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J-PARC E16

@J-PARC 高運動量陽子ビームライン(high-p) 
　(2019年度末までに完成予定) 
ビーム: 30GeV, ~1×10^10proton/2s(->5GHz)
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・30GeV p+A->(φ, ω, ρ)+X 
・e+e-崩壊チャンネル(分岐比~3×10^-4)の不変質量を組み、 
　原子核中+真空中でのメソンの質量スペクトルを測定

and Cu target.

Figure 5: Invariant mass spectra of φ→ e+e− observed by E325. Upper
panels are for carbon and lower are for copper targets. The data are divided
by the meson velocity, slower (βγ < 1.25 ), middle (1.25 < βγ < 1.75) and
faster (1.75 < βγ ) component as shown in left, middle and right panels,
respectively. Only the data shown in the lower-left panel have significant
excess over the φ meson shape and the quadratic background curve.

For φ meson case, similar analysis was performed and the excess is ob-
served only the slowly moving component in larger nuclear target as shown
in Fig.5 from the reference [6]. The result is consistent with a view that al-
most all mesons, which are produced in nuclei with a few GeV of momentum,
should decay outside the nucleus or nuclear matter and only limited num-
ber of mesons could decay inside nucleus with mass-modification by density
effect, because the mean life is relatively longer than the nuclear size. The
velocity-dependence analysis for ρ/ω meson case is also desired and ongoing.

The number of mesons in the excess is calculated by subtracting unmod-
ified shape distorted by the detector simulation from the data and plotted in
the left panel of Fig. 6. Supposing the excess consists of modified φ meson ,
the ratio Nexcess/(Nexcess +Nφ) means the fraction of φ→ e+e− decay inside
nucleus among the total φ→ e+e− decays. The lines in the figure are the
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KEK E325で測定された 
φの質量スペクトル

目的: 原子核密度中におけるカイラル対称性の部分的回復の検証

分岐比の小さな反応、大統計 
->大強度ビームの使用 
->レート耐性の高いデータ取得システムが必要 
　(最大シングルレート~1MHz) J-PARC E16 

統計量100倍、ΔM~5MeV
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1モジュール分の断面図

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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and Cu target.

Figure 5: Invariant mass spectra of φ→ e+e− observed by E325. Upper
panels are for carbon and lower are for copper targets. The data are divided
by the meson velocity, slower (βγ < 1.25 ), middle (1.25 < βγ < 1.75) and
faster (1.75 < βγ ) component as shown in left, middle and right panels,
respectively. Only the data shown in the lower-left panel have significant
excess over the φ meson shape and the quadratic background curve.

For φ meson case, similar analysis was performed and the excess is ob-
served only the slowly moving component in larger nuclear target as shown
in Fig.5 from the reference [6]. The result is consistent with a view that al-
most all mesons, which are produced in nuclei with a few GeV of momentum,
should decay outside the nucleus or nuclear matter and only limited num-
ber of mesons could decay inside nucleus with mass-modification by density
effect, because the mean life is relatively longer than the nuclear size. The
velocity-dependence analysis for ρ/ω meson case is also desired and ongoing.

The number of mesons in the excess is calculated by subtracting unmod-
ified shape distorted by the detector simulation from the data and plotted in
the left panel of Fig. 6. Supposing the excess consists of modified φ meson ,
the ratio Nexcess/(Nexcess +Nφ) means the fraction of φ→ e+e− decay inside
nucleus among the total φ→ e+e− decays. The lines in the figure are the

9

~1.8m

・FM magnet, SSD, GEM Tracker(GTR) 
　- 運動量測定用検出器 
・Hadron Blind Detector(GC型検出器, HBD), Lead Glass Calorimeter(LG) 
　- 電子識別用検出器 
・中段8モジュール、上段・下段各9モジュールの計26モジュール 
・水平方向に±135deg、鉛直方向に±45deg
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データ収集システム
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◯データ 
　・全検出器で波形取得(高レートによるpile upの識別) 
◯トリガー 
　・検出器からのdiscri outを取得 
　・データのbuffering timeに間に合うようにトリガーを生成、分配

J-PARC E16実
験
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データbuffering用ASIC(SSD, GTR, HBD)
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◯SSD, GTR, HBD 
APV25s1 chip 
　・40M SPS 
　・128ch×160cell 
　　->buffering time: 4μs 
　・全chをシリアライズして差動出力 
　・E16では最大18点読み出し

micro HDMI 
データ出力, 電源供給等

APV25 hybrid card 

50mm 

micro-HDMI 

board-to-board connector  
to directly attach a readout plane 

KEL-XSL 
micro-miniature coaxial cable 
(100-300mm length to GEM) micro-HDMI 

SRS-APV-hybrid card  
E16ではHBDに使用 

TRK-APV hybrid cardをE16 GTR用に開発 
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FR-4  4layers 

FPC 8layers 

3種類の大きさのGEM trackerのいづれにおいても 
APV25を使った読み出しで𝜎𝑥 <100 𝜇mを確認 

(beam test @ K1.1BR) 

master slave 

128ch/card 
256ch/card 

東大中井 
e-sys池野 
TNT 

256ch signal input

APV25s1 chip

TRK APV: GTRの波形取得に使用



データbuffering用ASIC(LG)
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◯LG 
DRS4 chip 
　・E16では1G SPS 
　・4ch×2048cell 
　　->buffering time: ~2μs 
　・chごとにパラレルで差動出力 
　・E16では~100点読み出し

トリガーレイテンシの上限は~2μs
DRS4 ADC/TDC

16ch input

data output

DRS4 chip

AMP

ADC

discri out

SPANTAN6
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・ch数: 2548ch 
・トリガー条件: (GTR3×HBD×LG)×(e+e-のopening angle>60deg) 
　(HBDのhit chで判断) 
・トリガーレート~1kHz 
要求性能 
・トリガーレイテンシ<2μs 
・最大シングルレート~1MHzに耐性



TRG-MRG
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・トリガー中継用モジュール 
・メザニンカード 
　　-discri outのレシーバー×2 
　　-ASDのslow control×2 
・256ch差動入力 
・8つの高速光通信ポート 
　(全て10Gbpsに対応)

高速光通信ポート(SFP+)

128ch input

kintex7 160T-2

メザニンカードメザニンカード



TRG-MRGの開発状況

ASD 1nsサンプリング TRG-MRG

トリガー決定モジュール 
(Belle2 UT-3)

TDC                 

DAQ 256chのdelay, data enable
赤: 実装中の部分

RBCP

高速光通信 
最大10Gbps

ASD

・ 
・ 
・
×256ch 64ch分×4

・ 
・ 
・

hitがあったデータを出力
TCP

データ量: 64bit×3clk/64ns
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・FPGA内のTDC部分はロジックの実装が完了 
・高速光通信部分は未実装 
・現在はTCP通信による部分的なデータ読み出しのテスト、TDCの実機テストの最中

SFP+



TDCの各処理について①
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discri out ISERDESE2 EDGE_DETECT DELAY_BUFFER
1100

1 
1 
0 
0

1 
1 
0

hitの有無
時間情報 
0b10=2ns

・ISERDESE2を用いて、inputを500MHz DDRでサンプリング 
　1GHz, 1bit幅->250MHz, 4bit幅 

・EDGE_DETECT 
　立ち上がりを検出し、その有無とタイミング情報(0-3ns)を出力 

・DELAY_BUFFER 
　各chで信号を最大1024ns遅らせる(4ns刻み) 
　　※LGの信号検出からGTRの信号検出まで~500ns

0 | 0011　->有、2ns 
0 | 1111　->有、0ns 
1 | 1111　->無

時間

0ns
3ns



TDCの各処理について②
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hit情報 ・ 
・ 
・
×16

FIND_HIT 
16ch 
4ns ・ 

・ 
・
×4

SUM_HITS 
64ch 
4ns

FIFO_SELECTOR 
64ch 
64ns

最大8hit
最大8hit

高速光通信
最大8hit

1ch, 4ns->64ch, 64ns

discri_outから光通信ポートまで 
~100-160nsで到達

平均で8hit/(64ns×64ch)~2MHz/chに対応



トリガーレイテンシの見積もり
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LG 
波形buffering開始

0ns

event発生 
LG 

信号出力

100ns

LG信号 
ケーブル 
通過

100ns GTR 
ドリフト時間

500ns

500ns

GTR 
信号出力 
discri生成

GTR信号 
ケーブル 
通過

100ns

TRG-MRG IN

600ns

TRG-MRG 
TDC

160ns

760ns

TRG-MRG 
AURORA IN

高速光通信
320ns

UT-3 IN

1080ns

UT-3
400ns

FTSW IN

1480ns

200ns
FTSW

1680ns

FTSW OUT 
LG 

波形取得開始
~1.6μs

LGの波形buffering time(2μs)は下回る見積もり
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動かした実績あり

Run0に向けて
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Appendix

A-1. Staging strategy

Here, we describe our strategy towards the final goal. We adopt a staged approach in
the construction of the spectrometer. According the latest construction plan of the beam
line, the high-p experimental area accepts the primary proton beam for the first time in May
2019. The currently secured budget allows us to build and install 6 modules of SSDs, 6 of
GTRs, 2 of HBDs, and 2 of LGs by Jan. 2019. It is well before the anticipated construction
schedule of the beam line and the spectrometer itself becomes ready for the beam time
earlier if the construction schedule of the beam line is moved forward. The configuration is
schematically shown in Fig. 12. The secured budget includes Grant-in-Aid Shin-gakujutsu
(FY2009-2013), Kiban-A (FY2014-2016), Wakate-B (FY2014-2016), and Wakate-A (FY2015-
2017). We consider application of other Grant-in-Aid and if we get support in a timely fashion,
we can extend the acceptance. With an additional budget of 0.9 Oku yen, we are able to
prepare 8 of SSDs, 8 of GTRs, 8 of HBDs, and 8 of LGs and the configuration is illustrated
in Fig. 13 and Fig. 14.

FIG. 12: Detector configuration in RUN 0 based
on the secured budget. 6 of SSDs (not visible), 6
of GTRs, 2 of HBDs, 2 of LGs.

FIG. 13: Detector configuration in RUN 0 with
an additional budget. 8 of SSDs, GTRs, HBDs,
and LGs.

The re-construction of FM magnet with newly added parts completed in 2015. We will
install the detector components available at the time of installation and do necessary adjust-
ments to accept the first beam planned in May 2019.

We request 40 shifts of beam time and we call it RUN 0. We would like to use this
opportunity for the commissioning of the beam line and the detectors, and measurement of
the yields of ρ, ω, and φ. Detailed plan of RUN 0 is described in section 3.

We plan to request 160 shifts scheduled during the next SX (slow extraction) run period
of J-PARC MR, in late 2019 or 2020, and we call it RUN 1. We will take physics data and
investigate spectral change of vector mesons ρ, ω and φ. We will accept the beam with at
least 6 of SSDs, 6 of GTRs, 2 of HBDs, and 2 of LGs. Depending on the budget, we maybe
able to extend the acceptance and prepare 8 of SSDs, 8 of GTRs, 8 of HBDs, and 8 of LGs.

In this stage, we can confirm the results by the precedent experiment, KEK-PS E325,
and further, the first data of momentum dependence of the spectral change, with the 6 times
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・HBD ASD 
・TRG-MRG 
・Belle2 UT-3 
・Belle2 FTSW 
・DAQ 
については開発中

・ビームライン完成(2019年度末まで)次第、ビームライン、検出システムの 
　コミッショニングとしてRun0を行う(stage-2 approved) 
・Run0では、SSD, GTR, HBD, LGをそれぞれ少なくとも6,6,2,2モジュールずつ使う予定 
・現在の準備状況は右図の通り



Summary
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・J-PARC 高運動量陽子ビームライン(high-p)で 
　2019年度末頃までにコミッショニングラン 
・トリガーシステムの開発が残っている

実験について

トリガーについて
・計2548chからトリガーを生成 
・トリガーレート~1kHz 
・トリガーレイテンシへの要求~2μs 
　->現在の見積もり~1.6μs

TRG-MRGについて
・1モジュールあたり256chの 
　トリガー情報を中継 
・1ns単位のTDCをISERDESE2を 
　用いて実装 
・5or10Gbpsで出力 
・平均2MHz程度までのhitに対応 
・TDCを実装、光通信は未実装 
・現在はTCP通信による 
　読み出しテスト中

トリガーシステム、TRG-MRGの予定
2017.10 2017.11

TDCデバッグ、性能評価

2018.1

AURORA実装

2018.3

AURORAデバッグ、調整TRG-MRG

レート評価
event simulation、 

検出器simulationを用いた 
トリガーロジックの再確認・改良


