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1. Present status of SNP 

experiments at J-PARC 



Motivations of strangeness nuclear physics 

BB interactions 
Unified understanding of BB forces by u,d ->u, d, s 

              particularly short-range forces by quark pictures 

 Test lattice QCD calculations 

Properties and  
behavior of baryons  

in nuclei 

mL in a nucleus, 

Single particle levels  

of heavy L hypernuclei 

... 

Impurity effect 

in nuclear structure 
   Changes of size,    

        deformation, clustering,    

        Appearing new symmetry, 

… 

Clues to understand 

hadrons and nuclei  

from quarks 

Cold and dense  

nuclear matter  

with strangeness 

mL 



Present status of J-PARC Hadron Hall  

and nuclear/hadron physics 
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Present status of J-PARC Hadron Hall  

and nuclear/hadron physics 

 

 

Handron Hall 

Beam  

Dump 

K1.8 

K1.8BR 

K1.1 

K1.1BR 
  30~50 GeV  

  primary beam 

Production 
target (T1) 

Approved ( stage2 / stage1) / Proposed 

KL 

Running 

Construction started 

Running 
K-pp bound states 

K- atomic X rays 

L(1405) 

f nucleus 

h nucleus 

To be constructed 

g spectroscopy of L hyp. 

Weak decays of L hyp. 

f nucleus 

High Mom.  

Line 

Q+ search 

K-pp bound states 

n-rich L hypernuclei  

g spectroscopy of L hyp.  

X Hypernuclei 

LL hypernuclei 

X-atomic X rays 

Weak decays of L hyp. 

Pion double charge exchange 

Sp scattering 

H dibaryon search 

w nucleus 

Hadron mass in nuclei 

Nucleon quark structure 

Charmed baryons 

Finished / running / waiting 



◆ Pentaquark search by (p-,K-)         Q + not observed 
 

◆ n-rich hypernuclei by (p-,K+)    6
LH not observed 

 

◆ K-pp by 3He(K-,n)                 
 

◆ K-pp by d(p+,K+)           “K-pp like” structure seen  
 

◆ g spectroscopy of L hypernuclei           4
LHe CSB confirmed 

 

◆ L(1405)  
 

 

E10 

E15 

E13 
ρ  

E27 

◆ Finished 
◆ Partly took data 
      /Runnning 
◆ Just started 
◆ Waiting 
 / Under preparation 

◆ LL hypernuclei / X atom X rays     
 

◆  X atom X rays  
 

◆ X hypernuclear spectroscopy 
 

◆ S±p scattering  
 

◆ (Unbound) H dibaryon                  
 

E05 

E03 

E42 

E07 

Status of Strangeness Nuclear Physics exp. at J-PARC 

E19 

◆ K- atom X rays with TES 
 

◆ K-d X rays 
 

◆ Weak decay (LNN ) 
 

◆ Weak decay (DI=1/2) 

E31 

E40 

E57 

E62 

E18 

E22 

S= -1 → -2 



2. L Hypernuclear 

 g-ray Spectroscopy    
 

 



Hotchi et al., PRC 64 (2001) 044302 

Previous (p+,K+) data and LN interaction 

Mass of hypernucleus  -BL (MeV) 

better resolution  

n-rich hypernuclei 

SKS at KEK-PS 

(e,e’K+) at JLab  

g spectroscopy and (p-,K+) at J-PARC  

  

UL = - 30 MeV  (< UN = -50 MeV) established 

p+ n -> L K+ 

Data as of 1996 

for further info. 
on LN int. 



Hypernuclear g-ray data (2012) 

   Hyperball:1998~ 

    Hyperball2: 2004~ 

6.050 
1- 

2- 3/2- 

M1 

PTEP (2015) 081D01 

  LN spin-dependent interaction strengths determined: 

    

 
 

    D = 0.33 (A>10),  0.42 (A<10),  SL = -0.01,  SN = -0.4, T =0.03 MeV 
 

• Almost all these p-shell levels are reproduced 

    by this parameter set. (D.J. Millener) 
 

• Feedback to BB interaction models.  Nijmegen ESC08 model  is   

    almost OK.  (But LN-SN force is not well studied yet.) 

   => go to s-shell and sd-shell 



LN spin-dependent interactions 

Millener’s approach 

g-ray data  => D = 0.33 (0.43 for A=7),   SL = -0.01,   SN = -0.4,   T= 0.03  [MeV] 

  Small spin-dependent forces have been established. 

 
 

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

p-shell: 5 radial integrals for sL pN  w.f. 

s 
D  =∫V (r) |u (r)|2 r2dr,   r = r   - r   sL  pN 

D SL SN T 
- 
V 
- 

 Feedback to  

   BB interaction  

   models thru 

  G-matrix calc. 

     (Millener) 

                      D             SL           SN          T       (MeV) 
 

  ND            -0.048    -0.131    -0.264     0.018 

  NF              0.072    -0.175    -0.266     0.033 

  NSC89       1.052    -0.173    -0.292     0.036 

  NSC97f      0.421    -0.149    -0.238     0.055 

  ESC04a     0.381    -0.108    -0.236     0.013 

  ESC08a     0.146    -0.074    -0.241     0.055 
 

( “Quark model”          0.0        -0.4 )                 

   Exp.           0.4        -0.01      -0.4         0.03 

Nijmegen  

   models 

Well known 
 from UL = - 30 MeV 

Quark model  

looks OK. 

All Nijmegen  

models fail. 

 LS force: 

 



(K-,p- ) 

Charge Symmetry Breaking puzzle in A=4 

Old emulsion data 

Old NaI data 

Should be 
measured  
with Ge  
-> E13 

4
LH 4

LHe Difficult  

by counter experiments 

Origin: Unkown. LN-SN coupling? 

But 4-body calc’s with L-S mixing 

using Nijmegen interactions failed 

      => Long standing puzzle 

? 

Experimental confirmation of CSB 

Is necessary 

1.09±0.02 

1.15±0.04 

0 3He + L 3H + L 

M. Juric et al. NPB 52 (1973) 1 

Bedjidian et al. 

PLB 62 (1976) 467 

PLB 83 (1979) 252 

no systematic error 

4He + p- 

Measured at Maniz 

A. Esser et al.,  

PRL 114 (2015) 12501   

2.12±0.01±0.09 



K
－

 

＊Z),(Z AA

L

-- pK

 Detect g-rays from hypernuclei 

 Tag production of hypernuclei 

K1.8 Beamline  

Spectrormeter 

E13 Setup  

at K1.8 

g+ LZA
p- 

Various 

PID counters 

(2.5 T) 

SksMinus: wide and large acceptance 

       1.2 ~ 2.0 GeV/c, 0 ~ 20 deg.,  > 80msr Pion 

spectrometer

“SksMinus” 

4
LHe : liq.He target (2.5 g/cm2) 

    pK = 1.5 GeV/c 
19

LF : HF -> CF4 target (20 g/cm2) 

          pK = 1.8 GeV/c 

Ge array 
“Hyperball-J” 



Ge cooled down to ~70K  

(c.f. 92K w/LN2) to reduce 

radiation damage 

Fast background 

suppressor made of PWO 

 

 

Eff. = 5.4% @1 MeV  

with 28 Ge(re=60%) 

Hyperball-J  

DE= 3.1(1) keV at 1.33 MeV Pulse-tube 

 refrigerator 



Ge ADC calibration / TDC cut 

(1) Calibration (off-spill period) 
       using Th-W source mounted near each Ge detector 
 

(2) Off-spill -> on-spill :  offset < 0.7 keV 
        using  511 keV peak position  

Eg [keV] 

But much smaller than 
accuracy of Doppler correction 
( ~20 keV (FWHM) ) 

208Tl (2614) 

208Tl SE (2103) 

228Ac (911) 

208Tl (583) 

Off-spill data (Ge ADC) 

Signal region 

Energy resolution (off- spill) :  4.5 ~ 5.5 keV (FWHM) @ 1~2 MeV 
                                                     (after summing all detectors) 

Eg
 [

ke
V

] 

Ge TDC 

Tight cut 
(50 ns gate) 

TFA time [ns] 

PWO TDC 

Not tuned 
veto gate 

PWO time [ns] 

Gain drift:  <0.5 keV @ 1.3 MeV 

TFA time [ns] 



    Missing mass (4
LHe) 

Black : with liq. He (physics run) 
Blue : empty target 
           ( w/o liq. He, w/target cell ) 

4
LHe(0+) dominant + 4LHe(1+)  

Peak width = resolution  ~5.4 MeV (FWHM) 

Mainly from 
K-  p- + p0 

3.5 ~ 12.0 deg. 

Run on 4/18~4/27, 2015 

K-  p- + p0 

Byproduct:  Spectrum for 4SHe (pK=1.5 GeV/c) 
was also successfully taken. Nakagawa et al., HYP2015 proceeding. 

T.O. Yamamoto et al., PRL 115 (2015) 222501 

4He(K-,p-) at 1.5 GeV/c 



 Mass-gated g spectrum 

simulation 

Present data 

K- 

p- 

4
LHe 

b 

Doppler shift correction 

95±13 counts  

1406±2±3 keV 



3H + L 3He + L 0 

Present data 

Bedjidian et al. 

PLB 83 (1979) 252 

Old data (1.15 MeV) was denied. 

Results 

 Existence of CSB confirmed only by g-ray data 

 Large spin dependence in CSB found by combining with emulsion data 

Bedjidian et al. 

PLB 83 (1979) 252 

Bedjidian et al. 

PLB 62 (1976) 467 

Combining with  
emulsion data, 

DBL(1+) :  0.03±0.05 MeV 

DBL(0+) :  0.35±0.05 MeV 

Theoretical studies 

will elucidate the 

origin of CSB and 

the L N -S N 

interaction. 





Press-released from Tohoku U., KEK, JAEA, J-PARC 



＊Exact calc. including S+S- mass difference as well as CSB in BB force   

    (Nijmegen SC97e) gives only DBL(0+) ~70 keV.                        

＊S mixing through LNN 3-body force is large for 0+ but very small for 1+ ,        

    suggesting LN-SN coupling causes DBL 

What is the origin of the large CSB effect? 

＊p-shell hypernuclear levels are very well reproduced by L-S coupling   

    from D2 interaction.     Millener (2005) 

D2: central only 
SC: tensor dominated 

＊Shell model calc. using D2 gives DBL(0+) ~200 keV.    

 

A. Gal, PLB 744 (2015) 352  

Akaishi et al.,  

PRL 84 (2000) 3539 

Nogga et al., PRL 88 (2002) 172501 

＊Ab-initio calc. using Bonn-Juelich EFT force (LO) reproduces  

     D(BL(0+)- DBL(1+)) ~0.3 MeV.  D. Gazda and A. Gal 

LN-SN coupling 

force 

-0.98 

= Large central force 



＊Exact calc. including S+S- mass difference as well as CSB in BB force   

    (Nijmegen SC97e) gives only DBL(0+) ~70 keV.                        

＊S mixing through LNN 3-body force is large for 0+ but very small for 1+ ,        

    suggesting LN-SN coupling causes DBL 

What is the origin of the large CSB effect? 

＊p-shell hypernuclear levels are very well reproduced by L-S coupling   

    from D2 interaction.     Millener (2005) 

D2: central only 
SC: tensor dominated 

＊Shell model calc. using D2 gives DBL(0+) ~200 keV.    

 

A. Gal, PLB 744 (2015) 352  

Akaishi et al.,  

PRL 84 (2000) 3539 

Nogga et al., PRL 88 (2002) 172501 

＊Ab-initio calc. using Bonn-Juelich EFT force (LO) reproduces  

     D(BL(0+)- DBL(1+)) ~0.3 MeV.  D. Gazda and A. Gal 

LN-SN coupling 

force 

-0.98 

= Large central force 

The observed CSB effect is sensitive to 

the LN-SN coupling force. 



keV contribution of each term   (keV) 
doublet spacing 

Calculated from G-matrix using LN-SN force in NSC97f 

D.J. Millener,  J.Phys.Conf.Ser.  

312 (2011) 022005  

 

  Reproduction of level energies 

D = 0.33 (0.43 for A=7),   SL = -0.015,   SN = -0.35,   T= 0.024  [MeV] 

Millener’s parameter set 



keV contribution of each term   (keV) 
doublet spacing 

Calculated from G-matrix using LN-SN force in NSC97f 

D.J. Millener,  J.Phys.Conf.Ser.  

312 (2011) 022005  

 

  Reproduction of level energies 

D = 0.33 (0.43 for A=7),   SL = -0.015,   SN = -0.35,   T= 0.024  [MeV] 

Millener’s parameter set 

 

Millener’s calc. for SL coupling effect makes almost 

perfect agreement. 

   He uses a simplified SL interaction (only central)    

  (Akaishi’s D2)    <-> NSC: tenor dominated 

               Why? 



 

2.  Results and analysis 

status of E13-1 

2.2   19
LF  



19
LF spectroscopy 

The first study of sd-shell hypernuclei 

E1 

 0.30 MeV 

 1.01 MeV 

 1.12 MeV 

 0.88 MeV 

      Calc. (Millener) 

LN spin-spin interaction in sd shell (1) 

 spin-flip B(M1) -> gL  (HF case) (2) 

Shrinkage and 

N-spin-orbit force 

(3) 

16O core 

n 

p 

L 
sd orbit 

Separated from  

(K,p) angular distribution 

LO 18 
2+ 

3+ 

0+ 

1+ LO + p 18 p 

16O core 

n L 
sd orbit 

Cross check  

of (1) 

(4) 



sL 

pL 
sdL 

    shell model calc. 

by Umeya and Motoba 

■ -B.E. of Lambda 

- BL  (GeV)  

Missing mass for 19
LF 

Thick CF4 target 

Preliminary 

Thin CF2 target 

S. Yang et al.  

HYP2015 Proceedings 

19F(K-,p-) at 1.8 GeV/c 

19
LF 



Mass-gated g-ray spectrum 

315 keV 

895 keV 

Gamma energy [keV] 

19F(197) 
Black: 19

LF  sL region             

Red: highly unbound region 

w/o Doppler shift correction 

 Most likely, the 315 keV peak is assigned as the g.s. 

doublet M1 transition, 19
LF(3/2+ ->1/2+)  

 If the 580 keV is confimed to be a peak, this level scheme  

      is reconstructed. The initial state may be able to be assigned. 

 Analysis going on for assignments, search for more g-rays and 

cross sections. 

Run on 6/6~6/26, 2015 

3/2+ 

 
1/2+ 

 

? 

580? 895 

580 keV? 

315 

S. Yang et al.  

HYP2015 Proceedings 



A-dependence of 

LN interaction strength  

 

sLsN 

sLpN 

sLdN 

r (sL-dN) > r (sL-pN) > r (sL-sN) 

 

=> Information on 

    wave functions and interaction range  

         => confirm short-range nature of LN int. 

0.315 MeV ? 



Next step: gL in a nucleus 

L-spin-flip M1 transition: B(M1) -> gL 

L’s magnetic moment in a nucleus may be changed 

in a nucleus.   L, free from Pauli effect, is a good probe. 

        L-S mixing (Dover-Gal), K exchange current (Oka) 

                             

 mq  decrease  -> mq  increase ？ 

in s-orbit 

L
core nucleus

Jc

Jc +1/2

Jc -1/2

M1

in s-orbit

 "hypernuclear

  fine structure"

g
L

hypernucleus

ψL↑ψc

ψL↓ψc

 gc 

mq : Constituent 

 quark mass 

eh 
2mqc 

mq= 

Doppler Shift Attenuation Method  ~100% 

 

 Direct measurement of gL is very difficult (t ~0.1-- 0.2 ns)  

 assuming “weak coupling” between a L and the core. 

          But “core polarization” effect  by a L ? 

                       It should be very small 

                       due to spin-dependent LN forces  

                       which are much smaller than NN case.  

    For the free gL value, B(M1) = 0.326 mN
2 from weak coupling, 

                                       B(M1) = 0.322 mN
2 from a cluster model calc. 

                                        Ab-initio calc. is awaited.  
                                                              

7
LLi 

 ~ +2--5 % for 4LHe          -7% for 7LLi  

Hopefully run at K1.1 beam line n 2017 



Next step: gL in a nucleus 

L-spin-flip M1 transition: B(M1) -> gL 

L’s magnetic moment in a nucleus may be changed 

in a nucleus.   L, free from Pauli effect, is a good probe. 

        L-S mixing (Dover-Gal), K exchange current (Oka) 

                             

 mq  decrease  -> mq  increase ？ 

in s-orbit 

L
core nucleus
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M1

in s-orbit

 "hypernuclear

  fine structure"

g
L

hypernucleus

ψL↑ψc

ψL↓ψc

 gc 

mq : Constituent 

 quark mass 

eh 
2mqc 

mq= 

Doppler Shift Attenuation Method  ~100% 

 

 Direct measurement of gL is very difficult (t ~0.1-- 0.2 ns)  

 assuming “weak coupling” between a L and the core. 

          But “core polarization” effect  by a L ? 

                       It should be very small 

                       due to spin-dependent LN forces  

                       which are much smaller than NN case.  

    For the free gL value, B(M1) = 0.326 mN
2 from weak coupling, 

                                       B(M1) = 0.322 mN
2 from a cluster model calc. 

                                        Ab-initio calc. is awaited.  
                                                              

7
LLi 

 ~ +2--5 % for 4LHe          -7% for 7LLi  

Hopefully run at K1.1 beam line n 2017 

Eg (keV)  

35 days at 50kW 

Stat. error  Dt = 6% 

     => D|gL-gc| ~ 3% 

Eg (keV) 

Simulation 



3. S-N systems 



      -> Strongly repulsive potential (U~ +30 MeV) 

          How repulsive are (I,S) = (3/2,1), (1/2,0) channels? 

What we know about S-N force 

PRL 87(2002) 072301 

28Si (p-,K+) at 1.2GeV 
 

V0 ~ -10 MeV 

W0 ~ -10 MeV 

 Strong repulsion comes from 

     Pauli effect between quarks? 

        Quark Cluster Model 
        Lattice QCD 

SN (I,S) = (3/2,1) 

 S’s never appear in n-stars? 

      
High statistics  

S+p/ S-p scattering experiment 

 J-PARC E40 

4
SHe bound state  

  suggests large spin-isospin dependence 

     (I,S) =  (3/2,0), (1/2,1) attractive 

                 (3/2,1), (1/2,0) repulsive  

      -- Consistent with meson exchange models 
 

S--28Si Nuclear potential (KEK E438) 



Slide by Koji Miwa 

Baryon Baryon interaction by Lattice QCD 

(27) 

(10*) 

(8s) 

(10) 

(8a) 

(1) 

Lattice QCD, 
T. Inoue et al. 
Prog. Theor. Phys. 124 (2010) 4 

Strong repulsive core 

Weakly repulsive or 
attractive Core 

S+p (S=1, T=3/2) S-p (S=0, T=1/2) 

X-p (T=0) 

6 independent forces in flavor SU(3) symmetry 

8〇8 = x 

color magnetic  

interaction 

quark Pauli effect 

Flavor singlet (H-Channel) 



Slide by Koji Miwa 

Baryon Baryon interaction by Lattice QCD 

(27) 

(10*) 

(8s) 

(10) 

(8a) 

(1) 

Lattice QCD, 
T. Inoue et al. 
Prog. Theor. Phys. 124 (2010) 4 

Strong repulsive core 

Weakly repulsive or 
attractive Core 

S+p (S=1, T=3/2) S-p (S=0, T=1/2) 

X-p (T=0) 

6 independent forces in flavor SU(3) symmetry 

8〇8 = x 

The same behavior was predicted  

by Oka-Yazaki’s Quark Cluster Model 

color magnetic  

interaction 

quark Pauli effect 

J-PARC E40 

Flavor singlet (H-Channel) 
J-PARC E42 
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Negligibly small 
Almost  

model-independent 

Slide by Koji Miwa 

E40 expected 
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Meson exchange only 
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E40 expected 
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4.   Double Strange  
Systems 



LL hypernuclei via  
emulsion+counter hybrid method (KEK E373) 

#8 

Nagara event 
Mikage event 

Demachi-yanagi event 
Hida event 

10 Be* 
(w/ theoretical 

  help) 

LL 

6  He  
(unique and  

accurate) 

LL 6  He LL 

11 Be LL 

DBLL= 2.27 ±1.23 MeV 

DBLL= 3.82 ±1.72 MeV 

DBLL= 

0.67±0.17 

 MeV 

cf. Ex = 3.0 

    DBLL=  
-1.52 ±0.15 
+ 3.0 

Nakazawa (Hyp-X conf.) 

PRL 87 (2001)  

212502 

=> LL interaction is found to 

be weakly attractive 



Measure tracks 

  by counters 

p- 

L→ Np,  LN→NN  

Fragmentation 

X production 

X absorption 

Weak decays 

p 

 Collect ~102 LL hypernuclear events from ~104 X-
stop 

 Confirm LL interaction strength 

 L-L correlation in nucleus from “LL” -> S-p decay 
 

  Measure X- -atomic X-rays with Ge detectors 
 Shift and width of X-rays -> X-nuclear potential 

 Stopped X- events identified from emulsion image  

                                                –> almost no background 

J-PARC E07 (Nakazawa, Imai, Tamura et al.)  
S=-2 Systems with Emulsion-Counter Hybrid Method 



LL hypernuclei (KEK E373) 

#8 

Nagara event 
Mikage event 

Demachi-yanagi event 
Hida event 

10 Be* 
 

(w/ theoretical 

  help) 

LL 

6  He  
  

(unique and  

accurate) 

LL 6  He 
LL 

11 Be LL 

DBLL= 2.27 ±1.23 MeV 

DBLL= 3.82 ±1.72 MeV 

DBLL= 

0.67±0.17 

 MeV 

    DBLL=  

-1.52 ±0.15 

+ 3.0(Ex) 

Slide by Nakazawa 

L 

n 

p 



LL hypernuclei (KEK E373) 

#8 

Nagara event 
Mikage event 

Demachi-yanagi event 
Hida event 

10 Be* 
 

(w/ theoretical 

  help) 

LL 

6  He  
  

(unique and  

accurate) 

LL 6  He 
LL 

11 Be LL 

DBLL= 2.27 ±1.23 MeV 

DBLL= 3.82 ±1.72 MeV 

DBLL= 

0.67±0.17 

 MeV 

    DBLL=  

-1.52 ±0.15 

+ 3.0(Ex) 

Slide by Nakazawa 

L 

n 

p 

Overall scanning method has been successfully developed. 
Reanalysis of E373 data – new events coming! 



“Kiso event”  
found by  

overall scanning  

method 

>> 

8Li 

p 

e- 

a 

a 

8Be 

p 

d 

: 

First evidence of a deeply bound X state 

K. Nakazawa et al. 
PTEP 2015, 033D02 

-- = 



Measure tracks 

  by counters 

J-PARC E07:  S=-2 Systems by emulsion 

p- 

L→ Np,  LN→NN  

Fragmentation 

X production 

X absorption 

Weak decays 

p 

 Collect ~102 LL hypernuclear events from ~104 X-
stop 

 LL interaction strength (nuclear dependence) 

 L-L correlation in nucleus from “LL” -> S-p decay 
  

  Measure X- -atomic X-rays with Ge detectors 

 Shift and width of X-rays -> X-nuclear potential 

 Stopped X- events identified from emulsion image –> no background 

Emulsion and all the counters are ready.  
Emulsion beam test experiment is running now. 
Switchover SKS -> KURAMA in November 2015 



Emulsion 
plate 

BGO counters 
for background 
suppression 

Clover Ge  
(used in Hyperball2) 
With 4 segments 

X-ray detector “Hyperball-X”  
(Tohoku U./JAEA) 

beam 

emulsion 

12C target 

SSD 

1
0

cm
 

ephoto = 2.3% @ 350 keV 

including absorption  

at emulsion and 12C (diamond) target 

designed by K. Hosomi 
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Expected Spectrum   (by Hosomi) 
• 10000Ξ stop events tagged in emulsion 
• X-ray yield 

– Ystop x EffX x EffGe = Br(316 keV) 18 counts, Ag(370 keV) 33 counts 

• background 
– ΞN->ΛΛ  Λ->nπ0:  580 events 
– Accidental: 150 events (Ge single rate: ~20kHz) 

• Ge resolution: 2keV FWHM 
– Statistical errors Br(316 keV): ±400 eV,   Ag(370 keV): ± 200 eV 

45 

simulation 

316 keV 

370 keV 
511 keV 
(from π0) 



-> Take a similar spectrum  

     for (K-,K+) reaction 

J-PARC E05 (Nagae et al.) 

X-hypernuclear spectroscopy by (K-,K+) 
K- p -> X- K+ 

First spectroscopic study of  

    S=-2 systems in (K-,K+) 

reaction 

First step to multi-strangeness  

   baryon systems 
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Properties of XN interaction 
Attractive or repulsive?  How large? 

   X appears in neutron stars? 

 Isospin dependence from different targets 

XN-LL coupling force from 

    Xp→LL conversion width 

     X /LL mixing states 

T. Nagae 

New spectrometer (S-2S) is under construction 



4. Future Plan: 
Extension of Hadron Hall 
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Present Hadron Hall 

• < 2.0 GeV/c 

• ~106 K-/spill 

Muon 

• 30 GeV proton 

• <31 GeV/c unseparated 

2ndary beams (mostly 

pions), ~107/spill 

• 16 deg extraction 

• ~2.1 GeV/c K0 

• < 1.1 GeV/c 

• ~105 K-/spill 

56 m 

• < 1.2 GeV/c 

• ~106 K-/spill 

30 GeV p 



Extended Hadron Hall (Plan) 

• < 2.0 GeV/c 

• ~106 K-/spill 

Muon • 30 GeV proton 

• <31 GeV/c unseparated 2ndary 

beams (mostly pions), ~107/spill 

• < 1.1 GeV/c 

• ~105 K-/spill 

• < 1.2 GeV/c 

• ~106 K-/spill 

• <10 GeV/c separated 

pion, kaon, pbar 

• ~107/spill K-, pbars 

• 5 deg extraction 

• ~5.2 GeV/c K0 

• Good n/K 

• < 2.0 GeV/c 

• 1.8x108 pion/spill 

• x10 better Dp/p 

105 m 



Extended  
Hadron Hall 

(Plan) Charm/ S=-3 
systems  

 
“Hypernuclear 
   Microscope”  

Abundant S=-1 systems 
   “Hyperon Factory”  

S=-2 systems 

2nd production target 

3rd 

production  

target 

Precise S=-1 systems 

Ohnishi 



K1.1 beam line 

Intense K beams for abundant production of S=-1 hyperons and kaons 

Hypernuclear g-ray spectroscopy 
Hypernuclear weak decays 

Modification of baryons in nuclei 

(magnetic moment, 
  Precise structure) 

mΛ 

Energy levels, g-transition rates, 
Weak decay rates 

Sp, Lp scattering 

Quark Pauli effect in S+p (S=1) channel 
      -> one of the origins of BB repulsive core 
Precise 2-body data essential to extract many-body effects in hypernuclei 
 

Establish B-B interactions 
S 

p 

High statistical data of ds/d 
and spin observables with wide p 

K- atomic X-rays,   K- and other mesons in nuclei, … 

Effect of partial restoration of chiral symmetry? 

LQCD 
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K1.1 beam line  

• π±, K ±, pbar  up to 1.2 GeV/c  
• K- intensity  ~106 /spill （K/π~1） 
• Will be moved from the existing hall 

• Large acceptance spectrometer: SKS  
• Ge detector array for hypernuclei: Hyperball-J 
• Hyperon scatterinf detector: CATCH 
• New detectors for weak decay particles and high-energy g 

p

K+

S

p

p

p/n

LH2 target

Fiber tracker

Calorimeter

PiID counter

Forward calorimeter

50 cm Make best use of the already 
developed methods and apparatus 

CATCH 

Hyperball-J 

SKS 

SKS 

K1.1 



High resolution (p,K+) hypernuclear spectroscopy 

High-Intensity High-Resolution line (HIHR)  

Solve the hyperon puzzle in neutron stars 

Precise BL data for a wide range of L hypernuclei  

       -> Density dependence of LN interaction (~LNN 3-body force） necessary 

            to solve the “hyperon puzzle”   

A few 100keV resolution is necessary 

 -> Momentum dispersion matching beam line and spectrometer  

        Very high intensity p beams can be utilized （～180Mpion/spill） 
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Yamamoto, Rijken 
Mpa: 3-body repulsion  
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Electrostatic 
Separator 

Prod. T High Res. 
Spectrometer 

Exp. Target 

Mass Slit 

Achromatic 
Focus 

High-Intensity High-Resolution line (HIHR) 

Intensity:  ~ 1.8x108 pion/pulse 

           (1.2 GeV/c, 50 m, 1.4msr*%, 

             100kW, 6s spill, Pt 60mm) 

Dp/p ~ 1/10000   (Dm~200 keV) 



 Selected in the 27 most important large projects 
     in Japan Science Council’s “Master Plan” 
 Preparing for budget request 
 Hope to start construction from 2018 
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 Call for LOI will be announced near future 
    Experimentalist:  Your LOIs are very welcome 
        Theorists: Please give us your ideas and supports  
 An international workshop will be held 
        on March 5-6 at J-PARC.  
                  => Please join us! 

Prospect 



 Strangeness NP studies BB forces, impurity effects, in-
medium baryon properties and behavior, and also 
provides clues for neutron star matter. 

 A large CSB was observed via 4LHe g-ray measurement. 
           19

LF g-rays were also observed. 
 SNP at J-PARC is entering the S=-2 world.  
      An emulsion experiment  for LL hyperuclei and X   
      atomic X-rays will run soon. 
      A pilot run for 12C(K-,K+) 12

XBe was just carried out. 
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 Hadron Hall extension plan is moving forward 

Summary 


