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Lawrence Radiation Laboratory
University of California
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May 1969

Phenomenological-vibrationél wavefunctions.have 5éen'used:t0'd¢termiﬁe
the effect of nuciear non—rigidity‘on inélastic scattering wiﬁhin the groﬁndf
band éﬁd to calculate the-crdss;ééction of Qibraﬁional'levels in'stroﬁgiy
deformed nuclei. | |

To.determine the importance of dépaytﬁfés‘from strict rigidity of the
shape of sffongly deforméd_nuclei on'previousvdetérminationsl) of nuglear
' defofmation.parametérs% Wé%the cafried out calculations of inelastic scat; :
'tering of-SOsMeV'a-particleéfin whi¢h1sdme~repreéénfation:of-the.noh—riéidity
Iis includgd. Tﬁe‘hoﬁ—rigidity manifests'itéelf ﬁhrougﬁ_the_preseﬁce of B and
.Y bands.  We'have used the phehomenologiéal Wavefﬁnctions of.Faessler; Greiner,v'
vand Sheliné2) (FGS) in which.ﬁhé ground'Band is‘mixed by thé yibration rotatioh
interaction (VRI) with the B and Y vibrational bands, as well as‘vafious bandé
of higher ekcitétion which‘we havé ignored. Wé'have alsé.used FGS ‘wavefunctions '
to calgulate certain éamma—band crbés—sections,  | |
The scatﬁering cross—secfibns ﬁeré calculated~by the coupled.channei;
method (see ref. 3§‘we_sha;l-follbﬁ thévnbtatiénﬁthérein) using aﬁ Opticélv  
# | : ; C ‘ _ ' ‘ : .
Work performed under the auspices of the U. S. Atomic.Energy Copmission.:vt;
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model'coupling with the surface expanded to second order about the non—SPherical"

equilibrium. The nuclear surface is written as

’.R_,=_RO.+6R - - o o ](l)"‘
R ZBA Ao (ay"' Ypo + 2, [Yz 22, -2]) : -

The:B' afe cons ant def01mat10n parameters but ao and a2' are dynamical vari--

-_ables belng, the v1brat10nal collectlve coordlnates as deflned by FGS

Deflne 6‘ )-and A( ) :
(Z:BA Ao) z:s(n). f,v,': ' o | - S
[éo' Yoo * 2" (Y22+Y2- ] 2 A(n) YLK | e » (h)if:'z'

i
(A recursion relation.for G(nf was given in ¥ef. 3.) Using these results we

can write the Tayior expansicn of the nuclear optical potential as

AR (=R)® . _
- V(r-R) = V r-R -+ 2: Y 2: __E$' gi;) 8§ V(r) o e 'f‘(sif

=
" where

. LK L K L 'VK' " L"K" ) 2 ] 4 L t K' L'"K" )
| o . - . ) g ‘ .
oo xn) = (BEE 1/2 (1 g (L L | (1)
o xk/ VT K' k" -kl\o o of = R

'We note that A( )

= )»'_ (n) (B EAN (e (1) a -.-l)l (a-2),(2) | (g .
S =8 +}[:A.(L K > l S A + B2l s A v "(6),'

s whlch is usually 1gnored, couples states w1th1n a band or

-states differing by 2 phonons, the most marked effect is to increase the

@) a4

'elastic scattering at large angles, The matrix elements of A

C whlch fit. the energy '

- are calculated from the FGS wave functlons with B, CO,
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" levels, and B which predlcts the ground band (d d')'enguler distributions for
“the nucleus in questlon _Vibrations will effect the 1nelastlc scatterlng within
the ground band in two‘ways.: 1) Strongly coupled vibrational bands.may provide,
by firtne of higher,order transitions, alternative ways of exciting the upper
bmembers of’a‘ground.band in'alway‘thet,eannot-bertaken acconnt ofithrongh tne
optical potential.‘IWe-have.fonnd this effect to‘te small. ,2)’The‘vibretion—
rotetion interection (VRI) mixes the ground band with the 6 and Y bands ; for
tne 6 states of certain nuclei around N = 90, the admlxture of B—v1brat10n ;
(the stretching'mode'vibration) is QUite.large (the amplitude of B v1bratlonc
"‘in ground bend 6f>leVel of lSEém is'0;288:according to the FGS model). These
componentS’are ekcited‘cOherently invinelastic scattering and night be expected
to modify the cross section. | | _ |
The admixture of the B—band by the VRI 1nto the ground band corresponds'
to.centrifugal stretching; in fact, we find that B-band admixture of the FGS

' . » + + : 5
wavefunctions allows us to calculate (B for the 4 and 6 levels of -

152

%0 >FGS

-Sm- which correspond very closely to the stretchlng requ1red to fit the

predicted by FGS . = _ I(I+1)
spectra/w1th fixed 1nert1al parameter (1-e N varylng B 1n E )

‘ "I "6 g2
However the prescrlptlon for the explicit 1nclu51on of stretchlng by 51mply
1ncrea31ng the deformatlon for the higher states of a rrgld rotor calculatlon
is amblguous and the cross sectlon calculated is found not to correspond
closely to that. obta1ned by an admixture of B—v1bratlon

_Of the rere earth nuclei for which Bh and 86 deformations Were-extracted

l), the least rigid is 152Sm as indicated by its low lylng

in the earlier work
B-band. We show in fig. 1 a calculatlon of the cross- sectlons to the ground

band of this nucleus in which the non-rlgldlty is accounted for in the way :ﬁ?;
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described_above, and.cqmparerthe results with ﬁvcalculatibn bésed on. a rigid_
rotof nucleus. Thevcross—section of the 6+ level is-increased by as much as’
30%‘over the rigid rotor:cross-section. The results depehd on the elaétic
‘consfants and'the optibal‘modél coupiing,'and éorfeSpond‘to an upper‘bound
on the effect fOr'reasons‘diéEus;éd béloy. We note:that:a direct exCiﬁation”
l through a Y, deformation enhances the forward angle 6% cross sgétion,‘whereagv
Ezl:stretching results in the mqre’uniform ehhéncement.of cross~section character;J
istic of multiple excitations. - The impurify of the 6f'exﬁeriméntal data'(it:
chtains the O' B band head) made .it impossible‘to‘uSé this ﬁork toIObtain.

15k

bétfer values of Bh or 86.' The'hucieus ém is stiffer to‘B—vibrations, and,
‘vas shown in fig. 2, the effect of vibrations on'the'gfound3band sédttering ié:
'less. For mos% étfdnély deforﬁed nuciéi we‘conclude-that the'nUcléar_pon-'

rigidity does ﬁot invalidéfe_the eérlier extract'én of deformation pafaﬁeters.

” v ’ | ‘ K
tn *8r for example, the effect is quite negligible.

4

We have also attempted to fit existing data ' for the 2 vy band level

in lshSm (fig. 2) and the 2° and h+vY—band levels in 166Er‘(fig..3). In'eacb:>
case,'in-Order fo,fit fhe ot ievel; it ﬁasvfound neceésary to reduce the B
optiéal model coupling by é factor of about 0.7. Whefhervthis is a property

_‘of the optical,model_when uséd to couple'states leés collecti§e than rotatiénal,

‘Qr a property §f the harmonic‘phenomenological'wavefunctiéns of FGS is not

‘knowh.; itvis for this reason:that We'stated above that the effecf on the

‘ground band is an upper bound. - The higher order terms should.be ﬁore stronély

'attehuatéd. itywas.not péssible to fit the hf level of 166Ef by any manipula4
tion (ad hoc_mixing, anharmonicity, static Yh deformations, efc.) of a>quadrupole

vibration method. The slope and anomalously large magnitude of this angulari
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5)

distribution suggest a direct excitation’’. We discuss a method of fitting

this level elsewhefe6). We conclude however that thé Bohf-Mottelson'picturé

: o . 166 .

of y-vibrations is inadequate for = "Er. :
o b that the ameuler disteibutio ot 166

"~ We comment that the_angular‘dlstrlbutlon for the Y2 level of " Er

6) . ‘ v . . ‘

can . be fitted with a fixed Y22'asymmetfy_(Davydovvmodel). ‘The. asymmetry

6)

‘needed is about twice

7).

that needed to fit the y-band levels using the Davyaov
' Chaban model'”. ' | |
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Figure'Captibns

Fig.'l. Anguiar diétributions for the ground band of 15

2Sm of 50 MeV alpha -
v?articles‘compdriﬁg‘the.excitatién bf a figid rqﬁor andxa ﬁsoft" rofor |
whigh is coﬁpled to variéus vibrational modes. The dé#a'shdwn for'thé
6+ containébthe unresOlved'O+:Bibandhead; Thé_éolid éﬁrve»sﬂows the;. i
scattering wheh 1528m is treatéd as 'a rigid rétor, thevdashéd curvé sths
‘thé effectlof in#roducing viﬁrational degreeé ofvfreedom.” _
Fig. 2. Angﬁlar diétfibutiqn for thejgfound band and ganma bandhead fOr'l5hSm._
~Th§ necessity of redﬁciné the:coupling.to the Y-bandvisfShown‘tOgethérvwithv
the influence in thé system of'coﬁpled éhannels of ﬁhe_BQf‘énd.Yh+ sﬁates"}
for which there is no data. Angular distribgtiéns for these states are
ndt shoﬁn_in.the figurgﬂ‘ ﬁ‘;' | | |
Fig. 3. Typical angular disf?igﬁtion tovfhe grogha'bﬁnd and'gaﬁma band of
166 L -

“Er. There is no data for the 3% level.
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behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
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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