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1. Gamma-ray Spectroscopy of A Hypernuclei

/AN Interaction and /1 Hypernucleus
m /I interaction
It is the first step to understand the general baryon-baryon interaction.
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NN interaction /IN interaction

m /1 hypernucleus

Due to the short life time of /, a scattering experiment is impossible for the AN
interaction. In this case, a spectroscopy of /1 hypernucleus is the most powerful

tool.
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1. Gamma-ray Spectroscopy of A Hypernuclei

Gamma-Ray Spectroscopy of /1 Hypernuclei

m Gamma-ray spectroscopy of /1 hypernuclei
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- By measuring energies of the y rays, the split energy spacing is precisely
estimated and we can know a fine structure of the hypernucleus.



1. Gamma-ray Spectroscopy of A Hypernuclei

m Previous y-ray spectroscopies: Hyperball project since 1998
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The experiment is continuing at J-PARC 5
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2. J-PARC E13 1st Phase

Gamma-ray Spectroscopy of iHe
m Charge symmetry breaking (CSB) in the AN Interaction
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2. J-PARC E13 1st Phase

Gamma-ray Spectroscopy of 17

m It is the first y-ray spectroscopy for sd-shell hypernuclei.

m Energy spacing of ground state doublet (1/2%, 3/2*%)

- Radial dependency of the AN spin-spin interaction?

- /IN spin-dependent interaction with different wave-function?
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2. J-PARC E13 1st Phase

Experimental Setup of J-PARC E13

m Reaction: AZ(K~, n7)AZ
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2. J-PARC E13 1st Phase

m Hyperball-J

> AZ(K~, m)RZ*, A2 >y + AZ

> ~25 HPGe detectors - AE ~4.5 keV @ 1MeV
- PWO counters - Fast background suppression
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3. Results of tHe

Excitation Energy Distribution of tHe

m -2 MeV<Ex.<6 MeV is selected to observe the y rays from (17 - 0%)
transition.
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3. Results of tHe

Gamma-ray Spectra of yHe

m We observed a y ray at 1.406 MeV which emitted from (1* - 0%) transition of
‘He

A .

- Compared with {H result (1.09 MeV), we found a large charge symmetric
breaking effect in AN interaction.
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4. Results of 13F

-B, Distribution of 'JF

m -21 MeV<-B,<-8 MeV is selected to observe the y rays from low lying energy
states.

X1OI3 T T | T T T 1 T T T 1 T T T 1 T T T T T T T 1 T T T T T T T 1
30_— —A]
B &
o5 Sl
B A ]
L a _
- Threshold of 'N+a = 1

- 20 A
3] B . A 7
= s. of 2C., .
— - ; selected P . - .
o 15— F - N |
5 N . ' - _
o : ] : A~ :
© L : : -+ N
= : T —
/‘ i Yol _
I~ : A B
For Y 1r2ys s : ground state of TF ‘L" B
from 13F 5 l‘ ety .
B ! APt - i
0 :l+i+A+A+A-l—A-|—1+A—rH-l-|‘ “l"'l_‘_l_‘l S lwd vl o v b by |_
=30 -25 -20 -15 -10 -5 0 5 10
-B, (MeV)

15



4. Results of 13F

y-ray spectra

m y-ray spectra: energy range: 0~1800 keV and without Doppler shift correction.
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4. Results of 13F

m At the forward reaction angle, we found two more gamma-ray peaks at 953
keV and 1267 keV.
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4. Results of 13F

Transition Assignments

m Based on theoretical calculations, the gamma rays are assigned to their gamma
transitions.
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4. Results of 13F

Spin-Spin Interaction in sd-shell Hypernuclei

Shell-model
Theoretical Shell-model WEI[Q Aei]VdSeF;I:-
: Experiment with NSC97f model | . e

Calculation b interaction at p-
y Umeya :
shell hypernuclei

by Millener

+ +
AE@G/27, 1/27) | 3455 +0.4*93 419 305

[keV]

- The measured energy spacing is well represented by the spin-dependent
interaction in p-shell hypernuclei. It also indicates the A2 coupling effect is

negligible for the energy spacing.

- The results will be soon published in a major physics journal.
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5. Next Plan (J-PARC E63)

J-PARC E63
m The J-PARC E63 ({H and [Li) is a next step of the J-PARC E13 15t phase.
m A new beam line (K1.1 beam line) will be constructed at J-PARC hadron facility.
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6. Summary

Summary

m The J-PARC E13 1st phase for iHe and 'JF was successfully
performed in May and June, 2015.

m 1He: the energy spacing between 0% and 1% is determined to be 1.4
MeV.
- a large charge symmetric breaking effect in the /AN Interaction.

m JF: the energy spacing between the ground state doublet is

determined to be 315 keV.

- It is well represented by the spin-dependent AN Interaction in p-
shell hypernuclei.

m The experiment will be continued at the new constructed beam line
(K1.1 beam line).
->The next targets are H and /Li.
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*Back Up

K1.8 Beamline

m K1.8 Beamline : High intensity and high purity K~ beam
- Intensity of K~ beam: ~350 k/spill
2> K /n~ = ~2.5

*J-PARC Hadron facility
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*Back Up

AH ALi 'AF
Four-body © © ©
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*Back Up

m Hypernucleus in the shell model,
Ex) ground state of *3F in the shell model,
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