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Background estimation and operation test of the GEM detectors for
the J-PARC E16 experiment

D. Kawama∗1 for the J-PARC E16 collaboration

In the proposed J-PARC E161) experiment, we will
use a 30 GeV primary proton beam at the J-PARC
high-momentum beam line. Because the beam inten-
sity will be ∼1 × 1010 per spill and expected particle
counting rate is 5 kHz/mm2 at most, we will use two
types of GEM detector: the GEM tracker2) and the
Hadron Blind Detector (HBD)3). These detectors need
to be operated in high-rate background environment
during the experiment. In a test experiment using the
1.0 GeV/c pion beam at the J-PARC K1.1BR beam-
line, several breakdowns were observed with HBD (30
cm × 30 cm × 100 µmt LCP GEM in CF4 gas, 3×103

gain). The breakdowns are considered to be caused by
hadronic background such as neutrons or slow hadrons,
because we did not observe such breakdowns with elec-
tron beams. In addition, no breakdowns were observed
with the GEM trackers (10 cm × 10 cm × 50µmt PI
GEM in Ar/CO2 gas, 1×104 gain). Therefore we esti-
mated the background particles and their energies for
the E16 experiment and performed an operation test
of the GEM detector in the high-rate neutron back-
ground.

The background particle counting rate was esti-
mated using the Geant4 simulation. The simulation
employed the physics list of “QGSP BERT HP”,4)

which includes high-precision treatment of low-energy
neutrons (Ekin < 20 MeV). The validity of this sim-
ulation for estimation of background particle counting
rate was checked by comparing the background calcu-
lation with PHITS5) calculation6) at the K1.1BR area;
both agreed within a factor of 2. For example, the
neutron rate was 0.01 Hz/mm2 at the broken GEM of
K1.1BR case.

Fig. 1. Schematic model of the E16 experiment used in the

simulation. The area is surrounded by concrete blocks,

and is filled by air.

The model used in the E16 background simulation
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is shown in Fig. 1. Using this model, we estimated the
particle rate at the detector position, which is located
at approximately 120 cm from the target surrounded
by the lead-glass calorimeters. Fig. 2 shows the en-
ergy spectra from the beam dump and the target, and
reveals that the main contribution is by neutrons of
several hundred keV. By integrating these spectra, we
estimated the neutron counting rate of the E16 detec-
tor to be in the order of 0.1 kHz/mm2 for the beam-
dump origin and 0.01 kHz/mm2 for the target origin.

Fig. 2. Energy distribution of the background particles

from the beam dump (left panel) and the target (right

panel).

We performed an operation test of the GEM detec-
tor at AVF cyclotron room in the RIKEN RI beam
factory. The detector includes triple-stack 30 cm × 30
cm × 50 µmt PI GEMs in the CF4 gas. This is the
same configuration as that employed in the E16 ex-
periment. During the operation, a 12 MeV deuteron
beam with an intensity of 10 pµA was used in the
room. The dominant energies of the neutrons were 0.1-
10 MeV according to the Geant4 simulation, and the
GEM detector was operated in the room background.
The neutron radiation level monitored during the oper-
ation was 87 mSv/h on average, which is in the order of
1 kHz/mm2. The counting rate of the GEM itself was
approximately 10 Hz/mm2. The GEM could be stably
operated for 15 h without breakdowns with Vgem = 510
V, which corresponds to a gain of 2 × 104. The total
amount of neutrons corresponds to the 2-month op-
eration in the E16 experimental area. From the test
operation, we can confirm that PI GEMs can work
stably in high neutron background. Further study is
necessary to clarify the reason for stable operation.
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Development of the tracking detector with large GEM foils for the
J-PARC E16 experiment

Y. Komatsu∗1,∗2 for the J-PARC E16 Collaboration

The J-PARC E161) experiment is proposed to mea-
sure the mass spectrum of the ϕ meson in nuclear
matter. In the spectrometer, the momentum of
charged particles is measured using the tracking detec-
tors(called “GEM trackers”) in a magnetic field. The
details of the GEM tracker are described elsewhere2)3).
The development of the tracker with an effective area
of 300 mm × 300 mm is reported in this article. A
schematic view of the 300 mm×300 mm readout board
is shown in Fig. 1. Cartesian strips called “X” and “Y”
are made of copper and patterned on the top and the
bottom of a polyimide sheet of thickness 25 µm. For
charge sharing between X and Y, the base polyimide is
etched using the chemical method, except just under
the X strips. The glass epoxy of thickness 100 µm is
laid under the Y strips as a support.

Fig. 1. Schematic view of the 300 mm × 300 mm readout

board. Only a part of the readout board is shown in

this magnified view.

The positions of the strips were measured using a
coordinate measuring machine (Nikon VMR-10080).
The coordinates of the cross-points of the left edge of
the X strips and the upper edge of the Y strips (xij ,
yij)(i,j=0,...,71) were measured for every 12 strips. The
subscripts i and j denote the row and column num-
bers. The deviations of the coordinates of the cross-
points from the mean values were calculated for each
strip and plotted in Fig. 2. The deviations of the X
and Y strips are defined as xi,j −

∑71
i=0 xi,j/72 and

yi,j −
∑71

j=0 yi,j/72. The maximum deviation of the X
and Y strips were 43 µm and 42 µm, respectively. The
deviations were small compared to the spatial resolu-
tion of the X and Y strips, which are 100 µm and 400
µm, respectively. The precision of the readout strips
was confirmed. GEM foils with an effective area of 300
mm× 300 mm were also fabricated. The average diam-
eters of the holes were 65 µm for copper and 33 µm for
polyimide in the top and the middle GEM of the stack,
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Fig. 2. The measured deviations of the X and Y strips of

the 300 mm × 300 mm readout board. The unit of

the color bar is mm and the right (up) direction is the

positive direction in the left (right) figure.

and 56 µm and 27 µm in the bottom for copper and
polyimide, respectively. The spatial resolution of the
GEM tracker was evaluated using positron beams at
the Research Center for Electron Photon Science, To-
hoku University. The setup is shown in the left panel
of Fig. 3. The GEM tracker was located between two
Silicon Strip Detectors (SSDs). The position resolu-
tion was evaluated on the basis of the residual of the
hit positions calculated from the hits on SSDs and the
GEM tracker. The obtained residual distribution for
the 0◦ beam is shown in the right panel of Fig. 3. The
residual distribution was fitted with a Gaussian, and
the standard deviation was 73 µm. The requirement
of the position resolution is 100 µm, and the 300 mm
× 300 mm GEM tracker has sufficient resolution for
the experiment.

Fig. 3. Setup of the beam test (left) and residual distri-

bution of the 300 mm × 300 mm GEM tracker for 0◦

beam(right).
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