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  This reports  our  recent  studies  on  changes  in properties of  heav.v･ hadrons centaining

a･t least a  charm  or  a  bottorn quark  in nuclear  matter,  and  the  results  for the  Ag  and  Ab
hypernuclei are  studied  quantitatiyely, Comparisons  are  made  i-'it･h the  results  for the  A
hypernuclei studied  previously in the  same  approach.  It is shown  that  although  t,he scalar

und  vector  potentials for the A, At, tmd  flb in the hypernuclei multiplet･  with  the same

bary, on  numbers  are  quite sirnilar,  the wave  fullct･ions obtained,  e,g,, for lsif2 st･ate, are  very

differeiit. The  Al  probability density distribution in ?iOt9Pb is much  more  pushed away  from

the center  than  that for the A  in 2A09Pb
 due to the doulomb fbrce. On  the  cont･rary,  the

/lb probability denslty distributiens in Ab hyperniiclei are  much  larger near  the origiri  t･han

those fbr the A  in the A  hypernuclei due to its heavy mass,  A  possibility of  B-  nuclear

bound  (atomic) states  is also  briefly discussed.

gl. Introduction

   Partial restoration  of  chiral  symmetry  in nuclear  medium  is now  one  of  the rnost

important and  interesting issues in nuclear  and  hadronic physics, There  is no  doubt

that it plays a  crucial  role  in understanding  numerous  phenomenon  involving many,

particles, such  as  relativistic  heavy ion collisions,  structure  and  properties of  neutron

stars,  and  those of  heavy nuclei,  and  so  on.  Coverage of  the  issue is too vast  to cite

complete  reforences.  This workshop  is also  one  of  the activities  to understand  and

study  the role  of  chiral  restoration  in nuclear  medium,

   Our focus is on  the consequences  of  partial restoration  of  chiral  symmetry  in

nuclear  medium,  on  the properties of  heavy hadrons contailling  at  least a  charm  or  a

bottom quark.  We  report  the results  on  the changes  in properties  of  heavy hadrons in

nuclear  matter,i)  and  results  for the Ai  and  Ab hypernuclei studied  quaiititatively.2)

In spite  of  the importance, there are  studied  for heavy  mesens  with  charm  only  a

Iimited number  (J/ut3)'4) and  D(IZii)5)) in nuclear  matter  using  the QCD  sum  rule,

However,  there  seem  to exist  no  studies  fbr heavy  baryons with  a  charm  or  a buttom

quark,  except  for the studies  rnade  recently.i)'2)  Furthermore, in considering  recerit

experimeiits  on  high energy  heavy  ion collisions,  to study  general properties of  heavy

hadrons  in nuclear  medium  is essential,  because elementary  hadronic reactions  occur

in high nuclear  density zone  of the collisions,  and  mally  hadruns produced  there are

under  the  infiuence of  a  surrounding  nuclear  medium.

   Although  the  baryons with  a  charm  or  a  bottom  qua,rk have  a typical mean  life of
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the order  10-i2 seconds  (magnitude is shorter  than hyperons), we  would  like to gain
an  understanding  of  the movement  of  such  a  hadron  in its nucleonic  environment,

The  light quark  in the  hadron  (and nucleons)  would  change  its property in nuclear

medium  in a  selficonsistent  manner,  and  will  thus affect  the overall  interaction with

nucleons.  With  this understariding  we  will  be in a  better pesition to learn about

the  hadron  properties with  the presence of  heavy  quarks, or  those for the hadrons
containing  heavy  quarks in nuclear  matter  (in finite nuclei).

    The approved  construction  of  the Japan  Hadron  Facility (JHF), with  a beam
energy  of  50 GeV, will  produce  charmed  hadrons profusely and  bottom hadrons in
lesser numbers  but still with  an  illtensity that  is comparablc  to the  present hyperon

production rates.  The  production  of  charmonium  (ec), mesons  with  charm,,  and

baryons with  charm  quarks will  be sufficiently  large to make  it pessible  to study

charmed  hypernuclei. In mid  70's, a  possibility of  such  charmed  hypcrnuclei was

predicted  theoretically.6),7) There were  also  studies  of  possible experimental  searches

at  the  ARES  facility,8) and  at the cT-factory.9)  It is clear  that the situation  for the
experiments  to search  for such  charmed  and  bottom hypernuclei is now  becoming
realistic  and  would  be realized  at  JHF.

   At JHF, in addition  to charmed  and  bottom  hyperons, ineson$  with  open  charm

(bottom) like DM(c-d) (B-(ab)) will  be produced, Such mesons  like K7(as) can

form mesic  atoms  with  finite nuclei.  The atemic  orbits  will be very  small  and  will

thus probe  the surface  of  light nuclei  and  will  be within  the  charge  radii  fer heavier

nuclei,  Thus, at  least fbr light nuclci  they  will  give a  precise informatioii about  the

charge  density,

   To perfbrm  theoretical studies,  at  present we  need  to resort  to a  model  which  can

describe the  properties  ef  finite nuclei  as well  as hadron properties in nuclear  medium

based  on  the  quark  degrees of  freedom. With its siinplicity  and  applicability,  we  use

quark-meson  coupling  (QMC) model,iO)  which  has been extended  and  successfu11y

applied  to mally  problems  in nuclear  physics,ii)-i7) hypernuclei,i8} and  properties  of

hadrons in nuclear  medium.i9)-2i)  In particular, recent  measurements  of polariza-
tion transfer performed at MAMI  and  Jlab22) support  the medium  modificatioll  of

the proton  electromagnetic  fbrm factors calculated  by the  QMC  model,  The  final
aiialysis23)  seems  to become more  in favor of QMC, although  still error  bars may
be too large to draw a  definite conclusion.  This gives us  some  confidence  in using

QMC, and  we  hope  it will  provide us  with  a  valuable  glimpse into the properties of
charmed  and  bottom hypernuclei.

g2. Charmed  and  bottom  hypernuclei

2,1. Mean-field equations'  of motion

   We  consider  static,  (approximately) $pherically  symmetric  charmed  and  bottom
hypernuclei (closed shell  plus ene  heavy  baryon configuration)  ignoring small  non-

spherical  effects  due  to the  embedded  heavy  baryon. "t'e adopt  Hartree, mean-field
approximation.  In this approximation,  the plVN  tensor coupling  gives a  spin-orbit

fbrce for a nucleon  bound in a static  spherical  nucleus,  although  in Hartree-Fock
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it can  give a  central  force which  contributes  to the bulk symmetry  energy.ii),i2)

Furthermore, it gives no  contribution  for nuclear  matter  since  the  meson  fields are

independent of  position  and  time, Thus, we  ignore the  pNN  tensor  coupling  as

usually  adopted  in the  Hartree treatment  of quantum  hadrodynamics (QHD).24)i25)
   Using the Born-Oppenheimer approximation,  mean-field  equations  of  motion  are

derived for a  charmed  (bottom) hypernucleus in which  the  quasi-particles moving

in single-particle  orbits  are  three-quark  clusters  with  the quantum  numbers  of  a

charmed  (bottom) baryon or  a  nucleon.  Then  a  relativistic  Lagrangian  density at
the  hadronic levelii)ii2) can  be constructed,  similar  to that obtained  in QHD,24),25)
which  produces the sarne  equatiolls  of  motion  when  expanded  to the same  order  in
velocity:

                        L8R,Y.=LQ..+Lg..,  (2-1)
where

LQMc

  =  J.(iD [i7 ･b-  MN  (a) - (g.w(D + g, 
[Ilit
 b(i) + g(1 + ,gNr)A(D)  7,]

      S[(va(i))2 +  mZa(n21  + ;[(vw(n)2 +  mgw(D2]

     +S[(vb(D)2  +  .2b(fi1>2] +  S(vA(fi))2,
and

thN(f)

(2･2)

 L8Mc  -  2iZ;c(fD [i7 - O -  rt4b(a) -  ( g.Cw(D +  g,OISb(n +  e(?cA(iD  )oro] thc(D,
      C=:At,.4b

                                                               (2･3)
where  thN(ff) (ipc(D) and  b(() are  respectively  the  nucleon  (charmed and  bottom

baryon) and  the p meson  (the time  component  in the third direction of  isospin)

fields, while  m.,  m.  and  mp  are  the masses  of  the a,  w  and  p meson  fields, g. and

gp are  the w-N  and  p-N  coupling  constants  which  are  related  to the corresponding

(n,d)-quark-Lv, gg, and  (u,d)-quark-p, gS, coupling  constants  as g. =  3gg and  gp =

gS.ii),i2) Hereafter, we  will  use  notations  fbr the quark  flavors, q i  u,d  and  ([2 iii

s,c,b.  Note that in usua]  QMC  (QMC-I) the meson  fields appearing  in Eqs. (2･2)
and  (2-3) represent  the quantum  numbers  and  Lorentz structure  as  those in QHD,25)
corresponding,  o  e  ipo, w  e  L6 and  b e  bo, and  they  are  neither  directly connected

to the  physical particles, nor  to the quark model  states.  Their masses  in nuclear

medium  do not  vary  in the present treatment. Fbr the  other  version  of  QMC  (QMC-
II), where  masses  of  the  ineson  fields are  also  sub.ject  to the  medium  modification

in a selfconsistent  manner,  see  Ref. 13). However, fbr a  propcr  parameter  set (set
B) the typical results  obtained  in QMC-II are  very  similar  to those  of  QMC-I, The
difft]rence is e"  16 %  for the largest case,  but typically AJ  10 %  or less. (For the
effbctive  masses  of  the  hyperons, it is less than  nu  8 %.) In all approximation  where

the o,  w  and  p fields couple  only  to the  u  and  d quarks,  the coupling  constants  in

the  charmed  (bottom) baryon are  obtained  as  g.C, =  (ng/3)gdi, and  gp( =  gp =  gZ,
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with  nq  being the total number  of  valence  ?z and  d (light) quarks in the baryon C,
l3U and  Qc are  the third component  of  the  baryon isospin operator  and  its electric
charge  in units  of  the  proton charge,  e, respectively.  The field dependent a-IV  and

a-C  coupling  strengths  predicted by the QMC  model,  g.(a)  and  g.C(a), related  to
the Lagrangian  densities, Eqs. (2･2) and  (2･3), at  the hadronic level are  defined by:

MK,(a)  Eii MN  
-ga(a)a(mp,

Mb(a)  i  AIb -  g.C(a)a(D,

(2･4)(2-5)

where  M}v (Attb) is the free nucleon  (charmed and  bottom baryon) mass  (masses),
Note that  the  dependence of  these  coupling  strengths  on  the  applied  scalar  field
must  be calculated  selfconsistently  within  the  quark model.ii),i2>,i8)  Hence, unlike

QHD,24)725),28)-30) even  though  g.C(a)/g.(a) may  be 2/3 or  1/3 depeiiding on  the

number  of  light quarks in the baryon in free space  (a =  O),') this will  not  necessarily

be the case  in nuclear  matter.  More  explicit  expressions  for g.C(a) and  g.(a) will  be

given later. From  the  Lagrangian  density, Eq. (2`1), a  set  of  equations  of  motion  for
the charm  or  bottom hypernuclear system  is obtained,

    [z7 
･
 O-  A4N (a) -  (g.w(D + g, [{l;

'

 b(f) +  g(1 +  7af)A(iD  ) 7o] VN (D =  o,(2-6)

    [i7 ･O-  Me  (a) -  ( g.Cw(D +  g, I3C b(O +  eQcA(D  )orolthc (D -  O, (2-7)

    (-v3 + mg)a(D  :-  
-
 [OMoX.(a)] p.(D - [OMoi(a)] pg(D

                 !g.CN(a)p,(D+g.CCc(a)pg(D,  (2･s)

    (-v?+mg)w(i1)-g.pB(i)+g.CpS(D, (2･g)

    (-V.2+m7)b(D= 
!li'
 p3(D+g,CJ8pS(O,  (2'10)

   (-V?)A(i) -=  en,  (D+eQcpS (D, (2･11)
where,  ps(D  (pg(D), pB(i") (pS(i)), p3(D  and  p,(f1) are  the nucleon  (charmed and

bottom  baryon) scalar,  baryon (charmed and  bottom  baryon), third component  of

isovector, and  proton  densities at  the  position r- in charmed  or  bottom hypernu-

cleus.ii);i2)ii8)  On  tlie right  hand  side  of  Eq. (2･8), -[OMo"':(a)] =  g.qv(a)  and

-[e)ltll;Sg)M 
.(a)]

 =  g.Ccc(a),  where  g. i  g.(a =  O) and  g.C 
-= g.C(a =  O), are  a  new,  and

characteristic  feature of the QMC  model  beyond  QHD.24),25),28)-30) The  effk]ctive

mass  for the charmed  or  bottom baryon C  is defuied by,

  
OA{;.Ca)

 
=

 
'n,gg

 L., dx- 
-V,(x-)vq(x-')

 i  -nqggSc(a)  =  -zlll.J [gaC(a)a] , (2 12)

  
'>

 Strictly, this is true only  when  the bag radii  of nucleon  and  baryon C are  exactly  the same
in the  prese.nt model.  See Eq, (2･16).
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with  the  MIT  bag model  quantities, and  the  in-medium  bag radius  satisfying  the

mass  stability  condition:10)"12),18)

M?1(a)=  2
        j'=g,Q

SC(a) =  [O,*

nJ  qr -  xc

     R5

/2 +  m}R5  (O,'

  4+-T

  3(R5)3B,

-  i)] ! [S2g (S2g -  1) +  mERtT/2]  ,

S2,' -- xZ+(Rbmti)2,  nQ  -

(2･13)

(2･14)

. mt  =  "?,, 
-gga(fb,

 (2･15)

      Ca(a) =  
SsCcYoi,

 g.C 
-=
 nqggSc(O)  =  

!i'iiqgasS,C,iOoi
 
-=
 
!ll'Lg.i'lr!N,

 (2 i6)

      dMeldRc  R.=Re  ==  0･ (2-17)

Quantities fbr the  nucleon  are  similarly, obtained  by replacing  the indices, C  -  N.

Here, the MIT  bag  model  quantities are  calculated  in a  local density approximation

using  the spin  and  spatial  part of the  wave  functions, Vf(x) =  NferiEfL/R:thf(x-)

(Nf: the  normalization  factor), where  the wave  functions, thf(x), satisfy  the Dirac

equations  for the Havor f quarks (and antiquarks)  in the  hadron  bag  centered  at  a

position r- of  the  nucleus,  approximating  the constant,  mean,  meson  fields within  the

bag (and neglecting  the Coulomb  force) ( x' -  ny g bag radiusi9),2i)):

[zor
[z7

･ O. -  (m, -  Ii29(O T  70

' Ox -  (7nq -  L'IS(O) ;  70(i/Z3(n)+

 Ii/7;i(D)] ( Z:.E:l ) -:  o,

(i{g(D - Sug(D)] ( 8':.E:D :=: oi

 [i'r ･ O. -  rn(?]  zbQC:;) (or xba(=)) =  O･

(2･18)

(2･19)

(2･20)

The (constant) mean-field  potentials within  the  bag centered  at the position r- of  the

nucleus,  are  defined by ICII(D i  gga(D,  LCI(D i  ggw(D  and  I/}Y(fi1> i  gZb(F), with  gg,

g£ and  gS the  corresponding  quark-meson  coupling  constants.  In Eqs. (2･13) 
-
 (2J17)

zc,  B, xq,Q,  and  rnq,Q  are  the parameters for the sum  of  the c.m.  and  gluon fluctua-

tion effects,  bag pressure, lowest eigenvalues  fbr the  quarks, q or  (2, respectively,  and

the corresponding  current  quark masses.  zN  and  B  (zc) are  fixed by fitting t･he nu-

cleon  (charmed or  bottom  baryon) mass  in free space.  The  current  quark masses  for

the quarks, we  use,  (m.,d,m,,m.,mb) :=  (5,250,1300,4200) MeV,  and  B  =  (170.0
MeV)4  is obtained  by choosing  the bag radius  for the  nucleon  in free space,  RAr =

 O.8

fui. Calculated bag radii  in free space,  and  thc  bag parameters  are  (RA,R,,lt,RA,)
=  (O,806,O.846,O.930) im, and  (zN, zA,2,g,x,1,)  =  (3.295,3.131,1.766, 

-O.643),
 re-

spectivcly,  The  parameters associated  with  the u, d and  s  quarks  are  the  same

as in the  previous studies.i2)'i8)  The  parameters at the hadron  level, which  are

already  fixed by the study  of  nuclear  matter  and  finite nuclei,i2)  are  as fo11ows:

rn.  =  783 MeV,  mp  =  770 MeV,  rTL. =:  418 DvleV, e2/4n7  =  1!137,036, g3/47r ==
 3.12,

g3/47r =  5.31 and  g;!47r ==  6.93. Concerning the  sign  of  TrLl in (hyper)nucleus in

Eq, (2･15), it reflects  nothing  but, the strength  of  the attractive  (negative)                                                               scalar
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potential, and  thus naive  interpretation of  the mass  fbr a  physical particle, which  is

positive, should  not  be applied.

    At  the  hadronic level, the entire  information on  the  quark  dynamics  is condensed
into the e.ffk]ctive coupling  CN,ci(a) of  Eq. (2･8). Furthermore, when  CN,c(a) =

1, which  corresponds  to a  structureless  nucleon  or  heavy baryon C, the  equations

of  motion  given by. Eqs.  (2-6) - (2-11) can  be identified with  those derived from
QHD,28)-30) except  for the terms  arising  from the tensor coupling  and  the  non-linear

scalar  field interaction introduced beyond naive  QHD,
2.2. MicZear matter  limit

    Here, we  consider  a  charmed  or  a bottom hadron in nuclear  matter.  In this lirnit
the  meson  fields become  constant,  and  we  denote the mean-value  of  the a  field as  a.

Furthermorc, under  this limit, we  can  also  generally consider  a  hadron, h, embedded
in the  nuclear  matter  in the  same  way  as that for the  charmed  (bottom) baryon,
(For example,  a  Lagrangian density fbr a  meson-nuclear  system  can  be also  writ･ten

in a  similar  way,  if LEiMc is replaced  by the  corresponding  meson  Lagrangian density

in Eq. (2･3).) The  self-consistency.  condition  for the  a  field, Ef, is given by,iO)-i2)

              
tr
 
=

 ,g,O,. 
cN
 (?i) (21), /dk-e (kF 

-

 
k)
 M

IL

,.,

f

?}<(

rilil k., 
(2 21)

where  g. =  (3g}JSN(O)). kF is the Fermi momentum,  and  CAr(5) is now  the  constant

value  of  CN  in the scalar  field, Note that M,'v(i), in Eq, (2･21), must  be calculated

selfconsistently  by the MIT  bag model,  through  Eqs. (2･12) - (2･17). [I]his selg

consisteiicy,  cquation  fbr a  is the same  as  that in QHD, except  that in the latter
model  one  has CN(s) =  1,24)'25) Using the mean  field value  thus  obtained,  tr, the
corresponding  quantity for the liadron h in nuclear  matter  can  be also  calculated

using  Eqs. (2-12) 
-
 (2･17), where  the eff1]ct of  a  single  hadron on  the  mean  field

value,  i, in nuclear  inatter  can  be neglected.

    In Figs. 1 and  2 we  show  the  calculated  ratios  of  cffective  masses  versus  those
of  the free. "Xith increasing density the ratios  decrease as  usually  expected,  but
decrcase in rnagnitude  is from larger to smaller  (except for =' ): ha{irons with  ollly

light quarks, with  one  strange  quark, with  one  charin  quark, and  with  one  bottom
quark, This is because their masses  in firee space  are  in the order  fi]om light to
heavy. Thus, the net  ratios  for the decrease in masses  (developing of  scalar  masses)

compared  to that of  the free masses  becomc's smaller,  This may  be regarded  as  a
measure  of  the  role  of light quarks in each  hadron  system  in nuclear  matter,  in a

sense  by how  rnuch  do they  lead to a  partial restoration  of  the  chiral  symrnetry.

   We  next  compare  the  scalar  potentials of  hadroiis in nuclear  matter.  The  scalar,

1/lh, aiid vector,  ix;fL, potentials  for the hadrons h, in nuclear  matter  are  given by,

       I/lfi=rnt',-7nh, (2J22)
       Vlft. =  (n, -n,-)IiZg +Jllilf7', (V.? .  1.42IC? forK]ii,D,D,B,IZii) (2･23)
where  Ig is the third component  of  isospin projection  of  the hadron  h, and  nq  (nq-)
is the  number  of  light quarks  (antiquarks) in the  hadron  h. Thus, the vector  po-
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Fig. 1. Effective mass  ratios  for mesons  in nu-

   clear  matter,  where,  po =  O.15 fm-3.

tential for a  heavy baryon containing  at

that of  the hyperon with  the  same

in studies  of  the  kaon system,  we  found
to increase the strength  of  the vector

K+,  i-e･, gk.  !i 1,42gg, to reproduce

action.i9)  This may  be related  to the

where  treatment  of  the  Goldstone
satisfactory.  We  assume  this, gg -

allow  an  upper  limit situation.

    o
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Fig. 2. Effective mass  rat･ios  for baryons.

      least a  charm  or  bottom quark, is equal  to

  light quark configuration  in QMC, Note that,

       that it was  phenoinenologically necessary

     coupling  to the  non-strange  quarks in the

     the  empirically  extracted  Kt-nucleus  inter-

    fact that kaon is a  pseudo-Goldstone  boson,

  bosons in a  naive  quark  model  is usually  un-

     1.42gg･, also  for the  D, IZ5,2i) B  and  B  to

Calculated scalar  potentials are  shown  in Fig. 3.
         From  the results  it is confirined  that

         the scalar  petential for the hadron  h,

      

     i ,i  
'

×

, il 
Xk,,

     I./ttt./.tLt].lu/-t"t .u.t.t. tttt/.. LL .t]././.1.ttt/./..t-Ll
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Fig. 3, Scalar potentials for various  hadrons.

form charmed  (bottom) hypernuclei, as

that the repulsive,  vector  potentials

   In addition,  B-  meson  will  also

because B'  meson  is a

the attractive  Coulomb  force. This

compared  to the  DO,2i> which  is ca

                                  the

                                are  the

with  the  same  light quark  configurations.)

                                 certainly

                   b and  feels a  strong  attractive  vector  potential
                               makesi

                               and  blind to

lilli, fo11ows a  simple  light quark number

scaling  rule:

    Ix21i .t [(n, +  n,')vrN]  /3, (2'24)
where  IxkV is the scalar  potential for

the nucleon.  It is interesting to notice

that, the baryons with  charm  and  bot-

tom  quarks (='. =  (qsc)), show  very

similar  features to those of  the  corre-

sponding  hyperons with  strange  quarks,
Then,  we  can  naively  expect  at  this

stage  that these heavy baryons will  also

 hyperons with  strangeness  do, (Recall
 same  for the  corresponding  hyperons

    form  meson-nuclear  bound  states,

                      in addition  to

t much  easier  to be bound  in a  nucleus

     the  Coulomb  force. This reminds
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us of  a  situation  for the  kaonic (K-(i-ts)) atoin.26)'27)  Such atoms  like B-(ab) atoins
will  have the  meson  much  closer  to the nucleus  and  will  thus probe  even  smaller

changes  in the  nuclear  density. This will  be a  cemplementary  infbrmation to the
D-((-'.ct) nuclear  bound  states,  which  would  provide  us  det･ails of  the vector  potelltial
in a  nucleus.2i)

                53. Results fbr A.+ and  Ab  hypernuclei

    Here, we  prcsent results  for the  A,+ and  At, hypernuclei, and  compare  therri with
those  for the fl hypernuclei studied  previouslyi8) in QMC.
    XVb briefly discuss the  spin-orbit  force iii Qpt'IC.ii) (See Refs. 11) arid 18) for
detail,) 

'Ib

 include the spin-orbit  potential approximat･el.v,  correctly,  e.g., for t,he A.+ ,,
we
 
add

 perturbatively  the correction,  
-2MJ,2tt(f,).

 (IS,;.g:;- w(F))  l-'･ ,g, to the single-

particle ellergies  obtained  with  the Dirac cquation.i8)  This may  correspond  to a

correct  spin-orbit  force which  is calculated  by thc underlyiiig  quark model:ii),i8)

          ik'lo".(fl>r' s-=-2Mf,/l,  (fD, (dd. [M.f,t, (fD +  ygecv(F)]) X-･ s-, (3･i)

since  the Dirac equation  at  the hadronic level in usual  QHD-type models  leads to:

          
L'g?g,(i;>r'

 s-=  
-,...,,/l.

 (n. (S:,J, [M,fit('f7) 
-
 gStw(D])  i-･ s-, (3･2)

which  has the opposite  sign  for the  vec-

                                  single-particle

                                 the correction

srriallcr  than  t･hat ft)r the  A  hypcrnuclei, and  fiirtlier siiiall

tor  potential, gStw(ny>, The correc-

tion to the spin-orbit  tbrce, which  ap-

pears naturally  in the  QMC  model,  may

also  be modeled  at  the  hadronic level

of  the Dirac equation  by adding  a  ten-
sor  interaction, motivated  by the quark
Inodel.31),,32)

    Here, we  should  make  a  comment,

that, as  was  discussed by Dover and

Ga133) in detail, one  bosoll exchange

model  with  underlying  (approximate)
SU(3) symmetry  in strong  interaction,
also  leads to the weaker  spin-orbit

forces fbr the (strange) hyperon-nucleon

(YN) than  that for the nuclecm-nucleon

(NN).
   However,  in practice, becausc of  its
heavy mass  (Ali!t), contribution  to t,he

potential, with  or  withe'ut  including

    
06252
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Fig, 4. Tetal  baryon  density distributioits in

   1i.iCa aiid  ;C'9Pb (j' =  A,A,1 ,Ab),  for IStf2

   stat,e  for t,he A,A:  and  Ab.

         energies  from the  spin-orbit

    
'
 term, t･urned out  to be eveii

           er  for the  Ab  hypernuclei.2)
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   First, we  show  in Fig, 4 the  total baryon density distributions in J4･iCa 
a,nd  j209Pb

(j' 
--

 A,A.',Ab), for lsif2 st･atc  in each  hypernucleus. Note that hecause of  the

selfLconsisteiicy,  the total baryon density distributions are  dependent  ori the state  of

the  embedded  particles. The  total baryon density distributions obtaincd  are  quite
similar  for the A, .4.+  and  Ab hypernuclei multiplet  with  the same  baryon numbers,

A, since  the  effect  of  A,A.+ i.m(1 Ab is ny 1/A.

   Iso  
,,
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Fig. 6. Potential strengths  fi)r lsTf･} stat,e  for

   the  A,At  and  Ab in .2i09Pb (j' 
--
 A, A2 , Ab).

   Next, in Figs. 5 and  6, we  show

t･he scalar  aiid  vector  potential strengths

{'or the A, A2 and  Ab for lsi!2 state  in

,4iiCa 
and  

J2.e9Pb
 (,i =  A. A.', Ab), and  the

corrcsponding  probability  density distri-

butions in Fig. 7, In Figs. 5 and  6,
`tPa,uli"

 stands  for the effective,  repul-

sive  potential representing  the  Pauli

blocking at  the  quark  level, plus the

Xc,blV-Ac,bN channel  coupling,  intro-

duced  at  the hadronic level phenoineno-
logically,i8) For the  A;, the Couiomb

potentials are  also  shown.  The  scalar

and  vector  potentials for these particles

in hy, pernuclei multiplct  with  t,he same

baryon nurnbers  are  quite similar,  Thus,

as  far as  the  total baryon  density distri-

butions and  the  scalar  and  vector  poten-
tials are  concerned,  A, Al and  Ab hyper-

nuclei  show  quite similar  features within  the  multiplet.

   However,  as  shown  in Fig. 7, the  wave  functions obtained  fbr lsv2  state  are  very
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Table  I. Single-particle energies  (in
   the hy, pernuclei are  taken  from

   det,ermined by, the  experiments.

 MeV)  for
Ref. 18).

 i7o, ;iCa
S'pin-{)1 bit

 and  1,/gCa (,i
splittings  for=

 A,At,Ab),
A  hypernuclei

 Result,s ft)r
are  not  well

},6o lio17O.4I.tiZ,O10Cat.iiCa11iit.Cal.ii,Ca11i9Cafi?t,Ca?･iiCra
(Exp.34)) (Exp.34))

lsl/2-12,Jr-14.1-l2.8-19.6-20.0-19,5-12.8-23.0-21.0-]4.3-24,4
lp3!2-2.Jr-Fj.1-7.3-16.5-12.0-12.3-9,2-20.9-lr3･9-10.6-22.2

lptp(lp3f2)-or.O-7,3-16.5(IP312)-12.3-9,1-20,9-13.8-10.6-22,2
ldtt,!2 -4.7-4.8-18,4-6.5-6.r)-19,Jr

2sl12 -3.5-3.4-17.4-5.4-5.3-18,8

ld3!2 -tl.6-4.8-18.4-6.4-6,4-19.",

lf7f2 --2.0-16,8

Table  II.Single-particle  energies  (inTL'IeV) for91'iZr ancl  Y08Pb O' =  A, f12  ,Ab)･

i,9Yb ?1iZrr/,)1zr?d,zr?10SPb?109Pb2CLOPb"tti?.:'L"pb
(Exp.3,"])) (Exp.3fi))

ls-If2-22,Jr-23,9-10,8-2tt).7-27.0-27,O-tj,2-27.4

lp:sp,-16.0-18,4-8.7-24.2-22.0-23,4-4,1-26,6
lpl/2(IP31･2)-18.4-8.7-24.2(lp,3/2)-23.4-4,O-26,6

ldsn -9,O-12.3-.5.8-22.4-17,O-19.1-2.4-25,4

2sl/2 - -10.8-3.9-21,6 ttt -17,6- -24,7

ld3/2(ld,,t2)-12.3-r),s-22,4(lds/2)-19.1-2.4-25.4

lf712 -2,O -5.9-2.4-20.4-12.0-14,4- -24.1

2p3/2 - -4.2- -19.rJ t- -12.4tt-23.2

1fsf2(lf7f2)-5.8-2,4-20.4(lf7f2)-14.3- -24.1

2pv2 -4.1L -19,5 - -12.4t--23.2

lggf? t- rm-18.1-7,O -9.3- -22.6

lg7/2 (19g!2)-9.2- -22.6

1h1,f･? -3.9- -21.0

2dr,f2 -7.0- -21.7

2d3f2 -7.0- -21.7

lh,gf2 -3.8 -21.0

3,s1!2 -6.1- -2L3

2f7f･2 -1.7- -20.1

3p3f2 -LO- -19..6

2fs!2 -L7 tt-20.1

3p-tf2 -LO- -19.6

1･i,1:3/2 - - -19.3

different. The At  probability  density, distribution in ?./1.9Pb is much  more  pushed
away  from the center  than  that fbr the A  in ?109Pb due to the  Coulomb force. On  the
contrary,  the Ab probability  density distrihutions in Ab hyperlluclei are  much  larger
near  the origin  than  thosc  fbr the A in the  corresponding  A  hypernuclei due  to its
heavy mass.

   Finally, we  show  the calculated  single-particle  energies  in Tables I and  II. Results
for the  A  hypernuclei are  from Ref. 18). Recall that since  the  mass  difference for A."
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and  X,, and  probably fbr Ab  and  .Yb, are  larger than  that fbr A and  .E],  we  expect  t,he

effect  of  the channel  coupling  for the  charmcd  and  bottom  hypernuclei to be smaller

than those  for the  strange  hypernuclei, although  the same  pararneters are  used.  In

addition,  we  searched  for the single-particle  states  up  to the same  highest state  as

that  of  the  core  neutrons  in each  hypernucleus, since  the deeper levels are  usually

easier  to observe  in experiment.

   First, it is clear  that the  A.+ single-particle  energy  levels are  higher than  the

corresponding  levels for the  A  and  Ab. rlihis

 is because of  the Coulomb force. This

feature becomes stronger  as  the proton number  increases.

   Second, the level spacing  for the  Ab single-particle  energies  is much  smaller  than

that for the A  and  At, This is due  to the  heavy mass  ef  Ab (or A･di;). In the Dirac

equatien  for the  Ab, the  mass  term dc)minates more  than the term  proportional to

Dirac's K,  which  classifics the  states,  or  single-particle  wave  functions, (See Refs. 12)
and  18) for detail.) 

rlihis

 small  level spacing  would  make  it very  difflcult to distiiiguish

the  st･ates in experiment,  or  to achieve  such  high resolution.  On  the  other  hand, this

may  imply also  many  iiew  phenomena.  It will  have a Iarge probability to trap  a

Ab among  one  of  those  inany  states,  especially  in heavy nucleus,  X･Vhat are  the

consequences?  ]X,Iay be the  Ab weak  decay happens inside a heavy nucleus  with  a

very  low probability? Does  it emit  many  photons when  the  Ab gradually makes

transitions from a  deeper state  to a  shallower  state?  AII these questions raise  a  flood

of  specu}ations.

   Fiiially, it should  be emphasized  that we  haxre used  the values  for the  coupling

constants  of  a  (or a-field  dependent strength),  w  and  p to A,Ai  and  Ab to be

determined automatically  based on  the underlying  quark model,  as for the nucleon

and  other  baryons. (Recall that  the  values  for the  vector  cv fields to any  bary, ons

can  be obtained  by the number  of  light quarks in a  baryon, but those  for the a

are  different as  shown  in Eqs. (2･12) - (2･17).) Phenemenology would  determine

ultimately  if the coupling  constants  (strengths) dcterrnined by the underlying  quark

model  actually  work  for At  and  Ab or  not,  Although implications of  the present

result-s  can  be speculated  a  great deal, we  would  like to emphasize  that, what  we

showed  is that the  A.+ and  Ab hypernuclei would  exist  in realistic  experimental

conditions.  Experiinents at  facilities like JHF  would  providc further inputs to gain

a  better understanding  of  the iiiteraction of A.+ and  Ab with  the  nuclear  matter.

Additional studies  are  needed  to investigate the semi-leptonic  weak  decay of  A.+ and

Ab. The  role  of Pauli blocking and  density. in influencing the  decay rates  as  compared

to those  for the  free hyperons would  be highly usefu1.  Will the  high density lead

to a  slower  decay, and  that a  higher probability, to survive  its passage  through the

material  ? At present  the study  of  the  presence  of  Ag  and  Ab in finite lluclei  is in its

infancy. Careful investigations, both theoretical and  experimental,  would  Iead to a

much  better understanding  of  the role  of  heavy  quarks  in finitc nuclei,  and  the role

of  partial restoration  of  chiral  symmetry  in nuclear  medium.
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