Jr. and S. Raman, Nucl;

‘Data 172, 1 (1976).

M. Conjeaudy S, Harar and Y. Cassagnouy, Nucl. Phys.
ALlZ., 449 (1968).

3

M, Conjeaud, 8. Harar sand E. Thurlere, Nucl. Phys.
aA128, 10 (1969).

115



Co73
Da?76

. Da76a

tdo,&ﬁ

de874

Du78.
Ené4

Pe7S8

Ga?7S
Gr72
Gr73
He 67

HJj67
Ro71
1867
£d76

ka7

116

M. Conjeauds S. flarary, M. Caballere. and N. Cindro,
Nuecl. Phys. A218, 383 (19073). ’

JoeMleo QD."‘.‘.' HeRe ..0..;' DelMle Sheppard and 9.C.
Nellsomy, Nucl. Imetrua. Netheds 134, 39t (1976).

JeMe Davidsony, Internal Report io. 79, ¥uclear
Research Ceatre, University ot Albertay: 1078
(unpubdblished)., ‘ . .

Ao deSHalit and I. Telmi, Nuclesar Shall _Ihsorx,

Academic Press, New Yotk, (1863).

A.- deShalit and K. PFeshbdech, Ihearetical Nuclear
s John Viley 8 Sone

Incsy Toronte, (1974).

Re Duffaity, A¢ Charvet and R. Chery, Z. Phys. 212{

315 and 321 (;?78).

P.M. Endt and C. Van der Leun, At. Data Nucl. Da ta
Tables 13. 67 (1974), o

¥Y.Ds Froma, He.P. lrlnck-nnn( P. Donauy Ce¢ Helger,
FeRe May, Y.V, Pashkevich and H. Rotter, Nucl. " Phys.
A243, 9 (187S).

A.K. Gaigalas, R.F. Shroy, G Schatz and D.B. Fossan,
Phys. Rev., Lett. 128, 558 (197%5).

P.R: Gregory and N.¥. Johns, Can. J. Phys. 50, 2012
(1872). .

P.¥, Green, Internal Report No. 62, Nuclear Research
Centre, University of Alberta, 1873 (unpublished).

XK. Heyde and P.J. Brussaard, Nucl, Phi-. A104, 81
(1967). ;

8.A. Hjorth, Arke. Fys. 33 #12, 183 (1967).
DeJo Horen, Nucl, Data B&, 75 (1971),

Te Ishimatsu,y K. Yegi, H. Ohmura, Ye Nakajima, T.
Nakagawa and H. Orihare, Nucl. Phys. 4104, ¢81
(19067).

1
Re Kamermansy T.J. Ketel and H. Verheul, 2. Phys.
4279, 99 (1876).
R. Kamermans, J.¥. Salts, J. Van Driel and R.H.
Silemssen, Phys. Lett. §8B, 226 (1977),



Xe71
K163

K178
Ko 76

Mc D74

Ra71

Ra 74

Ra78

8067\
Ro7S

Se?70

Shé6
st70
:8t77
Va70

| Va1
Vn’h
Vel

vié4

117
\ ’

Re Lo Koernell, HR.J. Kimy '.ol.o " Rebineson and C.H.
Johneeny Nucl. Phyg. ALlK, 449 (1971). \\

LeBo ll.oiln.or and R.A. iorou.dn. Rev. HNod. Phys.
a8, 883 (1963).

Hedeo “-.' Nucl. Data u' 107 (1978).
' !
D¢Ce Kocher, Nucl. Data 17, 39 (1976).

Je McDonald, B. Po..lhqr.. Ae Backlin and Y. Kawase,
Nucle. Phys. ‘m. 13 (1974).

8. Raman and E.J. Kiey Nuecl. Dats §, 181 C1971).

‘0.‘ Raman, RelLo Auble ana P.PF, Dyer, Phys. Rewve. cR,
426 (1974), ‘

S. Raman and H.J. Kimy Nucle Date if, 198 (1978). -

H.J. Rose and D.M. Brink, Rev,. lod.‘ Physs 3B, 306
(1867). ’

De¥.0, Rogersy, Nucl. Instrum. Methods 1268, 2853
(1978), : .

b ]

.8+ Sen and B.K. Sinha, Nucl, Phys. m' ‘91 (1970).

E. Sheldon and D.M. van Patter, Rev. Mod: Phys. 328,

143 (1866).

P.H. Stelson, P.K. McGovan, R.L. Robinson and V.T.
Milner, Phys. Rev. Cdy 2018 Als’q,o

PeM. Stvertka, T.P. Sjoreen, U. Ourg and D.!; Fossan,
Bull, A-o Phys. Soc. n' 1026 (1977).

. ‘
G. Vanden Berghe and K. Héyde, Phys. Lett. 228, \173
1(1870). *

G. Vanden Berghe and K. Heyde, H?QI. Phys.: 4163, 478
(1871).,

'Ge Vanden Berghe and B, D.gjjxﬁk. Z. Phys. 262, 25

(1873), . °

CeVe Velffenback and R. Tickle, Phys. Rev. K3y 1668
(1971)., s .

‘D¢ Wilmore and P.F. Hodgson, Nuel. Phys. 55, 673

(1864).



'ordor te oalculate theoretically aay electro-

‘magretic “oboirv.blo. it 1s lnevitably uo.o.o‘ry to

leuloto‘ the reduced transition *.trlx element

B3 hRCAINRER D355, where N(A) 1s any’ oloot;...uotlc
\

-nftlpolo operator. l.ny}oloctro-q.not}c ~observables ur:
proportional to the .qL.ro -¥t this nuaber, .;a do not
pf?"d. .af 1utor-.§lon conc*rnln. the phase of the
opor;§or. A few ob-.rv‘blio. hbv.vor. .r;yproportton;l to
the -.}rlx element Lftself, and hence measure its ph..’ as
well as lg. amplitudes The 7-ray multipole sixing |ratio §
is ;h obco;vcblo of ' this type. Yhen comparin model
c‘lcﬁlctlon- with experimental results for | these
observables, it l-'l-port.nt to ensure that the phugo. of
the wmultipole operator used in the model e.lcutctlon; is

.

consistent with the phase of the operator used during the
v

oxporl-on‘cl analysie.

In the present study, the experimental measurements
were analysed sccording to thé phase convention of Rose and
Brink (Ro67). A dorlvction will therefore be made of the
magnetic dipole and electric quadrupole operators, and of
the Y-ray mining retio $§y which corresponds to this phase

conventione. . . R .

In the long wavelength approximation, Rose and Brink
detine tﬁolr -cgnotlc_.nd electric operators s

! 118
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(3 ) '
T)’__\B K:(M;, + M;») (A=1)
T s Wy ay, + QL) (a-2)

where

o, o i) (54/3" | . (A=3)

Czy-))H!! 23
Ky e =l ] Ca-a)
Ay, = 131 (_‘_L\ (.H - C,,‘.] (A-8)
| Q;,. = -3,‘3 \K' [y (T Ca) . (A-6)
_ +
) My, = 15,_ E < (P C;,.\-l : (A-'M
M,:, = %sf*'“ (,f‘ C;.,..\-? . (A=8)
and W . eZ-S)
C = (4T Y
bV | (Z).#-l) l,u-
B = ek . o (A-10)
Amel '

Consider first the magnetic dipolé operator T, , I

can be shown that! \ ' :
-V"((_\Y)‘»\ .7__.-‘/).(';\;'3 rk-l [Y-,x\-/.’ s LA=11)
v

is any vector. ‘'Thus equations A-7 and A-8 become

M'/‘ = l‘jq .E_.l’q_fr -V,LYYVA\'F

L3 M/V"‘/

= ¢ fs L u i , ' (A-12)

At —
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My . a, ‘5 qrr T T
2 9y B Sm - _ o . (a=13)
Noting that al=x, e '
o 7',,':‘ o K'(j‘ﬁ,( + 3.,.5,.3, - (A-14)

-

Now coansider & nucleus with ‘atomic welight A and 2

pretonsy, described by a vibrating care coupled to one

extra-core nucleon.

T. = 2 'FK.‘(ﬂ‘f’e‘"*ﬁz $u" )

W7 cere

. ] : +P2(?"Q’“ + 3.,S,~\) (A-15)

wvhere the primed variables refer to nucleons in the core

and tho unpriased v.rlcblo- refer to the extra nucleon.

Thl- .qu.tlon may dg\-lnplltlod by noting that

o

/
St 3* Q—f‘" * 3"5" z 34 L A
. . iz SR R/* ’ (A-16)
_ where l is the nn.ul.r -o-ontu- of the coronf

. Tp/s." = {5 KQ?Q‘ /1 J‘-‘j.' 4 + jﬂ ’Z/\\ \.- ‘ (A-17)

In order to be consistent with other authors (He67),
the magnetic dipole operator used in thi- s tudy, 77)(!(1./A).

is defined as . M

ML ) 5 L T,
MM F 2 Y T

,‘/ /3(7,.,( +9554 4.33 \ (A-18)"

When evaluating the electric quadrupolo opetrator Tii,_

11}

the spin ters oi, detined in equation A-6 above is normally
- <

ignored aince i¢ is much emaller than OQA; Froa equation

¢
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A=J 4t fe ebvieus that -

*“ I ‘% . » . ) N
2vs . (A=19) |

Therefore, -ub.tltutln. A=19 and A-§ bcoh Aate A=3 ylelds

Tt.,c:.. 3;41[“?\{;’;)

(A+»20)

> - _EL ‘SG .jé&; C.Ha r‘Yt¢~t]
kY wC

Returning to the case of a nucleus with a vibrating

core and one extra-core proton (5’31).

Z 3(2(' Yl./. Z 3¢' Q(r» \/L/«k9¢>

all ceorg

Macleon sy +~ \/L/(O)¢> .
( A=21)

wvhere the primed variables again refer to nucleons in the
corey and the unprimed variables refer to the extra-core
protone. The sum over the core nucleons aay be expressed

alternately as an integration over the core,

Z j:_'e. (r'\l\{z}(O',éq

core — [)p_(;ﬂ ¢* Voo A7 (A=22)
where f(r) is the charge density. For a vibrating core,
R = R Cis Z o(,.,, Y;,_\ .. (A=23)
Thcrotoro. for a§»<<1.
'F(‘P) RY ~ (Z-l\e G(R-r\ . ('A=24)
(4m/ 3R>
> ‘

Perforaing a Taylor expansion of /(r) about Rg,

f(«—a\-p(«-e\+(za\_f ..
IR Ir.

R, 3 .-
: P(F e\+m(1, -1Ye §(e «-\2 W Yy Cae28)

‘where, since €,.<<1y only first order terms in @,, have
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been kept. Thuey ovaluatisg the integral la equation 4-22
and fiatreducing the qQuadrupele pheaean creatiea and y

ennihilation eperaters defined in.oquation 4-0 of eb;p
fp(?\ r‘Yt» A= 0
3 4‘\ 1 4 2." “l}(

- 3 L'Z‘)\Q R ]/ t\.J [‘3/. 4-(‘) Lx-,‘]
( A=36)

Sudbstitutiag oequatiens A-26 and A4~31 dasck inte equatiea A«

Iv,

LY

-

20 yields

Tlt z - .I Q [H.{(Z’:'\ 3 Eo‘f t:]t ‘
. IS E%: ym 2:(;3

“.,J() B;,]}+ ¢ Y,.,.] (a-27)

rd

For & 7=ray transition frog state B(%X) g5 gtate B(f)?
: &) oD
E‘- = E( - E ;
= kKek ' ( A-28)
y. . ) S
s <:E e ) Jb'“P 'Tle lEi& ,Jg'*uj>

ST K (Ep- B CE® jamp I MlE Y TE™ jum, S
1S ke

Ll[ Kl <js(s\;J’hﬂp|A\(E:€$k)IE“);J"ku>>

s " (A=29)

(1}

. where H¢ 82./4) ils defined as

h(Eru) 2 etV lo,d)
3 ¢ (Z-/YRS_[Rwy Lhah +()“b,.
+ 3 e (2o | 7:.[ 2+ () b,]

This definition 1s equivalent to that of Heyde and

(A-30)

ermocurd (He67). t
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, B N

, Reoe ane Iﬂn dogiae Qﬁ wleipie alzlag retie ter
an B2/M1 tramal uo. 22em otate (%) .28 svate BtP o

D s 3 SEOLITUE LY

\' § (&% R o '\
Sinee uader time reversal the epers ters Tawe traasfers
) \,& ) .
Ty © == 7T o ( 4-32)

lt can o.olly be shown that
8§z
- - 2T LE M T rE >
§S Ce™ i IiTTIEY; ;o>
and therefore

1/-]/— /_‘ (P 10 IMED R -5,
\J yr K <s¢5‘j.llz.<m§ll§” 5

-

) E _<§"Lun2\(eLSIE"’>S~>.
Joo & <E"‘)Jbu7"(””neuu J">(A-34)\

For completeness, equations for other elec tromagnetic
observables used in this study are outlined below, fho

magnetic dlpole moment for a level ¥ ig detfined as (Heb7)

4 (e;r.mrlh(ﬁl,/(\le;I,}w;_z-) (A-38)

7
3

i

4

yrr. ?/ (zy;Tolznd<e;zhhmnle: T
3

. fym Iz CESTIMMDIE: Ty
}[3 \/(IH\(LIJ-R’ ’ "_)u-ao)

+ Similarly, the electric quadrupcle momeat ig defined as

L4

4./‘4

(He67) L



Q . (t'r,n-rw'&‘d‘x, "\l'e;r,n.rﬁ \u-a'n
& e |
. Q .]/u.n .2'_ ('n;roln:)(s;rluqz\lszn

_ LT . (e :lz.(ezsle .
'/M '/7.:0' §Xu+'\(:+ﬂ (A=38)

'!u both equatiens A-36 and A-38 eadeve the Cledsoh~Gerden
coeffisients were eovaluated weing the Headbook eof

Mathmatical Punctiens (AD64). . Py

In the leag waveloength appreximation, the tranmsition
[ )

probability for o V—uy\r.a.qltlon of .n.ulpr scseatum L

between states B(¥) ang 5(f) ;¢ siven ny! ®
w(L\ _ULg_;_" L N ‘S S UAN
xe LT NI | (4-39)

3:...-. tor B2/M1 rediation

BLEDY =_L_ L CEW[ s INledIe 5, *

LS‘*' Q,‘
. . Y. .
By, 1 CE i e LS
L)y+' ev | ‘
(A-40)

Thus

W(EZ/M!) = 8 et [_& Kre(A | | «k* fs(u\]
ke L9 150

ol cet g [R(M)) s\ ‘B (e
= Lef C-W ’[ 100 ‘kg\ , J

? (xc
(A-41)
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®-1 I fasssas CHPPLAR '

» - ' | R

PPLEI Lo o PORTRAN IV conputer pregeran ‘-ol.“ %
e.rn ‘out the la!or-odlpu csowpling sedel ul“xﬂm
dlunou in oh.nov IV o2 tno thesis. The fermat 02 this’
C. - B

progran is quite sinilar ¢ that ¢f thaq pregraa CUPPLE-%

(Ge73). “

Iaput ie read by this pregrea frea ualt § and cutpnt )
is writtens, ualese otherwise specified, en unait 6. Iaput
data i read in the staadard fera

: d
READ( 5,100) IC,(DUM(J),J=1,7)
100 FORMAT( I2,8X,7F10.0)

where IC 1le a coatrol integer which epecifies te. the
pregran ;hleh input paremeters are eoatalined oa ;Io
resainder of ‘th; carde. Table 17 1liets the varieus IC
values and input paremeters read by the pregrea. all
snergy paremssters are mcasured ,in MeV. ~

One option availladle in CUPPLED peraite results te be
'HY.' in a .ml.l' format, to‘ \ql:'l as woll as ea wait

- ' . .
6. his out\po.t is @esigned te be read by the pregrea

v .
MOMENT. In the present versiemméf CUPPLE] c¢aly results teor
. _ o
positive parity states, and oaly‘th. elgenvegtors fes "the
lowest ten eigenstates in eaergy for each spla, dre wanitfes

to uait 7.

128
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IC DUM(J). WANE
J = 9

126

o rcpto 17

Iaput Cards fer CUPPLE)D

\
.

i
o - <
019 - -
.. P
02 1 NFONON

2 .' ErONON

Caubes prograam to stop.
!inoro&

The femainder ef this card is Lignored.
The prograa then e%kpects a card
containing a descriptive TITLE in (20A4)
foraat.

Number of gquadrupole phonons.
(0 & WFoMNON € 3)

'Baergy of quagrupole phonons.

3 NOCTPF Nuaber- of octupole phonons.
~ (0 K woexFr £ 2)
4 BOCTP Bnor.7~ot'octupola phonon-.
S ' 1IPaAR Parity of states for which c.léulntlon-
will be done. ‘
03 1 | NPART Nusber to particle orbl tals.
N (0 £ NPART £ S)
3 NHOLEB Nusber of hole orbitals.
‘ - (0 ¢ NEOLE £ S)
. (NPART & NHOLE } 1)
3 GPAIR Pajfing interaction onorcy\o'xh;.
4 IVEICH =0 Do calculations for single-particle
: ) and two-particle-one~hole states.
, =1l Do calculatione for single-hole and -
twvo—-holte~one-particle states.
[ ae Y

Pollewing the 03 ceardy the program
expects to read NPART data cards with
IC=0y and NEOLE date cards with ICs=1,
coatalning the followving Lntor-.flon for
each orbltal.
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Ic poAtJ) NaME & REMARKS
e ?
CL - < -
S .
00 1 Ni(I) The radial quantum nuaber n/.
or or '
01 NEHL(I)
2 PARTL(I) The orbital angular momentua £ .
i or '
HOLBL( 1)
3 PARTJ(1) The total angular aomentum J..
or
HOLBJ(I) .
4 PARTE(I) The single-particle (~-hole) energy 55
or (€54).
HOLER(I)
This series of orbital information cards
in terainated by a card with IC=-~1,
04 1 XIMIN Minimua value of t,.
2 XISTP ,\sfncro-ont for stepping Ej.
3 XIMAX Maximum value of &,.
4 XIIMI N Minimum value of % 3.
S XIJ3STP Increment for stepping E3e
6 XI3MAX Maximua value for E,. 4
\ .
To do calculations for only one value of
XI (XI3) met XISTP = 0O (IISB?P 2 0) and
XIMIN = XIMAX ( XI3MIN = XI3MAX).
0s 1 LPUNCH =]l Write ouput to unit 7 as well as
unit 6. The output Iin unit 7 ie in a
special format readible by the computer
program MOMENT.
=0 Suppress extra output,
2 LFULL1} Should always equal 0. ' If LPULL] >0

then an extensive printout ig generated.

This facility was
the program.

useful when writing



IC DUMCJ) MNAMB REMARKS
J = 7 .
0s 3 LCOBPFP =1l Print-eigenvalues and el genvec tors.
=0 Print only ol.}rv.lu‘.o
4 EMSTRT Oanly ‘used of LPUNCE = 1. The starting
ID aumber for ouput wreitten to uait 7.
Subseguent sets are nusbered
sequentially. v
-] MAXDIA Maximum nuaber of diagonalizations.
6 MAXRNK Maximum satrix rank (€78 ).
7 NSTOP The mseximsuas nusber of eligeastates for
wvhich output will be printed ea unit 6.
Eigenstates are printed in ascending
order of eigenvalue six to a line, and
: hence NSTOP is always rounded up to the
’ next hultiple of six. In order to print
resulte for all éligens tates set
NSTOP < 0.
NOTE? _ NSTOP does not effect the output
to unit 7. °
06 - - Not used. Ignored.
07 1 NSPIN Nuaber of total spin I values for which
{ calculatiods will be done.
(1 ¢ NSPIN £ 6)
2 RSPIN(1) PFPirst I value.
J RSPIN(2) Second I wvalue.
etce.
08 ‘l NENG Number of maximum cutoff energies to be
given. NENG must equal NSPIN.
. e
2 EMAX( 1) Upper energy cutoff for levels with
RSPINC(1).
] EMAX( 2) Upper energy cutoff for levels with
RSPIN(2).
etce
09 - - Not used., Ignored.



IC DUM(J)

Jg = 32

NAMB

. ' \
REMARKS

10

Ead ilaputs, Current la’it paraseters are
checked for errors and, 1if acne are
found, calculation begins.
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5.‘- ¢« .. "

B:2 Ihe Prosram MOMENT
/“ '
MONENT (s a !JltlAl IV computer progrea designed to
/
calculate various electromagnetic ob‘o"nb e using as
laput the emergy level eligenvectors calculated by CUPPLR3.

The formulae used by MOMENT are discussed in chapter IV and

appendix A of this thesis.
. {

jﬁilnput' to MOMENT comes both from units 7 and S, while
L/ .
outhut 1s through unit 6. MOMENT first rpads the CUPPLED
results from unit 7, and then reads uli other Lnput froa
unit 5. Input from unit S is identical in format to that
\?..d in the CUPPLE3 calculations and described ebove,
Table 18 lists the vn}loun IC values and input parameters

read by the program. All energy parameters are measured in

MeV.

The IC = 04 to 08 carde each initiate the calculation
of a particular Cloc;;o-.énotlc observable. The 04 and OS
cards calculate wagnetic dipole and electric qQuadrupole
moments resectively, while the 06 and 07 cards are used to
calculate 7Y-ray mixing and braenching ratios respectively.

~

The O08 card calculates B(R2) values for specitied
[ ]

transitions. Aftor reading one of these cards ory, in the
case of a branching retio calculations a set of cardsy, the

program calculates the required obgservable, prints the

result, and then returns to read the next input card.

Energy levels or eligenstates are l(oatltlod on these



IC DUML J) NAME

¥ 3}

Table 18

" Input Cards for MOMENT

REMARK S
Jg = 9 N

-1 - - Causes program to .fbp; . ¥

®
0 - - Ignored | _

o1 - - The progres immediately prtﬂﬁj out all
the pareameters read from the CUPPLED
output. These include the quadrupoles
phonon energy aad coupling streagth
parmeter, and the eigenvectors for the
firet ten olconot*to. oL each spin.

02 1 N Atoaic number Z of nucleus.

2 AN Atomic welght A of nucleus.

3 XKR Radial paremeter k.

03 1 GS Spln e tcétoae '

2 GR Core g factor.

3 GL Orbital angular momentua g factor.

o4 1 SPINY Total angulag momentum of level.

2 JSPI Level number relative to other levels
with angular momentum SPINI. (See text
for explanation.)

The prograa now calculates and prints
the wmagnetic dipole moment for ¢this
level.

0s 1 SPIN} Total angular momentum of level.

2 JSPI1 Level aumsber relative to othgr levels
with angular somentum SPINI,

The program now calculates and printe
the electric quadrupole moment for this
level. '

06 1 SPINI Total angular momentua of the finitial

level in a Y-ray transltion.

-+
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vﬂ - iy
IC DUM J nAMB ‘BBMARES
J = ' B
{ . otaer
06 - Jeprg Level aumber relative te otner levels
wvith engular momentua SPINI., .
\
3 sriur Total engular -momeatus of the final
: ' level in a Vvray transition.
4 Jare Level npumbder ‘rol.tlvo to other levels
with sagular momentum SPINP,
8 IOAlqA Energy of 7Y-raYye. ) -
The progras nov calculates and prints
the VY-reoy multipele mixing ratie fer an
B2/81 traasitien bdetween these two
levels.
07 1 SPINI Total angular mementum of a level
decaying via Y=-ray emisslon.
2 JSPI 'Level number relative to other 1levels
with angular momentum SPINI.
k] NBR The nuaber o0f braaches tuﬁouqh which
this level can decay.,
(NBR € 10)
The progras now expects to read NBR
cards with IC=0 containing the following
inforsation about the final levels in
‘the various Y-ray branchese.
1 xsPN I) Total angular -oq'ntu- of the I°'th tlpnl
state. :
2 MSPPF( 1) Level number relative to other levels
with angular momentua XSPF(I).
3 XGANM( I) Energy of ['th 7-r.y\trnn-1tlon.
After reading NBR cards, the program
. calculates and prints the branching
‘ ratios for the speciflied transitions.
08 1 SPINI Total angular somentua of initial level

in transition.
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$! \{ . v !
os 3 Jer: Level nuaber relative to other levels
with aagular mseseatua SPINI. :
. '3 seunr Total sngqular mementim of finab level in
a transition. '
4 Jarr Level naumber relative to other .levels

" with angular momentum SPINPT.,

-The progras now ocalculates and prints

the M E3) value for a transition between
these two 1ovo}o.

v
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. 0}

cards by twe paremeteds, the level spln and level nuaber.
The level numbdber refers to the positien of a state vwith

to.po#t to ‘other states of the same epini level 1 is the

. lowest level of a gparticular spin, level 3 the secend

. : 3
lowest level of that spin, etc. Bxperimental Vepay

energies are used for transitions bptweéen states.
.



