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Summary 

TOF-Japan meeting activities



Organization of TOF-Japan
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• The Japanese community has committed to the 
AC-LGAD TOF project

– Especially, we focus on the BTOF part


• Recently, Tohoku University has participated in 
the project officially


• The institutes are working on,

– Simulation (background & material budget) 

– Long FPC design

– Sensor R&D

– Assembling & Construction


• TOF-Japan meeting (link) is held every 
Wednesday (10:00JST → 20:00EST)

https://indico.bnl.gov/category/557/manage/


Summary: Assembly & Resource
• Construction has begun on a new building to house TOF’s 

development and assembling room 

– The building is scheduled to be completed by the end of 2025


• There is one 100 m2 1,000 ~ 10,000 class clean room that we can 
use for BTOF

– Wire bonding machine, probe station, laser system and other equipment 

will be installed here


• We are discussing whether to build another site at RIKEN

– The site will be used not only by BTOF but also by ZDC activities


• We requested a large amount of budget for our government to 
succeed in the ePIC project

– BTOF is one of the main projects in the plan ($10M order)

– The official conclusion will be public this December

3

News link (English)

https://japannews.yomiuri.co.jp/science-nature/science/20240515-186185/


Summary: Simulation
• Shunichiro Muraoka (Hiroshima University) is studying the BTOF material 

budget effects on the other detectors

• The total material budget of ~1% is requested by hpDIRC and BEMCal, 

so long (>1.3 m) and low material budget FPC has to be developed

– Making such FPC is as difficult as making a sensor with high timing and spatial 

resolution


• However, no studies clarify how much BTOF material budgeting is 
acceptable

– If this constraint could be relaxed, it would greatly increase design options

– Full simulation (EICRecon) is used to clarify the point

– The angle resolution of the reconstructed track is used to evaluate the hpDIRC 

PID performance

– The requested value is 0.5 mrad @ 6 GeV/c


• The material budget of 2.8% is still below the required angle resolution 
(this result is work-in-progress)


• By varying the material budget, the electron detection performance is 
being estimated as well
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Use tracklets of MPGD + BTOF

◼Tracklets of outer MPGD + BTOF

• ∆𝜃 = 𝜃 𝑡𝑟𝑎𝑐𝑘 − 𝜃 𝑀𝐶 , ∆𝜙 = 𝜙 𝑡𝑟𝑎𝑐𝑘 − 𝜙(𝑀𝐶)
• 𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛2 𝑟2 − 𝑟1, 𝑧2 − 𝑧1 = 𝑎𝑟𝑐𝑡𝑎𝑛2 𝑥22 + 𝑦22 − 𝑥12 + 𝑦12, 𝑧2 − 𝑧1
• 𝜙 = 𝑎𝑟𝑐𝑡𝑎𝑛2((𝑦2 − 𝑦1), (𝑥2 − 𝑥1))

2024/11/11
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××
Vector to DIRC (𝑥2 − 𝑥1, 𝑦2 − 𝑦1, 𝑧2 − 𝑧1)

MPGD Hit (𝑥2, 𝑦2, 𝑧2)

BTOF Hit (𝑥1, 𝑦1, 𝑧1)
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Aluminum     :~7.1%(X/X0)

CarbonFiber :~2.8%(X/X0)

CarbonFiber_50% :~1.7%(X/X0)

CarbonFoam :~0.7%(X/X0) 

no BTOF material



Summary: Electronic
• Takashi Hachiya (NWU) is working on the FPC design

– FPC design is still difficult despite relaxed conditions

– The first one is designed with ETROC2 


• We visited HAYASHI-REPIC CO. Ltd. to discuss how to cooperate with the AC-
LGAD TOF project

– The company made the long & low material FPC of sPHENIX

– The mass production of the ATLAS Strip tracker for the upgrade is ongoing


• The FPC design depends on the ASIC design, so enhancement of the ASIC 
development environment is essential

– We plan to push the development strongly because every component is connected to the 

ASIC

– Currently, we don’t have any ASIC to test the readout chain and assess the performance

– We have a sense of urgency in the development of ASICs

– As soon as we get the budget, we would like to establish a cooperative relationship with 

eRD109 and proceed with the development
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BEX
• Cable design (prototype)

• Dimension (L x W): 120 x 5 cm2

• 4 layers (signal , 2xGND, PWR):  X = 0.8% X0
• Cu : 12um thick per layer + 30 um Cu plating on 

surface
• Lines : 124 lines (Line and space : 130 & 130 um) 
• Zdiff : 100Ω by strip line structure

• Signal layer is sandwiched by GND layers
• Liquid Crystal Polymer (LCP) as substrate

• Less signal loss due to low di-electric constant & tan(δ)
• Thick LCP available for Zdiff : 100um

4 layers laminated by the adhesive sheet

w s

GND

Signal
(12um)

GND

Power

LCP (100um)
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Summary: AC-LGAD Sensor
• Hiroshima University has built the AC-LGAD sensor R&D test bench 

– 90Sr radiation source is used for the fast sensor test of timing & positioning 

resolution

– IR laser system will be installed in 2025

– Hiroshima University has participated in eRD112 member from FY25


• We are planning to test higher-timing resolution sensors 

– σSensor = 25ps is necessary when σASIC = 20ps and σT0=15ps are assumed 

(σtotal2 =σsensor2 + σASIC2 + σT02)

–  Thicker sensor has better timing resolution (<= 20um?)

– We will contact HPK to ask if they can manufacture such a thickness sensor 

– We want to build a mutually complementary relationship with eRD112
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120 GeV  
proton

FTBF strip and pixel telescope

AC-LGAD
Trigger scintillator

MCP-PMT

Figure 3: Picture (top) and diagram (bottom) of the FTBF silicon telescope and reference instruments
used to characterize AC-LGAD performance. The telescope comprises five pairs of orthogonal strip
layers and two pairs of pixel layers, for a total of up to 14 hits per track.

1− 0.5− 0 0.5 1
Track x position [mm]

20
40
60
80

100
120
140
160
180
200
220
240

M
PV

 s
ig

na
l a

m
pl

itu
de

 [m
V]

Varying resistivity and capacitance
  (SH2)2 240 pF/mm/Ω400 
  (SH3)2 600 pF/mm/Ω400 

  (SH4)2 240 pF/mm/Ω1600 
  (SH5)2 600 pF/mm/Ω1600 
  (SB1)2 270 pF/mm/Ω1400 
  (SB3)2 260 pF/mm/Ω1400 

FNAL 120 GeV proton beam Strip sensors

1.5− 1− 0.5− 0 0.5 1 1.5
Track x position [mm]

25

30

35

40

45

50

55

60

65

70

75

Ti
m

e 
re

so
lu

tio
n 

[p
s]

Varying resistivity and capacitance
  (SH2)2 240 pF/mm/Ω400 
  (SH3)2 600 pF/mm/Ω400 

  (SH4)2 240 pF/mm/Ω1600 
  (SH5)2 600 pF/mm/Ω1600 
  (SB1)2 270 pF/mm/Ω1400 
  (SB3)2 260 pF/mm/Ω1400 

FNAL 120 GeV proton beam Strip sensors

1.5− 1− 0.5− 0 0.5 1 1.5
Track x position [mm]

20

40

60

80

100

120

140m
]

µ
Po

si
tio

n 
re

so
lu

tio
n 

[

FNAL 120 GeV proton beam Strip sensors

Varying resistivity and capacitance
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Figure 4: Signal amplitudes (left), timing resolutions (middle) and spatial resolutions (right) of 1-cm
strip sensors from beam tests. SH are sensors produced by HPK while SB by BNL-IO.
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FNAL 120 GeV proton beam Pixel sensors

Figure 5: From left to right: signal amplitudes, e�ciencies, timing resolutions, and spatial resolutions
of pixel sensors from beam tests. PH are sensors produced by HPK with 20 µm thickness while PB
by BNL-IO with 20 µm thickness.
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FNAL 120 GeV proton beam Pixel sensors

Figure 6: From left to right: signal amplitudes, e�ciencies, timing resolutions, and spatial resolutions
of pixel sensors from beam tests. PH are sensors produced by HPK with 20 µm thickness while PB
by BNL-IO with 30 µm thickness.
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β線と陽子線(120GeV)で時間分解能が異なる原因
v粒子による違いはなかった

vエネルギーの違いにより電荷収集ノイズの大きさが変化
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2024/9/16

低いエネルギーの粒子 : 
• バルク部に大きなエネルギーを落としやすい
→深さ方向でエネルギー損失量に大きなばらつき
→電荷収集ノイズが大きくなっている？

90Sr から放出されるβ線のエネルギーの範囲(0.2〜2.2 
MeV )を4つに分けて調査

0.2〜0.7 MeV 0.7〜1.2 MeV 1.2〜1.7 MeV
1.7〜2.2 MeV

β線と陽子線(120GeV)による違い
• シミュレーションでも同様にβ線と陽子線で
時間分解能の大きさに違いが見られた

JPS 2024 @ Hokkaido

Performance prediction

https://kds.kek.jp/event/52312/contributions/275065/attachments/182746/245017/16aWA203-03.pdf


Summary
• The ePIC Japanese team is working on AC-LGAD BTOF

– We have the weekly meeting on Wednesday


• Full MC simulation with EICRecon is used to recalculate the really necessary material budget 
requirements


• We are designing long and low-material FPC

– This is very important not only to TOF but also to other detectors and very very very challenging items to realize 

TOF 

– We are preparing to promote ASIC development with ASIC development team


• We would like to promote AC-LGAD sensor development with both sides complementing with eRD112

7


