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Self-consistent Hartree-Fock based random phase approximation and the spurious state mixing
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We use a fully self-consistent Hartree-Faék-) based continuum random phase approximatoRPA) to
calculate strength functionS(E) and transition densitieg,(r) for isoscalar giant resonances with multipo-
laritiesL=0, 1, and 2 in®%Zr nucleus. In particular, we consider the effects of spurious state m{Sisty) in
the isoscalar giant dipole resonance and extend the projection method to determine the mixing amplitude of the
spurious state so that properly normaliz8(E) and p,(r), having no contribution due to SSM, can be
obtained. For the calculation to be highly accurate, we use a very fine radial(@@4tm) and zero smearing
width in HF-CRPA calculations. We use our most accurate results as a bégisstablish the credibility of the
projection method, employed to eliminate the SSM, &g to assess the consequences of the common
violations of self-consistency, often encountered in actual implementation of HF based CRPA and discretized
RPA (DRPA) published in the literature, on the valuesS§£) andp,(r). This is achieved by varying the radial
mesh size, the particle-hole interaction, the smearing parameter, and the particle-hole energy cutoff used in the
HF-RPA calculations.
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I. INTRODUCTION E; of the ISGDR compression modat 3% ).
Comparison between the recent data on the ISGMR and

The Hartree-FocKHF) based random phase approxima- the results of HF based RPA calculations confirms the value
tion (RPA) has been a very successful theory in providingof K,n=210+20 MeV, determined earlier in Ref4]. It
microscopic description of phenomena associated with colwas first pointed out in Ref13] that the HF-RPA results for
lective motion in nucle[1]. Accurate information for impor- E;, obtained with interactions adjusted to reproduce the IS-
tant physical quantities can be obtained by comparing th&MR data, are higher than the experimental valiies15
experimentally deduced strength function distribut®(E) by more than 3 MeV and thus this discrepancy between
with the results obtained from HF-RPA theory. In particular,theory and experiment raises doubts concerning the unam-
the strength function distributions of the isoscalar giantbiguous extraction oK, from centroid energies of com-
monopole resonandéSGMR) and the isoscalar giant dipole pression modes. This discrepancy between theory and ex-
resonancgISGDR) are quite sensitive to the value of the periment was also reported in more recent experiments
nuclear matter incompressibility coefficieit,,, [1-4], a  [5,16]. Recently, Shlomo and SanzH@] have resolved this
very important physical quantity since it is directly related todiscrepancy by carrying out accurate microscopic calcula-
the curvature of the nuclear matter equation of state. tions for S(E) and the excitation cross sectior(E) of the

Over the past two decades, a significant amount of experiSGDR, within the folding model distorted-wave Born ap-
mental work has been carried out to identify the strengttproximation, withp, obtained from HF-RPA calculations and
distributions of the isoscalar giant resonances in nuclei, parcorrected for the SSM. They demonstrated that the calculated
ticularly the ISGMR[3] and ISGDR[5]. The main develop- o(E) drops below the experimental sensitivity in the region
ment in the area of experimental investigation of the isoscaef high excitation energy containing 30—40 % of the ISGDR
lar giant resonances is the high accuracy data of excitatioanergy weighted sum ruleEWSR). This missing strength
cross section bya-particle scattering, obtained at Texas leads to a reduction of more than 3.0 MeV in the valu& pf
A&M University using a beam analysis system, a multipole-and thus explains the discrepancy between theory and ex-
dipole-multipole spectrometer, and a broad range multiwireperiment.
proportional counter. This led to the discovery of a high- Clearly, accurate calculations d&(E) and o(E) are
lying structure in the strength function of the ISGMR and theneeded. In fully self-consistent HF-RPA calculations, the
location of the ISGMR in light nuclei. Furthermore, accuratespurious isoscalar dipolef& 0, L=1) state(associated with
data on the ISGDR has been obtained for a wide range dhe center of mass motiprappears at energg=0 and no
nuclei [5]. This has led to renewed interest in the nuclearSSM in the ISGDR occurs. It was pointed out in & that
response function and the need to carry out detailed and acone of the results fdB(E) andp, published in the literature
curate calculations oS(E) and the transition density,  were obtained in fully self-consistent calculations. In some
within the HF-RPA theory. In particular, there have beenRPA calculations, the mean field and the particle-hole inter-
quite a few recent nonrelativistic HF-RHA-10] and rela-  actionV,, are chosen independently. Although this approach
tivistic mean-field based RPAL1,12| calculations of the IS- can provide physical insight into the structure of giant reso-
GDR, considering the issues @f) spurious state mixing nances, it cannot be used to accurately determine important
(SSM), (ii) the strength of the lower compone(Et 14 ), physical quantities such &s,,,. In a self-consistent HF-RPA
and (iii) the value ofK,,, deduced from the centroid energy calculation[17], one starts by adopting a specific effective
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nucleon-nucleon interactioV,,, such as the Skyrme inter- mesh sizesir,r anddrgzpa and discuss the issue of numeri-
action, and carries out HF calculations. The parameters afal accuracy. We then present the results obtained with cer-
the interaction are determined by a fit to properties of nucletain violations of self-consistency in CRPA and discretized
(binding energies, radii, efc. Then, one solves the RPA RPA(DRPA) calculations and compare these results with the
equation using the particle-hol@{) interactionV,, which  highly accurate fully self-consistent results over the whole
is consistent with/;,. However, though not always stated in range of excitation energies. We would like to point out that
the literature, self-consistency is violated in actual imple-comparing the total energy weighted transition strength
mentations of the nonrelativistic RRANd relativistic RPA  (EWTS) with the EWSR may lead to incorrect conclusions.
calculations. One usually makes the following approxima-We emphasize that in the present work, we establish the
tions: (i) using aV, which is not consistent witlV,, by  accuracy of the projection operator method and provide as-
commonly neglecting the two-body Coulomb and spin-orbitsessments of the effects of common violations of self-
interactions inV,, and approximating the momentum depen-consistency, often encountered in actual implementations of
dent parts iV, (i) limiting the p-h space in a discretized HF-RPA published in the literature, on ti€E), E_, andp,
calculation by a cutoff energg i, and(iii) introducing a ~ of the isoscalar giant resonances witk-0, 1, and 2. Pre-
smearing parametdi.e., a Lorentzian witH'/2). The con- liminary results of the present work were presented earlier
sequences of these violations of self-consistency and of nd19]. We note that very recently the accuracy of the projec-
merical inaccuracy o8(E) andp, are usually ignored in the tion operator method in eliminating the effects of the SSM
literature. on S(E) and p; of the ISGDR was investigated in Refs.
In this work, we present results of detailed investigationd 9,20]. However, in these works, the calculations, carried out
of the consequences of common violations of self-using a mesh sizdr=0.1 fm, were not fully self-consistent
consistency in actual implementations of HF based RPA foand thus it is not possible to determine the consequences of
determining the response functioB6E) andp, of isoscalar  the violations of self-consistency G{E) andp,. Moreover,
multipole (L=0,1, and 2 giant resonances. In particular, we the applicability of the projection operator was only inferred
consider the ISGDR and concentrate on the effects of they comparing the total EWTS with the EWSR. In Sec. IV,
SSM. We determine the effects of a violation of self- we state our conclusions.
consistency by comparing the calculated resultsS{d&) and
py With those obtained from highly accurate fully self- Il. FORMALISM
consistent HF— continuum RPAHF-CRPA calculations
[18]. We also extend the projection method for eliminating !N the following, we provide for completeness and presen-

the effects of SSM, described in RE®], to properly normal-  tation of our results, the basic expressions used in the calcu-
ize S(E) and p, and determine the mixing amplitude of the lations. Furthermore, we extend Green’s function based deri-

spurious state in the ISGDR. vation of the projection operator methg@] for eliminating
For completeness and presentation of our results, we prdhe effects of the SSM to also obtain properly normalized

vide in Sec. Il the basic expressions used in the calculations$X(E) and py(r) of the ISGDR and determine the mixing

We also present an extension of Green’s function based der@mplitude of the spurious state.

vation of the projection operator method for eliminating the ~ The RPA Green'’s functioi® [17,18 is given by

effects of the SSM, described in R¢®], to account for the

proper normalization of th&(E) and p,(r) of the ISGDR G=Go(1+VpnGo) ~F, (6N

and determine the mixing amplitude of the spurious state

obtained in HF-RPA calculations. We emphasize here thatthereGy is the freep-h Green’s function given by

the method is quite general and applicable for any scattering

operatorF and for any numerical method used in carrying ,
out the RPA calculation, such as configuration space RPA, Go(r.r "”):_; bn(r) Ho— en—
coordinate spacéontinuum and discretizedRPA, and with
and without the addition of smearing. 1 .
In Sec. Ill, we present and discuss our results. We first + Ho—ent o én(r'). @

present the results of a highly accurate and fully self-
consistent HF-CRPA calculation &(E) andp(r) in *°Zr,  Here, H, is the HF Hamiltonian and, and ¢y, are the
which we use as a basis for a comparison with results obsingle-particle energy and the wave function of the occupied

tained with common violations of self-consistency. These acstate, respectively. The continuum effedfmrticle escape
curate fully self-consistent HF-CRPA results were obtainedyidth) are included by using

using’=0 (i.e., no smearingand very small mesh sizes of

drye=0.04 fm and drgp,=0.04 fm with corresponding 1 om

numbers of mesh pointd=900 andNgp,=300 used in Gjj(r,r' E)= ——==——5u;(rou;(r-)/w, (3

the HF and the CRPA calculations, respectively. We note that Ho—E h?

the values ofS(E) and p(r) associated with a bound RPA

state were deduced from the residue of the RPA Green'wherer_ andr. are the the lesser and the greater @ind
function. Next, we present our results of fully self-consistentr’, respectivelyu andv are the regular and irregular solu-
HF-CRPA calculationgwith I' =0) carried out using various tion of Hy, with the appropriate boundary conditions, respec-
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tively, andw is the Wronskian. The strength functi@{E) 1
and transition density, associated with the scattering opera- ~ R(r',r,E)=—ImG(r',r,E)= ; dn(E)pn(r)pn(r’).
tor

(12)
F—ﬁ ¢ 4 Note thatd,(E) accounts for the energy dependence of
i (ri) ) R(r’,r,E). In the case of a well-defined resonance, or in a
discretized continuum calculation, the sum in E&2) has
are given by only one term. In this case,, is proportional to the transi-

tion density associated with the resonance and may contain a
1 spurious state contribution. In general, due to the smearing
S(E)=2>, [(O|F|n)|?5(E~ En)=_Im[Tr(fGH], (5  with I'/2, the sum in Eq(12) may contain quite a few terms.
" We now writep,, as

AE 1 r=a r+b r), 13
Pt(r-E):—f £ ZImG(r r,E)|dr'. (6) pn(T) nPn3(r) nPn1(r) (13
VS(B)AE T with
Note thatp,(r,E), as defined in Eq(6), is associated with a2+b2=1.0 (14)
the transition strength in the region Bf+ AE/2 and is con- neoon '
sistent with wherea,, andb,, are the amplitudes of the intrinsic state and
) the spurious state, respectively. Note thgt, associated
S(E)= J p(r,E)f(r)dr / AE. @) \r/]v)ith the ISGDR, fulfills the center of mass conditi¢for all
It is important to note thaB(E) and p, of a state at energy
E, below the particle escape threshdlok having a very <f1Pn3>:f f1(r) pna(r)dr=0. (15
small width can be obtained from Eq¢5) and (6), respec-
tively, by replacing (14)ImG(r’,r,E) with We point out that in the projection method for eliminating
_ the effects of SSM described in R¢®], it was assumed that
lim ReG(r',r,E)(E,—E). (8  a,=1.0[in Eq. (13)].
E—En Following the derivation described in Rg0], we first

note that allp,; coincide with the coherent spurious state

The energy weighted sum rul&WSR associated with . cition density.(r) [23]
SS 1

the operatorf| \,,=f(r)Y_y is given by[1]

= = \/ﬁz 4 oy Q). (16

EWSR Y1)~ [ ES.u(E)dE P =psd )= =\ o A, or Yam(D). (16
22 A df\2 £12 whereEg, is the spurious state energy apglis the ground

= oman <0|<m TL(L+1) F) |0>}. state density of the nucleus. Note thag in Eq. (16) is

normalized to 100% of the energy weighted sum rdee
9 Egs.(9) and(10)],
Using the equation of continuity and assuming that there is h?
only one collective statg21,22 with energyE.,, , exhaust- EWSRrYw)= 2m EA- (17)
ing 100% of the EWSR associated with the scattering opera-
tor fy=f(r)Y_y , one obtains the form for the correspond- Looking for a projection operator that projects g (r),
ing transition density

A
- ﬁz\/ 2L+1 1 o2 Fy=2 fn)=F=nFy, (18)

r=—-— ——(rf -

PN="om EWSRfLm)Econ| \ 1 drz( )
N with f,=f— »f;, we find that the value oy associated with
L(L+1) df dp Pss IS given by
-~ flpotgr d_ro : (10) ”
' ! 7= (fps/(f1ps9- (19)
Let us consider the scattering operators, &g, with Using Egs.(15) and(19), we have
f(r):f(r)YlM(Q), fl(r):rYlM(Q), (11) Sn(E):<f,’]Rf7]>:<fR33f), (20)
and write (1/7)ImG as the sum of separable terms where
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Ras= >, dn(E)aZpna(r)pna(r’). (21)

To determinep, for the ISGDR, we first use Eq&), (12),
(13), (15, and(19) with F, and obtain

2 Cnan[@npas(r) +bppsdr) ],
(22

AE
r = —_—
Py(1) JS,(E)AE
with ¢,=d,(E)(f,pn3). To project out the spurious term
from Eq. (22), we make use of Eq15) and obtain
p(1)=p,(1)=bpss, b=(f1p,)/(f1ps9-

To properly normalizes,(E) andp;, we have to deter-
mine the mixing amplitude®,, of the spurious state in the

(23
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Ill. RESULTS AND DISCUSSIONS

In the following, we present our results for isoscalar giant
resonancesl(=0, 1, and 2 obtained within the HF based
RPA framework as briefly outlined in the preceding section.
Calculations are performed f&°Zr (N=z=40), as an ex-
ample. The two-body interactiow, , is taken to be of a sim-
plified Skyrme type,

1 ry+r,
+ — a
tO 6t3p ( 2

Vip=68(r1—r5) , (29

where a=1/3, t,=-—1800 MeVfn?, and t;=12871
MeV fm3@ 1) For these values of the interaction param-
eters, the nuclear matter equation of stdép)/A, has a
minimum at E/A=—15.99 MeV, p,=0.157 fm 3 with
Knam=226 MeV, whereE/A, py, andK,, are the binding
energy per nucleon, matter saturation density, and incom-

ISGDR. These amplitudes can be obtained from the responsgessibility coefficient for symmetric nuclear matter, respec-

function to the scattering operatéy. Using Eqs.(13), (15),
and (16) we obtained from Eq(12)

S)(E)=(f1Rf1)=(f1Rpf1) =2 dn(E)bZ(f1ps9?.
(24

Note that(f,pss) can be obtained from the EWSR, EG47),

, h? 3
(f1psd =5 7~ A/Es, (25
and the SSM probabilities from
Si(E
bﬁ: l( n) ) (26)
<flpss>2

In the present work, we limit our discussion to the opera

tor F3=2ﬁ=1f3(ri), where f(r)=f3(r)=r3Y1M(Q). For

this operator, the value of; associated with the spurious

transition density(16) is

5
77=§<f2>, (27)

and

S,(E)=S5(E) —277S15(E) + 7°Sy(E), (28)

tively. This choice of the two-body interaction enables us to
use the continuum RPA method to carry out a fully self-
consistent calculation for giant resonances. Following Ref.
[24], one can write the mean field potent\g},; as

3 a+2 1
me:ZtOP(r) + Ttg,p“ (r), (30

and the particle-hole interaction,, contributing to the isos-
calar channel is given bj17]

(a+1)(a+2)

3t +
0 16

Vpn=8(11=12)| 7

t3pa . (31)

To begin with, we consider our results for isoscalar giant
monopole, dipole, and quadrupole resonances which are
fully self-consistent and numerically accurate. Then, we shall
analyze the influence of various numerical approximations

on the centroid energies and transition densities for these
resonances. Finally, we shall illustrate the possible effects of
the violation of self-consistency on the properties of these
isoscalar giant resonancdSGR).

A. Self-consistent continuum RPA results

We now present our results of fully self-consistent HF-
CRPA calculations fof%Zr, using the Skyrme interaction of
Eq. (29 with spin-orbit and Coulomb interactions switched
off. It was pointed out in Ref[18] that in order to have
cancellations of the hole-hole transitions occurringGg

where S3(E) =(f3;Rf3) is the strength function associated [Eq.(2)] and obtain numerically accurate results, it is impor-

with f5 and S;3=(f,Rf3) is the nondiagonal strength func-

tion.

tant to employ the same mean field and the same integration
algorithm for the bound states and the single-particle Green’s

TABLE |. Hartree-Fock single-particle energiéa MeV) for the bound states if%r nucleus obtained
for the interaction parametets= —1800 MeV fn?, t;=12871 MeV fnf, anda=1/3 using the small mesh

sizedr=0.04 fm.

Orbits Os od 1s

Op

of 1p 0g 1d 2s

Energy —4550 -—39.14 -—-31.02 -26.74

—21.42 -—-1533 -1059 -—-398 -—-2.62
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TABLE II. Values for density radial moments2) and(r*) in units of fn? and fnf, respectively, together
with the EWSR associated with the scattering operafdt ,, in units of frf2™ MeV, for different mesh
sizedr (in fm) used in the HF calculations.

EWSR
dr (r?) (r*) rYio r3Yio (r®= )Y r?Yoo r?Yao
0.04 14.705 282.147 391.04 404545 169661 7667 19167
0.08 14.702 282.008 391.04 404346 169553 7665 19163
0.24 14.676 280.653 391.04 402403 168441 7651 19129

function using a small mesh size in double precision calcuEWTS for the corresponding strength functid®s S;, S;3,

lations. In the following, we first present our results of highly and S, , respectively, see Eq28). The transition strengths

accurate calculations obtained usimgy=0.04 fm and associated with narrow states were determined from the resi-

drrpa=0.04 fm, and with no smearind’=0 MeV), which  dues of Green’s function, using its real pgs¢e Eq(8)]. For

we use as a basis for comparison with other calculations. Wihe free response, we get sharp peaks at the bound state

note that in common implementations of HF-RPA, one ususingle particle-hole transitions associated wiiti 1. These

ally adopts the values ofdfyr,drrps)=(0.1 fm,0.3 fm)  transitions can be easily identified from Table | a3-00f

and a smearing parameter Bf2~1.0 MeV. In the follow-  (10.83, 1d—1p (11.35, 2s—1p (12.70, 1d—0f (17.43,

ing, we use the notatiodr = (dryg,drgpa), with the values  1d—0p (35.16, and Z—0p (36.52, with corresponding

of dryr anddrrpa given in units of femtometer. transition energies given in brackets in MeV. We checked
To facilitate our discussions, we have displayed in Table khat the values of the EWTS for these sharp transitions agree

the HF single-particle energies fé&¥Zr obtained by using with the corresponding values obtained directly from the par-

drye=0.04 fm. In Table Il, we give the values for the den- ticle and hole wave functions.

sity radial momentgr?), (r%), and EWSRYEq. (9)] for For the CRPA response function, the sharp peaks occur

various multipoles evaluated for different values of meshbelow the particle threshold at 15.33 MeV. In addition to

size used in the HF calculation. In Table Ill, we present thethese sharp transitions, we have contributions from the con-

values of the energy weighted transition strengfB8/TS)  tinuum starting at the particle threshold. We obtained accu-

for free and CRPA responses obtained using the operatorate values for the contributions from the continuum by in-

fs, f1, andf, with dr=(0.04,0.04) and’=0 MeV. The tegrating the energy weighted strength function using the

quantitiesS; ", S5, ST3Y, andSS" in Table Il denote the  small energy steps afE=0.01 MeV. It is seen from Table

TABLE Ill. The energy weighted transition strengtt8%") of the free and fully self-consistent HF-CRPA
response functions fof%Zr (in fm®MeV) calculated usingdrye=drgrpa=0.04 fm, Ngp,=300 with no
smearing width =0 MeV).

Energy S5V ~ 275V 7S SEW
Free response
10.832306 87689 —221289 139609 6009
11.352610 47160 —99851 52854 163
12.709777 24341 —37010 14068 1399
17.437181 48562 —64831 21638 5369
35.163326 17114 —7514 825 10425
36.520494 5034 —2123 224 3135
15.0-18.0 465 393 528 1386
18.0-100.0 172707 —36767 5009 140949
100.0-150.0 1256 —609 89 736
Total 404328 —469601 234844 169571
CRPA response
0.078606 234852 —469709 234857 0
11.434169 4480 5 -1 4484
12.965783 1984 7 0 1991
15.0-18.0 6087 45 0 6132
18.0-100.0 156848 —42 2 156808
100.0-150.0 258 -13 1 246
Total 404509 —469707 234859 169661
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FIG. 1. Free response functions for the ISGDR calculated using 15 5 same as Fig. 1, but for the fully self-consistent HF-

the radial mesh sizdr=(0.04,0.04) withl'/2= 0'0,25 MeV and,” CRPA results. The response functions for the operatgrand f,,
=24.51 fnf. The long dashed curve clearly manifests the existence .o aimost the same indicating no spurious state mixing
of the spuriousity over the entire range of excitations but predomi- '

nant for the L region E<18 MeV). dipole state is not a very collective one.

An important test of a fully self-consistent calculation is
Il that the spurious state mixing is significantly larger for the to check how close(r,EsJ is to pss, Wherep(r,EsJ is
free responsdsee third column Once the spurious state obtained from Eqs(6) and (8) at the spurious state energy
mixing is eliminated using the projection operaty, we E.susingf;. In Fig. 3, we compare the CRPA result for the
find from the second and fifth columns of this table that mostp:(r,Esg with the coherent state transition density calculated
of the strengths of the free response in thewlregion of  using Eq.(16). Itis seen in Fig. 3 that in this highly accurate
excitation energy E<18 MeV) is spurious in nature. Only HF-CRPA calculationp(r,Esg coincides withpg indicat-
6.8% of the EWTS for the operatdr; contributes to the ing a very negligible SSM. We add further that at the surface,
intrinsic excitations forE<18 MeV. On the other hand, in the transition density for the ISGMR resembles,3
the case of CRPA, since the calculation is fully self-+rdpy/dr as given by Eq(10), whereas, the ISGQR tran-
consistent and numerically very accurate, the resonance os#ion density resembles mookp,/dr rather thanrdp,/dr
curring at 0.079 MeV is fully spurious and it exhausts as given by Eq(10). We point out that Eq(10) was derived
99.99% of the EWSR associated with the operdtorFor ~ under the assumption that one collective state exhausts the
E>0.08 MeV, the values 08, andS,; are very small, with EWSR.
corresponding mixing probabilities df2~10"8 [see Eq.

(26)], indicating that the SSM is so small that one need not L SOZ'r o,

renormalize the strengt8, . Also, the values of the CRPA 0.05
EWTS for the operator; andf, are the same within 1%.
We would like to emphasize that though the spurious state
mixing is significantly larger for the free response, it is fully

eliminated by using the projection operafoy giving rise to §
99.95% of the expected EWSR which is quite close to the g
CRPA results. We note that the fraction energy weighted sum & 005
rule, FEWSR=EWTS/EWSR, for the operatdr, is 8.4% o

and 7.4% forE<18 MeV in the case of free and CRPA
responses, respectively.

In Figs. 1 and 2, we have shown the free and the RPA
response functions for the ISGDR, respectively, obtained
from our most accurate calculations. For plotting purposes,
we used a very small smearing widili2=0.025 MeV. We 0 2 4 6 8 10
see from Fig. 1 that most of the spurious components lie in r [fm]
the low energy regiong <18 MeV). As mentioned before, g 3. Comparison of the fully self-consistent HF-CRPA result

the response for the operatar$and (3~ »r) are indistin-  or the spurious state transition density obtained using the operator
guishable in the case of a fully self-consistent HF based, in Eq. (6) with the corresponding coherent spurious state transi-
CRPA calculation. It also appears from these figures thafion density. The HF-CRPA calculation is carried out using the ra-
particle-hole correlations do not alter the ISGDR strengthdial mesh sizedr=(0.04,0.04) with no smearing widthT'(
distribution S,(E) very much suggesting that the isoscalar=0 MeV).
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TABLE IV. Fully self-consistent HF-CRPA results for the energy weighted transition strer(gihs
fm® MeV) for T'=0 MeV using different mesh size& fm) and Ngp,=50.

Energy " —27S%" 7S s,"
drrpa=drye=0.24
0.714539 232751 —465617 232866 0
11.483532 4214 —18 0 4196
13.138693 2306 —124 2 2184
15.0-18.0 5693 263 3 5959
18.0-100 154096 792 11 154899
100-150 184 -7 1 178
Total 399244 —464711 232883 167416
drrpa=6dr,=0.24
11.429694 4470 43 0 4513
12.962171 1998 -2 -4 1992
15.0-18.0 6158 —43 1 6116
18.0-100.0 159022 —2693 45 156374
100.0-150.0 363 —126 19 256
Total 172011 —2821 61 169251
drrpa=6drye=0.24, V.=0.9916
0.099965 237622 —474392 236771 1
11.430431 4505 —27 0 4478
12.959961 2025 —-20 0 2005
15.0-18.0 6288 —157 3 6134
18.0-100.0 159324 —2992 52 156384
100.0-150.0 368 —128 19 259
Total 410132 —477716 236845 169260

Normalization of the particle-hole interaction to put the spurious state at 0.1 MeV.

We have repeated the fully self-consistent calculations foEWSR fordr=(0.24,0.24) and (0.04,0.24), respectively.

I'=0 MeV using various values ofirye and drgpa. In In Tables V and VI, we have collected the centroid ener-
Table IV, we present CRPA results for the EWTS only for gies and the FEWSR, respectively, for the isoscalar giant
dr=(0.24,0.24) and (0.04,0.24) witNrp,=50. We see resonances with.=0, 1, and 2 calculated using different
from Table IV that the results for the operatbs for the  combinations of the mesh size and a very small value of
different combinations of the mesh sizes differ by about/2=0.025 MeV. We notice that as long as the particle-hole
2.5%. The spurious state fair =(0.24,0.24) occurs at 0.7 interaction is not renormalized.e., Vi.=1.0), the centroid
MeV and its excitation energy becomes imaginary @or  energies of the resonances do not deviate by more than 0.5%
=(0.04,0.24). By multiplying the particle-hole interaction compared with the most accurate values. Though the energy
by a constant factov;.=0.9916, we push the spurious state of the spurious state is sensitive to the values of the mesh
to 0.1 MeV fordr=(0.04,0.24) calculations. Nevertheless, sizes and increases from 0.08 MeV to 0.71 MeV with an
we find that the SSM is very smalbf~10"6). Once the increase of radial mesh size from 0.04 fm to 0.24 fm, the
spurious components are eliminated using the projection opeentroid energy for the ISGDR changes only by about 0.08

erator f

»» We get 99.40% and 99.76% of the expectedMeV. Even if V¢ is used to shift the spurious peak to 2.0

TABLE V. HF based CRPA results for the spurious state endéigyand centroid energ¥, , for the
ISGMR (L=0), ISGDR (L=1) and ISGQR [=2) (in MeV), obtained usind'/2=0.025 MeV. For the
ISGMR and ISGQR we use the energy range 0—80 MeV and that for the ISGDR we use 28—80 MeV.

drhf drrpa Vsc Ess EO E1 E2

0.04 0.04 1.0 0.08 22.98 35.88 14.67
0.08 0.08 1.0 0.18 22.97 35.86 14.70
0.24 0.24 1.0 0.71 22.92 35.80 14.69
0.04 0.24 1.0 a 22.94 35.83 14.60
0.04 0.24 0.9916 0.09 22.98 35.85 14.70
0.04 0.24 0.9707 2.00 23.08 35.88 14.96

8 is imaginary.
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TABLE VI. HF-CRPA results for fraction energy weighted sum rdiie percent for the spurious state
(SS and theL=0-2 isoscalar giant resonances in the energy region 0—80 MeV, calculated using various

radial mesh sizedryr anddrgp, (in fm) andI'/2=0.025 MeV/[for the spurious state we u¥e=0 and Eq.
(8)]. See Table V for the corresponding values=f.

dl’HF derA Vsca|e SS L:O L=1 L:2
0.04 0.04 1.0 99.99 99.84 99.61 99.91
0.08 0.08 1.0 99.95 99.76 99.76 99.91
0.24 0.24 1.0 99.55 99.74 99.25 99.49
0.04 0.24 1.0 a 102.05 99.57 101.18
0.04 0.24 0.9916 101.22 102.02 99.57 101.17
0.04 0.24 0.9707 101.58 102.96 99.34 101.15
#The corresponding, is imaginary.

MeV, the centroid energy foc =0 andL =1 resonances do FEWSR obtained by integrating up o= 150 MeV is about
not change appreciably. However, the centroid energy for the % lower than the one obtained fbr=0. Of course, this is
L=2 resonance goes up by about 263 MeV). From due to the remaining strength beyond 150 MeV. For instance,
Table VI, we find that wherdr=(0.04,0.24), the values of in the case ofdr=(0.24,0.24) and’/2=1.0 MeV, we get
the total EWTS for ISGMR and ISGQR are overestimated byFEWSR=0.48% for the region foE=150-300 MeV.

1-2 %. We point out that due td'#0, the transition density;,

So far we have demonstrated tliatas long as the calcu- calculated using Eq6) depends on the scattering operdtor
lation is fully self-consistent and numerically highly accu- The consequences of this on t8¢E) andp, of the ISGDR
rate, there is practically no spurious state mixing, éhthe ~ Was investigated and discussed in detail in Réf.and we
spurious state mixing introduced due to the use of a largdill not repeat it here. We have thus demonstrated that using
mesh size(0.24 fm) in a CRPA calculation can be projected the projection scattering operatdr,, one can accurately
out using the operatd, . ehmmgte the SSM effects oS(E) and p, .of the ISGDR

occurring due to the use of a finite smearing parametar
B. Influence of the smearing parameterd”

_ ) ) C. HF-DRPA results
mu(gtn i O?futgs a:i?/ugrizaerri]rtz ts;;;‘gﬁgiyrszsoh)ﬂ ;Snctihﬁ]t eone We now cqnsider our regults obta_tined by di.scretizing the
calculations should be performed using a very fine mesh iﬁ:ontmuumlusmg boxes of dlfferen;[ng(zes ar\d different values
the coordinate space while solving HF and RPA equationsO'c the particle-hole energy CUtOEPh. ranging from .50 10
However, one typically use§/2~1.0 MeV and the mesh ©00 MeV. The length of the box is given by, times
dr=0.1 fm. If the smearing width is finite, the spurious state_drHF' whereNH_F is the number (.)f radial mesh points used
would have a long energy tail which can give rise to a Iarge'n a HF calculation. In the following, we present the results
SSM. Sincepgscdpg/dr, which is a surface peaked func- 500
tion and has a large matrix element for the operdtorone i
must project out the SSM by making use of the projection
operatorf .
In Fig. 4, we plot CRPA results for the spurious state and 1
ISGDR strength functions calculated using a radial mesh size
of 0.04 fm and a smearing parametér2=1 MeV. We
clearly see from the figure that the strength function for the
spurious state is extended up to a very high energy. The SSM
caused due to the energy tail of the spurious state is elimi-
nated using the operatdr,. In Table VII, we give the values R .
of FEWSR associated with the scattering operatpfor the ook ' ]
ISGDR for various energy ranges up to 150 MeV obtained
by using different values for the mesh size and the smearing A
parameter in the HF-CRPA calculation. Considering the val- 0 . IR Lot
ues of the FEWSR in each energy ranrgge-w, of Table VII, 0 20 40 60
it can be easily seen that these values are practically the same E [MeV]
as those obtained with=0, i.e., the SSM due to nonzefd FIG. 4. Strength functions for the spurious state and ISGDR
is completely projected out. In particular, fol'/2

calculated using the radial mesh sige=(0.04,0.04) and the
=1.0 MeV, the values for FEWSR for the energy rari§e  smearing parametét/2=1 MeV in CRPA. The SSM caused due to
=0-20 MeV is lower by about 0.5% as compared to that forthe long tail of the spurious state is projected out using the operator
I'=0. We also note that fol/2=1.0 MeV, the total f
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TABLE VII. CRPA results for the fraction energy weighted sum r(ilrepercent of the ISGDR obtained

using the operatadi, for the energy range;—w, (in MeV) for various combinations of the mesh size fm)
and smearing paramet&v2 (in MeV).

w1—w3
drye drgpa r/2 0-15 15-20 20-100 100-150 Total
0.04 0.04 0.0 3.82 5.73 90.30 0.15 100.00
0.04 0.04 0.025 3.81 5.71 90.28 0.16 99.96
0.04 0.04 0.25 3.79 5.66 90.05 0.27 99.77
0.04 0.04 1.0 3.69 5.37 89.39 0.65 99.10
0.24 0.24 0.0 3.79 5.57 89.93 0.11 99.40
0.24 0.24 1.0 3.63 5.15 89.12 0.61 98.51
0.04 0.24 0.0 3.83 5.72 90.05 0.15 99.75
0.04 0.24 1.0 3.71 5.25 89.26 0.65 98.87
0.08 0.24 1.0 3.70 5.22 80.40 0.00 89.32
0.08 0.24 1.0 3.83 5.46 88.45 0.00 97.74
0.08 0.24 1.0 3.88 5.53 88.66 1.22 99.29

°HF-DRPA result withE,>*=50 MeV.
PHF-DRPA result withE,>*=100 MeV.
°HF-DRPA result withE=200 MeV.

for discretized RPA calculations obtained by usinlg corresponding collective model form fpgs which is propor-

=(0.08,0.24) withNye=150 and 90Qbox sizes of 12 and tional to dpy/dr. In Fig. 7, we show some of the DRPA

72 fm, respectively results forp,(r,Esg and compare them with the,s. We see
To examine more closely the effects of cutoff enegy™  that for Ef}i*=50 MeV, p(r,Es9 deviates fromdpo/dr.

on the response function, we present in the last three rows ¢dowever, for Ej7*=200 MeV, the p(r,Es) from the

Table VII our DRPA results for the FEWSR over various DRPA is almost identical to the collective model results. We

energy ranges up to 150 MeV obtained uleiﬁgaX: 50, 100, thus conclude that one must use a reasonably large value for

and 200 MeV. Comparing the values of the FEWSR, in eachhe cutoff energyEy, in order to fully eliminate from the

of the energy range;—w,, of Table VII (particularly the intrinsic excitations the contribution due to SSM.

energy ranges of 0—15 and 15-20 MeWe conclude that In Table VIII, we have displayed the values®fs and the

by usingf,,, one accurately eliminates SSM occurring due tocentroid energies for the=0, 1, and 2 isoscalar giant reso-

the use of a low value deg‘haX. This is also demonstrated in nances. These results are obtained by udipg=900 and

Fig. 5. I'/2=0.25 MeV with different values of(™ in the HF-
It is evident from Table VII that the total FEWSR in-

creases significantly whetg,™ is increased from 50 MeV to 1000
200 MeV. This increase is about 9-10% fof2=1 MeV.

With a further increase irEp,”, there is no noticeable

change in the value of the total FEWSR. In Fig. 6, we show 750
the ISGDR response functions obtained by using the box
sizes of 12 and 72 fm, a smearing parameiéf2
=1.0 MeV andE*=200 MeV, together with the corre-
sponding results obtained in HF-CRPA. We see that the
DRPA results obtained for the larger box coincide with the
results obtained within CRPA. The transition strength gets
fragmented if the discretization is carried out using a small 250
box. To avoid a misleading interpretation of the fragmenta- \
tion and obtain agreement with the CRPA results, one needs i j
to use a larger value of the smearing parameter consistent

with the size of the box. Therefore, one can satisfactorily 0
reproduce the CRPA results, provided the DRPA calculations E [MeV]

are carried out using a box of very large side., dense FIG. 5. Discretized RPA results of strength functions for the

discretization and the cutoff for the particle-hole excitation gpyrious state and the ISGDR obtained ushg:=150 with dr
ma

energy €y, ) is set to be reasonably high. =(0.08,0.24) and a smearing paramdté2=0.25 MeV. We use a
We have demonstrated in Fig. 3 that the spurious transiparticle-hole cutoff energf =50 MeV. The SSM caused due
tion density pi(r,Esy obtained by using a fully self- to the low cutoff energy and the tail of the spurious state is

consistent CRPA calculation is indistinguishable from theprojected out using the operatby .
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500 TABLE VIIl. Dependence ofEgs and the centroid energids
(L=0, 1, and 2, in MeV, on the value oEg'r?X (in MeV) used in
the HF-DRPA calculations. We have used the valuesNgf:

400 =900, Ngrpa=50, dr=(0.08,0.24), and’/2=0.25 MeV. The cor-
responding HF-CRPA results are given in the last row.

E 300 Eghax Ess EO El E2

£ 50 4.7 23.92 35.34 16.11

& 200 75 3.3 23.51 35.76 15.51

v 100 2.9 23.25 35.66 15.14
200 15 23.09 35.55 14.82

100 400 1.0 23.02 35.51 14.73
600 0.9 23.02 35.51 14.72
o 0.7 23.01 35.46 14.70

E [MeV]

D. Effects of violati f self- ist
FIG. 6. Discretized RPA results for the ISGDR response func- ects of vioiation ot sel-consistency

tions obtained using the smearing paramdté2=1.0 MeV. The So far, we have examined the various effects of numerical
discretization is performed using, =150 (dotted ling and Ny approximation on the properties of the isoscalar giant reso-
=900(solid line) with dr=(0.08,0.24). We use particle-hole cutoff nances of multipolaritf. =0—2 and established the validity
energy Epi*=200 MeV. The corresponding HF-CRPA result is of the projection operator method in eliminating the SSM
shown by a long dashed curve. effects from theS(E) and p,(r) of the ISGDR. Here we

report on our investigations of the influence of certain viola-

DRPA calculations. The corresponding HF-CRPA results ardions of self-consistency on the strength function for isosca-

given in the last row of the table. We clearly see thaEg$* Iall_r_gizant monopole l(:hO), o!ipolet_a_ :t'l), and quildr_upolet ‘
increases, the centroid energieg, E;, andE, converge to (L=2) resonances. These investigations are quite importan

their corresponding exact values obtained using HF-CRPA VIEW of the fact that one often performs non-self-

However. this convergence is slower for the Spurious Statc':onsistent calculations for giant resonances, such as the use
’ 9 max P Bf a phenomenological nuclear mean figlelg., Woods-

energyEss. For low values ofEp,™, we observe that the  gay0n potentialand a Landau-Migdal particle-hole interac-
centroid energy for ISGMR is overestimated by about 0.5jon [8]. Moreover, one often comes across HF-RPA calcula-
MeV, which can significantly affect the value determined for tjons carried out using particle-hole interaction not consistent
the nuclear incompressibility. with the mean field used in HF. We present below the results
for HF based CRPA calculations carried out with the two-
body interaction given in Eq29). We use the paramet¥f,

to renormalize the particle-hole interactigpne., to—1oVs
andt;—t3Vg.in EQ.(31)] so that the position of the spurious
state can be adjusted close to zero. To study the conse-
quences of the violation of self-consistency, we vayyand

t3 only in the particle-hole interactiofonly in Eq. (31)].

In Table IX, we summarize our results for the centroid
energies of isoscalar giant resonances of multipolakity
=0-2. The quantity, , is the nuclear matter incompress-
ibility coefficient associated with the renormalized param-
eterstyVs. andtsVg, employed in the particle-hole interac-
tion. Let us first consider the results obtained by varyting
by =5% and+10% and keepind;=12871 MeV fnf. It
can be clearly seen from the table that the centroid energies
for ISGMR and ISGDR significantly differ from their corre-

0 2 4 6 8 10 sponding self-consistent values evenMf; is adjusted to
t [tfm] give theE,=0.1 MeV. On the other hand, the centroid en-

FIG. 7. Similar to Fig. 3 but for the HF-DRPA results. The ergy for j[he ISGQR reattains its self-consistent value when

dash-dot, long dash, and solid curves represent the DRPA results fors¢ is adjusted 10 yiel;=0.1 MeV. One may understand

Ny (ET)=150(50 MeV), 900 (50 MeV), and 900200 MeV), this discrepancy in terms of the incompressibility coefficient.

respectively. The transition density do not change signh‘icantlyWith the renormalization Of‘/Ph’ though, thekgs becomes

whenN,x increases from 150 to 900, but, with increas&[jif* the close to zero, but the values &, in the RPA calculation
DRPA results become closer to the coherent spurious state transitid@main quite different than the HF value of 226 MeV. In Fig.
density[Eqg. (10)]. 8, we plot the values dE, andE; versusyK/ , for the cases

0.051-/,

-0.05

Py [arb. units]
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TABLE IX. HF-CRPA results for the spurious state eneiy, 500 T T . T . T s
incompressibility coefficientK,,,,, and centroid energye, (in 80 ]
MeV) for isoscalar giant resonances for=0-2 with different val- TS,
ues oftg, t3, and V. used in the particle-hole interaction. These 400} — 5
calculations are performed usind’/2=0.25 MeV and dryg ISGDR |

=derA=0.04 fm ;
E 300 H _
to ts Vsc Kim Ess Eo E; E, E i
—1800 12871 1.0 226 0.1 231 355 148 = 200
—-1710 12871 1.0 258 6.7 263 379 174 &

—1710 12871 1.2938 321 0.1 260 382 147
—1620 12871 1.0 280 9.2 29.0 400 195 1001
—1620 12871 1.7118 464 0.1 29.8 41.8 147
—1620 11875 1.0 226 59 249 367 168
—1620 11875 1.2264 267 0.1 244 36.8 14.8 0
—1620 11270 1.0 188 0.1 21.6 34.4 148
—1890 12871 1.0 194 a 187 328 111

—1890 12871 0.7910 163 0.1 208 33.7 14.8 and the ISGDR strength functions associated with the operégors
—1980 12871 1.0 162 a 114 299 21 f; andf, calculated by using,=—1620 MeV fn?, radial mesh
—1980 12871 0.6398 120 0.1 192 326 14.9 sizedr=(0.04,0.04), and’/2=0.25 MeV. The strength function
—1980 13875 1.0 226 a 20.8 34.2 12.1 forthe operatof, is larger than that for the operatbs for a wide
—1980 13875 0.8408 197 0.1 22.1 34.7 14.8 range of energy.

—1980 14500 1.0 266 0.1 243 36.6 14.7

FIG. 9. Non-self-consistent CRPA results for the spurious state

226 MeV, the values dE, andE; are off by about 10% and

%E_ is imaginary. 3.5%, respectively. This is due to the fact that the shape of
the particle-hole interaction is not the same, tholgf, is

with E..=0.1 MeV. This plot clearly depicts the systematic kept constant. We note that if the ISGMR centroid energy is

X . . determined within 10% accuracy, the value of nuclear matter
increase o, andE; with the increase oK/,,,. One may be . Y

; . . incompressibility coefficient will be correct only within
tempted to infer at this point that as long as the nucleap o,

matter incompressibility associated with the particle-hole in- Ap;art from the centroid energies for the giant resonances,

teraction and the mean field is the same, centroid energies fgriq 515 important to investigate the effects on the strength
the_ resonances cc_)nS|de_red here may be rel_|able. Ir_1 Of‘?'ef fAnction itself when self-consistency is not maintained. We
verify this, we adjusts in the particle-hole interaction in - ghqerved the plots for the ISGDR strength functighand
such a way thaK,, becomes 226 MeV whety is varied by S, associated with the operatofg andf,, respectively, for
+10%. We see from Table IX that evenf,,is adjusted to  the different cases listed in Table IX. We find eith®s
=S, or 5;<S, depending on the sign of interference be-
0] | — ISGMR tween the spurious state and the intrinsic state, sign of
- ISGDR the non-diagonal strengt;3). As an illustrative example,
| we show in Fig. 9 our results for the case in whighis
a0k | varied by—10% andV,.=1.7118. The case is similar when
e to is varied by—5% andV,.=1.2938. These values &f;.
L | were chosen so th&t,;=0.1 MeV.

In Figs. 1@a)—(c), we compare the fully self-consistent
30 - results for isoscalar giant resonances with those obtained by
varyingto by =5% in Eq.(31) andV,. is adjusted to yield
1 Es<—=0.1 MeV. We see that the strength function for the IS-
GMR and the ISGDR are significantly different compared
with their corresponding self-consistent results; whereas, in

the case of the ISGQR, not only the centroid energies but
I also the strength function seem to agree well with the corre-
10 , | , | , sponding self-consistent results. Note thatf the ISGQR is
10 15 20 25 very similar top (of the spurious stajelt is very important
VK [MeV"’] to point out that the violation of self-consistency causes re-
" distribution of the strength in such a way that the total EWTS

FIG. 8. The centroid energié, andE; versus\K/ for 8°zr.  remains unaltered. This redistribution may be crucial in de-
Here, K/, denotes the nuclear matter incompressibility coefficienttermining the energy weighted strengths associated with the
associated with the parameters used in particle-hole intera@ien  low energy and the high-lying energy components of the
also the text ISGDR. For example, the fraction of the EWS$IR percent

50 T T

M,/M, [MeV]
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150 1000 —— . , S
= [ @ i3 Vzr|
F < L
R _s
= 750~ 5 i ISGDR
=) ~ —_ poou
2 r : oriH -
1000 = b
s é 500~ na —
z 7508 ™ a b
2 Y |
g 5004 2 ] %
s soft 4§ 1
& 250 v b ;
3
o H\ i
_ 1500 |-
= - © % 60
,% 1000 — — E [MeV]
Z 500 __ _' FIG. 11. DRPA results for the spurious state and the ISGDR
& strength functions obtained for,=—1980 MeV fn? and ET}3¥
L i ) 0 ph
0 o L ) L i, =50. The calculations were performed usiny,e=150, dr
0 20 40 60 =(0.08,0.24), and’/2=0.25 MeV.

E [MeV]

FIG. 10. Influence of violation of self-consistency due to varia- DRPA calculation, we find thaf .= 9.84 MeV. We get from
tion of ty by -!-5% (dashed ling and —5% (dotted ling on the Eq. (26), bﬁ=2.4% for the state occurring at 13 MeV.
strength _func_tlon for theéa) ISGMR, (b) ISGD.R, and(c) I_SGQR. WhenV,, is adjusted to push the spurious state en&gyto
The solid line represents the self-consistent resile., to g6yt 0.1 MeV, the EWTS of the 13 MeV state associated
=—1800 MeV fnr?). : . .

with the f, operator remains unchanged. Consequebﬁlys
reduced by two orders of magnitude. We thus conclude that
for the energy rangeé=0-20 MeV is 6.94, 9.33, and 12.42 since the values dbﬁ are less than a few percent even with
for ty=—1710, — 1800, and— 1890 MeV fn?, respectively, a large violation of self-consistency, the renormalization of
and forE=0-150 MeV, we have the FEWSR99.76% in  the strength functior$,(E) may be ignored.
all these three cases. We have considered the effects on the ISGDR strength

We now focus on the influence of self-consistency viola-function when the Coulomb/spin-orbit interaction is
tion when the continuum is discretized. As seen above, thewitched on in the HF calculation, but ignoring it in the
discretization introduces two additional constraints, namelyparticle-hole interaction. We find that when the spin-orbit
the box size used in the HF calculations and the maximuninteraction is included, the strength function obtained using
allowed particle-hole enerdi,;; . We present here only the I'/2=1.0 MeV is hardly affected at any energy and the dif-
results for a box size of 12 fm with}}"*=50 and 200 MeV.  ferences cannot be seen on the plotst shown herg This is
In Fig. 11, we show the ISGDR response functions obtainedlue to the fact that the nucleus in questidfzr, is spin
for t,=—1980 MeV fn?, keeping Epi*=50 MeV. When saturated, i.e., the single-particle states withl +1/2 are
compared with the results of Fig. 5, one sees a marked erffccupied. However, this may not be the case for non-spin-
hancement in spuriousity & =10-12 MeV for the case saturat_ed heavy nuclei. .When we carried out a similar exer-
with to# — 1800 MeV fn. Furthermore, it is interesting to c!se_\(vlth the Coulomb interaction, the mean field changed
see that the total FEWSR associated with the opefatdor 5|g_n|f|cantly and we found that the strength functions get
to=—1980 MeVfn? is only 58.97% compared with shlfted tOV\_/ard Iqwer energy by ab(_)ut 2.0 MeV. We note_that
95.13% fort,=—1800 MeV fn?. We repeated the same with the inclusion of Coulomb interaction, the particle
analysis for a box size of 72 fm keepifi]|>*=50 MeV but threshold energy for protons reduces from 15.33 MeV to 3.5
did not find any appreciable change in the values of the totaf1eV
FEWSR. When we raised thg];* from 50 to 200 MeV, we
got for the total FEWSR 99.94% and 100.52% fge= IV. CONCLUSIONS

—1980 and —1800 MeV f¥, respectively. However, the e have carried out self-consistent HF based CRPA cal-
large spuriousity aE=10-12 MeV for the case withy#  culations for isoscalar giant resonances with multipolarities
—1800 MeV frT? perSiStS. Similar results were obtained for L=0, 1, and 2 for théOZr nucleus as an examp]e_ We dem-
other values ot,. onstrated that if a self-consistent calculation is performed
We also calculate the SSM probabilitiéise., b2) when  using zero smearing width and a very fine radial mesh size
self-consistency is not maintained. The valuedbbfare ex-  (dr=0.04 fm), the spurious state occurs at theys
tracted using an extremely small smearing parameter. In the0.08 MeV and the ISGDR response functions for the op-
case oft,=— 1620 MeV fr? andE[)"ﬁX: 50 MeV used inthe eratorsf; and f, are essentially the same for energy
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>Eg, Which indicates no SSM. The corresponding EWSR is=5% and+10% in the particle-hole interaction. We find
reproduced remarkably well. When we ude=0.24 fm in  that if the self-consistency is not maintained, then the values
HF and CRPA calculations, tHess becomes=0.7 MeV and  of the Egg and centroid energies for the=0, 1, and 2 isos-
there exists a small SSM. The amplitude of this SGM., calar giant resonances are significantly different compared
b2) ~10"°, which is negligible and one need not renormal-with their self-consistent values. Even if the particle-hole
ize the projected strength function. Although the position ofinteraction is renormalized to shift tHeg close to its self-
the spurious state is quite sensitive to the radial mesh sizeonsistent value, the centroid energies for the ISGMR and
and smearing parametEr, the centroid energy for the isos- ISGDR deviate from the corresponding self-consistent val-
calar resonances far=0, 1, and 2 do not change by more ues. This is due to the fact that though the renormalization
than 0.5%. corrects the value of thEgg, the nuclear matter incompress-

We have also performed the calculation for 0, 1, and 2  ibility coefficientK |, associated with the particle-hole inter-
isoscalar giant resonances by discretizing the continuum usction is quite different from the one associated with the
ing boxes of different size€l2 and 72 fm with Eji** rang-  interaction used in the mean field. However, the 2 reso-
ing from 50—-600 MeV. For the case of discretization in anance is not very sensitive to the self-consistency violation
large box (72 fm) with ;ﬂﬁxz 200 MeV, we find that the as long as the particle-hole interaction is renormalized to
strength distribution agrees reasonably well with the correshift the E¢s close to its self-consistent value. It is also im-
sponding one obtained from CRPA if a moderate value of thdPortant to point out that the violation of self-consistency
smearing parameted’(2~1.0 MeV) is used. The spurious Causes a significant redistribution of the transition strength.
state occurs at about 4.5 MeV f&}>*=50 MeV for both In particular, the energy weighted transition strength of the
the small as well as the large box discretization consideredoWer energy component&(<20 MeV) of the ISGDR re-
With the increase 0EM® to 600 MeV, we find that th&,,  SPONSe function may differ by 50%. The values of the SSM

ph ke
approaches the corresponding value obtained within th@robabilitiesby were found to be less than 1-2%. There-

CRPA. Further, the centroid energies for 0, 1, and 2 reso- fOré, one can neglect the renormalization of the ISGDR
nances converge to their corresponding exact values obtainé§ength function obtained using the projection operaiar
from HF-CRPA. This convergence is somewhat slower in the"urther, we found that the total energy weighted transition
case of the spurious state energy. m}ax: 50 MeV. the Strength for the operatdr, remains unaltered even with the

transition densityp,(r,E.J at the spurious state energy ob- Violation of self-consistency. _

tained using discretized RPA differs from the corresponding . Calculations were also carried out by changing the param-
CRPA results(which reproducep.). However, with an in- eters appearing in the particle-hole interaction in such a way
crease o[ to 200 MeV, the DRPA results fgp(r, Exo that the nuclear matter incompressibility coefficient associ-

become quite close to the CRPA results. We also point ou"l'fmad with _it.r'emains'u'naltered. We find'that though the in-

that one should USE™®= 200 MeV in order to calculate the compressibility qoefflment associated with the particle-hole
. : ph — and the mean field are kept the same; due to the lack of

centroid energies of the isoscalar-0, 1, and 2 resonances self-consistency, the centroid energies of the 0 and 1

with the accuracy Of. 0:1 MeV, comparable to the Currer]tisoscalar giant resonances are off by 10% and 3.5%, respec-
experimental uncertainties.

tively, compared to their self-consistent values. We may re-

to t\:1vs :gggeggr;nﬂgztr:ﬁte(jvfgtit ;23 zp;:ggz z:azig;(slzgsgi ark that if the ISGMR centroid energy is determined within
. 9 - . -~~~ an accuracy of 10%, the value Kf,,, deduced from a com-
radial mesh can be accurately eliminated using the projection

operatorf, . Furthermore, we show that the SSM due to aparlson with experimental data is then accurate only within

0,
small value ofEj ™ used in the DRPA calculation can be 20%.
fully eliminated by applying the projection method.
We have investigated the consequences of violation of
self-consistency on th&(E) and p; of the L=0, 1, and 2 This work was supported in part by the U.S. Department

isoscalar giant resonances by varying the paramgtdty  of Energy under Grant No. DOE-FG03-93ER40773.
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