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Motivation
Detector background
Requirements from the CEPC detectors

Considerations for the CEPC electronics design
» The Frontend Electronics (FEE)
» The Backend Electronics (BEE)

» Common interface to other systems
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Motivation

TDR is coming soon after 5 years R&D since CDR

Several related discussions in previous workshops
» TDAQ discussion @ Shanghai 2020, Yangzhou 2021

Detector requirements for the TDAQ, especially data volume, were collected

> The 4 conceptual detector design was proposed @ Yangzhou 2021

It is time to update and converge from all detector R&Ds to an electronics system design

18/11/2023, CLHCP Workshop, Shanghai



From the previous TDAQ discussion

Vertex Silicon TPC DC ECAL HCAL DR CAL | Muon [ LumiCal
Tracker
Total Volume 4Gb/s/chip*5000 | 10Gb/s*4k=40 | 13.8GB/s >=1TB/s 11.6+9GB/s | 0.3+1.5GB/s | ~40GB/s | 300M | 2.1*2GB/
~=20Tb/s Tb/s B/s 5
Zero-Suppressi | Yes 1/(5-10),<10T | Yes YES,~=60G | NA NA YES YES Yes,0.01
on B/s B/s
Trigger based 160Mb/s/chip*5 | Same Yes 60GB/s YES YES YES YES 21*2MBp
000 s
Trigger(less) Both,Trigger Trgger based, | Triggerless Trigger YES YES NA No,Ma | YES
based prefer triggerless possible based ybe
possible
clocks NA Yes Yes NA NA NA NA NA NA

The discussions mainly focused on data rate calculation

Not go into details of the electronics system

18/11/2023, CLHCP Workshop, Shanghai

ZA Liu, CEPC workshop 2020
Later updated in CEPC2021



The main goal of this discussion

Collect requirements from related detectors on electronics
» Vertex, Tracker, TPC, Drift Chamber, CAL, LGADTOF, LumiCal...

Common question template on requirement

» On physics requirement
Detector target
Parameters that measures (T, E, dE/dx, dN/dx, ...)
» On signal processing
Detector channels for electronics
Counting rate
Signal characteristics (Q, I, V, rising/falling edge, width...)
Dynamic rage
Requirement on measurement (linearity, accuracy...)
» On overall system
Detector interface (cabling, socket, detector impedance ...)
Power budget & material budget
Working conditions (temperature, cooling, special mechanics...)

>

18/11/2023, CLHCP Workshop, Shanghai



Brief summary of the sub-detectors requirements

Interfacing, Data
aggregation

4/‘{ Topside module

N

Vertex = Tracker
> Small electrode MAPS » ~10pm spatial resolution @ r-¢
> 2D resolution ~3um, with fast > ~T70-140m2with ~50um pixel pitch
readout capability > Should be cost effective (like
« Hit rate ~40MHz/cm2@ W, HVCMOS)
~32bit/hit

o Timestamp with 25ns resolution > 1Gbps data link per module and 10+
for Z pole Gbps high speed link per structure

o Data rate: 205Gbps@Trigger;
5.12Tbps@Triggerless

> Lower material budget

= Overall system

> 160mW/cm2 => 2.6\W/module
(O(100kW) for all)

> Liquid cooling expected @-20 °C

TPC

> ~100um spatial resolution @ r-@
> GEM+uMEGAS / Pixel TPC

» dE/dx resolution: <5%

> Time resolution : ~100ns

>

840K channels => should be
really low power

» Data rate: 110Gbps for the overall
detector

Overall system

» CO, cooling

18/11/2023, CLHCP Workshop, Shanghai



Brief summary of the sub-detectors requirements

l Ecal

SET z2==n

Drifter chamber —=———

_—

I ==
I ~

! SIT (Si inner tracker)

p Forward & endcap
- _.——""" trackers are not shown

PID Drift Chamber

» dN/dx for cluster counting method

Parameters Value Parameters Value

Rising 0.5~1ns Falling ~tens ns
Pulse width Hundreds ns Pulse few~dozen
spacing ns
Amplitude Dozen~hundr  Pulse charge @ Ten~dozen
ed nA fC
Trigger-less 256 Gbps 6.4 Tbps
Trigger Trigger rate 1 kHz 100 kHz
Max #wires/event 25k 10k
bandwidth 20 Gbps 800 Gbps

50 peaks/wire*, 16bit/peak from F.Grancagnolo

18/11/2023, CLHCP Workshop, Shanghai

Basic Module

[ Crystal Scin*rillaffr (eg. BGO, LYSO.)

1x1x40cm Iﬁ]

'\thodetedor's (eg. FPMT, SiPM...Y'

Long crystal bars with dual-end
readout by SIPM/FPMT

large dynamic and fast frontend for
electronics — 5D CAL

Dynamic range 0.1~103 MIPs

Timing resolution ~400ps
Channels:

ECAL: ~0.85+0.36 M

HCAL: ~70M
Large number of chn: lower power &
low cost

88 staves for the
| Barrel

60 modules per stave
2.4 m per stave N\ f
LGAD TOF
> Strip-like sensor (4cm X 0.1 cm) @
AC-LGAD

Recommended by the Int. Advisory
Committee

A Timing detector and part of the
tracker (SET)

> Timing resolution: 30-50 ps

> Spatial resolution: ~ 10 ym
Signal measurement

> TOA+TOT



Consideration of the CEPC electronics system

Trigger System

Clock Synchronization & distribution :
Vertex | MAPS :
— Data buffering :
Tracker § HVCMOS i
- ; A :
: ' Data .
TPC  f—{ ASIC | Abarapation :
: Dita Link » » FPGA Alsorithn » Pagm. :
: : A Algori aging | .

DC ] ASIC & {Compression, Patterning, Machine & : | DAQsystem
mterfzce B = - . "
: . Leaming*} Tranzmizzion B
cAL - asic .
TOF  §—| AsIC y :
. < .
. Command & Slow Control .
LumiCal $— ASIC :
FEE Interface Backend Electronics :

Power Management

Mechanics & Cooling

Q: (except Front ASIC) can we make the electronics system in a unified style?

Q: what is the border between detector/FEE, FEE/data interface,
frontend/backend, electronicsl/trigger, ...?

18/11/2023, CLHCP Workshop, Shanghai



From detectors to (analog) frontend electronics

I S N

SiPM

Detector
for readout

Main Func
for FEE

Channels per
chip

Ref. Signal
processing

Main
challenge for
FEE

Other
Comments

CMOS Sensor

X+Y

500k
Pixelized

XY address +
timestamp

+ Small pixel
size

» Fast readout

* Low power

CIS technology
an issue

HVCMOS

XY + nsT

50k
Pixelized

Timestamp +
TOT

» Large area

+ Cost
effective

* Low power

HVCMOS
technology
an issue

GEM / Pixel

E + nsT

128/
Pixelized

Wave +
ADC/
Pixel

* Low
power
ADC with
high
sampling
rate

Drift
chamber

Cluster
counting

Ultra
fast PA +
ADC

» Ultra
fast
PA

» Ultra
fast
ADC

Technolo
gy for PA
an issue

E + psT

32~128

TOT + TOA/
ADC + TDC

~10% dynamic
range

~400ps timing
Huge channel
Low power

All challenges
combined
Should be cost
effective

Strip-LGAD

X+ psT

128

ADC + TDC
/[ TOT+TOA

* ~30ps
timing

Si Strip
SiPM

X for strip
E for SiPM
32~128

ADC

» Fast ADC

Dedicated AFEs have to be designed while various but major challenges have
to be solved

18/11/2023, CLHCP Workshop, Shanghai



Detector R&D activities widely conducted, while...
Projects overview: FTE

PBS

1
1.1
1.2
2
2.1
2.2
2.3
3
3.1

Task Name

CEPC Detector R&D Project
Vertex

Vertex Prototype

ARCADIA CMOS MAPS

Tracker

TPC Module and Prototype
Silicon Tracker Prototype

Drift Chamber Activities
Calorimetry

ECAL Calorimeter

Crystal Calorimeter

PFA Sci-ECAL Prototype

HCAL Calorimeter

PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype
Dual-readout Calorimeter
Muon Detector
Scintillator-based Muon Detector
Muon and pre-shower pRWELL-
Solenoid

LTS solenoid magnet

HTS solenoid magnet

MDI

LumiCal Prototype

Interaction Region Mechanics
Software and Computing

Team

China+ international collaborators
INFN, ltaly

IHEP, Tsinghua
China, UK, ltaly
INFN, Novosibirsk

IHEP, Princeton + others
USTC, IHEP

SITU, IPNL, Weizmann, IIT, USTC
USTC, IHEP, SITU
INFN, Sussex, Zagreb, South Korea

Fudan, SJITU
INFN, LNF

IHEP+Industry
IHEP+Industry

AC, IHEP
IHEP
IHEP, SDU

Total:

156
Faculty

21

12
Postdoc

56
Students

16

Engineers

17.2

55 people, mostly staff INFN and University Associates

3
50
P

4
4
1.8

R&Ds for various detectors, wide collaborations, large amount of man

power, however...

18/11/2023, CLHCP Workshop, Shanghai

Joao Costa, CEPC workshop 2021

10



Frontend electronics R&D activities

Projects overview: FTE

PBS

1
11
1.2
2
21
2.2
23
3
3.1

Dedicated Y
ASIC exists?

Task Name

CEPC Detector R&D Project
Vertex

Vertex Prototype

ARCADIA CMOS MAPS

Tracker

TPC Module and Prototype
Silicon Tracker Prototype

Drift Chamber Activities
Calorimetry

ECAL Calorimeter

Crystal Calorimeter

PFA Sci-ECAL Prototype

HCAL Calorimeter

PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype
Dual-readout Calorimeter
Muon Detector
Scintillator-based Muon Detector
Muon and pre-shower pRWELL-
Solenoid

LTS solenoid magnet

HTS solenoid magnet

MDI

LumiCal Prototype

Interaction Region Mechanics

Total: 156 12 56 16

Team Faculty Postdoc Students Engineers

China+ international collaborators 21 17.2 3.5
INFN, Italy 55 people, mostly staff INFN and University Associates

IHEP, Tsinghua 3 4 1

China, UK, Italy 50 4 &
INFN, Novosibirsk 2.5 R 1.8 0.8

IHEP, Princeton + others 1.3 1.5
USTC, IHEP 1.9 25

SITU, IPNL, Weizmann, IIT, USTC 2.1 . 2.6
USTC, IHEP, SITU 2.3 ! 4
INFN, Sussex, Zagreb, South Koreal 4.2 . 6.8

Fudan, SJITU
INFN, LNF

IHEP+Industry
IHEP+Industry

AC, IHEP
IHEP

Tracker

Y

Y - Y/N

Candidate Jadepix / MIC

chips Taichupix

Chips used Jadepix / MIC

HVCMOS on WASA

SMIC55 (AFE + ADC)

for R&D Taichupix / CPV

ATLASPIx3 CASAGEM/ PAbox + SPIROC

Gridpix ADC module PIST

ALTIROC

Requirements to electronics not only from specification, but a deeper
involvement in dedicated designs

18/11/2023, CLHCP Workshop, Shanghai
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Data link from FEE to backend

I N N S N

Data rate per 160Mbps 1.28Gbps@tr -
chip @trigger / iggerless

4Gbps

@triggerless
Data rate per 3.2Gbps@Trig O(Gbps)@ - - - - -
module ger/ module

80Gbps@Trigg O(10Gbps)@

erless structure
Overall data  205Gbps@Trig ~40Tbps 110Gbps 800Gbps@ 93Gbps + 33.6Gbps
rate ger/ Trigger / 72Gbps

5.12Tbps@Tri 6.4Tbps

ggerless @triggerles

S

Q: high speed serial link needed inside FE chips?

> maybe yes for vertex & tracker, especially for triggerless mode

Q: data aggregation chip needed at the module/structure level?

> maybe yes for vertex & tracker

Q: possible to follow a common protocol & interface for data link?
> Interface designs may vary due to the CMOS process, protocol can be unified
» Cabling? Optical? Or even wireless?

> Has to be rad-tol

18/11/2023, CLHCP Workshop, Shanghai 12



From FEE to BEE i

Dedicated algorithm in FPGA may have to vary from detectors
> Related to triggering, data compression, machine learning
» Data aggregation for different AFE, if it is done in FPGA

Rest are possible to be designed in a unified style
Clock synchronization & distribution

Data buffering

Data packaging and transmission to DAQ

Powering

Slow control

YV Vv V VY V V¥V

Issue: most has an interface with other system (TRG, DAQ, Mechanics ...), not
well defined yet

Q: major challenges exist with huge data rate, especially triggerless
» Very likely, new methodology has to be involved, yet no R&D

Q: do we need special algorithm for new physics approach, like PFA?
> Needs input from physics simulation

Issue: yet not a dedicated BEE system R&D for CEPC

18/11/2023, CLHCP Workshop, Shanghai 13



Interface between (Lvl 1) Trigger and Electronics

Common Question: Trigger or Triggerless?
» For some sub-detector, data volume really an issue for triggerless

» Part of the detectors on trigger, rest triggerless?

Smart & local track/cluster finding to compress data? While R&D required

Q: who needs TRG input? Who contributes to TRG?

I N
Y Y Y Y Y Y Y

get TRG

Generate N N Y Y Y Y Y
TRG info

Data volume  Maybe Maybe - Maybe - -

an issue for 5.12Tbps 40Tbps 6.4Tbps

triggerless?

Q: where in electronics, AFE or BEE, to communicate with TRG?

> Ifin ASIC AFE, trigger interface has to be defined asap before finalization

The latency and data buffering is also a critical issue for the chip design

> Issue: need a overall consideration on TRG strategy, not only on calculation of the data volume

18/11/2023, CLHCP Workshop, Shanghai 14



Interface with other systems

Clocking

» How to synchronize with BX clock?
Multiple bunch spacings: Higgs: 680ns; W: 210ns; Z: 25ns

> What clock needed for different detector?
Power management
» Overall powering design maybe too early for CEPC
» Consideration on AFE powering has to start
Serial powering? Rad-tol powering blocks?
Cooling
» Has to be integrated closely with electronics system
» Designs greatly depend on the cooling strategy, especially for AFEs
Air cooling or liquid cooling? Or Mixed?
Mechanics

» Special mechanic scheme has to be generally defined for the design of AFE
e.g. Vertex on long Flex, ECAL module organization for HG...
» Technology vender for low material still an issue

e.g. Aluminum Flex Cable for Vertex not available

Needs input if any special requirements to electronics exist

18/11/2023, CLHCP Workshop, Shanghai
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What to do next?

Further and thorough discussion with other systems
> A topical workshop on CEPC electronics may be more effective
R&Ds and time needed for the major challenge
» Each R&D cost at least ~5 to 10 year if from scratch
» ASIC developed for specific detectors involved in each detector system
» Real time data compression and machine learning algorithm
» Rad-tol ASICs for common applications

Data link chips & unified protocol
Powering chips (LDO, DC-DC) and module

» R&D for the possible wireless communications
Manpower a big issue

» Please ref to the talk given by Paulo in the plenary session, on how many people involved for LHC

18/11/2023, CLHCP Workshop, Shanghai 16



Summary

Detector requirements to electronics system preliminarily collected
Many questions, waiting to answers

Various AFE await for a dedicated design, yet not a clear shape and plan of a overall electronics
design for CEPC

Some critical considerations must be taken now

18/11/2023, CLHCP Workshop, Shanghai 17



Thank you very much for your attention !

Reference all based on previous workshops of CEPC, if not
listed

18/11/2023, CLHCP Workshop, Shanghai
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Detector Background: the CEPC Detector Designs

CEPC Detectors in CDR
ILD-Like design

The 4th Conceptual Detector Design

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Muon+Yoke PFA HCal Solenoid Magnet (3T / 2T )
Between HCAL & ECAL

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Transverse Crystal bar ECAL

Advantage: better 1%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
SR (S =i == — maintain good jet resolution.

i Drift chamber
that is optimized for PID

| Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough
not to affect the moment resolution.

Preshow

Si Tracker Si Vertex

DCH Rowt = 200 an

DCH Rin = 30em

Cal Rin = 230 cm

JC Wang, CEPC workshop 2021

Cal Rowt = 450 cm

18/11/2023, CLHCP Workshop, Shanghai 19

Yoke 100cm
; Magnet 2=+ 300 cm



Feedbacks from sub-detector systems - Vertex

Physics driven requirements Running constraints

UWE, __Z:S_H_I_Il _________________________________________________________________________________ >
Matenal budget .. 0-15%X/layer
e > Aircooling -------—--oeoee >
r of Inner most layer - > > beam-related background------: >
————————————————————————————————————————————— > radiation damage----------------->

Ref: CEPC Conceptual Design Report, Volume Il - Physics & Detector

Sensor specifications

Small pixel ~16 um
Thinningto 50 ym

low power 50 mW/cm?
fast readout ~1 Us

radiation tolerance
< 3.4 Mrad/ year

< 6.2x10"?n,/ (cm? year)

= A thin pixel detector with a small pixel size
» Small electrode MAPS
= Detector channels
> 64 double-sided ladders, ~1280 chips
> ~0.5~1M pixels/chip
= 2D resolution ~3um, with fast readout capability
> Hit rate ~40MHz/cm? @ W, ~32bit/hit

R | G | Nowberof ladders | Numsber of clips > Timestamp with 25ns resolution for Z pole
Layer 1 16 125.0 > Data rate
Layer 2 18 125.0 v 200 o 205Gbps@Trigger; 5.12Tbps@Triggerless
Layer 3 37 125.0 . | Overall system
beverd » 1250 > Lower material budget
Foyer3 i 1250 - . « Low power & air cooling & lower material mechanics
i B 20 > Radiation tolerance

18/11/2023, CLHCP Workshop, Shanghai 20



The Tracker

2000

R [mm]

cnsq;(:.ao

1500

T T T T [ T T T T

1000

cos=0.95
soT | Foesst

500 gor |

__..coso=0.89

<
X
9,
5

Tl by ey by
500 1000 1500 2000 2500

Full silicon tracker  ZImml

Interfacing, Data
/| aggregation

— Topside module

Jens Dopke,
CEPC workshop
2020

silicon tracker module

CEF
Yiming Li
= A large area silicon tracker with ~10um
spatial resolution @ r-¢

» ~70-140m2with ~50um pixel pitch

> Should be cost effective (like HYCMOS)
= Hit rate and signal measurement

> 10 hit/cm2/event @ Z, ~10bits per hit

e 10btime stamp + 7b TOT

= Detector channels

» ~60k modules (each with 4 chips)

> 1Gbps data link per module and 10+ Gbps high
speed link per structure

= Overall system
> 160mW/cm? => 2.6W/module (O(100kW) for all)
> Liquid cooling expected @-20 °C

ATLASPix3 features

« TSI 180nm HV process on 200 Qcm substrate
« Pixel size 50 x 150 um?

« 132 columns x 372 rows (20.2 x 21 mm? chip)
« Each pixel has 7-bit TOT + 10-bit timestamp

18/11/2023, CLHCP Workshop, Shanghai

« Continuous / triggered readout with 8b10b / 64b66b coding

« Power consumption ~160 mW/cm?2. 21



TPC

_-* particle

f/@,q

”.
field cage L -':”Q

Parameter

Noise

Conversion gain
Peaking time (defaul)
Non lineartity

Cross talk

Dynamic range

Power consumption

Specificatio

<200e
>15mV/fC
100ns
<1%
<0.3%
>2000
<5mWi/ch

I g
=

Huirong Qi
~100pum spatial resolution @ r-¢

> Material budget: <1%XO0 including outer field cage
> GEM+uUMEGAS / Pixel TPC
Hit rate and signal measurement
» Momentum resolution: ~104/GeV/c
» dE/dx resolution: <5%
> Time resolution : ~100ns
Detector channels

» 5k chn/module; 84 module/endplate; 2 endplate =>
840K channels => should be really low power

> 6.5K ASIC chip if 128chn/chip
Data rate

> 48K chn/hit @104/ BX / channel

> 7bchnID + 9b ADC per hit + 2B per ASIC = 22KB
/ BX = 110Gbps for the overall detector

Overall system
» CO, cooling
> Trigger or triggerless

18/11/2023, CLHCP Workshop, Shanghai
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Drift Chamber
! Ecal
! SET >
Drifter chamber —=
! SIT (Si inner tracker)
= Forward & endcap
]” ~_._.——""" trackers are not shown
Sl .
Induced Current
% 018
§ 016
0.14—
012
0.1

PN S IR Livaalenay Loswslovualosy
00 50 100 150 200 250 300 350 400 450 500

Time [ns]

18/11/2023, CLHCP Workshop, Shanghai

Mingyi Dong

A Drift Chamber optimized for PID
> better than 2o K/11 separation for P < 20GeV/c

Signal measurement
» dN/dx for cluster counting method

Signal characteristics

Parameters Value Parameters Value

Rising 0.5~1ns Falling
Pulse width Hundreds ns  Pulse spacing
(overlapping)
Amplitude Dozen~hund Pulse charge
red nA

Detector channels and data rate

Trigger-less 256 Gbps

Trigger Trigger rate 1 kHz
Max #wires/event 25k
bandwidth 20 Gbps

50 peaks/wire*, 16bit/peak from F.Grancagnolo

~tens ns

few~dozen ns

Ten~dozen fC

6.4 Tbps
100 kHz
10k

800 Gbps

FY Guo, CEPC workshop 2021
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CAL \CER

Yong Liu
ol st g 850, 150.) = Long crystal bars with dual-end readout by
C— 7 SiPM/FPMT
\Pho‘fodefec‘fof's (eg. FPMT, SiPM...Y’ . .
- — » large dynamic and fast frontend for electronics —
//// 5D CAL
_____________ 4 Incident
V' particles » Large number of chn: lower power & low cost
Key Parameters Value/Range Remarks
MIP light yield ~200 p.e./MIP ~8.9 MeV/MIP in 1 cm BGO
Dynamic range 0.1~103 MIPs Energy range from ~1 MeV to ~10 GeV
Energy threshold 0.1 MIP Equivalent to ~¥1 MeV energy deposition
Timing resolution ~400 ps Limits from G4 simulation (validation needed)
Crystal non-uniformity <1% After calibration
Temperature stability Stable at ~0.05 Celsius Reference of CMS ECAL
Gap tolerance ~100 um TBD via module development
options [Million] channel |-ttt e P8t Scintillator HCAL
vt cin IBZ§;| 36 0.02 32 0.72k 2.9 kByte 0.3 GBytes/s
Sﬁﬂ:ﬁg s 32 28.9 k d Sci"tgf;‘(’:;sc’“' 3.4 0.12 32 372k 15 kByte 15 Gbytes/s
i RECHEAS 32 0.004 8 128k 128kByte  0.13 GBytes/s
v?i%slt:rl\EgQ; 22.4 k RPC HCAL
e cgap) ; Endcap 32 0.01 8 3.2k 3.2 kByte 0.32 Gbytes/s

18/11/2023, CLHCP Workshop, Shanghai o4



LGAD TOF

_ Zhijun Liang
= Recommended by the Int. Advisory Committee

= Detector concept

Timing detector in Barrel regio > Area of detector (Barrel : 50 m2 , Endcap 20 m?)
» Strip-like sensor (4cm x 0.1 cm)

= A Timing detector and part of the tracker (SET)

» Timing resolution: 30-50 ps

60 modules per stave
2.4 m per stave

» Spatial resolution: ~ 10 ym

= Signal measurement

—1850
E L ( SET ) |
~— ! Il ATLASHGTD  [CEPCTOF
: Iz Area (m?) 6.4 ~ 70
o |
350 A8 I Granularity mm? ~ cm?
g e (1.3 mm x1.3mm)  (40m x 0.2mm)
300 Vi -
s y /FTD //// Channel number ~3.6 X 10¢ | ~ 7x10° |
2500 / -
200; /// _ <7 Yeosbi=0.969 Module assembly Bump bonding Wire bonding at strip
- e P
. SIT // -7 MIP Time resolution 30-50 ps 30-50 ps
10— e _
- // e T Spatial resolution ~ 300 um ~ 10 pm
100~ ; - =T 1cospi=0. e U
v I S eosoie 2 PRI A5 2 0 2fC- 20fC 2fC- 20fC
so— 7 - =
e | = Datarate
00 = b2’2)(; --------- 436 — G(T)O Y 800 = 10‘00‘ — , " l2400‘ .
2 [mm] > 200kHz event @ 16bit/event (9bTOT + 7bTOA)
Baseline detector concept in CDR > 100k chips for 70m?2

= Power: <2W per chip

18/11/2023, CLHCP Workshop, Shanghai 25



LumiCal

Suen Hou
Detector concept

> measure the Bhabha scattering events for the
integrated luminosity

> Accuracy: 0.1% @ Higgs, 10* @ Z

Signal measurement

> e+e- and low energy photons
» Using silicon strip + LYSO with SiPM

pin Si-ladder
p— e T
Signal processing Ultra fast ADC, 50ns signal width, 25 B.C.
separation
Interface 10Gbps optical link, Triggerless
o Signal dynamic range MIP 0.3~100GeV (like ECAL)
L1 pin
Channels 16K 14K
LYSO (2sides*2layers*4k) (4 sets/side * 1.7K)
- Event rate 0.003 events /b.c. 0.00016 events/b.c.
S s |
Power limit 40 chips @10W 10W per set

Data volume: ~160 Mbps
18/11/2023, CLHCP Workshop, Shanghai 26



Requirements of the CEPC Detector from Physics

The physics motivations dictate our selection of detector technologies

Physics Detector Performance
Measurands
process subsystem requirement
ZH.Z wete ,pp~ my, o(ZH) A(l/pr) =
+, - +, - Tracker ~5 0.001
H—upp BR(H—};L;L) QXIO'EW
H — bb/cc/gg BR(H — bb/ce/gg) Vertex ré =
5 (I:‘ ﬂ{GP‘v':l wsin/ < g ( ’.llll)
ECAL AE =
H — q3, WW*, ZZ*  BR(H — q§, WW*, ZZ%) £/
HCAL 3 ~ 4% at 100 GeV
AE/E =
H — vy BR(H — v7) ECAL 0,90 / B
\,Tﬂf} ©0.01
® Flavor physics — Excellent PID, better than 2c separation of /K at

momentum up to ~20 GeV.

® EVW measurements = High precision luminosity measurement, L /L ~ 104,

18/11/2023, CLHCP Workshop, Shanghai



e e
. o S| O A = 2 B
PACEPCTI = 3R 5 4 131 N T
.?ﬂeo;ﬂl.l%%ji% 510_2?:55:5555::::::::::::I::::-EI:::::
s SSHEE. SSSEE K o
« H{E~200e, FHASEE~1000e W e ———————

VXD Radius [cm]

— AV =1

s fIEPHE 3~5um

E SR
* Hit Density from background: 2.5hits/bunch/cm? for Higgs/W:; 0.2hits/bunch/cm? for Z
* Bunch Spacing: Higgs: 680 ns; W: 210 ns; Z: 25 ns

o HhZK ‘ - - : - k
. % ﬁ% : O- 15% | : l | R I:I:IIII | }lI::ulllll | Number of ladders | Number of chips |

« FMIBMAE (TaichuREAM) .. ©
« =2 Laddert#y64 Moy | = .
. ﬂﬁlEddEf%@EﬁlZBOﬁ Layer 4 39 12 a
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M CEPCTI =3k Mlgs (Taichu) A1)

BfFIE
« MAPSEEZIRNFE@small electrode — =2, B{E200e

- ER~F: 16~25um B H
o THEUE: A0MHz/cm?
- AR
- IS5k, RERHE
- BUBAEEFE
s HF®RE. GEEMNE
- REHULRED BRIGHlE

- BB B R E BS T EE Trigger IDH/HT

HEE
- BEESSEURE: 160Mbps/chip (50kHzfEE &)
* Triggerless: 4Gbps/chip
- FEHAER SEET
HEE
* lLadder : 3.2Gbps@Trigger; 80Gbps@Triggerless
- IEMFEEE: 205Gbps@Trigger; 5.12Tbps@Triggerless
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Main specs of the full size chip for high rate vertex detector L1

Bunch spacing

Two major constraints for the CMOS

— Higgs: 680ns; W: 210ns; Z: 25ns sensor
— Meaning 40M/s bunches (same as the % Pixel size: <25um* 25um (6~5um)
ATLAS Vertex) aiming for 16pum*16um (c~3um)
Hit density % Readout speed: bunch crossing @ 40MHz
—  2.5hits/bunch/cm? for Higgs/W; None of the existing CMOS sensors can
0.2hits/bunch/cm? for Z fully satisfy the requirement of high-rate
Cluster size: 3pixels/hit CEPC Vertex Detector
— Epi- layer thickness: ~18um TID 1s also a constraint
— Pixel size: 25pm X25pm % 1~2.5Mrad/year as required in MOST2 is
Hit rate: 120MHz/chip @W achievable
For Vertex For High rate For Ladder
Vertex Prototype
Pixel pitch <25um Hit rate 120MHz/chip Pixel array 512rowx1024col
TID >1Mrad Date rate 3.84Gbps Power < 200mW/cm?
--triggerless Density (air cooling)
~110Mbps
--trigger
Dead time <500ns Chip size ~1.4cmx2.56cm
--for 98%
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Ladder cEPE

What might the silicon tracker look like

* Many large-scale structures ﬁcall them local support)
supporting smaller units (call them modules) Interfacing, Data
mechanically and electrically :

* Medium Speed links per module to deliver data (Gb/s)
* High Speed Iink(s? per structure to transfer aggregated
data from multiple modules (10+ Gb/s)

. 50r-n2 of s.ilicon based on active sensors at current
reticule sizes:

* About 150k active sensor chips
* About 40k “modules”
* As per previous numbers: O(4k) high speed links

* Expecting a particle/track occupancy of about
104/cm?/event in Z-mode

* | work based on that, not involved enough with the physi
to look at other numbers, but they’ll be ?easier”

aggregation

Topside module

—

18/11/2023, CLHCP Workshop, Shanghai 31



TPC

k]

ES
Q

C

Overview of TPC concept

TPC detector concept:

Under 2-3 Tesla magnetic field (Momentum resolution:
~10*/GeV/c with TPC standalone)

Large number of 3D space points(~220 along the
diameter)

dE/dx resolution: <5%
~100 pm position resolution mn ro
e ~60um for zero drift, <100pm overall
e Systematics precision (<20pm mternal)
TPC material budget
e <1X, mcluding outer field cage
Tracker efficiency: >97% for pT>1GeV
2-hit resolution mn re : ~2mm
Module design: ~200mm X 170mm

Minunizes dead space between the modules: 1-2mm

TPC detector concept

18/11/2023, CLHCP Workshop, Shanghai
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Requirements of TPC for TDAQ -1

Reference info from ALICE TPC / STAR
TPC (in operation) and ILD TPC (future)

Pads TPC (example)

There 1s full size TPC detector with the
outer radius of 1.8m and mmner radius of
0.3m. All of the two endplate mounted m
two sides.

Every channel will be connected in the
small pad(Ilmm*6mm), thus the total
number of channels is
5000/module*84/endplate*2=840K

channels.

Each ASIC has 128 channels and there 1s
6.5K ASIC chips mtegrated with the FEE
and DAQ.

The bunch crossmg (BX) rate 1s 40 MHz
and we need to deal with every BX at one
IP n circular collider.

Low power consumption FEE readout

Experiment /

Timescale

LHCb MUCN
DETECTOR
>2010

ATLAS MUON
UPGRADE

CERN L52

CMS MUON
UPGRADE

CERN L52
ALICE TPC
UPGRADE

CERN LS2

CEPC TPC
DETECTOR

CDR

Application
Domain

Hadron Collider /
B-physics
(triggering)

Hadron Collider

(Tracking/T riggering)

Hadron Caollider

(Tracking/T riggering)

Heawy-lon Physics
(Tracking + dE/dx)

e+e- Collider
(Tracking + dE/dx)

MPGD
Technology

3-GEM

Resistive
Micromegas

3-GEM

4-GEM / TPC

GEM+Micromegas
or Pixel TPC

Total detector
size / Single
module size
Total area: ~ 0.6 m?

Single unit detect:
20-24 cm?

Total area: 1200 m?

Single unit detect:
(2.2x1.4m?) ~ 2-3 m?

Total area: ~ 143 m?

Single unit detect:
0.3-0.4m?

Total area: ~ 32 m?
Single unit detect:
up to 0.3m?

Total area: ~ 2x10
m2

Single unit detect:
up to 0.04m?

Operation
Characteristics /
Performance

Max.rate:500 kHz/cm?
Spatial res.: ~cm
Time res.: ~ 3 ns

Rad. Hard.: ~Cfem?
Max. rate:15 kHz/cm?
Spatial res.: <100pum
Time res.: ~ 10 ns

Rad. Hard.: ~0.5C/cm?

Max. rate:10 kHz/cm?
Spatial res.: =100um
Time res.: ~ 5-7 ns
Rad, Hard.: ~ 0.5 Clom?
Max.rate:100 kHz/cm?
Spatial res.: ~300pm
Time res.: = 100 ns
dE/dx: 11 %

Rad, Hard.: 50 mCfom?
Max.rate:>100 kHz/cm?
Spatial res.: ~100pm
Time res.: ~ 100 ns
dE/dx: <5%

Special
Requirements /
Remarks

Redundant
triggering

Redundant tracking
and triggering;
Challenging constr.
in mechanical
precision
Redundant tracking
and triggering

- 50 kHz Pb-Pb rate;
- Continues TPC
readout

- Low IBF and good
energy resolution

- Higgs run

- Z pole run

- Continues TPC
readout

- Low IBF and dEidx

18/11/2023, CLHCP Workshop, Shanghai
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Crystal ECAL: specifications

Key Parameters Value/Range Remarks

MIP light yield ~200 p.e./MIP ~8.9 MeV/MIP in 1 cm BGO

Dynamic range 0.1~10° MIPs Energy range from ~1 MeV to ~10 GeV
Energy threshold 0.1 MIP Equivalent to ~1 MeV energy deposition
Timing resolution ~400 ps Limits from G4 simulation (validation needed)
Crystal non-uniformity <1% After calibration

Temperature stability Stable at ~0.05 Celsius Reference of CMS ECAL

Gap tolerance ~100 um TBD via module development

Challenges/issues...

* Crystal size optimization, as well as realistic ECAL geometry design

* Sophisticated software for long bar crystal ECAL

* New BGO crystal with lower light output and faster decay time (collaboration with SIC-CAS)
* Limitation from SiPM dynamic range

* Radiation damage

18/11/2023, CLHCP Workshop, Shanghai 34
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LGAD development for CEPC time of flight detector: 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

10g=grT B i k/pi Separation
o = . k/p Separation TP "
Piit TR ] T HYREEE BT
8 | \ l—10ps of | \
7 8 85
6 7E
- E
@ s 6 6 |
= ~E F =" _F =
af @ a5 :
3t 4 N E
g 3 3k 1
2 2 2; =
] 1F l N A':
0 102 0 u i I.Jl 102

10
p (GeV/c) p (GeV/c)
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. RN BMEXRINEE (EEMATPC » MR FED ) -

LumiCal, MZE 3R RKete MliESE Luminosity

RRTERME £z = 700 mm - JEHEARN - INIMEBEE T -

frete WIERNXNA - Hiit Bhabha st liEIE A EE F X EH] -

Monte Carlo QED &K Nzz=H6I=E - <L Integrated Luminosity -
EEEKR 104 -

. BERNYIEE (LEMNE - GeE - RYIEEJE/dx, FYIBEEREEIN/dxX, A
R FE)

RMMF : Ebeam [ETAEEF, XEIEFEAY Final State Radiation 1E8EYE T ( >~ 1GeV)
£ bunch crossing 25 nsec © D RRIEA B M K5

WEERMEE . EBF theta, phi BE, WiwIXT 1 uRad IBEUE -

LYSO &ifl : #R"%E >Ebeam/2 82F - KXPB2BTAY FSR Y&+

. ERNgEN e FEEENEEL

BFiliERERERNS: SNMEHR4E - §F4k ch. B3t16k BER

LYSO &35 SiPM 1 8 2R1(2X0) fa(17X0) H#£4E LYSO

HE 170cm?, 1.7k ch. 23t 7ki@ES

. BEEWHTEE

Z lumi Lmax = 115 x 1034/cm?2s, LumiCal Bhabha FNzsZ&#,E 100 nb
Event rate = (246x10-33) x (115 x 103%4) /sec =115 kHz

Event rate / 25 ns bunch crossing = 0.003 events /b.c.

lowest theta (FRE /) hot LYSO 3x3 mm?2 6-cell cluster

event fraction = 0.12, HEHAXELYSO cellEfIE = 0.00016 events/b.c.
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A1 trigger, ## FPGA ATkt
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5% M MIP 2 BB R ER T

LYSO SiPM tE88 ECAL =M 300 MeV % 100 GeV BB+

. WEFIERESK (LSB, BE - &HHE) -

LYSO SiPM LERRECAL,

24N Pileup, HLE - 25 ns B.C. f1—k Signal Level comparator ##1AIm#ES
B SZ2GaWES

. BN TERENSEE - MIRBFEFEMR - ddE5MENREEE—RL?BL
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From detector to frontend electronics
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Common requirement for the backend
GIEE =g
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