Jouod

rOoooooooooogood
Juooguogd

o) KY(-)TO""“JAPAN N
YDED >

Joooooooogoon
Jobooooooogoooo
Joogo

20110 10



Abstract

In this thesis,the development of the range counter for the J-PARC E27 exper-
iment is described. This experiment aims to detect K™ pp bound state. The K™ pp
bound state is the simplest kaonic nuclei. Many experiments have been performed
to detect the signal from kaonic nuclei and many theoretical calculations have been
done about it since Akaishi and Yamazaki theoretically predicted the existence of it
in 2002. But, the experimental evidence is not yet found and the values of binding
energy and decay width of the K™ pp bound state are different depending on the
strength of K-N interaction and the methods of calculations. So, it is important to
investigate the K™ pp bound state via the different reactions.

We plan to confirm the existence of K™ pp bound state, and to pin down the
values of binding energy and decay width via the (71 K™) reaction with the liquid
deuterium target by using missing mass spectroscopy. In this reaction, K~ pp bound
state is formed through A(1405) production as a doorway. However, the sticking
probability of A(1405) + p — K~ pp is 1%, and thus the cross section of K~pp pro-
duction is very small.The main background is the quasi-free hyperon production. In
the K~ pp non-mesonic decay modes, two high-momentum protons are produced.
On the other hand, there could be only one high-momentum proton from the hy-
peron decay and the spectator proton whose momentum is lower than 250 MeV/c
from the quasi-free backgrounds. Therefore, it is necessary to tag the two high-
momentum protons with the range counter to reduce the background. The six units
of range counter modules are installed around the target. A unit of range counter
module consists of 10mm, 20mm, 20mm, 50mm and 20mm thick scintillation coun-
ters. Coverage angle of this range counter is 33° to 93° and tagging efficiency is
14%.

In the quasi-free backgrounds, proton-pion pair is produced instead of two high-
momentum protons. Therefore, it is necessary to distinguish proton from pion by
high precision. We studied the behavior of proton and pion in scintillator with
the geant4 Monte Carlo simulation and performed the test experiment to check the
performance of particle identification with the two units of range counters at the
J-PARC K1.8 beam line in 2011 autumn. Both proton and pion incident on the
range counter in this test experiment. In this analysis, we estimated pion mixing
rate is about 1%. This value is enough to perform the E27 experiment.
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