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 LN spin-dependent interaction strengths determined: 

    

 
    

 

 ->  Feedback to BB interaction models :  

           NSC97f and updated Nijmegen models (ESC08) 

           are OK 

        



keV contribution of each term   (keV) 
doublet spacing 

Calculated from G-matrix using LN-SN force in NSC97f 
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  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 
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・ Most of the p-shell level data were taken. 

   They are reproduced very well (except for a few 

   levels in A=10-12) 

Let us go to s-shell and sd-shell 
 

・ SL coupling from NSC97f looks good,  

   but more data and further study needed. 
 

What’s next at J-PARC? 

Go to s-shell  (4
LHe) 

  Go to sd-shell (19
LF) 

  Measure B(M1) for gL in nucleus 
 

J-PARC E13 
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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 (off beam spill) using Th-series gamma rays 

Eg [keV] 

208Tl (2614) 

208Tl SE (2103) 

228Ac (911) 

208Tl (583) Off beam spill 

Signal region 

17O(870.7 keV) 

FWHM: 
4.3±0.5 keV 

g-rays  from beam reaction 
on target nuclei 

18F(937 keV) 

10B(718.4 keV) 

27Al or 
56Fe 74Ge 

e-(511 keV) 

19F(197.1 keV) 

FWHM: 
3.8±0.3 keV 

Eg [keV] 

On beam spill 
CF2 target 

Resolution (off spill) :   
4.5 ~ 5.5 keV (FWHM)  

@ 1~2 MeV 
 after summing all Ge’s 



2.  4LHe run 

Parallel 1b (Mon)  T.O. Yamamoto 



(K-,- ) 

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  - 

Measured at Maniz 

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

2.12±0.01±0.09  



    Missing mass of 4He(K-, -)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) Theta_KPi [deg.] 

K-  - + 0 

(K,) w/SMF  trig. 

selected region 
( 3.5 ~ 12.0 deg.) 

K- beam scat. ? 

p
SK

S  
 (

G
e

V
/c

) 
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Byproduct:  Spectrum for 4SHe (pK=1.5 GeV/c) 
was also successfully taken. 

mainly from K-  - + 0 



 Mass-gated g spectrum 

simulation 

Present data 

K- 

- 

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 



Slide by Akaishi 

LN-SN coupling 

Our result strongly suggests that  

LN-SN coupling is responsible for 

CSB,  because LN-SN coupling gives 

by one order smaller energy shift to 

1+ state than to 0+ state. 

A. Gal, PLB 744 (2015) 352.          => Invited talk in 1a session (Mon) 

reproduced the present data well . 

Theoretical studies 

will elucidate the 

origin of CSB and 

the L N -S N 

interaction. 



arXiv:1508.00376v1 

Parallel 1a (Mon) Yamamoto 



3.  19
LF run 

Parallel 4b (Tue)  Yang 

Poster A1  Y. Sasaki 



19
LF spectroscopy 

The first study of sd-shell hypernuclei 
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■ -B.E. of Lambda 
Missing mass for 19

LF 

Thick CF4 target 

sL 
pL sdL 

Parallel 4b (Tue)  
Umeya 

Shell model 

calc. 

by Umeya 

Highly unbound region 

-BL  (GeV)  

 (Not calibrated well) 



Mass-gated g-ray spectrum 

315 keV 

895 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+)  

 Several other peaks are also seen.   

19
LF 

19
LF ? 19

LF 

578 keV 



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 ? 

1.406 MeV 



4.  Future Prospect 



1. Spin-flip B(M1) and in-medium gL 
             7

LLi (E13-2nd) and heavier 

 

2. Light hypernuclei  4LH (CSB), 3LH*(1+)  

 

3. E1(pL->sL) for BL (-> LNN force) and LS splitting 

 

4. Impurity effects (change of deformation/clustering) 
                      sd-shell: 25

LMg, 28
LSi, 20

LNe  

  

Experimental Plans of g-spectroscopy 



Magnetic moment of a L in a nucleus 

 

 Direct measurement is difficult (t ~ 0.1-- 0.2 ns)  

B(aryon magnetic moment in nucleus: 

   affected by partial restoration of chiral symmetry? 

   -> Origin of baryon spin and mass 

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

 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% 

 L-spin-flip M1 transition:    

     B(M1) -> gL in medium 

Effect of chiral symmetry restoration? L-S mixing? 

Nuclear density  

dependence 

Isospin 

dependence 



Preliminary previous data on gL 

 BNL E930 (M. Ukai)   

  gL =   -1.1 +0.6  mN 

 
 

 KEK E566 (Y. Ma) 

  gL >   -1.76  mN 

    
    

 gL =   -1.04±0.41 mN  

 

 

-0.4 

-> 7LLi*+ 3He 

10B (K-, -) 10
LB* 

12C (K-, -) 12
LC* 

12C (K-, -) 12
LC* 

               -> 11
LB* + p 

・Yield ratio for [ 2-→1- ] / [1-
2→2-]  g-rays  

   -> Br(2-
1-) = 0.19±0.12 (80% of 2- weakly decays) 

 

・ Weak decay rate of 2- and 1- are assumed 

   to be the same, Gweak = (lifetime 230.7±6.3 ps)-1 
 

     =>  GM1 = Br /(1 - Br)  Gweak 

7
LLi 

3/2+ 

1/2+ 6Li 
1+ 

11
LB 

7/2+ 

5/2+ 10B 
3+ 

12
LC 

2- 

1- 11C 
3/2-  

t from DSAM 

t from DSAM 

  J-PARC E13: 7Li (K-, -) 7LLi(3/2+->1/2+) ~ 5% accuracy for B(M1) 

        gL(free) =  -1.226 mN 
 

Systematic errors can not be estimated 

 J-PARC E13 19F (K-, -) 19
LF* To be analyzed but difficult 



simulation 

First data of gL in nucleus 

- gL = 1.1         mN 
+0.4 
- 0.6 

preliminary  

(statistical error only) 

- gL(free) =  1.226 mN 
 

Dedicated measurement at J-PARC (E13-2nd) 

indirect population -> Precise(~5%) B(M1) measurement of 7LLi  

                                 at J-PARC E13 

3+ 7/2+  

7
LLi 

1/2+  

3/2+  

5/2+  

1+ 

6Li 

 Stat. error  Dt/t = 5.6% 

     D|gL-gc| 

|gL-gc| 
=> ~ 3% 

E13-2nd:  Simulation 

Nucl.Phys. A881 (2012) 310  

pK = 1.1 GeV/c  

     at K1.1+SKS 

  4 weeks 

  50 kW (Pt)  

SKS and all the detectors will be installed at a new line “K1.1” 

Directly produce the best-known hypernucleus, 7LLi. 

  Energies of all the bound states and g-ray  

     background were measured. 

  Cross sections are reliably calculated. 

 t = 0.5ps,  tstop ~2.2 ps for 1.1 GeV/c (K-,-) and Li2O 

    target   (DSAM works only when  t < tstop ) 



Plotted by Millener 

pL-sL spacing and (p1/2)L-(p3/2)L splitting 

can be precisely (~keV accuracy) measured. 

sL 

pL 

dL 

fL 

gL 

(e,e’K+) @JLab 
will measure in 

~100 keV accuracy 

Measurement 
of E1(pL->sL )  

   13
LC 

 BNL-E929 
10.98 MeV 
10.83 MeV 

 LNN force and neutron star puzzle 
  Origin of nuclear LS splitting¥ 

 B
L

(M
e

V
) 



6. Summary 

  Hypernuclear gamma-ray spectroscopy has extended to  

      s-shell and sd-shell regions at J-PARC. 

      We took data for 4LHe and 19
LF . 

 

 We observed 4LHe(1+->0+) transition at 1406±2±2 keV.  It clearly 

confirmed existence of Charge Symmetry Breaking in LN interaction.  

 Combined with old emulsion values, we found that BL(1+) difference is 

by one order of magnitude smaller than BL(0+) difference, suggesting 

that L-S coupling is responsible for the CSB.. 

 

 We observed a few hypernuclear g-ray peaks from 19F target.  

 A peak at 315 keV is most likely assigned as 19
LF(M1: 3/2+->1/2+). 

 

 Next step is a B(M1) measurement for in-medium gL, and then  

     E1(pL->sL) and impurity effects. 



Thank you  

for your attention. 


