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We report on preliminary results of the J-PARC E15 experiment aiming
to search for the simplest kaonic-nuclear bound-state, K~ pp, via in-flight
SHe(K~,n) reaction. The first physics data-taking was performed with
5 x 10° incident kaons on the *He target, and 3 x 10° neutrons were col-
lected by a forward neutron counter placed 15 m away from center of the
target at 0 degrees. The semi-inclusive neutron spectrum shows clear peak
structure composed of the quasi-elastic K~n — K~ n and the charge ex-
change K~ p — K%n reactions as expected.

DOI:10.5506 / APhysPolB.45.767
PACS numbers: 13.75.Jz, 21.85.+d, 25.80.Nv

1. Introduction

The KN interaction has been figured out to be strongly attractive by
extensive measurements of the anti-kaonic hydrogen atom [1] and low-energy
K~ N scattering [2]. As a consequence of such strongly attractive KN in-
teraction in I = 0 channels, the possible existence of strongly-bound K
nuclear-states has been widely discussed in recent years [3]. Experimen-
tally, however, only a small amount of information is available [4], which
is not sufficient to discriminate between a variety of conflicting interpreta-
tions. Therefore, new experimental data, especially experiments using the
elementary K induced reaction, are eagerly awaited.

In this situation, we have performed an experimental search for the sim-
plest kaonic nuclear bound state, K ~pp, by the 3He(K ~,n) reaction at
1 GeV/c (J-PARC E15 [5]). The experiment investigates the K~ pp bound
state exclusively both in the formation via missing-mass spectroscopy and
its decay via invariant-mass spectroscopy using the emitted neutron and the
expected decay, K~ pp — Ap — 7 pp, respectively. By using the (K, n)
reaction at 1 GeV/c and a large acceptance detector surrounding a liquid
3He target system, background from two-nucleon absorption processes and
hyperon decays are expected to be kinematically discriminated from the
K~ pp signal.

2. K1.8BR spectrometer system at J-PARC

A dedicated spectrometer was designed and constructed at the secondary
beam-line K1.8BR in the hadron hall of J-PARC [6]. The spectrometer
consists of a high precision beam line spectrometer, a liquid helium target
system, a Cylindrical Detector System (CDS) that surrounds the target to
detect the decay particles from the target region, and a neutron time-of-
flight counter array located ~ 15 m away from the target position, as shown
in Fig. 1.
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Fig. 1. Schematic view of the K1.8BR spectrometer [6].

2.1. K1.8BR beam line

The K1.8BR beam line is designed to deliver secondary beams of charged
particles with momenta up to 1.2 GeV /¢, which are purified by an electro-
static separator. The beam momentum is analyzed by a beam-line spec-
trometer with a momentum resolution of 2.2 MeV /¢ at 1 GeV /¢, and kaons
are identified by using an aerogel Cherenkov counter at a trigger level. The
typical 1.0 GeV /c kaon yield at an accelerator power of 24 kW' was obtained
to be 1.5 x 10° per spill with a K /7 ratio of 0.45.

2.2. Cylindrical detector system

Decay particles from the 3He target are detected by a cylindrical detector
system (CDS), which consists of a solenoid magnet, a cylindrical drift cham-
ber (CDC), and a cylindrical detector hodoscope (CDH). A schematic view
of the CDS with a liquid *He target system is shown in Fig. 2. The CDS
has 15 layers of anode wires and a solid angle coverage of ~ 60% of 4w. De-
tailed tracking information on charged particles is obtained from the CDC,
which operates in a solenoidal magnetic field of 0.7 T. Particle identification
is obtained using time-of-flight (TOF) together with the trigger counter as
shown Fig. 3.

13.0 x 10" protons per pulse at 30 GeV with 6 seconds repetition-cycle.
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Fig.2. Schematic drawing of the CDS with the target system [6].
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Fig. 3. Distributions of the momentum versus 1/ obtained by the CDS [7].
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Using the momentum reconstruction and the particle identification, K. g —
mrn~ (Fig. 4) and A — pr~ decays were successfully reconstructed as
designed performance, which corresponds to invariant-mass resolution of
10 MeV /c? (o) for the expected K~ pp — Ap decay channel.

+

3500 |
- [ Peak:486.1 MeV/c® °
NOSOOO: ” G V77 MeVic? E
> 25001
2 - ! \ =
—2000F .
a F [ \ DCA cut < 2 cm :
51500: / displaced vertex cut
o by > =
omoo%mww st t.mm .
500F T
- Ww
P30

035 040 045 050 055 060 065 070
Invariant Mass of ©* " [GeV/c?]
Fig. 4. Invariant mass spectrum of 777~ [7]. The spectrum is fitted with a Gaus-

sian and a background curve. The centroid and resolution of K are well reproduced
by a detailed detector simulation.

2.8. Forward TOF counter arrays

A forward neutron generated by the in-flight (K, n) reaction is de-
tected by a forward neutron TOF counter array (NC) with a flight length
of ~ 15 m. The NC covers a solid angle of ~ 20 msr at zero degree, and
the detection efficiency for a 1 GeV/c neutron is estimated to be ~ 35%.
Figure 5 shows 1/ spectrum of the neutral particles measured by the NC,
in which charged particles are vetoed by a beam- and a charge-veto coun-
ters. The spectrum shows clear separation of v rays and neutrons with small
accidental-background. The TOF resolution of the system is evaluated to
be ~ 160 ps using the v peak in Fig. 5, which is equivalent to missing-mass
resolution of ~ 10 MeV/c? (o) for ~ 1.2 GeV/c neutrons emitted from the
quasi-elastic K~ n — K~ n and the charge exchange K~ p — K% reactions.

We also measure both the 3He(K ~, p) and the (K, n) reactions with
a forward proton TOF counter array to investigate the isospin dependence
of the KN interaction.
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3. Preliminary results of first physics run

The first physics run of the E15 experiment was carried out in March
and May 2013. During the run, 5 x 10° kaons were incident on the 3He
target, and 3 x 10° neutrons were collected by the NC.
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Fig.6. Missing-mass spectrum of the *He(K~,n) reaction at forward angle [7].
One or more charged tracks are required in the CDS to reconstruct the reaction
vertex. A spectrum with K§ tag in the CDS is overlaid with a scale factor of 10.
The dotted line shows the accidental background obtained in Fig. 5
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Figure 6 shows the missing-mass spectrum of the 3He(K ~,n) reaction
measured by the NC. It should be noted that one or more charged tracks
are required in the CDS to reconstruct the reaction vertex. In the spectrum,
a clear peak from the quasi-elastic K~ n — K~ n and the charge exchange
K~p — K reactions is seen just above mass threshold of one K~ and two
protons (2.37 GeV/c?). The K tagged spectrum overlaid in Fig. 6 is well
reproduced by a Geant4-based Monte Carlo simulation with the evaluated
missing-mass resolution of ~ 10 MeV/c? (). So tail structure below the
K + p 4+ p mass threshold seen in the spectrum is hard to be described by
detector effects. Further analyses are in progress to understand the structure

below the threshold.

4. Summary

The first physics data-taking of the J-PARC E15 experiment was con-
ducted to search for the simplest kaonic-nuclear bound-state, K pp, via
3He(K ~,n) reaction at 1 GeV/e. 5 x 10° kaons were incident on the 3He
target, and 3 x 10° neutrons were collected by the NC at zero degree. The
semi-inclusive 3He(K ~,n) spectrum shows clear peak structure composed
of the quasi-elastic K~n — K n and the charge exchange K~ p — Kn
reactions as expected. Further analyses of the semi-inclusive *He(K ~,n)
and a exclusive 3He(K ~, Apn) channels are in progress.
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