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The J-PARC E16 experiment focuses on a measurement of the spec-
tral modification of vector mesons at nuclear density. In the experiment,
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30-GeV primary proton beam is irradiated on targets to produce vector
mesons, ρ, ω, and ϕ. The medium mass modifications of the vector mesons
are investigated using their decay into e+e−. The experiment has been
successfully launched at J-PARC high momentum beamline in 2020, and
three commissioning runs have been carried out in 2020–2021. The first
physics run is planned in 2023. In this article, preliminary results of the
commissioning runs are presented.

DOI:10.5506/APhysPolBSupp.16.1-A143

1. Introduction

The quark condensate, which is the order parameter of the chiral symme-
try breaking, is suggested to decrease at finite density or high temperature.
In contrast to the behavior around the critical temperature, the decrease
according to the density is linear and significant even at the normal nuclear
density. The vector meson mass can be directly connected to the quark
condensate based on the QCD sum rule [1, 2]. Therefore, measurement of
the vector meson mass at the normal nuclear density does give us critical
information on the symmetry breaking. The previous experiment, KEK-PS
E325, observed the spectral modification of vector mesons [3–5]. As dis-
cussed in Ref. [6], it is important to establish it with enough high statistics
and give a solid statement through systematic study.

2. J-PARC E16 experiment

The J-PARC E16 experiment [7] is carried out at the high-momentum
beamline at J-PARC hadron experimental facility. The construction of the
beamline was completed in 2020 and it is the first experiment using the
beamline. The 30-GeV primary proton beam with an intensity of 1.0× 1010

per spill (2-s duration, 5.2-s cycle) is irradiated to C, Cu, Pb, and CH2 thin
targets at an interaction rate of 10MHz to produce vector mesons which
are measured via the di-electron decay. In the static system, nuclei are
used to examine medium modification of the vector meson mass at finite
density. The expected yield of ϕ mesons is larger by two orders of magnitude
compared with the previous result [4].

Figure 1 (a) shows the spectrometer. It consists of detectors surround-
ing the targets which are placed at the center of the dipole magnet. The
detectors are divided into 26 modules, one module is shown in Fig. 1 (b).
There are nine or eight modules in the horizontal direction and three mod-
ules in the vertical direction. The most inner part consists of silicon strip
detectors (SSD) and GEM trackers (GTR) for tracking, and the outer region
is covered with hadron blind detectors (HBD) and lead glass calorimeters
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higher statistics than that of E325 collected, as shown in this section. In addition, we also

measure the yield and kinematical distribution of vector mesons, and background conditions

in the limited detectors in this stage. Based on the information, we could blush up the

detailed plan of the next stage.

With additional budget of about 5 Oku yen, we will able to prepare the full acceptance,

which consists of 26 modules. (Cost for new module is 0.26 Oku yen/module including readout

electronics.) The configuration is illustrated in Fig. 15. We would like to run 320 shifts (RUN

2) with the configuration, and take physics data. We will be able to do systematic study of

the in-medium spectral change of vector mesons.

The expected yield of vector mesons expected for the different configuration and different

lengths of the data taking is listed in Table I. For the estimation, we assume the usage of a

400 µm -thick Carbon target and two 80 µm -thick Copper targets simultaneously, located

in-line on the beamline. Thus the total interaction length is 0.2 % and the interaction rate is

10 MHz at the target with the beam of 1×1010 protons per 2-sec pulse. Other numbers used

for the yield estimation is summarized in Table II.

FIG. 14: Detector configuration with 8 modules.
FIG. 15: Detector configuration with 26 modules.

(RUN 2)

RUN beam time configuration target φ ω

RUN 0 9 shifts 6 + 6 + 2 + 2 Cu 460 2400

RUN 0’ 9 shifts 8 + 8 + 8 + 8 Cu 840 4400

RUN 1 160 shifts 6 + 6 + 2 + 2 Cu 8200 42000

RUN 1’ 160 shifts 8 + 8 + 8 + 8 Cu 15000 (1700)

RUN 1’ 160 shifts 8 + 8 + 8 + 8 C 12000 (1500)

RUN 2 320 shifts 26 + 26 + 26 + 26 Cu 69000 (12000)

KEK-PS E325 Cu 2400 (460) 3200

TABLE I: Numbers of φ’s and ω’s expected for different configurations and lengths of the beam time,

compared to the numbers obtained by the KEK-PS E325 experiments. Numbers in parentheses are

for mesons with βγ < 1.25. Four numbers interleaved with “+” in the configuration column describes

the numbers of the modules for the four spectrometer components : SSD, GTR, HBD, and LG,

respectively.

Responsible person for each detector subsystem in the collaboration are summarized in

table III.
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been measured.

Such systematic studies enable us not only to confirm the E325 results but also to provide

new systematic information of spectral change of vector mesons in nuclei, and to contribute

to elucidate the nature of QCD vacuum.

2. EXPERIMENT

For the experiment, we will use a 30-GeV proton beam with an intensity of 1×1010 protons

per pulse, at the high-momentum beam line, which is to be constructed at J-PARC Hadron

Experimental Facility (Hadron hall). To increase the statistics by a factor of 100 compared to

E325, the beam intensity is increased by a factor of 10, the acceptance of the spectrometer is

enlarged to achieve a factor of 5, and the production cross section of the φ meson increase by

a factor of 2, within the acceptance, by changing beam energy from 12 to 30 GeV. The target

thickness must stay the same as E325, typically 0.1% interaction length and 0.5% radiation

length, for each targets, typically C and Cu, to suppress the electron background caused by

γ-conversion in the target. To cope with the expected interaction rate that is increased by a

factor of 10, to 10-20 MHz, new spectrometer based on the new technology should be built.

Also the readout circuits and DAQ system are prepared to take 1-2 kHz of trigger request

within 80% live time, coping with the background from the 10-20 MHz interaction rate.

The schematic view of a proposed spectrometer is shown in Figure 1. Nuclear targets are

located at the center of the spectrometer magnet. The primary proton beam is delivered on

the target. GEM Tracker (GTR)[18, 19] which has three tracking planes is located around

the target, between 200 mm and 600 mm in radius from the center of the magnet where the

target is located. Outside the tracker, Hadron Blind Detector (HBD)[20–22] and lead-glass

EM calorimeter (LG) are located successively to identify the electrons.

FIG. 1: Schematic view of the proposed spectrometer, the 3D view and the plan view.

GEM Tracker is required to cope with the high rate that is expected to reach 5 kHz/mm2 at

the most forward region of the proposed spectrometer. It should be noted that the COMPASS

experiment reported that their GEM Tracker works under 25 kHz/mm2 with a position

resolution of 70 µm[23].

The goal of the mass resolution is 5 MeV/c2, improved by a factor of two from that of

E325, 11 MeV/c2. With the resolution, possible double peak structure due to the modified

φ mesons in nuclei could be observed by selecting very slowly-moving φ mesons, e.g. with a
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Fig. 1. (Color online) (a) Spectrometer with full 26 modules. (b) Top view of one
module. (c) Module configuration at Run 0 (surrounded by the red dotted line)
and Run 1.

(LG) which are used for electron identification [6, 8, 9]. The total number
of detector channels is 148,740. The mass resolution for the slow ϕ meson
is estimated to be 5.8MeV, and the electron efficiency and pion rejection
power are estimated to be 57% and 99.97%, respectively.

The branching ratio of di-electron decay of vector mesons is very small,
for example, it is only 3 × 10−4 in the case of ϕ meson. The main back-
grounds are e+ and e− from π0 Dalitz decays, γ-conversions in the target
together with detector materials and misidentified pions. Pions generated
from the p-nucleus interaction are more than 100 times larger than elec-
trons, therefore, it is a key to suppress pions using a trigger. In the trigger,
two-electron candidates are required. As shown in Fig. 1 (b), the candidate
is selected by the coincidence of the third layer of GTR, HBD, and LG. A
large opening angle between tracks is required to reject electrons from π0

(see Fig. 1 (c)). The number of trigger channels is 2,620 and the single rate
of the trigger channel is up to 1MHz [10, 11]. The trigger rate is expected
to be 1 kHz, while surviving ratio of ϕ meson is 74%.

We take a staging approach of the spectrometer construction, named as
Run 0, Run 1, and Run 2. Run 0 is planned as beamline and detector com-
missionings. The result of the commissioning is described in Sec. 3. Run 1 is
the first physics run planned for the beginning of 2023. Eight modules will be
installed and 15,000 ϕ mesons will be accumulated, which is six times larger
than the previous experiment. By studying the βγ and target dependences
of the modification probability, the medium modification will be established
experimentally through systematic measurement [6]. Figure 1 (c) shows the
detector configuration in Run 0 and Run 1. For Run 1, two new LG mod-
ules were installed in autumn 2021, to enlarge the geometrical acceptance
(see Fig. 2 (a)). Two new HBD modules are under construction and will be
installed in Nov. 2022. As shown in Fig. 2 (b) and (c), a double-sided SSD,
which has X and U (stereo angle 7.5◦) strips on each side, is developed in
cooperation with the CBM group at FAIR [13]. Run 2 is the main physics
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図 2.8: Run0a,Run0b,Run0cにおいて使用した SSDの写真。

図 2.9: 今回新たに導入した SSD（STS）の写真。写真右の黒い台に乗っている板がシリコンのセ
ンサーであり、写真左の FEB8(3.4章参照)とリボンケーブルによって接続されている。

22

Fig. 2. (a) Newly installed two LG modules. (b) Layout plan of new SSD. (c) A pic-
ture of new SSD sensor.

run with full acceptance. Pb and CH2 targets will be added and ϕ mesons
will be produced with a beam time of 2,560 hours. Dispersion relation of ϕ
meson in nuclei with four points can be obtained. It enables us to discuss
the momentum dependence of mass modification [6, 14, 15].

3. Result of commissioning run

Three commissioning runs were carried out in 2020–2021. Three tar-
get foils, Cu and C, were used (see Table 1). The total beam time is 403
hours with an intensity up to 1.2× 1010 per spill. An unexpected microtime
structure of the beam was observed and the DAQ performance was hence
deteriorated; the DAQ live time, which was expected to be 75%, was dete-
riorated to 15%. It will be improved in the next beam time by an upgrade
of power supplies of accelerator magnets and beamline optics. Track recon-
struction was performed using SSD and three layers of GTR. Figure 3 (a)
and (b) shows residuals between a track projection and the hit position of
HBD and LG, respectively. The pion rejection power of the trigger system
is realized to be 97.6 ± 0.6 % for HBD and 91.2 ± 0.7 % for LG [12]. Their
performances are consistent with the expectations. Figure 3 (c) and (d)
shows photoelectrons measured by HBD and energy deposit measured by
LG, respectively.

Table 1. Target material summary. The thicknesses of foils in the table were
measured by weight scale.

Quantity Nominal Thickness Interaction Radiation Width
thickness [µm] [mg/cm2] length length [mm]

Cu 2 80 70.8 0.052% 0.55% 10
C 1 500 89.6 0.102% 0.21% 10
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Figure 7 shows the residual between the HBD (LG) hit posi-
tions and the tracks reconstructed from the SSD and GTR hits.
Here, the criteria for defining pions are the same as in Fig. 6.
The HBD (LG) hit positions successfully match with the recon-
structed tracks. The horizontal pitch of the HBD readout pads is140

15.4 mm and the width of residual is consistent with the pitch.
The pitch of the LG segment is 124 mm horizontally and the
width seems to be reasonable.

Furthermore, the event-mixing distribution represented by
the magenta histogram is significantly suppressed compared to145

the foreground distribution in the peak regions. This means
that we obtain the tracks with good purity by requiring position
matching of the tracks reconstructed from the SSD and GTR
and the HBD (LG) hit positions.

Figure 7: (a) Residual between all HBD hits in an event and the extrapolation
of tracks using the SSD and GTR to the HBD readout plane. The HBD was
operated in forward bias to detect mainly pions. The magenta histogram rep-
resents the residual between all hits in a mixing event and the extrapolation of
tracks without normalization.
(b) The plot shows residual for all LG hits. The mixing distribution was gener-
ated in the same way as in (a).

The response of HBD (LG) to pions defined in the LG (HBD)150

is shown in Fig. 8. Both the HBD and LG signals for pions
were su�ciently suppressed relative with the online thresholds
for electron trigger. Therefore, we confirmed that the electron
identification system exhibits the expected pion rejection per-
formance through the analysis of commissioning data.155

Figure 8: (a) ADC spectrum of the HBD calibrated with the number of pho-
toelectrons. The event samples were selected under the condition that the LG
residual was �80 to 80 mm in Fig. 7 (b). The event-mixing distribution is sub-
tracted to eliminate the e↵ect of miss-tracking. Events with no HBD hits within
a 20 mm radius of the track interpolation points were filled to 0 bin. Red line
shows the shape of the expected electron response obtained from Fig. 6 (a).
(b) The LG ADC spectrum calibrated with energy deposit of electrons. The
pion samples were generated by selecting a range of HBD residuals from �36
mm to 17 mm in Fig. 7 (a). When no LG hits are found within 80 mm of the
extrapolated points of the tracks, the entries were filled to 0 bin. 1 GeV/c elec-
trons are expected to have a distribution as shown in the red line based on prior
test experiments[5].

Outlook. The present analysis shows that the electron identi-
fication system well suppressed pions. The su�ciency of the
rejection performance estimated from these responses will be
evaluated after the yield estimation of vector mesons and the
optimization of operation conditions. The next step is to evalu-160

ate in detail the electron e�ciency of the HBD and LG, includ-
ing the incident angle and momentum dependence.

4. Summary

We have started the J-PARC E16 experiment, which aims
to investigate the mechanism of hadron mass generation due165

to partial restoration of chiral symmetry at finite density. We
measure the � meson mass via di-electron decays. The HBD
and LG were developed for this experiment, which requires
stable operation and high rejection performance under high
rate for each detectors. They were operated at the J-PARC170

high-momentum beamline in the 2020 and 2021 commission-
ing runs. We verified that the HBD and LG were successfully
operated under a high-counting rate and detected electrons. The
preliminary result of the o✏ine analysis shows that the position
matching between the electron identification system and track-175

ing devices is e↵ective to suppress pion backgrounds. Further
analysis for yield estimation is ongoing.
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ated in the same way as in (a).

The response of HBD (LG) to pions defined in the LG (HBD)150

is shown in Fig. 8. Both the HBD and LG signals for pions
were su�ciently suppressed relative with the online thresholds
for electron trigger. Therefore, we confirmed that the electron
identification system exhibits the expected pion rejection per-
formance through the analysis of commissioning data.155

Figure 8: (a) ADC spectrum of the HBD calibrated with the number of pho-
toelectrons. The event samples were selected under the condition that the LG
residual was �80 to 80 mm in Fig. 7 (b). The event-mixing distribution is sub-
tracted to eliminate the e↵ect of miss-tracking. Events with no HBD hits within
a 20 mm radius of the track interpolation points were filled to 0 bin. Red line
shows the shape of the expected electron response obtained from Fig. 6 (a).
(b) The LG ADC spectrum calibrated with energy deposit of electrons. The
pion samples were generated by selecting a range of HBD residuals from �36
mm to 17 mm in Fig. 7 (a). When no LG hits are found within 80 mm of the
extrapolated points of the tracks, the entries were filled to 0 bin. 1 GeV/c elec-
trons are expected to have a distribution as shown in the red line based on prior
test experiments[5].

Outlook. The present analysis shows that the electron identi-
fication system well suppressed pions. The su�ciency of the
rejection performance estimated from these responses will be
evaluated after the yield estimation of vector mesons and the
optimization of operation conditions. The next step is to evalu-160

ate in detail the electron e�ciency of the HBD and LG, includ-
ing the incident angle and momentum dependence.

4. Summary

We have started the J-PARC E16 experiment, which aims
to investigate the mechanism of hadron mass generation due165

to partial restoration of chiral symmetry at finite density. We
measure the � meson mass via di-electron decays. The HBD
and LG were developed for this experiment, which requires
stable operation and high rejection performance under high
rate for each detectors. They were operated at the J-PARC170

high-momentum beamline in the 2020 and 2021 commission-
ing runs. We verified that the HBD and LG were successfully
operated under a high-counting rate and detected electrons. The
preliminary result of the o✏ine analysis shows that the position
matching between the electron identification system and track-175

ing devices is e↵ective to suppress pion backgrounds. Further
analysis for yield estimation is ongoing.
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Figure 7 shows the residual between the HBD (LG) hit posi-
tions and the tracks reconstructed from the SSD and GTR hits.
Here, the criteria for defining pions are the same as in Fig. 6.
The HBD (LG) hit positions successfully match with the recon-
structed tracks. The horizontal pitch of the HBD readout pads is140

15.4 mm and the width of residual is consistent with the pitch.
The pitch of the LG segment is 124 mm horizontally and the
width seems to be reasonable.

Furthermore, the event-mixing distribution represented by
the magenta histogram is significantly suppressed compared to145

the foreground distribution in the peak regions. This means
that we obtain the tracks with good purity by requiring position
matching of the tracks reconstructed from the SSD and GTR
and the HBD (LG) hit positions.

Figure 7: (a) Residual between all HBD hits in an event and the extrapolation
of tracks using the SSD and GTR to the HBD readout plane. The HBD was
operated in forward bias to detect mainly pions. The magenta histogram rep-
resents the residual between all hits in a mixing event and the extrapolation of
tracks without normalization.
(b) The plot shows residual for all LG hits. The mixing distribution was gener-
ated in the same way as in (a).
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formance through the analysis of commissioning data.155

Figure 8: (a) ADC spectrum of the HBD calibrated with the number of pho-
toelectrons. The event samples were selected under the condition that the LG
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a 20 mm radius of the track interpolation points were filled to 0 bin. Red line
shows the shape of the expected electron response obtained from Fig. 6 (a).
(b) The LG ADC spectrum calibrated with energy deposit of electrons. The
pion samples were generated by selecting a range of HBD residuals from �36
mm to 17 mm in Fig. 7 (a). When no LG hits are found within 80 mm of the
extrapolated points of the tracks, the entries were filled to 0 bin. 1 GeV/c elec-
trons are expected to have a distribution as shown in the red line based on prior
test experiments[5].
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trons are expected to have a distribution as shown in the red line based on prior
test experiments[5].
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Fig. 3. (Color online) (a) and (b) HBD and LG horizontal residual of hit position
from track projections. (c) and (d) HBD and LG response to electrons (red upper
lines) and pions (black lines). (e) Fit result (red curve) of HBD response to electrons
(blue, step-like line). The fit function is a Poisson distribution convoluted with a
Polya distribution.

Both detectors show the electron enhancement successfully. Figure 3
(e) shows HBD photoelectron distribution. The photoelectrons of HBD for
electrons are obtained as 10± 2 photoelectrons which is consistent with the
design value of 11 photoelectrons. In conclusion, the good tracking perfor-
mances are realized and the online pion rejection and electron identification
performances are enough to separate electrons from pions.

4. Summary

The J-PARC E16 experiment measures the vector mesons in nuclei us-
ing the 30-GeV primary proton beam at the newly-built high-momentum
beamline. Three commissioning runs were carried out in 2020–2021. The
unexpected beam microstructure was found and it will be improved by the
next beam time. The performances of tracking, online pion rejection, and
electron identification were evaluated and found to be consistent with the
expectations. The first physics run, Run 1 is planned for 2023 with full-
eight-detector modules, including the newly developed SSD.
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