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Giant monopole resonances in nuclei near stable and drip lines
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Isoscalar and isovector monopole responses of Ca isotopes towards drip lines are studied in comparison with
those of stable nuclei®°Ca, °%Zr, and 2°%Pb, using the self-consistent Hartree-Fock calculation plus the
random phase approximation with Skyrme interactions. Including simultaneously both the isoscalar and the
isovector correlation the RPA response function is calculated in the coordinate space so as to take properly into
account the continuum effect. The distribution of the monopole strength is much affected by the presence of
the low-energy threshold strength in both proton and neutron drip line nuclei, while the isoscalar monopole
strength is concentrated in one giant peak in the he&gyable nucleug®b. It is found that in drip line
nuclei the transition density and the displacement field of protons are very different from those of neutrons,
especially around the nuclear surface. The relation between the compression modulus of the nuclear matter
K.m and that of finite nucleiK, is also discussed by using the energy moments estimated in RPA.
[S0556-28187)04412-9

PACS numbgs): 24.30.Cz, 21.10.Re, 21.60.Ev, 21.60.Jz

I. INTRODUCTION the isospin symmetry in nucl¢6]. Quantitative information
on IV GMR is highly desired for a realistic estimate of the
The structure of nuclei far frong stability is an exciting isospin mixing in nuclei.

research field, since a number of new phenomena are ex- In this paper, we study the IS and the IV GMR by using a
pected or have been observed in connection with the smadelf-consistent Hartree-Fo¢kiF) plus the random phase ap-
binding energies of the least bound nucleons as well as thﬁ‘roximation (RPA). As effective interactions, the same
unusual ratio between the number of protons and that o§kyrme interactions are used in both HF and RPA calcula-
neutrons. Among various nuclear excitations, giant monotjons and no other parameters are introduced in our present
pole resonancéGMR), the so-called “breathing mode,” is  gdy[7,8). It is the prime advantage of the self-consistent
particularly interesting because of its relation with theqqe| that the nuclear compression moduli will be directly
nuclear matter compression modukig,,. The compression -5 nnared with the excitation spectra of the monopole re-

modulus is defined by the second derivative of the energy aéponse[9,10]. The RPA response function is solved in the

the saturation point of nuclear mater, coordinate space with the proton-neutron formalism includ-
ing simultaneously both the IS and the IV correlatj@h In
, d?(E/A) ) d?(E/A) this way, we can take properly into account the coupling to
Kam=|9p" —5=>— =K g (1) the continuum and the effect of neutr¢protor) excess on
dp _ dk _ . ) .
P=Po k=ke the structure of the giant resonances in nuclei near the neu-
tron (proton drip lines.

wherepo(k;) is the equilibrium densityFermi momenturn The dynamical _s_tructure _of excitation _modes can bg stud-
and E/A is the nuclear matter energy. The isoscalar gian{€d from the transition density and the displacement field. A
monopole resonancékS GMR) are observed in various ex- nuclear state at a given energy in the continuum can contain
periments which led to a value of nuclear matter comprescontributions from many excitations modes with different
sion modulusK ,,~(210=30) MeV in the early 198051—  dynamical structure. Thus, for example, the neutron part of
4]. After the systematic studies, it was claimg] that the  the IS monopole transition density at a given energy may
new data allow a better separation between the surface afssibly be different from that of the IV monopole transition
the volume term in the expression of the compression modulilensity at the same energy. Our model can naturally produce
and lead consequently to a new valu€,,~(300 this difference if it exist§8,11]. In contrast, if a continuum
+25) MeV which is significantly larger than the one that state at a given energy is obtained by the expansion of oscil-
was obtained in the earlier systematic analysis. lator bases and, thus, is expressed as an isolated quantum
The isovector GMRIV GMR) has also been a subject of state, the difference does not exist. In the quadrupole re-
intensive study in relation to the bulk properties of nuclei,sponses studied in Refg,11] the neutron(proton part of
i.e., the symmetry energy coefficient and the compressiothe IS transition density is nearly equal to that of the IV
modulus. To what extent the symmetry energy and/or théransition density at the same energy, almost whenever an
compression modulus affect the excitation energy and thappreciable amounts of both the IS and the IV quadrupole
transition strength of the IV GMR is an interesting question.strength are found at the energy. It is interesting to consider
The IV GMR also has an important effect on the breaking ofwhether or not this is also the case for monopole responses.
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Basic formulas including various ways to define GMR 2
energies and the nuclear compression modilysare sum- B()\ZO,Tioﬁn)ZJ pro(HQ27d%r| (6)
marized in Sec. Il. In Sec. lll, we discuss HRPA results
of stable nuclei*®Ca, °Zr, and ***®Pb by using three differ-  where the excited state denotedrbfas the angular momen-
ent Skyrme interactions Sk SGI, and Slll. The three in- tum (\=0). The radial transition den5|ty> "(r), is defined
teractions have different nuclear compression moduli iy
nuclear matterK,,=217, 256, and 355 MeV for SkM
SGl, and SliI, respectively. Among realistic effective inter- pro(F)= pt{(r)YM(r). (7
actions that give reasonable binding energies and mean
square radii for the ground states of stable nuclei, the’SkM  The calculated RPA transition densities may be compared
and the SllI interactions are two extremes that have a smaWith two kinds of transition densities of collective models.
and a large compression modulus, while the SGI interactiof he radial transition density by Tassie has the radial depen-
has a medium value of the compression modulus. In Sec. I\dence
the result of several Ca isotope¥iCa, “°Ca, “éCa, and
60Ca, is presented in order to study the exotic properties of
the monopole response in nuclei near both the proton and the PTassid") =
neutron drip lines. In Sec. V we illustrate the possible differ-
ence between the neutr¢or proton part of the IS transition Wherea is a constant angdy is the ground state density. The
density and that of the IV transition density at a given energyadial transition density of the simplest version of the hydro-
in the continuum, showing numerical examples. A summarydynamical polarization model may be writtgh2] as

is given in Sec. VI. ir .
Ppol(r):a,Po(r)Jo(kr), 9

Il. MODEL AND FORMULATION wherea’ is a constant and thig(kr) is the spherical Bessel
function. The valué in Eq. (9), k=4.4934/1.2%3, is deter-

study the GMR with Skyrme interactions. First, the HF equa- mined by the boundary condition for the velocity field at the
tion is solved in the coordinate space by using the Numero{ucléar surface. We note that in Rg12] po(r) was inde-
algorithm. Then, the RPA response functiBre, is solved pendent ofr due to the assumption of the hydrodynamical

in the coordinate space and the strength distributieg) ~ Model- ,
are obtained from the imaginary part Gkp, as Using the calculated HF ground state dengiggr), and
the radial transition density'"(r), we further study the dis-

placement field 1] defined by

dpo
3potT 4, ) 8

We perform the self-consistent HIRPA calculations to

S(E)=2 |(n|Q|0)|*a(E~Ey) s
N u(r):—m JORZp“(R)dR, (10
—Im TrQ'(MGreaF:FEIQ(T)), (2

which is derived by using the continuity equation. If the
Tassie transition densit{8) is used forp'" in Eq. (10), the
whereQ expresses one-body operators displacement fieldi(r) is simply proportional ta .
The excitation energy of GMR is often calculated by us-

1 ing the energy moment of the transition strength,
Q"ZO*T:(’:\/T > r2 for isoscalar monopole strength
a i

3 mi= 2 (En){(n|Q*7°70) 2, (19)

and wheren denotes the RPA state. The IS GMR energy referred

to as the scaling energy is defined by
A=0,7=1_ 2 y— =

Q —\/_ EI for isovector monopole strength. ES= mgfolmfo. (12)

4

The energy(12) is particularly interesting for the discussion
of the compression modulus since the scaling hypothesis for
the isoscalar monopole vibration yielf3| the following re-
lation betweerEg and the nuclear compression modukUs:

(E9*(r*)m
=T 13

The transition density for an excited staje),

A
p‘nfo<r*>z<n|i§l 8(F—r,)|0) (5)

can be obtained from the RPA response, since the imaginary

part of the GRPA(r : E,) near the resonance is propor- where (r?),, is the mean mass squared radius. There are
tional to ply(7) pho(F” )’r The reduced transition probability other ways to define the energy of GMR by using the mo-
is caIcuIated using the transition density in E§). as mentsmy . The average enerdy is defined by
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E=mj/mj, (14)

which is close to the peak energy of GMR, if it is a single

peak. The IS GMR energy may also be defined by

ES=VmI=%m™°. (15

The energy(15) has a direct relation with the compression
modulusK§ which is derived from the constrained HF cal-

culation with the nuclear radius paramefér

, dX(E/IA)

L 2A(rAE MEDA(rd)n,
dR? B

m° h? '
(16)

Cc_
A=

R=R,

whereR2=(r?), andE/A is the HF energy.
For the IV GMR we use the notations

Eg=m3 /mi? 17

and

Ei=Vm{-¥m77, (18)

which correspond to the quantitig€d,2) and (15), for the IS
GMR, respectively.
The variance

g= \/mzlmo_(mllmo)z (19)

is a measure of the width of the GMR in the present calcu
lations. If the strength distribution has a Gaussian shape, tl](a
width I'rywym has a relatiol gypyv=2.350. In most cases
the RPA strength distribution shows many small peaks be
side the main giant resonance peak so that the valueisf
not directly related td gywum, but it gives a rough measure
of the dispersion of the calculated strength distribution.
Though the particle escape width is fully taken into accoun

3123

lim KA=KVO|=aKKnm. (21)

A— oo

The value ofay is equal to 1 for the scaling model. On the
other hand, the constrained deformed density for the mono-
pole vibration giveswk =7/10[13], while the hydrodynami-

cal model givesr?/15[3].

lll. GMR IN  B-STABLE NUCLEI

Giant monopole resonances fhstable nuclei have been
previously calculated in many publications, using various
theoretical models. It is often stated that the calculated giant
monopole resonance is not found as a single collective mode
in nuclei with the mass number smaller thams=90. The
statement is in agreement with available experimental infor-
mations and also with our calculated result. On the other
hand, it seems that both the monopole strength and its energy
distribution in the nucleus such 48Ca, which are extracted
from experiments, depend appreciably on the assumption
employed in the analysis. In this section we present our cal-
culated results of°Ca, %zr, and 2°%Pb, in order to be able
to compare them later with those of drip line nuclei.

In Table | the result of IS GMR energid42), (14), and
(15) calculated by using Sk# SGI, and SllI interactions,
are summarized together with the nuclear compression
moduli (13) and (16), the variance(19), and the HF mass
radius. Due to the identity of the energy moments
My 1M1 =mZ, we have the relatioE5=E=E§. The en-
ergiesEy, E, and Eg of the IS GMR in Table | become

smaller for the interaction with a smaller compression modu-
SKnm- In contrast, the corresponding three energigskE,

and E,, of the IV GMR in Table Il do not show a simple
monotonic dependence on values Kf,,, because of the
important role in IV modes played by the symmetry term.
The symmetry energy coefficieat. is equal to 26.1, 28.5,

f;md 28.2 MeV for the SkK, the SGI, and the SlII interac-

in the present calculations, the calculated widths may not bEONS: respectively. The calculateglsenergies ofthe 1S GMR in
directly compared with measured widths, since the spreadingaP!€ | show approximately thé depe”deggsi when one
width due to the coupling to nearby complicated configura-compares the corresponding values’®r and *Pb, while

tions is not included.

the A1 dependence is considerably broken as one goes

The relation betweeK , andK,, is often discussed using from %Zr to “*Ca. This already indicates that the giant
an analogy with the expression of the semi-empirical mas§'0nopole resonances iffCa are of different nature from
formula. The nuclear compression modulus may be exthose of heavier nuclei. However, it is well known that even

pressed in terms of the volume, the surface, the symmetrjor the well-established IV giant dipole resonancesAhé’

and the Coulomb contributions,
2 22
+ KCoul AW? L
(20

~1/3 N-Z
Ka=Kyo+ Ksurt A + Ksym A

dependence does not work for nuclei wahk<50.

In Table | available experimental energies of the IS GMR
are given, which may be taken as lower limit values, since
any IS monopole strength not yet detected and lying possibly
in a higher energy region, which will give the missing part of
the EWSR, can increase those energies. As far as the average

Other terms such as a curvature term or a surface symmetgnergies are concerned, the SkNhteraction having the
term are also considered in Ref4,4]. The various terms in compression moduluK,,,=217 MeV gives a reasonable
Eq. (20) are determined by fitting experimental IS GMR en- agreement with the available data, while the SGI and the SlII
ergies. Then, the nuclear matter compression modkilys  interaction predict appreciably higher energies. This conclu-
may be identified as the volume terkq,, in the limit of  sion agrees with that of Reffl,4,10, but not that of Ref.
A— oo, which is the case when the giant monopole vibration[5]. A more detailed comparison between our results and
is described by the scaling model of the ground state densitgxperimental data will be given for each nucleus later in the
[4,10]. However, the relation betwed{y,, andK,, depends present section.

indeed on the model used. Defining the asymptotic limit of The calculated IS and IV monopole responseé’afa are
the compression modulus by using a parameigr shown in Figs. (@) and 1b), using the SkM, the SGI, and
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TABLE I. Properties of the IS RPA response #Ca, *Zr, and

208, The energiekS, E, andE§ are defined by Eqg12), (14), 30 @ I I I S"(M
and (15), respectively. The compression modili, and K§ are s 4 - L
X _ ) _ > (Z=20 N=20) st
defined by Eqs(13) and (16), respectively. The variance is de- s 1S Monopole RPA o-_sGl
fined by Eq.(19. The last column gives the HF mass radius 320 P -
V(r%) . The experimental values are taken from R&8] for “°Ca g E
and Ref.[17] for °%Zr and 2°%Pb. T
JE— o 10 —
EE E E KS K& o (. i
A (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (fm) ,ﬂ_: ]
»
4Cca Skmr 225 21.0 206 141.0 1180 4.4 3.402 0 .
SGI 249 235 231 168.0 1450 4.6 3.350 0
Sl 275 255 249 208.0 171.0 5.7 3.384
exp. 213 189 173 12 ol
%07r SkM* 19.1 185 18.4 160.0 148.0 2.6 4.259 1) i
SGI 208 20.2 20.1 188.0 176.0 2.7 4.247 =10 - (@20 n-20) P -
Sl 232 224 222 238.0 218.0 3.3 4.289 = 1 WMonopole RPA .. st r
exp. 16.2 = 8
20%pp SkM+ 145 141 140 157.0 1460 1.9 5557 = 6_’
SGI 157 154 154 184.0 1740 1.8 5.569 |:|—: i
Sl 179 174 17.2 242.0 2240 25 5599 g 4
w ]
exp. 13.8 o
= 2
(D —
the SllII interactions, respectively. Although the structure of 0 '
the 1S response of’Ca in Fig. 1a) depends on interactions 0 10 EONERSP( (Me‘:/o) 5 60

used, a broad peak with a large width of about 10 MeV is
always obtained. For example, the isoscalar response with
the SKM interaction shows a very broad peak around
=20 MeV with a width of 8 MeV. This peak exhausts 79%
of the IS energy weighted sum rule val(EBNSR. The vari-
ance o is the largest for the Sl interaction withr

=5.7 MeV and the smallest for the SKMnteraction with  fom the presence of the uncorrelated unperturbed strength
o=4.4MeV. The RPA IV monopole strength with the ang does not really mean the large variance of the correlated
SkM* interaction may be divided into two energy regions, |y GMR.

10<E,<27 MeV and E,>27 MeV. The strength in the  Tpe energyEs of the IS monopole with the SkMinter-

former region is the left-over part of the unperturbed strengthy .o, js 22.5 MeV, which is substantially smaller than those
which is not shifted to the higher energy region by the IV

RPA correlation, as can be seen in comparison with the un-

FIG. 1. RPA monopole strength function éiCa as a function
of excitation energy(a) IS response(b) IV response. The results
with the SkM¢, the SllI, and the SGI interaction are shown by
solid, dotted, and dashed curves, respectively.

perturbed response in Fig. 2. On the other hand, the strength 10 ' ' ' e ' '
in the latter region is the correlated IV GMR. Thus, the large 1 pap i (Z=20 N=20) L
value of the variancer in Table Il originates principally %‘ | — —1Pwep :‘ SKM* Monopole |
s —__1dszp
TABLE II. Various energies of the IV RPA response Ca, > ] ——fi"zp ‘: : i
97y, and 2°%%Pb. The energie&s, E, andE, are defined by Egs. & -7 ‘Ii -
(17), (14), and(18), respectively. The varianae is defined by Eq. ; 5 4 ——1psn 1‘-‘ J -
(19) '6 1] —.—1pw2n 1| \ -
———— A i _
Es E E: o T __fzm: IR
A (MeV)  (MeV)  (MeV)  (MeV) 2R A NI I
B ///"L:/\ . \\\Q -
“ca SkM 35.7 31.4 29.7 9.7 0 | s ,ﬁ%\_; ~~~~~~ —
SGI 38.7 34.4 32.7 10.2 ' o
Slil 38.0 33.5 31.6 10.4 0 10 Ex (f/l?aV) %0 40
907y SkM* 333 31.0 30.0 7.8
SGI 35.3 32.8 31.8 7.6 FIG. 2. Unperturbed response connected with excitations of pro-
Sl 35.0 323 31.2 7.8 tons or neutrons in a given orbital 8fCa. The SkM interaction is
208pp SKMF 28.3 25.7 24.4 7.0 used. Arrows indicate the positions of the unperturbed strength with
SGl 29.6 27.2 26.1 6.8 either vanishing widtHi.e., excitations to bound particle states
Sl 29.8 271 25.6 7.4 very small width(i.e., excitations to very sharp resonant particle

states.
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with the SGI and the SlII interaction, 24.9 MeV and 27.5
MeV, respectively. There are two sets of experimental data 20 - @ @=20 N<20) SKMT |
available for IS GMR in*°Ca. The @,a') data of Gronin- 4 IS monopole RPA
gen group[14] observed monopole strength at arouggd ~ 10 - L
=14.4 MeV, which exhausts (306)% of EWSR. Recent kS | i
experimental dat@l5] obtained by inelastic scattering of ‘jc_’ 0
particles suggest the presence of £3)% of the isoscalar g T S{Betsomevy)
monopole EWSR in the energy region ofE, L -10 T (o5 ey
=7.5-28.8 MeV with a centroid of 18#990.4 MeV and a T - -
width of 11.1 MeV. The empirical values & and E§ in 204 L Tassie -
this energy range areE5(expt)=(21.3+0.12 MeV and To E— I
ES(expt)=(17.29+0.12 MeV, respectively, which are 20 si::n:p:::)R::M B
closer to the calculated values with the SkNhteraction . -
than those with the SGI or the SlII interaction. :g 10 -
The unperturbed response connected with excitations of o ] I
. . . . . . . . S 0
particles in a given occupied orbital 6fCa is shown in Fig. = ] i
2, calculated in the HF potential with the SKMnteraction. Qf -10 - —— IV(Ex=30.0MeV) [
The three arrows indicate thpe h excitations to a sharp reso- 7 —=n r
nance (Paz—2ps),, and to bound particle states -20 T i
(1p1o—2p12)n @and (Ipzo—2p30)n, Of which the strength .30 . L .
can be estimated from the pole of the real part of the re- 0 £|'> 1'0

sponse(2). The neutron strength just above each threshold
energyEy, rises as E,—Ey,)' "¥? [16]. Thus, the strength

with the (25y5), hole orbit increases very quickly, while the FIG. 3. () Radial transition densities of IS GMR iffCa cal-

one with the (Hs);),, and (1ds,), hole orbits increases mod- culated atE,=18.0 and 22.5 MeV, as a function of radial coordi-

erately just above rgspec_tive 'Fhresholds. The behavipr (,)f thﬁ'ate. The neutron part is expressed by dot-dashed lines, while the
threshold strength is quite different for _proton eXc't""t'Onsproton part is denoted by dot-dot-dashed lines. The IS density is
due to the presence of the Coulomb barrier. The total unpelgypressed by solid lines. The Tassie density for GI8Ris also

turbed strength is distributed over a wide energy range frongiyen by the dotted line, which is normalized so as to give the same
Ex=10 to 30 MeV, and the IS RPA correlation shifts down g() =0) value as that of the IS density B;=22.5 MeV. (b) Ra-
only slightly the position of the broad peak. Moreover, thedial transition densities of IV GMR in*Ca calculated atE,
escape widths of somp-h configurations are as large as =30 MeV. The IV density is denoted by the solid line.

5-7 MeV and could contribute substantially to the width of
the RPA response.

In Fig. 3@ we show the IS transition densities #iCa at
the peaksE,=18.0 MeV and 22.5 MeV in Fig. (&). The
transition densities are normalized to hav@&A=0)
=34.0 fnf for the peak atE,=18.0 MeV andB(A=0)
=29.6 fnf for the peak aE,=22.5 MeV. TheseB(A=0)
values are obtained by integrating the respd®d@€) in Fig.  almost a half of that in°Ca, as shown in Table I.

1(a) in the energy interval oE,+=2 MeV. The RPA transi- The experimental data of IS GMR i#fZr are reported in
tion density atE,=18.0 MeV shows a typical IS character Refs.[17,18,19. The peak energy is identified to be 16.20
where the neutron and the proton densities are identical. Th&0.50 MeV, 16.16:0.28 MeV, and 16.460.25 MeV in
transition density aE,=22.5 MeV has also a strong IS char- Refs.[17,18,19, respectively, while the transition strength
acter showing only a minor difference between the protorexhausts (9 20)% in Ref.[17] and 39% in Ref[19] of the
and the neutron densities. The Tassie density is normalize® EWSR. There is no quantitative assessment of the
to haveB(\ =0)=234.0 fnf which is the same as that of the strength in Ref.[18]. In order to confirm the IS GMR
transition density aE,=18 MeV. There is a substantial dif- strength in°Zr, especially the sum rule strength, it is desir-
ference of the radial dependence between the Tassie densaple to study quantitatively the monopole strength in the en-
and the density aE,=18 MeV, especially around the sur- ergy region higher than the presently available data.

face, while the density &t,=22.5 MeV has the radial de- In the RPA IV response with the SKkMnteraction of Fig.
pendence similar to that of Tassie. 4(b) the major part of the strength in the region Bf

The IV transition density aE,= 30 MeV with the SkM <26 MeV is the leftover unperturbed strength, without being
interaction is shown in Fig.(8). The absolute magnitude of shifted to a higher energy region by the IV RPA correlation,
the transition density is normalized to b&8(A=0) while the strength aE,>26 MeV expresses the IV GMR.
=64.6 fnf', which is the value obtained by integrating the The small shoulder at 17.8 MeV, which is seen on the bump
response strength over the regionEf=28—-45 MeV. The of the leftover unperturbed strength, is the IV strength asso-
transition densities in Fig.(B) show a typical IV character, ciated with the IS GMR due to the presence of the neutron
the same magnitude for protons and neutrons with oppositexcess. The ratio of this associated IV strength to the IS
signs. Compared with the Tassie density, the RPA transitiostrength at the IS GMR is much smaller than that of the IV

density has a node at a larger radius and a much longer tail.
The IS and the IV monopole response’fiZr are given in

Figs. 4a) and 4b) for the three interactions, SKM SGl,

and SllIl. Compared wit{°Ca, it is seen that the IS response

in the heavier nucleugZr shows a tendency to form a nar-

row single peak of GR. The varianeeof IS GMR in °%Zr is



3126 . HAMAMOTO, H. SAGAWA, AND X. Z. ZHANG 56

2500 . L1 TR TR R SR N NN S
. @ 1@ —— SkM r
% 300 (Z=40 N=50) = ] (Z=82 N=126) ———-SGI C
= IS Monopole RPA i 2 2000 = |5 Monopole RPA b s n
£ 200 4 i E 1500 - -
I T ] r
'__ - — . -
S t5 1000 J C
g:J 100 - E ] C
o 3 C
5 : 5 :
0 T I 0 ] T T T T T L
0 10 30 0 30
60 L 1 L L L L 1 3 TN N N T A T T N N OO Y S A N NI
— 1 ®) — Skm* L 00 (b) A
> 4 740 NZEMY e L < (Z=82 N=126) "
g (2=40 N=50) ,"n __ zlGHI B % IV Monopole RPA ’: ||| I
=~ 40 - IV Monopole RPA :'l | E 200 S [
A ] < — —_— i -
g 8 :’ '|| - & ——- SGI ' '\‘
o b Y T 4 .. s ) |
= 4 Y |
(O] ('3 \
Z 20 > 100 - -
i w
T o
o ] 5 1 L
o T | 0 T T T I’| T T T I' | T T T T | T T T T
0 10 20 30 40 50 0 10 20 30 40
ENERGY (MeV) ENERGY (MeV)
FIG. 4. RPA monopole strength function 8&Zr as a function of FIG. 5. RPA monopole strength function 8Pb as a function

excitation energy(a) IS response(b) IV response. The results with  of excitation energy(a) IS response(b) IV response. The results
the SkM¥, the SllII, and the SGI interaction are shown by solid, with the SkM*, the SllI, and the SGI interaction are shown by
dotted, and dashed curves, respectively. solid, dotted, and dashed curves, respectively.

quadrupole strength to the IS strength at the IS giant quad- The IS and the IV transition densities are shown in Figs.
rupole resonancéGQR) due to the same neutron excg8%  6(a) and Gb) for the SkM* interaction. The transition
The IS and the IV monopole strength #Pb are givenin  densities of the IS peak a,=13.75MeV, havingB(\
Figs. 5@ and 3b) for the SkM, the SGI, and the SIll =0)=3259 fnf, are shown in Fig. @ together with the
interactions. The IS response in Figabfor all three inter-  Tassie density in Eq8). Although the radial dependence of
actions shows, in a good approximation, a single peak withhe density of neutrons and that of protons are appreciably
the width of about 1 MeV. The peaks for the SkMnd the different, especially in the region of=6—-10 fm, the sum of
SGI interaction exhaust about 91% of the EWSR. The I1Shose two, namely the IS transition density, shows a radial
peak of the SllI interaction arounB,=17 MeV exhausts dependence similar to that of the Tassie. The transition den-
only 71% of the EWSR. The IV GMR is seen as the peak insities of IV GMR atE,=27.6 MeV are shown together with
Fig. 5b) in the region ofE,>23, 25, and 28 MeV for the the Tassie in Eq(8) and the polarization density i®). The
SkM*, the SGI, and the Sl interaction, respectively. B(\=0) value of this IV peak is 1453 ffn The RPA IV
Though the IV strength associated with the IS GMR due tadensity has almost equal contributions from neutrons and
the neutron excess is clearly seen at the peak energy of th@otons with a small difference around the node points, and a
respective IS GMR for the three Skyrme interactions, thetail much longer than the Tassie or the polarization densities.
ratio of the associated IV strength to the IS strength at the IS In Fig. 6(c) we show the displacement field0) calcu-
GMR is in fact much smaller than the value dfi¢ Z)/A.  lated at the peak energy of the IS GMR 3fPb. It is seen
See Ref[8] for the corresponding ratio in the case of thethat the displacement field of protons behaves nearly in the
GQR. same way as that of neutrons does. For reference, the dis-
The IS GMR in 2%pPDb is experimentally best explored placement field calculated numerically by using the Tassie
among IS GMR in various nuclei. Thex(a') data were transition density is plotted, in which the Tassie density is
reported to show a peak B, =13.70+ 0.40 MeV exhausting normalized so as to give the saBéx =0) value.
(90=20)% of the EWSR valu¢l7]. Another (@,a’) data Using the SKM interaction, in Fig. 7 we show the unper-
give the peak energy &,=13.90-0.30 MeV [20]. The turbed response, the IS RPA response with the simultaneous
(®HeHe') data[19] give almost the same result; the energyinclusion of the IS and the IV correlatiofthe solid curve
of the peak isE,=13.20+0.30 MeV, which consumes 92% and the RPA response including only the IS part of the in-
of the EWSR value. These data agree well with the calcuteraction(the dashed curyeThe IS GMR in?%Pp is shifted
lated peak aE,=13.9 MeV using the SkM interaction. very clearly downwards from the energy region of the unper-
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= FIG. 7. RPA monopole strength function df%Pb with the
| (Z=82 N=126) Skm* B SkM* interaction as a function of excitation energy. The IS strength
40 IS monopole RPA . . . .
—_ 4 - - estimated in RPA, in which both the ISTE0) and the IV T
& 30 e - =1) correlations are simultaneously taken into account, is shown
kS 7 —— 1S (Ex=1375MeV) | by solid curves, while the one in which only the I$£€0) corre-
\';/20 7] ——n i lation is included is plotted by dashed curves. The unperturbed
10 - P L strength is denoted by the dotted curve.
i - —— Tassie L
0 — T they slightly increase or decrease may depend on the Skyrme
0 5 10 interactions used.
r {(fm) From the RPA results in Table | and Fig. 9, the compres-

sion modulusK3, is related toK,,, as
FIG. 6. (a) Radial transition densities of IS GMR it?*Pb cal-

culated atE,=13.75 MeV, as a function of radial coordinate. The Ka=35+0.4K,, (‘“Ca),

neutron part is expressed by the dot-dashed line, while the proton

part is denoted by the dot-dot-dashed line. The IS density is ex- 2=38+0.5K (°%zn),

pressed by the solid line. The Tassie density for GK8Ris also

given by the dotted curve, which is normalized so as to give the KsA:23+ 0.6 (208Pb)_ (22)

sameB(A =0) value as that of the IS densit§p) Radial transition

densities of IV GMR in***Pb calculated aE,=27.6 MeV. The IV The above expression fd°Ca may not be so meaningful
density is expressed by the solid line. The Tassie and the polarizasince the IS GMR is not obtained as a single collective peak.
tion densities for GMR(8) and(9), which are normalized so as to There is a mass number dependence of the coefficient in
give the sameB(A=0) value as that of the IV density, are also fr : : .

4 ont of K, obtained numerically from RPA calculations.
shown by the dotted and the dashed curves, respecti@lithe ) Iarger;,rtn value of the coeffici)(/ent is obtained f9fPb
displacement field (10) calculated at the peak energ¥ o for 4003 and®zr it is 10-20% smaller than that of

=13.75 MeV, of the IS GMR irf®®Ph. For reference, the displace- 5, ; .
ment field, which is numerically calculated using the Tassie transi- Pb. Moreover, in Eq(22) we have obtained a nonzero

tion density, is plotted by the dashed line. The Tassie transition
density is normalized so as to give the saB{& =0) value as that 300 4 L L L
of the plotted IS transition density.

turbed strength, while in much lighter nuclei such ¥€a m% """"""""" -
the IS GMR lies nearly in the same energy region as that of — 200 el i
the unperturbed strength. This leads to the difference in
which the IS GMR is nearly a narrow single peak3#Pb,
while in “°Ca the IS GMR is not found as a single collective 100
peak. The peak enerdy,=13.75 MeV for the full calcula-
tion is 500 keV higher than that of the dashed curve, since _ ke L
the inclusion of the IV correlation places the small IV
strength(due to the neutron excesat the IS GMR and, at o +——"r—1——rF—r———rrrr——1
the same time, makes the energy of the IS GMR higher. 0 50 100 150 200 250
In Fig. 8, the calculated compression modgfi and K& A
are plotted as a function of mass numi#er The figure is
similar to Fig. 2 of Ref.[4]. The compression moduli are FIG. 8. Calculated nuclear compression moddli in Eq. (13)
nearly constant as one goes frofZr to 2°%b, and whether andKS in Eq. (16) as a function of mass number.

Ky ( MeV
»
(2]
z
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FIG. 9. The compression moduls, in Eg. (13) as a function FIG. 10. RPA monopole strength function #Ca as a function
of the nuclear matter compression modukg,, . of excitation energy. The SkM interaction is used consistently

both in the HF and the RPA calculations. The(I8) response is
constant term, compared with the expresg@h). The pres- shown by the soliddashed curve, while the unperturbed response
ence of this nonzero constant term suggests that é%8b  is denoted by the dotted curve.
is not large enough to obtain a relation betwé&epandK ,, )
in the limit of A—c. The obtainedyy value for 2°8Pb ap- affected by the underlying unperturbed strength. The low
proaches the hydrodynamical value @f=w%15=0.658. €nergy bump atE,=5-13 MeV exhausts 9.4% of the
However, this might be just accidental since there is no simiEWSR, while the high energy pedk=19-25 MeV con-
larity between the transition density of the RPA IS GMR andtains 51% of the EWSR. In contrast to the case of GQH,

that of the hydrodynamical polarization model. no IV strength due to the proton excess is brought to the
The hydrodynamical polarization moddl2] predicts the €nergy regiorii.e., 19<E,<25 MeV) of the IS GMR by the
excitation energy of IV GMR in nuclei witZ=N to be RPA correlation. The IV GMR may be identified as a high
energy peak aboveE,=32 MeV.
E,=170A % MeV. (23 The IS transition densities ot*Ca at several excitation

o energies are shown in Figs. (Bl and 11b). The B(A=0)

The average energids; for 2°%b in Table Il happen to be Vvalues used in the normalization of the transition densities
very close to the value given by E@®3). On the other hand, are 8.2, 8.8, and 28.4 fhfor E,=9.0, 15.0, and 21.2 MeV,
the E5 values for %°Ca and ®Zr are considerably smaller "espectively. As is seen in Fig. @, the transition densities
than the estimate in E23). at E,=9 and 15 MeV are predominantly the proton densi-
ties. The transition density &,=9 MeV has a much larger
tail than that atE,=15 MeV, since proton holes with less
binding energies are involved in the former than in the latter.

In this section we mainly discuss the numerical resultsThe IS transition density of the high energy peakEgt
obtained by using the SkMinteraction, since in the preced- =21.2 MeV consists of a comparable amount of the proton
ing section the comparison of the calculated GMR propertiesand the neutron contributions, and the radial dependence is
of B-stable nuclei with experimental data favors the $kM rather similar to the plotted Tassie transition density, which
interaction having the low compression modulls,, is normalized to have the sarB€\ =0) values as the one at
=217 MeV. In the following it is seen that in all Ca isotopes E,=21.2 MeV. When the transition densities in Figs(d1
the IS GMR lies in the energy region of the unperturbedand 11b) are compared, we notice the shape difference: for
strength and, thus, is not found as a single collective peakhose at lower energies the node occurs at largalues and
while the RPA IV strength is divided into the higher-lying a larger tail is extended up to far outside of the nuclear sur-
IV GMR and the remaining unperturbed strength. The charface. In Fig. 11c) we show the displacement field, H4.0),
acteristic feature of drip line nuclei is the presence of ancalculated at an energy of the threshold streng,
appreciable amount of the very low-lying unperturbed=6.5 MeV. It is seen that the displacement field of protons
threshold strength, which can hardly be affected by the RPAs negligible inside of the nucleus and is steeply rising out-
correlation. side, while that of neutrons is negligible everywhere. For

In Fig. 10, the IS and the IV monopole responsesia  reference, the displacement field calculated numerically by
are shown together with the unperturbed response. Both thesing the Tassie transition density is plotted, in which the
IS and the IV response have a large bump Bf  Tassie density is normalized so as to give the s@(e
~5-13 MeV, which is nearly equal to the strength of un-=0) value.
perturbed proton excitations. A prominent difference be- In Fig. 12 the RPA response ¢fCa is shown together
tween the IS RPA response and the unperturbed strength vgith the unperturbed strength. The characteristic feature of
seen only in the region of ¥6E,<25 MeV. Even in this the figure looks formally very similar to that of Fig. 10 for
energy region the shape of the IS RPA response is clearly*Ca, except for the fact that if°Ca the threshold strength

IV. GMR IN Ca-ISOTOPES NEAR DRIP LINES
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! B both in the HF and the RPA calculations. The(I8) response is
— S(Exes ey | shown by the soliddashedl curve, while the unperturbed response
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y
0 L
T Tassie i The IS transition densities at various excitation energies
———— are shown in Figs. 18) and 13b). The B(A=0) values of

the densities are normalized to be 25.1, 33.3, and 789 fm
for E,=7.0, 11.0, and 17.2 MeV, respectively. The transition
densities at the low energy peaks in Fig(ld)3are entirely

FIG. 11. Radial transition densities of the IS respons¥@a as dominated by neutron excitations. The transition densities of
a function of radial coordinate(a) at an energyE,=21.2 MeV, those threshold strength at lower energies have a longer tail
which is inside of the broad bump of the IS GMR) at energies far outside of the nuclear surface. The IS transition density of
E,=6.5 and 15 MeV, which are much lower than that of the IS the high energy peak &,=17.2 MeV in Fig. 13a) consists
GMR. The SKM interaction is used. The neutron part is shown by of a comparable amount of the proton and the neutron con-
dot-dashed lines, while the proton part is denoted by dot-dot-dashegibutions, and the radial dependence is similar to the Tassie
lines. The IS density is expressed by solid lines, while the Tassigransition density. In Fig. 18) we show the displacement
density for GMR(8) by the dotted curve i), which is normalized  field (10) calculated at an energy of the threshold strength,
so as to give the sam(A=0) value as that of the IS density at £ =7.0 MeV. It is seen that the displacement field of neu-
Ex=21.2MeV. (c) The displacement field10) calculated at an  trons js small inside of the nucleus and is steeply rising out-
energy of the threshold strength,=6.5 MeV. For reference, the  gjge while that of protons is negligible everywhere. For ref-
dlsplggement fl_eld,_whlch is numerically calcglated using th_e Tass'%rence, the displacement field calculated numerically by
:irgrr:igﬁgit?/igsr;tg;nlqsaﬁzl?ctjesObgstthoeg?\?;rtfs é'gﬁ'eTg)Tvﬁif;;ansbsing the Tassie transition density is plotted, in which the
that of the plotted IS transition density Bf=6.5 MeV Tassie density is _normallzed S0 as to give the s

' ' =0) value. The displacement field of protons and that of

consists of neutron excitations: Both the IS and the IV re-neutrons in the IS GMR energy region (L£&,<22 MeV)
sponse has a large bumpBg~4—-12 MeV, which is almost depend rather sensitively on the valueEgfand are not very
equal to the unperturbed neutron strength. A prominent difsimilar to each other as a function of
ference between the RPA IS response and the unperturbed The RPA IS responses of four Ca isotopes are shown in
strength is found only in the energy region of <lB,  Fig. 14@). A considerable amount of the proton strength in
<22 MeV. The IV GMR may be identified as a high energy 3*Ca and that of the neutron strength %Ca, which lie in
peak abovés, =28 MeV. A clear difference from Fig. 10 for the energy region oE,=4-12 MeV, express the threshold
34Ca is the presence of a small but clear IV strength peak atrength that is a characteristic feature of the response in drip
E,=17.1 MeV, which lies on the top of the considerableline nuclei. The calculated RPA IS strength extends over a
amount of the leftover unperturbed strength in the same erlarge energy range, especially in drip line nucféCa and
ergy region. The small peak is difficult to recognize in the IV ®°Ca, but also ing-stable nuclei*°Ca and *®Ca. The IS
response, if it is calculated without including the IS RPA monopole response in all Ca isotopes is far away from a
correlation. Thus, the small peak can be regarded as the Isingle peak, which is a clear manifestation of the collective
strength due to the neutron excess, which is brought to theibration. The integrated area under each curve is equal to
energy region of the IS GMR. However, the ratio of the IV the IS EWSR,m;=2%2A(r?),,/m, and is an increasing
strength to the IS strength at the IS GMR is much smallefunction of the mass number.
than the value of l—Z)/A, which is the approximate ratio The RPA IV responses of four Ca isotopes calculated us-
for the IV quadrupole strength found at the IS GQIR] due  ing the SKM interaction are shown in Fig. 14). Since the
to the same neutron excess. threshold strength in the energy regionggf=4—-12 MeV of

r (fm)
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FIG. 13. Radial transition densities of the IS respons®@a as FIG. 14. (a) RPA IS monopole strength of Ca isotopés. RPA
a function of radial coordinate(a) at an energyE,=17.2 MeV, IV monopole strength of Ca isotopes. The RPA response functions

which is inside of the broad bump of the IS GMR) at energies  of 3‘Ca, *°Ca, *Ca, and®°Ca are given by thin solid, thick dashed,
E,=7.0 and 11.0 MeV, which are much lower than that of the ISthin dashed, and thick solid lines, respectively. The Skikterac-
GMR. The SkM interaction is used. The neutron part is shown by tion is used.

dot-dashed lines, while the proton part is denoted by dot-dot-dashed

lines. The IS density is expressed by solid lines, while the Tass“’?noduli, Ki\ and KCAa should be taken, since in these Ca iso-

density for GMR(8) by the dotted curve ifa), which is normalized topes the calculated IS GMR is far away from a single col-
so as to give the sam®(\=0) value as that of the IS density at lective vibration

E,=17.2 MeV. (c) The displacement field10) calculated at an
energy of the threshold strengtl,=7.0 MeV. For reference, the
displacement field, which is numerically calculated using the Tassiey. DYNAMICAL STRUCTURE OF CONTINUUM STATES

transition density, is plotted by the dashed line. The Tassie transi- o ) ) )
tion density is normalized so as to give the saBfa =0) value as A number of excitations with different dynamical struc-
that of the plotted IS transition density Bf=7.0 MeV. ture may in general coexist at a given excitation energy in
the continuum. For example, at a given excitation energy one
. ) may find both the IS and the IV collective strength, of which
34, 60,

Ca and "Ca consists exclusively of the proton and the,o"tom factors of the excitations are totally different from

neutron excitations, respectively, the RPA IV strength iSgach gther. This is in contrast to an isolated quantum state
nearly the same as the respective unperturbed strengths. Tgﬁch as bound-state excitations, of which the width is negli-

major part Of_ the IV strength in the region OE_X ._gibly small compared with level distances.MN+ Z nuclei it
~12-30 MeV is the leftover unperturbed strength, which isi. ¢\ ot ;
P g, is trivial to separate the IS and the IV excitations, even in the

not shifted to a higher energy region by the IV RPA corre-¢qntinyum, since they have different isospins. On the other
lation. The IV G_MR is |dent|f|ed_ as a Iarge_ bump Bf hand, in nuclei withN>Z (or N<Z) the IS and the IV
>30 MeV, of which the strength is clearly shifted from the g, citations at a given energy may have the same isospin in a
low energy region of the unperturbed strength. Very little |Sgood approximation, and the coexistence of the two types of
strength is seen in the region of the IV GMR. excitations is an interesting problem.

Calculated energiey, Eg, andE for Ca isotopes are  Qur present way of treating the continuum can naturally
given in Table Ill together with the compression mod&fi  provide different neutrofproton form factors for the IS and
and K§ and the variances. Due to the large transition the IV excitations, even when they may occur at the same
strength just above the threshold #Ca and®°Ca, the lit-  excitation energy. In contrast, if a state in the continuum is
erally calculated value of the varianeds large in these two approximated by using the basis expansion with a finite set
nuclei compared with the variance fiCa and*®Ca. Itis not  of oscillator wave functions, the neutron part and the proton
clear how seriously those literally estimated compressiompart of the resulting wave function are fixed and, thus, the
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FIG. 15. (a) Monopole response functions éfCa as a function

of excitation energy, which are calculated by using the RPA IS

transition densitiesdpjs and dpfs, and the RPA IV transition

densities,5p, and 8pR, . The monopole strengths estimated using
pis(F) + dpfs(r),

Spiy (M) — 8pR(F),

5P|ns( M- 5PFS( ),

and

Spiy (F)+ 8pR,(F), are denoted by thick solid lineélS), thick
dashed lineqlV), thin dashed linegISM), and thin solid lines
(IVP), respectively. The SkM interaction is used(b) RPA radial
transition densities &, =25.0 MeV, which are estimated using the type, we have dp5(F)= dp, () and Spfg(F) = dpR/(F).
SkM* interaction. The neutrofiproton) part of the IS transition
density is expressed by thin dot-dash#dn dot-dot-dashedines,
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energy of the quadrupole response, almost whenever appre-
ciable amounts of both the IS and the IV quadrupole strength
are found at the given energy. In the present section we
demonstrate a numerical example of monopole responses,
which at a given energy in the continuum shows the coexist-
ence of excitations with a different dynamical structure.

Expressing the neutro¢proton part of the IS transition
density by pjs (dpfs) and that of the IV one bysp},
(8pR/), the measurable reduced transition probability is writ-
ten as

2

B r=0:0-m=3 | [ [3pr)+ oo 1Q)
N
(24)
and

2

B(\,7=1:0—n)=>, f [ 8o (F)— 8pR (N ]1QL ™~ der
"
(29

Now, using the calculated transition densitié®,s, Spls,
Spy\,» and Spf,, we may define

2

C\7=0:0-m)=2 f (8P (F)+ 8pf,(F)]Q,
(26
and

2

Chr=1:0-m)=2 f [ 8pi(7) — SpR(1)1Q)7 M
o
(27)

If a continuum state contains only one dynamical structure
instead of two different correlations of the IS and the IV

Thus, we should hav€(\,7=0:0—n)=B(A,7=0:0—n)
and C(\,7=1:0—n)=B(\,7=1:0—n). This is the case

while the neutror{protor) part of the IV transition density by thick typ|ca| of the threshold strength in dnp line nuclei or the IS
dot-dashedthick dot-dot-dashedines. giant quadrupole resonant®QR) in nuclei with neutror(or

protor) excess[8]. In contrast, if for a given energy both
form factors of the IS and the IV excitation are uniquely B(\,r=0:0—n) and B(\,7r=1:0—n) have appreciable
related to each other. In Refs8] and[11] we studied this  yalues while bothC(\,7=0:0—n) and C(\,7=1:0—n)
problem in the continuum for quadrupole excitations in nu-are negligibly small, it indicates that two excitation modes
clei with a large neutrofor protor excess, using the present (js and Iv) with almost independent dynamical structure ex-
HF+RPA model. We have found that both the neutron andst at that energy. The occurrence of this situation depends on
proton parts of the IS transition density are nearly equal tgyclei and multipoles, and may not particularly be unique in
the respective part of the IV transition density at the sameyrip line nuclei.

In Fig. 15a) we show the RPA monopole response func-

TABLE Ill. Calculated properties of the IS RPA response in Catjons of ggCaﬂA, which are estimated using the transition den-
isotopes. All values are calculated by using the 3kidteraction.

See the captions to Table I.

sities,  Spis(F)+ dpfs(F),  Spiy (M) —8pR(F),  Spis(F)
—8pls(F), and Spy,(F)+ SpR,(F), and are expressed by
thick solid lines, thick dashed lines, thin dashed lines, and

Eo E Eo Ka Ki g A m thin solid lines, respectively. The thick solid lines and the
A (MeV) (MeV) (MeV) (Mev) (Mev) (Mev) (fm) thick dashed lines a?e ident)ilcal to the respective lines in Fig.
34Ca 225 194 178 1320 829 6.6 3.294 10. In Fig. 15a) it is seen that aroun&,=25.0 MeV both
0ca 22.0 208 205 1350 117.0 4.0 3.402 thin lines are negligibly small, while both thick lines have
8ca 226 216 214 1540 1380 3.6 3.541 appreciable values. In Fig. ( we show the calculated ra-
60ca 188 165 154 1320 885 5.3 13.934 dial transition densities at the enerdy,=25.0 MeV. It is

nicely seen that the radial transition densitigsy(r) and
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SpPy(r) are in phase and similar as a function of the radial The GMR in the proton drip line nucleu¥'Ca and the
coordinate, whilesp}, (r) and 8pR,(r) are out of phase with neutron drip line nucleug®a is studied using the SKM
each other. Moreover, the radial dependence of the IS traribteraction, in comparison with the-stable nuclei*’Ca and
sition densities is clearly different from that of the IV ones. “Ca. The IS monopole strength of the RPA solutions in Ca
The results shown in Fig. 15 &,=25.0 MeV demonstrate isotopes remains in the same energy region as that of the
the coexistence of two independent excitations at the saménperturbed strength, though the shape of the strength distri-

energy in the continuum. bution is changed by the RPA correlation. Namely, the un-
perturbed strength in the drip line nuclei is extended over a
V1. SUMMARY very broad region of 5E,<30 MeV, as does the IS RPA

) ) strength. In3/Ca the low-lying threshold strength is entirely

X0 Weg%tudy thezglant monopole resonances in stable nuclgjue to proton excitations, while ii°Ca it consists exclu-

Ca, *Zr, and *°Pb, and the drip line nuclei of Ca iso- sjvely of neutron excitations. The transition densities of the
topes, using the self-consistent HF calculation plus the RPAgw energy threshold strength have a node outside of the
with Skyrme interactions, SkM SGI, and Slil. The RPA  pyclear surface and, then, an extended tail due to the proton
response function is calculated in the coordinate space so @geutron skin with small binding energies i‘Ca ¢°Ca).
to take properly into account the continuum effect, includingThe |v strength just above the threshold of drip line nuclei is
simultaneously both the isoscalar and the isovector correquatura"y almost equal to the IS strength. An appreciable
tion. We found that in both proton and neutron drip line gmount of the IV strength is found in the region Bf,
nuclei the distribution of the monopole strength is greatly—30 MevV, which is the remaining unperturbed strength
affected by the presence of the low-energy thresholdyithout being shifted by the IV RPA correlation. The corre-
strength, while in theg-stable heavy nucleud®®Pb the IS  |ated IV GMR is identified as a clear peak abo®
monopole strength is, in a good approximation, concentrated. 30 pmeV.
on a single peak. In lightgB-stable nuclei such a¥Ca the The displacement fields are discussed in bothastable
major part of the RPA IS strength stays in the same energycleus2°%Pb and the drip line nuclef*Ca and®Ca. The
region_ as that of_ the unpert_urbed strength and, thus, the_ 'gﬁsplacement field of the IS GMR if®Pb has almost equal
GMR is not realized as a single collective peak. A certaincontributions from protons and neutrons and shows a radial
amount of the unperturbed IV strength is not shifted by theyependence similar to that of the Tassie model. On the other
RPA correlations to the higher energy region of the IVhand, in drip line nuclei the displacement field of protons
GMR, but it remains in the original unperturbed energy re-penaves differently from that of neutrons, especially around
gion even in the case of®Pb. The remaining portion is the nuclear surface.
larger in lighter-stable nuclei, and it is even larger in drip  Excitations with different dynamical structure but with
line nuclei due to the presence of the low-energy thresholghe same guantum numbers may in general coexist at a given
strength. N o energy in the continuum. Using our present HRPA

The transition densities of the IS GMR are in fair agree-model, we have demonstrated that in the monopole response
ment with those given by the collective Tassie model, whilegs 3405 the two excitations of almost pure IS and IV char-

the transition densities of the threshold strength in drip lin€ycter, respectively, coexist at the same energy, while having
nuclei have a very different radial dependence from that ofjitferent transition densities.

the Tassie model. In botB-stable and drip line nuclei the
transition density of the IV GMR differs considerably from
that of either the Tassie or the hydrodynamical polarization
model.

Using our present model, the relation between the com- One of the author¢X.Z.Z.) acknowledges the financial
pression modulus of nuclear matti,,, and that of finite  support provided by the Wenner-Gren Foundation, which
nucleiK 5 in EQ. (13 is discussed employing the RPA result makes it possible for him to work at the Lund Institute of
of B-stable nuclei,*°Ca, °zr, and ?°®Pb, with three differ- Technology. This work was partially supported by the Grant
ent Skyrme forces. The analysis indicates that e$Rb is  in Aids for the Scientific Research by Japanese Ministry of
not large enough to obtain a proportionality relation betweerEducation, Science, Sports and Culture under Contract No.
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