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EM & Hadron Calorimeter

Far-forward detectors

Roman Pots

BO detector

Focusing quadrupoles

8 BOpf combined function magnet

The ePIC detector

ePIC is the “encapsulated” detector
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AC-LGAD TOF in ePIC

Range of 30 n-K separation

staves (288 half-staves)

— n/K separation below 1.2 GeV/c is performed 107" drd I RN AN

» Two types of AC-LGAD TOF, BTOF and FTOF, are installed for 107 L Pythi, e+p 16 x 275 GeV -
the low-p PID g ] f
— Complementary to the Cherenkov detectors % 10 o | o 1o
"qc')' dRICH (aerogel) i 103
e BTOF covers mid-rapidity (-1.2<n<1.6) composed of tilted 144 ‘zE’ 1 R I E
14

— Strip-type AC-LGAD sensor is used n

— ltis placed at ~64 cm from the beam-pipe
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e FTOF covers forward-rapidity (1.9<n<3.9), hadron going =
d . t . = #‘S ..S ﬁ §}v
irection A 1 Hid FTO F

— n/K separation below 2.5 GeV/c is performed

— Pixel-type AC-LGAD sensor is used

Half-Stave



AC-LGAD for BTOF and FTOF

« Strip-type sensor, 3:2x4-em?3.2 x 2 cm? sensor size with 0.005 x 1 cm?2 metals with 0.05 cm pitch, is used in BTOF

« The readout metal geometry is 64x2 64 x 2 and 256124 channels in total each

« 1 ASICs are attached to each sensor with wire bonding

« Pixeltype AC-LGAD sensor, 1.6 x 1.6 cm2 sensor size with 0.05 x 0.05 cm2metals, is used in FTOF

« The readout metal geometry is 32 x 32 and 1024 channels in total each
« 1 ASIC (2D 32x32) is attached to the one sensor

32 cols

2cols —>
——)

« BTOF strip sensor » FTOF pixel sensor

— 18432 sensors

— 3632 sensors
— 1.1 m2

— 3.6 M readout channels

— 12 m2

— 2.4 M readout channels

64 rows
32 rows




Latest sensor performance

Beam test result at FNAL (from eRD112 FY24 report by FNAL, LBNL)
Strip type results Pixel type results
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« HPKand BNL sensors show reasonable results in both strip and pixel types with the "BEST" bias voltage

— The higher performance of time resolution should be achieved when considering the electronics jitter and TO resolution

« The performances are under control and the next prototypes will have higher performance

« The sensors are still smaller than the sensors used in the experiment




PID performance by AC-LGAD TOF

* Barrel Region  Endcap Region
- e/piup to 0.5 GeV/c - e/piup to 0.8 GeV/c
- pi/Kupto 1.9 GeV/c - pi/Kup to 2.7 GeV/c
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ASIC

EICROC (32x32 = 1024ch) is one of the common ASICs used in

ePIC

Analog block

Digital block

TDC

rrrrrrrrrrr

Time-to-Digital

— Design suits to pixel-type AC-LGAD readout (for low input capacitance) |
— 10-bit TDC and 8-bit ADC is now available (EICROCO) N

EICROCO

lllllll

HGCROC3

« We have several options for the strip-type AC-LGAD readout

— The strip type has a large input capacitance of ~10 pF
« "“Standard” EICROC should be modified if it is used for the strip type

— FCFD and modified HGCROC are the candidates

« FCFDv1 with the analog block is available and FCFDv2 with digital block will be
available beginning of next year jtter vs Charge

« HGCROC has been developed for CMS Calorimeter and is ready N EICROCO ; ) FCFDv1
£ 3
« ETROC (CMS ASIC) will be used for the coming electronics development N Analog block \ Analog block
gzo ‘\\\
« Itisvery welcome to join the ASIC development | I ——
— We are discussing how to collaborate with eRD109 (electronics R&D é S — :
Charge (fC) Qin (1C)

consortium)




Challenging points other than sensor and ASIC

« BTOF is composed of long stave structures with a low material budget ~3% X/X0
— ~0.5% X/X0 material budget with 135 cm must be developed

— We have never developed such a long and low material FPC!

— Due to the restriction, the cooling system design flexibility is limited

« Temperature control of the sensor is one of the most challenging and important
points to realize BTOF

— AC-LGAD is very sensitive to its temperature

L=270cm

« To avoid the acceptance hole and enhance the cooling capability, the double-
side design is the baseline

— The procedure of assembling and construction plays a key role in enhancing the yield

Sensor 135cm 135cm

- -\

_ASIC



The AC-LGAD TOF collaboration and schedule
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NOW (TDR->Project)

DAQ readout chain readout, sensor-ASIC integration,
sensor with FF AC-LGAD; EICROC testing

FCFD ASIC (no ePIC)
EICROC

B/FTOF FEE?, Backend electronics (postdoc),
simulation and reconstruction

sensor-ASIC integration, frontend electronics (waffle
probing), module assembly

BTOF/FTOF: module assembly; backend electronics
Module assembly

Sensor, sensor-ASIC integration, module assembly (no
in-kind)

FTOF EICROC testing, sensor testing (30%), simulation
BTOF: module assembly
Sensor testing, simulations

DAQ streaming readout

FTOF Module Assembly/QA, sensor testing
Module Assembly

FF AC-LGAD (sensor QA)

Mechanics and cooling systems

FF AC-LGAD; module assembly

Simulations

BTOF ASIC testing; SH

Simulation, readout test, machine shop (in-kind)

BTOF module assembly/validation/FPCB

2025

2026 2027 2029

PED &
Validation

Installation &
Commissioning

Preproduction Production

* The schedule is based on the data-taking start
in 2032

| am not sure, but it will be behind the schedule

oy 2 years?




Organization of TOF-Japan

&
Tohoku University

Shinshu University

Hiroshima University A& RIKEN

Nara Women's University

University of Tokyo

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/

Assembly building & Resource in Japan

« 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

(il

H\\Mﬁ‘

e Thereisone 100 m2 1,000 ~ 10,000 class clean room that we can i e

— Wire bonding machine, probe station, laser system and other equipment
will be installed here

Japan to Join Electron-lon Collider Accelerator
Construction Project; Potential Boost for

« We are discussing whether to build another site at RIKEN T

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

« We requested a large amount of grant for our government to
succeed in the ePIC project

News link (English)

Japan will participate in a U.S. project to build a large electron-ion collider (EIC), a particle

— BTOF is one of the main projects in the plan ($10s M)

n learned.

The EIC is expected to shed new light on the physical laws governing the subatomic world
and contribute to the practical application of a dvance d technologies such as quantu m

— The official conclusion will be public this December

The Education, Culture, Sports, Science and Technology Ministry plans to announce soon its
i ici in the plan, with the goal of starting operations in 2032.

The state-of-the-art EIC accelerator, a circular experimental facility about 3.8 kilometers in
circumference, will be built by Brookhaven National Laboratory (BNL) in New York, part of
the U.S. Department of Energy.

NL plans to replace the existing accelerator in the basement of the building. Construction is

scheduled to begin in 2026, with operations beginning in 2032.


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

Other items

BEX
. . ° ° ° * Cable deS|gn (prOtOtype) 4 layers laminated by the adhesive sheet
akashi Hachiya (NWU) is working on the FPC design omenson (Cxwi 20 xsent TR
« Cu : 12um thick per layer + 30 um Cu plating on (Sigzli'ﬂ W% :Jiﬁnu” e
— FPC design is still difficult despite relaxed conditions Lines : 123 nes (Line and space : 130 & 130 ur)

* Zgir - 1009 by strip line structure

. . . . + Signal layer is sandwiched by GND layers

—_— T f] e 'I:| I'St O n e |S d es | g n ed W|th ETROCZ « Liquid Crystal Polymer (LCP) as substrate
» Less signal loss due to low di-electric constant & tan(s)

+ Thick LCP available for Zy : 100um

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

We are planning to have a meeting with HPK engineers next week

— The strategy for the coming sensor production will be discussed

We are preparing the test beam at Tohoku University

— Masashi Kaneta (Tohoku University) plays a key role in the test




AC-LGAD TOF is an important PID doctor for low-p region at mid and forward rapidity

BTOF uses the strip type, and FTOF uses the pixel-type sensor

— The covering area of BTOF and FTOF is 12 m2 and 1.1 mZ2, respectively

The spatial resolution is already above the requirement, but the higher timing resolution is necessary to get
35 ps timing resolution with the whole system

Tohoku University has joined the project and they play in very important role in the coming test beam in
Japan

Our government decision for the grant is about to be public soon (this month)



