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. ABSTRACT ,ﬁ“c"

It is shown that when the contrlbutlon of thezstrong collectlve states
a'to the optlcal potentlal 1s removed by treatlng them expllcitly through SOlutlo,,1;
of the coupled equatlons descrlblng the scatterlng, the resultlng optlcal :
QTpotentlal is valld for both spherlcal and deformed nucle1 over a broad massipfi.;
"hrange in the rare earth region. In a search for the nuclear shape in the |
.._'deformed region, thls has the very 1mportant effect of remov1ng the optlcalki_

parameters from the llst of free parameters

| Work performed under the auSplces of the U. S Atomlc Energy Comiss1on ‘

qf.TvPermanent address AERE Harwell Berkshlre, England
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The elastic scattering ¢ross sections oijpheficalSand deformed nuclei

are qualitatively different even fcr‘suchnéiésegneighbbfs‘as lLLBSm (spheriéal)

1)

a lDuSm (deformed). This is illustrated for 50-MeV a}pha particles™’ in

an
fig. 1. The slope is steeper and the amplitude of the oscillations smaller for |

the deformed ruclei. .This difference reflects the strOnger coupling to the

excited states in the deformed nucleus. As a convenient measure of the coupling‘

to the 2+ state one can use the reduced transition probablility B(E2), which

15k 148

is about five times larger for Sm than Sm. The optical potential that

reproduces the elastic scattering accordingly must be, and is, quite different

in the two cases. The optical parameters for the elastic scattering are shown

in Table 1 (first and last lines) and the solid curves in fig. 1 are the

corresponding cross sections.

* Table 1

Optical modelzparameﬁers cofresponding to Woods-Saxon shape ahdva
-uniform change distribution with a. correct quadrupole moment

v o W r a
Wsn eastic only 65.5  20.8  L.keT 671
Coupled chaniels R 65.9 ' 27;3_»7 - 1.540 637

l5uSm elasti% only 3.6 29.4 | 1.hok - .819




lConceptu;lly,'fhe opticalipotehfiél-was intfoducéd-téiféduce an infinite- :  o
channel problem to a one-channel problem (the ﬁsual 6ptical model_fof elastic
scattering) or a few-channel problem (the opticalAmodel and éouﬁling between"

-a few low-lying levels). By construction it carries im@licitly the effects-
of all the eliminated channels on those that'ére treafed explicitlyg)gﬁ Thé
eliminated channels include the intrinsic excita£ions which are present iﬁ |
ali nuclei, as well as rotations  in the case.of deférmea nuclei. .It is mainly ;;,.‘  "
.the rotations which give rise tb fﬁe difference in the elastic Qpﬁical potentials,f;
as we now show. - | | |
To discuss conveniently the difference.between the two cases,'ﬁe introduce_ff ;.'

Feshbach's5) expression for the optical potential;
g = COMIO) S OIVIe) g (ClvIO) )

where the sum C ié over all the omitted.channels,iof iﬁ_the Caseiof the

elastic opticai poteﬁtial,.over>all channels save the éléétic; Exceﬁf férnfl

those states which couple stroﬁgly to the ground state, such as collective ﬂ '

levels, the'sum.will be dominated.by the region of high level density.in thé';;é;é;;ﬁlﬁ
nuclegs. We can think of breaking the sum up into two parté;therefore,con— h

sisting of the suﬁﬁfwer the low-lying collective $tates, andithe sum ové;'éll~f;¥g " 

© 3 . \
others - o . N

' A N . 5
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i - : 1 ) oo B A
U =U_+ z (olvl.c) S .(clv‘[o)‘ | (2) R
Collective ‘ ' : 3
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The sum over non-colleCtiVe“stétes'U is now domlnated by ‘the. hlgh exc1tatlon a
‘region of the nucleus because ‘of the hlgh level den51ty there. Slnce the

level density at high ex01tatlons should be 1ndependent of the deformed nature'iii-

of the ground state, this part should be essentlally the same for all nuclel
in a broad range of mass; the subscrlpt s then denotes 1ts smooth behav1or

The more enhanced the collective states are,vthe larger the second term will’

be and hence the more the elastic optical potential will deviate from the

" smooth behaviocr we attribute to US.

We can easily test this division of the optical potential info a part _d
which is peculilar to_each nucleus due to the particular nature of its
collective states, and a part which is slowly varying from nucleus to nucleus.
This can be done by‘solving the coupled system comprising the elastic and
collective channels. Once %hezcollective channels are treated explicitly,
they.no longer contribute te the effective interaction. _In other words,‘the
second term of eq. 2:is removed from the -optical potential of the coupled
system. " We search empirically for a parameterization of #he remaining

Q

interaction.

154

As an example of a deformed nucleus we choose Sm which we treat as a
rigid rotor and include explicitly the levels of the ground state rotational
band up to and including the 67 stateu). We treat explicitly the collective

vibrational 2+ state in the SPhefical luBSm nucleus, employing the macroscopic

description. After a search for the potential parameters we find that a

single potential gives rise to the excellent agreement shown in fig. 2. In

fact the same potential can be used, with only minor adjustments, from the
178 '

' spherical 1u88m throughout the deformed region up to Hf.
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We identify,tﬁis ﬁotéﬁtial-éé'ﬁs.'}lt is:giQén on the second ;iﬁe of
Teble 1,_.:We_note;tﬁat 1t 15 quite similar to bhe elastic potential
Uer for the spherical nucleus. This is understood in view of our diécussidn ;
following eq. 2 and the weaker éollectivity of the spherical nuclegF. They
differ in W énd a in just the way expected. |

This upderstanding'bf the optical potential has two important consequences. -
We are interestéd in determining the nuciear shape in the deformed region by
analysis of inelastic alpha scattering through a solution of the coupled system .
Whereas it may have béen*assumed that the parameters of the problém include the
optical parameters as well as the“shape éarameﬁers 52; 54 .}., wé,ha?e beén |
shown that the Tformer are essentiallj deﬁermined by the scattering on a neigh-

boring spherical nucleus, and that the same potential can be used throughout

the deformed region with only very slight adjustments.

A second consequence concerns the search for systematics in elastic optical

potentials. It is clear that whenever strong collective states exist, the
elastic potential will be anomalous. Only when the contribution of the
collective states to the optical potential are removed will the systematics

appear, since it is Us that is smoothly behaved.

-~

5)
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Figure Captions-

Fig. 1. The elasﬁic scattering of 50-MeV alpha particies frbﬁ samarium
-isdtopes which'SPan the spherical (A=148) to deformed (A=l5h) region.
Note the systematic trend to weaker oscillations and steeper slope
of the envelope of maxima with increasing collectivity. Solid lines
are elastic optical model calculations of the cross section. The
| data is from ref. 1.
Fig. 2. Elastic and inelastic scattering of 50~MeV alpha particles b& the

15k

spherical lu8Sm and deformed Sm nucleus. Solid curves are coupled—> 
channel calculations of cross sections based on a vibrational description

of 148 and a rotational description of 154. In each case the same

optical potential was used (Table 1) even though the elastic cross
sections are different. Shape parameters BX for each nucleus afe

indicated on the figure.v

i e |
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The elastic scattering of 50-MeV alpha particles from samarium isotopes which
span the spherical (A=148) to deformed (A=154) region. Note the systematic
trend to weaker oscillations and steeper slope of the envelope of mexima with
increasing collectivity. Solid lines are elastic optical model caléulations
of the cross section. The data is from ref. 1.
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‘Figure 2.

scattering of 50-MeV alpha particles by the spherical -
148sm and deformed 1oMSm nucleus. Solid curves are coupled-channel calcu~ .
lations of cross sections based on a vibratiohal description of 148 and a

rotational description of 154%. In each case the same optical potential was
used (Table 1) even though the elastic cross sections are different. Shape
parameters B, for -each nucleus are indicated on the figure. '
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