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Requirements for AC-LGAD

T area (m?) | channel size (mm?) | _# of channels Material budget

BTOF 12 0.5x10 2.4M 35 ps 30 pminre (b 0.01 Xo

FTOF 1.4 0.5x0.5 5.6M 25 ps 30 pm in x*y 0.025 Xo

BO 0.07 0.5x0.5 0.28M 30 ps 20 pm in x*y 0.05 Xo
RPs/OMD 0.14/0.08 0.5x0.5 0.56M/0.32M 30 ps 140 pm in x*y  no strict req.

10x275GeV e+p @ 500.0 kHz, 1 fb™' min-bias integrated lumi. — -1.50 <y < 1.50 cm (1 bin)

« BTOF uses strip-type and FTOF/FF use pixel-type
Sensors

X [cm]

B0 Magnet

« Cooling strategy and support structure of FF is
different from BTOF/FTOF due to spatial limitation

1 MEQ Neutron Fluence [cm 2]
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e Doses are ~1e2 smaller than LHC levels for the ePIC
environment
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https://wiki.bnl.gov/EPIC/index.php?title=Radiation _Doses




AC-LGAD performance

« eRD112 presented FY24 report and FY25 plan

e Previous test beam campaign has been finalized

— Timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 um are achieved by BNL and HPK prototypes

— The results are under control and the next prototype will be improved

Beam test @ FNAL results
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e Previous test beam campaign has been finalized

— Timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 um are achieved by BNL and HPK prototypes

— The results are under control and the next prototype will be improved

« Next prototype will include full-size sensors by HPK and we will receive strip-type sensors in a few
months

Beam test @ FNAL results Next prototype scheme




AC-LGAD performance

« eRD112 presented FY24 report and FY25 plan

e Previous test beam campaign has been finalized

— Timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 um are achieved by BNL and HPK prototypes

— The results are under control and the next prototype will be improved

« Next prototype will include full-size sensors by HPK and we will receive strip-type sensors in a few
months

e Readout board from SCIPP will be used to characterization these sensors

Beam test @ FNAL results Next prototype scheme SCIPP RDO blueprint
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ASIC performance

« EICROC has been designed to be used for the pixel-type sensor readout
— EICROCO is available with 4x4 geometry




ASIC performance

Charge v.s. ADC TDC jitter
« EICROC has been designed to be used for the pixel-type sensor readout .
. , , | EICROCO + \  EICROCO
— EICROCO is available with 4x4 geometry 2
« Digital block of ADC and TDC results were shown f
— The significant jitter issue by the clock delay block on the FPGA has been fixed this June . T
— Linear trend in injected charge and ADC has been observed v S R 17

e 10 12 14 16 18 20

— TDC jitter of 33 (17.5) psand 20 (12.5) ps at 10 fC and 20 fC w/ (w/0) sensor have been T el PO T Charge (1C)
observed




ASIC performance

Charge v.s. ADC TDC jitter
« EICROC has been designed to be used for the pixel-type sensor readout .
. . . | EICROCO » \  EICROCO

— EICROCO is available with 4x4 geometry 2
« Digital block of ADC and TDC results were shown f

— The significant jitter issue by the clock delay block on the FPGA has been fixed this June . u

— Linear trend in injected charge and ADC has been observed - N A N N 17

— TDC jitter of 33 (17.5) ps and 20 (12.5) ps at 10 fC and 20 fC w/ (w/0) sensor have been T o mew v T

observed

« EICROC1T will address a larger demonstration 4x16 or 8x16 or 4x32 or 8x32
— Submission @ the end of 2024




ASIC performance

Charge v.s. ADC TDC jitter

« EICROC has been designed to be used for the pixel-type sensor readout - ;
.| EICROCO ;

— EICROCO is available with 4x4 geometry 2

« Digital block of ADC and TDC results were shown
— The significant jitter issue by the clock delay block on the FPGA has been fixed this June | 2t

EICROCO
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ADC max
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— Linear trend in injected charge and ADC has been observed

ADC residuals (%
|

e T T T T T T T T 10 12 14 16 18 20

— TDC jitter of 33 (17.5) psand 20 (12.5) ps at 10 fC and 20 fC w/ (w/0) sensor have been R A o Charge (1C)
observed

« EICROCT1T will address a larger demonstration 4x16 or 8x16 or 4x32 or 8x32 Timing reso. w/ AC-LGAD
- Submission ®the end of 2024 ™ Fosition carmectibn ot appiied
80 n

« FCFD which is one option for the strip-type sensor readout analog block results % i
with the test beam attached to AC-LGAD was presented =70 )

— The timing resolution of the FCFD + sensor is 55 ps without corrections has been reported é i
— The performance is affected by the AC-LGAD larger input capacitance than expected ~ 60 __FCFD 1 R

! \Y;

« After matching the input capacitance, 35 ps timing resolution is expected - -
I I I I | |

150 160 170 180 190 200

Bias voltage [V]




ASIC performance

Charge v.s. ADC TDC jitter
« EICROC has been designed to be used for the pixel-type sensor readout .
. . . ;| EICROCO + \  EICROCO
— EICROCO is available with 4x4 geometry 2
« Digital block of ADC and TDC results were shown f
— The significant jitter issue by the clock delay block on the FPGA has been fixed this June A g
— Lineartrend in injected charge and ADC has been observed v """"""""""""""""""""""""" :
— TDC jitter of 33 (17.5) ps and 20 (12.5) ps at 10 fC and 20 fC w/ (w/0) sensor have been ST e R e
observed
« EICROCT1T will address a larger demonstration 4x16 or 8x16 or 4x32 or 8x32 Timing reso. w/ AC-LGAD
- Submission @the end of 2024 " Posifion carrection not sppiied
80|~ -
« FCFD which is one option for the strip-type sensor readout analog block results &
with the test beam attached to AC-LGAD was presented % o B
— The timing resolution of the FCFD + sensor is 55 ps without corrections has been reported é
— The performance is affected by the AC-LGAD larger input capacitance than expected " 60 :_FCFDV'] -
« After matching the input capacitance, 35 ps timing resolution is expected - | | | | .

FCFDv2 with a digital block full-size prototype will be obtained @ end of 2025 150 160 170 180 190 200

Bias voltage [V]




Front-end electronics

* Pre-prototype readout board (ppRDO) has been made with ETROC2 ASIC

— 6 boards are available

« Several tests are ongoing

— FPGA firmware development
— Readout test with ETROC2

— Evaluation of power consumption




Front-end electronics

ppRDO PB design
* Pre-prototype readout board (ppRDO) has been made with ETROC2 ASIC e R S R R e na <

— 6 boards are available

« Several tests are ongoing

RDO POWER

— FPGA firmware development oo
— Readout test with ETROC2 v - M 15V PWR IN

— Evaluation of power consumption
100mm x 28mm 40W output power board

« Power board (PB) design is ongoing

— PB supplies 5 different voltages
« ASIC: 1.2V (EICROC case)

> PR TLE 12 0.9, 080 Y Power distribution design for FTOF

e SFP+:3.3V
. o \
— Several options for DC-DC converters are being tested ASIC POWER 1 T
bPOL48V DC|DC 8X ASIC . : +PLL (L.5A)
1.2V
U e module 10V:3.3V @ 3A LDO 3.3V to 1.2V AVTT (250ma)
10W out o
{ LDO 3.3V to 1.2V VCCO (500ma)
N N |
ASIC POWER 2 | 1.8V VCCO FPGA 10 + PLL (1.5A)
| bPOL48V DC|DC _— Slaie Aoy 1.8V VCC AUX (250ma)
15V : 1.2V module 10V :1.8V @ 3A
LDO 1.8V to 0.9V MGTAVCC (250ma)

15V power + 10W out ) J

sense voltage

from PL512 PSU )

LPOLL2Y +| 0.85V FPGA core (1.0A)
:g‘gdb::r':?sed from | 10v:0.85v@3A
RDO POWER W J 6 pins total
| bPOL48V DC|DC

15v:10v
2W out .
Power board conversion ppRDO Board




Front-end electronics

ppRDO PB design
* Pre-prototype readout board (ppRDO) has been made with ETROC2 ASIC e R S R R e na .
— 6 boards are available

« Several tests are ongoing

RDO POWER

— FPGA firmware development oo
— Readout test with ETROC2 v - 15V PWR IN

— Evaluation of power consumption
100mm x 28mm 40W output power board

« Power board (PB) design is ongoing
— PB supplies 5 different voltages

« ASIC: 1.2V (EICROC case) L e

> PR TLE 12 0.9, 080 Y Power distribution design for FTOF

« SFP+:3.3V
: : R \_
_ _ ASIC POWER 1
Several options for DC-DC converters are being tested o be _ - - $3V SFP s PLL(15A)
15V : 1.2V : module
Oadmap and tmeiline o eveliopmen +| LDO 3.3V to 1.2V VCCO (500ma)
( ASIC POWER 2 h ) » 1.8V VCCO FPGA 10 + PLL (1.5A)
2024: Prototype v0 (pre-prototype): establish all essential ‘ | bPOL48V DC|DC — 8X ASIC bPOL12V 1.8V VCC AUX (250ma)
functionalities and readout chain. 15V : 1.2V module HTBIITIER s
15V power + 10W out ) J
sense voltage
: : o : from PL512 PSU N
2025: Prototype v1: first prototype with realistic dimensions, and o ( b > 0.85V FPGA core (1.0A)
meeting requirements/constraints for FTOF and BTOF, Could be passed from | 10v :EZ?VZ‘(; 3A
and other AC-LGADs subsystems. RDO board RDO POWER W ) G ot
- Focusing on FTOF first | broLasv DC|DC P
15V : 10V
2026: Prototype v2: final prototype 2W out _
Power board conversion ppRDO Board




Mechanics, cooling, and FPC

Module assembly design

= ASIC

Glue

Readout

» The idea of BTOF module assembly has matured o~
— Wire length is uniform, but worse cooling power due to many layers Sencor

between ASIC and cooling pipe (support structure) — lex




Mechanics, cooling, and FPC

Module assembly design

= ASIC

Readout Glue

» The idea of BTOF module assembly has matured e
— Wire length is uniform, but worse cooling power due to many layers Sencor

Hybrid

between ASIC and cooling pipe (support structure) — lex
Temperature gradient

Water cooling (+5°C)

— Difficulties in maintaining temperature uniformity in a stave are found

in the thermal conductivity simulation

— The design working well or not depends on ASIC power

consumption




Mechanics, cooling, and FPC

Module assembly design

= ASIC

Readout Glue

« The idea of BTOF module assembly has matured N —
— Wire length is uniform, but worse cooling power due to many layers Sencor

Hybrid

between ASIC and cooling pipe (support structure) — lex
Temperature gradient

Water cooling (+5°C)

— Difficulties in maintaining temperature uniformity in a stave are found

in the thermal conductivity simulation

— The design working well or not depends on ASIC power
consumption

* New alternative idea of double side stave has been presented -

— Some advantages of no acceptance hole and easier cooling are

claimed, but need to check if there is design showstopper




Mechanics, cooling, and FPC

Module assembly design

i ASIC
Glue

Readout
Hybrid "~.-“ |

e The idea of BTOF module assembly has matured . —————

. . . . g é ; Silicon
— Wire length is uniform, but worse cooling power due to many layers Sensor /“ T p———a

I“m

Hybrid

between ASIC and cooling pipe (support structure) - lex
Temperature gradient

Water cooling (+5°C)

— Difficulties in maintaining temperature uniformity in a stave are found

in the thermal conductivity simulation

— The design working well or not depends on ASIC power

consumption

Double side stave design

* New alternative idea of double side stave has been presented -
I [ 1 \\l}/IIIIIIIIIIIIIIIIII\J\// [T [

— Some advantages of no acceptance hole and easier cooling are

ructure production process

oy e

Support st
claimed, but need to check it there is design showstopper w5 -

« Support structure production process has been shown

— Bonding and curing process

toom)



Simulation

New segment Strip visualization

« Realistic sensor segmentation has been implemented

— Before one large sensor volume was on a stave, but now each sensor
volume is implemented

— Readout metals have been also implemented




Simulation

New segment Strip visualization

« Realistic sensor segmentation has been implemented

— Before one large sensor volume was on a stave, but now each sensor
volume is implemented

— Readout metals have been also implemented

Input signal Mimicked signal
« New functions of charge sharing and digitization have been R
implemented in the simulation - s =
— The signal strength and charge-sharing profile come from real sensor result R %? oo
Input charge dist.
| SN

-1000 -800 -600 -400 -200 O 200 400 600 800 1000
Centered position [:m]




Simulation

New segment Strip visualization

« Realistic sensor segmentation has been implemented

— Before one large sensor volume was on a stave, but now each sensor
volume is implemented

— Readout metals have been also implemented

ePIC

« New functions of charge sharing and digitization have been P aniis
implemented in the simulation

ePIC
simulation

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

I|IIII|IIII|IIII|IIII|IIII|IIII|III

— The signal strength and charge-sharing profile come from real sensor result

« The positional resolution depends on where the particles were Input charge dist.

140 v ™ T P —

| 'O} | 200m pitch, Chd
| |

incident relative to the position of the readout metal

100 +

— Charge is not shared enough when a particle hits the corner of the sensor
— worse spatial resolution

Pmax [mV]

— Possibly the required charge-sharing profile for finding the best spatial a
resolution can be extracted o gt ™




Summary

« Finalize the last test beam campaign analysis and timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 um are
achieved by BNL and HPK

— The performance is under control and better prototypes will be received

— Full-size strip-type sensor of HPK will be received in a few months
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« ASIC for the pixel-type sensor (EICROC) development is progressing well

— The linear charge v.s. ADC and ~20 ps TDC resolution are measured
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« Finalize the last test beam campaign analysis and timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 um are
achieved by BNL and HPK

— The performance is under control and better prototypes will be received

— Full-size strip-type sensor of HPK will be received in a few months

« ASIC for the pixel-type sensor (EICROC) development is progressing well

— The linear charge v.s. ADC and ~20 ps TDC resolution are measured

« ASIC for the strip-type sensor (FCFD) analog block + AC-LGAD sensor performance is measured with test beam

— The timing resolution of 55 ps is measured due larger capacitance of the strip-type sensor than expected




Finalize the last test beam campaign analysis and timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 pm are
achieved by BNL and HPK

— The performance is under control and better prototypes will be received

— Full-size strip-type sensor of HPK will be received in a few months

ASIC for the pixel-type sensor (EICROC) development is progressing well

— The linear charge v.s. ADC and ~20 ps TDC resolution are measured

ASIC for the strip-type sensor (FCFD) analog block + AC-LGAD sensor performance is measured with test beam

— The timing resolution of 55 ps is measured due larger capacitance of the strip-type sensor than expected

Frontend electronics, mechanical support structure, cooling, and sensor-ASIC hybrid design are ongoing



Finalize the last test beam campaign analysis and timing resolution of 35 ~ 45 ps, and spatial resolution of 15 ~ 30 pm are
achieved by BNL and HPK

— The performance is under control and better prototypes will be received

— Full-size strip-type sensor of HPK will be received in a few months

ASIC for the pixel-type sensor (EICROC) development is progressing well

— The linear charge v.s. ADC and ~20 ps TDC resolution are measured

ASIC for the strip-type sensor (FCFD) analog block + AC-LGAD sensor performance is measured with test beam

— The timing resolution of 55 ps is measured due larger capacitance of the strip-type sensor than expected

Frontend electronics, mechanical support structure, cooling, and sensor-ASIC hybrid design are ongoing

New functions, realistic segmentation, digitization, and charge-sharing, have been implemented in the simulation

— The best charge-sharing property can be measured by the new function



What was discussed

« We need ASICs with a digital block for the strip-type sensors

— We are making steady progress toward strip-type sensor ASIC choice, but the inter-dependence on the ASIC makes it difficult to
finalize FEE, FPC, and other components at this moment.

— We need reference ideas for all designs (FCFD with digit. block will be received end of 2025)

— HGCROC3 is one of the candidates, but modification is necessary
e Large power consumption: HGCROC3 ~ 15 mW/ch, FCFD ~ 2 mW/ch, and EICROC ~ 1 mW/ch
« HGCROC3 doesn't support streaming readout (need modification)




What was discussed

We need ASICs with a digital block for the strip-type sensors

We are making steady progress toward strip-type sensor ASIC choice, but the inter-dependence on the ASIC makes it difficult to
finalize FEE, FPC, and other components at this moment.

We need reference ideas for all designs (FCFD with digit. block will be received end of 2025)

HGCROCS3 is one of the candidates, but modification is necessary
e Large power consumption: HGCROC3 ~ 15 mW/ch, FCFD ~ 2 mW/ch, and EICROC ~ 1 mW/ch
« HGCROC3 doesn't support streaming readout (need modification)

We have to promote ASIC development for strip-type sensors more strongly



« We need ASICs with a digital block for the strip-type sensors

— We are making steady progress toward strip-type sensor ASIC choice, but the inter-dependence on the ASIC makes it difficult to
tfinalize FEE, FPC, and other components at this moment.

— We need reference ideas for all designs (FCFD with digit. block will be received end of 2025)

— HGCROCS3 is one of the candidates, but modification is necessary
Large power consumption: HGCROC3 ~ 15 mW/ch, FCFD ~ 2 mW/ch, and EICROC ~ 1 mW/ch
« HGCROC3 doesn't support streaming readout (need modification)

— We have to promote ASIC development for strip-type sensors more strongly

* Long (135 cm) and low material (1% X/Xp) stave design is a key point in demonstrating the true ability of AC-LGAD

— Temperature control (cooling system) design is one of the most important elements for BTOF
AC-LGAD sensor performance strongly depends on temperature

— The design has a large impact on the temperature control of each sensor

— Low material (1% X/Xp) long stave design requires a high-level technology and imposes significant limitations on functionality



We need ASICs with a digital block for the strip-type sensors

We are making steady progress toward strip-type sensor ASIC choice, but the inter-dependence on the ASIC makes it difficult to
tfinalize FEE, FPC, and other components at this moment.

We need reference ideas for all designs (FCFD with digit. block will be received end of 2025)

HGCROCS3 is one of the candidates, but modification is necessary
Large power consumption: HGCROC3 ~ 15 mW/ch, FCFD ~ 2 mW/ch, and EICROC ~ 1 mW/ch
« HGCROC3 doesn't support streaming readout (need modification)

We have to promote ASIC development for strip-type sensors more strongly

Long (135 cm) and low material (1% X/Xo) stave design is a key point in demonstrating the true ability of AC-LGAD

Temperature control (cooling system) design is one of the most important elements for BTOF

AC-LGAD sensor performance strongly depends on temperature
The design has a large impact on the temperature control of each sensor
Low material (1% X/Xp) long stave design requires a high-level technology and imposes significant limitations on functionality

It is necessary to continue to understand and optimize the material budget (1% BTOF and 5% FTOF) and its impacts on
the design of FPC and cooling integration



Backup slides
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Role of the TOF in the ePIC project

Detectors for PID

10*

« BTOF covers midrapidity and FTOF covers forward rapidity
— BTOF and FTOF cover -1.42<n<1.77 and 1.86<n<3.85, respectively

107

10°

Momentum [GeVic)

10°

« TOF has been assigned many important roles w' — [ b
" - . Imaging W - 10°

— IfOVY p r.eglon PI.D atp < 1.5 GeV/cand p < 2.5 GeV/c for BTOF and FTOF, respectively with excellent |l' imaging | | dRiCH, 3
timing information e b 5

— Tracking with excellent spatial resolution , L ACLGAD:

— Machine-induced background rejection

N
o
vl

10

e AC-LGAD is the most promising technology for TOF

— High-timing resolution oy = ~30ps
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10

E.: 18.0 GeV
E,: 275.0 GeV

— High-spatial resolution oy, = ~30 pm 0

10

— Space-saving design AD < 10cm

momentum p (GeV/c)
T

— but... no experiments have been used so far... 15f y

10

TOF is one of the most important detectors for ePIC T *
and also the most challenging detector. .




Recap of BTOF and FTOF

N —

I
|

BTOF shape
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BTOF half Stave FTOF Module
64 ASICs o

—
-z I EEER
2 || NAN
— 3 — [
~135 cm ~12.8 cm 3

« Strip-type and pixel-type AC-LGAD are used for BTOF and FTOF, respectively
« Different ASICs are used for BTOF and FTOF due to different sensor properties




AC-LGAD for BTOF and FTOF

« Strip-type sensor, 3.2 x 4 cm2 sensor size with 0.05 x T cm2 metals, is used in BTOF
» The readout metal geometry is 64 x 4 and 256 channels in total each

« 2 ASICs are attached to each sensor with wire bonding

« Pixel-type AC-LGAD sensor, 1.6 x 1.6 cm?2 sensor size with 0.05 x 0.05 cm2 metals, 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

D e EEEEE—

| 4 cols |

 BTOF strip sensor » FTOF pixel sensor

— 3632 sensors
— 1.4 m2
— 3.6 M readout channels

— 9216 sensors
— 10 m2

— 2.4 M readout channels

32 rows

64 rows




Latest sensor performance

Beam test result at FNAL (from FY24 report by FNAL, LBNL and UIC)

Strip sensors Strip sensors

ﬂ

FNAL 1|2(|) GeV proton beam FNAL 1|2(|) GeV proton beam NAL 120 GeV proton beam Pixel sensors FNAL 120 GeV proton beam Pixel sensors

Track x position [mm]

Track x position [mm]

Track x position [mm]
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« HPKand BNL sensors show reasonable results in both strip and pixel types with the “BEST" bias voltage

— Performance redundancy should be considered

« 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

« The full-size sensors will be shipped in a few months and gain uniformity will be checked

« Sensor temperature dependence study is mandatory and ongoing




TOF ASIC

Analog block Digital block
« EICROC (32x32 = 1024ch) is one of the common ASICs used in ‘ : —
ePIC | e

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

TTTTTTTTTT
Amplit
mmmmmmmmmmmmmmmmm

HGCROC3
DC-LGAD«

3x 13 mm2)z

EICROCO

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

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

— FCFD, HGCROC, and “Modified”-EICROC are the candidates

« FCFDv1 with the analog block is available and FCFDv2 with digital block will be Jtter ve Charae

available beginning of next year - T s

HVGICROC h glb I gd IX y d for CMS Calori di d FICROCE . \ Al
. as been developed for alorimeter and is ready 25- Analog block ||~ \ Analog block
« EICROC tuned for a larger input capacitance is being considered L 2. |

15 4

« The possibility of third-party ASICs has begun to be discussed = . ” ?. "
— ASROC and HPSoC are one of the options . R Qi (1€)




Sensor irradiation test

« Testing done at room temperature with a probe station, the current is 10

« Notvery large radiation is expected at both BTOF and FTOF (10910n.,/cm?) < soggy 275G P mncsl. un pern - morrs -
 Irradiation test of strip sensor has been done at |JS with 1 MeV neutron g 2so§— :Zg
» All devices were annealed for 80 min at 60°C to avoid rapid change in 200 SHCAL s
sensor behavior wof. ' 3

g s

higher for high irradiation devices . ”
« The irradiation effects should be corrected in the experiment S0 00 0 a0 w0 e T

HPK W2 IV Comparison
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Support structure and temperature control

| | | sPHENIX INTT FPC
« BTOF consists of long staves with a lower material support 120 cm Bus Extender Frototype-IT

ST ——— 120cm |

structure than ever before

Full-size stave test with simulation
' Water cooling (+5°C)

« Low material (1% X/Xg) long FPC design requires a high-level S

11.825
10,992
10,159

technology and imposes significant limitations on functionality i
o

— sPHENIX INTT team has the experience of making such a long FPC e
nit °
e The thermal conductivity of the stave is under investigation
— Full-size stave (270 cm) thermal conductivity is being studied with Mini-size stave test results
simulation St Trawea Lo - - D
T T g o
— Mini-size support structure (30 cm) thermal conductivity is being I R
studied under several conditions . R e
— Middle-size support structure (100 cm) is available now and theresults . -~ - [ |
Wi” be OUt SO0nN ;;_ I4IOIT|610| — a0 '180' T '1210';'1350" -

Flow (c.c/min)

11111111
Flow c.omin) Flow {c.cimin) Flow {c.omin)




The LUT PID has been implemented into the official simulation

Simulation development

More realistic sensor segmentation is being implemented in

the simulation

Digitization mimicking charge sharing has been implemented

in the simulation

Material budget effect on the outer detectors by BTOF is

under evaluation
Sensor seament

Readout metal visualization

» Barrel Region
- e/piup to 0.5 GeV/c
- pi/Kupto 1.9 GeV/c
- K/pupto 3.1 GeV/c

1.20
~—— electron
pion
1.15 — kaon

—— proton

1.101

1/Brec

1.051

1.00+

0.95* - —_—
10° 10

mentum in GeV
% OAK RIDGE ep.@m entum in GeVi/c
Natsonal | aboeatory

RawTrackerHitCollection

* Energy deposited _
+ Time of Flight rawhits

* Endcap Region

- e/piup to 0.8 GeV/c
- pi/Kup to 2.7 GeV/c
- K/pup to 4.6 GeV/c
b2 —— electron
pion
100 1.15 = '::t';n
'§ 1.10
107% R
‘é ) 1.05
10!
1.001{ >~
10° 0.95

* Cell ID
Reference clock
Analog
_ R Delay cells £
signal N
generation Threshold voltages !

BTOFHitDigi (on git but not main branch)

Resides in EICrecon/src/detectors/BTOF

- ADC (8-bit)
« TDC (10-bit) digi
. Cell ID

e Sensor ID

Charge sharing occurs along a
column, except for when the
hit is close to the next column

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Al
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
.............................

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

For hit at the boundary of
two channels, charge is
distributed equally

Charge sharing terminated
at sensor boundary

...160 ' — -"—”10‘
momentum in GeV/c
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o
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1 100
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Front-end electronics

ppPRDO PB design
« Pre-prototype readout board (ppRDQO) has been made YTy — \
with ETROC2 ASIC e

— b6 boards are available

RDO POWER

,,,,, L 15V PWR IN
» S Y 0) 4

L=y 5 4+

« Several tests are ongoing e

100mm x 28mm 40W output power board

— FPGA firmware development
— Readout test with ETROC2

— Evaluation of power consumption

PoWer distribution design for FTOF

15v:1.2v module 10V:3.3V @ 3A LDO 3.3V to 1.2V AVTT (250ma)
10W out
{ LDO 3.3V to 1.2V VCCO (500ma)

. 1 - ASICPOWER1 )
« Power board (PB) design is ongoing {/. { } S——

— PB supplies 5 different voltages
ASIC POWER 2 h A » 1.8V VCCO FPGA 10 + PLL (1.5A)
e ASIC:1.2V (ElCROC case) ‘ ( bPOLA48V DC|DC v Sxase \[ mv'“:"f;\ifé’) n 1.8V VCC AUX (250ma)

15V power s L 153’“:’ tj:’ ) LDO 1.8V to 0.9V MGTAVCC (250ma)
. FPGA:1.8,1.2,0.9,0.85V ’

from PL512 PSU ( b +| 0.85V FPGA core (1.0A)
+ SFP+:3.3V i W | oo

RDO POWER J 6 pins total
. . .| bPOL48V DC|DC
— Several options for DC-DC converters are being tested L | /
out
Power board conversion ppRDO Board




Summary

e AC-LGAD TOF is the key detector in the ePIC project for the PID at low p region and background rejection

« Prototypes of BNL and HPK fulfill the requirements, but it is under the BEST environment

— Breakdown voltage is expected to depend on the temperature strongly
— Performance redundancy should be considered

— The firstirradiation test with strip sensors has been done

e ASIC analog part performance of EICROC and FCFD meet the requirement
— Not only ASIC but also AC-LGAD sensor + ASIC performance must be evaluated in the coming year

« Support structure thermal properties are being investigated with a 30 cm-long prototype

— The first 100 cm prototype will be tested soon

« The prototype RDO is available and being tested with ETROC?2

TOF project is making steady progress!
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Institutes in TOF tasks (official)

Brookhaven National Laboratory (USA)
Fermi National Accelerator Laboratory (USA)
Rice University (USA)

Oak Ridge National Laboratory (USA) Univ. of California. Santa Cruz
Ohio State University (USA) Univ. of lllinois, Chicago

: : Hiroshima University
Purdue University (USA)

University of California Santa Cruz (USA)

« AC-LGAD sensor

Shinshu University

: : .. : Frontend ASIC
University of lllinois at Chicago (USA) romtene
Fermilab
Hiroshima University (JP) Rice University
RIKEN (JP) oRL
Hiroshima University
Shinshu University (J P) W N ational Taiwan University

B § UCLab/OMEGA/CEA-Saclay

Nara Woman University (JP)
National Chen-Kung University (TW) Sensor-ASIC integration
National Taiwan University (TW)

JCLa bl OMEGA, CEA_SaClay (FR) Univ. of California, Santa Cruz

Univ. of lllinois, Chicago

National Taiwan University

Tasks in BTOF

Module structure
Purdue University

National Cheng-Kung University

Module assembly

Univ. of California, Santa Cruz

Hiroshima University

RIKEN

Nara Woman University

National Taiwan University




Detector Layout of BTOF

* BTOF is composed of 288 (2x144) staves to form a cylindrical shape
« 32 AC-LGAD strip-type sensors are attached to one stave

— Two ASICs are placed just above one sensor
* Radiusis 63 - 66 cm from the beam pipe covering -1.42<n<1.77
« Total material budget in acceptance is ~0.01 X/Xp

Sensor-ASIC hybrid (module)

40mm
< >

A

Fraction X0

BTOF Stave

1072

“'m

32mm

ﬁ
E

10°

~130 cm

From Matthew's slide o o i ' ' phi




Detector Layout of FTOF

FTOF shape

| B BB ABEE

« FTOF is composed of 1816 modules to make a disk BRI AT R
AR AL AT ARSI AL

NNRNEE_ RN ANE_ANRDNDRVY AT ALANNddNNAA
AN AANRENT ' ARNEANTIN
LAY ANLddd
LARN_ NN JNRNNRENIT] A8LLITITY I
AEITE TN LA ANLLATTTIY T
ARV I LAY AN
ST L AL MMAanTT annn
RREN" 440044000 IY ATY A

LATE AN

« 12 o0r 16 AC-LGAD pixel-type sensors are attached to one module

— One ASIC is used for one sensor

« Radiusis 10.5 - 60 cm from the beam pipe covering 1.86<n<3.85

« Service hybrid, readout board + power board, is placed in the
acceptance

e Total material budget in acceptance is ~0.05 X/Xp -

Module top view Module cross section

12 AC-LGADs 16 AC-LGADs ACLGAD 4+ EICROC -
'‘TINEEEN EEEEEEEn P °

-
@)
N
— — >
~12.8 cm

~9.6 cm

60 cm




Original schedule of sensor + ASIC (Jan. 2024)
] ﬁﬁ?'i o S

2024

Prototype Test 5
ACRGADR =
Full-size Pre-prod. |

AC-LGAD #1

2025 | i i | i i | i i | 2026

Test

Fullsize -
AC-LGAD #2 . - . - § Validation |

FCFDv1

Fabriatin

FCFDv2

Validation

S - - - - - - - SRR Fabrication [ . |
v - - - - - - - - - Validation

EICROCO

L = - ] B Fabrication
EICROC1 . b . b . T :

Validation

Fabrication : :
EICROC2 ' ' ' Validation




AC-LGAD technology

Low Gain Avalanche Diode (LGAD)

The gain layer (p+ under n+ layer) makes a high electric tield inducing electron
avalanche — rapid signal raising

Standard LGAD (DC-LGAD) has much nonnegligible inactive area in fine
segment case

CMS and ATLAS adopt DC-LGAD technology at HL-LHC

AC-coupled LGAD (AC-LGAD)

One large gain layer with multiple AC-coupled readout metals on an oxide layer
makes possible fine-segment readout keeping high timing resolution

High spatial resolution can be achieved with charge sharing even with relatively
large pitches

EIC can adopt AC-LGAD technology thanks to the low multiplicity environment-

LGAD detector

Charged Partic

DC-LGAD

p+

. nt B nt B nbgg,nt B nt B nt
ﬁf.. 4
e oh

!

AC-LGAD

R 0
- - EHhg2, .n*“ -
——

e ¢
e;a’i \
*

EIectrig Field

|, Sio,

K. Nakamura et al.,
JPS Conf. Proc. 34, 010016 (2021)

3



R&D elements for AC-LGAD
» |ssues of AC-LGAD AD AD 4>

— Crosstalk in n+ layer C C C
: : 1 i PAl electrode
— Small sighal due to AC-coupling T R S B Oxide
» Signal size Q —f— n*
Zn Rimp EEe Rimp
— imp QO
ZRimp + ZCCP CbU“( .
Signal e wm == =p

* Two important parameters Crosstalk (charge sharing) = w= = =p

. K. Nak t al., JPS Conf. Proc. 34, 010016 (2021
— Rimp — larger is better akamura et a ont. Froc (2021)

* n* doping concentration Development goal
— Cop > larger is better Keep a larger signal and smaller crosstalk
« Smaller electrode size — smaller Ccp : : : :
with a good time and spatial resolution

* Thinner oxide — larger Ccp
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Shunichiro Muraoka (M2 student) is working on the BTOF
material effects on hpDIRC and BEMCal performance

This study is significant for the stave structure design

— oMPGD is placed just in front of hpDIRC in the latest design = Not
big effects on angular determination resolution by the BTOF material

— The material budget of hpDIRC in the active area is approximately
18% — Not big effects on the EMCal performance by the BTOF
material

The study will reveal if the very strict limit of 1% material
budget imposed on BTOF is really necessary

— This will open new options for the stave material selection and 1.3 m
FPC design

Material budget study (Hiroshima)

BEMCal (r~78.3cm)

: h

PDIRC (r~70cm, X/X0=18%)

) mm——

oMPGD (r~68.7cm, X/X0=1.5%)

BTOF (r~64cm, X/X0=1%)

IMPGD (r~51.6cm. X/X0=0.5%)

Current Status Shunichiro’s slide |Iﬂ|(

B Track Reconstruction (EICRecon) ‘ Next plan
* Particle gun : i+ from (0,0,0), 1000event ReconStrU_Ct.traCkS fr_om ea.Ch
« Momentum : 1 <p < 10GeV detector hit information using Track reconstruction to
Resolution [%] (track+true)/true .

* Eta:-14<n<1l4
tion [%] (track+true)/true

EICRecon official package

hpDIRC surface

Calculate the angular
distribution of incident particles
on the hpDIRC surface

50


https://indico.bnl.gov/event/23968/contributions/93037/attachments/55330/94678/TOF_simulation.pdf

TOF structure

Service-Hybrid
Module
Readout > DAQ & > Rec.
.| Board Slow &
< Control |+ Calib.
AC-LGAD AS|C
> >
Power V& HY
Board
<
Mechanical structure, cooling and global integration

« Barrel-TOF (BTOF) « Forward-TOF (FTOF) « Common system
— Strip-type AC-LGAD — Pixel-type AC-LGAD — DAQ
— ASIC (FCFD) — ASIC (EICROC) — Cooling
— Sensor-ASIC integration — Sensor-ASIC integration — Software (Rec. & Calib.)
— Module — Module — HV&LV
— Service-Hybrid — Service-Hybrid _ Slow control

— Mechanical structure — Mechanical structure

— Global integration — Global integration




Sensor

ASIC

Flex module PCB

Sensor-ASIC integration

Module Structure

Service Hybrid

Module Assembly

Support structure
& cooling

Backend electronics

Alignment
& Database

Assembly
Install into ePIC

New clean room (100m2) @ HU

2026

2027

-----------------------------

---------------------------

-----------------------------
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