Preparation Status of Decay
Pion Spectroscopy Experiment
on Double-A Hypernuclei

Hiroyuki Fujioka (Tokyo Tech)
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stable nucle: ® M. Kaneta, Departrert of Physics, Tohoku University

decay width of = hypernuclei
=N-AA coupling = atomic level (shift, absorption width)

AA\-bond energy of double-A hypernuclei
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AN, =N interaction
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K. Sasaki et al. (HAL-QCD Collaboration) NPA 998 (2020) 121737
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light = hypernuclei

A=4 NNN=z= A=10 =Naa
(a) NNNZE (T=0)
B (MeV) r E(MeV) ( AL QCD) (b)
ESCO8c HAL QCD
3H/%He + = ob________ENeaw ~_______
J =17 | -
0.36 (16)(26) ol 208 (SoapN Be+z __ -1.57
B _ -3.26
[=0.05 MeV | e G
~ L — i, T 4.31
~_" — ~4.70 2 -
—-6.0"
JTC=1+
~10.20 Toq T-0
[=0.89 MeV [=0.02~0.04 MeV
E. Hiyama et al., E. Hiyama et al.,
Phys. Rev. Lett. 124, 092501 (2020) Phys. Rev. C 106, 064318 (2022)
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Proposal for J-PARC 50 GeV Synchrotron

Decay Pion Spectroscopy of , iH

Produced by E-hypernuclear Decay

Hiroyuki Fujioka'*, Tomokazu Fukuda®?", Toshiyuki Gogami*, Emiko Hiyama>>*,
Yuhei Morino®, Toshio Motoba?’, Tomofumi Nagae®,
Sho Nagao®, Toshiyuki Takahashi®, Atsushi O. Tokiyasu®

U Department of Physics, Tokyo Institute of Technology
2 Osaka Electro-Communication University

3 RIKEN Nishina Center
* Department of Physics, Kyoto University

> Department of Physics, Kyushu University
6 Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization
" Yukawa Institute for Theoretical Physics, Kyoto University
8 Institute for Excellence in Higher Education, Tohoku University

¥ Research Center for Electron Photon Science (ELPH), Tohoku University

December 14, 2018
http://j-parc.jp/researcher/Hadron/en/pac_1901/pdf/P75_2019-09.pdf
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s-shell double-A hypernuclei

Many theoretical calculations
supports the existence of

the A = 5 isodoublet (AEH—AEHG).

L. Contessi et al., Phys. Lett. B 797, 134893 (2019)
G. Meher and U. Raha, Phys. Rev. C 103, 014001 (2021)

and references therein

J-PARC E75 Experiment
will investigate

https://j-parc.jp/researcher/Hadron/en/pac_1901/pdf/P75_2019-09.pdf
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AA-=N mixing in , H

A=5] \H -0 OO OO
ct. B.F. Gibson et al.,

¢ Prog. Theor. Phys. Suppl. 117, 339 (1994)
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study of AA-ZN interaction as well as AA interaction
Triple-shell closure

A=6 He{f}@@@

(A >7as Well) study of AA interaction

AN < E7p mixing

Suppression of AA <& Z7p mixing
due to the Pauli principle
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AA-=N mixing in , 2H

AB)A(, PHe) = 1.0 MeV (fixed)
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. 3
Volume integral (MeV fm”) Volume integral (MeV fm")

3
J VAA,EN(F)d r
D. E. Lanskoy and Y. Yamamoto, Phys. Rev. C 69, 014303 (2004)

AB) » = strength of A/A-=N coupling potential
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Production and Decay of , H
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Mass of , ?H will be determined
(decay pion spectroscopy)

|

 ~132—135MeV/e

“H - “He + 7~
p.-~ 132.9MeV/c

Tag of a fast proton from NMWD of {He = distinction between ,?H and tH
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Formation Probability of , °H

PTEP Prog. Theor. Exp. Phys. 2020, 063D01 (17 pages)
PHYSICAL REVIEW C VOLUME 54, NUMBER 1 JULY 1996 DOI: 10.1093/ptep/ptaa047

Double-A hypernuclear formation via a neutron-rich = state

Izumi Kumagai-Fuse and Yoshinori Akaishi

Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan Statistic al dOllble A hyp ernu01ear form ation from
(Received 21 March 1996) p— — . ° . °
=~ absorption at rest in light nuclei

Conversion processes for 7EH are discussed as a typical example of the double-A hypernuclear formation via
a neutron-rich = state. iAH is formed with a surprisingly large branching ratio of about 90% from 7EH that is

produced by the (K~ K *) reaction on the Li target. The 7EH state has a narrow width, 0.75 MeV, and its . s T Lk . . 2 . 23 . . . 4
population can be confirmed by tagging K+ momentum. [S0556-2813(96)50507-8] Akira Ohnishi'*, Chikako Ishizuka®, Kohsuke Tsubakihara™’, and Yuichi Hirata

Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
2Laboratory for Advanced Nuclear Energy, Institute of Innovative Research, Tokyo Institute of Technology,
Tokyo 152-8550, Japan
. . . 3 National Institute of Technology, Asahikawa College, Asahikawa 071-8142, Japan
I o KU m a g a I_ FU Se, Y. Aka I S h I, P hyS. ReV. C 54, R24 ( 1 996) 4Central Institute of Isotope Science, Hokkaido University, Sapporo 060-0815, Japan

*E-mail: ohnishi@yukawa.kyoto-u.ac.jp

PACS number(s): 21.80.+a. 21.45.+v. 25.80.Nv, 25.80.Pw

Received November 28, 2019; Revised March 16, 2020; Accepted March 17, 2020; Published June 18, 2020

. 5 A. Ohnishi et al., Prog. Theor. Exp. Phys. 2020, 29 (2020)

80 | Br(H) —— I

—“H+A+n+n ~7 MeV,

S H*+A+n+n ~6 MeV,

Branching ratio (%)

—H+A+A+n+n ~5 MeV.
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Production of ZH

E75 Phase-1 Proposal
https://j-parc.jp/researcher/Hadron/en/pac_2001/pdf/P75_2020-02.pdf
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"H will be bound relative to He+=-

d’o/dQ, .dE, . [ub/(sr MeV
o
2

interaction model | B[MeV] T [MeV] :

ESC04d 1.80 2.64 0.004F

ND 1.55 0.27 0o0o2t—"/ .

HAL (t/a = 11) 3.15 0.02 NS L

_h_
m_

L
-10 -8 6 —4 2 0 2
E. Hiyama and T. Koike, private communication E [MeV]

T. Koike, E. Hiyama, H. Fujioka, T. Fuukuda, in preparation
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Stage-2 approved Phase-1 of the P75 experiment:

Measurement of the formation cross section
of -’H in the "Li(K~, K*) reaction

Shuhei Ajimura!, Hiroyuki Fujioka?*, Tomokazu Fukuda®*", Toshiyuki Gogami®,
Emiko Hiyama6’4i, Yuhei Morino’, Toshio Motoba>®, Tomofumi Nagae5,
Sho Nagao”, Akane Sakaue’, Toshiyuki Takahashi’, Yosuke Taki?,
Atsushi O. Tokiyasu'?, Makoto Uchida?, Masaru Yosoi'

U Research Center for Nuclear Physics (RCNP), Osaka University
2 Department of Physics, Tokyo Institute of Technology
3 Osaka Electro-Communication University
* RIKEN Nishina Center
> Department of Physics, Kyoto University
6 Department of Physics, Kyushu University
7 Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization
8 Yukawa Institute for Theoretical Physics, Kyoto University
® Department of Physics, Tohoku University
10 Research Center for Electron Photon Science (ELPH), Tohoku University

December 9, 2019
http://j-parc.jp/researcher/Hadron/en/pac_2001/pdt/P75_2020-02.pdf
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Cylindrical Detector System

A/EH — iHe + 7T (decay p|on spectroscopy)
Solenoid magnet (SPrmg -8/LEPS) ' TPC (SPring- 8/LEPS—>TokyoTech)
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Display of cosmic-ray event

signal readout for 1 sector (14 FADC cards)

hit positions in cathode-pad plane
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£ 200

180

Y position

160}

140}

120F

100
80

60}

B R

Y position

E 200

Hit positon (Sector 1)

180
160
140
1203—

100~

16/18 7

RRLEKRF

2807 T XY —fEEMEEIfRS

Tokyo Institute of Technology



Performance evaluation of TPC

residual (Layer4)
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® Spectroscopy of = hypernuclei ZH and
Double-A hypernuclei , ?H at J-PARC E75 experiment

» Strength of ZN-AA coupling—
E7H: decay width, A/fH: AN-bond energy (ABaa)

® Signal readout of TPC for decay pion spectroscopy
» readout system for 1 sector completed

» Performance evaluation of TPC
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