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• high-p beam line
- J-PARC MRから1次陽子ビームの一部を取り出す
- proton : Max. 30 GeV - 1010 /sec

• Key words
- High precision
- High statistics

• 電磁石が組み上がったところ

high-p beam line
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CHAPTER 1. INTRODUCTION 65
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Figure 1.1: A quark condensate |⟨q̄q⟩| as a function of temperature T and density ρ
taken from Ref. [3]

In their prediction the actual value of the proportional coefficient k is 0.15 ± 0.05, the
error of which is caused from the uncertainty in the π–N Σ term. Also y itself has
uncertainty from 0.12 to 0.22. Thus the product of k and y is in the range of 0.01 to
0.04, corresponding to the mass decrease for the φ meson at normal nuclear density to
be 10–40 MeV/c2.1 As for the decay width of φ meson, several theoretical calculations
exist and they predict the broadening of the width by factor five or six [9, 10] to ten [11],
at normal nuclear density. Klingl, Waas and Weise calculated the in-medium spectra of
φ meson, as shown in Figurer 1.3. They predicted that the width of φ meson increases
by a factor of ten with a small pole mass shift. When the width of φ meson broadens
by such a large factor, the lifetime of φ meson cτφ in a nucleus is reduced from 46 to
5 fm, and the probability of in-medium decay increases.

There exist several experimental reports observing a signature of the in-medium
modification of ρ and ω mesons, including our reports [12, 14, 15, 4, 5]. The CERES/NA45
experiment, which was carried out at CERN-SPS to investigate the nuclear matter at
high temperature, measured low-mass dielectron spectra in Pb-Au collisions at 158 A
GeV [12]. They observed the enhancement of e+e− pair yield in the mass range of 0.3 –
0.7 GeV/c2 over the expected yield from the known hadronic sources in p-p collisions.
Recently the NA60 collaboration also reported in-medium modification of the ρ meson
at high temperature in 158 A GeV In-In collisions by measuring the dimuon spectra
using high-granularity silicon pixel telescopes [15]. They observed a broadening of ρ
meson in dimuon spectra but without a significant mass shift. The theoretical interpre-
tation for above heavy-ion collision experiments is rather difficult since the estimation
for the time evolution of the temperature and density of the system is inevitable. As the
studies concerning the dense matter, only the CBELSA/TAPS collaboration reported
14+1

−8% of mass decrease of the ω meson at normal nuclear density in the invariant mass
distribution of the π0γ decay channel. The result is consistent with the theoretical

1It should be noted that the mass in their prediction is not a pole mass but a mean value of the
mass spectrum of the φ meson. The two is almost same for narrow resonances such as φ and ω.

Figure 1.2: The quark condensate |⟨q̄q⟩| as a function of temperature T and density
ρ [6].

2 Physics

As described in previous section, both the finite temperature and the fi-
nite density environment are important to investigate the chiral symmetry
in QCD. In J-PARC, we put emphasis on the latter environment. The pro-
ton (or secondary beam hadron) induced reactions make mesons in target
nucleus, which bring the information of the environment around normal nu-
clear density. Heavy ion collisions around 20∼25 GeV/nucleon are expected
to achieve the high baryon density 5∼10 times as large as the normal nuclear
density. Of course such energy region was investigated by the AGS (∼ 12
GeV/nucleon) and recently SPS (20 ∼ 30 GeV/nucleon) heavy ion experi-
ments, however, these experiments did not use the electron probe, which less
interact in final state. Only CBM experiment (GSI future project) [19] is
competing with us in this energy region.
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Figure 1: mass modification of vector mesons in finite density predicted by
Hatsuda and Lee [13](left) and Klingl et al. [15] (right: upper is for ρ, middle
is for ω and lower is for φ meson ).
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Figure 1.3: mass modification of vector mesons in finite density predicted by Hatsuda
and Lee [8].

Several experiments already detected the modification of light vector mesons
spectra in hot/dense matter. For examples, the CERES experiment at CREN-
SPS [12], the NA60 experiment also at CREN-SPS [13], the experiment KEK-PS
E325 [14, 15], the CLAS-g7 at JLab [16], the CBELSA/TAPS experiment [17] and
the LEPS at Spring-8 [18]. Heavy ion collision or nuclear reaction can generate
a hot/dense medium and the in-medium mass spectrum of light vector mesons is
reconstructed from their decay products. From the viewpoint of measuring the decay
products, lepton pair decays are suitable, since there is no final state interaction
between leptons and the medium. All the experiments agree that mass spectra of
the light vector mesons are modified in hot/dense medium. However, details of

• Quark condensate          : order parameter of the chiral symmetry
• 高温 and/or 高密度下で,             が減少する 
• chiral symmetryが部分的に回復することで、ハドロンのmassとwidthが変化する
• E16実験ではvector mesonのe+e- pairへの崩壊を測定することで質量分布の変化を
調べる

�q̄q�
|�q̄q�|
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Table 2.1: Targets spec of E325 and E16
nuclei thickness (µm) interaction length (%) radiation length (%)

E325 C 810 0.21 0.43
Cu 81 0.054 0.57

E16 C 200 0.05 0.1
CH2 400 0.05 0.1
Cu 80 0.05 0.5
Pb 20 0.01 0.3

Experimental investigation for Mass Modification Effect in Nuclei at J-PARC D. Kawamaa
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Figure 4: The left-hand panel shows a simulation result of φ -meson invariant mass spectra in the E16
experiment, for Cu and Pb targets selecting βγφ < 0.5. The mass resolution is obtained as 5 MeV. The
background is not considered. The right-hand panel shows expected βγφ dependencies of the excess ratio
for Pb, Cu, C, and protons with expected statistics in the E16 experiment[6]. The curves are the same as in
Fig. 2.

Improvements in detectors and their readout systems are necessary to cope with the high count-
ing rate (5 kHz/mm2 at most). We will use gas electron multipliers (GEM) for particle tracking
detectors. The development of the GEM trackers is almost finished, and the position resolution of
100 µm was achieved[8], which corresponds to the mass resolution of 5 MeV. The resolution was
approximately 11 MeV in the E325 experiment, then it is expected that a more precise shape of the
mass spectrum will be obtained.

In order to suppress the pion background, hadron blind detectors (HBD)[9] and lead glass
electromagnetic calorimeters (LG) are used. The HBD also uses GEMs with CsI photocathodes
to detect Cherenkov photons produced by relativistic particles in a CF4 radiator. We expect the
hadron rejection powers of the HBD and LG as 1×10−2 and 4×10−2, respectively.

Figure 5: An expected plot of the mass drop-
ping dependence of the meson momentum
with the prediction by Lee[7].

The expected invariant mass spectra and the
βγφ dependence of the mass excess ratio for the E16
experiment are shown in the left-hand panel of Fig.
4. These figures are results from a Monte Carlo
simulation that includes target material, spectrom-
eter materials and position resolution of the GEM
tracker (100 µm). The selection of the slowly-
moving φ mesons and the improvement in the mass
resolution enhance the excess in the spectra, hence
high-precision excess ratio data is expected to be
obtained for several nuclei and meson velocities.
The expected results are shown in the right-hand
panel of Fig. 4[6]. As shown in the figures, the
error bars become smaller, and the accuracy of shift
parameter k will be improved by approximately one
order than that of the E325 result.

The high statistics data enables to reveal the
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Figure 2.1: Expected spectra in J-PARC E16 experiment.

E325, must be achieved in the J-PARC E16 experiment. In E16 experiment, a new
spectrometer which has high rate capability for high intensity beam at J-PARC and
a good mass resolution is need to be constructed.

2.2 Spectrometer design

The spectrometer is designed using following basic concepts.

• Use thin targets (∼ 0.1% interaction length) in order to suppress a radiation
tail in the mass spectra. materials.

• Cope with high interaction rate (∼ 10MHz). Beam intensity of high-momentum
beam line is 1010 per spill to deal with the thin target and small branching
ratio (∼ 10−4).

• Large acceptance covering the backward in CM system to detect the slowly
moving mesons which have high probability of decaying inside nuclei.

• Achieve 5 MeV/c2 of a mass resolution.

The new spectrometer has large geometrical acceptance. The acceptance is
±135◦ in horizontal and ±45◦ in vertical except the very forward region of 0◦ ∼ ±12◦
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E16 Spectrometer
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light vector meson decays, a hadron rejection factor is required to be 100 with an
electron detection efficiency of 70% in the offline analysis.

Lead Glass Calorimeter

Lead Glass Calorimeter (LG) is a EM calorimeter. In E16 experiment, it is used for
electron identification and is needed to have a hadron rejection factor of 25. The
combination of the HBD and the LG achieves sufficient electron ID capability.

0◦ ∼ ±12◦ both vertically and horizontally to avoid beam halo. Schematic
view of the geometrical acceptances are shown in Fig.11.

GEM  trackerPad chamber

Target

LeadGlass 
Calorimeter

beam

coil
return
yoke

CsI + GEM

Cherenkov
radiator

pole
piece

Figure 10: Schematic view of the proposed new spectrometer (plan
view/beam view). Green and red area represents pole piece and coil, re-
spectively.

The list of detectors is shown in Table 1. The spectrometer has a large
magnet and detectors. We will use the same magnet used by E325. The track-
ing device consists of 3 layers of GEM trackers and outside tracker. Particle
momentum is mainly determined by Gas Electron Multiplier(GEM) trackers.
The GEM tracker is originally developed for the COMPASS experiment[21]
for high rate counting and is also used at RCNP[22]. The outside tracker

15

Figure 2.4: The schematic view of spectrometer

Fig. 2. The left-hand panel shows the φ → e+e− invariant mass spectrum obtained in the KEK-PS E325
experiment for a Cu target, selecting βγφ < 1.25 [5]. The points with error bars represent the data. The solid
line is the fitted result with an expected φ→ e+e− invariant mass shape and a quadratic background (the dashed
line). The right-hand panel is the dependency of the excess ratio, Nexcess/(Nexcess + Nφ), on the βγφ for C and
Cu target data. The lines represent the results of the toy model calculations based on the theoretical prediction
with two different values of the mass shift parameter [1].

spill; therefore, the meson yield is estimated to be 20 times larger than that of the E325 experiment
as a consequence of using the J-PARC proton beam. The acceptance of the spectrometer (shown in
Fig. 3) will be improved by a factor of five for the φ → e+e− decays; therefore the φ meson yield is
estimated to be 100 times as large as that of the E325 experiment.

Improvements in detectors and their readout systems are necessary to cope with the high counting
rate (5 kHz/mm2 at most). We will use gas electron multipliers (GEM) are for particle tracking detec-
tors. The development of the GEM trackers is almost finished, and the position resolution of 100 µm
was achieved, which corresponds to the mass resolution of 5 MeV. The resolution was approximately
11 MeV in the E325 experiment, then it is expected that a more precise shape of the mass spectrum
will be obtained.

In order to suppress the pion background, hadron blind detectors (HBD) and lead glass electro-
magnetic caloriemeters (LG) are used. The HBD also uses GEMs with CsI photocathodes to detect
Cherenkov photons produced by relativistic particles in a CF4 radiator. We expect the hadron rejection
powers of the HBD and LG as 1 × 10−2 and 4 × 10−2, respectively.

Fig. 3. Schematic view of the E16 experimental setup.
There are 26 detector modules surrounding the experi-
mental target placed at the center of the magnet. Each
detector module consists of the GEM tracker, HBD, and
LG.

The expected invariant mass spectra and
the βγ dependence of the mass excess ratio for
the E16 experiment are shown in the left-hand
panel of Fig. 4. The excesses can be enhanced
in the spectra, by the selection of the slowly-
moving φ mesons and the improvement in
the mass resolution. High-precision excess ra-
tio data is expected to be obtained from such
mass spectra for several nuclei and meson ve-
locities. The expected results are shown in the
right-hand panel of Fig. 4 [6]. As shown in
the figures, the error bars become smaller, and
the accuracy of shift parameter k will be im-
proved by approximately one order compared
with that of the E325 result, and this infor-
mation is important for the discrimination of
theories.
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Figure 2.5: The schematic view of spectrometer

• Beam
- proton, high intensity (~1010 Hz)

• Target
- C, Cu, Pb, CH2 

• GEM tracker
- tracking detector
- mass resolution ~ 5 MeV/c2

• Hadron Blind Detector
- electron identification
- hadron rejection factor ~ 100
- efficiency ~ 70%

• Lead Glass
- electron identification
- hadron rejection factor ~ 20
- efficiency ~ 90%

5

 J-PARC PAC 19th   2014Dec04  S.Yokkaichi
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Detectors
● ~10 MHz interaction at the targets with ~5 GHz  of 30GeV proton beam
● Tracking : GEM Tracker (3 layers of X&Y)

–  5kHz/mm2  at the most forward, 100µm resolution(x) for 5MeV/c2 mass resolution

● Electron ID : Hadron Blind Detector(HBD) & lead glass EMC (LG)
● Spectrometer Magnet : 1.77 T at the center,  0.78Tm for R=600 mm

Proposed Spectrometer Plan View Prototype Module

26 detector modules
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E16計測システム概要 

trigger 
decision 

FEM: Frontend Electronics Module 

record waveform with ZS 
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<45kB/event 
1-2k trigger/spill 
∼660MB/spill 
(ave. 110MB/sec) 

trigger/clock 
distributor 

• Level-1 trigger
- GTR300 (624 ch) × HBD(936 ch) × LG(988 ch) のtrigger segmentの3 

coincidence
- e+e-のopening angle > 60°
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• 本講演では主にGEM TrackerのTrigger systemに関するモジュールについて話す
- ASIC for GEM Tracker
- Trigger board
- Trigger Merger Board (TRG-MRG)

CHAPTER 4. DEVELOPMENT OF THE GEM TRIGGER 35

The ASIC chip test

Performance of a developed ASIC chip was evaluated. Figure 4.18 and Figure 4.19
show a layout and a photograph of the chip respectively. To evaluate the chip
performance, a test board is prepared as shown in Fig. 4.22. This test board has 6
channel input (LEMO), 6 channel analog output (LEMO), 6 channel digital output
(pin) and digital control section. A property of an analog signal, such as a pulse
shape, a noise level and gain of the ASIC is tested.
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Figure 4.18: A layout of a GOTA chip.

GEM foil trigger

フォイル読み出し用ASIC
Figure 4.19: A photograph of a GOTA
chip.

Figure 4.20 and Figure 4.21 show a pulse shape of analog output for test pulse
input corresponding to charge of 10 fC and 100 fC. The pulse width is about 200 ns
as well as the simulation value and the noise level is about 10 mV. Then, gain of
the ASIC is measured by a probe as shown in Fig. 4.23. There remains a difference
between the simulation and the probe measurement. The difference is caused by
deficiency of capability driving signal in an analog buffer inside the ASIC.

Figure 4.20: Analog buffer output for
10 fC input pulse.

Figure 4.21: Analog buffer output for
100 fC input pulse.



GEM Tracker
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• Drift gapに荷電粒子の通過による電離電子が生じる
• GEM3枚で電子を約104倍に増幅する
• 増幅された電子が2D Readoutに落ちることで信号が得られる → tracking

• Induction gapでの電子のドリフトは3枚目のGEMの裏側にも信号を生成す
る → trigger

2.2mm 

3mm 

transfer gap 

drift gap 

transfer gap 

induction gap 

Mesh 

Read-out 
 Board 

GEM 1 

GEM 2 

GEM 3 

Electric Field 

Ionizing particles 
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Electronics 
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❖ Cathode側 (3枚目GEM foilの裏側) から信号を用いる
2.2mm 

3mm 

transfer gap 

drift gap 

transfer gap 

induction gap 

Mesh 

Read-out 
 Board 

GEM 1 

GEM 2 
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Electric Field 

Ionizing particles 
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Electronics 

2.2mm 

2.2mm 

1nF

trig.
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30cm角 GEM(pad) 読み出し 
• 3段目GEMは両面24分割 
• pad 1chとfoil 連続した3chを同時に読み
出し 

• 55Feでgainを測定 
• padのself trig 
• PADCでdata取得 
• (1段目GEMの12セグメントのうちの1セグ
メントはdead) Figure 4.25: A photograph of a pad read-

out.
Figure 4.26: A photograph of a 300 ×
300 mm2 GEM foil divided by 24.

hpadX
Entries  3823
Mean    115.9
RMS     39.59
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Figure 4.27: Measured energy spectrum of 55Fe

of the relative gain, the large tracker is expected to have a good performance on the
position resolution and the detection efficiency.

�
�

30cm

30cm

• Trackerのトリガーに要求されること
- Rough tracking 
- High counting rate (~ Max. 1MHz) 
に対応

- Large detector capacitance に対応

‣ 300mm×300mm GEM foilを24分割
- counting rateを減少
- detector capacitanceを減少

‣ New ASD ASICを開発
- 低ノイズ、大検出器容量対応、短いパルス幅で高計数対応

CHAPTER 4. DEVELOPMENT OF GEM TRIGGER 24

Figure 4.3: A waveform of the foil signal



ASICにする理由
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ASICの要求性能・仕様

- 大検出器容量に対応 : Cdet = 2 nF (GEM 1 segmentあたり)

‣ stripのCdet = 50 pF 

- 集積度 : 6ch/chip (消費電力による制限)

- 構造 : Amp, Shaper, and Discrim.

- Analog pulse width : 200 ns (shaper time constant = 25 ns)

- 10fCの相当の信号に対してS/N ~ 3

- Thresholdは外部から各ch制御できる

•既存のプリアンプではfoilのsignalを読み出せても、noiseが大きいおよびpulse幅が大きい
•ASICの低ノイズ性
•triggerのch総数 : 624ch
•プリアンプボードの小型化



ASIC開発の流れ
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KEK e-sys, Open-Itに相談(田中様)
•どのような検出器
•仕様
•要求性能

ASICの回路設計(schematic)(田中様)
•過渡応答
•ノイズ
•デジタルコントロール(レジスタ)
•素子のパラメータチューン

ASICのレイアウト設計(根岸様、田中様)

• schematic上の部品を実際のchipにどう
配置するか

シャトルサービス
• chipを作ってくれる会社にレイ
アウトを提出する

ASICのテストボード製作(池野様)

• schematicを参考にテスト基板を
設計

ASICのテスト
•できあがったchipの性能を評価



ASICの構造
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Preamp&PZC shaper
comparator

output

analog monitor

DACREG

th
3.2 mV/fC 10 times, shaping



ASICの回路設計
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• schematicのシミュレーションを走らせる
- 過渡応答でgain, pulse width

- noise の大きさ
- slow controlでregisterに値を書き込めるか

• schematicの修正 -> ASIC のレイアウト
• Process : MXIC 0.5 um
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Chip test (analog)

CHAPTER 4. DEVELOPMENT OF THE GEM TRIGGER 35

The ASIC chip test

Performance of a developed ASIC chip was evaluated. Figure 4.18 and Figure 4.19
show a layout and a photograph of the chip respectively. To evaluate the chip
performance, a test board is prepared as shown in Fig. 4.22. This test board has 6
channel input (LEMO), 6 channel analog output (LEMO), 6 channel digital output
(pin) and digital control section. A property of an analog signal, such as a pulse
shape, a noise level and gain of the ASIC is tested.
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Figure 4.18: A layout of a GOTA chip.

GEM foil trigger

フォイル読み出し用ASIC
Figure 4.19: A photograph of a GOTA
chip.

Figure 4.20 and Figure 4.21 show a pulse shape of analog output for test pulse
input corresponding to charge of 10 fC and 100 fC. The pulse width is about 200 ns
as well as the simulation value and the noise level is about 10 mV. Then, gain of
the ASIC is measured by a probe as shown in Fig. 4.23. There remains a difference
between the simulation and the probe measurement. The difference is caused by
deficiency of capability driving signal in an analog buffer inside the ASIC.

Figure 4.20: Analog buffer output for
10 fC input pulse.

Figure 4.21: Analog buffer output for
100 fC input pulse.

CHAPTER 4. DEVELOPMENT OF THE GEM TRIGGER 36GEM foil trigger

フォイル読み出し用ASIC
Figure 4.22: A test board of a GOTA chip.
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Figure 4.23: Preamplifier gain.

• できあがったchipとそのテストボードで性能評価
- テストボードには負荷容量相当および発振防止用のコンデンサ1 nF

• 10fCおよび100fCのテストパルスに対するアナログ出力波形
• conversion gain : 3.2 mV/fC (sim. : 3.6 mV/fC)

CHAPTER 4. DEVELOPMENT OF THE GEM TRIGGER 35

The ASIC chip test

Performance of a developed ASIC chip was evaluated. Figure 4.18 and Figure 4.19
show a layout and a photograph of the chip respectively. To evaluate the chip
performance, a test board is prepared as shown in Fig. 4.22. This test board has 6
channel input (LEMO), 6 channel analog output (LEMO), 6 channel digital output
(pin) and digital control section. A property of an analog signal, such as a pulse
shape, a noise level and gain of the ASIC is tested.
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Figure 4.18: A layout of a GOTA chip.

GEM foil trigger

フォイル読み出し用ASIC
Figure 4.19: A photograph of a GOTA
chip.

Figure 4.20 and Figure 4.21 show a pulse shape of analog output for test pulse
input corresponding to charge of 10 fC and 100 fC. The pulse width is about 200 ns
as well as the simulation value and the noise level is about 10 mV. Then, gain of
the ASIC is measured by a probe as shown in Fig. 4.23. There remains a difference
between the simulation and the probe measurement. The difference is caused by
deficiency of capability driving signal in an analog buffer inside the ASIC.

Figure 4.20: Analog buffer output for
10 fC input pulse.

Figure 4.21: Analog buffer output for
100 fC input pulse.
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GEM foil trigger

フォイル読み出し用ASIC

CHAPTER 4. DEVELOPMENT OF THE GEM TRIGGER 35

The ASIC chip test

Performance of a developed ASIC chip was evaluated. Figure 4.18 and Figure 4.19
show a layout and a photograph of the chip respectively. To evaluate the chip
performance, a test board is prepared as shown in Fig. 4.22. This test board has 6
channel input (LEMO), 6 channel analog output (LEMO), 6 channel digital output
(pin) and digital control section. A property of an analog signal, such as a pulse
shape, a noise level and gain of the ASIC is tested.
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Figure 4.18: A layout of a GOTA chip.

GEM foil trigger

フォイル読み出し用ASIC
Figure 4.19: A photograph of a GOTA
chip.

Figure 4.20 and Figure 4.21 show a pulse shape of analog output for test pulse
input corresponding to charge of 10 fC and 100 fC. The pulse width is about 200 ns
as well as the simulation value and the noise level is about 10 mV. Then, gain of
the ASIC is measured by a probe as shown in Fig. 4.23. There remains a difference
between the simulation and the probe measurement. The difference is caused by
deficiency of capability driving signal in an analog buffer inside the ASIC.

Figure 4.20: Analog buffer output for
10 fC input pulse.

Figure 4.21: Analog buffer output for
100 fC input pulse.
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5.6 mmASICの構造
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Digital control (SLOW)
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• クロック、ビットパターンの入力によるデジタル制御ができていることを確認
- コンパレータon/off
- デジタル出力の極性
- 各chのlocalなthresholdの調整(DACの制御)

CLOCK
BITSTART

DOUT

AOUT



Trigger board
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• テストボードでASICの性能を確認
- Analog part (waveform, noise and gain)
- Digital part (register control, output)

• GEM Tracker実機につなぐTrigger boardを試作
- KEL-XSL connector (極細同軸ケーブル)
- LVDS driver

• Trigger boardにも入力部に負荷容量相当および
発振防止用のコンデンサ1 nFをつけている

• Trigger boardの出力は24ch LVDS
- Trigger board後段のTRG-MRGに送られる

10 cm

10 cm

E16計測システム概要 

trigger 
decision 

FEM: Frontend Electronics Module 

record waveform with ZS 

6 

<45kB/event 
1-2k trigger/spill 
∼660MB/spill 
(ave. 110MB/sec) 

trigger/clock 
distributor 



Trigger boardのnoise問題
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10 μs, 20mV 
Test board

10 μs, 50mV 
Trig. board

• テストボードでは見られなかった振幅の大きい遅い周波数成分のnoiseがある
- σ = 4 mV → σ = 12 mV

• この時点では原因がよくわからなかった
- LVDS driverを動作させるためにつけたレギュレーター?
- input側にシールドをしても落ちない



ASIC v2 & test board v2
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• v1 に以下の機能を追加
- 選択的に1chのthresholdをmonitor
- 選択的に1chのanalog signalをmonitor

• analog特性はv1と変わらない
• テストボードはGEM Trackerに接続できるよう
にv1 Trigger boardに似た構造

- 入力部に2nF負荷容量コンデンサ
- IC socketでASICの交換を容易にして、ASIC
の選定の時間を短縮

• GEM foilのsignalを12 ch読み出せる



遅い周波数成分のnoiseの解決
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• Trigger boardに見られた遅い周波数成分のnoise

がASIC v2のテストボードでも見られる
• v1テストボードとTrigger boardおよびv2テスト
ボードの相違点

- LVDS driver関連の周辺回路
- 負荷容量および発振防止用のコンデンサの

GNDの取り方 (スルーホールか否か)

• Trigger boardおよびV2テストボードの遅い周波
数のnoiseが解消

- スルーホールのGNDを数uV程度で安定させ
ることができず、コンデンサを通して数10fC
の電荷が入力されることで振幅の大きい遅い
周波数のnoiseが乗っていたと考えられる

• 発振防止用につけていたものを取り除いても発
振しなかった
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GEM Trackerとの接続テスト
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Noise Level
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接続前 接続後 σ= 3.5 mVσ= 1 mV

y scale = 5 mV/div. y scale = 10 mV/div.

• GTR300とASICを接続
- noise level を check
- 実際のoperationでは10fC程度に相当する30mVにthresholdを設定する
- ENC ~ 3.5  (mV) / 3.2 (mV/fC) / 1.6×10-4 (fC) = 7000
- Minimum charge : 6 electrons (seeds) × 10000 (effective gain) = 60000



ASIC v2で読み出した信号
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• GEM1枚あたり印加電圧350VでのX線源(55Fe)およびβ線源(90Sr)のfoil signal
- X線の全吸収ピークの値からeffective gain = 740 程度
- operation gain = 10000 程度
- pulse width ~ 400 ns

• これから宇宙線またはbeam testでtrigger efficiencyを評価する予定



Trigger Merger Board (TRG-MRG)
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• TRG-MRGの動作
- LVDSを取り込み、FPGA内に構築したTDCで信号処理 (48×4 = 192 ch, max. 256 ch)
- Belle-II UT3 (trigger decision module)にTDCデータを高速光通信で送信 

(Aurora64b66b)

GEM ASD slow  CTRL sub card

128ch LVDS RX 



ASIC v2 テストボードとTRG-MRGの接続
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親ボード

GTR 
ASIC v2

PC

子ボード

LVDS 
receiver

12m flat cable

FPGA
Power

Firmware
LVDS 
driver

NIM OUT

• TRG-MRG boardの実機テスト
- FPGA以外の部分の動作を確認する
- Firmware : ASIC 6ch分のALL ORと特定の1chのDOUT levelをNIM OUTで取り出す

• ASICのLVDSが子ボードを通じて親ボードのFPGAまで流れていることを確認
• FPGAの出力がNIM OUTまで信号が流れていることを確認



Summary 
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• J-PARC E16 実験
- J-PARC high-p beam line
- mass spectra of vector mesons in nuclei

• 全体のtrigger system
- GEM Tracker, HBD, LGのtrigger segmentの3 coincidence

• Trigger system of GEM Tracker
- ASIC

‣ analog (noise level, conversion gain, pulse width), digital双方の性能を確認
‣ GEM Trackerとの接続テスト (noise評価, 線源のsignal)

- Trigger Merger Board
‣ ASICの載ったボードとの接続テスト
‣ 基板のテスト
‣ TDC firmware



Outlook
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• ASIC
- v2 Trigger boardの製作
- 宇宙線 or Beamでtrigger efficiencyの評価

• HBD用ASICのR&D

• TRG-MRG
- TDC firmwareのデバッグ
- ASICのslow control用FPGAのfirmware開発
- UT3との接続テスト

• Trigger Decision
- Trigger decision logicの開発

• 回路の量産・品質検査


