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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT
. 1% |

Heavy ion’ reactlons, ( O h ) and ( Ne hn), have been. used to populate

" ‘ 136 128 s
'<”_1evels 1n the neutron def1c1ent even cerlum 1sotopes -~ Ce - Ce. Promlnent-w“

- ]7 rays 1n the 1n-beam spectra have been a551gned to tran51t10ns between the '

Tfa'members of the ground state cua51 rotatlonal bands The results show that as

. icur.ﬂ The cross sectlons for the neutron evaporatlon reactlons used are con—:“
u1derabl}, reduch for the most neutron def1c1ent systems due to competltlon -

o girom cna Palthle emlsslon Such competltlon prevents us- from studylng

N 128
' f.Ce 1sotones l]ghter than Ce by thls method

. This work performed under the -auspiceés of the U.-S. Atomic Energy Commission.

.the,number ol'neutrons-decreases:theseslsotopes»tend towards rotatlonal behav—*V_pf\
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1Intreduetiqn
It has been suggested that some neutron-deficient nuclei having both
proton and neutron numbers between 50 and 82 mlght be. deformed and exhlblt
.'rotatlonal behav1our ). The experimental studies by Shellne et al. ) and by
'*Clarkson et al ) have shown that the neutron def1c1ent 1sotopes of xenon
.(Z=5h; N=66, 68)_and bariumi(Z=56; N=68, 70, ‘72 7&) do show 1ncrea51ngly
collective behaviour as the neutren number decreases. This is ev1denced by
the syste atic decrease in the energy of the first 2 level, together with an
i ’ | increase.in the ratio of the energies of_the h to_E levels. Howerer, it is

apparent that this trend is unlikely to continue much further in either the

xenon or barium isotopes, since the ratio_Eu:E2 appears. to reach its maximum

134

: 22 : ot
value with 1 Xe and probably with ;?uBa.. The first 2 level in Ce is at

2 . : ’ .
409 keV‘), but it seems probable that for the lighter cerium isotopes the

energy of thws level vwill fall con51derably To examine this possibility wve

136 128

have madeva study of the cerium 1sotopes Ce through Ce, the ehergy levels

were populated in heavy ion reactlons in whlch these cerium 1sotopes were the
'fihalfproducts ef the‘(HI,xn) reactions. The "in-bean" technique of studying
collective levels in neutrqnfdeficient ﬁuelei has been.used‘by several authors,
and has been_discussed in the litereture?.e.g., refs.” ); In addition to |
“taking spectre with.a sihgle lithidm¥drifted.germanium.counter; we have in
gome cases used,a.y—y.coincideneevtechnique with twovLi/Ge counters. In all
' , - cases'w. have measured the anrsotropy 1n the angular distribution of the gamma
reys with respect:to the.beam directiqn. Knowledge of these anisotropies has

. . e i oy
proved useful in the analysis of the spectira ).




‘ o approximately 80 MeV for 160 and 90 MeV for 2oNe'. Both the tin and'cadmiuma

B ;,;,3: X

.A,;; improved the quality of the spectra by stopping the recoiling compound nuclei,p

+* " thus eliminating Doppler effects.

o 6
f.;i.designed to preserve a high resolution to moderately high counting rates ).

."the beams of 160 and~2oNe used in this work. We have utilized the reactions :
‘*,A.Sn(1 o,un)A+120e, = 116- 12h and Cd( ONe ,Un)

ﬂ'isotopes of tin-and cadmium vere employed. The best bombarding energies weref

-targets were prepared by evaporating the material onto lead foil. The evape-ii

~ orated material was about 700 pg cm‘e; the lead foil was 0.05 mm thick whichiy

.'ing gave very little background in these experiments,vehilst it considerably

7?'ing 0.8 em X 6 cm? and 1.3 em X 6’cm?. The counter was usually positionediatq
7:;90° to the beau direction, and at a distance of about 2 cm from the target.
‘if}In tne angular distribution measurements this distance was increased'to 6 cm;fif
“JE and measurements vere made at 0° and 90°. Detalls of the experimental arrange';
:_'ment have been given previously .
“;uanium.counters vere each positioned at 90° uith respect to the beam,-on oppo- :x
3f;site sides of the'target, snd were each about 2 cm from the target. Pulses -‘

e from the germanium counter. were passed to & pre-amplifier and emplifier

e U voRn-a7ghs

:f Experimental Procedure '7?[3E:T;*'

The heavy-ion accelerator, Hilac, at Berkeley has been used to provide:

A+16C e, A = llO 116; separatedf

vas sufficient to stop the heavy-ion beams. We have found that the lead back-ﬁ

Gamma rays were detected in lithium-drifted germanium counters measur;}

:5)

For the coincidence work, the two ger-

"_ﬂ The amplifier comprised three separate system5° (i) e low noise amplifier withitf}

. pole-zero compensation; (ii) & pulse pile-up rejector with pre-set inspection o

.. time; and (1i1) a linear-gate. An amplified pulse was passed by the linear- I
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gate only in the event there was no pulse falling within the inspection time.
. L i P B o

~In cdnjunction with the germanium counter this system gave a typical perform-

ance of 2.5 keV resolution for the 6000 vy rays at a total counting rate of

2% th counts per éecoﬁd. The  spectra weré analyzedbby a 2048-channel ADC

and were stored using a PDP-7{ computer 0perat#ng‘on+line. The ADC was gated
' A ' ' |

sb that spectra taken during'the beam burst aﬁd betWeen beam bursts could be

.stored separately. During this work the Hilac was operating at a repetition

rate of L0 pulses pervsecond, each of 5 milliéeconds duration. Spectra were
taken at several bombarding energies,iand‘frdm the excitation functions of the

gamma.-rays we were able to pick out those corresponding to the (HI,4n) reaction.

Results
Examples of the spectra obtained are shown in figs. 1 and 2. The
results  for the energiés} anisotrépiés, and relative yields of the gamma, rays

are given in table 1. The individual transition energies are considered:

accurate to about'0.15%'invall cases. The relative yields have been corrected

for conversion-electron emission, counter efficiency, and the effect of absorb-

: o ) _ i + + + +
ers. These yields are probably good to.15% for the 4" 52 and 6 -4 transi-

tions, and 25% for higher transitions.

The_present angular’distributidn measurements,give only the relative

yields at 0° and 90° which is not sufficient to determine the parameters A,

and Ah' We have therefore quoted the anisotropies, which we have defined as
(10—190)/190.’ However, if the values of Au.are small, comparable to those.

previously found in similar reactionss),,An may be neglected and the anisotropy



. experimental error. -
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can be readily reldated to A2 with an error which is small compared with the

o o » 128 132 - 136 ..
Coincidence»experiments were'performedfforv Ce,- 5 Ce, and '5<Ce. ) o .»*3/

The statlstlcal accuracy of the p01nts 1n the 001nc1dence spectra was rather,

" poor, and 1t was not p0351ble to draw any deflnlte conclu51ons other than

- that the results vere compatlble w1th the proposed schemes.‘v-

126
“We were not able to 1dent1fy unamblguously the levels . in 1 _Ce from

-.lthe system llQCd + goNe. The promlnent llnes 1n.the.spectrum could hefassigned'-
to lQh 126Ba and some tentatlvely to ; 7
Discussion,"

' Level Schemes.

- In assigningfa transition to the“ground—statefQuasi-rotational band of

a partlcular ‘even- even nucleus we have ‘been gulded by con51derat10ns of the f
5Vexc1tat10n functlons, relatlve transmtlon 1ntens1t1es, angular dlstrlbutlons,
7{ and where measured the c01nc1dence spectra ‘From the excitation-functions it

.was found that the xn reactlon, for X-B 5, peaked ‘at an ex01tatlon energy cor—f

respondlng to (15 17) MeV per evaporated neutron

From the work of Newton et al 5) the range of values found for the

~e
. g

anlsotropy in the angular dlstrlbutlon of stretched E2 gamma rays follow1ng a .

-HI > reactlon 1s +O 53 to +O 75 Wlth the exceptlon of the nucleus 156Ce 1t” o "L;?

w1ll be seen from table 1 that the present ass1gnments of ground band trans1—u.

B tlons fall 1nt0‘thls range. The fact that the anlsotropy lies w1th1n the

~ ~above rangelis‘generally & necessary cond1t1on for e stretched E2 tran31tlon.'



_ground band w1ll be entered at a relatlvely low spln (7 = h for
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(But this is not always sufficient; for'eXample,'a mixed M1-E2 transition

could have an anisotropy in this range for certain values of the miking ratio. )

'However, 1t is poss1ble that the anlsotropy could be lower than 0.33 and the

tran51t10n stlll be a stretched E2.‘ Thls could occur 1f-the_allgnment,of the

T D '
parent state 1s reduced because a) its half-life, or the half-life of a

' substantlal feedlng tran51t10n, is ouff1c1ently long to allow external pertur—
- bations to have an effect, or b) the state is populated malnly by non- stretched

tran51t10ns between levels of low spin ) An example of the first situation

was pointed out in ref. 5 wheére it was shown that the values of A, for the
2 fso_transitions,»the:longest-liVed members of the ground-band cascade, were

sometimes considerably smaller than those of the other, faster transitions.v It

- also seems plauslble to us. that reductlons in the values of the anlsotroples
' due. to b) above may be correlated to the entrance p01nt 1n the feeding of the :

' band (e. g s refs.,h and lO) In a rotatlonal'nucleus ‘where the ground-band

energy spac1ngs are low, entrance 1nto the ground band usually occurs at reason-
ably high spins (12 20) It is then clear that any non- stretched tran51t10ns
precedlng the ground band must .be betwéeen states of hlgh spln and therefore
cannot cause very much mlsallgnment of the state. :On the other hand, if the

136

energy spacings are large as 1n v1bratlonal type nuclel such as Ce,.the

36Ce), and

now & non-stretched tran51tlon feedlng that (h ) level could serlously affect

- the allgnment of'that-state and of'succeedlng members._

-In_the present experiments, the energy of the ground-band transitions

always exceeded 200 keV, and the half-life should be short enough to rule out

- . . : 132 - .
the first part of possibility a). Only in the case of )QCe was an lsomeric
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level detected: this lies at 234k keV and decays with a half-life of 8.k * 1

milliseconds to the 6 level. (We will discuss this isomer in more detail in -

_.connectiOn with other.N 7h nuclel in a later publlcation ) However, in the

”'vrecorded spectra, the feedlng of the ground band from the 1somer was not large

compared to the prompt feeding, and Te) there would be little effect on the

fmeasured anisotropies The anisotropies for the h —>2 -and 2 - O trans1—

tions in 156Ce-are con51derably lower than the-range-deflned above Thls ,

.;4probably is due to the 664 8 keV trans1tlon, which carries most of the popula- .
‘tlon to the Ing level (75%4; 10% .. This tran51tion, wlth A= -0, 05 + 0. ou, is.
| either non stretched, case (b) above,vor some level preceedlng-it has a.rela—"

R tively 1ong half life as- in case (a above

In view of the systematic behav1our of . the energy levels, and the
results of the angular distribution and c01ncidence measurements, we feel

that the proposed level schemes for the ground bands shown in Fig 3 are rea-

,sonably well’ established; The. present results for the only previously studiedf

134

nucleus, - Ce, are in agreement with the earlier,work'with the,eXception of
RN ' : S , , _ . -

the 8+ -6 trensition which was previously given tentatively as 871 keV by

Clarkson et al 2)

~ Amongst the existing models for rotational energy- spacings, it! seems

“to uS'that the expressions of Harrisll) best reproduce the experimental values"'f

over the whole renge from strongly deformed nuclei to near- spherical ones. We.

-_haveutherefore»used the two-parameter.Harris‘equationsg

| 1 2, 2
EJ,= 3w (%o +3 ow )

J(F + 1) = @2(30 + 2 cme)?t'

C
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to fit the cerium. levels A least squares computer program was used for this
purpose. The energy levels were weighted in proportion to their inverse
squares, 5o that-the rms percentage deviations in the energy levels would be

a,minimum; The results from this program are shown in table 3. The differ-

ﬂences betWeen the'experimental and the fitted' lues are in general

' somewhat out51de the experimental errors. The moment of 1nert1a increases

very rapidly with. increas1ng spin for these nuclei. ThlS is presumably due’

‘ L
both to centrifugal stretching ), and to other effects such as Coriolis anti-
pairing. ). Calculations including these effects have been performﬁd in the

vrare earth 5) region,.and an extension of this type of calculation to the

barium region should be of interest. The quality of the fits to th% Harris

expressions .in this region is comparable to that obtained in the rare earth

region.

Reaction Mechanism : . N ,

The spectra become progresSively worse for the lighter,ceriums, in

that the peak-to-background ratios are poorer, and more transitions are present.

We interpret this as being due-to,the increasing competition from-charged#par—

ticle'evaporation.‘ This-WOHld“he‘expected in view of the decrease in proton
and alpha binding energies with decreasing rieutron number, whilst the neutron

binding energies become larger;' Some of the stronger extraneous lines can be -
1dentif1ed from their energies to be transitions in light barium nuclei, as
established by Clarkson et al. ). For the'system-lIQCd -+ 2Ol\Te at’ 92 MeV there

is the 27 —» 0" transition in 1265, at 256.0 + 0.3 keV (256.1 + 0.8)°). This

“product would be made by-evaporation of an alpha-particlevand two neutrons



o o S R o 00 |
from the compound nucleus. Similarly in the system-ll;Cd + Nejthe set of
lines 229;6 + 0.3, 421.6 + 0.5, and 576.1 £ 0.7 keV may be identified with

| the'e* 50", 4" 52", 6" 54T transitions in T Ba (229.5 + 0.7, 420.6 * 1.3,

and 575 2 keV) ). Aéainjthis Would be an a2n~evaporation. For this’system

,'f the evaporatlon of two protons and two neutrons may be 1dent1f1ed from the

correspondlng'trans;tlons in 126Ba, 256.0 * 093,u455-5'- 0.6 and 621-0'— 0.9

- keV K256.1 i_0,8;.h55;5’i>1.4,'621 + 2 keV) ).' The presenee of these cherged-
'.Pertiele.evaporationsﬂmust reduce the cross‘secfion available for neutron |
févaporation. o |

| ,‘Theicross section for production of'a particnlar v ray may be estimated
'bYMCOmparinéiits yield to that of thevcoulomb#excitedonb—9O+ transition in the
target huclens. :We'find that thercross sections~for the 2+ —>O+ transitions?in

“130. - 128

Ce and ~ “Ce fromlfhe;hn reactions using 2Ol\Te as ?rojectile were 310 and 215.

‘mb., respectively, at the peak of their excitation functions. There:was no

» e ' e 28 B
_detectable G2n competition (as evidenced by production of l» Ba) in the system

11k 130

: 20 - . ‘ : . : v o
Cd + = Ne (to make Ce). However, at the peak of the bn reaction for the

2 20 .
system 1L Ca + Ne, - the cross sectlon for OQn evaporatlon was U5 mb. For the

'-system llo'Cd 20 Ne we:were not able to 1dent1fy unamblguously the Un product,

'126Ce, however; at the bombarding energy at whlch the peak’ of the Un reaction
.would be expected in thls case, namely 100 MeV .the cross- sectlon for 02n"’ |
evaporatlon_was 125 mbg.and_for 2p2n -evaporation, lQ5 mb. The uncertalnty'ln o
'  thesezquoﬁed erbss Sections shouldﬁbe taken as 25%; this is composed7pertly '
- of the uncertalnty in the B(E2) values 1n the cadmium nuclei (taken from ref
.l%) and partly from the pOSSlble systematlc error in calculatlon of- the cross

'nSectlon for;Coulomb exc1tat10n at bombardlng energies which exceed the Coulomb
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- barrier height. In evaluating these cross sections we have integrated’the

dlfferentlal cross sectlon for Coulomb exc1tat10n over the range 6 =0 to GC,

= 1.45

where Gc is deflned by the gra21ng colllslon. A radius parameter Rb

: « F. was assUmed. The differential cross sections were obtained from the deBoer-
!} ‘ W1nther computer program ) The conclusion to be '‘drawn from these measure-

| ments seems to be that(charged partlcle evaporatlon begins to compete with

' neutron evaporatlon for very: neutron deflclent systems. The present data

imply that this competltlon beglns to lower the Mn reactlon Cross sectlon con-

152 28

81derably for the initial compound nucleus Ce (flnal product ). It

.. therefore becomes difficult to use the present techniques for the'study of

huclei ih‘this region which are more neutron-deficient than 128Ce. lFurther

. study in this reglon could probably be carried out using reactlons such as

100 2 126
u(5 S,02n ) Ce. .Such reactlonsvshould be quite feas1ble since it has

2 o 10 : 20 4o
! ' recently been shown by Ward et al. ) that with systems such as 1 Sn + A
| v

at around 160 MeV, the domlnant process is formatlon of a compound nucleus

|
i . with evaporatlon of partlcles. In such cases one could discriminate agalnst
|

the competlng react;ons;by obserVing the -y-ray spectrum in coincidence with

alpha particles.

Energy Level Sjstematics.

P ' 'f : . Abknowledge of only the energies of the groundestate band members is

: notvsufficient.to'determihe'whether,or not'e nucleus has a stable ground-state
deformation, except in-cases mhere-the 2+ level lies‘ekceptiohally?low‘and the

ratios of the energies of the band members are qulte close to those of a (rlgld)

rotor. Examples are the stable erbium and ytterblum 1sotopes. As was antici-

pated, the lowcst lylng ot level in these cerium nuclei ( 8Ce) is lower than
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that in any-presently known xenon or barium isotope, viz. fig. h; but is not
lowvenough to be comparable'tovthe rareiearth nucleiAjust mentioned.

The systematic behaviour:of the energy levels between‘isotopes of a
glven elementfor between'isotones:is.also of littlerhelp‘ln.deciding this
question, except inICases where an abrupt"change'.in.EE+ and 1in the ratio EF%:EQ
occurs, as for example between N’ 88 and N = 90tin isotopes of‘dysprosiun;
gadollnlumiand samarlum Tt seems reasonable to suppose that there is a
sudden onset of deformatlon in these nucle1 at N = 90.' However, this behav—
y_lour seems percullar to a llmlted reglon, there is no correspondlng dlscontlnu—

'.1ty between N 88 and N 90 for the 1sotopes of‘erblum and ytterblum A
.comparlson of” the ratlo of the energy of the h ; and higher levels to that of
'vvthe flrst’2 state in the cerlum nuclei studled 1s also amblguous. For the ‘

_ M and 6 levels the rlgld rotor model glves ratios of 5.33 and 7. O respec-

- tlvely, 28Ce has values of 2. 93 and e 6 These are qulte far from the har-

"monlc osc1llator values of 2 and 5, ‘and are larger than those for any of the
xenon or'barlum rsotopes observed so‘far, but they are'strll considerably
belowvthe'rOtational values. - o

Another way of comparlng the energy level data is to plot the trans1-
" tion rotatlonal constant Ar = (EI I 2)/(41 - 2) (corrected by a factor of
*2A5(3 to approx1mately remove the mass dependence of the moment of inertia) -
’:versus the ~spin of the upper level I. Such a plot is shown in flg 5 for the
1 measured cerium nucle1 Thevs1m11ar1ty between the three llghtest cerium

128,130, 132 156Dy, 158Er and 16on, is

nuclei,. Ce, and the 90-neutron nuclel,‘
'.rather striking;'vNot only are the 1nd1v1dual patterns_very similar,:but also
the addition or removal of pairs of protons in'these 90—neutron nuclei has

1
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tional band) is‘known in the case of
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.~ very much the same effect as pairs of neutrons do in these cerium nuclei. The

v Sl .
light platinum_isotopes comprise ahpther set that is obviously quite similar.

It should be noted thatbsome‘other nuclei show quite different properties when
ST ‘ | 8h e ' »
plotted in this manner, we have included 1 0s in the figure to illustrate a

dissimilar cese. The curves in fig. 5 seem to indicate that the cerium,

- platinum and 90-neutron nuclei are similar in some way. However, since it is

not clear whethéf the platinum and these 90-neutron nuclei are deformed or

not, this.similarity is of little help in settling the question of deformation
. ’ Lo ' + L

in the cerium nuclei. However, since a low-lying K = 0 band (quasi B-vibra-

156 BhPt,l7).the similarity

D_y,16) and -t
does suggest-tﬁatvsuch a band méyvbe léw—iying ih_the cerium nuclei, and it_
will be ofbintefest to try to observe it.

It is clear.théf'mo?e information isvﬁeeded to detefmine whether the

light'cerium nuclei are deformed. ‘Perhaps the MOstbdirect evidence would be

measurement of the static quadrupole moments of some of the 2 levels excited.

. However, this would not be an éasyvmeasurement on these short-lived nuclei, and

furthermore would. not necessarily indicate the.shape of these nuclei in their

groundvstates. Other infofmation'fhéf would bear (less directly) on these

- nuclear shapes would be: 1) the transition quadrupole moments (half-lives) of

L . : ' ‘ , + + :
- members of the bahd; 2) the energies of the second 2 and O levels (quasi -y-

and B-vibrational bands) in these nuclei;_B) the energies of levels in still

lighter even cerium nuclei; and 4), as has been recentlybsuggestedl8), the

identification of levels in some odd-mass cerium:(or barium) isotopés. We
plan to pursue-thé question of deformation in this region of the periodic

table, probébly along lines 2) and 3) above.
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" The energies in keV

Table 1.. Tran51t10ns as51gned to the quas1 -rotational bands .
~are denoted, E, the relative: 1nten51t1es, I, and the anlsotroples, A. - The reac-
tlons used are 1nd1cated in column 1. _ 7 '
- 250 ko2 6l 856
B lm| o 761.6 (899:0)
| A] 0.25t0.0h  "0.19t0.06  0.05:0.2
| 1que"‘, |E - Lkog9.2 | 639.3 813.9 946.5
;lgesh(l6o;hn) R 100 - 89 62 , ho -
A o.uéio,oh  '- 0.47£0.08 . 0.63%t0.15 O,u5£o.15'
1320e E| - 325.4 533.5  685._8 - - 787.8
1203 26, un)_ | - 100 '.97f (3 52
0ca(®ne,n) {4 | 0.6150.03  0.55£0.07  0.43£0.1  0.72£0.15
1306 R o5h.1 _u56,7 6154 729.0
- 118 sn(* o Mn) |1 100 86 82 61
13k Cd( Ne hn) A : oﬁgorq,ou 0,99¢o}07 . _@.5759,1f 0.87£0.15
7l280e E 207#3' | ’399;9' - 550.6 662.5
Ve (o) 1] 100 3 T2 59.0
;Uﬂmugﬁ'mn'A - 0.41£0.03 k,oﬁm@J;,;,asﬁoas 'a5%045
lllca( e ,Bn) : : = - :
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Table 2. Prominent Y-rays ‘not. a551gned o' the quasi- rotatlonal bands. Rela-
- | tive intensities refer to the intensity of the 2¥ 0% in the corresponding .
N nucleus S b T SRR

- Nucleus:""ffi'vf"Enérgyl.:j '>;-"’f._Relativé ﬁ “ ."  : Anisotrppy.

CWge - 66& 8"1 o lo.osto.0b
S ”15%C6J“'v;  ?.']. _'907 o” L ~~1»v_‘v. . 2h 7 o.g0.2

go2.0 a6 o.u&io.15_i
i ,‘:'8_28.71_"‘»' e o 28 Cle - 1.220.3
";5005 " ?,:‘. ;;’ 503.3 'V»;i_ 29 S oo

6.3 30 050012

L

5
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Harris Model fits
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6 10°

gt L+
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ot o .
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x 107 x 10
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deviation

5

1360c Expt.
. Theory
15k o
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3206 Expt.
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Ce Expt.

552.0
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13126
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| 710.7-
L T19.k

60793
613.8.

15&2 T 2531
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:221h.o :522& u325

1862 A 2808 9
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11F1g l Gamma ray spectra for i.3Ce,_; ~Ceé »Ce, and Ce;_ The-reactions '

ed to produce these spectra are 1nd1cated on the flgure and all the

“i spectra were taken at O deg to the beam dlrectlon.v':

'?fFlg 2 Gamma ray spectra for ;2808 from the reactlons ; Cd( Ne Mn) andW

lllCd( Ne,Bn) These spectra were also taken at O deg to the beam dlrec-*

tlon. r

'h'Flg 3 Ground band energy levels in the llght even cerlum nuclel

vx7F1g h Comparlson of the energy of the flrst 2 levels 1n even 1sotopes of Xe,

Ba and Ce. The dashed llne represents the value of (E2+) %' whlch 1nd1—”'
cates the general reglon of tran31tlon between spherlcal and spher01da1 L

nuclel il‘“',f. :ﬂvﬂ‘“ff :'JLV"U":

“:t;Flg 5 Values of the rotatlonal constant Ai as ‘a’ functlon of spln I for ground—fn'

band levels 1n the cerlum nuclel compared w1th other nucle1
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representatlon, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

"Commission" includes any employee or contractor of the Com-
mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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