The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

Prospect for the gamma-ray spectroscopy experiment of +H
with Hyperball system (J-PARC E63)

Chesu Seong'*, K. Ebata®*, M. Fujita’, T. Gogami*, T.K. Harada®*, A. Haratani', S.H. Hayakawa',
Y. Hong', Y. Ichikawa', R. Imamoto', K. Kamada', R. Kurata', K. Miwa'?, T. Nagae*®, F. Oura’,
T. Takahashi?, H. Tamura'?, T. Taniguchi*, M. Ukai'?, D. Watanabe', T.O. Yamamoto®,
on behalf of J-PARC E63 collaboration

!Department of Physics, Tohoku University, Sendai, Miyagi 980-8578, Japan,
’Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK), Tsukuba,
Ibaraki 305-0801, Japan,
3Advanced Science Research Center, Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki 319-1195, Japan,
* Department of Physics, Kyoto University, Kyoto, Kyoto, 606-8502, Japan,
’ Research Cetner for Nuclear Physics, Osaka University, Ibaraki, Osaka, 567-0047, Japan

Content

To study a large charge symmetry breaking (CSB) effect observed in the A binding energy of four-body
hypernuclei, #H and {He, we will perform a precise measurement of fH(1* — 0%) gamma-ray transition
by using the high-resolution Ge detector array (Hyperball system) at J-PARC (E63 experiment).

In 2015, the gamma-ray from yHe(1t — 0%) transition was measured by our group by using a high-
resolution Ge detector array at J-PARC and the presence of a large CSB effect was confirmed [1]. In contrast to
AHe, gamma-ray data from yH were reported from older three experiments [2-4] but these are less reliable due
to low statistics and worse resolution caused by using Nal detectors, and reported energy values are slightly
different from each other. Therefore, we plan to carry out the J-PARC E63 to determine the energy reliably and
precisely with Ge detectors.

The E63 experiment will be performed at the J-PARC KI1.8 beam line. The AH is produced as a
hyperfragment from an unbound excited state of ;Li (1Li*) which is produced by the (K=, ™) reaction with
a ’Li target via missing mass measurement using the K1.8 beam line spectrometer and the S-2S spectrometer.
To produce ;Li*, a low momentum K~ beam (~0.9 GeV/c) will be used, because the small hyperon recoil
momentum in the 0.9 GeV/c (K~,m~) reaction allows for dominant population of AL =0 (substitutional) states
as well as suppression of Doppler broadening of gamma-rays. To confirm the feasibility of the E63 experiment,
a 0.9 GeV/c K~ beam test was carried out for the first time at the K1.8 beam line in April 2024. The K~ beam
intensity was found to be sufficient for the gamma-ray measurement of #H. Based on this result, the experiment
is scheduled to be run in November 2025. In addition, test data for the (K~,7~) reaction witha (CH), target
was also obtained using a 0.9 GeV/c K~ beam, and missing mass spectra for *2C and £* were obtained to
check the spectrometer performance.

In this paper, the motivation and preparation status of E63 experiment will be reported, and the results of the
K~ beam intensity measurement and the analysis of the (K~,7m~) reaction data with the (CH),, target will be
presented. In addition, for future experiments of hypernuclear gamma-ray spectroscopy which are planned with
(K~,m™) reactions with 0.9-1.8 GeV/c K~ beam, the measured cross section of '2C at 0.9 GeV/c will be
discussed together with the cross sections at 1.5 and 1.8 GeV/c which were obtained so far.
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