
Construction of AC-LGAD (Low-Gain Avalanche Detector) Barrel based on 
our past experienceof PHENIX VTX silicon detector construction and 
present experience of sPHENIX INTT silicon detector construction.
AC-LGAD is 
ςAdditional oxide layer for AC-coupling readout 
ς30 ps timing resolution 
ςhƴŜ ƭŀǊƎŜ Ǝŀƛƴ ƭŀȅŜǊ ŦƻǊ ŜƭŜŎǘǊƻŘŜǎ Ҧ млл҈ ƻŦ Ŧƛƭƭ ŦŀŎǘƻǊ 
ςGood spatial resolution thanks to charge sharing

EIC-Japan has higher hopes for AC-LGAD technology than DC-LGAD that is 
being built by ATLAS and CMS.

We establish a test bench at Hiroshima University to evaluate the 
performance of LGAD chips.
For this purpose, new equipment such as oscilloscope,FPGAand so on 
have been installed.
Currently, we are waiting for the chips and EICROC to
arrive from BNL.                                                  

Fig.10 Oscilloscope: WaveRunner 8208HD  Fig.11 Digitizer: CAEN DT5742             Fig.12 PMT: PHOTEKFig.13 FPGA: ZC706 

(10GS/s, 8ch)                             (5GS/s, 16ch)                      PMT240 
(60 ps rising time)

In 2019, RIKEN and Yamagata University took the lead in submitting a proposal for 
the Science Council of Japan Master Plan 2020 EIC. In 2022, EIC project proposal 
submitted Science Council of Japan.
Then, we had a couple of meetings and Workshop to cooperate with Asian group. 

Our interests are in contributing to ZDC, AC-LGAD Barrel TOF and free streaming DAQ 
system of the ePIC experiment. 
10 institutions are interested in researching ZDC and are developing it with reference 

to ECCE/EPIC's ZDC and ALICE-FoCal-E technologies. 
8 institutions(including Hiroshima Univ.) are interested in researching AC-LGAD and 

construction of AC-LGAD Barrel TOF based on our experience of PHENIX VTX silicon 
detector and sPHENIXINTT silicon detector construction. Hiroshima University will 
lead the research on AC-LGAD in EIC Japan group. 
Hiroshima University has already started the simulation study to fine-tune the 

segmentation and material budget. Furthermore, since a test board will be provided to 
Hiroshima University soon, we will set up a test bench andR&D lab.   
If anyone is interested in helping us plan for the future of EIC, we look forward to 

hearing from you.

Test Bench at Hiroshima University

TOF is a main identification detector at low- to middle-pT region.In order 
to accurately measure particle information in the TOF, there are several 
requirements. 

ω Requiring an excellent timing resolution due to the compact design 
detector at |́ μғ1.4(Barrel) and 1.8<μʹμғ ˙4.0(Endcap): 30 ps (25 ps) 
for Barrel (Endcap)
ςParticle identification e/̄ κK/p separation 0.15 < p < 2 GeV/c 

(0.15 < p < 2.5 GeV/c)
ω Requiring the spatial resolution: 30 um (30 um) for Barrel (Endcap) 
ςImprove tracking (momentum) resolution

LGAD technology is the primary candidate for compliance with these 
requirements.

Time of Flight(TOF) in the ePIC Collaboration

AC-LGAD

Summary and R&D status in Japan

Endcap Endcap

CƛƎΦп  ǇŀǊǘƛŎƭŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΨǎ ǎƛƳǳƭŀǘƛƻƴ Řŀǘŀ ōȅ t¸¢IL![6]

Fig.5 Comparison of AC-LGAD and DC-LGAD[7]
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Fig.3 The design of the EIC detector. Red aria is AC-LGAD.[5]

Simulation studies and R&D status and plans in Japan for the EIC ePIC Barrel TOF 

with AC-LGAD K.Matsutani, W.Yamauchi (Hiroshima Univ.) 
Y.Akiba, Y.Goto, T.Hachiya, I.Nakagawa, K.Shigaki and S.Yano for the EIC Japan group

The Electron Ion Collider (EIC) is a proposed particle accelerator that 
would collide beams of electrons, protons, and ions at 20-140GeV, and the 
Electron Proton Ion Collider (ePIC) is a detector to be installed at EIC.
The ePIC Collaboration includes more than 160 institutions in 24 
countries and has more than 500 participants.
The ePIC Collaboration has a wide range of expertise and diverse physics 
interests. 

The design of the detector proposed in ePIC is based on ECCE and 
ATHENA, andis shown in Fig1. In EIC Japan group, we are interested in 
contributing to ZDC, Barrel TOF with AC-LGAD. Especially, Hiroshima 
University group is interested in AC-LGAD Barrel.

Fig.1 The design of the ECCE detector.[5] Fig.2 Image of the EIC baseline IR layout[6]

ePIC Collaboration
Since improvements are still needed to adapt AC-LGAD to EIC, S.Yano 

(Hiroshima Univ.) started a simulation about barrel and endcap TOF.

Simulation Studies

Detector response and data reconstruction 
ςePIC detector (based on DD4Hep): https://github.com/eic/epic
ςEICRecon: https://github.com/eic/EICrecon
ςPythia8 NC DIS Q2>1GeV2 in ep (18GeV electron + 275GeV 
proton beam) collisions (HepMC data archived in S3)
ς10,000 events 

5.2(Barrel),2.8(Endcap Disc1),3.0(Endcap Disc2) hits per event
TOF detector in simulation
ςSensor segment size of barrel-TOF: 100um x 1cm
ςSensor segment size of endcap-TOF: 100um x 100um
ςSensor thickness: 300um

Fig.6  Sensor Type 
(ҥPixel, ҦPad, ҨStrip)  

Cause multiple hits on different chips by one charged particle
ҜHave to search possibility of improving tracking resolution by this effect

100um˷ 1cm(˒ ˷ )́ 100um˷ 2cm(˒ ˷ )́

1cm˷ 1cm(˒ ˷ )́ 2cm˷ 2cm(˒ ˷ )́

The maximum multiple-hit segment 
ς100um x 1cm (strip-type) : 3x10-4

ς100um x 2cm (strip-type) : 3x10-4

ς1cm x 1cm (pad-type)       : 12x10-4

ς2cm x 2cm (pad-type)       : 20x10-4

Negligible overlapping effect per event even with O(1) cm 
size segment 
Not necessary the high granularity segment from the 
particle identification point of view 
Ҝ Next step is to search effect on the tracking resolution

100um˷ 100um 1cm˷ 1cm1mm˷1mm

Fig.9 Endcap TOF of Occupancy of Disc1

Fig.7 Barrel TOF occupancy
ҨFig.8 Barrel TOF Distance between hits

The maximum multiple-hit segment 
ς100um x 100um (pad-type) :    9x10-4

ς1mm x 1mm (pad-type) : 2.5x10-3

ς1cm x 1cm (pad-type) : 1.7x10-2

There are several unexpected inactive area but, 
This is happening because of a technical issue.

https://www.bnl.gov/eic/rhic-eic-comparison.php
https://github.com/eic/epic
https://github.com/eic/EICrecon

