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1.  Introduction
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Z.H. Li and H.-J. Schulze, 
PRC78(2008) 028801

NN à NNN 
+ YN + YY

NN ＋ NNN

Maximum mass of neutron stars and 
hyperon mixing

1.44M Observed maximum mass

Only nucleon’s DOF makes
EOS too stiff and 

n-star mass too large

Hyperon mixing roughly 
explains the n-star mass



  

J-PARC Hadron Hall and 
planned nuclear/hadron physics experiments
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2.  Strangeness Nuclear 

Physics

-- S=-1 Hypernuclei –
(S=-2 by Nagae )
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π
π
π

σ
ρω

meson exchange 
picture (Yukawa)--OK

  

 
 LS force -> magic number
         -> relative amount 
              of elements

Origin of nuclear force
 from textbook by Tamagaki

 Repulsive core
 -> nuclear stability

 BB force with strangeness can be 

   very different from NN.

h/mπ c = 1.4 fm

Unified understanding of BB forces

→ Nuclear force based on quark picture

→ Necessary to understand strange

     matter in neutron stars

ô • Ð ¶ ( û ± ¿ & ¬̈

quark-gluon 
picture?

 Miraculous balance between strong 
   repulsive core and attractive pocket

 Short-range forces not understood well

 Quark/meson models can be 

    tested and improved using various

    BB channels.

 Lattice QCD results should be

    also tested for various BB.



  

2.1   γ -ray spectroscopy of Λ  
hypernuclei

(collaboration with Georgian scientists)



  

ordinary nucleus Λ Hypernucleus
(in excited states)

Λ Hypernucleus
(in the ground states)

K− meson beam

proton    neutron Λ  particle

   γ  rays 

π − meson

Gamma-ray measurement 
from hypernuclei 

 γ -ray spectroscopy
 Most precise method to study structure of nuclei (level schemes) 
    when Ge semiconductor detectors are used. 
 Thousands of ordinary nuclei have been studied in detail
 But extremely difficult for hypernuclei due to huge background  
    and too high counting rate to Ge detectors          
                                                          -> technical development needed



  

          Hyperball    (Tohoku/ Kyoto/ KEK, 1998)

  Large acceptance for small
    hypernuclear γ  yields
       Ge (r.e. 60%) x 14

           Ω ~ 15%, ε  ~ 2.5% at 1 MeV

 High-rate electronics 
   for huge background
  

 BGO counters for π0 and
   Compton suppression

 Resolution of hypernuclear
 spectroscopy: 
   1 MeV -> 2 keV  FWHM

 



  

Ge detector and BGO counters

Background suppression
by BGO counters

 BGO crystal

w/ BGO veto

w/o BGO veto

γ  spectrum in 12C(K-,π -)



  

           Hypernuclear γ -ray data
       Hyperball



  

ΛN force can be studied from hypernuclear γ  rays

 Low-lying levels of Λ  hypernuclei

Millener’s approach

γ -ray measurement
 ( ∆ E~2 keV) is the only method

Level spacings 
are determined by
strengths of ΛN 
spin-dependent 

interactions

∆ , S

Λ

, S

N

, T

 Two-body ΛN effective interaction Dalitz and Gal, Ann. Phys. 116 (1978) 167
Millener et al., Phys. Rev. C31 (1985) 499

∆

S

Λ

S

N

T

p-shell: 5 radial integrals for s

Λ 

p

Ν  

w.f.

can be determined from γ -ray data

σ

∆   =    V (r) |u

 

(r)|

2 

r

2

dr,   r = r   − r 

 s

Λ

 p

N

NN spin-dependent interactions 
(spin-isospin, tensor, LS) are believed
 to be described by meson exchange.
Is it true? How about ΛN case?



  

Present status and next step
  ΛN spin-dependent interaction strengths determined:

  spin-spin  s

Λ

s

Ν  

:  ∆  = 0.3~0.4 MeV

  spin-orbit  l

ΛΝ

s

Λ 

: S

Λ

 = - 0.01 MeV  

                   l

ΛΝ

s

Ν 

: S

N 

= - 0.4 MeV

   tensor     S

12      

: T = 0.03 MeV
 

 Almost all these hypernuclear levels are reproduced 
    by this parameter set. (D.J. Millener)J-PARC E13 (Tamura et al.) 

Gamma-ray spectroscopy of light hypernuclei

Parameter in meson exch. 
model fixed

Meson exch. models failed
Agreed with quark models

Meson exch. models OK

 Next:  ΛN-ΣN and ΛNN force, 

                Charge symmetry breaking (Λp =  Λn?), ..     

 10~100 times faster data collection possible using high intensity 
    K- beam at J-PARC

           



  

 How the magnetic moment of baryons changes 
 in a nucleus?
  …can be measured using Λ

Direct measurement of µ  : extremely difficult
   -> B(M1) gives gΛ  value

E13 (Tamura et al.): Gamma-ray spectroscopy of light hypernuclei

-- Baryon’s magnetic moment in a nucleus --

in s-orbit

 gc

m

q 

: Const.

 quark mass

e h

2m

q

c

µ q
=

µ Λ

Reduction of m

q

by chiral symm. restoration
  -> enhancement of µ ??

(K-,π -) reaction

Applied to 
“hypernuclear shrinkage” in 7ΛLi  from B(E2)  
       Tanida et al., PRL 86 (’01)1982                                           
 

Doppler Shift Attenuation Method :~100%  

 (accuracy ~5%)



  

Hyperball-J
New generation Ge array

Lower half



  

Development for Hyperball-J  

usable with high intensity beams
Collaboration with Georgian scientists

GeGe

CoolerCooler  Mechanically-cooled 
low temp. Ge detector

 PWO background 
suppression counter

-> Suppress effects from
    radiation damage

-> 
Faster signals 
for high counting 
rate



  

Hyperball-J frame

refrigerator
power

PWO+Ge 
detectors

(1 set)

control PC

VME

Chiller for Ge refrigerator

Hyperball-J test (1 set)Hyperball-J test (1 set)

PWO HV

PWO chillerDAQ PC Ge HV



  

3.2   n-rich Λ  hypernuclei
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How to extend S=-1 nuclear chart? 
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 First observation of neutron-rich hypernucleus

First data on n-rich hypernucleus

10B (π -, K+) 10ΛLi 

 Almost no 
background

Saha et al., PRL 94 (2005) 052502

11.1±1.9 nb/sr

(KEK E521, K6+SKS)

pπ ~1.2 GeV/c    Physics Interest

 Λ−Σ  coherent coupling 
   ->  ΛNN attraction

 important in neutron stars
 

 Cross section sensitive 
    to Σ- admixture 

 n-halo disappear by Λ ?     

Λ−Σ  coherent coupling

Akaishi et al., 
PRL 84 (2000) 3539



  

Next experiments at J-PARC 
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6Λ

H  “hyperheavy hydrogen”
9Λ

He

J-PARC E10J-PARC E10 (Sakaguchi) 

Λ
n

p

5H 6ΛH

deeply bound by additional 
binding (+1.4 MeV)
from ΛNN force (Akaishi)



  

4.  Hadron Physics
Restoration of chiral symmetry   

 

New forms of hadrons

Structure of hadrons
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Origin of mass

Effective mass in low T, low ρ  :
    mN= 0.9 GeV -> mu~ md~ 0.3 GeV 
  

spontaneous breaking 
 of chiral symmetry
by qq condensate in vacuum

Bare mass: mu~ 3 MeV, md~ 5 MeV

Is there any experimental evidence for this mechanism?

Restored qq  
condensate 
in vacuum

−

mπ = mσ  

Partial restoration of chiral symmetry

Partially 
restored

Spontaneously
      broken



  

e+e- invariant mass

e+ 

e- 

e+ 

e- 

φ  me
son

φ  me
son

consistent with 
theoretical 
predictions

Vector meson mass in nuclei
(partial restoration of chiral symmetry)

  30/50 GeV
 primary beam 

  GEM Tracker  

 EM calorimeter  

 Cherenkov

Nuclear Target  

5m

Statistics x100,  ρ  and β  dependence

E16 (Yokkaichi et al.)
Chiral symmetry by e+e- pairKEK E325

p + Cu → e+ e-  

X

φ   → e

+

e

−

 
  βγ  <1.
25

High momentum (primary) line necessary



  

J-PARC Hadron Hall and 
planned nuclear/hadron physics experiments

Handron Hall

Beam 
Dump

K1.8

K1.8BR

K1.1

K1.1BR  30~50 GeV 
  primary beam

Production
target (T1)

High Mom. 
Line

KL

Vector meson mass in nuclei
Nucleon quark structure

High momentum beam line 
should be constructed



  

 

 Deep Inelastic Scattering

→ complicated momentum 
distribution of valence and 
sea quarks

→ quark spins carry only  
~20% of the nucleon spin

cannot reproduce even the 1st excited states

-> New form of hadrons/ hadron spectroscopy

u(x)≠d(x)
why?

è ＋

How to approach
to understand hadrons

S = 1/2

constituent quarks

q
q

èS = 1/2

µ

g

bare quarks

sea quarks

µ

2<Su> + <Sd> 
<< 1/2

-> Quark/gluon structure 
of hadrons

 Limitation of Constituent Quark Model



  

also negative results

—Σ´ ) � 0 �

Pentaquark?

8su u

d

d qqqqqP

LEPS-SPring8 P RCNP 8
                via γ  beam

Only qqq and qqbar ?  ->  Clue to unified understanding 

hadrons

Tetraquarks

Belle etc.   Z(4430)

qq qq＋ ＋

X(3872),Y(4260), 
X(3940), Y(3940)  

If confirmed, study properties (spin-parity, size,..) → Test quark model / Lattice

Θ+

confirm by hadron reactions

E19E19 (Naruki et al.):   (Naruki et al.):  ΘΘ +  +  search in search in ππ – – ppKK– – X reactionX reaction

Confirm a hint (2.6σ ) at KEK-PS, K1.8 using SKS -> measure the width < 1 MeV

New forms of hadrons

γ

  

d   K

+ 

K

- 

p n 

Latest data of LEPS-SPring8

è} Nakano et al., PRC79 (2009) 025210 

γ  n -> K

-

 K

+

 n

12±2 nb

First exp.
(Oct, 2010~) 

…inevitably observed if existsP09 (Nakano et al.): K+ n → Θ+ → K+ 
n



  

Quark structure of nucleons

FNAL E866
meson cloud models

J-PARC 50GeV

FNAL Main Injector 120GeV

FNAL E866 800 GeV

 qbar distribution (0.25<x2<0.6)
 energy loss of quarks in nucleus
 nucleon spin structure
�       � w/ pol. p beam, pol. target

Trigger electronics

Scintillator 
Hodoscopes

FNAL E906 Dimuon Spectrometer  

       Shipped to J-PARC in 2013.

Drell-Yan process:  p + p -> J/Ψ -> µ +µ -
to study quark-gluon structure in large x



  

4.  Future Plans
  -- Extension of Hadron Hall



  

A Plan of 
Hadron Hall Extension

T2T2

K1.8

K1.1

K1.1BR

KL

High-Resolution 
Pion Line

High-Momentum Line

K1.1,
High p K-line (K2.5~K10),
Low p K-line (K0.8)
KL, µ -e, …

test

Completed/ under construction

S= -1 hypernuclei

     (K

− 

beam)

S= -1  (π  beam)
 Λ, Σ  
hypernuclear
 spectroscopy

S= -2 hypernuclei
 (K− beam)

T1

Hadron 
phys.  
(K− beam)K1.8BR

Not funded yet.
Hope to be constructed in a few years

Hope to be constructed in ~5 years

Hadron physics 
(primary beam)

~5 years to complete approved experiments

New type of beam lines required

RIKEN would like to propose 
“RIKEN J-PARC Center”



  

Very Tentative Plan for  RIKEN J-PARC 

Study of Origin 
of Mass 

K

+

K

-

Multi Quark
Search

Bound Φ meson 
Search

RIKENUniversity
Cooperation

  RIKEN would like to build up the plan toward the budget request for JFY2012

H. Enyo,
Director of Nishina Center, RIKEN



  

6. Collaboration 
between Georgia and Japan 

 Georgian and Japanese physicists have been 
collaborating for particle and nuclear physics         at 
KEK and J-PARC for ~10 years

 

 MoU between Georgia and Japan

             Ministry of education and science in Georgia 

             KEK / J-PARC in Japan 

       -> Financial support from the ministry of  

           Georgia for travels and apparatus   
 

 MoU between Georgian and Japanese 
universities/institutes for Hypernuclear experiments



  



  



  

 J-PARC is the world best research center for 

nuclear/particle physics using hadron beams.
 

 Many new experiments will start soon.
      Hypernuclei (S=-1)

          γ -spectroscopy Λ  hypernuclei
            n-rich Λ  hypernuclei
            

      Hadron physics 
           Mass of vector mesons in nucleus
           New forms of hadrons (pentaquark search)
           Quark structure of nucleons via Drell-Yan process

 Georgia and Japan have started a strong collaboration 

    under MoUs. Your participation is very welcome.

6. Summary
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