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Abstract A relativistic density—dependent interaction has been used to study hypernucleus 

0．The density—dependent coupling constants of the relativistic effective Hartree．Lagrangian 

are obtained from the relativistic Brueckner．Bethe-Goldstone results of nuclear matter in the 

chira1． mode1．W ith these density-dependent coupling constants．the bound states and the 

single-particle energy spectra of the hypernuclei 0 and 0 are obtained．The theoretical 

results of O are in agreement with the experimental data fairly wel1． 

K eywords Hartree approach，Chiral- model，Hypernucleus．1 O，Density—dependent 

1 Introduction 

The studies of the hypernucleus struc— 

ture are very beneficial for investigating prop- 

erties of the baryon．．baryon interaction in nu．． 

clear medium and the nucleus structure since 

the hyperon in the hypernuclei is not con— 

strained by the Pauli exclusive principle．In the 

past two decades，a number of A(K一，7r一1[1 5】 

and f +，7r+)【0 8】experiments had been per． 
formed to investigate the hypernuclei and the 

experimental data had been accumulated to be 

capable of providing more accurate details for 

hypernuclei．In the pas t years，much theoreti- 

cal successes[9~ 5】had been ac hieved to analyze 

the spectroscopy of the hypernucleus．W ith the 

development of the experiments，nuclear theo- 

rists also try to find some new approaches to 

check the properties of hypernuclei． 

The relativistic Hartree approximation 

(RHA) is an effective method to investi- 

gate the properties of nuclei as well as 

hypernuclei[9～2 0。
． Nowadays．enthusiasm has 

been aroused to study the properties of nuclei 

by means of the relativistic density．dependent 

Hartree fRDDH1 approach[21】or the relativistic 

density—dependent Hartree—Fock rDDHF)[22t23】 

approac h． In the RDDH approach of Brock— 

mann and Toki’s work[21】the scalar and vec． 

tor single—particle potentials for nucleon map 

the two-body correlation contributions from the 

exchanges oi six non—stran ge m esons： 7r，77， 

P， ， ， ．【2 4。In this work，we make an at— 

tempt to avail the RDDH approach．where the 

density．dependent effect is incorporated with 

the two-body correlation contributions by solv— 

ing the relativistic Brueckner．．Bethe．．Goldstone 

(RBBG)equations in the chiral-a model[25]，to 

study properties of hypernuclei． 

2 RDDH approach 

The RDDH approach is interpreted in 

terms of the density·-dependent coupling con．． 

stants in the framework of the 腑 lecka model 

In addition，we ad d the tensor coupling of the 

vector meson to the Lagrangian．The effective 

Lagrangian  is written as follows 

~RDDH= a --gBBa(p)0"--gBBw( +舞 
+ ( 一m； )一 ( 一 ) + m 
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Here，gBB (P)and 9BB (P)are the density． 
dependent coupling constants for gNN (P)and 
gNNu( )，they are obtained from the incorpora- 
tion of the two—body correlation in the chiral-a 

model，while for 9YY (P)，9YY (P)，we discuss 
them below． 

It is known，the nucleon self-energy may 

be expressed by the single．particle potentials
， 

which are the attractive scalar potential Us and 

the repulsive vector potential Uv
．  

∑ = Us+ 70Uv 

They are expressed in terms of the density． 

dependent coupling constants g (P)and g寻(P) 
through： 

(P)=～ (P)= 
竹  " I 

where Ps and pv are scalar and vector densities，respectively
． Now，equations of motion·for 

baryons are straightforwardly reached[15] 

(iTuOu- -QBB．(P)Or--gBBw(P)Tuwv+2fB Bw ,~v # 
= 。 

By solving the equations of nucleons and the 

hyperon in hypernuclei，the properties of hy- 

pernuclei are obtained for the given parameters 

related to f1l·、hvo,、roll 

p／ 【n一。 

Fig．1 Density—dependent coupling constants 

deduced from the RBBG results，which are made 

to fit properties of the finite nuclei in the RDDH 

approach 

The density。dependent coupling constants 

gNN (P)and gNNu(P)as shown in Fig．1 are fit． 
ted to give the description of nuclear matter and 

used to investigate the properties of spherical 

nuclei by choosing the suitable cr．meson moss 

(m =570 MeV)．Owing to the uncertainty of 
the ItBBG calculation at very low densities．the 

extrapolation of the density．dependent coupling 

constants is suitably needed to the calculation 

for the finite nuclei．Since the scalar and vec． 

for potentials are obtained through the integra- 

tions from zero to the Fermi momentum 
． 

density．Therefore，the density．dependent cou． 

pling constants at very low densities are calcu． 

1ated by virtue of Eqs．(2，3)where the potentials 
are interpolated between zero and the certain 

truncated density．The calculated binding ener． 

gies．r．m．s．radii and single．particle spectra for 

the spherical nuclei with the density．dependent 

coupling constants are in agreement with the 

experimental data quite wel1．Here we tabulate 

the results of l6O in Table 1 as an example
． 

Table 1 Comparison between calculated and 

experimental data of the binding-energy per 

nucleon．r．m ．s．charge radius and single-particle 

energy spectra for O 

In the following，the determination of the 

ratios of the meson．hyperon couplings to the 
meson-nucleon couplings is briefly focused on

． 

For the ratio of vector meson’s．it can be de． 

termined by the symmetric structure of the 

flavor SU(3)t11,20]in the free space and the 
Pauli exclusive principle in the nuclear medium： 

gYYu／QNNu =8／9． However，large value of 
the ratio can not describe the properties of the 

ground state of hypernuclei well in cos e the ra- 

rio of the scalar meson’s 

the potentials are taken as zeros at the zero correlated 'r'r and K—K 

is determined by the 

exchan ge[测
． which is 

∞ —H一 畸1100 1I 厶Il00 
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0．490 for A and 0．405 for∑．[2 0]Theref0re
． the 

ratio of g人人 ／gNN is reduced，and it is taken 
aLs 0．504 for A and 0．405 for∑ in the present 

work．As for the tensor coupling，BB ，which 
is simply considered aLs a density．independent 

constant in our work。it is illustrated in two aLs． 

peers． For ，it contributes only a small 

part to the results an d hence is neglected in 

this work；while for，Y ，it plays the impor． 

tant role on the spin—orbit(SO)splittings of hy— 
pernuclei．Herel the ratios of{ ／gAA and 
E ／gAA are·0．616，1．132，respectively，same 

aLs in Ref．[201 

Table 2 Ratios of the meson couplings of 

hyperons to the meson couplings of nucleons，used 

in the RDDH approach 

IgYY口{gNN口is determined by the correlated and 

KK exchange． “|YY ／gYY is obtained from the 

su(3)symmetric structure 

3 Calcu
，

lations for o and o hy— 

DernucleUS 

3．1 o 

In the following，we are going to calcu— 

late 0O and O．The numerical results with 

parameters for l̂6O are listed in Table 3．It 
is shown that the density．dependent interac． 

tion plays larger roles on the reduce of the SO 

splittings and the shifts of single．-particle spec．- 

tra in the hypernucleus compared to the RHA 

result[12 14]
． Table 3 shows that tensor cou． 

pling of meson has large effect on the reduce 

of SO force．The single．particle levels for 0O， 

where the tensor coupling is included．are plot． 

ted out in Fig．2 along with the experimental 

data．[3，7，26】It indicates that the results with 

the density—dependent couplings agree very well 

with the experimental data． 

Table 3 The numerical results of the 

single．particle spectra for 0 in the RDDH 

approach 

Fig．2 Single—particle energy level for O．The 

empty diamonds are calculated in the RDDH 

approach where the tensor coupling is contaiaed 

The solid disks are the experimental data taken 

from Refs．[3，7，26] 

3．2 o 

As for the∑．hypernuclei．it is known that 

there are no experimental data yet． The nu． 

merical results depend on the parameters．As 

pointed out in Ref．【20】，the∑hypernuclei may 
not lead to the bound state if the ratio of the 

scalar meson—hyperon couplings to the scalar 

meson．nucleon ones is determined by the 7r7r 

and KK exchange while the ratio of the vec． 

tot couplings is kept to be the saffne as the A． 

hypernuclei．However．there are man y choices 

of parameters to lead to the ∑．hypernuclei 

bound state．(a)：As an attempt，we first take 
the ratios of the A row in Table 2 except for 

the tensor coupling ratio fwhich is 1．132 for∑． 

hypernuclei listed in Table 21 to simulate the 

properties for O．Table 4 tabulates the results 

for cases with and without tensor couplings． 

(b)：As a comparison，we then use the parame． 
ters listed in the row for∑．hypernuclei in Table 

2 to calculate O．The results are also listed 

in the 工Iable 4． It is found that the SO split． 

tings are larger than that for O if the O 

and other∑．hypernuclei exist． It is also seen 

that the positive tensor coupling enlarges the 

SO splittings，which is opposite to the situation 

for A．hypernuclei．So far ，the properties for the 

∑．hypernuclei need the experimental proof． 

As for the sensitivity of the results on the 

scalar meson mass，we do not intend to make 

further consideration in the present work since 

the scalar meson mass is suitably chosen in the 

>．-窆 】ll。＆lII_【 Lu 
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calculation for finite nuclei and correspondingly， 4 

the good description for finite nuclei is achieved． 

5 

Table 4 The single．particle spectra for O for 

different cases in the RDDH approach 6 

‘ⅡaIld b are illustrated a8 text above；the indications(1) 10 

叽d(2)represent the cases with and with0ut th“一sor 
。uphng’ pectively ～

1 3 

4 Sum m ary 

In this work，the density-dependent inter．；； 
action is successfully applied to investigate the 

properties of hypernucleus 0．We calculate 16 

out the single—particle spectra for 0 and 0 

in the RDDH approach based on the chiral-a 1 7 

mode1．The density-dependent interaction has 

large effect on the energy level and the SO split- 18 

tings．In addition，the tensor coupling for the
， 

meson in the RDDH description is included， 

which，as shown from the result，is important
口n  

for the hypernuclei．and different from the nu． 。 

clei．To sum up，the numerical results for 0 21 

agree quite well with the experimental data， 

while theoretical results for 0 need to be ex- 22 

amined by the experiments． 
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