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RIS A S . Low Gain Avalanche Detectors(LGAD)
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HH PINGG IR 25 P+ gain layer on top of PIN diode

n**-p diode | > n**-p*-p ‘ I; |
3 m,

p — bulk
0.5-15 kQ cm

p — bulk
0.5-15 k2 cm

avalanche
multiplication
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> BRI R i 7 X AL s 2 FE 1A 22 ATLAS High Granularity Timing
Detector (HGTD)
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» Two double-side layers mounted on the cooling disk
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> i 80324 z =
2 LGADs (15x15 pads) + 2 ASIC (15x15 channel) + flex g

Middle Ring:
50% sensor overlap
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PLANAR TECHNOLOGY — more vendors
(e2V, BNL, Micron ...)
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ATLAS HGTD Preliminary Test beam 2018-2019
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AC-LGAD
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e s o 23 FE A5 FRE TR R i
e HEJELH DC readout electrode AL 5 &tHAEPcoupled readout electrode g e b A g
. Bl 5 HETime resolution ~ 35ps FA R BTN SR PSR B PO S TR
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« i B 47 ¥#fPosition resolution: sensor size I Sl A B T B A
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4D detector

06/07/2023 LGADZRIM ZeAF ALk fiE , B M




=& Bl
AC-LGADAIF FE IR -5 N FH HiT =5
EAAFREN: EEBNL, & AHFIFBK. INFN, [E N & 8T 0t 78 B fr 35 T IR A5 T R A ST 3¢

Spatial resolution for pixels with different geometries as a function of Metal-Pitch

i: : o MF [1]M. Mandurrino et al., “Demonstration of 200-, 100-, and 50-um pitch Resistive
16 | OLA f AC-Coupled Silicon Detectors (RSD) with 100% fill-factor for 4D particle tracking”,
T 14 I 4DPC IEEE Electron Device Lett. 40(11), 1780-1783 (2019), DOI:
E| .% 10.1109/LED.2019.2943242
_§ 10 | [2] A. Apresyan, et al., Measurements of an AC-LGAD strip sensor with a 120 GeV
% 8 b proton beam, Journal of Instrumentation, 15 (2020) P09038, 2020.
g 6T ]
g ¢ 2 ) |
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REDTOP: Corrado Gatto, LGAD track: 4D track reconstruction for multihadron Lo
. . n =
rejection a5 m
Figure 1: Layout of the central detector of the EPIC detector reference design, which includes a AC-
LGAD Timing and Tracking Layer detectors (in red) in the backward, central, and forward directions.
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Design of AC-coupled low gain
avalanche diodes (AC-LGADs): a 2D
TCAD simulation study

JINST, 2022.9
DOI:10.1088/1748-0221/17/09/C09014
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Best S/N ratio — | " Shot noise
------------------------------- Electronic noise
(gain independent)

|
10 100 1000

Gain By Nicolo Cartiglia

Noise increases faster than then signal
- the ratio S/N becomes worse at higher gain

https://doi.org/10.1201/9781003131946
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Introduction to HGTD(High Granularity Timing Detector )

Pixel detector with coarse spatial resolution but
precise timing
o ~3.6 million 1.3 X 1.3 mm?Zpixels(channels)
° 6.4 m? active area
o Time resolution target
o 30-50 ps/track
o 35-70 ps/hit up to 4000 fb1
° Luminosity measurement

o Count number of hits at 40 MHz (bunch by bunch) e e External

. . . interconnection Box Moderator
o Goal for HL-LHC: 1% luminosity uncertainty e

Fire retardant
shielding “in”

Two end-caps
o z= *3.5mfrom the nominal interaction point

Front cover

o Total radius: 11 cm <r <100 cm
o Active detector region: 2.4< |n| <4.0

Each end-cap
o Two instrumented disks, rotated by 15°

Fire-retardant | |
shielding “out”

Outer ring

Local CO2
manifold slots

Internal Liquid Argon End
Moderator Cap Calorimeter

Instrumented double-
side disk (forward)
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The instrumented disk

2 disks, each Disk: Modules PEBs

° Double-sided layers mounted on a cooling plate
° 3 rings layout

8032 modules, each module:
o consists of two hybrids (2 sensors+ 2 ASICs)

o 2x4 cm?, 15x30 channels

Inner Ring:
70% sensor overlap

Middle Ring: Outer Ring:
54% sensor overlap 20% sensor overlap

20 mm

PR
v 8.4 mm
LR SN N\ R
LY | LY i

120 mm o 230 mm o 470 mm 660 mm

FLEX tail

I Sensor Modul
m— A\S|C oduie

s Cooling plate

Connector

Components

Module FLEX

* Two hybrids be connected with one module Flex
Wire-bonding N o : 2LGADs (2x2cm?)

* Module Flex be connected via Flex tails, arranged in rows, to the
HV whe-bonding Peripheral Electronics Boards (PEB) @ 660 < r <920 mm

Bump-bonding

LGADERIM BRHF 7L 2, eXAfE




Motivation

CEPC will produce 10'? Z boson at Z pole: Rich flavor physics program
= Particle separation problems of Gas detector (dE/dx) for CEPC flavor physics:

- 0.5-2 GeV for K/pi separation, >1.5 GeV for K/p separation
= CEPC International Advisory Committee: one of the key recommendations

Precision timing detector should be determined as a matter of urgency (4D track)

= Timing detector is complementary to gas detector: improves the separation ability

0 - 4 GeV for K/pi separation, 0 — 8 GeV for K/p separation

10 k/p Separation k/pi Separation
9 10 10
of Pt — 10 ps oo 111 — 10 ps
TPC 8- L — 20 ps 3 LI —20ps
i V1l —sops 4 NIRRT ~—30ps
> oF VL) —50ps it 1\ — 50 ps
= 3 s \\\\ as \\\\\\
) A ki
= \ L =
i S I AN\
I it o \/ \:x\ o ot f' s
10 10° 1 10? 1 10

10
p (GeV/c)

LGADERIM BRHF 7L 2, eXAfE

p (GeV/c)
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CEPC timing detector: Concept

Two concept designs of the timing detector:

. Only offer the time information, between tracker and calorimeter

v' Large area LGAD: high timing resolution (20 ps) serve as timing detector, low gain, high S/N, large pixel size to reduce the readout electronics,
put near the SET

Il.  Offer the time and spatial information (4D track) replace the SET

v" AC-LGAD : 4 dimension detection (spatial and time resolution) , 20 pico-second (ps), 7-10 um

Close to SET tracker, Radius ~1.8 m —

Area of detector ( Barrel : 50 m?, Endcap 20 m?)

Baseline detector concept in CDR

SET

R [mm
=
@
-
=1

I

|

e

| =
TBC :
|

B

88 &iRRH
¥ R A ERTOF

-
s
350 *|cosB|=0.923
s

e 60-MEHRAE AR IR
N I v = o 2.4KK
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EIC

FY22 Report and FY23 Proposal on EIC AC-LGAD R&D
- Frontend ASIC and Electronics -

eRD112

September 30, 2022
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Figure 2: Layout of the EPIC AC-LGAD TTL detectors in the barrel (left) and endcap regions (right).
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Figure 1: Layout of the central detector of the EPIC detector reference design, which includes a AC-
LGAD Timing and Tracking Layer detectors (in red) in the backward, central, and forward directions.

Zero-Degree Calorimeter

BO Silicon Tracker and Preshower

Roman Pots

Off-Momentum Detectors

Focusing Quadrupoles

BOpf combined function magnet

Figure 3: Layout of the EPIC far-forward detector systems, which include a tracking spectrometer and
a silicon pre-shower embedded in an accelerator dipole magnet (the so-called “B0 detector”), silicon
tracking detectors directly in the machine vacuum (Roman Pots and Off-Momentum Detectors), and
a Zero-Degree Calorimeter with both hadronic and electromagentic calorimetry capabilities.




REDTOP
REDTOP detector -

f Optical-TPC ) -
For slow background rejection ( 5D- Calorimeter: ADRIANO2
or (Dual-readout +PFA)

LGAD Tracker surrounded by Quartz Sci and Cer light read by SiPM or

cells SPAD

For 4D track reconstruction and TOF For excellent energy , position resolution and

measurements PID J
p-polarimeter (optional)

sandwich of fused silica and Si-pixel
for measurement of muon polarization

Vertex Fiber tracker

for rejection of y-conversion
and identifying displaced
tices from long lived
15 Cespa(:?d:: i Forward D.etector for
Option 2

10x Be or Li targets £0F taiing FEL it ione
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