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Baryon-Baryon interaction 

Baryon octet: Jp=1/2+ 
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Difficulties of  YN 

scattering experiments 

 

 

 

• tL   : 263 ps 

• tS- : 148 ps 

• tX- : 164 ps 

Prog. Nucl. Part. Phys. 58 (2007) 439. 

NN data ～4000 

YN data ～ 40 

Extraction of YN interaction 

information from structures 

of hypernuclei 



L Hypernuclear chart 
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Number of neutron 

Courtesy of H. Tamura 



Missing mass spectroscopy 
89

L39Y49 
0g9/2

-1 

Core excited 

89Y(p+,K+)89
LY [KEK E369]  

Counter experiment: 
 SKS magnet 

 FWHM= 1.6 MeV 

Phys. Rev. C. 64 044302 (2001) Prog. Part. Nucl. Phys. 57 (2006) 564 



0.162 

M1 
2.834 

Y. Ma, Ph.D Thesis (2009),  

g-ray 

transitions   

in p-shell 

hypernuclei 

PTEP (2015) 081D01 
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Effective two-body LN interaction 

spin-spin D=0.43 or 0.33 MeV 

L spin-orbit: SL =-0.02 MeV 

N spin-orbit SN =-0.4  

Tensor T =0.03 

D. J. Millener, NPA 881 (2012) 298. 



Small LN spin-orbit force 



LN interaction 

T=1/2 
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No one pion exchange because of isospin conservation 

→ LN interaction is medium to short in range 
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LN interaction: LN-SN coupling 
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(mS-mL) ≈ 75 MeV < (mD-mN) ≈ 300 MeV 

➡ LNN > NNN  



Summary on LN interaction studies 

•Experimentally most well studied among YN interaction 

•Spin dependent term determined for p-shell by g-ray 
spectroscopy 

• Independent particle picture is valid for also L 
• UL/UN ～2/3 

•Small spin-orbit force (by an order of magnitude) 
• Magic number for L → HO shell gap 

•One pion exchange forbidden (medium to short range 
nuclear force) 
• Zero isospin of L 

•LN-SN coupling is stronger than the nuclear counter part 
• mS-mL≈ 75 MeV 

 

Large charge symmetry breaking (CSB) ? 



Experimental breakthroughs in 2015 
 

Experimental confirmation of large charge 

symmetry breaking (CSB) in LN interaction 



naïve expectation 

How much energy (BL) the system will gain by 

adding L in A=3 nuclear system?  

L has no charge!! 
• DBL: measure of pure 

(no Coulomb 

contribution) CSB effect 

of LN interaction. 

• DBL would be the same 

or much smaller than  

NN 

• A few keV sensitivity 

via g-ray spectroscopy 

with bound excited 

states. 
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A=4 mirror L-hypernuclei  

Juric et al, NPB 52, 1 (1973) 

Emulsion data  

2.12 ±0.01±0.09 

A. Esser et al., PRL 114, 232501 (2015) 

MAMI-C, 4LH->4He+p- spectroscopy 

M. Bedjidian et al., PLB 62, 467 (1976) 

M. Bedjidian et al., PLB 83, 252 (1979) 

A. Kawachi, PhD. Thesis, Univ. Tokyo (1997) 
Present work, J-PARC 



Experimental breakthroughs 

Phys. Rev. Lett. 114, 232501 (2015) 

Binding energy of 4LH (0+)  Energy of 4LHe (1+→0+)  

Phys. Rev. Lett. 115, 222501 (2015) 



 



J-PARC  
(Japan Proton Accelerator Research Complex) 

Hadron hall 

LINAC (400MeV) 

3 GeV synchrotron 

Material and life science 

experimental facility 

30 GeV synchrotron 

High energy and intensity proton beam 

  → High intensity secondary beam 
T2K 



Primary beam 

Secondary beam 

primary target Beam dump 

Hadron Experimental Facility 



g-ray spectroscopy of 4LHe (J-PARC E13) 

T. Harada, private communication (2006) 

Reaction: 4He(K-,p-)4
LHe 

Beam mom.: PK-=1.5GeV/c 

Target: Liq. 4He, 2.8g/cm2 

Reaction-g coincidence  
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Liq. He target 
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A=4 mirror L-hypernuclei  

DBL (g.s)=BL (0+;4
LHe)-BL(0+;4

LH)=270 ± 100 keV  

DEg(1
+→0+)=Eg (

4
LHe)-Eg (

4
LH)=316 ±40 keV 

DBL (1+)=BL (1+;4
LHe)-BL(1+;4LH)=50 ± 100 keV  

CSB effect in LN 
• Sizable 

• Spin dependent 



CSB in mirror nuclei: 3H & 3He 

Nogga et al., Phys. Rev. C 67 034004 (2003) 

J. L. Friar, G. L. Payne, and U. van Kolck, Phys. Rev. C 71, 024003 (2005)  

xPT calculation 

8490 ½+ 
7726 

0 (keV) 

B 

3H 3He 

½+ 

764 keV 



Effect of LN-SN coupling in 4LHe 

•w.f.: Core + L 

•LNN-3BYN  

•Simulated Nijmegen 
soft-core potential 
• SC97e,f(S) 

•Spin doublet spacing 
in A=4 system 
• sN・sL + LN-SN  

•Large effect on 0+ 

• Coherent coupling 

Y. Akaishi et al., Phys. Rev. Lett. 84 3539 (2000) 

sN・sL 

  LN-SN       LN-SN     



Relatively recent theoretical studies 

a. A. Nogga et al., PRL88 172501 (2002) 
• LNNN four-body calculation 
• NSC97e (LN-SN tensor term strong) 

b. A. Gal PLB 744 352 (2015) 
• Akaishi-formalism + explicit CSB term via mixing of LS0 

to LS strong interaction. 

c. D. Gazda and A. Gal PRL (in press) , 
arXiv:1512.01049 (2016) 

• Ab-initio No Core Shell Model (NCSM) with cEFT YN 
interaction  
• N3LO NN + N2LO NN + LO/NLO YN  

• Inclusion of explicit LN-SN interaction 

(Unit in MeV) Exp a b c 

BL(0+) 0.27(10) 0.07 0.22 0.18(10) 

BL(1+) 0.05(10) -0.01 0.03 -0.20(2) 



Summary 

•NN strong interaction to more general baryon-baryon 
interaction 
• LN interaction is the first step with Strangeness=-1 
• YN scattering experiments difficult → study of hypernuclei  

•New data on A=4 4LH and 4LHe from MAMI-C and J-
PARC 

•LN CSB is confirmed. 
• Larger than NN (unexpected) → role of LN-SN 3-body interaction 
• Strongly spin dependent 

 

Experimental progresses have opened a new 

testing ground for a nuclear few-body calculations. 









Strange baryon & Hypernucleus 

Y 

Strangeness 

-1 

-2 

 0 
neutron 

L,S hypernuclei 

LL,X hypernuclei 

Baryon octet: spin:1/2 

∞ Neutron Star core?  

                (H.Tamura 21pCA) 



CSB in LN interaction 

BL(4
LHe; I )=[Mcore+ML]-M(4

LHe;g.s)+Ex(
4
LHe;I) 

BL( 4LH; I )= [Mcore+ML]- M( 4LH;g.s)+Ex( 
4
LH; I) 

DBL( I )= -   DMgs
HYPDEx(I) 

DBL(1+)-DBL(0+;g.s)=DEx(1
+)=DEg(1

+→0+) 

-) 

Measure of almost pure CSB in 
LN interaction 

[Mcore+ML] : reference = 0  



A=7, T=1 iso-triplet hyp. nuclei 



Charge symmetry 

M. A. Bentley et al., Phys. Rev. Lett. 97 132501 (2006) 

48
25Mn23 

48
23V25 



Isospin invariance and charge symmetry 

• Isospin invariance: [Hst,T
2]=[Hst,T]=0   

• ann= app= anp  (scattering length in 1S0;T=1) 

 

•Charge symmetry: [Hst, Pcs]=0 where Pcs=exp(ipTa) 
• ann= app 

app = -17.7±0.4 fm 
ann = -18.8 ±0.3 fm 
anp = -23.75 ±0.09 fm 

Mostly dominated by EM (Coulomb & p 
mass difference) effects 


