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Influence of tensor interactions on masses and decay widths of dibaryons
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The influence of gluon and Goldstone boson induced tensor interactions on the dibaryon ma&sesand
decay widths has been studied in the quark delocalization, color screening model. The eSdotiwave
transition interactions induced by gluon and Goldstone boson exchanges decrease rapidly with increasing
strangeness of the channel. The tensor contributid ahd » mesons is negligible in this model. There is no
six-quark state in the light flavor world studied so far that can become bound by means of these tensor
interactions besides the deuteron. The paRialave decay widths of theIP=(1/2)2*N() state to spin 0 and
1 AE final states are 12.0 and 21.9 keV, respectively. This is a very narrow dibaryon resonance that might be
detectable in those production reactions with rich high strangeness particles through the reconstruction of the
vertex mass of the decay produtE by existing detectors at RHIC and COMPASS at CERN or at JHF in
Japan and FAIR in Germany in the future.
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I. INTRODUCTION The present calculation is aimed at answering these two

There might be two kinds of dibaryoft,2]. One is the duestions for the dibaryon candidates in thel,s three fla-
loosely bound type consisting of two octet baryons; the deuvor world within the extended quark delocalization, color
teron is a typical example. The others are tightly bound; thescreening modelQDCSM). Our results show that both the
H particle had been predicted to be such a six quark statgffectiveS-D wave transition interactions due to gluon aand
although later calculations cast doubt orj3t4]. Instead, a €xchanges decrease rapidly with increasing strangeness, and
nonstrangelJP=03'd" and a strangeness +8°=00"di-Q that the tensor contributions & and » mesons are negli-

have been predicted to be tightly bound six quark statesgible after a short range truncation. Altogether, the tensor
which are formed from decuplet baryori®,5-9. The  contributions are not strong enough to bind other near thresh-

—_

strangeness —BIP=(1/2)2"NQ has also been predicted to 0ld six _quark states, such as tB&P:—401*:E,.to become

be of the tightly bound typé4,10,11. strong interaction stable Wlth the sole gxcept!on o_f the deu-
The tensor interaction due toexchange plays a vital role teron. TheD-wave decay widths of high spin, six quark

in the formation of loosely bound deuteron. In tiecase the ~States, such as theSIP=003d and the SIP=

tensor interaction contribution to its mass is minor but is~3(1/2)2"NQ, are in the range of tens of MeV to tens of

critical for its D-wave decay to thaIN final state[12]. There ~ KeV and so these states might be narrow dibaryon reso-

are other near threshold and deeply bound dibaryon candi@nces. o _

dates found in two systematic quark model calculations The extended QDCSM is briefly introduced in Sec. Il. In
[4,8). This naturally raises the question as to whether or noBec. lll, we present our results. The discussion and conclu-
the tensor interaction adds sufficient strength to bind thes&ion are given in Sec. IV.

other near threshold states to become strong interaction

stable_, as in the deuteron case. Con\{ersely, is the tensor in4, pRIEE DESCRIPTION OF THE EXTENDED QDCSM
teraction weak enough to leave the high spin, deeply bound

states as narrow dibaryon resonances, as was showndh the The QDCSM was put forward in the early 1990s. Details
case[12]? can be found in Refs[2,12,13. Although the short-range
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repulsion and the intermediate range attraction of K¢  our model approach. The extended QDCSM not only repro-
interaction are reproduced by the combination of quark deduces the properties of the deuteron well, but also improves
localization and color screening, the effect of the long-rangeagreement witiNN scattering data as compared to previous
pion tail is missing in the QDCSM. Recently, the extendedwork [15].

QDCSM was develope(7], which incorporates this long- The Hamiltonian of the extended QDCSM, wave func-
range tail by addingr-exchange but with a short-range cut- tions and the necessary equations used in the current calcu-
off to avoid double counting because the short- andation are given below. The tensor interactions due to effec-
intermediate-range interactions have been accounted for kjve one gluon and the octet Goldstone boson exchanges are
the quark delocalization and color screening mechanisnncluded. The details of the resonating-group met{tlR@M)

[14]. The exchange df and » mesons has been shown to be have been presented in Ref$2,1q.

negligible in this model approact,9]. Nevertheless, their The Hamiltonian for the 3-quark system is the same as the
effect, especially the tensor part, has been included in thigrell known quark potential model, the Isgur model. For the
calculation to check further whether they are negligible insix-quark system, we assume

6 2
H6: E (mi + p_> TCM + E [Vconf(ru) +VG(r|]) +V (ru)]

i=1 2m| i<j=1

i Foomy 3mmy My
2 2 1
Vw(ri]) B(r - r0)4 4I’T717 r e—m i |:30'| g +Z(r|j)SJ:|TI 7,
ij

§=3""1 -0, )
ij

Z0=te Lo L
T3 myr (m,,r)z'
rﬁ if i,j occur in the same baryon orbit,
V r:)=-— A' A _ _/-Ll'iz'
conf i) = = chi - A, 1-e7 if i,j occur in different baryon orbits,
)72
0 ryj<ro,
o(rij —ro) =
(Fij =To) {1 otherwise,

whererg is the short-range cutoff for pion exchange between The quark wave function in a given nuclegaorbit) rela-

guarks,gsg is the 7 quark coupling constantn,. is the mea- tive to a reference centé¢defined byS) is taken to have a

sured 7 mass. TheK and » meson exchange interactions, Gaussian form characterized by a size parambter,

which have not been shown explicitly in the above equation

but have been included in this calculation, have a form very 1 \¥ ) )

similar to that for ther [4]. The color screening constant, H(r-9= (_bz) g (W=7, 2

is to be determined by fitting the deuteron mass in this 7

model. All other symbols have their usual meanings, and the The light quark massn,, is chosen to bé of the nucleon

confinement potentiaVc,(rjj) has been discussed in Refs. mass. The strange quark mass, baryon size parametes,

[7,12. effective quark-gluon coupling constait, and the strength
The pion exchange interactioW,(r;;), affects only theu  of confinementa,, are all determined by reproducing the

andd quarks. We take these to have a common mags, nucleon mass, th&a—-N mass difference, an overall fit to

=my=m,, i.e., ignoring isospin breaking effects. other ground state baryon masses and by requiring the
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TABLE |. Model parameters.

my, my(MeV) b(fm) a(MeV fm2) ag 93/ 4mr ro(fm) w(fm2)

313, 634 0.6022 25.03 1.5547 0.5926 0.8 0.90

nucleon mass to be variationally stable with respect to itgroup chain, which in turn allows the use of group theory

size parameterp. The quark-pion coupling constargg method to simplify the calculation of the matrix elements of

=Qqq~ IS Obtained from the nucleon-pion coupling constantthe six quark Hamiltoniaf17]. In our calculations, we typi-

by a slight(<10%) correction to the classic symmetry rela- cally use 15 Gaussian functions to expand the relative mo-

tion, viz., tion wave function over the range 0-9 fm. For near threshold
) s 2 channels, such as the deuteron &hparticle, more Gaussian

INNg _ (My/ )2<§> &emibzxz 3) functions are needed to extend the boundary to a larger ex-

A7 N 3/ 4w ’ tent to obtain more precise results as we have done previ-

. ., ously. But in this calculation we did not make that effort
where My is the nucleon mass and the last factor prowdesoecause it is not necessary for our purpose

the correction due to the extent of the quark wave function in ; ; ; .

the nucleon. Th& and» are assumed to have a flavor Y After including the wave function for the six-quark
symmetric quark-meson coupling constant and the Samg,nction used in the RGM can be written as
short-range cutoff;,, as ther's. The color screening param-

eter, u, has been determined by matching our calculation to n 8

the mass of the deuteron. All of the model parameters areWeq=A> 2 2 Ci,k,ka dOs IT vr(re S, 0

center-of-mass motion, the ansatz for the two-cluster wave

listed in Table I. i=1 k L,=0,2 a=1
The model masses of all octet and decuplet baryons are 6
listed in Table II. . . x]1 IL(r5,S, Ol s, (Bud 7,5, (B2 1YL (S)P
We use the RGM to carry out a dynamical calculation. B=4
The trial RGM di-baryon wave function is X[Xc(Bl)Xc(BZ)][(r]v (6)
W(6q) = Al s, (£) ¥, (£)]X(R), (4)  wherek is the channel index. For example, BtJ=-2,0,0,

we havek=1, 2, 3, corresponding to the channdld ,N=

. . > andX>. An angular momentum projection has been applied
the baryon internal wave function including color-flavor- ¢, iha relative motion and., is the orbital angular momen-

spin-orbital part[---]'S means coupling the individual color- tum of the relative motion wave function of chantel
isospin-spin into the channel isospin-spin and overall color  The delocalized orbital wave functiongi(r,S;, ) and

where A is the antisymmetrization operatayrBi(gi) i=1,2is

singlet. r,S are given b
To simplify the RGM calculation, one usually introduces WS e, g y
Gaussian functions with different reference cent&s 1 S S
. . . . . ( ) e —— |+ + —
=1...n, which play the role of generating coordinates in this YRlr, S €) = N(e) Ar-5 ) ted\r+5 )
formalism, to expand the relative motion wave functjdiR)
of the two quark clusters, 1 s s
rS,e)=——\olr+_-|+ r-—1» 7
U N(e)(¢( 2) E¢< 2)) "

3 3/4 202
wr=(2) S oemn-an

| N(€) = V1 + &+ 2ee 547,

In principle, any set of base wave functions can be used to
expand the relative motion wave function. The choice of awhere ¢(r—S;/2) and ¢(r+S;/2) are the single-particle
Gaussian with the same size paramdigas the single quark Gaussian quark wave functions referred to above in(By.
wave function given in Eq.2), however, allows us to rewrite with different reference cente/2 and 5;/2, respectively.
the resonating group wave function as a product of singl@'he delocalization parametes, is a variational parameter
quark wave functiong;see Eq(6) below]. This cluster wave determined by the dynamics of the quark system rather than
function (physical basiscan be expressed in terms of the being treated as an adjustable parameter. The initial RGM
symmetry basis, classified by the symmetry properties in &quation is

TABLE Il. Single baryon masses in units of MeV.

N by A = A po =4 Q

Theor. 939.0 1217.5 1116.9 1357.6 1232.0 1359.6 1499.7 1652.3
Expt. 939 1193 1116 1318 1232 1385 1533 1672
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TABLE lIl. Tensor interaction effect on the masses of six-quark
systems. =
>
2
S1,J channel Mass Massu =%
>
0,0,1 NN 1880.295 1876.712880.250
-2,1,1 33 2418.686 2418.517
-3,1/2,1 AE 2477.491 2477.488 7
-4,0,1 EE 2718.190 2718.189
-5,1/2,1 =19} 3012.167 3012.140
f H(R,R")x(R")dR’ = EJ N(R,R")x(R")dR'.  (8)
With the above ansatz, the RGM E@) is converted into an L S S
algebraic eigenvalue equation, R(fm)
HK Lekli = koL . L .
> Cike Hij E> CikL N |1 5'—&-'-k' 9 FIG. 1. The effectivéS-D wave transition interactions of gluon
JkLy JkoLk and 7 tensor force in the deuteron channel.

where N Hkbe Hi Lkl are the wave function overlaps
Ll is unbound, we will not obtain a stable minimum eigenen-
and Hamlltoman matrix elements, respectively, obtained for
ergy in the course of extending the boundary point. There-
the wave functions of Eq6).
. : : S . _fore the “mass” listed in Table IIl for these unbound states is
The partial width of a high spin dibaryon state decaying . )
. . : : ,.-not a true mass of a dibaryon state. However the contribu-
into a D-wave BB final state is calculated using Fermi's . . ) : )
S S . tions of tensor interaction are still a meaningful measure. The
golden rule, in its nonrelativistic approximation, of course.
masses listed under the Masand Masg; are the calculated
Final state interactions have also been taken into account Irrr]wasses of those channels without and with tensor interaction.
our model approachl?]. The decay width formula used in

NQ— AE is a little diferent from that given if12] due to The first line of Table Il is the deuteron channel. If the
— . tensor interaction is neglected the deuteron is unbound. Even

the fact that the decay products,and =, are different par- . o

. L if the tensor effect of gluon exchange is included, the deu-

ticles with different masses,

teron is still unbound(The calculated mass is shown in pa-

_ 1 1 renthese$.The tensor interaction due t@ exchange is criti-
F(NQ — AE) = 941 > 12 cal to form the actual stable deuteron and themeson
MM contribution is negligible. Figure 1 shows the effective tran-

(2
V(m} +p?) (e +p?)
VMR +p +\mz+p

sition interactions of th&lN SD coupling due to gluon and
f|Mﬂ|2dQ « exchanges. The; contribution has not been shown be-
cause it is negligible. Obviously, the contribution is domi-
(10 nant. The boundary point is limited to 9 fm and coupling to
AA channels has not been taken into account in this calcula-
\,"(mi - mZE)2 + mﬁm(mﬁﬂ - Zmi - 2m25) tion; hence, the deuteron mass is a little higher than the best
. fit one which we reported previously. This weakness will not

p:

2Myo affect our conclusion regarding the tensor interaction effect
mentioned above. The tensor contribution to the deuteron
Il RESULTS binding energy in our model is much smaller than the usual

meson exchange model. This is due to the truncafimgn

Previously, we chose the €l-as an example to study =0.8 fm) which eliminates the short and intermediate range
whether or not our model results were sensitive to ther interaction and this part has been counted by quark delo-
meson-exchange cut-off parametgy,and the result demon- calization and color screening in our model. Themeson
strated that they are n¢®]. Hence, we consider it is suffi- mass used in this calculation is 547.3 MeV, so at 0.8 fm only
cient to calculate six-quark systems of different quantumvery weak tail of then exchange interaction remains and this
numbers with a representative cutoff value rgE0.8 fm.  makes thep meson contribution negligible.
Table 1l displays the massgsn MeV) calculated for the The 23 channel mass listed in the second line is lower
dibaryon states of interest here. The deuteron channel resuhian its own theoretical threshold 2435 MeV but higher than
calculated previously is included in this table for compari-the N=,AY thresholds. A threeSwave channel coupling
son. It should be noted that in our calculation we assume thealculation has been done. The lowest mass is 2300 MeV
wave function to be zero at the boundary point, which is thewhich is still higher than theNZ threshold and so cannot
usual boundary condition for bound states, i.e., we alway$orm a narrow dibaryon resonance. The mass reduction due
solve the RGM Eq(9) as an eigenvalue problem. If the state to the tensor interaction is very small as can be seen from
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V,_(MeV)
Vv _(MeV)

R(fm)
R(fm)
FIG. 2. The effectives-D wave transition interactions of gluon
and 7, K tensor force in théJP=11">3 channel. FIG. 4. A comparison of effectiv&D wave transition interac-
tions of 7 tensor force iNNN, >3, 2= channels.

Table Ill. Figure 2 shows th&D effective transition inter-
actions in thex>, channel due tar,K and gluon exchange,
respectively. Ther contribution is reduced by about a factor
of 4. The gluon contribution is also very much reduced. In
addition, it is repulsive and cancels thecontribution. TheK
contribution is also repulsive and negligible. Theontribu-
tion is even smaller. Th& mass used in this calculation is

495.7 MeV, at 0.8 fm thd& exchange interaction is also ver . : ; . .
weak already as the ones. ¢ y but a little bit enhanced in comparison with thatdix, chan-

The A= == and=0 states are near threshold. The ten_neI. TheK contribution is further verified to be negligible

sor interactions in these channels are much less e1‘fectiv%mlj:_77 negléllglple aIsoa. . f 18D effecti
than that in the deuteron channel and not strong enough to lgure 4 gives a Irect comparison of t effective
bind these baryons into dibaryon resonances. The mass (gansition interactions due to the tensor forcemoéxchange

ductions due to the tensor interactions in these channels al@ I\_'N’EE and == cha_nnels. Fi_g_ure_5 gives_ a direct com-
negligible as shown in Table Ill. Figure 3 shows tg  Parison of theS-D effective transition interactions due to the

effective transition interactions in th&= channel due to tensor force of gluon gxchangeNN,EE,Az,:: and=€
,K and gluon, respectively. The contribution is reduced channels. They contribution has been calculated for all of

to be about 1/25 of the deuteron channel. This is a result 0t1he3e Cham?ls and all are negligible so they have not been
shown explicitly.

SU(6) spin-flavor symmetry. In the SB8) meson exchange
model, theg, ===1/59,yn. IN our model an S(6) quark
model wave function has been used to describe the baryon
ground state, and we have obtained this ratio 1/25 directly
through the calculation of the matrix elementsogf o7 - 7

in NN and EE channels. The gluon contribution is very
much reduced in comparison with that in deuteron channel

10

v _(MeV)
Vv, (MeV)

R(fm) R(fm)

FIG. 3. The effectiveS-D wave transition interactions of gluon FIG. 5. A comparison of effectiv&D wave transition interac-

and 7, K tensor force in théJP=01"Z= channel. tions of gluon tensor force iNN,23,AE,ZE,EQ channels.
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TABLE IV. Decay width.I,S,J are isospin, spin, and total an- additional attraction induced by these tensor interactions.
gular momentum, respectively. The SD wave effective transition interactions due #oand
gluon tensor forces both decrease rapidly with increasing
NQ(1J=1/2,2—AE D-waveS=0,1=1/2,J=2) I'=120keV  strangeness. In thES and ZE channels the effective tran-
NQ(1J=1/2,2—AE D-wavegS=1,=1/2,J=2) I'=21.9 keV sition interactions due to the gluon tensor term become re-

d'(13=0,39 NN  D-waveS=1,1=0,J=3) TI'=6.57 Mey Pulsive and cancel the attractive contribution. The tensor
contribution of explicitK and » meson is confirmed to be
negligible due to a 0.8 fm short range truncation which
As was mentioned in the introduction, the strangenes§/IMinates the main part of these heavier meson exchange
interactions, in our model approach these interactions have

—31JP= + ' i
313P=(1/2)2 NQ has alsq been .pre'd|cted to be tlghtly been counted by quark delocalization and color screening
bound[4,10,1] if the tensor interaction is neglected. Taking [4.9.

into account the tensor force, this state can coupl@-teave ; - + ;
AE andXE channels. SincAE is the lowest ch:fnnel in all The mass shift of théJ?=(1/22'Nq) state induced by
— = - ) the tensor interaction is smatot more than 1 MeYand the
channel§ with strangeneSs -3, he_re we only take into ac- p_yave partial decay widths td = with spin-0 and spin-1
count this channel. For the possité)(1J=1/2,2 bound g, only 12.0 and 21.9 keV, respectively. Hence, L
state we consider the two loweatE D-wave decay chan- =(1/2)2*NQ) state appears to be a good candidate for a nar-
nels:1S=1/2,0 andiS=1/2,1,respectively; heré specifies  row dibaryon resonance. Altogether there are only two prom-
the channel spin. Such a tensor coupling has two effects: Origing narrow dibaryon resonances in the light flavor world in
is to modify the mass of thBl() state; the other is to induce our model approach: ThelJ’=03'd" and the 1JP
a transition from theNQ) to the D-wave AE final state and =(1/2)2*NQ).
change the bounhl() to a resonance with finite width. Both TheH particle and di€) are marginally strong interaction
of these effects have been calculated. stable in our model. However the theoretical binding ener-
The results show that, the massNf2(1J=1/2,2 in the  gies of both are smallonly few MeV [4,9]). Table Il shows
single channel approximation is about 2566 MeV. Takingthat the calculated ground octet and decuplet baryon masses
into account otherSwave channels coupling, such as deviate from the measured ones about 18 MeV on average. A
23,23, B EA andE'Y", reduces the mass of the sys- reasonable estimate of the model uncertainty for the
tem to 2549 MeV, while adding tha = D-wave channel dibaryon mass would be at least that large. Therefore, in our
coupling only changes the value of mass sliglithpt more  model, it is unjustified to assert that theparticle and di€)
than 1 Me\j. might be strong interaction stable dibaryon candidates. This
The widths ofNQ decays to the\E D-wave with differ-  estimation is consistent with the latest Ali-hypernuclear
ent spins are listed in Table IV. For comparison, the width offindings [19]. There are various broad resonances with
thed" decay toNN D-wave is also listed. widths  ~150—250 MeV  around the d° mass
From Table IV we see that the width df decay to the (~2180 Me\) in our model which makes the analysis of the
NN D-wave is 6.57 MeV. Comparison with our previous re- NN scattering more difficult in the energy region 2.1
sults[18] confirms that the width is not sensitive to the value — 2.4 MeV where a broad bump has been found in pipe
of cutoff ro. The width ofNQ) decays to\E D-wave is about and np total cross sections. We will report on those results
tens of keV, about three orders of magnitude smaller. Theater. The SIJ=-3,1/2,2N() state is quite convincingly
result is not changed significantly for decay channels withower in mass than thé&lQ threshold, and quite possibly
different spin. For example, theQ) — AE(spin=0 D-wave lower than theAZ = threshold, as well. We have shown the
decay width is calculated to be 12.0 keV, and tN€ decay width to be as small as tens of keV. Such a narrow
— AE(spin=1) D-wave decay width is 21.9 keV. These re- dibaryon resonance might be detected by reconstructing the
sults confirm our expectation that thd() is a narrow invariant mass of its two body decay producksand E, in
dibaryon resonance. The width B) — AE is smaller than high  production reactions using existing detectors of
that of thed"— NN decay mainly due to the lack af ex- RHIC at Brookhaven and COMPASS at CERN and the fu-
change in this channel and the reduction of heand »  ture ones at JHF in Japan and FAIR in Germany.
tensor interaction due to truncation, but also due to the fact This model, the extended QDCSM, which proposes a new
that theN andA have the same flavor content whie() and  mechanism to describe tiéN intermediate range attraction
A,E have differing flavor content in each baryon and ainstead of theos meson, well describes, with the fewest pa-

quark exchange is involved. rameters, the properties of the deuteron and the existing
NN,NA and N3 scattering data. Up to now, it is the only
IV. DISCUSSION AND CONCLUSION model which gives an explanation of the long-standing fact

that the nuclear and molecular forces are similar in character

The effects of the tensor interactions of gluon and Gold-despite the obvious length and energy scale differences and
stone boson exchanges on the dibaryon mass and decthat nuclei are well described as collection of A nucleons
width have been studied in the extended QDCSM. Only invather than 3A quarks. In view of the fact that tHeparticle
the deuteron channel is the tensor interactionr@xchange has not been observed experimentally, B interaction in
strong enough to bind the two nucleons into a loosely boundhe AA channel[19] predicted by this model may be a good
state. No other near threshold six-quark state studied so far ipproximation of the real world. Based on these facts we
the u,d,s three flavor world can be bound together by thesuppose the predictions about dibaryon states of this model

035201-6



INFLUENCE OF TENSOR INTERACTIONS ON MASSES. PHYSICAL REVIEW C 70, 035201(2004)

might also be approximately correct. Of course, the QDCSM ACKNOWLEDGMENTS

is only a model of QCD. The high spin, high strangeness

dibaryon resonanceJP=(1/2)2*NQ, may be a good venue This work is supported by NSFC Contract Nos. 90103018
to search for new hadronic matter and to test whether or nand 10375030, and by the U.S. Department of Energy under
the QDCSM mechanism for the intermediate range attractiol€ontract No.W-7405-ENG-36. F.W. would like to thank the

is realistic. ITP for their support through the visiting program.
[1] F. Wang, J. L. Ping, and T. Goldman, here might be two Theor. Phys.41, 67 (2004.
kinds of dibaryonedited by S. J. Seestrom, AIP Conf. Proc. [12] J. L. Ping, F. Wang, and T. Goldman, Nucl. Phys688, 871
No. 338(AIP, New York, 1995, p. 538. (2001).
[2] F. Wanget al, Phys. Rev. C51, 3411(1995. [13] F. Wang, G. H. Wu, L. J. Teng, and T. Goldman, Phys. Rev.
[3] R. L. Jaffe, Phys. Rev. Let38, 195(1977. R. L. Jaffe and F. Lett. 69, 2901(1992.

Wilczek, ibid. 91, 232003(2003. hep-ph/0307341. .
. [14] H. R. Pang, J. L. Ping, F. Wang, and T. Goldman, Phys. Rev. C
[4] H. R. Pang, J. L. Ping, F. Wang, T. Goldman, and E. G. Zhao, 65, 014003(2001.

Phys. Rev. C69, 065207(2004); nucl-th/0306043. ’ .
[5] T. Goldmanet al, Phys. Rev. C39, 1889(1989. [15] X. F. Lu, J. L. Ping, and F. Wang, Chin. Phys. LeR0, 42
[6] T. Goldmanet al, Mod. Phys. Lett. A13, 59 (1998. (2003. _
[7] J. L. Ping, H. R. Pang, F. Wang, and T. Goldman, Phys. Rev. d16] A. J. Buchmann, Y. Yamauchi, and A. Faessler, Nucl. Phys.
65, 044003(2002). A496, 621(1989.
[8] Q. B. Li et al, Nucl. Phys.A683, 487 (2001). [17] F. Wang, J. L. Ping, and T. Goldman, Phys. Rev5C 1648
[9] H. R. Pang, J. L. Ping, F. Wang, and T. Goldman, Commun.  (1995.
Theor. Phys38, 424(2002; Phys. Rev. C66, 025201(2002.  [18] J. L. Ping, F. Wang, and T. Goldman, Phys. Rew6Z 054007
[10] T. Goldmanet al, Phys. Rev. Lett59, 627(1987). (2000.
[11] H. R. Pang, J. L. Ping, F. Wang and E. G. Zhao, Commun.[19] H. Takahashkt al, Phys. Rev. Lett.87, 212502(2002.

035201-7



