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1. Introduction
Charge symmetry is a general property of nuclear and hadronic systems; hadronic states as well as
their interactions are invariant under reversal in isospin space. Charge symmetry holds almost
exactly in NN interaction. On the other hand, an unexpectedly large charge symmetry breaking
(CSB) effect in AN interaction was reported from the past experiments; measured A binding
energies (B,) of ground 0+ state and 1st excited 1+ state of the mirror hypernuclei, 4,H and 4,He,
were significantly different.

The excitation energy of 4,H(1*) has been measured three times [1, 2, 3], and the weighted
average is 1.09 +0.02 MeV, from which B,(4,H(1+)) value can be obtained. On the other hand, the
excitation energy of 4,He(1*) was once reported as 1.15 £0.04 MeV by a y-ray spectroscopic

experiment using Nal detectors [2]. The 4,He data is criticized to be statistically insufficient to
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claim the existence of the CSB effect. Therefore, experimental re-examinations by independent and
modern techniques with higher sensitivity have been awaited. A break-through has been brought by
our y-ray spectroscopic experiment of 4\He; we has measured the transition energy between the

A-spin doublet states (1+, 0*) using germanium (Ge) detectors with a much better energy resolution
of 5 keV (FWHM) for 1 MeV y ray.

2. Experiment

We performed a y-ray spectroscopic experiment of 4,He (J-PARC E13) at the J-PARC K1.8 beam line
[4] to examine the existence of the CSB effect in the mirror hypernuclei, 4.H and 4 He. The
hypernucleus 4,He was produced via the (K",n") reaction with a beam momentum of px= 1.52 GeV/ec.
The hypernuclear production was tagged by measuring the missing mass of the *He(K ,n)X
reaction, where the beam K and the scattered © were particle identified and momentum analyzed by
the beam line spectrometer and the superconducting dipole magnet (SKS) with a modified detector
configuration for y-ray spectroscopy (SksMinus), respectively. In addition, y rays from the produced
hypernucleus were detected by a large solid-angle Ge detector array (Hyperball-J) in coincidence
with the (K',m) reaction. An event-by-event Doppler-shift correction was necessary because the
lifetime of the 4,He(1+) state is expected to be much shorter than the stopping time of the recoiling

hypernucleus, and thus the measured y-ray peak was subject to Doppler broadening.

3. Analysis and result

From the analysis of the present data, we clearly identified 4,He production events by selecting the
missing mass. In the mass-gated spectrum after the Doppler-shift correction, we observed a y-ray
peak at 1.4 MeV with a statistical significance of 7.4c. It is attributed to the 4,He(1+—0*) transition.
The peak energy and yield were found to be 1406 + 2 (stat.) + 2 (syst.) keV and 94 +13 counts,
respectively. The result of the present data superseded the claim of the previous experiment (1.15
MeV) and established the level scheme of 4.He. The A binding energy of the excited state was
obtained to be B,(4,He(1+) = 0.98 + 0.03 MeV by combining with the emulsion data of B,(0+).

4. Discussion and summary

The difference between the excitation energy of 4,He(1+) [1.406 + 0.004 MeV, the present data] and
that of 4,H(1+) [1.09 +0.02 MeV, the average of the past three experiments [1, 2, 3]] is definitively
non zero. Therefore, the existence of CSB in the AN interaction has been confirmed via y-ray data
alone. By comparing differences in B,’s of the 0* and 1* states between 4,H and 4\He, namely
ABA(0%) = B,(+\He(0%)) — Bo(4,H(0*) = +0.35 + 0.05 MeV and AB,(1*) = +0.03 + 0.05, we have
discovered a large spin dependence in the CSB effect; the CSB effect is pronounced in the 0* state
while vanishingly small in the 1* state. This fact suggests that ¥ mixing in A hypernuclei is
responsible for the CSB effect since the 0+ state in 4,H/4\He is expected to receive a one order of

magnitude larger energy shift due to A-X mixing than the 1+ state [5].
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The result presented in this thesis has established the level scheme of 4,He. It also confirmed a
sizable CSB effect in AN interaction and its strong spin dependence. Further theoretical studies of
AN-ZN interaction will explain the observed CSB effect, giving a relevant contribution to our

understanding of baryon-baryon interactions.
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