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We have proposed the experiment E161) to measure
the vector meson decays in nuclei in order to inves-
tigate the chiral symmetry restoration in dense nu-
clear matter. The experiment will be performed at
the J-PARC Hadron Experimental Facility. Scientific
(“stage 1”) approval was granted to the experiment
E16 by PAC in March 2007. For the full approval,
we were required to demonstrate the experimental fea-
sibility and show the prospects of acquiring sufficient
funds and of beam-line construction. Toward the full
approval, the technical design report (TDR) was sub-
mitted to PAC held in May 2014, and the TDR is being
revised as per the requirements provided by PAC, and
the revised TDR will be submitted to the PAC held in
July 2015.

The aim of the experiment is to perform a systematic
study of the spectral modification of vector mesons,
particularly the ϕ meson, in nuclei, using the e+e− de-
cay channel with statistics that are two orders larger in
magnitude than those of the preceding E3252) experi-
ment performed at KEK–PS. In other words, the aim is
to accumulate 1×105 to 2×105 events for each nuclear
target (H, C, Cu, and Pb) and to deduce the depen-
dence of the modification on the matter size, and the
meson momentum. At the same time, the e+e− decays
of the ρ, ω, and J/ψ mesons can be measured, while
the yields depend on the trigger condition required to
suppress the background e+e− pairs.

For the experiment, we plan to use a 1010-pps, 30-
GeV proton beam in the high-momentum beam line,
which is being constructed at J-PARC. In order to in-
crease the statistics by a factor of 100, we will construct
a large-acceptance spectrometer that can be operated
under 107 Hz nuclear interactions at the target. In
order to cope with such a high-interaction rate, GEM
has been adopted for constructing new tracking and
PID detectors.

The construction of the high-momentum beam line,
where we perform the experiment, has been on-going
since 2013 by KEK. The first beam is scheduled around
the end of JFY 2016; it was delayed by a year because
of the beam stoppage due to the radiation accident
at J-PARC in May 2013. The schedule of the spec-
trometer magnet reconstruction is also delayed, and it
is expected to be completed by July 2015. After the
completion of the magnet reconstruction, we can begin
installing the detectors in the magnet. The target day
of the construction is March 2016. Our spectrometer
has 26 modules. Owing to the budget limitations, our
first goal of the staged construction plan is to construct
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eight modules, which correspond to approximately one
third of the full installation.

The development of the detectors has almost com-
pleted, and we are moving to the production phase.
For the GEM Tracker (GTR)3), the production of
GEM has been underway since 2013. Six modules (out
of eight, as mentioned above) are currently under con-
struction. The production of frames made of CFRP,
which is used to install the GEM chambers in the spec-
trometer, started in 2014. For the HBD4), which is
one of our electron ID detectors, only two modules
are currently under construction. The lead-glass (LG)
EM Calorimeter, another electron ID detector, utilizes
the recycled LG from the TOPAZ experiment. The re-
shaping of LG blocks, for eight modules (330 blocks), is
to be completed at the KEK engineering center within
JFY 2014.

The development of the read-out and trigger mod-
ules are underway. As a pre-amplifier and front-end
module (FEM) of GEM detectors, an APV25 chip and
SRS, both are CERN-made, are adopted. We joined
the RD515) collaboration in CERN in July 2013 to co-
develop GEM-related electronics. For HBD, we use
the RD51-made APV25 preamp. For GTR, a more
smaller preamp using the APV25 chip was fabricated
by ourselves and the production started in January
2015. The first version of the FEM for the LG is tested
and the revision is on-going.

For the trigger, signals from the GEM foil of GTR
and HBD are used. ASICs for the amp-shaper-
discriminator to generate the trigger primitive of the
two detectors has been produced under the coopera-
tion of the KEK e-sys group. For GTR, the test of the
second version is to be started. The test of the first
version for HBD is almost completed. To generate a
global trigger signal, an FPGA board “UT3”(Belle II
collaboration) is used. To transfer the trigger prim-
itives to UT3, we developed another module called
“TRG-MRG”. The first version of TRG-MRG is al-
ready delivered and will be tested at KEK. These tests
will be completed by the end of JFY 2014.
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Simulation of HBD response in the J-PARC E16 experiment based
on test results

K. Kanno∗1,∗2 for the J-PARC E16 Collaboration

A hadron blind detector (HBD) has been devel-
oped for the J-PARC E16 experiment.1) The E16 ex-
periment aims to investigate the origin of QCD mass
through the spectral change of a ϕ meson in a nucleus.
The mass spectrum is reconstructed through electron-
positron decays. A detector for electron identification
is required. The HBD is utilized in the E16 exper-
iment for this purpose. The HBD identifies electrons
by converting Čerenkov photons emitted by an incident
electron in a CF4 radiator into photoelectrons using a
CsI photocathode. These photoelectrons are amplified
by gas electron multiplier2) (GEM) foils and are sub-
sequently read out as an electric signal. Other charged
particles apart from the electron do not emit Čerenkov
photons in the momentum region where we perform the
measurement, 0.4–3 GeV/c. With this scheme, the
HBD distinguishes electrons from the other charged
particles.
We have constructed a prototype of the HBD and

performed a test experiment using a positron beam of
1.0 GeV/c at Research Center for Electron Photon Sci-
ence, Tohoku University. We successfully observed 11
photoelectrons per incident positron with the proto-
type3) when the incidence angle to the beam was 0◦.
This result was consistent with the expected result cal-
culated based on the performance of each detector ele-
ment. However, only HBD response to an electron was
obtained in this beam test, and the response to a pion
is also required to determine the pion rejection power
for a given electron detection efficiency. We estimated
the HBD response to a pion through simulation.
For this simulation, we used the HBD response to

a pion that has already been obtained with another
prototype. This prototype has a smaller pad readout
and longer gap lengths between GEM foils. Taking
into account of the differences between the prototype
and another prototype, we performed the simulation
to evaluate the prototype response to a pion. With
this simulation, we estimated an electron detection ef-
ficiency of 85% with a pion rejection factor of 50 for
1.0 GeV/c electrons and pions at the threshold of 6.5 e
when the incidence angle was 0◦. In the actual J-PARC
E16 experiment, charged particles including electrons
and pions are emitted from a target and the incidence
angle of these particles to the HBD is approximately 0–
45◦. Furthermore, these charged particles move along
a curved line because of the magnetic field in the spec-
trometer used in the experiment, resulting in a larger
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Fig. 1. Electron detection efficiency as a function of elec-

tron momentum.

incidence angle to the HBD.
To evaluate the electron detection efficiency in the

offline analysis, we performed another simulation by
including the possible momentum and incidence an-
gle distribution of electrons from ϕ meson decays.
In the simulation, ϕ mesons were generated by a 30
GeV/c proton-induced reaction using the nuclear cas-
cade code JAM.4) These ϕ mesons decay into electrons
and positrons, and then electrons move according to
the magnetic field. We assumed pion samples had
the same track as the electron samples. The HBD
responses to an electron and a pion were estimated
based on the result of the beam test and the simulation
mentioned in the previous paragraph. The electron de-
tection efficiency as a function of electron momentum
with a pion rejection factor of 100 is shown in Fig. 1.
The efficiency decreases in the region of 0.4–1.5 GeV/c.
This fact reflects that the signal amplitude of a pion
increases with decreasing momentum. A pion sample
having lower momentum has a larger curvature in a
magnetic field and consequently has a larger incidence
angle to the HBD, namely, a larger signal amplitude.
The large errors in the high-momentum region are due
to availability of limited statistics. The overall effi-
ciency is 60% with a pion rejection factor of 100 at the
threshold of 7.5 e, which meets the requirement of the
experiment.

As the next step, we will measure the response to
a pion, which has been simulated, using a pion beam
with GEM foils and the readout pad configuration for
the production type of HBD.
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