Lawrence Berkeley National Laboratory
Recent Work

Title
GROUND STATE BANDS IN HEAVY EVEN-EVEN FISSION PRODUCTS

Permalink
https://escholarship.org/uc/item/6ki8f30\

Authors

Wilhelmy, J.B.
Thompson, S.G.
Jared, R.C.

Publication Date
1970-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6kj8f30v
https://escholarship.org/uc/item/6kj8f30v#author
https://escholarship.org
http://www.cdlib.org/

Submitted to Physical Review Letters UCRL-19931

Preprint

c. 2

GROUND STATE BANDS IN HEAVY EVEN-EVEN FISSION PRODUCTS

J. B. Wilhelmy, S. G. Thompson, R. C. Jared, and E. Cheifetz

RECEIVED July 1970

LAWRENCE
RADIATION LABORATORY
auG 6 1970

LIBRARY AND
DOCUMENTS SECT ION

AEC Contract No. W-7405-eng -48

. D
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

- - SN
- LAWRENCE RADIATION LABORATORYE

;N UNIVERSITY of CALIFORNIA BERKELEY
‘o
~

c
Q
kg
=




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
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California. The views and opinions of authors expressed herein do not necessarily state or
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GROUND - STATE BANDS IN HEAVY EVEN-EVEN FISSION PRODUCTS
J. B;{Wilhelmy, S. G. Thompson, R. C. Jared, and E. Cheifetz
Lawrence Radiation Laboratory”
University of California

Berkeley, California 94720 -

July 1970

We pfesent experimehtal results on the ground-state bands of

220,

heavy eyénféven nuclei produéed ih the primary fiééion of
Experimeﬁtél values for thé'energy levels and lifétimes range ffom
- those typiéal of.sphericalvnuclei to those assoéiatéd with perma-
nently deformed nuclei. | |
In this.ietter we present ﬁew inférmatioﬁ conéerning the energy levels

of very neutrgﬁ r%ch even-even isotopes of 52Te, 5hXé5.56Ba"58qé’I6bNd’ and
628m.' These %eéhlts-were obtained in a series of expéfiménts on the prompt
gammé ray de4ekcipation of the fission fragménts from épbﬁtaneous fiésion of
2520f. The dﬁté, which in some of the cases cén bevcorfelated with previously -
‘reported resul%s;’exténd the knowlédge about the systematic behavior of col-
lective exéitations.to neutron rich nuclei far from thé béta stability line.
The systematigs_éf the energy levels in the ground sfaté bands for the heavier
fragments are_weIi fitted using the phenomenélogical variable moment of inertis
model of Mariécétti 23_5;31 One of the main‘features of the results is.the
eyidence thatthe;well-knowh abrupt discontinuity in the ;atié EL+/E2+ for
.isotopes with-88'and 90 neutrons reaches its maximum>effect in Nd, Sm, and G4

isotopes,and>becomeswmuch less abrupt in the Ce and Ba nuclei. ' This smoother

transition is s;milar to the behavior observed for ithQpes with Z > 66.2
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In thelerperiments X-rays and/qr Y-rays were ﬁeééured in‘coineidence
wifh_pairs oflflseion_fragments. The experimental teehnléue has been described_
in e previous\ﬁeper3 and will therefore only be briefly éﬁmmarized here. 1In
‘most of the cases?the atomic number was determined by eb§erving a coihcidence
between the eheracteristic K x-rays and one or more ef'the Y-rays of fhe ground
state band. aTﬁelmasses of the.fragments were calculeted from their measured
.kinetic_energles}_ Direct determinetion of life times\l# rhe regien of 0.2-2 nsec
were obtained’frem Doppler shift considerations.

'The experimental results are presented in Taﬁle{I; For each_lsqtope
in the taﬁle we present two lines ofﬁinformatlon. The £§§ line: contains the
experimental ehergies of the observed levels along Wirh.the ratio of the
energies of tﬁe;ﬁ+ and 2" levels, the meaeured half life_of the 2* level, the
yield per fission of this.transition (corrected for interﬁal cdnversioﬂ) end
the mean experlmental mass associagted with the ground state band transrtlons
Also presented are BE(2; 2 - 0) values. The second line contains correspondlng
-predicted values The energies of the 6 and 8' levels were obtalned by 1nter7
polatlon using the standard Mallman plots of E /E vs Eh/E (I beiné 6 or 8).
The ground state band data used for the curves were obtalned from compllatlons
of Mariscotti SE;Ei:l The predicted half life and B(E2)‘values are based on
the'phenomenoleéical variable moment of inertia model.;:ﬁThe'predicted radiof
chemical yielas>ere from the calculations of Watson aﬁd Wilhelmy.s_;

The foll_{owing comments explain the bases for .the assignmente of r,he
levels: ” » |

1. Some. of the transitioné reported here have Been observed and identified

132

o o + + + +
previously by other methods. The 2° - 0 and 4 - 2 +transitions in Te

were observed by Bergstrom et al.6 folloﬁing beta decay of fission products
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analyzed by’an'dﬁ7line mass separator. This group also reported evidence of

l3hTe..'The decay of 13L‘Te has beén stﬁdied by W. John.

the 2 » O.tranéifibn in
gg_gé,T who mgéSﬁréd delayed Y-rays from fission ffagmenfs and reported that

the 115 keV transition (tentétivelj assigned as the.6f.+vh+) has a 160 nsec

half life and.is ro1ldwed by two cascade transitions Qf,éé? keV (4 » 2) and
1278_keV (2 N d);j.Our data contain an atomic number.identificatioﬁ for this
_decay-and alsézéfesenf tréﬁsition intensities consistent>with their aésignment.
The 2 + 0 tr;ngifiohs in lhOBé.and in ltha have been 5bsefved by Alvﬁger gE_gl.B'
foiloWing befg:decay Qf mass separated fissioﬁ products; The 2 > 0 levels inv
l38Xe, lhoXe;-ana lthe have:been‘observed by Wilhelm&'gi;gl,Q in studies of
transitions lelowing beta decay of unseparated fissi@n:products. The rota-
tional.band inilsésm has been observed in the lShSm(t,p) feaétion by J. G.
Bjerrgaard gggglflo vThey have explicitly identified by means of angular dis-
tribution studieé'only ﬁhevspin of the 2° stateg howéfér; the levels of the
rotational band of this nucleus as reportedvhere (12 kéV,'QSO keV, and 518 keV)
are in good agreement with their lowest levels (Yhtlo,‘QSOilO, 521:10 keV).

2. Most of»the de—egcitation of the even-even isofopes is expected to pass
fhrough the lqﬁéét 2" » 0% transitions and therefore thé yields of these transi;
tions corresbondrrather well to the calculated isotopic independent yiela of
these‘isotopes{ The small deviations that appear can be accounted for by
ﬁncertainties.in.fhe most probable charge (Zp) of the mass chains which were

136

ﬁsed in the cglculations. With the exception of Te, the 2 = b transitions
from all of thé isotopes with calculated independent yields 2>1% perbfission

were found. The'above mentioned missing case may be accounted for if there is
a sharp.decréése‘in its independent yield as a result bethe froximity of the

N =82 Z = 50 shell. The multipolarity of the 2 = 0 transitions in ltha, lthe,
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. and Sm were .found by Watscn gﬁtgi.ll~to be E2 by electron x-ray coincidence

2520f fragments.

studies in prcﬁb# decaj of
3. The.eﬁergies of the 2% levels and the'h+/2+.eﬁcfgyffatics obey smooth
systematics, ghcwing a decrease in the eﬁergiesvénd é@ ipcfease in-fhé'ratiOS
_with incfeasihg displacement from the N =‘82 shell. fhis felctionship was
used to confirm?tﬁe level and eiement assiénments>whencac.a result of small
internal conVérsicﬁ the X—ray cvidence was not availaclc..'This approach applies
to the case ofclhoxc.
4. .Highcf.spin members of the ground étate‘bandéjﬁdce been extracted from

Y-Y coincidence data. The intensities of the intra bénd'transitions decrease

> . > > R T i :
5 >0 Ih 0 I6 > ) 18 N 6) }n a manner con31stent

with increasing spin (1
with consideraﬁicﬁs invclving the removal of 6—10 unitcfof angular momentum
associated With‘ecch fragment; however, these intra bécd tranéitions are:still
the strqngest:present in the spectrum. This can be seén in Fig. 1 which‘pre_
sents the Y-ray spectrum obtained in coincidence ﬁithﬂthé 199.4 keV 2 > 0 tran-
sitions in ltha,' Also shown is the Y-ray spectrum ofiail fragmehts with
ekperimehtallmassés between 143 and th.. The coincideﬁce spectrum.stfongly
selccts the higher spin members of the ground state baﬁ&. When such a selec- -
tion was found;iﬁ which the strongeét.levels conformctc thc‘phenomenoiogical
predictions cnd'qo other intense iiﬁes were present, definife assigﬁments\were
made. | |
5. The éxpéyimentai mean masses associated with”thc_franSitions in the
even-even isctOpeé sometimes differ by more than 1 aﬁﬁ;from the assignedvmasses;
This can be attributed mainly to the use of average neutfon corrections. The

average values for a givén mass are presumably too small for isotopes that are

on the neutron deficient side of the most probable isotope for a givenwelément



and‘conVefsel&mﬁéb large forvisotopes on the neutrbn ex¢¢ss side. In some
véasés we:haveﬁéﬁ§érved odd maés isotdpes of the even Z éléments.with experi-
mental masses bétﬁeen those of the adjacent even isotd?és élthough tﬁe latter
are.separatedlﬁy;léss than 2 amu. Thefe may also be'é.éméil smooth systematic
efror.due £o fhé{ﬁncertéintieé in the fragment pulse héigﬁt to energy calibra-

~ tion procedufé:? | | |

| The datanshOW that the 88-90 neutrén disContinﬁity is smearingvout as
thevproton nﬁ@bér'decreases'below>z = 60. This is seen;both féf the énergiés._
o the 2% level and the EN*/E2” ratio. A plot of the E_’L;‘/’E_e ratio of nuclei
with 56 £ 7 < Td,is shown in Fig. 2. This figure cleqriy shows that the maxi-
muﬁ effect of‘théf88;90_néutron discontinuity occurs:iﬁithe region 60 < Z < 66.
The nuclei with N:# 92, Z = 58, and N = 92, Z = 68 have Eh/E2 rétio and.B(EZ)
values which indiéate_that they are as rotational asvlggsm, which is known to
have permahent:éﬁédrupole deformation, even though for Z = 58 ahd Z = 68 the
88-90 neutron éffect is relatively rather smooth. A;;imilar effect has been
shown to occuf:iﬁ,the 76-80 proton nuﬁber regiole where a sharp diééqntinuity
occurs for 106 < N < 112 andva smooth behavior was obééf#ed outside this regioﬁﬂ
We can summarize_then that the transition from a vibrational spectrum to a
rotational oﬁé can be either abrupt or smooth depending probably on a delicate :
balance between proton and neutron.pairing correlations, Calculations by
Nilsson gE.Q;.l3:and by Ragnarsson and Nilssonlh indiéatévthat_aeformation is
expected to océuﬁ_abruptly between 86 and 88 neutrons for the muclei discussed
here. Thesé daiéulations which afe based on the Nilssoﬁ model combined with
the Strutinsky.ngrmalizafion procedure reproduée the gengral trend.bf decreased

deformation fof nuclei with 88 neutrons on both sides of Z = 62. f
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.Another}inﬁeresting feature of the lowest 2+ $£3£§S Which are already:
known or haveibééh established in this experimeﬁt is ﬁhétlfor any specific even
neutron numberiﬁetﬁeen 82 and 88 the ievel energiés iﬁcfe#ée with increaﬁing : |
displacement from-the Z = 50 shell.

We arefgf;teful to the following persons for théirfhelp in thisAﬁork:
Elizabeth Quiég_#rotebfhe necessary programé for the ?Df;Q’computer. Thoﬁas N
Strong handledlﬁﬁe_processing of our data.using the CDC 6600 computer. Robert

Latimer and JameéﬂHarris electrddeposited'the.252

Ccf soﬁ?ces on our fission
detectors. Véry.useful discussions with John Rasmussén,_Frank Stephens,

Chin Fu Tsang,vand Rand Watson are acknowledged. -
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FIGURE CAPTIONS
252

1. Prompt Y-ray spectrum from Cf observed using a 35 cm3 coaxial Ge(Li)
detector(la)iin coincidence with fragments: having experimental masses be-
tween lhB'and 145, b) in coincidence with fragments having experimental

1Lk

masses between 139 and 149 and also with the 199 h keV Y—ray (2 >0 in Ba)

detected by a 6 em> planar Ge(Li) detector.
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Flg 2. Sysﬁgrﬁa‘;tic behavior of the ratio EL/E2 as .a "'f_ﬁnc?ﬁio_n of proton num'ber. -
in the N =86—92reg10n A new data from this expex_fiﬁént’. " The other data.

is from the Table of Iso_{:opes and Ref. 2. .
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Table i Experimental results and phenomenolopicnl predictions for sround state bandas,
Enerey in keV . EWED 4, (240" Yleld Musa® Blez; » - 03
e be [ 8+ . naec 3/cis C ‘exp s.p.
exp . 9Tk 196k ' 2.02 70,2 knowh
pred . 042 132 3.96
e exp 0 anmB 1575 1690 23 ALt 133099
pred o . 2.02 134 ) Lok
e e 580.5  1072.9 ’ 182 , 2. 138.28
pred © 2.2% 138 L,21
e exp. | A16.8 834.7 v 2,22 s 139.23
pred - - 1373 1940 0.04 - 3.18  1ho ©o18y  L.29
tha C . '
Ba. exp 602.2 LS known
prea . 0.2 .. 1ko
ELE exp -+ 7359.7 835.4 . 146T.k 2.32 290 . 1k2.02
pred . : 1403 1996 0.0k T 2:08 142 226 k.37
Whie © exp - " 199.4 530.4 962.1 1472 2.66 0.49 3.60 . 143.58 314
pred. . 957 1455 0.35 3.33 1hh WSk s
146 ‘L o
Ba exp 181.0 514 2.8b 0.85 . 1.01 144 .88 277
pred . - 939 1511 0.46  0.78 16 506 k.53
li‘hCe . exp .- 397.5 . Q.2 known
pred - v ’ 0.08 kb
e exp 258.6 6657 1um : 2.59 0.29 1.08 k6,20 157
pred- . 1186 . 1823 0.14 1.24 146 3k 4.54
148 = PP
Ce exp . . 1%8.7 4sh. b 8L0.9 2.86 0.9 2.31 147.80 Lhs
pred ' 8571 1341 0.70 2.11 148 s78  L.61
100 exp 97.1 306.1 606:8 983.2 315 0.9° 50,98  18.8k :
pred . 607 976 2,14 0.56 - 150 © 956 .70
R exp 15.9 240.6 1487.9 810.0  3.17 » 30.6  152.6
pred u78 782 2.76 © 0,99 - 152 1230 L.78
b exp S12.8 '235.2 183.9 812.0 . 3.23 >2 20.L° 153.5
pred ) 473 781 2.7k 0.98° 15k 1280 4.87
POm exp 6 250.2 518 3.29 >0.1 155.8
pred 511 863 .t 0.35 156 1220 L.95.
Y emp o 72.8 240.3 498.5 guk.5 3.3 20.15 . 15T.2
pred 19s 837 2.32 0.18 158 1280 5.04

e life times were determined from two point decay curves and in principle could be shorter since there is a possi-
bility of hold up from previous transitions. However the cnaes {denoted by =) for which the transition had a measured
delnyed component with T‘i 2z 3 neec were corrected on the busis of the work of W. John et al.
o 132, 1ho 1k ' . .
In l'e, Ba, and Ce no reliable mass calculation was possible due to poor statistics. The y transitions were
known from previous work (see text). In general the calculated musses have a statistical error of less than 0.2 amu.
®ine B(EZ) values are in units of eZem® 1073,

. . .
d".‘he prompt yield of the 2 state 1s only N0.25% per fission. The balance is made up of delayed yield as taken from
teference T. ’ .
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apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ‘

B. Assumes any liabilities with respect to the use of, or for damages
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