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Structure of  light hypernuclei and  YN,  YY  interaction
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1Introduction

One  of  the main  goals in hypernuclear physics is to understand  the  baryon-baryon  interaction

in a  unified  model  and  to shidy  the  st･ructure  of  multi-strangeness  systems.  [lrhe baryon-baryon

interaction is fundamental  and  import ant･ for the  st･udy  of  nuclear  physics. In order  to underst･and

the baryon-baryon  interact･ion, two-body  scattering  experiment  is t･he rnost  useful.  For this

purpose, rnany  NN  scattering  experiment･s  have  been  done  so  far and  total number  of  NN  data

are  about  4,OOO. However,  due  to the diMculty of  perfbrming two-body  hyperon(Y)-nucleon(IV)

and  hyperon(Y)-hyperon(Y) $cattering  experiments,  the  total number  of  YN  scatt,ering  da,ta

are  very  liTnited. Nn,mely, the  number  of  difierebtial cross  section  are  only  about･  40 and  there
is no  YY  scatt,ering  da.ta. Therefore, YIV  and  YY  potential modeLs  so  far proposed  have  large

arnbiguity.

   [I]herefore, as  a  substitute  for the  two-body  limited YAJ  ttlld  noll-exixtant  YY  sc;attering

data, the systematic  investigation  of  light hyperuclear st･ructure  is essential,

   Especially, it is inLeresting to  investigate the  structure  of  the multi-strangeness  system  when

one  or  more  As are  added  to a, nucleus.  It, is con.jeetured  that extreme  limit, which  includes

many  As in nuclear  matter  is the  core  of  a  neutron  star,  In this meaning,  the sector  of  S =  -2

nuclei,  double A  hypernuclei and  :' hyperniiclei is just the entrance  to the multi-strangeness

world.  However,  we  have hardly any  knowledge  of  the  YY  interaction because  there  exist  no

YY  scattering  data. Then,  in order  to understand  the  YY  interactiofi, it is crucial  t･o study  the

st･ructure  of  double A  hypernucloi and  :' hypernuclei.

2 Structure of  double  A  hypernuclei

Recently, the  epock-making  data has been reprote  by thc KEK-E373  experiment･.  Na,mely, t･he
double A hypernucleus, 

6AAHe
 was  observed  [11. This observation  was  called  NAaARA  event.

[I]he formation c)f 
6AAHe

 was  uniqlle]y  ident･ified by  the observat･ion  of  sequent･ial  weak  decays,
and  the precise experiinentakralue  of  the 2A binding (separation) ene･rgy,  BAA  =  7.25 -tO.19tg/l?

MeV,  was  o})taincd.  Following the  strategy  mcntioiicd  in Section ??, (1) we  employed  Nijmegan

model  D  AA  interiitction. (2)And we  performed  aAA  three-body  calculation.  (3)By comparing

between  t･he tl)eoretical result  with  the experimental  data of  the binding energy  of  R,NHe, it

was  suggested  to reduce  the  strength  of  
iS)

 term  of  the  AA  potential  by half, (4)Then, usig

the  iinproved potential,  it･ is interesting to predict spectra  ef  new  double A  hypernuclei. In
fact, at J-PARC, it is planned  to produce  many  double A hypernuclei by emulsion  expreiment

[2]. However,  it is diMcult to determine spin-parities  and  whether  the observed  state  is the

ground  state  or  an  excited  state.  Therefbre, it is necessary  to  compare  t･he data  with  theoretical

calcu]ation  for th(t ident,ification of  the state.  The  author's  role  is to cont,ribut,e  to theoretical

calculation  using  few-body caJculational  method.

   A  successfuI  example  tu detcrmine spin-parity  of  double A  hypernuclei is JDemachi-Yanagi'

cvent  for X9,xBe. There  is one  niere  event  found iri t･he E373 experinieiit  nained  tlie 'Deinachi-
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Yiinagi' event  l3, 4] The  most  probble  interpretat･ion of  this event  is the production  of  a  bound
state  of  XOABe ha;veing BX"AP =  12.33t:I:? MeV,  But experiment  could  not  determine whether

this state  was  observation  of  the  grouncl state  or  any  excited  state.  In order  to  determine this,
our  calculation  [51 ment･ioned  above  was  useful  as  fbllowing: We  studied  KOABe by employing  an

a  +  a  +  A  +  A  fbur-body model,  The calculated  value  of  B,tA(INOABe(2+)) is 12,28 MeV  that

agrees  with  the experimental  data. Therefbre, the  Demachi-Yhnagi  event  can  be interpreted

most  probably  as  the  observation  of  the 2+ excited  state  in kOABe.
   In this way,  we  succeeded  in interpreting the spin-parity  of  kOABe by comparing  the experi-
mental  data and  our  theoretical  calculation.

   In the KEK-E373  experiments,  they  have observed  the two  events  of  double A  hypernuclei,

named  as  Nagara, Demachi-Yanagi [1, 6]. Recently, since  the mass  of  E'' has been modified  by
O.4 MeV  in the PDB,  they have re-analyzed  them  to be BM  =  6.91 ± O.16 MeV  for RAHe and
to  be BAA  =L' 11.90 ±  O.13 MeV  for XOABe. Also, in the  KEK-E373  experiments,  they  observed

one  more  event,  Hida  event  [61. This  observation  is fbr kkBe or  k2ABe. The  observed  BAA  fbr

KIABe is 20.49 ± 1.15 MeV  and  BAA  for IN2ABe is 22.06 ± 1.15 MeV  [61. [I]he import,allt issnc is to

interpret the Hida event  as  a  ground  state  or  excited  state  in XkBe or  k2ABe. We  assume  Hida
event  as  kiABe and  calcu]ate  the  BAA  with  aanAA  five-body problem.  This five-body caleulation

is nurnerically  diMcult since  we  have  three kinds of  particles such  as  a,  A  and  neutron,  and  we

have  five different･ kinds ef  interactions such  as  AA, An, Aa, na  and  aa,  and  we  have Pauli

principle between  a  and  a,  and  between  ct and  neutron.  Recently, we  succeeded  in performing

this calculation.

   In the  present  a+a  +n+A+A  five-body model  for XkBe, it is absolutely  neccssary  that  all

sub-cluster  systems  composed  of  two  ds, a  neutron  and  t･wo A;s are  described reasonably  with

the  interactions  among  these  units.  In our  pTevious werk  [5], our  interactions, which  inclnde

the aa,  an,  aA,  An  and  AA  interactions, were  determined so  as  t,o reproduce  reasonably  well  the
fbllowing observed  quantities: (i) Energies of  the low-lying states  and  scattering  phase  shiftti  iii
the  a  +  n  and  a  +  a  syst･ems,  (ii) A-binding energies  BA  in RHe (=: a  +  A), RHe (== a  +  A +  n)

and  kBe (= cr +  a+  A), (iii) double-A binding energies  BM  in RAHe (= a  +A  +  A), the  Nagara
event.  Then,  as  mentioned  above,  the  Demachi-Ydnagi  event  for XOABe (= a  +  cr +  A  +  A) was
simultaneously  reproduced  with  no  additional  adjustable  parameter.

   In the  present work,  we  employ  the same  interactions of  Ref.[51 so  that those severe  con-

straints  are  also  su ¢ cessfully  met  in our  two-, three-  and  four-body subsystems.  But, as  fbr t･he

present  core  nucleus  
9Be

 (:= or +a+n),  which  does not  belong to the subsystems  studied  previ-
ously,  use  ef  the interactions that explain  well  the  property  of  the  aa  and  an  subsystems  do not

well  reproduce  the energies  of  the low-lying states  of  
9Be

 measured  from the  a  +  cx +  7L thresh-
old  (the samc  property  of  the  ca]culated  result  was  reported  in another  microscopic  a  +  cM +  n

cliJster-model  study  [71). Therefore, we  additionally  introduce a  phenomenologieal  aorn  three-
body fbrce with  a  Gaussian  shape,  vee-(rixJa!"D)2'(Raa-nlRo)2,  having ro  =  3,6 fm, Ro :=  2.o fm

and  vo  =  
-9,7MeV(+13,OMeV)

 for the negative-parit･y  (positive-parity) state;  we  thus repro-
duce wel!  the observed  energies  of  the 312f,5/2f,  112i and  lf2t  states  of  

9Be.
 The  calculated

vahie  of  BAA(XIABe) is 18,23 MeV  for the 312- ground  state,  while  fbr the excited  states  the
BAA  values  are  calculated  to be less than  15.5 MeV.  Therefore, the observed  Hida  event  can  be
interpreted to be the ground  state.  When  our  calculated  binding energy  is compamed  with  t･he

experimental  value  of  20.83 MeV  with  a  large uncertainty  of  a=1.27  MeV,  we  can  say  at  least
that  our  result  does not  contradict  the data within  2a. Motivated  by the  recent  observation  of

the Hida event  for a  new  double A  hypernucleus, we  }iave succeeded  in performing a  live-body
calculation  of  XiABe using  an  aanAA  cluster  model.  The calculated  AA  binding cnergy  dues not
contradict  the interpretation that the Hida event  is an  observation  of  the ground  state  of  ltiABe.



Soryushiron Kenkyu

NII-Electronic Library Service

SoryushironKenkyu

                           [7VR- Jf#eJlitrP･[lt[i  Lk,1 -B61-

References

[1] H. Takahashi et  aL  (2002), Observation of  fisAHe hypernucleus, Phys. Rev. Lett. 87, 212502.

[21 K. Imai, K. Nakazawa,  H. Tamura  et al. (2006), Systematic Study of  double st,rangness

  systems  at  J-PARC, J-PARC  propesal No,E07,

[3] K, Ahn  et  al.,  In IIadron and  Nuclei, edited  by II-Tong Chen  et al., AIP  Conf. Proc. 594

  (2001) 180.

[4] A. Ichikawa, Ph.D.  thesis, KyoLo  Universitym  2001.

[5] E. Hiyama,  M,  Kamimura,  T. Motoba,  T. Yamada  and  Y. Y}Lmamote,  Phys. Rev. C  66

  (2002) 024007.

[61 K.Nakazawa  and  H. [Ihkahashi (2010), Experiment･al study  of  double-A  hypernuclei wit,h

  Nuclear emulsion,  Prog, Theor. Phys. Suppl, No,185, p.335-343.

[7] K. Arai, P. Descouvemont, D. Baye, and  XV. N. Catford (2003), Resonanuc  struct･ure  of' 
9Bc

  and  
9B

 in a  microscopic  cluster  model,  Phys. Rev. C68, O14310,


