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THE GIANT E1 RESONANCE FOR DEFORMED NUCLEI
TREATED BY/THE-RANDOM-PHASE~APPROXIMATiON

5. G. Nilsson, J. Sawicki, ‘and N. K. Glendenning

Lawrence Radiation Laboratory
University of California
Berkeley, California -
ABSTRACT
The .random-phase approximation has been applied to.treat the giant
El resonance of the deformed nucleus Mggu. Two well separated peaks are

predicted on the basis of reasonable force parameters. The backward-going

graphs are found not to affect significantly the positions of the 1~ states

or the relative distribution.of the oscillator strength. On the other -hand

~the Thomas-Kuhh-Reiche.sum is diminished for»the case of a Ferrel-Visscher

force by a magnitude of up to 30 percent by the inclusion of ground. state

-correlations. The violétion of the TKR sum rule encountered in the shell-

medel calculations is thus reduced_coﬂéiderably.
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THE GIANT E1 RESONANCE FOR DEFORMED NUCLEI
"TREATED BY THE RANDOM-PHASE APPROXIMATION
S. GV Niléson,%* J Sawicki,*** and N. K.‘Glendenning
| .Lawrence Radiation Laboratory
University of California
Berkeley, California
INTRODUCTION ,

The giant El photo-nuclear resonance has now been studied:for a large
number of nuclides, and there appears to be experimental indication that the
giant El resohance exhibits a split peak in strongly aeformed nuclei.l Danos
and Okamoto5 éxplaihéd this effect qualitatively ih.térms of a hydro-dynamic
model with different characteristic frequencies along the major and minor
axis of the nuclear spheroid. This‘effect‘was fhen also calculated én the
basis of %ﬁé'independénﬁ-particle picture by.\nfilk‘insonlL and by Mottelson
anaﬁNiISSon5‘using the(single;pArticle wave functioné’of an anisotropic har-
monié’bécillator.

Such a simple description of the El giant resonance in 'terms’ of’ non-
interacting particles now appears.%o be contradicted by the empirical fact
that the éhéracteristic resonance energy is of the order of a factor ofvl.5
to 2 larger than.thé spacing between two oscillator shells,.hu»6 Already
seVeral &éars-ago Elliott and Flbwers7 were abie-to explain the photo-

1 R '
excitation spectrum of O 6 by the perturbation of the simple shell-model

states by a residual two-body force of finite range and containing exchange

*'Work done under the auspices of the U. S. Atomic Energy Commission and. in
part (J.S.) supported by the United States Air Force under Contract No.
AF-49 (638)-%27 monitored by the Air Force Office of Scientific Research
of the Air Research and Development Command.

% o
_Now at the University of Lund, Sweden.

*R%
Now at the University of Bologna, Italy.
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operators. As-a result, states of mixed configufatioh afévfsgmed with such
proportions of the pure states that thehi- stateé'with Tél g;ﬁerally appear
- above fw while thosérwith T=0 generaily appgarrbeldw. {iﬁﬁﬁérfiéuléfz the
-two highest-lying E1 states were féund tO'absofb élmést all of the El oscil-
lator strength and thus together coﬁstitute a true giant state.

Recently, Brown and Bolsterli8 proposed a very schematic but suggestive
picture of the undérlying mechanism of shell-model configuration mixing that
gives rise to the El resonance. .In a representation of single-particlé - states
where all El:single-particle matrix glements are of same sign, and. furtliermore
provided the matrix elements are of roughly equal magnitude, a coherent.excited
state, collecting the main El oscillator strength; is obviously:théilinear.
combination of single-particle excitations with the amplitudes being roughly ..
_equal and all of the same sign. Such an:excited state of one-particle character
-is indeed also the highest—lyipg 1~ state provided all matrix elements-of. the - .
residual interaction are of the same magnitude and sign,in this representation.
Brown and Bolsterli treated the case of a residual Wigner force of zero range.
However, the specific isobaric spin character of the El state as-well ag the .- .
antisymmetrisation_of the nuclear wave function are neglected in the first of
the papers of Ref.:8. A conjectured change of the over-all sign of the irterac-
‘tion matrix elements compensates qualitaﬁively forvthe mentioned effects.

Recently the approach based on the Random—Phaéé—Apprdximation has ‘been
applied with success to the study of certain types of collective states of
nuclei. The formalism employed was first developed in the éariy fapers by

9

Sawada” and his collabdratoféﬁwiﬁh application ﬁo:fhe electron gas problem.

The corresponding methods were intfoduced into nuclear physics ihdepéndently
.. 10 . 11 12 o . ;

by Takagi, = Fallieros, Mottelson, and others.” This latter type of theory

has the distinction relative to the sheil-modél caléulations in that it accounts

approximately for the effects of correlations in the ground state. These effects

are sometimes discussed in terms of the so-called backward-going graphs which
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means that 31ngle-part1cle deexc1tat10ns are con51dered in addltlon to the

TN

excitation, i.e. the llfting of 'a- partlcle from below the Fermi surface to
above it. Only the latter type of processes are included in the usual shell-
model calculations.

13,1k

In the present naper we shall employ the density matrix formulation
which is especially suitable for the study of higher order nonlinearity effects.
. As the specific T=1 character of the giant resonance state appears to

be of primary importance, it is of particular interest to study nuclei with

~ such a low Z- valﬁe that the iSObaric'spin,is a good constant of the motion.‘

Therefore our flrst choice has been Mg 2k Whlch is a prolate nucleus and for
whlch the adlabatlc coupllng scheme seems well establlshed In a@d;plon} as

an example of a p0551bly oblate nucleus, we have considered 012

THE.RANDOM-PHASEQAPPROXIMATION TREATMENT OF THE LRESIDUAL INTERACTIONSA‘
We consider a Hamiltonian of the form
H’:HO+N ’ (l)

where in the notation of second quantization

-

+ :
H = Se¢ a a : (2)
0 O '
is the single-particle part of the Hamiltonian, including the shell-model field,
and where
: tnt + + g '
=1l/2 = (oplv]ate') e, ag" ag.ay | (3)
aa!BBl .
is the residual interaction, i.e. the part of the interaction that is not
already included in the field.
The-twosbody_interaction V refers to space, spin and isobaric-spin

quantum states of both particles involved in the interaction

_ve®), 1)) ) (@) o8, [(2)y,
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In the absence of a residual interaction, éN,,the grbﬁﬁd state is an

eigenvector of Ho correséonding ﬁo»a sharvaermi.surfaceAinf%erﬁéubfyéﬂéhéhéii-
model wave functions. In the presence of a residual iﬂtéfaé;i;ﬁ;£hé gfgunavﬂ
state may contain‘correlationsf As seen from (5), NV scatterssﬁé?ﬁiéies oﬁt;
of thelFérmi sea.b Obviously such hole-particle pair excitatiéns h;vg fo comply
vwifh parity.and angular-momentum conservation of the groﬁﬁd ;tate; .

VlOur main:inferést'isz however, not the ground state but the excited
giant Ei staﬁe. —jugﬁ as - the ground sfate appeéré-to be a complicatéd‘linear
,combihation'éf various one-two- etc; particle excitations; so also the El stéte
may havé a'ééhplicéted structure.J ﬁoWever, we aré concerned.oﬁl& Qiéh;;#s
-relétiOnAégagﬁéiground étaté;'_The simple-Random-Phase-Approxiﬁa£i§§ igiié;éély
~equivalent to the contentidﬁ fhat;_relative to the correlated éroﬁnd s£§Lé,
denoted’byﬁTO),;the'”collective state" |E) is éf the simple type

Yoo -
B)= @) loy=3z & 8 . o) (5)
vve' o ovv! :

where C%v‘ are coefficients later to be deterhined and where

+ ' : :
8 =a .,a N (6)
. is the density matrix operator connected with the promotion of a particle from

!
I

.the single-particile state v to another state v,

r——.

The "collective" states thus correspond to linear combinations of one-
particle excitations relapive to the ground state. The assumption of a staﬁe
of this pérticular character to approximate the physical state haS.strong diregt
support froﬁ what is empirically known about thg qharacter'of thg cé}lective
state. As this state (or narrow group.of a féw states) may be reagheﬂ frqm the
ground state by an El excitation.that to a .large extent exhausts the total sum

rule strength, and as the electromagnetic interaction can excite only one part-
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ekcitetion is.thus:rathef well specified,empirically as being dominantly of
the type expressed by Eq. (5).

The problem of finding-the coeffieients CE?, is equivalent to the
problem of finding the matrix elements of SLV, between the‘grouﬁd state |O)
and the "collective" state |E). |

The operators va,.fulfill.the equations of motion

L. SSVV, - A . .A A | . |
lh at pVV', H = pVV'} HO + pvvr} AV ) (7)

The first commutator on.the right hand side is easily evaluated to be

» | l:pv.vvr) HO] - (ev-, eV |> pVV' . (8)

We omit here the details of the evaluation of the second commutator.

After multiplication of Eq. (7) by (E| from the left and by 10)

_from the right we obtain | o
(e e Bl 1d) = 3 (GGt 19
| o -<;~,;<"\V|v';<><E|6‘V‘ QKK,10>> (9)

(v [V]s) = f17(1) w’;,@)vws(l) y(2) ardr, (92)

where

This equetion thus relates the matrix elements of one p to those of a
product Qf twovp's. By exactly:the same procedure an analegous equation can be
formed relating two-p aggregates to three-p aggregates, etc. In the simple
Randem-Phase-Appfoximation (RPA) one confines oneself te-Eq. (9), which is
then linearized according to a certain prescription. In this way Eq. (13) is

obtained (see below). Thus quadratic terms of matrix elements of I with
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# v are néglected as being smiliitof a higher order.f;Although'there.afe'i-
many of these terms, they are assumed to be negligible asithéy occur incoherent-
ly, i.e., with rahdom‘phases.‘ﬂ

For the sake:of making a rough estimate of the neglected terms; assume. -
first that all matrix elements involving V are approximately equali .

One may then compare on the one hand the matrix element:(E]SKi,3V4V|O)
and on the other‘the-product of mafrix elements (ElA ~|E'XE'IS |0). The

|

only important intermediate states are: other "two- quasm-partlcle" states lE’
of the same type as IE) Note, however, that IE‘) may not necessarlly be an
El state. Under the assumptlon that lE) and [E ) are linear comblnatlons of -
on the average () elementary partlclefhole exc1tatlonsz it is then easy to see

S

~that the following order-of-magnitude estimates are Valid.

. | P
(£] 8 .IE'><E’I6 l0> %— - (10)
| KK 5 gl/e . )
and .
A A N, l | PRERIRN | I W
'<E[p;<r<' 8,10 <75 . (11)

L

Q

for:. v referring:te”arsingle-pafficle.state below the Fermi surface. InQEQ.‘(ll)

obviously 6 . is the number operator associated with the single-particle 1evel
- v'v " o .
v'. Tt is alsokapparent that only some of the intermediate states lE') have

nonvanishing matrix element with_]E) in the approximation that only one—particle-

hole excitations (ﬂtwo—quasi-parﬁicle” sﬁetes) have.to be:coﬁsidered. In fact

in this case the sﬁm over s, k' and E' together givee Just of the orde; of QBterms_
If now ther5 off-diagonal terms contributed all cOherently; their

contribution would be of the order of magnitude Q+5/2 compared with 91/2

for
the sum of Q terms of the type given by Eq. (11). However, the assumption of

a random phase relation between these terms instead makes their sum of the
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order of magnitude 93/2 . 9-5/2 = 1. Thus for 1arge Q the terms with both
annlhllatlon 1ndlces dlfferent from both creation 1ndlces may be neglected

For the matrix element (ll) we make the further approx1matlon

A

+ + : A _ A _
(E] aK.aKav,aslo>s=_v, = €8, P, [0)=n (Elo . |O) (12)
which would be exactly correct for a sharp Femi surface. In Eq. (12) n, is
the.occdpation‘number of theesingle-particle state v'. (For the second term °

on the right hand side of Eq. (11) we furthermore assume that also IE)’behaves
approximately as a sharp'Fermi surfacevwhen'acted.uPOn byvthe occupation ‘number
operator 6??')

The fact that an occupation number operator a:,av, cén occur in (12),
alternatively if the summation index s equals v' or if the summation index
K equals V', gives rise to the usual exchange matrix elements_of V,- well=known
from shell-model celculations. ih therosual procedure for linearizing the
billinear Eq. (11) to obtain Eq. (13) a factorization of thiSvtwo4§ product
that takes the Pauli principle properly into account is referred to as a
Hartree-Fock factorization.

_ The complete linearized equation can thus be written as follows in terms

of the amplitudes (Elpvv,[O),twhich we will denote Pyt for the sake of typo-
graphical simplicity o

- - = - t o 1 :
(ev, €, E) Oy (nv, -nv) Kil vk'|V(1-P ) v %>pKK, +

+2n 2 </K]V(1-P12)IK'K> Pt 1= 2 K'K’Iv(l'Ple)IV'K>p. '
' Tk T \ K'v'T .. VK
K K'#v K'#v

(13)

The effect of two-pair excitations neglected in the RPA could be further
examined, e.g. by an extension of the Random-Phase Approximation - the "Higher
RPA" - consistlng of a closed system of equations of motlon also connecting
the two- and three- operator products where the three- p aggregates are in turn
llnearlzed
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The terms on the second line of Eq. (13) are self-energy terms cor-
responding to the'cohtribution’from the self—enefgy paft of the interaction
Hamiltoniaﬁ

Aﬁself = 1/2 > (SKlVlSK>“a;a;aKas - o o (1&)
Ks v

It appears reasonable to assume. that terms of such origin'are'alreadyv
effectively -included in the shell-model field from which the single-garticle/
erergies - {ev},have been,determined, although;ye~have obviously not:aﬁtemptgd
to relate the self-energy parts of V to the single-particle energigsﬁthfough;l
a Hartree-Fock procedure or through any other self-consistent me&hod;i N :

After the exclusion of the self-energy terms,Eq. (13) takes the
-simple: form - - |

(,i- €)= Bo,,u= (1= n) 3 (v [W(1-P2) [vide, (1)
. . KK :

Another question also related to the arbitréripess in the problemAéf
hor the self-consistent field is defined concerns the RPA elements of Eq. (15)
that are diagonal in the particle hole-pairs, namely (vy']V(l-Pl?)lva).
Those obviously correspond to elastic scattering of particle-hole'bairs (yv'),
and the problem arises whether they also should be thought of as being aiready
included in the single-parﬁicle potential. Ordinarily - such terms are not
included. in a Hartree-Fock calculation based on the Brueckner reactién matfixw
Unless one employs anotherltype of reaction métrix (seé e.g; Sawadal5) in
finding ev, such terms should be retained in the corresponding RPA ‘calcu-

lation,. However, in the present calculations we have assumed a '"phenomeno-

logical" shell-model field to supply {evj. Probablyvfhe mentioned terms of

L2
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the elastic-scatﬁering typé are includedrin this field on the averagé5 However,
individual fluctuations relative to this average may be significahfléﬁd display
effects of correlations. Forvmost of our galculations we have chosen toqinéiude
these diagonal ferms, but for some cases they have been excluded. Probabiy the
wave functions and values of thé E; matrix elements corresponding to the féfﬁer
cdse are to be considered as sqmewhat more plausible. The energy values afé,

however, Jjust on account of this ambiguity, uncertain by an order of magnitude

.of a couple of Mev, and for this reason one might imagine them to be over-

estimated. in. the former case.
It Should finally be emphasized that for the case of an uncorrelated
grounduétate'(i.e; when deexcitations, or annihilations of hole-partiglgwpairs

are excluded) Eq. (15) 1leads exactly to the eigenvalue problem occurring in

‘the shell-model calculations. The latter ﬁype of calculations are obviously

limited to including dniy th¢ very siﬁplest hole-particle pair graphs (one
hqlé-particle-pair being exchanged for anothér~hole-particle pair in fhe
inﬁeraction process).

In thg approximation.employed, our occupation factors n and n have
the values 1 and O, corresponding to a sharp Fermi surface. We then also
confine oursglveé to excited states that, relative to the ground sﬁate,
represent transitions of a particle acrosé the Fermi surface. Thereby obviously
a transifion of a particle originally being above thé Fermi surface in the
correlated ground staté-tb another stgte above the Fermi sﬁrface is excluded.

The same holds true for a hole transition below the Fermi surface. However,

as already emphasized, the formalism allows for both creation and destruction

of hole-parficle pairs relative to the correlated ground state.
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e TR ET AT e R ST o
Equation (15) is an eigenvalue equation in terms of the matrix
elements of the density matrix pvf‘° The corréébondiné'%fénspOSéd matrix
equation holds for the coefficients CEV' which are ﬁhe‘ééﬂﬁdhéhts'of the

"eollective" eigenvector |E) défined in Eq. (5). This equatiéh'may be

.l
written in the form

- JL(16)

13
1= v
IR e

where u ébrrespondsﬁto creation of a hole-particle pair Felative to the
~ ground state while v cbrresponds to the annihilation of such a pair relative
to the'gféﬁhd state., Thus in a pure shell model calculationzzli 0. The"
maﬁfii'gzié:beibﬁéiy associated with the coupling between %ﬁe“egéitéfiahs”ﬁf
and ‘the de-excitations. While both of the matrices A and B ‘are Hermitiam, "
the total matrix is non-Hermitian. |

The reality of E depénds on the actual strength of intersction and is’
for the present case always very well ensured. It is easy to verify that
Eq;.(16)'ha$ the simple property that to each positive eigenvalué E fhere
correépdnds a negative and unphysical éigenvalue - E, which may be ruled out

by imposing. the extra condition on the correlated ground state

B llor= o. _ (17)

Also, as the typical matrix elements of B are of the order.of, or less than,
1 Mev for the light nuclei considered compared to a separation of the rcots
of é and —é by a magnitude of the order of 2hw, the.amount of mixture of

de-excitations in.the”eigenfunctions(ﬂiElekﬁtE expected to be rather small

in the treated cases. This is also born out in the explicit caleculation.
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- As a result of the non-hermiticity of the 'secular problem the corres-
ponding eigenvectors satisfy orthonormality and completeness relations charac-

‘teristic of an indefinite metric:
. ¥ * . ' ,
En ‘ Em Eﬁ . Em . , En : '
v%' Cop vt \Sury Corv | T W 8mn (}8&)

_ . .
En' : Em _ n o "
z Copt i ‘EnI = 8,0k : (18b)
E Em;éo

<

where the sum over v in (18a) runs over all single-particle states below the
Fermi surface and the sum over v' includes all such states above it. The El
matrix element between the 1 states and the ground state is -ﬂmost'easily
expressed in terms of the (EIBVV,|O).matrix elements
' ‘ o (s . ; ; : A D AR ‘
(Bl Se.r. Y (1)]o) = i (e (& e (B . 1
o fE] % eyTy 1(1) o) z (v (e, @18, F o) + e8I o) (29)
- DETATLED CALCULATIONS |
In our calculations we have considered the self-conjugate nuclei‘Mg2LL
and,C12 which have ground states with T = 0. Excitations of El character

relative to the ground state have thus the isobaric spin T = 1 and are generated:

'by the operatorsx

A ' \ '
(D 1 =—l—(p}i _?)n') ; (20)

JE; v'! vy

where, from here on, v and v' label only the space and spin coordinates but not

1A%

the charge of the state. If we rewrite Eq. (15) in terms of the matrix elements

A A .
of ® , denoted & _,, it takes the form:
, 2% vV

(e P-e, B) & v =(n , -n) ki':<VK'IU‘V'K> Qe (21)

where (vK']Ulv‘K) is the matrix element of V(l-Plg) in terms of the T = 1 wave

functions (see Eq. (20) ).

* That only T=l states are excited can be seen from Eq. (19) and the fact that
for such self-conjugate nuclei considered here the effective charges ep and ep
of the proton and neutron are e/2 and -e/2, respectively. Physically Phe T-1
state, as seen from Eq. (20), corresponds to neutrons and protons moving :180°
qut of phase relative to each other, a pictui§ which retains an essential
feature of the original Goldhaber and Teller two-fluid model.
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\

Restricting ourselves to an interaction of the form o

Vo= Iz ) (wt %+ wp" + nP ) (22)

and introducing the integrals

W= (1) Ye(2) T 9, (1) p () e, (232)
B= %1/:(}) z/,:;(z) JP° v, (1) 9 (2) dri,drg- o (231b)
M= f w:(i), wi,(g) Py (1) z,&K(e) dr dr, (23c)
H - / z'p:;(}ll);wi,(é) TPy (1) y (2) ar e, - (234)
we may write N -
(vk'|U|v'k) = - wH - M - mB - hW. L (2h)

Thefcaléhlation ofvﬁhe interaction mafrix elements as well 4s the El
transition matrix elements is particularly simple if one uses the ”ésymptotic”
wave functions,5 valid in the limit thét the guadrupole part of the shell

ﬁddéi?fiéidiis'émbﬁg relative to the spin-orbit coupling.i In this‘iimit ’
apprbpfiate atilarge deformations only the diagonal parts of the sPin;orbit
‘intefactidn is retained; In the Appendix wé present the results oftédbh';
calculations applied to the 012 nucleus. Unfortunately the applicability bf
bnot only the adiabatic coupling scheme but in particulér the'ésymptotic wave
- functions to the nucleus is very uncertain, and the results obtained are only:
of interest as illucidating the general mechanism behind the calculations that
employ the more detailed wave functions of Ref.‘18@ They‘éhould thus not be
directly compared with the empirical data.
In the coupling scheme appropriate to deformed nuclei, there are two

separate modes of excitations corresponding‘fo K=0 and K=1. These are ba-

sically characterized by the two different oscillator frequencies w, and w1

Enad
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where w, <Aal.for pro}ate nuélei as MgielL and >¢€Lfor_obiate nuclei, of

which we have assumed Clz,ﬁo be an example (see Table l)."Within5each;of the

K=0 and K=1 group; of states a giant El1 éxcitation‘ié ;hen formed.
Fgrthermore in thé case of deformed nuclei, 'anvEl transitiqn from

the ground state‘populates‘onl& the lowest meﬁber of a K=1 rotational'band

and only the I=1 member of é-K=Q rotational band. In this case:ﬁﬁére is thus

no sharing of the intrinsic El strength on different rotational states. The

» tfansit}gp:pyobability is therefore given exclusively in terms of the intrinsic

. wave:fuqctions.l8 - o v : _ )

| Nbst3bf the degéneracy of the spherical problem is removed by the

;distortion of fhe nuclear field. -The remaining degeneraéy associatgd;wiph:

the time feversal degenefacy of the single-particle drbitals may be egg%gipgdn‘

to reduce the.secular matrix in the K=0 case by the. introduction of the neﬁ\

state vectors generated by

+ @

@1_', " (Ot 0ay) (25)

'___l_.v'_r
¢iI _NE; (qhb ¢La-b)

It is easily seen that the matrix elements of V vanish between'states of

(26)

those two different'types. Furthermore it is alsé easy to verify that the '
second gfoup of states are associated with a vanishing El matrierlément
with the ground state and therefore can be left éut of'the discussibn}

In calculating the streﬁgth of the K=1 transitién we wili have to
remember to double their reiati%e strength éorrespbnding to the additional
" ‘degeneracy of the K=1 states (the angular momentqmﬂcémponeﬁf may bé:+lt6rﬁ'

-1).:
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.RESIDUAL INTERACTION EMPLOYED'#iwen =i

In these calculations we have-limited~ouréelveé‘to considerinhg a
phenomenological interaction V. simulating the "actual" nuclear force. We
have chosen the:”empiricalﬁ\?brce employed by Ferrell and Visscher, having a
Gaussian radial shape and a’partiéuiar exchangé mixture. -To isolate the
effects to exchange mixtures, we have also considered the case of a pure
Wigner force.- |

In addition we have also in gome cases considered a force of thé same
radial dependence as the interactions above but with the exchange paraieters’
of a "Rosenfeld mixture". (We will' somewhat inadequately label this’ potential
as "Rosenfeld" in the tables.) The parameters characterizing these forées may

oo

be found in Table 2.

RESULTS OF CALCULATIONS

a. Excitation'spéctra

The effects of the inclusion of thé backward-going graphs are, as
pointed but, rather small as far as the positiohs of the roots and the relagtive
distribution of Bl strength is concerﬁed. Generally the resonances are slight;y
lowered byigomevﬁené or huﬁdreds of kev. | | -

| Qf”ﬁoré interest is the way in which the sum_yules argléfféétedp Thig

wili, howeyer,.be discussed létef in this seqtion. o - |

Complete éa;éulationé have been performed for MgEh, ana #éé;#é§ﬁlts can
be s@u@igduiq Ta?le 4. For Glg_the ca}culatiéﬁs afe complete oni&1%é§i31;ﬂ9?
i.e.‘wi£ﬁ g£and staﬁg co£3e1a£ioﬁé neglec£ed;7 Thgﬂgesglts_ma&Aﬁé.s£gQééamin

Table 5.
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i“f‘MJ The matrix elements, computed numerically on the IBM 709 of th

Lawrencé Radiation Laboratory, exhibit some of the features,conjectured earlief

'(é!g., Ref} 8). Thus, for instance, the effective interaction for. T=1.is
repulsive in most cases, thereby generally pushing the roots abo&e their:

' single-particle values. The;matrix elements are in no way constant, however,

" and 'fl_ﬁctuations in their size is of decisive importance. Instead the single-

'par£iclé_éxcitations that originally carry most of the El oscillator strength
(asymptotically unhindered) have also the large interaction matrix eléments

- in between themselbes. It.is effectively on one or two of the states in thié
smal;er group ofbstates that most of the El strength is collectedias they are
being puéhed upwards aue to the interaction. )

| . Thus, e.g., for Mg2% the single—partiéie excitations carrying most of

. ~the E1 oscillator strength scattér in energy around fw -or say 11-13 Mev for
‘JfKQQ and around %w Zvo? about 15-17 Mev for K=1 (with the well parameters assumed
‘éé n=l and k=0.08). |

-+ The one . or two states collécﬁipg the giant stréngth nQW'appeargat’

.',éhéfgies highér by about 5 Mev for K=0 and about 7 Mev fof'K=l; as is shown

' 'iﬁ«fable:6,” These.figures refer specifically to the Ferrell and Visscher case
.‘withddiagonal.elements retained. Note that, in the total spéctrum of states
i'reached by El excitations the giant states are by no means the’highest—lying

as iﬁ the: spherical pése. Thus for the mentioned case of Mgeu with K;l;(as

eXhibitedbin‘Table 4b) the highest-lying root is more than 5-Mev above  the

K:lvgiant rQSOﬁance peak, and for K;O about 12 Mev above the corresponding

' giaﬁt peak. Indeed in the latter case the‘giant peak is found in the lower

part of the energy spectrum.

1
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One may also note that the interaction mechanism described tries to
enlarge “the gplitting between the twovpeaks;‘félaﬁiVe'tO“théir s%litting in -
the independént particle description (see Table 6) This should be comparéd* '
with the'enérgy'Spli%ting:eXisting after the'interacﬁion hags been turned on,
which fs-about 5.7 Mev. Tt may be pointed out:-that ‘the ratio between’ the
enérgy difference betweén two peaks and the average El resonance énergy is
roughly preéserved relative to the independent-particle case and is approximately
equai‘fé”théidisﬁortién parameter e.

S\ Ealéulation where a pure Wigner force was assumed, gives 2 ‘¢oncértrated
K:O“beéky.Whilé-fof K=1 ‘the “strength is distributed over stabes several Meyl ¥e
apart. On the whole the.aifference-betweethhis and the Ferréll'and Visscher -
caise “is'not -too ‘marked, however, apart from differeﬁéeé in the 'TKR sum rule
(sée below).

Z*Tufning'afténtion to the case of a (Table 5), wheére the wholé coupling
scheme may be very_much less appfopriate, we note that the cléér~separatién-
encountered ‘in Mggu into two peaks of K=0 and Ktl,'respectively,'does'ﬁot occur
here’ - In analogy with the ﬁrolate'Mge%, the dblate C;g-would-be expected £o
eXhibit'a'loW—lying K=1 peak and a higher-lying K=0'peak with a‘splitting &f °
'order efiw. ‘Ih’C12 there is indeéd-for K=1 a strong low-lying peak. However,:
7 Mev higher there is still another peak for K=1 which may be a remnant .of =
the spheriéal coﬁpiihg'schéme,'from which we are much less distant’ in Clg
(with n = :2)“than“in'Mg2l+ (with m = L). TFor K=0O there is essentially one,’

high-lying peak in 012.
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The gross features of the empiricalngamma—ray absorption cross section.
for C° and Mgzu may be obtained from the (y,n) and (v,p) reactions and.the
reactions Bll'(p,y)cl2 and Na25(p,y)Mg2h. The experimental resultsl9-25jindicate
a sharp peak at 22 Mev for C12 and.a somewhat wider‘peak at 19 or 20 Mev for
Mg2h. Atvhiéher energies‘the details ‘of the cross section are still unknown.

In the proton capture experiment it was fognd that up to energies of
2L Mev the excited 1~ states of 012 decay primarily by_ground—state gamma
transitioﬁs ﬁhereae, above ﬁhat energy, transitions to the rotational 2+ state
at h.hB:Mev are favoured. Although the data on MgelL are more fragmeetary,
there is evidence-ﬁhat the opposite situation exists there; i.e. decay through
the 1.37 Mev rotationéi 2+ state in Mg221L 15 strongly preferred at 1east for
excitatiohs up to 23 Mev. |

It is therefore tempting to identify the observed giant resonances.ln
012 with the theoretlcally calculated K%l group of glant” states.ena fo :
identify the peak observed in 1\4@;21’L with the narrow group of K ométeeéé predlcted
theoretlcally around 18 Mev.”™ The reduced El transition rates from an I‘ l :?
K=1 state to the O and 2 5 K=0 states should be in the ratio 2: l theoretlcally.
The same ratlo from the I= l , K=0 state should be 1:2. Those two ratios cor-
respond gualitatively to those inferred from the experimental data. nfhe R%O
state-in C12 and the K=1 state in MgélF woﬁld then fresumaoly be 1oca£ed at
a higher energy. |

The experimental information from the mentioned gamma-ray branchlng 1n.
The B (p,y) reaction might on this basis be taken to indicate a K=0 character
of the 1~ spectrﬁm above an excitation energy of 24 Mev in C . Howeyer, any
conclueions are obscﬁred by the occurrence of roteﬂional‘é— states which in C12
should lie about 3 Mev above the giant Izl_, K=1 states. These are;exfected

> ol
* The rotational energy correction is ‘of the order.of 0.5 Mev in Mg I=1, K=0

0.8 Mev in ¢12 I=1, K=1.
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. ot SRS
to be populated in the B l(p,y) reaction, and will probably decay mainly to
_+ - o
the low-lying 2 rotational state. InﬂMgeu the T = 3, K = 0 rotational
states are ekpected to occur about 2 Mev above giant -1~ states. They may

2
possibly be responsible: for a part of the peak observed in the Na B(p;y)y

reaction just above 20 Mev."

) b. Discussion of sum rules
,.lt:is obvious that a pure shell-model calculation (ground statevcor-
relations not considered, cf. Tables L4-5) retains the sum over squared‘El |
matrigxelementsvunchanged. In the shell model‘case the Thomas—Kuhn—Reiohel
sumeroportionalvto Z E thlz will exceed the sum'rule value %? » aerived
for velocity- 1ndependent\and non-exchange interactions, 81nce the energy
values E are pushed upwards relative to the independent-particle case. The
effect is usually larger with the force mixtures considered that contain
exchange components. However, also the Wigner 1nteraction treated in the
approximation where backward-going graphs are neglected violates‘the sum ruley
CLimnT

due to the fact that only a particular set of graphs are 1ncluded in the
conventional shell-model treatment of this interaction. Th1s is borne out
in Table h |

For the Ferrell and Visseher force the_inclusion ofvthe backward-going
graphs decreases the sum of squared‘El matrix elements by as much as 25 per-
cent or more for Mgzu. Also the energies are somewhat lowered when the back-
ward-going graphs are‘included . The TKR-sum is therefore considerably reduced,

<~

in fact almost down to the sum rule estimate This is in line with the -

6,27

result2 that the random phase approximation with inclusion of only
"exchange" graphs leads to this sum rule being exactly obeyed
On the whole, it may be considered one of the gratifying results of

these calculations that for a force of finite range and realistic exchange
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mixture the TKR sum is very much imprqyéq and brought into line with general
experimental findings that the TKR sum is generally exceeded for light element528
by no more than ébout iO percent below an energ&véf 2 ﬁu%'which excess is then
attriﬁuted fo exchéngé.forces. . :
.However, for the.ﬁnrealistic butrinteresting case of’a pﬁfe.Wignéf force
the:effect of the iﬂciusidn of‘tﬂe “backward—goiﬁé graphé" is.ratﬁer gméii;
indeed the contribution from the correlation terms appears to be almost com;u
pletely incoherentwidltheﬁéﬁlshell~model contribution.‘ The TKﬁ éuﬁﬁgﬁie is
thus é£i11 %rioj.atéd by a considersble a:gnoun>f,’ which may‘ re‘f:léct"”on"“t;h‘é 1nsuf- ';.

ficienéy of the RPA approximation for the treatmerit aﬂﬂﬁs;artiéuléf_fércé:
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TABLE LEGENDS

‘Parameters of the shell-model potential appropriate to the description

of deformed nuclei. For the meahing'of the parameters. see Ref. 18.

The exchange mixture parameters of the force V, (w+bPG+mPr+hPr %)

. 2 : :
exp - é R where VO = -51.9 Mev and @ = 1.732 fm.

Elementary single-particle excitations for Mgeu; Table-3a refers to

. K=0 énd Table 3b to K=1. 'The energy values are taken from Ref. 18.

s»+In this reference the N=0, 1, 2 shells are calculated with an assumed

o :
1u=0 (coefficient of % -part of potential); on the other hand p is

assumed =0.35 for N=3. The energy eigenvalues of the N=% shell are

‘-now’ corrected a posteriori to correspond to u=0 while the-wave

~.functions calculated for u=0.3%5 ére left as before.. Thig. incon-

wgigtency - as well.as the slightly inaccurate energy adjustment

“does not affect the sum of squared El matrix elements.. (The table

x+1y

' !
- lists -the pure single-particle matrix elements of z and - in

: e : A
units of IM%# and J;%;? respectively.) However, it affects somewhat
: Z- 1 '

the distribution on the different states and is responsible for the

N7

. Tact that the Thomas-Kuhn-Reiche sum rule % fon = 7r-(for K=1,
ggé ; as botﬁ K=1 and -1 are included) is somewhat exceeded in the

independent-particle.casé, The matrix elements are defined for

negative angular;momentumvstates wifh_a phase that differs from the-

y9-1/2,

time-reversal convention by a factor ( In accordance with

this convention the following relation holds ij_(—KD:> = IQ:>.

~
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Shell-model calculations for Mggu, K=0(a) and K=1(b). The energies
of the calculated 1 states are given in column one. The squared
matrix elements |[M|® of z and —= (x+iy) in terms of the basic

7z
linear combinations of Eg. (20) and (25) are listed in column two
in units of h/Maé and h/Mai, respectively. The sum of mafrix
elements is compéred with the single-particle sums of the included
single-particle excitations. Column three lists the oscillator
strength (the quantity occurriﬁg in the Thomas-Kﬁhn—Reiche sum),
f_,» vhich for K=0 equals (21\/1/112)(3n anle) - (1/4), where the
factor 1/4 comes from the effective charge. The fon sums may be
compared with the estimate NZ/A. Fof K=1, we have added the contri-

bution from J%— (x+iy) andlj%— (x-iy). The comparison in this

" casé should be made with the estimate 2 NZ/A. Column four lists

: ) 2 : 2, 2
the gamma widths -rY = 2(e" /) - (En /Mc™) - f_ - The diagonal
hole-pair interaction matrix elements were retained in these

calculations. This accounts for' the shift upward of the sum of

" the eigenvalues over the sum of the single-particle energies listed

in Table 3.

12 :
Results of calculations for C K=0 and K=1. For a detailed explana-

tion éee the caption to Table L.- Only the Ferrell-Visscher' force is
considered in the case of 012. The number of eiementary excitations
is.not quite complete. Three transitions associated with’very weak
El matrix elemenﬁs are left out for K=1 and two for K=0. This is the
reason why we fall short of the TKR sum rule by a few percent in the
independent-particle case.

For a discussion of the listed cases of the diagonal hole-pair

interaction matrix elements being alternatively excluded and retained,

see the main text.
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Table A-1.
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N

The average peak position (1n Mev) for the K=0 and K=1 states,
found by weighting:the energy levels according to their absorptlon
cross section 1s shown for the-independent-particle system based on
the purebshell model wave functious (see Table 3) and the randoﬁ—
phase approximation calculation with the Ferrell-Visscher fofce

(Table 4).

The K=0 matrix elements of J(r) with the e "asymptotic" wave

fuhetions expressed in terms of the Talmi integrals Ié.

The T=1, S O, odd-parlty states of the K=0 and K=1 groups and Y

“their respectlve El strengths for the C nucleus computed w1th
{

the "asymptotic' wave functions. Results for two different

interaction potentials and two values of the deformation parameter,
ﬁ = -2 and n= -4, are compared. Ground state- correlations are

included .in the calculations.
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Aw
Z

j(Mev)l

N (M@V-‘) .

Aw

12

-2 (-k)

0.310

20.3

16.8

0.08

11.h

15.9
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__ Table 3a.
Hoie-particle excitation | ¢ ,-e - Single-  Clessif. <|z1>2
Hole state  Particle state (&ev)v particle according on
‘[ Nn Q] | [NnZASZ]Y - Zl?g;cle;{t,, to asympt.
{|z])

[110 1/2] [211 1/2] 17.59 0.1693 0.029 0.09
[110 1/2] [200 1/2] 21.61  0.0181 0.000 0.00
[101 3/2] [20215/2] 19.94 - 0.1815 0.033 0.12
[101 1/2] [211 1/2] 11.06 b.66h5 0.4k 0.86
[101 1/2] [2oo_i/éj 15.08  0.3017 0.091 0.2k
[220 1/2] [330 1/2] 12.34 1.1278 1.272 2.76
[211 3/2] [321 3/2] 11.21  0.9528 0.908 1.79
[211 3/2] [312 3/2] 18.44  0.2215 0.0k49 0.17
[211 3/2] [301 3/2] 22.43  -0.1008 0.010 0.00
[220 1/2] [32e1 1/2] 16.92  0.3669 0.135 0.40
[220 1/2] [310 1/2] 21.25 -0.177h 0.03%2 0.12
[220 1/2] [301 1/2] 28.54 -0.0125 0.000 0.00

| Sum =bx3.000 6.55

iy
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[211 3/2]

-0.0667

- -e7-
, Taﬁle 3b. ,

Hole-particle excitation | e ~c¢  Single- Classified /!xtiy[\e £
Hole state  Particle state (§6V5 particle - according <:i?7§’¢:> on
[1n A0 ] [N Aq ] matrix to asympt.

: elements rule : :

, -
(110-1/2]1 [211-1/2] [17.59.  -0.65k0 u 0.428 0.9
tllo-l/e] [200 1/2] 21.61  -0.11L43 h _\ 0.013 0.04
(101 3/2] [202 5/2] | 14.78 1.0000 u $1.000 1.86
[10-1-5/2] [21-1-1/2] {13.76 -0.2919 h 0.085 0.15
[1o-iQ5/2J‘ [200-1/2] 17,78v 0.64k27 o ,‘ 0.413 - 0.92
| [10-1-1/2] [211 1/2] 11.06 0.1297 h - ”o.01f-‘ 0.02
[1051-;/21 [200 1/2]  |15.08  -0.6947 u 0.483% 0.92
[101,1/21 | [202 3/2] 17.24 0.9809 u © . 0.962 2 2.09
[220 -1/2] (330 1/2] ‘|12.3%  0.3898 " n 0.150 0.23
le=0 1/2] [321 3/2] | 1k4.86 0,7k23 u '9:5;1 ; 1.03
| [21f1;542] [550-1/2]_7 8.70 0.2012 h éfbﬁl i 10.9&
(11 3/2] [312 5/2] |17.15  1.01k2  u 1.029  2.22
(220-1/2] (321 1/2] 16.92  -0.5839 | ﬁ' o 0.341°  0.73
izeo-l/z] [310 1/2] |21.25  -0.0667 h | 0.004 0.01
teeo-l/e} [301 1/2] | 28.5k 0.0671 h 0.005 0.02
[220 1/2] (312 3/2] 22.08 -0.0534 h | ~ 0.00% 0.01
{220 1/2] [301 5/2; 26407 -0.0772 h o 0.006  0.02
[21-1-3/2] [32-1-1/2] |13.k2  -0.2381 noo- | 0.057 0.10
[21-1-3/2] [310-1/2]  |17.60  0.6347 R 0.403 0.89
[21-1-3/2] [5o-i-1/2] 24.90 0.0019 . n _A 0.000 0 |
[303 5/2] 23.94 hA 0.00k4 0.01 .

Sum=2:x5.997 12.26
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Table 5
Shell-model calculation (C°)
Driefi;(?nal included ' \ , excluded
K=0
£ i |2 fon FV B [ I2 fon Fv
(Mev) ' (kev) (Mev) ,  (kev)
31.91 3.52 2.77 8.8 | 27.4k3 3.6 2.33 27.%
26.31 1.26 0.83% 8.9 | 22.32  2.16 1.20 9.%
23.7h 1.08 0.6k 5.6 19.31  0.22 0.11 0.6
20.85 0.08 0.0k 0.3 17.27 0.12 0.05 0.2
17.82 0.00 0.00 0.0 14.29 0.00 0.00 0.0
sums 5.94 4.28 5.96 3.69
indep. p 5.98 3.00 5.98 3.00
SUmMS .
[odE 257 (Mev-mb) | 202 (Mev-mb)
v K=1 _
29.50  1.0h  1.82  2L.7 25.58 1.10 - .1.67  17.0
k.77 0.0k4 0.06 0.6 21.90 0.02 0.03 0.2
24,08 0.00 0.01 0.0 20.50 0.16 0.19 1.3
22.97  1.08  1.48 12.2 20.27 0.06  0.06 n
00.21  3.66  4.85  37.2 18.84  4.10 4.60 5.4
19.74+  0.08 0.10 .6 | 16.48 0.k 0.40 1.7
17.82 0.00 0.00 .0 k.62 0.02 ' 0.0l .0
i7.12  0.00  0.00 .0 13.36  0.08 0.01 0.0
sums 5.92 8.32 5.92 6.96
indep. p 5.92 5.9 ' 5.92- 5.92
sums
fovdE : 499 (Mev-mb) 418 (Mev-mb)




.

~)

Eed

=31~ UCRL-9975
Table 6
=1 =0 "~ Difference
Interacting-particle -system 23.5 " 17.8° 5.7
Independent-particle system 16.4 12.8 , 3.6
Difference 7.1 5.0 ' 2.1
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Table A-1 -
(000 110 | J (r) | 100 000 ) = 1/2 (I_O-Il)
{ 000 110 | I (r) | 000 110) = 1/2 (IO+Il)
(000 211 | J (r) | 110 101) = 1/4 (10-12)
(000 211 | J (r) | 101 110) = 1/k (15-1,)

{000 101 |J (r) | 211 110) = 1/ (I,-21,+1,)
(101 211 |J (r) | 211 101) = 1/k (IO-Il+12-15)
(101 211 |J(r) | 101 211) = 1/k (IO+Il+12'+15)
(101 21-1| I (r) [10-1 211 ) = 1/b (IO-_-Il-12+I5)

( 101 10-1]| J (r) 121-1 211 ) = 1/k (10-511+512715)

UCRL-9975
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Table A-2:
¥ ——————— -
DIAGONAL | ) OSCITTHATOR _
MATRIX 8. | STRENGTH v TS
NUCLIDE 1 * FORCE ELEMENTS | X (Mev) fn - (Mev)
8.5 | 3.13 L
, 0 76 555 20.3 = fw,
INCLUDED _
: 22,1 5.38 * )
FERRELL 1181 6.02 16.8 = 1o,
and
VISSCHER ' bs ,
g 24.3% 3 AT D
0 17-2 (T«C\:O . 20.5
EXCLUDED |— : .
' 18.2 1.8l ‘
I - 16:8 .
612 | . : 28.0 5.0% 1o .
£C T o e 0.15 . 522043
INCLUDED o
: 21.5 43 :
ELLIOTT 1l —838 0.13 16.8
and
FLOWERS - ,
0 i?g g"g‘g 1 20.3
EXCIUDED i
18.0 5.7
= 15.3 .15 16.8
31.0 3,10 .
FERRELL . 0 2L.0 0..J6. 2. 7
-L and - INCIUDED 5
VISSCHER 21.1 5 .42, _ X
: . 1 17.1 3.02. 15-8 L
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APPENDIX

Calculations with the Asympﬁdfic Wave Functions: -

In the limit when the deformation,energy is large compared to the
off-diagonal elements‘of the spin-orbit coupling we can use the approximation -
in which the spin motion is decoupled from the orbital motion.s’llL
In this apprOximatioh we shall use the harmonic oscillator wa%e
fg@g?i@ns thl,AKp’Z’¢) in the representation of the(dimenéionless) cylin-
drical coordi;;tes (p =\/x2+¥?,'z, ¢; X, ¥ =§[%%%i x',y'; z =Jﬁ%§i z'):
where A has the meaning of the projection of the orbital angular momentum-?
on the body axis z'l,‘nz'aﬁd n.=1\T-nZ are the oscillator quantum numbers referring
to oscillations parallel to the z.'-axis and perpendicular to it, respectively.
'~Uéing:the above wave functioné it is easy to eliminate the deéeneré%eit
spin substates from the equation of motion (Eq.(1l5)). For a general céllective:
state of isotopic spin T and spin S and with the two-body interaction V of
Eq. (22) we obtain the RPA ”equqtion of motion” of the paa’is in the form:
L ST
s tX, (VL ~n) {(vx, !9(4‘) V> [_(w-a- %am""a’)*(m) (w-h)

K#:M-

) N+fo+(-a) w)_] -y u’l’}(r)lxy?[(wwp - l—»)-k (=) (/@@M)‘\‘
-7l
) (Mt bt &Pm ﬂ}j{%%/ . (A1)
.IS Ef@x ('m: ZZ)«#'(—) ?M,(Fm Z'»Z;)ﬂ«»)? (=TT, ZZ}
+ " f T -»z-‘z))

(AE)
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Here p (11, 55) means a Pony component with the (a,a') pair characterized
by the charge state 7 and spin state 2. In the giant E1 problem, i.e., for

S=O,T=lwehave;

. o ol
(&¢,-5) X,,,,f:f-( "L,. )7 [(vx'!g(f)lv x)('m+2k.)+<w Ig(f)'»w (43)
’ ' 2(:#-&' Cox Twe2d ]X'KK' .

Here the matrix elements are expressed in terms of spac:Lal wave functions onlyj

'i.re, the subscrlpts refer gpecifically to spacial states.

Our wave functions given in cyllndrlcal representation can be expanded
in the spherical functions as

Y

Nﬂz,/\<€ Z‘) ) ; LA L?Né/\ o o

The matrix element (BSI 3‘06‘)/) are now Obviousj_y :

) RICAS 03 o
<¢ PGl ;l:w A lahp ey AJ\Ay<NB(S?)NaL/\3I

Xlg-('r' )' N !?« e ) NxegAx> | (A5)

_ Sometimes it is convenient to use the Talmi “method of separation ofj
the centér of massana fhe relative coordinates of\ the particles "1" ajnd "?".
This method is especially useful when the radial shape ofg,(r ) is complicatéd
and 1’0 is dlfflcult to employ an.electronlc computer for the evaulatlon of

(BS[}lOO/ ) of Eqg. (AS). We can expand the product z//(a)(r )gb(y)(r ) as:

\IPN& /\(’f’ \EN { A(’r)“z, (L{, A AY“,‘\\); <WL\NL AINC Nl;)‘
| X Int, J\(‘L, )«/«)

(26)
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where the "transformation bflack'eis"“'"i("ly ‘are defined ‘and ‘extensively tabulated
by Moshinsky and Broayﬁo The relative motion (nl)-f-a‘n.d center of mass motion
WL) wave functions and the "ket" |ng #L,Au ) are as defined in Ref. 30.

Using Eq. (A6) we can now express (BB mory) as:

<BSIF0lay> = Z a, - M;ZZ L4 A 1N

, (12/0(/1/,45‘/),&‘.)@1 JVL,A/ ,,,4,”;/;,)»(”%,/44/% b, 440
vl m'L //;(r) I ne> | | (A7)

where the reduced radial integral (n')ZIIJ(r ) ||ng) can be expressed in terms of

the Talmi integrals Ip as:

(niell Joring) < A B}(Hﬂ,ﬁ’*@,/’)lp
P ‘ -

(a8)
where the coefficients B (ni, n'f,p) are tabulated in Ref, 30.

We have performed explicit computations for the problem of the 1,

T=1, states in,Cl2. We have employed two different interactions:

% A .., 7 -3 :
1) Z(r) =-V, e ; V,= 5/ Me V)ow/;:zxzk/o O (4g)

i

= On5l7, m = 005’ b= O, h = On185

—identical with the interaction listed in Table 2.

| | > | | o s
) Ji)= -V, [6 @/’7’/’@]} Vim 43 MV, fy= [4x10" am, o0y

W= -0.13, m = 0.9, b = 0,46, h = -0.26 |
i.e. the Rosenfeld mixture used by Blliott and F:Lower's‘a7
In the 012 problem we heve the "occupled" (n = 1) states [Nn A] [OOO]
[10£1] and the "unfilled” (n,= 0) states [110], [20:], [2111], and [200],

where the #\ states are degeﬁérate in energy. The:above states,-denoted .|),
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are expressible in terms of spherical states denoted |}) (where the phase

convention of the radial wave function is that of Ref. 18, i.e., such that

¢

the,sign‘of the term of highest power in the radial polynomial is always

{

positive) as follows:

000 )y = [N =0, 2 =0,A=0)), | - f
[10£1) = N =1, g =1,A=£1)),
‘1}110 Y= N =1, z:kl,’A=o>>,
]2012) = N=2, E-;?.~2,A\=i'2>>,
[2131) = N =2, £ = 2.,./\.=il)>,\'

|200 ) = \FIN:Q,.JZ=2,A=O)> +E"1N=2,z=o,1\=o))

In Table Al we‘give the explicit expressions'for. the relevant matrix -

29

* -
elements for the case K = 0 in terms of the Talmi integrals I . The basic

single particle El matrix elements (a'|z|a) are in units of ﬁ?_ :

Mo,
(110] z| 000y = (211|z|101) = (21-1|z|10-1) = 425 the (o |XLY a> elements in
. . oA 2 . \
units of /M—flb—% E <202 Xy 101>= <10-1 Ly 20—2> = 1; <2OO = lO-l>=
,<101 xtly | eoo>= L2, The computed oscillator strengths for K = 1 have to
. 2 ) -

be doubled to take account of the two nuclear spin projections = * 1. - Qur

final numerical results are displayed in Table A2. The computations were ‘

=i, The

il

performed for two values of the oblate deformation n = -2 and g
splitting of the giant El states corresponding to K = O and K = 1 is roughly
in agreement with the mere detailed calculations. The second K =0 giant

peak occurring in the latter calculations does not appear in the asymptotic

% ; o
For the range of force considered here I, is the dominant term, which together

with our choice of parameters w, m, b, and h in (A3) ensures that all the.
occurring matrix elements are of about equal magnitude and have one and the
same sign. The condltlon for I, to be dominant is that a << {VMab In
the 1imit of an extremely long range interaction we have instead I, = Iy= Ig
etc. 'The interaction matrix elements then all vanish, except the diagonal

‘ones, as seen from Table Al. Thus in this limit the coherence is again des-
troyed. ,
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limit and is obviously associated with the fact that the wave functions -of
Ref. 17 are intermediate between the spherical shell-model wave functions and

the asymptotic ones.
' 1

, Our results fpr thé Rosenféld mixture of Eiliott'éhd Flowefs Wiﬁh
a Yukawa well (Eq. (A9b) ).are quite similar to those for thé rather different
interaction of Ferrell and Visscher (Eq. (A%a) ).

We have also computed the self-energy terms originating from the self-
energy hamiltonian Eq. (13). Some of them are very large (of the order of
4O Mev for the interaction of Eq. (A9a) ). Tﬁis indicates that a sélf-
consistency calculation for the single particle energy spectrum, or convgrsely,

a self-consistent determination of the residual interaction for a given single-

particle model is generally important.

B

L}
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