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Few-body L hypernuclei  
       Exact calculations possible 

-0.13 MeV 

A=3  3LH     BL =130 keV   =>  stringent test for LN interaction   
                    t  < 200  ps (by HIC): why so short??  
                  Weak decay branches not measured well 
      nnL bound ?     
      pnL(T=1) ? 
 
 

A=4   4LH/ 4LHe    
          0+/1+ LN spin-spin, LN-SN interaction   
          Charge symmetry breaking ?  
 

A=5    5LHe    
            Overbinding problem  

        => BL(A=3,4,5) explained well with LN-SN interaction   
 

     



(K-,p- ) 

Charge Symmetry Breaking puzzle in A=4 

Old emulsion data 

Old NaI data 

Measured  
with Ge  

at J-PARC 

4
LH 4

LHe Difficult  
by counter experiments 

Origin is unkown.  
LN-SN coupling? But 4-body calc’s with L-S mixing 
using Nijmegen interactions give DB < 100keV 
      => Long standing puzzle 

? 

Experimental confirmation  
of CSB also necessary 

1.09±0.02 
1.15±0.04 

0 3He + L 3H + L 

4He + p- 

Measured at Maniz 
A. Esser et al., PRL 114 (2015) 12501 

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

Bedjidian et al. 
PLB 62 (1976) 467 
PLB 83 (1979) 252 

no systematic error 

Ln ≠ Lp 
a large CSB exists ?  

0.95±0.04 



Emulsion 
data 

MAMI data 

Sys. Error:  ± 110 (calib.) ± 40 (stab.) keV/c  

A. Esser et al., 
PRL 114 (2015) 12501 

MAMI Result 

electroproduc2on	
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 Mass-gated g spectrum 

simulation 

Present data 

K- 

p- 

4
LHe 

b 

Doppler shift correction 

1+ cross section seems lower by 1/2-1/3 

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 



Summary 
� Light and heavier hypernuclear data provide information on 

YN, YY interactions in free space and in nuclear medium. 
� New data on CSB in A=4 hypernuclei: 
         BL of 4LH(0+) measured via pion decay spectroscopy 
                     ---- Consistent with old emulsion data 
        4LHe(1+->0+) g-ray measured to be 1.406 MeV  
                                                                  Ù1.09 MeV for 4LH 
                  -- A large CSB effect in LN interaction confirmed. 
                  --CSB has a spin dependence  
� X nuclear bound system (Kiso event) was observed for the 

first time -> X potential is attractive 
� To solve the hyperon puzzle, LNN 3-body force should be 

studied via precise BL measurements at JLab (+J-PARC). 



◆ n-rich L hypernuclei by (p-,K+) 
                 

◆ g spectroscopy of L hypernuclei 
       -> LN, LN-SN (LNN) int. 
 
 
◆ K-pp by 3He(K-,n)          ◆ K-pp by d(p+,K+) 
   

         -> KbarN int. in matter   => K condensation in n star? 
◆ S±p scattering  
      -> S-n (= S+p) (Quark Pauli effect) , S-p->LN int.  
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 => Fraction of L in n-rich matter 
E27 

=> S- exists in n-star? 

Under preparation 
(Partly) took data 

◆ LL hypernuclei 
        -> LL interaction , LL correlation? 
 

◆ X hypernuclear spectroscopy               ◆ X atomic X rays   
 

       -> XN interaction  
 

◆ H dibaryon search from H-> LL, Lpp-  
     -> Short-range BB force (Color magnetic int.) 
 
 

E05 E03, E07 

E42 

 => L fraction in Strange   
      Hadronic Matter 

=> X- exists in n-star? 

E07 

Status of Strangeness NP @J-PARC 

Property of high density nuclear systems 

SHM 

toward neutron star matter 

------- S=-2 -------- 

------- S=-1 -------- 



First observation of a X-nuclear bound state 
      
 

KEK E373 “Kiso event” 
K. Nakazawa et al. PTEP 2015, 033D02      

 

- = 

in g.s. in highest excited state 
>> E(3D) = 0.17 MeV 

(Ehime pot.)  UX ~ 20 MeV  =>  BX (2p state) = 1.1 MeV 

8Be*(2+)  

a 

a 



� Hyperons must appear at r = 2~3 r0 
� EOS’s with hyperons (or kaons) too soft  -> can support  M < 1.5 Msun  

M
 

NS radius (km) 

   
  N

S 
m

as
s 

Unknown repulsion at high r exists  
 

�Strong repulsion in three-body force 
including hyperons are necessary. 
(NNN, YNN, YYN, YYY)  

 
 

�Phase transition to quark matter ? 
    (quark star or hybrid star) 
 
But we have no data on BBB force  
at high r nuclear matter,  
except for indirect info. in HI collisions. 

We do not know BB interaction in high density nuclear matter! 

Quark matter 

Hyperons 

J.Stone et al.,  
Nucl. Phys. 

A792(2007)341 

Quark Meson Coupling model 
                          with hyperons 

PSR J0348-0432 (2013)  2.01±0.04 Msun 

“The heavy  neutron star puzzle” 

PSR J1614-2230 (2010)  1.97±0.04 Msun 

-> Rijken, Pagliara,.. 

Slide by Nakamura (e,e’K+) data at JLab 

Resolution ~0.5 MeV (FWHM) 
Absolute accurary ~0.1 keV 

Going to heavier hypernuclei 

40Ca/ 48Ca target runs 
conditionally approved 



One of the important and interesting subjects :
to study three- and four-baryon systems 

n
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4HeΛ 4HΛ 4H
ΛΛ

(1)Why is it important to study these three-and 
four-body systems?

(2) What kind of new understandings do we obtain by solving 
these systems as three- and four-body problems?

n n

Λ

3nΛ
C. Rappold et al., 
HypHI collaboration
Phys. Rev. C 88,
041001 (R) (2013)

A. Esser, PRL114, 
232501(2015)

Experiment	
  –	
  theory	
  	
  	
  

Emiko	
  Hiyama	
  



PΣ=2.21%

PΣ=1.12 %
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We have no possibility
to have a bound state
in nnΛ system.



Hypernuclear Hamiltonian

H =�M+T int +VNN +V3N +VYN

NN: chiral N3LO
Entem & Machleidt
Phys. Rev. C 68, 041001(R) (2003)

⇤NN = 500MeV

3N: chiral N2LO
Navrátil
Few-Body Syst. 41, 117 (2007)

⇤3N = 500MeV

YN: chiral LO
Polinder, Haidenbauer & Meißner
Nucl. Phys. A 779, 244 (2006)

⇤YN = 600MeV,700MeV

OR Jülich’04
Haidenbauer & Meißner
Phys. Rev. C 72, 044005 (2005)

meson-exchange

NN+3N yields quantitative description of p-shell nuclei

R. Wirth – 7/2015 – 5
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⇤
Li — Effect of Induced YNN
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Splittings too
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R. Wirth – 7/2015 – 16



13
⇤
C — Effect of Induced YNN
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Induced YNN
have slight
effect on
spectra

R. Wirth – 7/2015 – 17
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Interests of S=-2 multi-baryon systemInterests of S=-2 multi-baryon systemInterests of S=-2 multi-baryon systemInterests of S=-2 multi-baryon system

Kenji Sasaki (University of Tsukuba) for HAL QCD collaboration

Λ−Ν attraction

Λ−Λ weak attraction

m
H 

≥ 2m
Λ 

- 6.9MeV

K.Nakazawa and KEK-E176 & E373 Collaborators

Conclusions of the “NAGARA Event”
Double-Λ hypernucleus

Ξ hypernucleus

Ξ−Ν attraction

K.Nakazawa and KEK-E373 Collaborators

Conclusions of the “KISO Event”

H-dibaryon

Ξ

14N

Λ

10Be Λ

5He

The flavor singlet state with J=0 predicted by R.L. Jaffe. 
Strongly attractive color magnetic interaction.
No quark Pauli principle for flavor singlet state.



  

ΛΛ ΛΛ and and ΝΞΝΞ phase shifts phase shiftsΛΛ ΛΛ and and ΝΞΝΞ phase shifts phase shifts

mπ = 700 MeV : bound state

mπ = 570 MeV : resonance near ΛΛ threshold

mπ = 410 MeV : resonance near ΝΞ threshold..

mπ = 410 MeVmπ = 410 MeVmπ = 700 MeV mπ = 700 MeV mπ = 570 MeVmπ = 570 MeV

Preliminary!Nf = 2+1 full QCD with L = 2.9fm

mπ = 410 MeVmπ = 410 MeV

H-dibaryon is unlikely bound state

Kenji Sasaki (University of Tsukuba) for HAL QCD collaboration



SU(3) fNPLQCD Phys. Rev. D87 (2013) 3, 034506 

                        A. Parreño @ EMMI Workshop  CERN    July 20-22, 2015 

no e.m. interactions (π, J 2, Jz, s, A, I
2, Iz )



  

What does a 2MWhat does a 2M
sunsun

 star mean? star mean?

““Standard” neutron Standard” neutron 

stars, just nucleons and stars, just nucleons and 

electrons.electrons.

Microscopic calculation: nucleon nucleon Microscopic calculation: nucleon nucleon 

potential and three body forcespotential and three body forces

Baldo et al 2013Baldo et al 2013

RMF

Central baryon densities Central baryon densities 

of a of a 2M2M
sun sun 

star star 3-7 times 3-7 times 

nuclear saturation nuclear saturation 

density. Are there really density. Are there really 

just nucleons? Hyperons just nucleons? Hyperons 

& & ∆∆  ? ?  Baldo et al 2014Baldo et al 2014

Pagliara	
  talk	
  	
  



  

Maximum mass and Maximum mass and 

radii: the maximum radii: the maximum 

mass is significantly mass is significantly 

smaller than the smaller than the 

measured ones. Also, measured ones. Also, 

very compact stellar very compact stellar 

configurations are configurations are 

possible. possible. 

Punchline2: beside the “hyperon puzzle” is there also a Punchline2: beside the “hyperon puzzle” is there also a 

“delta isobars puzzle”?“delta isobars puzzle”?

See also:See also:

(Schurhoff, Dexheimer, (Schurhoff, Dexheimer, 

Schramm 2010)Schramm 2010)



  

ConclusionsConclusions

-) New masses and radii measurements challenge nuclear physics: -) New masses and radii measurements challenge nuclear physics: 

tension between high mass and small radii. 2.4 Msun candidates tension between high mass and small radii. 2.4 Msun candidates 

already exist.already exist.

-) Hyperons and delta puzzles-) Hyperons and delta puzzles

-) NICER mission, with a precision of 1km in radii measurements, -) NICER mission, with a precision of 1km in radii measurements, 

could hopefully solve the problemcould hopefully solve the problem

-) Possible existence of two families of compact stars (high mass – -) Possible existence of two families of compact stars (high mass – 

quark stars, low mass – hadronic stars). Rich phenomenolgy: quark stars, low mass – hadronic stars). Rich phenomenolgy: 

frequency and mass distributions, explosive events, strangeletsfrequency and mass distributions, explosive events, strangelets



57 Conclusions and Status NN-interactions
Conclusions and Prospects

1. High-quality Simultaneous Fit/Description NN ⊕ Y N ,
OBE, TME, MPE meson-exchange dynamics.
SUf (3)-symmetry, (Non-linear) chiral-symmetry.

2. Scalar-meson nonet structure ⇔ Nagara ∆BΛΛ values.
3. NO S=-1 Bound-States, NO ΛΛ-Bound-State,
4. Prediction: DΞN = ΞN(I = 1,3 S1) B.S.!, DΞΞ = ΞΞ(I = 1,1 S0) B.S. ??!

5. Similar role tensor-force in 3S1 NN-, Λ/ΣN -, ΞN -, and Λ/ΣΞ-channels.

G-matrix and EOS of the ESC YN/YY-interactions:
a. ESC08: Excellent G-matrix predictions for the UΛ, UΣ, UΞ well-depth’s,

ΛN spin-spin and spin-orbit, and Nagara-event okay.
b. Neutron Star mass M/M⊙ = 1.44− 2.10 ⇔ Universal Multi-Pomeron

Repulsion, including Λ,Σ,Ξ

• JPARC, FINUDA, FAIR: new data Hypernuclei, Σ+P,ΛP,ΞN !!

• RHIC, LHC: new data Exotic D-Hyperons ΛΛ,ΛΞ,ΞΞ !!

Th.A. Rijken University of Nijmegen EMMI-CERN15, Y interactions – p. 51

3 Hyperon puzzle

Hyperon puzzle in Neutron Stars

Massive 2M⊙ neutron stars:

2010 PSR J1614-2230 (1.97 ± 0.04) M⊙
2013 PSR J0348-0432 (2.01 ± 0.04) M⊙

• Problem: Softening EoS by hyperon mixing (e.g. Schulze et al)

• Conclusion: [Yamamoto et al PRC88 (2014), EPJA (2015)]

The puzzle can be solved by a
Universal Three-Baryon Repulsion
on the basis of heavy-ion data

Collaborators: Y. Yamamoto, T. Furumoto, N. Yasutake,

H.-J. Schulze, and M.M. Nagels.

Th.A. Rijken University of Nijmegen EMMI-CERN15, Y interactions – p. 4
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Stored p – a Factory for strange and charmed YY-Pairs 

PANDA 
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