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Neutron skin and isospin structure of giant resonances
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Neutron number dependence of neutron skin thickness in several isotopes is discussed by using Skyrme
Hartree-FockHF) 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 resonaf@&R) is also studied using self-consistent HFrandom
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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[. INTRODUCTION briefly discussed in Sec. Il. RPA results are analyzed in com-
parison with the harmonic vibration mode in Sec. Ill. Con-
The recent development of radioactive nuclear beamslusions are given in Sec. IV.

opens a new era to explore structure and reaction mechanism
of nuclei near the drip lines. A unique feature of the neutron
drip line nuclei is a large ratio of the neutron number to the
proton number, which gives rise to the large difference inthe |n Fig. 1, the neutron and proton HF potentials with the
the neutron and the proton Fermi energies in the singles)| interaction are shown if*C, *°C, and?°C together with
particle potential. Namely, the neutron Fermi energy bethe single-particle energies 6fC. The HF calculations are
comes close to the threShOId, while the proton one is Ver¥)erf0rmed by using the f||||ng approxima‘[ion1 in which par-
deep in the mean field potential. Particles in the neutronjcles occupy the single-particle orbits from the bottom of the
single-particle orbits near the threshold will extend theirpotential in order. The neutron potentials in the right panel of
wave functions beyond the core of nucleus and form a neugjg. 1 show similar radial dependence in the three nuclei,
tron skin in the denSity prOﬁle. EXperimental evidence of thQNh”e the proton ones become deeper and wider in heavier C
neutron skin has been obtained recently in many neutron-ricrsotopes_ These results are caused by the dominant proton_
nuclei from high energy heavy-ion reaction cross sectionseutron interaction in the HF field. It is also seen that the

[1]. We will study the size of the neutron skin quantitatively neutron Fermi energy iR°C is about 25 MeV higher that the
in C, O, Ca, Ni, Sn, and Pb isotopes by Skyrme Hartree-Fock

(HF) calculations. - , .

The asymmetry of the two Fermi energies may change Slil interaction
basic properties of excitation modes. An interesting problem °
is the validity of the isospin classification of the excitation  _1o |
mode, i.e., whether the terms of isoscal&) and isovector
(IV) modes are valid or not for labeling the collective exci-
tations in the neutron drip line nuclg2—4]. We will study
this problem by looking at giant quadrupole resonances
(GQR) in B-stable and drip line nuclei of C, O, and Ca
isotopes. The main purpose of this paper is twofold. We g
study the neutron number dependence of the size of neutro  -60 |
skin and its effect on the isospin structure of GQR.

As a theoretical model, we adopt HF calculations for the
ground states and a Hfandom phase approximatidRPA) -80 &
theory for the excited states with the use of Skyrme interac- _g9
tions [5,6]. In the RPA calculations, we take into account
proton and neutron degrees of freedom simultaneously with
the coupling to the continuum solving the Green’s function 5 1 Hartree-Fock potentials 3fC, 16C, and2°C and single-
in the coordinate space. No assumption is made for the iSO, rticle energy levels if°C. Vy(r) on the right-hand side are the

pin structure of GQR. We use the SllI interaction as an efyeytron nuclear potentials, whités(r) on the left-hand side are the
feCt|Ve Interaction fOI‘ HF and RPA Ca|CU|atI0nS We Checkproton nuclear potentials’ respective|yl The notatmn)(esdenotes

the interaction dependence with another Skyrme interactiothe calculated single-particle resonant level in the HF potential.
SkM*. Section Il is devoted to neutron skin problems in theoccupied levels are indicated by full lines, while unoccupied levels
HF calculations. Since detailed descriptions of the preserdre shown by broken lines. The SllI interaction is used for the HF
HF+RPA model is given elsewherf2,6], the model is calculations of all nuclei.

II. NEUTRON SKIN IN HF POTENTIAL
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. FIG. 3. The proportionality between;,/r 1/core) Values and
®) HF density ey : .
Sill Interaction (N/N(core) " in C, O, Ca, Ni, Sn, and Pb isotopes. The core neutron
010 1 numbersN e are taken to be 6, 8, 20, 28, 50, and 82 for C, O, Ca,
9G4 neutron Ni, Sn, and Pb isotopes, respectively. The radiysis calculated at
0.08 F profon 1 the neutron density,=0.045 fm 3.
& “Ca neutron . . . o
E o, PrOton proton densities are decreasing largely in heavier isotopes.
Zz 0.06 | Ca ;f(;‘tgg" 1 The neutron skin in Fig. (®) also increases for heavier Ca
@ isotopes following the relatiofl). The central part of the
0.04 neutron density at arount= 1.5 fm in ®°Ca is much larger
than those of‘%a and“®Ca since the B, and 2, orbits
0.02 } are occupied in®®Ca and these wave functions have large
components in the central part of the nucleus. A large leaking
0.00 . ) _ of the proton density is also seen in the tail region®ita
' 2 4 6 8 due to the wider proton potential.
r (fm) We extend the study of the relatiéh) for other O, Ni, Sn,

and Pb isotopes in the case of Slll interaction. The results are
summarized in Fig. 3. As is seen in Fig. 3, the proportional
relation holds in all the isotopes within an accuracy of less
than 3%. It is interesting to notice that a neutron-rich C iso-

tope 2°C shows a slightly largery,/r 1/3(core) Value than the
proton one and close to the threshold energy. The Iarg?N/N(Core))m one., while the heavier neutron-rich Ca. Ni, Sn,

asymmetries in the HF results are also found in other isoénd b nuclei have somewhat smalter./r values
topes near the drip linds]. &f2/T 1/2(core)

H 1/3
The HF proton and neutron densities are shown in Figt[han the corresponding\W(N(core)) ™ ONes.

2(a) for C isotopes and Fig.(B) for Ca isotopes. Although
the central density varies substantially in each isotope, the
increase of the radius,,, at around half central density
=0.045 fm ® is very regular: 2.28.21), 2.712.67, and In Sec. Il, we pointed out a growth of thick neutron skin
3.043.02 fm for 2C, '°C, and ?°C, respectively, and in neutron-rich C, O, and Ca isotopes. We will study in this
3.293.23, 3.633.56, 4.054.01), and 4.484.49 fm  session how the neutron skin affects on giant resonances
for 3'Ca, “°Ca, *®Ca, and®’Ca, respectively, with the Slll (GR) by using the self-consistent HIRPA model. GQR is
(SkM*¥) interaction. The increase of the radiug, is ex-  selected as a typical mode of collective vibration. In order to

FIG. 2. HF densities of protons and neutrof®. ¢°Cg, 5°Cyo,
and 2°C,, and(b) 55Cay, 36Cas, and 5oCay. The SliI interaction
is used.

IIl. GIANT QUADRUPOLE RESONANCES
AND NEUTRON SKIN EFFECT

pressed by the relation calculate GQR strength, the RPA Green’s function
y Grea(r,r';E) is obtained in the coordinate space using the
172~ (N/Ngorey) ™ 1/2(core): (1) Slll interaction. The RPA strength function is then obtained

by [2,6]

whereN(N core) is the neutron number of nucleltbe core.

The cores aré’C for C isotopes and’Ca for Ca isotopes. _ A 2
There is essentially no interaction dependence on the relation S(E)_; (nlO(=2)[0)[*5(E~Ey)
(1). It is seen in Fig. 2 that the proton densities of heavier L
isotopes show a leaking effect in the tail region due to wider _ T Ay — oyt Ay _

proton potential width§8]. Consequently, the central parts of M TTOM=2)"Grea(B)OON=2)],  (2)
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where()()\=2) expresses one-body operators
A ®c sl

ON=2,7= O):igl riZYZM(Fi) 60 quadrupole

for the isoscalar quadrupole response,
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'
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(5()\=2,7= 1)=z Tzrizqu(Fi)
i=1 20

for the isovector quadrupole response,

4 0
0
2 Ex (MeV)
O(EZ):iZ1 rizYz,u(ri) 1600
(b)
for the charge quadrupole response. (5) 1400 1 9ca S

. 1200
The IS, IV, and electric quadrupole responses’{ig to quadrupole

the fields(3), (4), and (5) are shown in Fig. @). The IS 1000 |
GOR peak is found at Ex21.3 MeV with a large width due

to the coupling to the continuum. The summed strength in
the energy region 10 Me¥Ex<25 MeV exhausts 73% of
the IS EWSR value. Since the low energy strength below
Ex=15 MeV is governed by continuum neutron excitations, 400 |
except a sharp peak at £%.8 MeV, the IS and IV responses
have almost the same strength in this energy region and th 200
charge response is much quenched in the IS GQR region
The IV strength below the IS GQR peak is very largeia
because of large strength from the single-particle neutror. Ex (MeV)
orbits near the Fermi energy. lr.] Fig. 5, the unperturbed FIG. 4. The RPA strength functions for the IS, IV, and the
strengths from three neutron orbitsly, 1p.5, and gy, harge quadrupole mode as a function of excitation enda
are shown together with the total unperturbed and IS RP@ g q P Y-

0, 60, i
: . ) C,4 and(b) 5;Cayg. The transitions operator8), (4), and(5) are
fic 6 14 2080
strengths. The last occupied neutron orbithie is 1ds, sO used for the calculations of the IS, IV, and the charge quadrupole

that the (2, 1d5;) and (1d33, 1dg;) configurations are response, respectively. The strength func®E) is averaged with
available in the low-energy region near the threshold. The | orenzian weighting function with a widii=0.5 MeV as a guide
unperturbed particle-holepth) excitation (2,,,1d53) ap-  for eyes. The Sill interaction is used consistently in HF and RPA
pears at Ex1.8 MeV as a discrete state which is not drawncalculations.

in Fig. 4(a@). The peaks in the unperturbed strength at around

Ex=7 and 25 MeV are due to the excitationsdgb 1ds;) 1.0 MeV. Due to the large orbital angular momentuin (
and (1f73, 1psp), respectively. Because of a small neutron = 3) for the least bound fk,, neutrons, the IS and IV quad-
separation energys(n)=3.87 MeV of the Hg;, orbit, the  rupole response ii%Ca increase gradually from the neutron
continuum 6/, 1dg/3) excitation dominates the unperturbed threshold of 3.6 MeV with almost equal magnitudes and then
transition strength up to 20 MeV. The neutron strength inmerge into the IS GQR. The IV strength accompanying the
Fig. 5 remains large near the IS GQR energy when the RPAS GQR is the results of neutron excess in the IS mode. The
correlations are taken into account. This is because of wealk/ GQR is very much fragmented in the energy region
RPA correlations on the threshold strength. Two main IV20 MeV<Ex<40 MeV because of the large Landau damping
peaks are found iR°C at around Ex32 and 40 MeV in Fig.  effect exhausting 69% of the EWSR. Although the IV GOR
4(a). The summed strength 30 MeldEx<60 MeV exhausts is spread in the wide energy region, the charge response is
55% of the IV EWSR. The charge response above=BX always seen below in this high-energy region.
MeV is substantial, while IS strength is very small. These In order to clarify quantitatively the isospin structure of
features are essentially the same in the results of anoth&QR, we introduce the harmonic vibration model by Bohr
interaction SkM . and Mottelson{9] to compare with the present RPA results.
The RPA results of°Ca are shown in Fig.#). The IS In the harmonic vibration model, the collective vibrational
GQR peak is seen at EX15.6 MeV exhausting 84% for modes are described in terms of the variations in the mean
12 MeV<Ex<18 MeV of the EWSR with a width of about field potential produced by an oscillation in the nuclear den-
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100 - - cases\#1, it is the requirement that the field polarizes the
c s neutron density against the proton density , but does not act
— ISRPA on the total density at any point. Notice that the IS transition
80 unperturbed (total) ] ~ ] . .
----- unperturbed (1d,, ) operatorO(IS,\=2) in Eq. (3) is the same as the IS field
- gguz_‘) operator (8) with A\=2, while the IV transition operator
S 6 * O(IV,\=2) in Eq.(4) is different to the IV operatof9) with
= A=2.
‘g We now look at separate proton and neutron contributions
@ 40 in the normal modeln=1). Decomposing the IS mode
(7=0) to the neutron and the proton parts
2r |(n=1,7=0))=|(n=1,r=0)v)+|(n=1,r=0)7),
(10)
% 10 20 30 the zero-point amplitudes are given by

Ex (MeV)

7=0,v_ _ _ e
FIG. 5. The unperturbed and IS RPA strength of quadrupole ag "=((n=1,7=0)v|F,|0)
transitions in EOCM. The unperturbed strength from the orbits
1dss5, 1pq, and Ipg, are shown by dashed, dot-dashed, and long-
dashed curves, respectively, while the total unperturbed strength is N . .
drawn by a thick solid line. The IS RPA strength is given by a thin ~ K«n: 1,7=0)|F,—|0), (11
solid line. The SllI interaction is used.

=((n=1,r=0)v|F ,_o|0)

sity. For small amplitudes of oscillation, the variation can be ay %"=((n=1,r=0)7|F ,|0)
written in the form . N
=((n=17=0)7|F,_o|0)
SV=kaF, (6) 7
. _ ~—((n=1,7=0)|F,_|0). 12
where x and « are the coupling constant and the collective A<( 7=0)] l0) (12
amplitude, respectively, whilk is the vibrational field char-
acterized by the multipolarity, the isospin, and the spin. Le
us denote the collective one phonon state|ras 1). The
zero-point amplitude fofn=1) is given by

{n the last step of driving Eqg11) and(12), we adopt the
approximate constant ratio of neutron to proton densities in
the IS vibrational mode. The zero-point amplitud&$) and
(12) give the energy weighted sum ruEWSR) [9]

ap=(n=1|F[0). (7) 72 N(2\+1) N2

T=0pm2_ = _ /y2\—2
The effect of the neutron excess on the collective modes is holag ™) 2m 4 A (r 2 (13
given by the normal modes based on the assumption that the
isospin structure of these modes is determined by the strong o h2 N(2N+1) Z? oo
proton-neutron force in the nucleus. In the IS mdde0), ho(ag ~7)= ﬁTK“ ) (14)

the neutron-proton force will preserve the local ratio of neu-
trons and protons so that the mode is excited by the operatQfare 7.6 is the energy of the normal mode. For the IS

which acts symmetrically on protons and neutrons normal mode, we obtain a relation between the charge and IS
A strengths by using Eq12),
BN S Dy
Fr=0_i=21 r|Y)\,,u(r|) 22

| : B(E)\,T=O)=EB(IS,T=0). (15)

=2 Yy + 2 Y (=R +F) . ()

=1 =1 The IV transition strength to the IS normal mode is finite in
The field of the IV mode acts on the difference of the isospintN#Z) nuclei,
from its mean value

(N-2Z

2
B(IV, 7=0)= ) B(IS,7=0) (16)

R a 12 . 2Z. 2N. A2
F);:lzzl ( TZiT A Izl <Tzi>) ri)\Y)\,,u,(ri): KF:;_TF?T-
(9) from Eqgs.(11) and(12). The factors N/Z)? for IS mode and
(1/2)? for IV mode was pointed out for the core polarization
For the dipole mode.=1, Eq.(9) is equivalent to the sub- charges fofE2 transitions in Ref[9].
traction of the center of mass spurious motion. In general The IV mode will be decomposed as
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|(n=1,r=1))=|(n=1,7=1)v)—|(n=1,7=1)m),
(17 12}
where the minus sign of the second term in the right-hand
side reflects the polarization of neutrons against protons irig 0
the (7=1) mode. The zero-point amplitudes for protons and § '
neutrons in Eq(17) are evaluated to be i
% 08T C-i sl
=1y A A = e——s C-isotopes o
af "=((n=1,7=1)v|F,|0) & (I SkM* AN
Q +— -+ O-isotopes Slil
A N N 06 L €1 Skm* »
= §<(n: 1,7=1) V| F7:1|0> T a-—a Ca—isoth:;SIll \ c
AZ £ A 0.4 L . ' . -
~§;<(n=l,r=1)lFT:1IO> 2 4 6 8 10 12
wzy
:E((nzlr: 1)||‘: —1|6> (18) FIG. 6. Ratios of integrated charge strend®{E2) to IS
2 T_ strengthB(IS,\ =2) in units of Z/A)2 near IS GQR of C, O, and

Ca isotopes. The transition strength of IS peak of each C isotope is

_ R obtained by the integration with the energy interval of 6 MeV in
ay "=((n=1,r=1)7|F,|0) 12c,, 10 MeV in ¥Cy,, and 15 MeV in2C,, around the peak in
the two interactions SllI and SkiM In O isotopes, the integration
intervals are 17 Me¥.Ex<24 MeV (15 MeV<Ex<22 MeV) for
205, 16 MeV<Ex<24 MeV (15 MeV<Ex<22.7 MeV) for
2204, and 13 Me\KEx<24 MeV (12 MeV<Ex<22.8 MeV) for
o A E((n= 1,r=1)|E,_,|0) 2%0y6, in the case of SlIl (SkN1) interaction. In Ca isotopes, the

A . A
== m<(n:1!7-: 1)7T|F‘r=l|0>

2N A integration intervals are 13 Me¥Ex<20 MeV (14 MeV<Ex
L <18.5 MeV) for 30Cay, 15 MeV<Ex<20 MeV (14 MeV<Ex<18
- o MeV) for 38Cayg, and 12 Me\KEx<18 MeV (12 MeV<Ex<17.5
=——((n=1,7=1)|F ,_,|0). 19 208 . .
2<( 7=1)|F--4/0) (19 MeV) for 59Cay, in the case of SII(SkM*) interaction. The cal-

culated RPA results except shown in Fig. 4 are taken from
In Egs.(18) and(19), the proton and the neutron componentsRefs.[6,10,11.
in the (r=1) mode is obtained assuming the total density
invariance in the 1V normal mode. We can evaluate the rela-
tions between th&\ and IV strengths, and that between IS no appreciableA/Z) dependence. These results suggest that
and IV strengths in thér=1) mode by using the amplitudes the IV GQR is a good isospin mode in which the neutrons
(18) and(19) to be oscillate against the protons, preserving the total density in-
variance at any local point. While the results of SkM Fig.
1 7 gives a few % largeB(E2) values for the IV GQR region
B(EN,7=1)=-B(IV, 7=1) (20) in term of B(1V), the interaction dependence is very small.
4 The ratios ofE2 to IS strength in Fig. 6 show strong
(A/Z) dependence in large C and O isotopes. Especially, the
proton contribution in IS GQR is very much quenchedig
and ??0 even in unit of Z/A)? due to a strong neutron skin
B(1S,7=1)=0. (21) effect. One can see also a sma#l/Z) dependence in Ca
isotopes. These results show that the assumption of the con-
The zero IS strength in ther&1) mode is a direct stant ratio of protons to neutrons in the=0) mode is
conseqguence of the assumption of total density invariance iatrongly violated in neutron-rich C isotopes, while this as-
Eqg. (9). sumption is approximately valid in Ca isotopes. This differ-
Ratios of integrated2 to IS strengths of C, O, and Ca ence depends strongly on available neutron configurations
isotopes are shown in Fig. 6 in unit aZ{A)? as a function near the Fermi surface for the GQR.C and %0, the last
of (A/Z)?, while ratios of integrated?2 to IV strengths are occupied neutron orbit is ds, so that the continuum
shown in Fig. 7 in unit of (1/2). The two Skyrme interac- (sl,z,ldg,é) excitation dominates the low-energy region
tions Slll and SkM are used to see the interaction depen-above the threshold up to 25 MeV as is seen in Fig. 5. The
dence. The unitsZ/A)? and (1/2¥ are obtained in Eq$15) continuum neutron strength remains very large near the IS
and(20) for the 1S and IV normal modes , respectively. The GQR energy even when the RPA correlations are taken into
RPA strengths are integrated in the IS and IV GQR energyaccount. On the other hand, fiCa, the last neutronfl,
regions to calculate the ratios in Figs. 6 and 7. In Fig. 7, theorbit has a larger angular momentum and availahle con-
ratios in C, O, and Ca isotopes are close to unity and shovigurations are much higher in energy far2 excitations.

and
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On the contrary, the threshold effect is relatively weak in
SkM* and the neutron skin effect remains to be large in the
IS GQR region and gives the larger quenching of B{&2)
value for SkM' than that of Slil in the neutron-rich nuclei in
Fig. 6.

The change of the isospin structure affects the core polar-
ization charges in nuclei near the neutron drip line since the

-
o

(B(E2YB(VA=2))/(1/2)"

0.8 oo C_isotopes Sl proton amplitudes of GR play the decisive role to determine
.- SkM* the magnitude of the polarization charges. It is pointed out

A o_ismogsfn?m that the small proton amplitudes of IS GQR in neutron-rich

0.6 4-—4 Ca-isotopes SlII 1 C isotopes give a large quenching of the proton polarization

— Sk charged10]. Recent experimental data @f moments in B

isotopes confirm the quenching of the polarization charges

04 " . . m > [12]._ The ratio of the p_roton to neutron gmplitudes is also
A2 crucial to analyze experimental cross sections by proton scat-

terings and Coulomb excitations in neutron-rich nuclei to
FIG. 7. Ratios of integrated charge strengBfE2) to IV obtain theB(E2) transition strengtfl3]. Thus, the character

strengthB(IV, A =2) in units of (1/2f in the IV GQR region of C,  of isospin mode should be carefully examined with micro-
0, and Ca isotopes. The strength in the IV GQR region of each Cscopic models.

isotope is obtained by the integration of the energy interval
31 MeV<Ex<50 MeV (29 MeV<Ex<50 MeV) for $°Cs, 30.5
MeV<Ex<60 MeV (28.5 MeV<Ex<60 MeV) for °C,4, and

30.5 MeV<Ex<60 MeV (29.0 MeV<Ex<60 MeV) for 2°C,, in IV. SUMMARY
the case of SII(SkM*) interaction. In O isotopes, the integration
intervals are 26 MeWEx<50 MeV (24 MeV<Ex<50 MeV) for We discussed the neutron number dependence of neutron

16, 2
8Os, 25 MeV<Ex<50 MeV (25 MeV<Ex<50 MeV) for 501, gin thickness in the C, O, Ca, Ni, Sn, and Pb isotopes by
and 25.7 MeW-Ex<50 MeV (23.2 MeV<Ex<50 MeV)for 3O, qing the HF resuilts. It is pointed out in the six isotopes that

in the case of SIIISKM*) interaction. The strength in the IV GQR the neutron skin radius shows a fairly good proportionality to
region of each Ca isotope is obtained by the integration of the Y3 prop Y

energy interval, 25 Me¥Ex<50 MeV (23 MeV<Ex<50 MeV) one-'ghlrd power of the.neut.ron'numbe'r although the cenFraI
for 49Cay, 24.5 MeV<Ex<45 MeV (20 MeV<Ex<45 MeV) densities vary substantially in different isotopes . The leaking

for %8Cay, and 20 MeVKEx<40 MeV (20 MeV<Ex<40 Mev)  Of proton density is seen in the surface region of the neutron-
for $9Cay, in the case of SII(SkM*) interaction. The calcu- rfich isotopes due to the wider proton potentials. The isospin

lated RPA results except shown in Fig. 4 are taken from Refsstructure of the GQR is also studied in the framework of the
[6,10,11. self-consistent HFRPA model in comparison with the har-
monic vibrational model. It is found that IV GQR behaves as
a good isospin mode although the transition strength is
Thus the neutron skin configurations do not influencespread in a wide energy region. This feature of the IV GOR
strongly on the isospin structure of GQRSYPCa. The results is also obtained by looking at the IS strength in the IV GQR
in Figs. 6 and 7 are essentially the same in the two Skyrmenergy region in Ref§2,3]. On the other hand, the IS GQR
interactions SlIl and Sk is very much affected by the neutron skin effect, especially in
The B(E2) values inN=Z nuclei are 10-20% larger the neutron-rich C and O isotopes and shows a large devia-
than the correspondinB(1S)/(1/2)? values in Fig. 6. The tion from the pure isospin mode in the harmonic vibration
enhancement dB(E2) compared to the harmonic vibration model. The IV strength under the IS GQR was studieé’®
model is due to the Coulomb potential in the mean field,gnd 48ca by using the same HFRPA model in Ref[2] and
which makes lower the proton threshold energy than the netne strong effect of the neutron excess on the isospin struc-
tron one. Consequently, IN=Z nuclei, the proton contribu- {,re of IS GQR was pointed out. In this paper, the neutron

tion is somewhat larger than the neutron one in the IS GQRyin effect on the IS GQR was clarified more quantitatively

region. o _ _ and systematically in C, O, and Ca isotopes.
In the heavier isotopes, the quenching effecBfiE?2) is

more pronounced in the case of SkNhan that of SllI in

Fig. 6 . The asymmetry energy coefficientis 26.1 and 28.2

MeV for SkM* and SllI, respectively. Because of the larger ACKNOWLEDGMENTS

a, for Slll, the neutron threshold is smaller for SllI than that
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tion energyS(n) is 3.87 MeV for Slll and 4.86 MeV for Tanihata for enlightening discussions. This work was sup-
SkM*. Thus, the threshold effect for the response function igorted in part by the Japanese Ministry of Education, Sci-
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