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Neutron skin and isospin structure of giant resonances

H. Sagawa
Center for Mathematical Sciences, University of Aizu, Ikki-machi, Aizu-Wakamatsu, Fukushima 965-8580, Japan

~Received 25 December 2001; published 3 June 2002!

Neutron number dependence of neutron skin thickness in several isotopes is discussed by using Skyrme
Hartree-Fock~HF! calculations. It is shown that the size of neutron skin is proportional to one-third power of
the neutron number in all the isotopes studied although the central density varies substantially in each isotope.
The isospin structure of giant quadrupole resonances~GQR! is also studied using self-consistent HF1 random
phase approximations. The isovector GQR is found to be a good isospin mode even in very neutron-rich nuclei,
while the isoscalar GQR shows a large deviation from the pure isospin mode in neutron-rich C and O isotopes
due to a strong neutron skin effect.
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I. INTRODUCTION

The recent development of radioactive nuclear bea
opens a new era to explore structure and reaction mecha
of nuclei near the drip lines. A unique feature of the neutr
drip line nuclei is a large ratio of the neutron number to t
proton number, which gives rise to the large difference in
the neutron and the proton Fermi energies in the sin
particle potential. Namely, the neutron Fermi energy
comes close to the threshold, while the proton one is v
deep in the mean field potential. Particles in the neut
single-particle orbits near the threshold will extend th
wave functions beyond the core of nucleus and form a n
tron skin in the density profile. Experimental evidence of t
neutron skin has been obtained recently in many neutron-
nuclei from high energy heavy-ion reaction cross secti
@1#. We will study the size of the neutron skin quantitative
in C, O, Ca, Ni, Sn, and Pb isotopes by Skyrme Hartree-F
~HF! calculations.

The asymmetry of the two Fermi energies may chan
basic properties of excitation modes. An interesting probl
is the validity of the isospin classification of the excitatio
mode, i.e., whether the terms of isoscalar~IS! and isovector
~IV ! modes are valid or not for labeling the collective ex
tations in the neutron drip line nuclei@2–4#. We will study
this problem by looking at giant quadrupole resonan
~GQR! in b-stable and drip line nuclei of C, O, and C
isotopes. The main purpose of this paper is twofold.
study the neutron number dependence of the size of neu
skin and its effect on the isospin structure of GQR.

As a theoretical model, we adopt HF calculations for t
ground states and a HF1random phase approximation~RPA!
theory for the excited states with the use of Skyrme inter
tions @5,6#. In the RPA calculations, we take into accou
proton and neutron degrees of freedom simultaneously w
the coupling to the continuum solving the Green’s functi
in the coordinate space. No assumption is made for the i
pin structure of GQR. We use the SIII interaction as an
fective interaction for HF and RPA calculations. We che
the interaction dependence with another Skyrme interac
SkM*. Section II is devoted to neutron skin problems in t
HF calculations. Since detailed descriptions of the pres
HF1RPA model is given elsewhere@2,6#, the model is
0556-2813/2002/65~6!/064314~7!/$20.00 65 0643
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briefly discussed in Sec. II. RPA results are analyzed in co
parison with the harmonic vibration mode in Sec. III. Co
clusions are given in Sec. IV.

II. NEUTRON SKIN IN HF POTENTIAL

In Fig. 1, the neutron and proton HF potentials with t
SIII interaction are shown in12C, 16C, and20C together with
the single-particle energies of20C. The HF calculations are
performed by using the filling approximation, in which pa
ticles occupy the single-particle orbits from the bottom of t
potential in order. The neutron potentials in the right pane
Fig. 1 show similar radial dependence in the three nuc
while the proton ones become deeper and wider in heavie
isotopes. These results are caused by the dominant pro
neutron interaction in the HF field. It is also seen that t
neutron Fermi energy in20C is about 25 MeV higher that the

FIG. 1. Hartree-Fock potentials of12C, 16C, and20C and single-
particle energy levels in20C. VN(r) on the right-hand side are th
neutron nuclear potentials, whileVP(r) on the left-hand side are th
proton nuclear potentials, respectively. The notation (nl j )

resdenotes
the calculated single-particle resonant level in the HF poten
Occupied levels are indicated by full lines, while unoccupied lev
are shown by broken lines. The SIII interaction is used for the
calculations of all nuclei.
©2002 The American Physical Society14-1
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proton one and close to the threshold energy. The la
asymmetries in the HF results are also found in other
topes near the drip lines@7#.

The HF proton and neutron densities are shown in F
2~a! for C isotopes and Fig. 2~b! for Ca isotopes. Although
the central density varies substantially in each isotope,
increase of the radiusr 1/2 at around half central densityr
50.045 fm23 is very regular: 2.25~2.21!, 2.71~2.67!, and
3.04~3.02! fm for 12C, 16C, and 20C, respectively, and
3.29~3.23!, 3.63~3.56!, 4.05~4.01!, and 4.48~4.46! fm
for 34Ca, 40Ca, 48Ca, and60Ca, respectively, with the SII
~SkM* ! interaction. The increase of the radiusr 1/2 is ex-
pressed by the relation

r 1/2'~N/N(core)!
1/3r 1/2(core), ~1!

whereN(N(core)) is the neutron number of nucleus~the core!.
The cores are12C for C isotopes and40Ca for Ca isotopes
There is essentially no interaction dependence on the rela
~1!. It is seen in Fig. 2 that the proton densities of heav
isotopes show a leaking effect in the tail region due to wi
proton potential widths@8#. Consequently, the central parts

FIG. 2. HF densities of protons and neutrons.~a! 6
12C6 , 6

16C10,
and 6

20C14 and~b! 20
40Ca20, 20

48Ca28, and 20
60Ca40. The SIII interaction

is used.
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proton densities are decreasing largely in heavier isoto
The neutron skin in Fig. 2~b! also increases for heavier C
isotopes following the relation~1!. The central part of the
neutron density at aroundr 51.5 fm in 60Ca is much larger
than those of40Ca and48Ca since the 2p3/2 and 2p1/2 orbits
are occupied in60Ca and these wave functions have lar
components in the central part of the nucleus. A large leak
of the proton density is also seen in the tail region in60Ca
due to the wider proton potential.

We extend the study of the relation~1! for other O, Ni, Sn,
and Pb isotopes in the case of SIII interaction. The results
summarized in Fig. 3. As is seen in Fig. 3, the proportio
relation holds in all the isotopes within an accuracy of le
than 3%. It is interesting to notice that a neutron-rich C is
tope 20C shows a slightly largerr 1/2/r 1/2(core) value than the
(N/N(core))

1/3 one, while the heavier neutron-rich Ca, Ni, S
and Pb nuclei have somewhat smallerr 1/2/r 1/2(core) values
than the corresponding (N/N(core))

1/3 ones.

III. GIANT QUADRUPOLE RESONANCES
AND NEUTRON SKIN EFFECT

In Sec. II, we pointed out a growth of thick neutron sk
in neutron-rich C, O, and Ca isotopes. We will study in th
session how the neutron skin affects on giant resonan
~GR! by using the self-consistent HF1RPA model. GQR is
selected as a typical mode of collective vibration. In order
calculate GQR strength, the RPA Green’s functi
GRPA(r ,r 8;E) is obtained in the coordinate space using t
SIII interaction. The RPA strength function is then obtain
by @2,6#

S~E![(
n

u^nuÔ~l52!u0&u2d~E2En!

5
1

p
Im Tr@Ô~l52!†GRPA~E!Ô~l52!#, ~2!

FIG. 3. The proportionality betweenr 1/2/r 1/2(core) values and
(N/N(core))

1/3 in C, O, Ca, Ni, Sn, and Pb isotopes. The core neut
numbersN(core) are taken to be 6, 8, 20, 28, 50, and 82 for C, O, C
Ni, Sn, and Pb isotopes, respectively. The radiusr 1/2 is calculated at
the neutron densityrn50.045 fm23.
4-2
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whereÔ(l52) expresses one-body operators

Ô~l52,t50!5(
i 51

A

r i
2Y2m~ r̂ i !

for the isoscalar quadrupole response,

~3!

Ô~l52,t51!5(
i 51

A

tzr i
2Y2m~ r̂ i !

for the isovector quadrupole response,

~4!

Ô~E2!5(
i 51

Z

r i
2Y2m~ r̂ i !

for the charge quadrupole response. ~5!

The IS, IV, and electric quadrupole responses in20C to
the fields ~3!, ~4!, and ~5! are shown in Fig. 4~a!. The IS
GQR peak is found at Ex521.3 MeV with a large width due
to the coupling to the continuum. The summed strength
the energy region 10 MeV<Ex<25 MeV exhausts 73% o
the IS EWSR value. Since the low energy strength be
Ex515 MeV is governed by continuum neutron excitation
except a sharp peak at Ex55.8 MeV, the IS and IV response
have almost the same strength in this energy region and
charge response is much quenched in the IS GQR reg
The IV strength below the IS GQR peak is very large in20C
because of large strength from the single-particle neu
orbits near the Fermi energy. In Fig. 5, the unperturb
strengths from three neutron orbits 1d5/2, 1p1/2, and 1p3/2
are shown together with the total unperturbed and IS R
strengths. The last occupied neutron orbit in20C is 1d5/2 so
that the (2s1/2,1d5/2

21) and (1d3/2
res, 1d5/2

21) configurations are
available in the low-energy region near the threshold. T
unperturbed particle-hole (p-h) excitation (2s1/2,1d5/2

21) ap-
pears at Ex51.8 MeV as a discrete state which is not draw
in Fig. 4~a!. The peaks in the unperturbed strength at arou
Ex57 and 25 MeV are due to the excitations (1d3/2

res,1d5/2
21)

and (1f 7/2
res, 1p3/2), respectively. Because of a small neutr

separation energyS(n)53.87 MeV of the 1d5/2 orbit, the
continuum (s1/2,1d5/2

21) excitation dominates the unperturbe
transition strength up to 20 MeV. The neutron strength
Fig. 5 remains large near the IS GQR energy when the R
correlations are taken into account. This is because of w
RPA correlations on the threshold strength. Two main
peaks are found in20C at around Ex532 and 40 MeV in Fig.
4~a!. The summed strength 30 MeV<Ex<60 MeV exhausts
55% of the IV EWSR. The charge response above Ex530
MeV is substantial, while IS strength is very small. The
features are essentially the same in the results of ano
interaction SkM* .

The RPA results of60Ca are shown in Fig. 4~b!. The IS
GQR peak is seen at Ex515.6 MeV exhausting 84% fo
12 MeV,Ex,18 MeV of the EWSR with a width of abou
06431
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1.0 MeV. Due to the large orbital angular momentuml
53) for the least bound 1f 5/2 neutrons, the IS and IV quad
rupole response in60Ca increase gradually from the neutro
threshold of 3.6 MeV with almost equal magnitudes and th
merge into the IS GQR. The IV strength accompanying
IS GQR is the results of neutron excess in the IS mode.
IV GQR is very much fragmented in the energy regi
20 MeV,Ex,40 MeV because of the large Landau dampi
effect exhausting 69% of the EWSR. Although the IV GQ
is spread in the wide energy region, the charge respons
always seen below in this high-energy region.

In order to clarify quantitatively the isospin structure
GQR, we introduce the harmonic vibration model by Bo
and Mottelson@9# to compare with the present RPA result
In the harmonic vibration model, the collective vibration
modes are described in terms of the variations in the m
field potential produced by an oscillation in the nuclear de

FIG. 4. The RPA strength functions for the IS, IV, and th
charge quadrupole mode as a function of excitation energy.~a!

6
20C14 and~b! 20

60Ca40. The transitions operators~3!, ~4!, and~5! are
used for the calculations of the IS, IV, and the charge quadrup
response, respectively. The strength functionS(E) is averaged with
a Lorenzian weighting function with a widthG50.5 MeV as a guide
for eyes. The SIII interaction is used consistently in HF and R
calculations.
4-3
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sity. For small amplitudes of oscillation, the variation can
written in the form

dV5kaF̂, ~6!

wherek anda are the coupling constant and the collecti
amplitude, respectively, whileF̂ is the vibrational field char-
acterized by the multipolarity, the isospin, and the spin.
us denote the collective one phonon state asun51&. The
zero-point amplitude forun51& is given by

a0[^n51uF̂u0̂&. ~7!

The effect of the neutron excess on the collective mode
given by the normal modes based on the assumption tha
isospin structure of these modes is determined by the st
proton-neutron force in the nucleus. In the IS mode~t50!,
the neutron-proton force will preserve the local ratio of ne
trons and protons so that the mode is excited by the oper
which acts symmetrically on protons and neutrons

F̂t50
l 5(

i 51

A

r i
lYl,m~ r̂ i !

5(
i 51

N

r i
lYl,m~ r̂ i !1(

i 51

Z

r i
lYl,m~ r̂ i ![F̂n

l1F̂p
l . ~8!

The field of the IV mode acts on the difference of the isos
from its mean value

F̂t51
l 5(

i 51

A S tzi2
1

A (
i 51

A

^tzi& D r i
lYl,m~ r̂ i !5

2Z

A
F̂n

l2
2N

A
F̂p

l .

~9!

For the dipole model51, Eq. ~9! is equivalent to the sub
traction of the center of mass spurious motion. In gene

FIG. 5. The unperturbed and IS RPA strength of quadrup
transitions in 6

20C14. The unperturbed strength from the orbi
1d5/2, 1p1/2, and 1p3/2 are shown by dashed, dot-dashed, and lo
dashed curves, respectively, while the total unperturbed streng
drawn by a thick solid line. The IS RPA strength is given by a th
solid line. The SIII interaction is used.
06431
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caseslÞ1, it is the requirement that the field polarizes t
neutron density against the proton density , but does not
on the total density at any point. Notice that the IS transit
operatorÔ(IS,l52) in Eq. ~3! is the same as the IS fiel
operator ~8! with l52, while the IV transition operator
Ô(IV, l52) in Eq.~4! is different to the IV operator~9! with
l52.

We now look at separate proton and neutron contributi
in the normal modeun51&. Decomposing the IS mode
~t50! to the neutron and the proton parts

u~n51,t50!&5u~n51,t50!n&1u~n51,t50!p&,
~10!

the zero-point amplitudes are given by

a0
t50,n[^~n51,t50!nuF̂nu0̂&

5^~n51,t50!nuF̂t50u0̂&

'
N

A
^~n51,t50!uF̂t50u0̂&, ~11!

a0
t50,p[^~n51,t50!puF̂pu0̂&

5^~n51,t50!puF̂t50u0̂&

'
Z

A
^~n51,t50!uF̂t50u0̂&. ~12!

In the last step of driving Eqs.~11! and ~12!, we adopt the
approximate constant ratio of neutron to proton densities
the IS vibrational mode. The zero-point amplitudes~11! and
~12! give the energy weighted sum rule~EWSR! @9#

\v~a0
t50,n!25

\2

2m

l~2l11!

4p

N2

A
^r 2l22&, ~13!

\v~a0
t50,p!25

\2

2m

l~2l11!

4p

Z2

A
^r 2l22&, ~14!

where \v is the energy of the normal mode. For the
normal mode, we obtain a relation between the charge an
strengths by using Eq.~12!,

B~El,t50!5
Z2

A2
B~ IS,t50!. ~15!

The IV transition strength to the IS normal mode is finite
(NÞZ) nuclei,

B~ IV, t50!5
~N2Z!2

A2
B~ IS,t50! ~16!

from Eqs.~11! and~12!. The factors (N/Z)2 for IS mode and
(1/2)2 for IV mode was pointed out for the core polarizatio
charges forE2 transitions in Ref.@9#.

The IV mode will be decomposed as

e

-
is
4-4
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u~n51,t51!&5u~n51,t51!n&2u~n51,t51!p&,
~17!

where the minus sign of the second term in the right-ha
side reflects the polarization of neutrons against proton
the ~t51! mode. The zero-point amplitudes for protons a
neutrons in Eq.~17! are evaluated to be

a0
t51,n[^~n51,t51!nuF̂nu0̂&

5
A

2Z
^~n51,t51!nuF̂t51u0̂&

'
A

2Z

Z

A
^~n51,t51!uF̂t51u0̂&

5
1

2
^~n51,t51!uF̂t51u0̂&, ~18!

a0
t51,p[^~n51,t51!puF̂pu0̂&

52
A

2N
^~n51,t51!puF̂t51u0̂&

'2
A

2N

N

A
^~n51,t51!uF̂t51u0̂&

52
1

2
^~n51,t51!uF̂t51u0̂&. ~19!

In Eqs.~18! and~19!, the proton and the neutron componen
in the ~t51! mode is obtained assuming the total dens
invariance in the IV normal mode. We can evaluate the re
tions between theEl and IV strengths, and that between
and IV strengths in the~t51! mode by using the amplitude
~18! and ~19! to be

B~El,t51!5
1

4
B~ IV, t51! ~20!

and

B~ IS,t51!50. ~21!

The zero IS strength in the (t51) mode is a direct
consequence of the assumption of total density invarianc
Eq. ~9!.

Ratios of integratedE2 to IS strengths of C, O, and C
isotopes are shown in Fig. 6 in unit of (Z/A)2 as a function
of (A/Z)2, while ratios of integratedE2 to IV strengths are
shown in Fig. 7 in unit of (1/2)2. The two Skyrme interac-
tions SIII and SkM* are used to see the interaction depe
dence. The units (Z/A)2 and (1/2)2 are obtained in Eqs.~15!
and~20! for the IS and IV normal modes , respectively. T
RPA strengths are integrated in the IS and IV GQR ene
regions to calculate the ratios in Figs. 6 and 7. In Fig. 7,
ratios in C, O, and Ca isotopes are close to unity and sh
06431
d
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w

no appreciable (A/Z) dependence. These results suggest t
the IV GQR is a good isospin mode in which the neutro
oscillate against the protons, preserving the total density
variance at any local point. While the results of SkM* in Fig.
7 gives a few % largerB(E2) values for the IV GQR region
in term of B(IV), the interaction dependence is very sma

The ratios ofE2 to IS strength in Fig. 6 show stron
(A/Z) dependence in large C and O isotopes. Especially,
proton contribution in IS GQR is very much quenched in20C
and 22O even in unit of (Z/A)2 due to a strong neutron ski
effect. One can see also a small (A/Z) dependence in Ca
isotopes. These results show that the assumption of the
stant ratio of protons to neutrons in the (t50) mode is
strongly violated in neutron-rich C isotopes, while this a
sumption is approximately valid in Ca isotopes. This diffe
ence depends strongly on available neutron configurat
near the Fermi surface for the GQR. In20C and 22O, the last
occupied neutron orbit is 1d5/2 so that the continuum
(s1/2,1d5/2

21) excitation dominates the low-energy regio
above the threshold up to 25 MeV as is seen in Fig. 5. T
continuum neutron strength remains very large near the
GQR energy even when the RPA correlations are taken
account. On the other hand, in60Ca, the last neutron 1f 5/2
orbit has a larger angular momentum and availablep-h con-
figurations are much higher in energy forl52 excitations.

FIG. 6. Ratios of integrated charge strengthB(E2) to IS
strengthB(IS,l52) in units of (Z/A)2 near IS GQR of C, O, and
Ca isotopes. The transition strength of IS peak of each C isotop
obtained by the integration with the energy interval of 6 MeV

6
12C6, 10 MeV in 6

16C10, and 15 MeV in6
20C14 around the peak in

the two interactions SIII and SkM*. In O isotopes, the integration
intervals are 17 MeV,Ex,24 MeV ~15 MeV,Ex,22 MeV! for

8
16O8 , 16 MeV,Ex,24 MeV ~15 MeV,Ex,22.7 MeV! for

8
22O14, and 13 MeV,Ex,24 MeV ~12 MeV,Ex,22.8 MeV! for

8
24O16, in the case of SIII (SkM* ) interaction. In Ca isotopes, th
integration intervals are 13 MeV,Ex,20 MeV ~14 MeV,Ex
,18.5 MeV! for 20

40Ca20, 15 MeV,Ex,20 MeV ~14 MeV,Ex,18
MeV! for 20

48Ca28, and 12 MeV,Ex,18 MeV ~12 MeV,Ex,17.5
MeV! for 20

60Ca40 in the case of SIII~SkM* ! interaction. The cal-
culated RPA results except shown in Fig. 4 are taken fr
Refs.@6,10,11#.
4-5
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Thus the neutron skin configurations do not influen
strongly on the isospin structure of GQR in60Ca. The results
in Figs. 6 and 7 are essentially the same in the two Sky
interactions SIII and SkM*.

The B(E2) values inN5Z nuclei are 10–20 % large
than the correspondingB(IS)/(1/2)2 values in Fig. 6. The
enhancement ofB(E2) compared to the harmonic vibratio
model is due to the Coulomb potential in the mean fie
which makes lower the proton threshold energy than the n
tron one. Consequently, inN5Z nuclei, the proton contribu-
tion is somewhat larger than the neutron one in the IS G
region.

In the heavier isotopes, the quenching effect onB(E2) is
more pronounced in the case of SkM* than that of SIII in
Fig. 6 . The asymmetry energy coefficientat is 26.1 and 28.2
MeV for SkM* and SIII, respectively. Because of the larg
at for SIII, the neutron threshold is smaller for SIII than th
for SkM* in N.Z nuclei. For example, the neutron sepa
tion energyS(n) is 3.87 MeV for SIII and 4.86 MeV for
SkM* . Thus, the threshold effect for the response function
stronger for SIII and absorbs larger neutron strength near
threshold, which is much lower in energy than the IS GQ

FIG. 7. Ratios of integrated charge strengthB(E2) to IV
strengthB(IV, l52) in units of (1/2)2 in the IV GQR region of C,
O, and Ca isotopes. The strength in the IV GQR region of eac
isotope is obtained by the integration of the energy inter
31 MeV,Ex,50 MeV ~29 MeV,Ex,50 MeV! for 6

12C6 , 30.5
MeV,Ex,60 MeV ~28.5 MeV,Ex,60 MeV! for 6

16C10, and
30.5 MeV,Ex,60 MeV ~29.0 MeV,Ex,60 MeV! for 6

20C14 in
the case of SIII~SkM* ! interaction. In O isotopes, the integratio
intervals are 26 MeV,Ex,50 MeV ~24 MeV,Ex,50 MeV! for

8
16O8 , 25 MeV,Ex,50 MeV ~25 MeV,Ex,50 MeV! for 8

22O14,
and 25.7 MeV,Ex,50 MeV ~23.2 MeV,Ex,50 MeV! for 8

24O16,
in the case of SIII~SkM* ! interaction. The strength in the IV GQR
region of each Ca isotope is obtained by the integration of
energy interval, 25 MeV,Ex,50 MeV ~23 MeV,Ex,50 MeV!
for 20

40Ca20, 24.5 MeV,Ex,45 MeV ~20 MeV,Ex,45 MeV!
for 20

48Ca28, and 20 MeV,Ex,40 MeV ~20 MeV,Ex,40 MeV!
for 20

60Ca40 in the case of SIII~SkM* ! interaction. The calcu-
lated RPA results except shown in Fig. 4 are taken from R
@6,10,11#.
06431
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On the contrary, the threshold effect is relatively weak
SkM* and the neutron skin effect remains to be large in
IS GQR region and gives the larger quenching of theB(E2)
value for SkM* than that of SIII in the neutron-rich nuclei in
Fig. 6.

The change of the isospin structure affects the core po
ization charges in nuclei near the neutron drip line since
proton amplitudes of GR play the decisive role to determ
the magnitude of the polarization charges. It is pointed
that the small proton amplitudes of IS GQR in neutron-ri
C isotopes give a large quenching of the proton polarizat
charges@10#. Recent experimental data ofQ moments in B
isotopes confirm the quenching of the polarization char
@12#. The ratio of the proton to neutron amplitudes is al
crucial to analyze experimental cross sections by proton s
terings and Coulomb excitations in neutron-rich nuclei
obtain theB(E2) transition strength@13#. Thus, the characte
of isospin mode should be carefully examined with micr
scopic models.

IV. SUMMARY

We discussed the neutron number dependence of neu
skin thickness in the C, O, Ca, Ni, Sn, and Pb isotopes
using the HF results. It is pointed out in the six isotopes t
the neutron skin radius shows a fairly good proportionality
one-third power of the neutron number although the cen
densities vary substantially in different isotopes . The leak
of proton density is seen in the surface region of the neutr
rich isotopes due to the wider proton potentials. The isos
structure of the GQR is also studied in the framework of
self-consistent HF1RPA model in comparison with the har
monic vibrational model. It is found that IV GQR behaves
a good isospin mode although the transition strength
spread in a wide energy region. This feature of the IV GQ
is also obtained by looking at the IS strength in the IV GQ
energy region in Refs.@2,3#. On the other hand, the IS GQR
is very much affected by the neutron skin effect, especially
the neutron-rich C and O isotopes and shows a large de
tion from the pure isospin mode in the harmonic vibrati
model. The IV strength under the IS GQR was studied in28O
and 48Ca by using the same HF1RPA model in Ref.@2# and
the strong effect of the neutron excess on the isospin st
ture of IS GQR was pointed out. In this paper, the neut
skin effect on the IS GQR was clarified more quantitative
and systematically in C, O, and Ca isotopes.
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