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The structure ofp-nucleus bound systemsy(mesic nuclei is investigated as one of the tools to study
in-medium properties of th&l(1535)(N*) resonance by using the chiral doublet model to incorporate the
medium effects of theN* resonance in a chiral symmetric way. We find that the shape and depth of the
n-nucleus optical potential are strongly affected by the in-medium properties di*thend nucleon. Espe-
cially, as a general feature of the potential, the existence of a repulsive core girtheleus potential at the
nuclear center with an attractive part at the nuclear surface is concluded. We calculate the level structure of
bound states in this “central-repulsive and surface-attractive” optical potential and find that the level structure
is sensitive to the in-medium properties of ti&. The (d,3He) spectra are also evaluated for the formation of
these bound states to investigate the experimental feasibility. We also make comments on the possible existence
of halo-like % states inB-unstable halo nuclei.
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I. INTRODUCTION metry in the contemporary point of vie(gee, e.g.[16]), in
which a reduction of the order parameter of the chiral phase
The study of the in-medium properties of hadrons hadransition in hot and/or dense matter takes place and causes
attracted continuous attention and is one of the most intemodifications of the hadron properties. TR&, which is the
esting topics of nuclear physics. So far, several kinds ofowest-lying parity partner of the nucleon, has been investi-
hadron-nucleus bound systems have been investigated sughted from the point of view of chiral symmetiyl7,18,

as pionic atoms, kaonic atoms, aﬁdatoms[l]. The struc- Where theN andN* form a multiplet of the chiral group. In
ture of these systems is described by means of a compldxefs.[19,20 a reduction of the mass difference of tReand
optical potential, which reproduces well the experimentalN* in the nuclear medium is found in the chiral doublet
data obtained by the x-ray spectroscopic methi@sThe  model, while a reduction of thi* mass is also found as the
search for the deeply bound pionic atoms has been pefuark condensate decreases in the QCD sum[Rile Con-
formed from the end of 1980g3—6], and the use of the sidering the fact that thB* mass in free space lies only 50
recoilless @1,°He) reaction7] led to the successful discov- MeV above theyN threshold, the medium modification of
ery of the deeply bound states, which enable us to dedudée N* mass will strongly affect the in-medium potential of
in-medium pion propertie§8—10. Now extensions of the the » meson through the strongNN* coupling described
method to other meson-nucleus bound states are beirgpove.
widely considered both theoretically and experimentally As one of the standard theoretical tools to obtain the
[11-14. structure of the bound states, we solve the Klein-Gordon
In this paper we consider the mesic nucleus as one of equation with the meson-nucleus interaction, which is ex-
the doorways to investigate the in-medium properties of thgpressed in terms of an optical potential and is evaluated us-
N(1535) (N*). The special features of the mesic nucleus ing the chiral doublet model developed in Ref47,18,
are the following:(1) the »-N system dominantly couples to which embodies the reduction of tHé* mass associated
N(1535) at the threshold regidi5]. (2) The isoscalar par- with the partial restoration of chiral symmetry, assuming the
ticle » filters out contaminations of the isospin-3/2 excita- N* dominance for theyN coupling described above. The
tions in the nuclear medium3) As a result of theswave calculation is done in nuclear matter with the mean-field ap-
nature of thepNN* coupling, there is no threshold suppres- proximation, and the local density approximation is used to
sion like thep-wave coupling. The strong coupling of thef apply it to the finite nuclei. For the observation of the these
to »N makes the use of this channel particularly suited tobound states, we also consider the missing mass spectros-
investigate this resonance in a cleaner way than the use ebpy by the ¢,°He) reaction which was proved to be a
7N for the study of other resonances like tN¢1440) and powerful tool experimentally. To evaluate the expected spec-
N(1520). tra theoretically, we adopt the Green function method for the
On the other hand, the in-medium properties of hadronsinstable bound stat¢&2].
are believed to be related to partial restoration of chiral sym- In Sec. Il we describe they-nucleus optical potential
which is obtained in our framework with the chiral doublet
model and théN\* dominance. In Sec. 3 we show the numeri-
*Present address: Research Center for Nuclear Ph¢RICBIP), cal results for thep-meson bound states in the nucleus and
lbaraki, Osaka 567-0047, Japan. Electronic address(d,>He) spectra. Section IV is devoted to the summary and
jido@rcnp.osaka-u.ac.jp conclusion.
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Il. OPTICAL POTENTIAL OF #» WITH N* DOMINANCE doublet mode[17,18 (see alsd27]), which embodies the
reduction of the mass difference WfandN* associated with
the partial restoration of chiral symmetry. The chiral doublet
model is an extension of the $2J linear sigma model for

The % mesic nuclei were studied by Haider and L[RB]
and by Chiang, Oset, and L[24] systematically. There, the

n»-nucleus optical potential was expected to be attractiw?he nucleon incorporating this* . In the modelN and N*

from the data of thep-nucleon scattering length and the are expressed as superpositionshof and N, which are

existence 9f the bognd states was predicted theqretlcally. Ag”lgenvectors under the chiral transformation. There are two
the formation reaction, the use of the-{(,p) reaction was

proposed and the attempt to find the bound states in tht pes of the linear sigma model, choosing either the assign-

reaction led to a negative resi25]. The (*.p) experi- ent of the same sign of the axial chargé\tpandN,, or the

ment[25] was designed to be sensitive to the expected nar(-)IOIOOSite sign to each other. The model with the later con-
row states, but Wags robably not sensitive enoFL)J h to Sestruction was first investigated by DeTar and Kuniffitd],

’ P y 9 §nd was named the “mirror assignment” later on to distin-
much broader structures.

Before presenting the details of our model calculation, le uish it from the first assignmeffnaive assignmenty [18].

us show the possibility to have a repulsivenptical potential ere we shall discuss only the chiral doublet model with the
. P y e a repuisiyoptical p mirror assignment. We have already checked that the naive
in the nucleus due to a significant reduction of the mas

%ssignment produces a qualitatively similar optical potential
) . 2 :

difference oiN gndN ' Con3|der|ng the selt energy of the of the » to that with the mirror assignment. The quantitative
meson at rest in nuclear matter in tN& dominance model,

. s studies with the naive assignment will be discussed else-
in analogy with theA-hole model for ther-nucleus system, g

: . L . ! where.
we obtain they oppcgl potential in the nuclear medium in The Lagrangian of the chiral doublet model with the mir-
the heavy baryon limif24] as

ror assignment is given by

2
g5 p(r) — — : -
Viylw)=> , L= NiiéN;—giNi(o+ (=) "tiys7 )N,
"o R o) (T2 (22 (NN —GiNi (o () T mN]
wherew denotes they energy, andu is the reduced mass of —mg(N; ysN,—NpysNy), (©)

the » and the nucleus and is very close to thenassm,, for
heavy nucleip(r) is the density distribution for nucleons in
the finite nucleus, for which we assume here a Fermi distri
bution. The “effective masses” o and N* in medium,
denoted asny, m’,i,* , are defined through their propagators

whereN; and N, are eigenvectors under the &) chiral
transformation and have opposite axial charge to each other.
The physicalN and N* are expressed as a superposition of
N; andN, as N=coséN;+ yssin 6N, and N* = — yssin 6N,
e _ _ . +cos6N, where tan@=2(g,+9,)my/{c). In this basis,

so that R& ™ *(p"=m*,p=0)=0. The in-mediumN the N and N* masses and theNN* vertex are given as
width I'y« includes the many-body decay channels. Therynctions of the sigma condensate as in the standard liner
nNN* vertexg, is given by sigma model:

L (X) =7, N(x) 7(x)N* (x) + H.c., ) 1 B
e 7 My e = 5 [V(01+92)%(0)>+4m3+(9,-91)(0)], (&)

where g,=2.0 to reproduce the partial width y«_.

=75 MeV [26] at the tree level. * o (ga— )T T m-12 5
Supposing no medium modifications for the masseHl of Ornne = (92= 90/ VA+[(9:+92)(0)/mo])*,  (5)

and N* as well as small binding energy for thg i.e.,

=m,, we obtain an attractive potential independent of den

sity since we always have+my—myx <0 in the nucleus.  ganerated by the spontaneous breakdown of chiral symmetry
The shape of this potential is essentially the same as gt 4 |inear form of the sigma condensate. The parameters

Woods-Saxon—type potential for a finite nucleus assuming, e | agrangian have been chosen so that the observables
the local density approximation. On the other hand, if a sufy,  \a3cuum my=940 MeV, my»=1535 MeV, and

ficient reductiqn of the mass differgnce Nfanq N* stems T+ ..n=75MeV, are reproduced with (o)o="f,
from the medlunl effects, there exists a.(‘frltlcal dengity _g3 MeV, and they arg,=9.8, g,=16.2, my=_270 MeV
wherew+my—mg,. =0, and then at densities abopg the [18].
7 optical potential turns to be repulsive. gt is lower than In the linearo model, the nuclear medium effects come
the nuclear saturation density, the optical potential for the from the nucleon loops which modify the self-energiesNof
7 is attractive around the surface of the nucleus and repuland N* and the vertex ofrNN* [28]. In the mean-field
sive in the interior. Therefore the bound states of thén  approximation, such contributions can be introduced by
nuclei, if they exist, will be localized at the surface and themaking the replacement of the vacuum condensate of the
level structure of thep bound states will be quite different sigma meson to the in-medium condensate which depends on
from that in the case of the Woods-Saxon—type potential. the densityp as

To make the argument more quantitative, we estimate the
in-mediumN andN* masses and thid* width in the chiral (ay=D(p){0)g, (6)

where (o) is the sigma condensate in nuclear matter. It is
‘worth noting that the mass splitting betwebnand N* is
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where®(p) should be determined elsewhere. Here we take a g 2 dp, m*
linear parametrization as®(p)=1-Cpl/p, with C | NPV \/5)23132(@) pf dplpff —3p2—N
=0.1-0.3[28]. The C parameter represents the strength of 2my (2m) @2
the chiral restoration at the nuclear saturation dengity
Finally, with this replacement, the density dependence of the _ 512+ 2m( Js— wy— M)
in-medium mass difference ®f andN* is obtained as X 022 >—®(p1,p2), 9)
1) 2_m2
My (p) — My (p) = (1= Cplpo) (My— Myx). (7 [ 2m§> P M

This implies that forC>0.08 the real part of the in-medium wherep, (»,) andp, (w,) are pion momentéenergiey ®
n self-energy withw=m, in Eq. (1) changes its sign at is the phase space variable defined24], and
smaller densities than the saturation dengigy

Now let us consider th&l* width in the medium. In free g1Mg
space there are three strong decay modeN*af 7N, 7N, B=
and 77N [26]. The first two are dominant modes and give
almost the same decay rate. Here the medium effects on the
decay widths of these modes are taken into account by conwith the effective coupling ofr7N througho mesons in this
sidering the Pauli blocking effect on the decaying nucleonmodel, which isy~1.29. This contribution is estimated to
and by changing th& andN* masses and theNN* cou- be typically 15 MeV at the saturation density, although it
pling in medium through Eqg4) and (5), according to the depends on the energy andC parameter. We include this

(oymi (mige + mi ¥ (19

chiral doublet model as discussed above. channel in the present calculation.
The partial decay widths dfi* to certain decay channels

can be_ obtained by evaluating the self-_ene_rgy_\lbfassoci- IIl. NUMERICAL RESULTS

ated with the decay channel and by taking its imaginary part

asl'yx = —2Im3 y«. The partial decay width fal* — 7N is In the previous section, we discuss theptical potential

calculated as in nuclear matter using thBl* dominance model and the

chiral doublet model. The final expression of theoptical
gjﬂiN* En+my, potential in the nuclear medium is obtained by substituting

Ia(s)=3—— Tq, (8)  the mass gap betwedhandN* obtained in Eq(7) and the

in-mediumN* width described in Eqs(8) and (10) to Eq.
(2). In this section, we show some numerical results forshe

where Ey andg are the energy and momentum of the final meson in the nucleus from the optical potential derived

nucleon on the mass shell in th& rest frame, respectively.

The momentuny is given byg=AY%(s,m}?,m?)/2\/s with above.

the Kdlen function\(x,y,z). The Pauli blocking effect for ) _ _

N* — N mode is negligible due to the large decaying mo- A. Optical potential of the # in the nucleus

mentum q=460 MeV in vacuum. The decay modd* For finite nuclei we assume the local density approxima-

— 7N, however, does not contribute in the medium becaus@on and the Fermi distribution of nucleons in the nucleus
of no available phase space due to the Pauli blocka. with the radial parameteR=1.18A%—0.48[fm] and the
The decay branching rate of tié¢* — 77N channel is  diffuseness parameter=0.5[fm]. In Fig. 1, we show the
known to be only 1%-10% in vacuufi26]. Here, in the  y-nucleus potential for the®*Xe case as an example. In
present calculation, we do not include this decay mode sincether nuclei, the potential shape is essentially the same as the
its contribution is estimated to be only a few percent of theplotted one, but the radius of the repulsive core depends on
total decay rate in our model. In spite of no direcirNN* the mass numbeh. As can be seen in the figure, for tke
vertex in our model, this channel can be evaluated by con+0 cases the real potential turns out to be repulsive at the
sidering the process* — oN— 77N using the linear sigma inner part of the nucleus, associated with a reduction of the
model foro and . mass difference dll andN* in the nucleus and an attractive
Other medium effects on the decay Wf are the many- “pocket” appears on the surface. This pocket-shape potential
body decays, such &*N—NN andN*N— 7NN. The N* is new and so interesting that the existence of the repulsive
many-body absorption, involving two-nucleapabsorption  core is consistent with the experimdi®9], where the pro-
mechanisms, is evaluated by inserting particle-hole excitaduction of thes meson on various nuclei is surface domi-
tions to thew () propagator in therN (7N) self-energy of  nated due to the strong final-state interaction.
N*. The width fromNN*—NN channel has already been  Another interesting feature of the potential is its strong
calculated in Ref[24] and has found several MeV at  energy dependence. By changing the energy ofsthfeom
=po. Here we neglect the contribution of this channel. Thew=m, to m,—50[MeV], we find again the familiar attrac-
otherN* absorptionNN* — 7NN is comparably larger than tive potential shape even with=0.1 as shown in the figure.
NN*— NN because of its phase spd&d]. We estimated the We also find that the imaginary part of the potential has a
NN*— 7NN process within our model following the formu- strong dependence both on tleparameter and they en-
lation of Ref.[24]: ergy.
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40 " " " " TABLE |. The n-nucleus binding energies and widths for vari-
""""" . ] ous nuclei forC=0. Results for th&€# 0 cases are also shown for
DT % C=02 | the 5-13%Xe system.
C=0.1 E
C A L=0 L=1
% BE (MeV) Width (MeV) BE (MeV) Width (MeV)
2 0.0 6 3.7 35.1 - -
> 11 137 415 - -
15 185 42.7 - -
1 19 21.9 43.1 - -
C=0.0 31 27.9 42.8 10.1 52.2
y ' y y 39 30.3 42.5 14.6 50.7
64 34.4 41.3 224 47.7
88 36.4 40.5 26.4 45.8
132 38.4 39.6 30.5 43.8
207 39.9 38.5 33.9 41.8
0.02 132 41.2 49.0 33.0 55.0
0.05 132 45.1 69.3 35.5 81.5
0.08 132 46.1 106.3 - -
0.1 132 - - - -

10 The results are also compiled in the Table I. We should men-
r [fm] tion here that, as a result of the small attraction, in the pock-
etlike case we do not find bound states. They, however, are

FIG. 1. Then-nucleus optical potential for th&*?Xe system as  obtained in the case of Woods-Saxon—type.
a function of the radius coordinate The upper and lower panels

show the real and imaginary parts, respectively, @er 0.0 (solid
line), 0.1 (dashed ling and 0.2(dotted ling with settingw=m,,. ) _
The dot-dashed line indicates the potential strengttCfet0.1 with Although the formation of the bound states of thein
w=m,—50[MeV]. nuclei is difficult with C~0.2, which is the expected
strength of the chiral restoration in the nucleus, it would be
interesting to see if the repulsive nature of the optical poten-

In order to calculate the eigenenergies and wave functionial can be observed in experiment. Here we consider the
of the » bound states, we solve numerically the Klein- recoilless ¢,°He) reaction, in which a proton is picked up
Gordon equation with they-nucleus optical potential ob- from the target nucleus and themeson is left with a small
tained here and make an iteration to obtain the self-consistefflomentum.
energy eigenvalues for the strongly energy-dependent optical The recoilless @,°He) reaction is expected to be one of
potential. We follow the method of Kwon and Tabakin to the most powerful experimental tools for the formation of the
solve it in momentum spad80]. We increase the number of # mesic nucleug?7]. The spectra of this reaction are inves-
mesh points in the momentum space which is here about 1gated in detail in Ref[12]. There they estimate the experi-
times larger than Ref30]. The number of mesh points was mental elementary cross section of the p—*He+ 7 reac-
limited (~40 points and the parameters for the mesh pointstion to be 150(nb/sp in this kinematics based on the data
distribution were adjusted for the shallow mesic atq8@.  taken at SATURNHE31] and use the Green function method
We check the stability of the obtained results carefully. [22], in which the »-meson Green function provides infor-

We show the calculated binding energies and level widthgnation about the structure of unstable bound states. Applying
in Table | for 1s and 2 states in several nuclei over the the same approach, we evaluate the expected spectra of the
periodic table. For theC=0 case, in which no medium (d,3He) reaction by assuming our optical potential for the
modifications are included in th¢ andN* properties, since in the nucleus. Here we calculate the spectra of the
the potential is proportional to the nuclear density distribu-?C(d,®He) reaction for they production in the final state.
tion as we have seen in Fig. 1, the level structure of thelhe *°C is shown to be a suitable target to populate the
bound states is similar to that obtained in Réf2]. For C [(p3,2)51® p,] configuration largely[12]. We assume a
=0.1 cases, the formation af bound states is quite difficult single-particle nature for the protons in the tardét and
because of both the repulsive nature of the potential insideonsider &,,, and Qps, states. And we take into account a
the nucleus and the huge imaginary part of the potential. ~sufficient number of partial wavds, of 5. We find that only

In order to see th€ parameter dependence of the boundl <3 partial waves are relevant in this energy region and we
states inC<0.1, we consider®>Xe as an example and cal- check numerically that contributions from higher partial
culate the bound states f@=0.02, 0.05, and 0.08 cases. waves are negligible.

C. Spectra of (d,®He) for the #-mesic-nuclei formation

B. Bound states of# in nuclei
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1.2 v rametera of the nuclear density distribution. In Fig(&, we
(@) C=0.02=0.5 [fm] show the result wittC=0.0 anda=0.5[fm] which corre-

LF sponds to the spectrum with the potential which does not
sl include any medium modifications &f andN*. The results
) with the medium corrections are shown in Figbpfor the

0.6} C=0.2 case, where the optical potential has the repulsive

core in the center of nucleus. It is seen in the Fids) and
0.4} 2(b) that, as a result of the repulsive nature of #hpotential

with C=0.2, the whole spectrum is shifted to the higher-
energy region and the-wave 7 contribution aroundEg,
—Eg~0 [MeV] is suppressed in Fig.(B), which corre-
sponds to the disappearance of thebound state forC
=0.2. The difference of these spectra is expected to be ob-

% served in the high-resolution experiments.
= We also calculate the spectrum for tBe=0.2 case with
2 the diffusenesa=1.0[fm], to simulate the halolike struc-
5 ture of unstable nuclei. In this case, thenucleus optical
C) potential has a wider attractive region than that with
% 0.4} =0.5[fm] because of the existence of the longer tail at low
(\_13 nuclear densities. The results are shown in Fig),2vhere
g 02 we can see that the whole spectrum is shifted to smaller
0 ) - energy regions compared to Figlbg indicating the attrac-
(©) C=022 a=1.0 [fm] ) i tive nature of the potential.
1}
D. Discussion
08 Here we make some remarks on the “pocketlike” poten-
0.6} tial. First of all, we would like to consider the interesting
possibility to haven bound states i-unstable nuclei with a
0.4} halo structurd32]. So far, we have considered stable nuclei
with the small diffuseness parametera=(0.5[fm]), in
0.2} which the density suddenly changes at the surface. As we
~ ) - have seen in Fig. 1, the optical potential with a filtealue
040 220 0 20 40 60 is attractive only in the low-density region at the nuclear

Eex—Eo [MeV] surface. Thus, halo nuclei have a larger attractive region than
the stable nuclei and we expect to find maréound states,
FIG. 2. The calculated excitation energy spectrum of#hgro-  which will be like coexistence states of the halolikemesic
duction in the**C(d,*He) reaction aff y=3.5[GeV] for three dif-  bound states with halo nucleons. We simulate the behavior of
ferent sets of the paramet@rin the -nucleus optical potential and - the 5 bound states for nuclei with halo structure by changing
the diffuseness parametarof the nuclear density@) C=0.0 and  the diffuseness parameters artificially f6¥e case. How-
a=0.5[fm], (b) C=0.2 anda=0.5[fm], and(c) C=0.2 anda  eyer, in spite of our systematic search of thédound states
=1.0[fm]. The vertical line indicates the production threshold for diffuseness parametees=1.0 and 1.§fm], no bound

energy. In each figure, the contribution from thep(), "©p, IS  giates in the pocketlike potential are found for the=0.1,
shown as a dash-dotted curve, thslcgglegs,] contribution is 0.15. and 0.2 cases

Sho‘.Nn as the dashed curve, and the solid curve |s_the sum Of. Second, we have another quite interesting feature of the
partial waves. The continuum background contributions are esti-

mated to be about 3fhb/(sr MeV)] for the 1%C target[12]. In all 7-nucleus bou_nd states becau.se of its strong energy (_depen-
spectra the distortion effects are assumed to be the same in order({](?nce' In the iterative calculation to get the self-consistent

see the sensitivity to the optical potential clearly. eigenenergies for the energy-dependent potential, we have
possibilities to find several solutions for certain set of the

The spectra obtained are shown in Fig. 2 as functions ofiu@ntum numbersn(l). Actually, we have found the three

the excited energy which are defined as 1s-like states for they-°®Y system for theC=0.1 case by
omitting the imaginary part of the optical potential. The
Eex=m,—B,+[Sp(jp) —Sp(P32) 1, (11  wave functions of all three states do not have any node and

they are shown to bdl) the bound % state with BE
whereB,, is the 7 binding energy(BE) and S, the proton =~ =40.4[MeV] in the Woods-Saxon-type potentid®) the
separation energy. The production threshold enerdy, is  bound Is state with BE=22.2[MeV] in the attractive po-
indicated in the figure by the vertical line. The calculatedtential which is deeper at the surface than in the nuclear
spectra are shown in Fig. 2 for three different sets of thecenter, and3) the bound § state with BE=6.0[MeV] in
parametelC in the optical potential and the diffuseness pa-the surface-attractive and central-repulsive potentials.
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Third, we would like to make a general comment on thenuclei repulsive at certain densities, while in the low-density
level structure of the bound states in the pocketlike potentialapproximation the optical potential is estimated to be attrac-
To make the argument clear, we consider only the real part dfve. This leads us to the possibility of a new type of poten-
the pocketlike potential. Let us consider the radial part of theial of the » in nucleus that is attractive at the surface and has
Schralinger equation with an attractive pocket potential at aa repulsive core at the center of the nucleus. We discuss
certain radiufk and a widtha. As we can see in any textbook general features of this “pocket” potential that the level
of quantum mechanics, this equation is exactly the same asructure is quite different from that with the potential simply
the one-dimensional Schiimger equation with the same po- obtained from thé/~tp approximation witht the scattering
tential pocket except for the centrifugal potential and theamplitude of then-N system.
boundary condition for the wave function at the origin We calculate the in-medium optical potential of the
=0. Since the one-dimensional Sctimger equation has meson with a mean-field approximation and use the local
translational invariance with this potential, the eigenenergieslensity approximation to apply it to finite nuclei. We also
do not depend on the position of the attractive pocket. This igind that the potential obtained here has a strong energy de-
also the case for the radial equation for heavy nuclei inpendence, which leads us to a self-consistent formulation in
which the attractive potential exists far from the nuclear centhe calculation of they bound states in the nucleus. Unfor-
ter, where the wave function boundary condition is automatitunately it is hard to formy bound states in the nuclei with
cally satisfied and do not affect the eigenenergies. Thus, thihe expected strength of the chiral restoration in the nucleus
level structure would be expected to resemble each other fqiC~0.2), due to the repulsive nature of the potential inside
all heavy nuclei, which is quite different from the case of thethe nucleus and its large imaginary potential. We find that
Woods-Saxon—type potential, where the binding energies behere is no bound state for the case@£0.1 even in the
come larger in heavier nuclei. halolike nuclei, which are expected to have moderate density

Another interesting feature of the level structure is that,distributions and to have a wider attractive potential pocket
since the pocket potential in heavy nuclei is far from theat the surface.
center of the system and then the centrifugal repulsive po- We evaluate the spectra of the recoilleds’He) reaction
tential could be weak at the position of the pocket, then theyith a '%C target using our optical potential for ti@&=0.0
different angular momentum states would approximately deand 0.2 cases. The shapes of these spectra are apparently
generate in heavy nuclei. All these features of the level strucdifferent and the repulsive nature in tBe=0.2 case is seen.
ture are very interesting and really characteristic for theThe results with the large diffuseness parameter for the
“surface-attractive”y-nucleus optical potential. nuclear density distribution also show the sensitivity of the

Very recently an investigation of thg meson properties spectrum to the existence of the halo structure. We find that
in the nuclear medium within a chiral unitary approach hashe existence of the halo also changes the spectrum shape,
been reported33]. There, they also found a strong energy-and thus a comprehensive study gfbound states in un-
dependent optical potential of the It would be interesting  stable nuclei also would be interesting to investigate the me-
to compare their consequences with ours since their theoregfium effects of theN*. We believe that the present results
ical framework is quite different from our model and there are very important to investigate the chiral natureNo&nd
the N* is introduced as a resonance generated dynamicall)* throughz bound states.
from meson-baryon scatterings.
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