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1. Introduction



Hypernuclear y-ray data
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Hypernuclear y-ray data
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I I D.J. Millener, J.Phys.Conf.Ser.
Reproduction of level energies 12 (011 09008

Millener’s parameter set
A=0.33 (0.43for A=7), S,=-0.015, S,=-0.35, T=0.024 [MeV]

Calculated from G-matrix using AN—XN force in NSC97f

doublet spacing \ contribution of each term (keV) keV
I J= | Az A Sy Sn T  AE% AR

TLi 32 | /2 72 628 —1 —4 —0 693 692
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" I D.J. Millener, J.Phys.Conf.Ser.
Reproduction of level energies 312 (2011) 092005

Millener’s parameter set
A=0.33 (0.43for A=7), S,=-0.015, S,=-0.35, T=0.024 [MeV]

doubll - Most of the p-shell level data were taken.

i They are reproduced very well (except for a few
yLi levels in A=10-12)
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Ge cooled down to ~70K
(c.f. 92K w/LN2) to reduce
radiation damage
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Ge ADC Calibration (off beam spill) using Th-series gamma rays
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2. *\He run

Parallel 1b (Mon) T.0. Yamamoto



Charge Symmetry Breaking puzzile in A=4

Origin: Unkown. AN-XN coupling? Bedjidian et al.
But 4-body calc’s with A—X mixing PLB 62 (1976) 467 Should be
. . . . . PLB 83(1979)252 | maeasured
using Nijmegen interactions failed old Nal d
=> Long standing puzzle al data with Ge

3H + A 0 3He + A ->E13

1+ 0.96+0.04
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L W
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A \ 4 He Difficult

Measured at Maniz B by counter experiments
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A. Esser et al., PRL 114 (2015) 12501 ho systematic error
2.12£0.0120.09  0Old emulsion data~  Experimental confirmation

M. Juric et al. NPB 52 (1973) 1 of CSB is necessary




Counts / 0.5 MeV

Missing mass of “He(K-, w)*,He

[ Og, > 3.5 deg.

|IFI*7F i 1/

bound region
>

highly unbound region

2N
. empty target

-20 -10

Excitation energy [MeV]

4 He(0*) dominant + 4 ,He(1*)

Black : with lig. He
(physics run)

Blue : empty target
( w/o lig. He, w/target cell )

mainly from K — 7 + 7t°

Peak width = resolution ~ 5.4 MeV (FWHM)



counts ,

Mass-gated y spectrum

><103 Doppler shift correction
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B Existence of CSB confirmed only by y-ray data
M Large spin dependence in CSB found by combining with emulsion data

Results
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. AN—-2N coupling
AH ' -
S=1 pairs 1+ o+ Our result strongly suggests that
s =1 - AN-2N coupling is responsible for
Ap < —[JE%+ 3N | 55 = 0} cancel CSB, because AN-XN coupling gives
3 =—1 H
:553 :1 +1/3 #1712 by one order smaller energy shift to
Ano 130 [Z3p | s, 0] +1/2 w2 | CONSNY 14+ state than to 0+ state.
| 55 =—1 +1/2 N A N
Contribution to Us, 1/2 3/2
4 >
A-Z coupling energy 1 9 A H e
N A N
(MeV)
T -1.03 1.04
1.24 — 1.20 -1.21 —
_ _ | 1.52 -1.43
Theoretical studies — —
. . o =g -2.27 . -
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the AN -2'N
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A. Gal, PLB 744 (2015) 352.
reproduced the present data well .

Y. Akaishi, T. Harada, S. Shinmura & Khin Swe Myint, Phys. Rev. Lett. 84 (2000) 3539

=> |nvited talk in 1a session (Mon)
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19,F spectroscopy
The first study of sd-shell hypernuclei

19 -
Separated from Al= F (K',m)
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19 F spectroscopy

The first study of sd-shell hypernuclei
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Events / 1.5keV

120

100

Mass-gated y-ray spectrum

19F(197)

| eTe” annhilation

Black: 19,F s, region
Red: highly unbound region
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200 300 400

500 600
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700

B Most likely, the 315 keV peak is assigned as
the g.s. doublet M1 transition, 19, F(3/2* ->1/2%)
B Several other peaks are also seen.



A-dependence of r T &

AN interaction strength *" 2t
3He :
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4. Future Prospect



Experimental Plans of y-spectroscopy

1. Spin-flip B(M1) and in-medium g,
7\Li (E13-2"9) and heavier

2. Light hypernuclei 4,H (CSB), 3,H*(1")
3. E1(p,—>s,) for B, (->ANN force) and LS splitting

4. Impurity effects (change of deformation/clustering)



Magnetic moment of a A in a nucleus

! : .. g, Je
A-spin-flip M1 transition: ) a2 gd) VAT Ve
. . Je
B(M1) ->g,in medium é) L M1 (T)
core nucleus Je-1/2 A? VAl Ve
in s-orbit
B(Mﬂ = (ZJup + 1)_1 |< "me " H " LPup> |2 hypernucleus
= (24 +* )T war we i lhwat we>l?
_ _ ) Doppler Shift
1= dede* GaJa = Ged + (9n- o) 1009, Attenuation Method
3 2t 1 5 ) /O /
- 87 2J2W+1 (gA- gC) [MN] I'=BR/z =19ﬂE3 B(M’])
Effect of chiral symmetry restoration? A-Z mixing?
_ EH mq : Constituent
q- _ .
2m,C quark mass Nuclear density Isospin

: dependence dependence
m, decrease -> M, increase ? P P



Preliminary previous data on g,

B BNL E930 (M. Ukai)

gA -1. 1+O4 2N

Systematic errors can not be estimated

1OB (K-’ TC_) 1OAB*

t from DSAM

B KEK E566 (Y. Ma)

gA > '176 uN
t from DSAM

-> 7, Li*+ 3He

lZC (K—’ TC_) 12AC*

g, = -1.04%0.41 p,

11 *
->,B*+p

12C (K-’ TC_) lZAC*

-Yield ratio for [ 2—1-]/ [1,—27] y-rays
-> Br(2-21) =0.19%+0.12 (80% of 2- weakly decays)

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

to be the same,

Weak

= (lifetime 230.7%6.3 ps)!
=> I\, =Br/(1-Br) '

weak
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1 —]
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10 5/2*
11
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2
3l——. | )
11C )
12
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@ 0, (free)= -1.226 Yy

B J-PARCEI13 *°F (K-, m) *°4,F* To be analyzed but difficult




Dedicated measurement at J-PARC (E13-2"9)

2/ Directly produce the best-known hypernucleus, 7,Li.
¢ et £ [ B Energies of all the bound states and y-ray
background were measured.

-I 3/ m Cross sections are reliably calculated.
: 1/2F

6Lj Bt =0.5ps, tg,,~2.2ps for 1.1 GeV/c (K',x) and Li,O
2
ALl target (DSAM works only when 1 <tg,)
pk=1.1GeVic —
at KL1+SKS pg 1 10evc E13-2"d: Simulation
4 weeks '
50 kW (Pt) _150 0. 4840-930ps | Nucl.Phys. A881 (2012) 310
=

100 B Stat. error At/t=5.6%

AlgA'gcl
> 2 -C 3y
10,4-0| °

counts

50

600 650 T00 750

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




Measurement = ik  Plotted by Millener ' '
e (e.e’'K) SA _1_ N
Of El(DA->SA) Emulsion -
4= 41— e (Kp1) pA
20+ E
S -—
Q
= 10+
< +' <
o %
! L
13 C v
A (e,e’K+) @JLab
1BoN9Lz-;E|?/|23/ /0_7 _____ 777 will measure in
PO ~100 keV accuracy
10.83 MeV . A A, |, T100keVacc
0 50 100 150 200
A
P-Sa spacing and (p,,)5-(p;/,) 5 splitting — LNN force and neutron star puzzle

can be precisely (“keV accuracy) measured. = Origin of nuclear LS splitting¥



6. Summary

Hypernuclear gamma-ray spectroscopy has extended to

s-shell and sd-shell regions at J-PARC.
We took data for 4,He and °,F .

We observed 4,He(1*->0%) transition at 1406+2=+2 keV. It clearly
confirmed existence of Charge Symmetry Breaking in AN interaction.
Combined with old emulsion values, we found that B ,(1*) difference is
by one order of magnitude smaller than B,(0*) difference, suggesting
that A—X coupling is responsible for the CSB..

We observed a few hypernuclear y-ray peaks from 1°F target.
A peak at 315 keV is most likely assigned as 1°,F(M1: 3/2*->1/2%).

Next step is a B(M1) measurement for in-medium g,, and then
El(p,->s,) and impurity effects.



Thank you
for your attention.




