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Abstract. The J-PARC E15 experiment will be performed to search for the simplest kaonic nuclear bound state,
K−pp, by the in-flight 3He(K−,n) reaction. The exclusive measurement can be performed by a simultaneous
measurement of the missing mass using the primary neutron and the invariant mass via the expected decay,
K−pp→ Λp→ pπ−p. In this report, an overview of the experiment and the preparation status are presented.

1 Introduction

Recently, the investigation of a deeply bound kaonic nu-
cleus have been progressed in both the theoretical and ex-
perimental sides. Theoretically, many works support the
existence of deeply-bound kaonic nuclear states, but the
calculated binding energies and widths are not consistent
from each other. For example, the predictions of the bind-
ing energy of theK−pp state vary from deep (∼ 50 - 130
MeV ) down to shallow (∼ 20 MeV ), and the width from
wide (∼ 100 MeV ) down to narrow (∼ 30 MeV ) [1–8]. In
fact, it is worth noting that several calculations for the ex-
pected spectra ofK−pp state have been developed [9,10]
very recently.

On the other hand, there are several experimental re-
ports of search for deeply-bound kaonic nuclear states by
invariant mass spectroscopy by detecting decay particles,
and/or missing mass spectroscopy using (K−,N) reactions
[11–16]. However, the situation is still controversial be-

cause there is no conclusive evidence for the observation
of such bound states.

In order to clarify this controversial issue, the J-PARC
E15 experiment was proposed to search for the simplest
kaonic nuclear bound states, namelyK−pp, via the in-flight
3He(K−, n) reaction using 1.0 GeV/c K− beam [17]. This
experiment has an advantage that the exclusive measure-
ment can be performed by a simultaneous measurement of
missing mass spectrum using the primary neutron and in-
variant mass spectroscopy via the expected decayK−pp→
Λp→ pπ−p.

2 Experimental method

The E15 experiment will be performed at the K1.8BR beam-
line in the Hadron hall at the J-PARC 50-GeV proton syn-
chrotron. The layout of the K1.8BR and the E15 spectrom-
eter are shown in Fig.1 The spectrometer consist of four
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parts, namely Beam-line spectrometer, Cylindrical Detec-
tor System (CDS) with liquid3He target system, Beam
Sweeping Magnet and Neutron TOF wall. A secondary
K− beam is focused on the liquid3He target which is lo-
cated at the center of the CDS. The decay particles from
the expected decayK−pp→ Λp→ pπ−p are detected by
the CDS, and the neutron counter detects forward neutrons
whose flight length are about 15 m. Incident kaons which
pass through the target are bent by the sweeping magnet
which is placed just after the CDS. The expected spec-
trometer performance for theK−pp measurement is 9.2
MeV/c2 (σ) for the missing-mass resolution via neutron
and 16 MeV/c2 for the invariant-mass resolution via the
K−pp decay, where we assume theK−pp binding energy
to be 100 MeV/c2. In the following section, the experimen-
tal components and preparation status are described.

Fig. 1. Schematic view of the K1.8BR experimental hall.

3 Preparation status of the E15
spectrometer

3.1 Beam-line spectrometer

As shown in Fig.1, the secondary beam generated at the
production target is momentum analyzed, mass selected
and delivered to the experimental target by magnetic op-
tical elements and an electrostatic separator. The beam-
line spectrometer consists of beam line magnets, tracking
chambers, hodoscope, cherenkov counters and timing de-
tectors. The momentum of the incident kaons is 1.0 GeV/c
with a design intensity of 0.6×106 kaons per a spill of 3.5
second (the flat top of the spill is 0.7 second). The mo-
mentum resolution of the incident kaon with the beam line
spectrometer is expected to be 0.1 %. Because we will per-
form at least two experiments at the K1.8BR beam line,
namely E15 experiment and E17 experiment which is the
precision measurement of X-rays from kaonic3He using
stoppedK− beam [18], several setting of the beam momen-
tum are needed, that is 1.0 GeV/c for E15 and 0.75 GeV/c
for E17.

In February 2009, the first experiment for the beam
tuning at the K1.8BR was performed using 1.1 GeV/c un-
separated positive beam. As shown in Fig.2, kaons were
successfully identified by the time of flight method, where

the flight length was about 7.7 m and the calculated time
difference between kaon and pion is 2.3 nsec. From the
autumn 2009, the tuning for 0.75 GeV/c beam started.

Fig. 2. The obtained TOF spectrum of the beam tune experiment
at February 2009. The flight length is about 7.7 m, and the calcu-
lated time difference between kaon and pion is 2.3 nsec.

3.2 Cylindrical Detector System (CDS)

A schematic view of the CDS is shown in Fig3. All detec-
tors are configured cylindrically. Trajectory of particles is
reconstructed with the Cylindrical Drift Chamber (CDC)
which operates in a magnetic field of 0.5 T provided by
the solenoid magnet. The Cylindrical Detector Hodoscope
(CDH) which surrounds the CDC is used for the trigger
and the particle identification counter. The solid angle of
CDS from the center is about 7.4 sr.

Fig. 3. Schematic view of the CDS.

3.2.1 Solenoid magnet

The spectrometer magnet is a solenoid type which has a
bore diameter of 1.2 m and an overall length of 1.2 m, with
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a weight of 23 tons. At the center of the magnet, the field
strength is set to be 0.5 T (0.7 T at a maximum). The mag-
net is already installed in the K1.8BR beam line, and the
excitation test will be done in this fiscal year.

3.2.2 Cylindrical Drift Chamber (CDC)

Figure 4 shows the schematic view of CDC. The CDC con-
sists of two aluminum end-plates of 20 mm thickness, a
CFRP tube with 1 mm thick as a inner wall and six alu-
minum blocks which are placed outside the tracking vol-
ume. The CDC uses gold-plated tungsten of 30µmφ for
the sense wires and gold-plated aluminum of 100µmφ for
the field and guard wires. These wires are supported by
feedthroughs with a bush fixing the wire position. The to-
tal length along beam axis of tracking volume is about 840
mm. The argon(50%)-ethane(50%) mixed gas is used at 1
atm. The CDC has 15 layers of hexagonal cells with typical
drift length of 9 mm, which are grouped into 7 super layers
(A1,U1,V1,A2,U2,V2,A3) as shown in Fig. 5. The infor-
mation of the longitudinal position is obtained by 8 stereo
layers with tilt angle of typically 3.5 degree. The number of
readout channels is 1816 and the total number of wires in
CDC is 8064. The signal is discriminated and transfered to
LVDS signal by an amplifier-shaper-discriminator (ASD)
on CDC. The LVDS signal is converted to ECL signal near
CDS and delivered into counting house using 50 m flat-
cable.

Fig. 4. Schematic view of CDC

The commissioning of CDC is going on and typical
spacial resolution of 200µm is achieved by measuring the
cosmic rays as shown in Fig. 6.

The CDC was installed inside the solenoid magnet in
Dec. 2009 as shown in Fig. 7. The commissioning with the
magnetic field will be started in this fiscal year.

3.2.3 Cylindrical Detector Hodoscope (CDH)

The Cylindrical Detector Hodoscope (CDH) is located at a
radius of 544 mm from the center of CDS covering a po-
lar angle range from 54 to 126 degrees. The CDH consists

Fig. 5. Cell structure of CDC. There are 15 layers of hexagonal
cells with typical drift length of 9mm, which are grouped into 7
super layers (A1,U1,V1,A2,U2,V2,A3).
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Fig. 6. Layer dependences of residuals inσ. The black circles
mean the result from cosmic ray data. The open circles, squares
and triangles mean the estimation by simulation assuming the in-
trinsic resolution of 150µm, 200µm and 250µm, respectively.

Fig. 7. A picture of CDS. CDC and CDH are installed in the
solenoid magnet.

of 36 segments, and each segment is individually mounted
on the inner wall of the solenoid magnet. The scintillators
are made of Eljen EJ-560, whose dimensions are 790 mm
in length, 99 mm in width and 30 mm in thickness. Hama-
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matsu type R7761 fine-mesh Photo Multipliers (PMT) with
1.5 inch diameter and 19 dynode stages are selected. The
measured time resolution of the CDH with cosmic rays is
typically 71 psec, achieving the design goal. All CDH seg-
ments are already installed as shown in Fig. 7.

3.3 Liquid 3He target system

The design of the liquid3He target system is shown in Fig.
8. Basic design for the target system is based on the tech-
niques developed for the4He target system used by KEK-
PS E471, E549 and E570 experiments [19]. The liquid4He
is supplied from a dewar placed outside the separator but
inside the target system. From separator, only liquid4He
is fed into the evaporator which is placed under the sep-
arator. It is then decompressed down to 1 Torr, where the
temperature is kept to be 1.3 K. The chamber for the3He is
placed under the evaporator, and is in contact with the heat
exchanger. The3He gas is cooled down and liquefied in
the heat exchanger, and the target cell which is almost 1 m
away from the heat exchanger is filled with liquid3He. The
3He target system for E15 experiment was already com-
pleted. The details of target system are reported in [20,21].

Fig. 8. Schematic view of the liquid3He target system.

3.4 Neutron TOF wall

The neutron counter is the same with the counter used for
the KEK-PS E549 experiment. The neutron counter con-
sists of an scintillator array covering an area of 320 cm
in width, 150 cm in height and 35 cm in thickness. Each
scintillation counter has dimensions of 20 cm× 150 cm×
5 cm. The counters will be rearranged for the E15 exper-
iment in 2010, using a new support frame shown in Fig.
9.

Fig. 9. Picture of the support frame of the neutron TOF wall.

4 Conclusion

The J-PARC E15 experiment will be performed at the
K1.8BR beam line at the J-PARC 50GeV proton syn-
chrotron in order to clarify the present controversial situa-
tion of the existence of the kaonic nuclear bound state. This
experiment is the exclusive measurement of the simplest
kaonic nuclear bound state,K−pp, by the missing mass
spectroscopy via neutron detection, and the invariant mass
reconstruction via the decay,K−pp→ Λp → pπ−p. The
tuning of the 1.1 GeV/c beam was performed andK+s were
successfully identified by TOF measurement in February
2009. Many of detector components were already com-
pleted, and others will be ready in 2010. The data taking
of E15 experiment will be started soon.
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