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ABSTRACT |
1 ffhé féﬁéfméiiZéa RPA5e§uation§.aré'Sblvéd'féf'a,denéity—dépéndenf
particleéhole“fprce emerging from'thé nucleén—nué;eon interéction. ‘Migdai’s
reﬁqrmalizatioh céﬁstéhté‘aré.deterﬁined;for';6O>and hocé éssuming Saxon-Woods
statés for the.quasi—pérticie and quasi—hoie pfopagétidh‘and'cdmpared with the
renormalization coﬁstants for auhérﬁoﬁic bscillator bropag@tion.. In both cases
'thé aséumptibn‘of good isospin is médé}‘ Furthéfmoré we’deﬁe?mined the re-
pormalization éénStanté in the l60_,.‘)40Ca, hBCa,'éﬁd 298Pb-pr651emﬂihforder to
%;! - test the asSumption‘of a mass nﬁmber independent renormalizationvconstant.- Fdr
ﬁt - this’purposé_we used the standérd hérmonié'osciliatof-statés forvthé quasi-

single-particle (-hole) propagation (ho"goéd'isospin);
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I. -'INTRODUCTIOJN

In the last ‘decade many calculatlons of certain excited states of
even nuclei have been performed under the assumption that those states are
descrlbable as:a superpos1t10n of particle—hole and hole—particle excitations
(RPA—approximation) One can derive the random—phase approx1mation.w1th
dlfferent methods known as the qua81—boson approximation, the time—dependent
Hartree-Fock method and the.Green s function approach, which can be found,
foriinstance, in Ref l 2, 3, and L, In»most offthe calculations one assumes,

that the one—particle propagation takes place w1th the experlmental 31ngle—

particle energy in a shell-model state approx1mated by a suitable harmonic

osc1llator potential.* With this assumption a certain kind of force is
connected, slnce & change in the single-particle propaéation can result in a -
change of the effectlve forces. It is the aim of this paper to 1nvest1gate
the change of the force due to the use of Saxon—Woods functions 1nstead of

16

harmonic 0301llator functions. We calculated this effect for the case of 0

Lo

‘and  Ca. In order not to compllcate the calculations we assumed good 1sosp1n

for both cases. In addition we wanted to test Migdal's assumption, that the

renormalization constants can be kept approximately fixed_throughout the

16. Lo

periodic system. For this purpose we calculated the spectra of 0, Ca,
h8Ca, and 208Pb.and determined the "best" renormalizatidn constant in each case.
In order to make plain the assumptions involved 1n a renormalized RPA—

treatment we will briefly recall in the. second section the’ relevant features ofv

“the renormaliZation'procedure. Invthe third,section we will shortly describe

According to the derivation. in' the quasi-boson approximation and in the time-
dependent Hartree-Fock method one should use in those approaches the Hartree-
Fock single—particle energies (unrenormallzed RPA). S :
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thé,céi§ulationéiand the-rgsults-fbrvthe mehtioned.nuclei using an effective
particie—hole foréé; derived_from théfPuff;Reynolds hucleon-hucleon‘potential,
which is fitted tb:SAwévevSéatféfiﬁS data. |

;vIn‘the appéndix'wé éivé some more‘détails not contained infthe'Submifted
papér. Thé réport'is_writténkinvéﬁch:a mahnér,'that'iqune-is not intefésted

in too‘maﬁy“aeﬁails the appendix cah bé.négiecféd. - ' - o

. II, RPA-EQUATIONS AND RENORMALIZATION PROCEDURE
Thg'excited“states of the N—pqrticlé nucleus can be obtained by
,calculatihg théfpoles and the residues of the autocorrelation.function of the

density fluctuatiqns, which 1s defined by:3.‘

sl = = €01 ws<w AR "’u‘“"-*_ﬂ -7 1o

+omi 6 w) <ol wx wBI o) (o[ w w o> . o (11.1)

Here, w;.and wk are the Schroedinger cfeation-@nd annlhilation operators,
respectively, of a nucleon with the-Quantum number set'l_fixed by an independent-

particle hamiltqnian,Hb‘ ] 0) denotes the exact groundstate of the total -

S‘..
hamiltonian H'for the N-particle system; the groﬁhdstate energy is chosen to be

EO(N)'—.O. By inserting a complete set of states into definition (II.1), one

obtaiﬁs: )
| | p b* P
. R S
with: _ | o | | |
"-PBA,AN:_= (ol ¢;.¢B1 v (1L.3)

Wlth | N we abbrev1ate the exc1ted states of the N—partlcle system '

(|N}.-—-'|N,E:(),OC>)
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~ general linear response function,
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' In order to calculate the wanted amplitudes p and the excitatlon energles
EN one needs the equation of motion for the response function. According to our
knowledge an exact equation for the response function does not ex1st, 1f one
1mposes the conditlon, that such an_equation should=conta1n only the response

function,and-theﬁeffective forcepbesidesfquantities-describing thevone—particle

'propagation in the nucleus.'

In order to overcome this difficulty we use a method which ccnnects

) the autocorrelatlon function w1th & more general functlon——the so-called

I

which describes the . first—order change of a
51ngle-particle propagator due to‘an external source—-for which the equation of
motion can_belderived; .We.utilize the Green'sffunction framework to take.down_
the_relevant.equationsi_:In this paper we'use_the‘followingndefinition of the

Green's function:

Sneem s = (—i)n<0| Ty, sy .wg‘,,..;p;', Moo (11.%)
; : ; l o n n - 1 ' :

vwhere the latin index m 1ncludes the t1me~coord1nate t as well as the quantum

number set M (m: = tm, u). Since the.general response function emerges from a
functional derivation of the single-particle Green's function gmn,'with respect

to‘an'external_source, it'can be put in the following form:
Lkmln -;(5km2n gklgmn) L s (z 5)

For the<one—pointffunct10n"and the general'responSe functionithe following

COUPIEd'SyStem of equations-holds;l’s’gflo
- {é 55 Spn * 2n Pkn ¥ an}'ghﬁ =084 o L (11.6)
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Yka T -glvkajb'goa‘+ Yinan Bar Treta Pdnom ? (11.7)
| Lkmjn-=-L° “f{d R | L} - . (11.8) *
o kbje " ’bm "ne cubv “wvmun~ 7 _

with:

Vkmjn' -..Es{:($p| viav) - (KU} v | Vo ) } G(tk -,tm) G(pa - tn)va(tk'_ ta) , (II.9)
o ...= ) . ’;-‘ o ‘ ) ‘ ‘ - . : ) ) . 5 ) . L
“emgn’ T "M ; o - o)
v, ' . '
IS o T I L _
e T (11.22)

In GII;6)~(I¢L8)fweFuse’the'oorvenfion‘accofding’toowhioh~summati0n or:ihfegration,
respectively;iis to be carried Out over'ell doobly ochring Latin'indices. It
can be easily shown bj transformlng to energy—representatlon and comparing the
deflnltlon that the follow1ng relatlon between the general response and the
eutocorrelation_funct;on holds.*

Ly, (w) = 3= fde de L (e 3 | w) - w#0 o, (II.12)

BuAv’ 217 Bu)\\) > - :

whereowe have‘omittedbtﬁelcommon_o—factor of:ehergies‘(energy—conservation).
Appiying the double integratioo of (II.12) on equation (11. 8) does not lead
to an equatlon for L(w) alone, s1nce I depends in pr1nc1ple on three energy

Variables, so that only the integratiOH over-e can be performed, Therefore

_ We dlstlnguish the different response functions not by a different letter but
by the different number of energy-variables. The decompos1tlon of the energy-

variables is done in the partlcle—hole descrlptlon e + ¢
' (e: = ;E——*—&, w: =g - €

5 o 2 ete.)
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, _ . S o , - o,
one usually makes the assumption that near the Fermi level the € and € ~-

dependence of I ie sufficiently weak to_obtain the desired equation'for

s L{w):
E suxv(“) Bmw s éyka(w).laéyp( O @ (1r.13)
N ki e
e o
'%@@n;;fa%ﬁwfmkp-gi e v<@g,

The two—point'funetien obeys the following exasct Lehmann spedtral representation:

ﬁW‘> mlw (e = 1+ )™ 4l ylle v 5 - 1) w}m>

_Z&pr)<mﬁh>evZro%Mx<m%m>
| i L Yolon by,

B S : T (IT1.15)
Ry LR oy A
i = ﬁQ(N " 1>‘-fEd(N5
5 : | | v_v .v’ t-i ;éAéa=‘ EO(N).%EA(N-- by | '(II.l6)'v_
“ where | M ) are the exact. eigenstates of the N+ 1—  N - 1—system,.

respectively Us1ng thls spectral representation one can_perform the
1ntegrat10nein_(II.lh)‘; As a resulf one obfainsven,equation for L(w)-coﬁtaihing
the experimente; singleéperﬁicle_energiesIehd:the generalized single—parficle
(fhole),eavefuhetions;‘whichvoheyithe feilowiné equetions'ef motieﬁs dedgctible'

from:(II;G)_and (I1.15):



- , N UCRL-19940

[
o

Yt G- B o - vaale)? (ol g ) (11.17)
B N . |
_- Z ey By - %—mpiﬁ - vyale }(Al “’s lo) -0 . (11.18)

B .

Unfortunately Vds(w)’contains L(w),12 so that in principle one has to determine

‘the single—particle problem and the'excited N—particle states simultaneously.

v ThlS is due to the fact that the effective s1ngle—part1cle potentlal

(" 1rreduc1ble mass 0perator ') contains the following term:

Avp)\(w)= %(Q_W) Z Z Z _pB\)oc

]N »o aBYO Hv

E{: _* (o W a Y (g |w |o y
aB’ v Pyo, W ;‘EN ~ ey ot

+Z p* <ohp |A)(A o, o
e Fov, Ba, N = 2in

I - Ey = €

Typox

where the states |Q ) and._M ) are expected to be mainly describable by a
weakly enérgy—dependent single;particle”hamiltonién but whose'eigéhvalués.are
notfdirectly comparable with the experimentél single—partiqle energies. In

other words Vo + A Vpk(w> should reproduce the experimental energies, if

only the particle—vibration‘coupling is important. Due'to,the possible energy-

dependence'thetgeneralizéd single-pdrtigle fuhctiqns'are normalized as follows

(Cofo? = i,‘(AIA-> =1, ete.):

(I1.19)
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1= Z @hglo> Sy = » 1 o, B> (11.20)
. . €=€Q
e . av_ (e j R R o v
N i tey ) i . | » | .
1= Z[: (olwa I §an - uﬁ?ﬁ}ff‘ . (A Mnlo ) | _(II.2l)
: e=e, :

If‘one-wants'to'avoid'solving self-coneistently the coupled s&stem of equations

'v(II 13), (II 17) and (II 18) with ‘the expres51on (II.leeahd a suitable form

of VSA,’ohe“can proceed w1th the assumptlon, that for a suitable single-
partlcle representatlon one diagonal term in (II. 15) is most 1mportant compared
with any single other term, so obtalnlng

. "°M§p>-KQW$b).v<oM I (Ao, b> .
'gvu§?~”%‘6vy.~-. eE-gp+in . Ee-g —in T

(1I.22)

vwhere thé‘fésﬁftéfm'gi 'cah'pé'tékénaiﬁfoo5$éouﬁ£aby}changing.thé force. In
the.qua51—boson or tlme-dependent Hartree-Fock approach, in whlch the second
term in equatlon (II 7) is neglected the rest term gv is exactly equal to
zero, if one chooses the Hartree-Fock solutions, since-in this case the single~
particle problem‘reducee to the Hartree-Fock problem.  For thevparticle—hole
force one gets two times the nucleon—nucleOn potential (see'II;T and II.ll).
Furthermore the second term in conditlon (1II. 13) and (II 14) is equal to zero by
deflnltlon.: The only problem is that one should use in- th1s case, consequently,
the Hartree;Fock 51ngle—part1cle energles and the nucleon—nucleon potentlal for
the calculation of L(w) (unrenormallzed approach).

One can obtain’ éqﬁationslverj'simllar'ln formalpstructure to the out-

come of the quaei;bosonlor time~deperdent Hartree-Fock‘methodvby_the fcilowing

|

I
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'.renofmaliZationuﬁrocedure{ Expreésion (II1.22) can be put in the following

form assuming that the nucleus stillihas dominantly shell-model structurer

LN
T 1 -.n . n | :
T v oo o LR .
ng(E) - dvuzv £ - Ev +1in T € - e, - in +_gvp (IIf23) ¥
wiih;'* ‘
z ;o= U.—nv)!l— Z: |<Qw+b>|2 §:<QM1M) «_ﬂ_~_| (ownm>‘
. u#\) . . gzgﬂ .
] _(€)
+n, l_Z |<o[w 2 >+Z<o|¢ |A>-—ﬂ-—-—| '(Ahpnlo) . (11.2L4)
u#v . an T :

‘Hefe, nv.is thé'quasi-parficie OCCupation number,h € the éxperimental single-

particle (—hole) energy accordlng to the shell—model guantum - numbers. Inserting

!

this expres51on in the deflnltlon (II.lh) for L gives the folloylng result:

SR e S |
LBUXV(w) Bv 5ul Bk(w) + LB wlw) s (IT.24)
with
5 1wy = b A N gl SN
va(w).-f..zB LY B £ —~EB»*‘2ih;f_w Teg 7 ey * o | (11725)

Practical calculations are usually done in_a'restricted basis. One can take
- into account this effect and the second term in (1I.2L) by changing the

interaction utilizing Standérd'proéedﬁiesfl3 Lumping the negledteavsingle—
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particle stﬁfeé_éhd thé sécoﬁa féﬁﬁ'toéethér 1n 178 one obtains for L(w)
instead éf (Ii{ié) the folléﬁing_equation:
. IR . | o
LBﬁXQ(@?_=YL§K(w) Bv Ap 2nj[: spxa(w?jLaupv(“) > (11.26)

oo

Y

where I obeys:

I=1- er I P 1 (11.27)
In eq._(II 26) the summation is restricted to the chosen basis
C By introdu01ng the renormalized quantltles- 
‘L, o= s 1T.
'IBu}\v(w)"" (z ENTE: ) I’Bulv(wv) s o o (11.29)
T Y = (e -1/2 (k"+, ) R . Lt An
gy glw: = (eg )T o]quwsln — (;1.30)
one obtains
D@ = To(w) 18g, 6, - 2m Z Ta® Tou(@)| - (I1.31)
: ' o po ‘ :

InSerting,(II.2) and taking the,pole terms one.obtains the renormalized RPA-
equations:

!

~

.p\)u'*,_vv N - ('hv B u EN + € __— 2“)2 vcw\(EN) pko N 2 (I‘I'3‘2): |

which-have_fbrmally the structure of the quasi—boson approximation.

* N . . . | - . : . .
In the continuum the first term of (II.31) has also to be taken into account.
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So far we have not trled to glve an expre551on for the effective
partlcle—hole interactlon I One.cantobtaln the Feynman series for I very
ea51ly by u51ng the expan31on of vkl in terms of the nucleon—nucleon 1nteract10n

and the two—p01nt functlon and then u51ng deflnltlon {1I1. ll) The de31red

expllclt expan51on of Vig can be stralghtforwardly obtalned by taklng down (II.7)

'k
and (II 8) 4in & dlfferent manner . 7,10
Vk2‘= el vkn_lﬂ,n.gnm + kman ab qun (11.33)
Og.p . o va .
g __ka (II.3k)

sqnm jn Eing, gjk 6qnm €ag

Here, q is an external source Whlch can be put equal to zero after obtaining
the series.- Iteratlon of (II 33) and (1I. 3&) startlng with %E-= 0 glves the

des1red expan51on of v not expllcltly dependlng on g (therefore we can put

kl
flnally, q = O) ’ One has then only to dlfferentlate w1th respect to the two-

| p01nt functlon in order to obtain the-effect1Ve partlcle—hole force (" 1rreduc1ble
vertex: part of: Mlgdal'). tNoﬁedays one‘oelieves that the subseries of ladder
diagrams for a sultable nucleoﬁ—nucleon potentlal is a good approx1mat10n to

this force and therefore we would’likesto use the ladder approximation. But
unfortuﬁately these matrixbelemehts-are, even in the noclearématter case,
dlfflcult to calculate and the computer time necessary 15 our calculatlons‘would
be too large. Therefore we used the so—called A -approx1mat10nl¥—1n whlch, in

' the’lﬁtermedlate‘statee,;tﬁe‘single—particle proPagation-in ‘matter is replaced

by the free propegation-to.get the'heeded matrixvelements.
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T11. CALGULATIONS AND RESULTS
First, we.are going to investigate the change caused by the use of

vSaxon-WoodS functions 1nstead of harmonic oscillator functlons on the re;‘
normalized.effective particle—hole force.' Since the state w IO ) for a
sultable Saxon«Woods potential is belleved to be & better approximatlon to ' the
true state IQ ) than for o) harmonlc osc1llator potentlal, one would expect
accordlng to_our cons;derations atgreater renormalization constant‘for the
Saxon-Woods éasé:' o o

In principle, one has a.different.renormaliiation_conStant for each
31ngle-particle state..'Since weaare not able to calculate all the re-
normallzatlon constants we use, as proposed hy Mlgdal,h a fiied average
renormallzatlon constant in all matrlx elements for each nucleus. Otherwise
one would;have too much freedom in describing the data. But the value of the
renormalizationfconstant.mlght depend:onlthe used single;particle basis and
other assumptlons——for instance assumlng good or no-good 1SOSp1n for the’.ﬂ.
exc1ted states.‘ The 1nfluence of the second assumptlon can be read off from
our results in tuo cases. Slnce one neglects, in the good isospin case, some
terms on the right hand s1de of eq. (1I. 32), a change is expected. Ir the
neglected terms add up coherently, one would get a decrease in the re-
normallzatlon constant for ‘the no-good 1sosp1n case._ Furthermore Mlgdal made ‘
the assumptlon that one could use the same renormallzation constant throughout
the periodic system if one interpolates the. dens1ty—dependence of the force -
according to:the known density dlstrlbution of the con51dered nucleus. We are
using the same procedure.ln our calculatlons._ For the nucleon—nucleon potentlal,

14,15

we have chosen the PuffuRcynolds potentlal since one can calculate the

Nmmatrlx‘explicitlylfor’thisfpotential.
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Explicit-Equations of Metions:

_ The unrenormalized reduced partlcle-hole matrlx elements in a harmonic
—os01llator basis used in our calculations are given by the. follow1ng expression-

(good isospin)

on Pl_J 21 tl, n ,32 2 I ﬂ_n 35 2 t3? n), J), zh th)
. S ) . J t : . : .
-\ : J +j =) +1-, +t, -t Qs+t 1
_ :E::__ o 2{: :E:: 27912 12" 12(l + (<) S127%12 )
312t12212 12 1¥,2 . m nn'“ - “
SEiiZiliun nn g [ete] e
12 “12 12 "12 ’1 Y2'¥3 Y} 3 I
. ' - n'g n 2 2 n L. n. %, 2 '
f12 %10 1) 212' 12 312
- o T . "2‘: ; "i- | ',Q,‘_ o
{nz 2, L, g 4, n, ’Lu’ 12> <~, | F |~> < _l St | .2 - (1I1.1)

The'equstions;shd expressions for the K—matrix,csn be found in Ref. 14-16. In
~ expression (III.1) we used the fact that ‘the Puff-Reynolds potential acts in
‘S-states only. The density interpolation is given by (R is the centre of mass

coordinate): o o ‘ -
F(R) % F(R) (0)" ® (e

with
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: (I1I1.3)
a
o]

(rq Nl/3 -R))--l

“p(R): = 1+exp<..

The matrix elements occuring in (III 1) are deflned as follows ( A: = ‘b//g;
4 _ 2 | 21/3 1/2
c: = (/55)"; k is the relatlve momentum;‘b: = h™ - N

41 eom
v(g‘,_|_-F- l’ﬁ /dR R® W "l’ (—) F ( ) W .Q,(A) (ITT.4)
g |'1’.€7‘L . w)| /dk k2 dk k'2 I (—)(k | i (w) | k) W &) (111.5)
G A E '“ ARSVSP e

Wé use the pﬁas? cohvéntion:of.Rgf. 17;%; W.is the radial part of'the wave-
function. W denotes the wavefunctiénicérrequnding'tﬁ the contragredient .
, \ - R AN

tensor.

. In o;dér:to get the;matfix.elemepts fqr.thé Saxon-Woods potentials,vﬁe
expandgdvfheISax&n;onas futhiohs in terﬁs.bf ogéillatdr funcfidns so.obtaining
the deéired,matrix elemen£5~in'terhs.of matrix élémeﬁtsvin'a harmonic
dscIllator baéis given. by expfeSSion7(III}I).i |

Thé_equations'we.havé\to_deal with can now be obtained by the use of

J)

o]

M/
o

the réduced'matrix.elements:of eq. (II.3) defined by

| ) 5 daldN{T. §
""BA, N o | my - @B m/ _MN m

CJmtt
6, oty Pt\ /T ot T\ . . B T R
* ( A 'B;- ><N o);—_}v_ <voﬁBJt ' Iwo) (111 6').
UL BN SR I T A A R L NS A Lgtg ARl

30 0. To

(¥lntm ) : = iz Y, (r) W Q'(§03 sign W(x > 0) = ()"
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- Insertion into (II.3l)’giveé;.

BJB B B,,eAJAzAtX I w>

=T EE: ZE: 2"(ZA sz 2 )1/2
'-s,j,?.t ) , :

a‘a oo & J\)Z\)t\)

i EN) ‘o I 5

* . J Jt - e oo
EAJA A s € j 2 t T eBJB B B’ € Jvzvtv )(o I Be St et o
Sefaora’ TVviuTy
(III.7)
Following thé standard procedure by introducing
J+ T ~J —MN .
3t N . ()9 "o N Jt .
U)\B po= ( ?,___ o <N H B ax I- o > AR (;11.8)
]wiB : <o I BBA H N > : , - (111.9)

o T e ' R N
one obtains the known RPA-matrix equat_ion (Uig N = (=) 1 %3 W‘éx" ) :

U,Jt N U,j‘t,N

Y DN N A EN'(' L ) | © (1II.10) -
\c¥ A% L wdtd/) o \nie o

with

e e oot I EE ) ng0  (TIal)
Noonrptt = (ep _'gh) »§hh'_'5_p‘p' + == om {p h' I | |I nj ), )

Jt
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Chph'p =_£—2—w—7— <PP' 0. IJt I hh' “f: - . ' ."; (III.IQ)‘IY
It o _
Here, with p;~pIIWe'labeIitﬁeiparticle;states;;with h; h' we denote the hele—states.
In (III.IO)'the”labels of,U_and;w'are_reétricféd to"theicombinatienv(hé p).
: : . |
For,nofgood'isospin dne has to negIect_fhebisespin-terms.,
Resulﬁs:.'

In eﬁr'calcalafiens we:hare.ﬁsed experimenfalISingie-particle energies
knbﬁn frem'ihetliterature{ \The eﬁérgies‘ﬁeeded”in the'ealeuiatiOns for 16Q,
uOCa,.aﬁd'hBCa are glven in Table I, In Tables II and III the results for the
exc1tatIon energles for negatlve parity states of 6O and - IJ'OCa u31ng Saxon— N
Woods functlons are.shqwn. For comparlson the results of the standard v: |
' ealeﬁlatieﬁ asihg"harmonic osclllator functlons are also glVen;l6 Since we
wanted to test'ﬁaihly thefehahge defhe'renormalisaﬁien-constants due to the
use of" Saxon—Woods functions we used the’assumptlon of good 1sosp1n in order tov
reduce the computer tlme. For harmonic os01llator'functlons it was possible
to use a common renormallzatlon constant ZH 0. = .8 for both nuclel.*.'For'
Saxon—Woods functlons we had to use, as expected, larger renormallzat1on constants.
We obtalned zS _— .877 for 60 and zS W, ,8h3bfor\F0Ca. Since especially
the coherent states are very sensitive to the'choiceief’z,ls'we could no-lenger
use a common reﬁormalization:constaﬁt forvbofh nuclei.**- The fit to the
'-experimeﬁtaI data is:sIIghtly better for the Sakon;Woods functions;18 ‘As ‘an

example of,the nature of states with_aIlarge.deriation from. the pure'

The best fit glves z
See also’ Ref 19.

Ho. = -T95 for'?6o and z, . = .81 for 'OCa, Ref. 16.

H.O.

kU
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shell-modeinpicfdfe,.we’give fhe'fesults for the 1owest 3 -state for both nuclei.
in Table IV}. For_compa;ison we aleo included in ﬁhis table the amplitndes for
the no;good;isespin ealculation. ‘The eigenvalues and ampldtudes for thls state
depend very llttle on the ch01ce of ba31s and moderately on the assumptlon of
: good or nq—goodvlsospln. Bnt for_some h;gher states we could not verify the
assuﬁption bf good isoepin., : | | |

h Tne.nekt parﬁishowe the reenlnéfbf the.test wnethervor_nof one can use-
a coﬁmdn‘rendrnaiizafionncenStenfxindependent.Of N. Fon.this purpose we calcu~
lafedlthe‘speetra:bf”l60;”udCa;.h80a; and.2Q8Pb aseuming Quasi—one-partiele propa-
gafion;invnafmonic dseiiiatorzéfeteeiand dreppiﬁg"the.assumptionvof good isospin.
in all cases We_deﬁermined‘tne beet z-valuesveuitable to nhe.experimental data.
The ebtained’spectra tbgetherbnitnzthe'z;valueslare shown in the Taﬁles V-VIII,
The reSulfedferdthe.z—velues show thatbthe-deviations:are not negligible |

(z (16 ) = 0.808; 'z( Ca) = 0. 789, z( Ca) = 0.706; (208 Pb)

= 0.706), since, as
mentloned before,despe01ally coherent states depend strongly on 2. On”fhe aVerage
-one gets——as expected——a'smaller renormallzatlon constant than for the case Wlth
the’ good 1sosp1n assumpt;pn;llf seems that the renormailzatlon constant is slightly
lafger'for:emailer'meesfnnmbers. :The single—particle energies needed in the 208Pb—
calculationenefe.taken from;Zawischaldnd_Werner.l2_VAs'a byproduct we,give the ampli-
tudes of £hei3“é and 5—;states of'h8ca in Table-IX.andvthe.amplitudes of the 3 -
states qf;?osPﬁ in Table X. Further amplitudes can be found in Ref. 18.

" We have nof'discussed S0 far’the Quesfioﬁvﬁhat.one should-renormelize
tne soldtidns»df (II 26) and riot I dlrectly ‘It has been shown by‘Luttingef
and ﬁpziereegp that ‘one- can ‘include this - effect under certain conditions, by
chanéing again the nenormalization.eonStants. We have impiicitl&»essumed this.
Thenchange.df tnelfenornaiizatien ednSﬁant for-theueaSe Qf nd-good ieesPin is,

for instance, an effect'ofvthisekind.
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| Iv.  StMMARY

:The rehﬁfﬁélizgﬁion proéedﬂfe ﬁof_the réndom—phésé apprdiimdtién has'”
béén-diSCﬁssea in deidil ihvorder tQ trace fhe différent effects éOnfribufing
to tﬁéxrenorﬁéliéatiqn;' Wé'céiculated for l6O‘éhd b'oCa the rénormaliiéd
effééti#é parficle;hole'inferactioh‘usiﬁg SaXon—Wood states for'the éuasi_
particlé descriptioh and édmparéd the;resﬁlts withithe‘bﬁtcome of the harmonic
oscillatof:stateldésépiﬁtiop.df quasi—particles. fAs ékpected,we found an
increaée in the reﬁormalizaﬁionjcénstant;. Furthermoré we tested the,assumption ‘
of keeping thevrenormalization;chstént,independént,of;the-number_6f particlgs}* |
At least,fof smallef:nuclei-we-ﬁére not able to»confirm this assumption.ﬂiThe
density—d§penden¢e of the forge_waéjinterpolated betﬁeen‘the centre-value and
the.vécuqm—valﬁe according ﬁpvthe density distribﬁtién Qf the considered nﬁcleus.
For the éffeétive_pértiéle-hole force we'uséd'thé solutions for the Puff—Réynolds

potential in the-AOO- approximatidn;
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'_ '_I'a'bl-e I.. Single-pa.rticle',energies_ ‘used in .the calculations (in MeV)l..- o

16, a) . 404, ®)° _. o 48, )

State , i -
' n: : p SR DU n P - n P

15 /2 x
1p 3/éf _,;,_f21,7h -18.4
1172 S }15;6. “12.1
Wd5/2 - f -ki15 - 0.6 1 —21,92  _—ih.8h5:A -18.6y -20.22
os 1/2. | - 3,28_'7f;:o;696 | ”;18}oé_ f;io;9h5 i: _13.64  -15{6é )

1a 3/2- 1 o3 w2 | -15.62 - 8)3&5 ~13.6} -15.22'

9.9% - 9.62

1

1r 7/2 8.36 - 1.085 |

2p 3/2

6.26 1:0.815' -5k - 5.20

1f 5/2 2.36 '5.315.'. - 1.4 = 3.72

ep1/2° <426 3.015 |~3.a8 - 2075

go9/2 o K |+ 036 -3a2

“JRer. 1.

b)

Ref. 22. . .
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Table II. Eigenvalues of excited stateé’6f11604calculated_in'a harmonigv o
- ‘oscillator basis and in a Saxon-Woods basis (good isospin).2/ =

Staté

Cp gt

E

23

exp.

H.0.

Sl

: Etheor.'

__%H.0. 8

S.W.
Etheor,

ZS.WQ='8773

00

01

02

127

10.

12,

12.
13

11.

12

ok

.12
.58
¥3

.88
52
97

ay
62

.78

20.

22.

25.
9%

12.

13

26

12

2k,
10.
 1o0.
16,

a7
':'23;
1

15
.66

17

19,
22,92
e
22
15
.90
et
. lku
18.
20.

22

16
21
13

24
26
-13

‘ 319

21,
.07
59
19.
25.

2k
13

.92
20

99
73

.9k
Sk
.95

65

18

58

29

1.
5
x9
.89
. -13.29
. 18.

1

L5

18

03
53

12.86
24,20
10.3i
10.84
16.67
18.07
23.57
11.98 -
1.5
17.70
19.11
22.91
6.13
~ 15.82
© 21.36
13.75
27.43
. 13.93
©18.26
120.39
2k.26
26.90
13.3%
18.45'
19.46
. 2L.0k
~ok.a2
13.65
119.09
© 25.60

ai?‘or the Férmi'energy.theivalﬁe.ef #.—12.2 MeV WdéUtaken,

effective force as & function of €p is given in ref. 16.

' The.dependenCe of the

"
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Eigenvalues of excited states of h,OCa‘calc'u'l_'ated in a harmonic

oscillator basis and a Saxon-Woods basis (good'isospin).a)
o H.0. S.W.
Statﬁ Eexp.2h E%ﬁeor, _ Biheor.
T 24.0.5°8 .Zs;w,='8h26
00" 9.86 9.91
1415 14.17
20.81 20.93
01” B 718 7.851
| 6.95 8.67 8.37
9.61° 10.09 9.83
110.33 10.39 10.18
- 13,59 13.59
1h.07 14,0k
b5k 1463
- 20.32 ©20.k2
0 2 7.53 7.93 7.98
| N 9.34 ©9.33
'1i.h§- - 11.46
'711-95  | o s
12.29 1219
1k4.01 14.05
0 15.37 15.39
16.2h 16.30
- 17.75 17.76
- B -19.86 19.91
0 37 3.73 3.55 13.56
6.28 7.92 7.93
1 6.59 9.03 8.93
' -11.67 “11.52
13.66 .13.65
14.83 14.80
15.66 15.62

15.¢€

(continued)
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" State
v J

Table III':(continued) 

N : H.O.. . )
B | oS
exp. . Ttheor. '

%H.0.

.8 . 'v“ 'i 7 .

Eiheor.

0 h;'

17.
19.

5,61 T

10.
13.

- 13,
15
| | 19.
b9 s,

'"}12

L - 18,

: 10

1k,
22.
10.
2.
13,
1k,
15.
.76
85
.99
8.87 .
9.6L4
B
T1
08 -
.01
96

 16

18.

e v 21
S 847

11,
1z
1k,

15.
 516.

10
3L
.28

03

e
56
48
W7
63
.89
M
66

88

78

03~

39
06
5T

3k

90

"
19

10

13

15,

19

© 10
1k
23
10

15,
16.

1§

22.

13.

12.
13

.12.
.36
.26
.0k
20
.51
50
46

ko
12.
18.

83
31
.80
.95
16
.10
50
19
T3
51
92
.26
30

9.0T

9
1

15

_'12.
1k,
15,

67
.88
85
22
27
.99

o 16.81

(continued)
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 Table III (continued) = . - - -

H.0. " o
, ) o . ) - . S.W.
State S g 2 g6 E |
: o . . eXp. B © “theor. " “theor. ‘
T J oo AR S = . ‘= QLD
o S . _ zH;o; -8 S Zs.w.-‘8h

18.40 S 18.38
| 2056 20.71
13 o .69 . 8.1 8.3
| o | | ©9.86 - 19.93
10.88 10.85
13:7% - 13.80
k.69 k92
1s.67 . 15.69
16.78 162
18.22 S 18.21
| | o o Soe00TH 20.8k4
LA T gee 166 T
. e : R A 10.39: : 10,40
BTN I k.09
ik o 1k.s2
1608 ©16.06
_ | - o | .87 - 1991
15T ausy - s 855
L I N »13,75. o . 13.82
2080 20,94

a).

In order to compare with Ref. 16,vﬁe have chosen the ‘same héutron.single—ﬁarticle
energies as in“Réf; 16, ﬁhiéhvdiffer.barely from the ones of Table I. The Fermi
energy was taker to be €

F= 5873 MgV; ._




Table & | ‘he smplitudes of the lowest 3f—state.of.l60 and y?Ca,
Nucleus Basis State | ~ ®)H.0. o Isospin . [*)x.0. Good Tsospin _EC)s,w. Good Isospin
| : - 7 . -Proton Neutron ' Tf=ﬂ01 ' o Ir=0"
R “article k Hoie“ ’ U W ..U "_.:_ Wl U W U _ W
" Cr72 2s1/2 415 -8 -1 -8 | 0 M5 -9 a1 o9
Sfs/2  2s1/e. | -18 0 4105 -85 .11 -.19 11 -7 .10
~f7/2 1a 3/2 . 455 ~.1h - Jhes e.135' L3 -.15 A5 =16
Les/2 1432 | .25 -2 .23 -2 - .23 -3 23 -3
2p3/2  14d3/2 27 -a1 .25 -.108 .26 .11 | 422 -0
_e7/2 1as/z | .28 ~15  .275  -a5) - .30 -.a6 | .32 -8
_f£5/2  145/2 | -a1 v{07: B R -2 .07 | =13 .08
2p3/2  1d45/2 | .10 0 -.055  .095 058 .10 -.06 | +.10  -.06
3 zp1/2 1as/2 | -.095 06 —.095 05§ -0 .06 . -.10 .06
16 d5/2 . 1p1l/2 .68 . -.185 .65 =18y .66 -.17 | +.665 = -.19
tas/z  1p3/2 265 -2 265 -.12 26 -1 | - +.275 0 -.125
-a3/2 1p3/2 | -235 .85 -3 . .12 o -.22 .12 | -23 403
a)Usiﬁg : “armonic oscillator basis (no good isospin).
o) b -

“Using : ~armonic oscillator basis and good isospin (T = 0).
). ) - | . . .
Using : “axon-Woods basis and good isospin (T = 0).

The amr.:-.des for cases b) and c) were divided by /E.for‘eésy comparison with case a).

‘%53e_; -

OR66T-THON
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Table V. Eigenvalues of 160 uéingAharmonic oscillator.functions and- no gbbd'

‘ ‘isoSpin.
State g. 3 zP)
g™ 117 e z the:?éos
- *H.0.
0" (0) 10.94 12.45
0 o 23.92 -
(1) 12.78 13.69
1 o 27.13
1" 3 10.51
0 7.12 $10.57
0 9.58. 16.L0
(0) 12.43 17.51
o o 23.26
1 13,1 13.81
(1) 17.3 18.02
L S20. 20.29
1 o2 24,20
1 25, 26.27
27 0 8.88 11.76
0 12,58 15.25
(o) 13.97 17.51
- (0) | 18.83
(0) , 22,59
1 12.96 13.16
1 | B ©18.20
(1) - 19.30
(1) - 21.06
(1) o 23.90
37 0 6.1k L 6.155
0" 11.62 - 1 16.07
0 - DI 20.87
1 13.26 13.45
1 | = _ 18.96
1 \ 25.32 -

{continued)



. TablevV;f.Continued .

a)The predominant.isospin oomponent.v We label larger 1sosp1n 1mpur1t1es by put-
ting the predominant isospin component in brackets. -
b)

The’ Coulomb interaction between a.proton partlcle and proton hole was taken
to be -.4 MeV. - (ep =-12.2 MeV) ’




‘Table VI.
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Eigenvalues of l‘O‘Ca, u;si,ngvha'rmdhié oscillator fuhétions and no good
N '~ isospin.
: .
' gb) -
iﬁateé) Eexp?_' theor
JgT Ir] v .'H'O‘ - 789
o~ (o) 19.57
(0) 13.9%
[ 20.96 -
(1) 10.51
(1) 1%.68
1 22.90
1~ : - ,6.951
oy o 6.95 7 18.63
(o) * ﬁeufron-(293/2,1§3/2)' 9.6l ? 10.12
) ' 10.33 ¢ 13.h2
(Q) - neutron (2p3/2,1d3/2) 10.19
(1) - 9.7k
- '1:- 12,11
1 - 12.86
27 (o) T7.53 2 7.70
(o). - a ~ 11.16
(0) o ) 11.77
(1) “ 84T - 8.67 .
(1) : _ 11.75
proton (2p3/2, ld322) ~8.99
neutron (2p3/2, ld3/2) 9.58 .
3T o . 3.73 3.76
»' proton (lf7/2, .d3ié),‘ _ v6.28 N | 7°63,
v‘neutron (lf7/2, d3/2),- : 6.59 : . T7.90
0 - | 8.80
0 11.67
(1) 7269 9.70
1 | 10.67

(continued)
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_ Téﬁle'VI (qéntinued) S

State : : _ | ‘ | I B g . ' b)
, T - a) . : S ~exp. . ‘ -theor,
- J7 [T] ‘ Zg 0. =19

. protonv(lf7/2, 143/2):, o - 5.61 E -  '_: _ » 7.02

neutron (lf7/2, iag;;): . 7.66 TR : L 7.51

o o | 9.82

Q) ;;:-" K T S 13.22

1 e R 14.03

b b9 o | 5.50

- - | 13.90

o o _ 18.63
T . 8.23

| o | 13.94

20.97

H = O O O

‘a)The predominant isospin component.
b)The Coulomb interaction between a protonzparticle and a proton'hole was taken

to be -.32 MeV;_ (EF'é —8.3 MeV)
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Table VII.  The calculated energy levels of h8Ca are compared with experiment
and the theoretlcal values given by Blomqv1st and Kuo.

State o .vEexp; | “ _ | Exx | ‘i‘ o E;iéor.
it o IR o 2 = 706
0 S _ - 9.3
’ - ‘ ' ©10.49
10.97
13.08

B | B R 6.95 | 8.03
15.62 - 15.92
o aT.e2 17.18
17.9h 18.88
8.92
37 *'1*' S hso S »"~  - '““12.60 R -~ 4.50 -
| C5.3T. 65 5.5k
768 . o T.59° L TT
- S | o Gal e S
. , ' B | | o
10.26
5t o :'.f '7-5.73  . }‘v ; : . ;f5;66' ’ | B 5.15
L o ’ | 9.9k
10.64

a)

The Coulomb. 1nteract10n between a proton partlcle and a proton hole is taken to
be -.3 MeV. (SF =.-6.0 Mgv) If one chooses the single particle. energ1es given by
A Jagfrinsand G. Ripka,2 which differ sllghtly from those of Ref. 22, one obtains
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Table VIII. The  calculated energy levels of 208y, compared with experiment
and the theoretical. values given in Ref. 26. .

. _fexp.' o LE "GGS ' Eiheor.
J | . T o z = .706

2= A E w2 k.28
' ’ 4.9k 5.08

.63
.08
g
.82

T4 2.62
.03 o 4.06
.57 B -3
T k70
91 : 4.89

37 . 2.62
o 513

o D
o )

w

A7 o L8 3.1
.03 7 3.99 3.91
27 R B Y ¢
350 o b.20
61 R T
82 .

R E R W

=
e o
O\

.12
.50
.90

.20 -
.23
31
sTS-
96

n
5

.22 |
3
.10

.30

.33

b

U1
N

3T
- 4,35
ChLTh
5.8
6,09

[0¢)
(@)Y

R E R W W
—~N W N
0 O o

‘-\nrrr:‘w,ww"
s ' o
w N

FEOE. E E W oW W

e e e e

. . T e s A
k39w 426
bk e RN

(bontinued)
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. Table VIII (continued) .

wss .8
B | Lo5e3 sk 552
93 .86 . 5.38

S\
o

.83 . k.93
5 5.6
5.30 .10 ar 6.0l
5.8 . .39 .32 . 6.06
609 o _ '- ‘ o - 6.62

v ks
| | 15

.89
.8l

oN ON W
o oN W

a)Here we used the sém'e_ osc_'illator ra'h'g’e' parémeter‘_'aé_iv_n ‘Ref. 26. -The C_oulomb_
‘interaction between a proton partic»ie and a proton hole was taken to be
-.16 Mev, - (ep = =5.0 MeV) ' '
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Table IX. :Amplitudes,fqr_the lowest 3 and 5 -states of 8Ca.

L Basis State | | o 37 c o 57
| Particle == Hole | .U W U W

Proton

vz | -3 a0
2 | s -5

32 | -1 o7 =99 .ok
32 | -a3 .05 S '
3/2 -.09 " .ob
s/2 | -8 o1 | -ob o2
s/2 | o1 -.02 .05 -.01
5/2 . -.05 02
si2 | - .05 - -.02

i
5/2
T/2

5/2
3/2
7/2
s/
3/2 ¢
172

w

S R T ST S S I S R

N R SR SR TR |
e R R R R A A B

R - N L G L

Neutron

9/2
5/2
5/2
3/2
5/2
3/2
1/2

T/2 .28 .10 : ~.12 . .ok
172 s =07 |
3/2 | ‘1'4.15 {07
3/2 -19 .05
s/2 o1 . -.05 | .06 -0k
s/2 | -.07 .03
s/2 . | . .06 -0k

IS VN N
I I N N )
B S o VR T
(TR TR < PEN  FHN o TR IR &




Table X. Amplitudes of the lowest 3 -state of

=3k

208Pb;

' UCRL-19940

' 'Bagis State

# Parfigle ' ‘ "Hble W
1 1i13/2 1n1i/2 -.21 .08
o 2 T/2 3fé'l/é' - =.23 05>
3 2 £5/2 3s1/2 .13 -.06.
y 1h9/2 2 a3/ -.59 15
5. 2 £.7/2 243/2 =12 -0k
6 2f5/2 24d3/2 -.10 05
T 3p 3/2 243/2 -.10 Ok
g 8 1n9/2 24 5/2 - -.001 .001
B 9 2 £7/2 2a5/2 -.16 .07
" 10 2f5/2 24d5/2 .06 -.03
1 3p3/2 2as/2 -.06 0l
12 3p1/2 24 5/2 .06 - -.03
13 1h9/2 1g7/2 —ar .08
14 217/2 1g7/2 ~.0k4 :02
15 21 5/2 1g1/2 - -.03 .02
16 ~3p3/2 1g1/2 -.:03 .01
17 3p1/2 1g7/2 .02 .02
18 13 15/2 14 13/2 - -2 -10
19 2'g 7/2 3p1/2 C-ar .06
20 34d5/2 3p 1/2' 12 .0k
21 2 g9/2 "3 p3/2 -.39 -09
a2 ?7g’7/2' ) ; 3p3/2- o7 -+03
g 23 34 5/2. 3p3/2 - =09 .03
§f 2L 3.4 3/2 3p 3/? ;' .07 -.03
2 25 1i11/2 S2.f.5/2 " - -.36 .09
26 2g9/2 2 f 5/2 17 .03
27 2g7/2 2f5/2 -1k .06
28 34d5/2 2 f 5/2 -.05 .02
29 34d3/2 . 2 f5/2 =05 .02
‘30 b 2f .02

1/2

5/2

(continued) -
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' _ITdble'X. i(cdnfinued)

. State

Pole

' ‘Hole o

31

32

3
B

35

36
37
38

39
I R
o

W WP HFWwwBn e

A AR R

103

o

(SRR = TN ¢~ B

i 011/2 B
972

7/2
5/2

3/2
172
11/2 -

9/2

/2
5/2

T N SR T OO SRR |

£ 7/2
£ 7/2

£ 7/2
£7/2
r 7/2,1
£ 7/2

h 9/2
1n9/2
1h9/2

1mnge

o
7
.05
.03
.00
.02
18
-. 04
ol
ek
- .001

-.02
.05

.02
.0001
.01
07
.01
.02
-

 -.00k

3[2. ‘

‘1h9/2
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YAPPENDIX

~In order todobtain;the*deSired-enpansion'ooefficients of the Saxon-Woods
functions in terms of oscillator functions we solved the Saxon—Woods bound |
state single—particle problem in an oscillator basis using the experimental
s1ng1e—particle energies‘as an input, The obtained potential parameters and
the expansionleoefficients ere given'in_Table Al. Since this method cannot be
applied‘tohthe 1d3)é;résénan¢é in'léb,rwe'epproximated the ld3y2
by a sum of 5 oscillator functions up to 5 fermi. The-result is shown iniFig. IA.

—wavefunction _

The obtained expansion coefficients are also given in Table Al. Figure IIA'shows

. the resonance behaviour of the used ld .—Saxon—Woods function.

3/27" , .
In order to give some examples of approximate T l"states, ﬁe took down
in. Table A2 the amplitudes of the dipole states of - 6O which might be of interest.
For hBCa one has two different sets of single—particle energies available which
differ strongly from each other. AThe_more reeent.values of Blomqvist and Kuo_
have been used in our oalculations'(see“TableJVTl'and IX):n F¢§,comp1éténéss
we slsofperformed theYEalculation using the siﬁgié-partiéié’énérgiés givenAby
JJaffrin and.Ripka.ﬁ,The:results for the 3 -and 5 -states sre.given in the
Tables A3 and Ak, The energies and .the eigenveotorsvare close_to the obtained
‘values of.the'corresponding.éalculation_of_Jaffrin;and Ripka,25 but the deviations
fron thebeigenvectors_of the'oalculation,with B.—K;—single—particle energies |
are’ not negligible. | |
It is well knonn—for instance from the schematic model—thst espe01ally‘
the coherent states depend strongly on. ‘the strength of the force. Slnce 1n_ourr

calculations this strength Can_be‘varied by_chenging the_renormalization

constants, we expected and obtained for those states a strong variation with z.
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In. Fig IIIA we. give this dependence in a sample more explicitly by showing the
change of the lowest energy eigenvalues of 4o Cavas a function_of,the renormal-
1zation constant - o R N

In the effééeivezparticié;heie{fdréé*'6névhag toiinsert‘the value-of the
Fermi energyvlss Since for finite nuclei in contradiction to the nuclear matter

case— a gap exists between the first unoccupied and the last occupied level, one

has a certain freedom in choosing the Fermi energy. This freedom is irrelevant

if the" K—matrix in A O—approx1mation is only weakly energy—dependent ' Testing

this assumption we have found that one can get a few percent deviations in the

energies and eigenvectors of the coherent states by going from one limit to the
other. An example is shown in Table AS, where e have calculated the energy—i

eigenvalues for the 3 “~and 5 —states of hBCa for different possible Fermi

energies. The deviations for the eigenvectors are of the same order. _Since

’one can readjust for every choice of the Fermi energy the calculated energies

to the experimental values by refitting the renormalization constants, we can’
determine due to the-ambiguity of our method caused by the used kind of local
density approximation a Fermi-energy 1ndependent renormalization constant

only within the 1imit of few percent <« So we have to be mindful of the fact- that
our given z—values are determined for the chosen Fermi energies and can change

a little bit'for a different_choice of the-Fermi energies.

e S DU S o o ,
With exception of 208Pb we use 1ln our calculations for the proton-proton

particleehole force.the'corresponding neutron-neutron'particle-hole force.



‘Table il, Saxon-Woods parameters chosen to reproduce experimental neutron single-partlcle (hole) levels for o

' 16O‘£41 hOCa We used a reduced mass equal to A/A + 1 times neutron mass. for both partlcle and hole states,
“witk : equal to 16 or 40. Also are given here the coefficients used to expand the. Saxon-Woods wavefunction

in tewms of harmonic oscillator wavefunctions (both defined to have the sign ()8 near the origin). The

. rad*as parameter was chosen to be 1.25f. For the osclllator constants we have used o =".6264 for 160 and
= .3377 for 40ca. , | :

14 R
éam~?ﬁ$ﬂ§$$?£ﬁ;f | oselllstor mipansion Costrictents
26 L 1s 1/2 |~ "76.08 4———%4- .53 | 999 r.bls "f_j.017 _“;M ;519 - 005
? 1p 3/é- o556 | iogos B Y B S N S -.018 034 - _’-,oool E
3._1 p1/2 |  ?" oo e ok —uoss o35 005
| vase | st |oses | v | e ke -6 o .087 . -.039 °
".%' 1a3/2 | s2h0 | 5.8 »"" [ - N = S 300 ‘7199  ,,-_.073} 
- S 2s1/2 | sues | —_— f.oél-n, 915 269 "1 .211 »~ 160 :
Mo vase | osn3z | o986 | .55 | 999 -.005 -0 039 -.005
Uoaase | || | esr o —ofe o .oes 035 -.009
C2s1/2 5537 | ——  }  -,,' T  .»r995 -.005 002 . .050
ve7/2 | ostek | 638 | v | o8 o7 033 052 -.002
i"l £ 5/2 ' "o U BN 53 -;003' ;167: | 066 - .020
 2p3/2 55.26’ | ': 7.11 "o |-.027 . .988  .069 -.092 ;Qéu
; 2p1/2 o L | 12 .ot oo ~139 .10

ON66T~THON



Table A2. Amplitudes of 16O.Dipol_e States.

¢

(T ~1)

Eigenvalues ~—>

. Bagis States

Héle

Particle

13.81

18,02

20.29 .

24,20 -

26.27

S |

 Proton

5

d'3/2 .

s
a

d

1/2

.5/2.;
3/2

1/2

,l

l.

1

1

D 1/2

p1/2 |
»3/2
p 3/2. |

p 3/2

016
646
080 -.
035

~.103 -

009
.005 -
ool
.005

013 -

L 011

;098' '
-.196

169

.092

;001'
}Qiz |
;021‘,
.003

.000

032

-.026

.210

-.151

- .008
=01k
+.002
008

L8y

102

J153. .
L1k

061
)
036
037
<019

|t
572
164

.266 .

006 -

008

.023.
. J063

007

027

Néutron

32 |
172
S/ég'
3

1/2.

p1/2° |
p1/2
p'3/é'.r
p 3/2

:p 3/2l

027

019 -
The -

_.115' -

011 -,

L013

o0k
.002"
00T

013

821 -,
.065 -
STV
186 -

080

009
002
018
010

.001

~.606 .
oMY

-.2L6

1,139

+.695-

~.008

+,011

~.002

.008
006

=113

' ‘E628.

~§335

..062
.009 .
.037
.036
~.019

__}275"
_;001‘
.12k
.666

'~¥l71 3

023
.021 .
059
.008 .

007

=146

0466 T-THIN
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Table A3. Comparlson of the 3 "_and 5 -energies of h8Ca using Blomqv1st—Ku02d
or Jaffrin-Ripka2> single-particle energies. Furthermore we give the results
of the calculation of Blomgvist and Kuo and a semple of the theoretical values
obtained by Rlpka and Jaffrin. '

- K

N - E
' ~ T theor, theor.
St#te \ Eexp. o Egé o E§5_R 2= 706z = .65T3
Jo o T o T (Blu-kuwo) - (Ja.-Rin)
3" o kso 2.60 451 bSO .51
5.37 615 570 s.sh 55
768 T.s9 7.61 TeT TS
57 5.3 566 553 515 5.56
o 8.66 9.9% - 8.69

9.50 - 10.64 9.59

%
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Table Ah._-Amplitudes_fqr.the.lQ§eat73fﬁand'Sfastgtes.pszSCavcalculated with
the single~particle energies of Jaffrin and Ripka.25 '(z = .657)

'Basis State

~ Particle Hole

. U.,

W

U

- _Proton

1

 fs7/2

£ 5/2
£ 7/2

£5/2
»3/2
1/
£.5/2
pr3/2 o

p 1/2

2

1

1

a

a

28 1/2

-1/2'..

3/2

3/2
/2
5/

5/2

5/2

5/2

-

.853

.128

.292'
.100.
.082

169

068

. Okb

Lok3

085

;038

056
.039.
040
o6z
024
020

019

.98k

. =.05k4

.053

.038

.015

-.011

Neutron

£5/2
£z
p 3/2
£ 5/2
b 3/2.

p1/2

1/2

'3/2i-_»'
3/2

5/2

5/2
/2

120

-

.122

159

066

.Q69'

.057

056
ok

OL2

032

.035

. 065

-.ohz}
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Table AS."EnéfgyégfgenVélues 6f y8Caﬁfé?{thé’3Hfahd'the'ép;étatéévar different
choices. of ‘the Fermi-level. The renormalization constant was taken to be -.700.
The other parameters agree with those given in Table VIII.

State E

JTT

theor. = Eineor.
=76 e =-0.6

vEtheor,

=-6.0 “r

F

_ fp o
S s wae o

Coss o sm s
R e

B USRS S SO DY

5 . 5.13 R 5.13 ”'" ', 502

X8 ;::Aji.,zit : vf"9i92 -._.f4: 1_ ,.. 9.89



3- | - UCRL-199k0 -

?IGURETCAPTIONS'-
Fig. 14. Thé néutron'1 a.3/2 ﬁavéfunctibn at résonancéf'.Thé-éoliq curvé is the
Saxon;W6odé‘wavéfunctiéﬁ. .Thé“déshéd‘cur§é_is an ‘expansion over 5 bscillator

- funéfionSgby’thé_iéaﬁthséuaréS}ﬁétﬁdé"wiﬁh é{cutwoff ét 5 férmis. Thé

agrééméht df thé two_curfés Eéiow Sf; is béttér ﬁhan‘l%.

Fig. iIA._ Thé néutron 14 3/2.r§éonéncé 6n 160; céléﬁlatéa f§r g Sa#on-Woodé

pqtéptiéi with the réilowing'paramétéré: r, = 1%25f, v =‘52.h_MeV,':

Ve, =_5;28-MeV? asﬁrf.:= .53f. | : |
Fig. IIIA.'_Lowéét éhérgy—éigén&glués of hoda as a'fuﬁction of thé»réhormélization

constant z.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
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
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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