CEPC Physics and Detector

Jianbei Liu
(On behalf of the CEPC physics and detector group)

State Key Laboratory of Particle Detection and Electronics
University of Science and Technology of China

The 2023 International Workshop on the Circular Electron Positron Collider
University of Edinburgh
July 3, 2023



CEPC physics program
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<+ The centerpiece: precise
measurement of the Higgs boson
properties ( width, couplings,
mass ... )

< huge measurement potential for

precision tests of SM: electroweak
physics, flavor physics, QCD

<+ Searching for exotic or rare decays
of H, Z, B and 7, and new physics

< Top quark physics

An extremely versatile machine with a
broad spectrum of physics opportunities
— Far beyond a Higgs factory



Milestones and activities of CEPC physics studies

<+ Public documents released: CDR(2018) — Higgs white paper (2019) — Snowmass
white paper (2022) — Flavor white paper to come out soon — more in preparation
(EWK white paper, New physics white paper)

<+ CEPC physics and detector workshops in series: May 2019, April 2021, August 2023
< Physics studies for the IAS-HEP program and Snowmass exercise

<+ Communication and collaboration with international partners: ECFA studies ...
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Higgs Precision measurements

Translated the latest accelerator performance into Higgs measurements

240 GeV, 20 ab~!| 360 GeV, 1 ab~! Exploring the full potential of the CEPC with
ZH | vwH | ZH | vwH | eeH the latest TDR design for Higgs measurements
inclusive _0.26% 1-40%| \ |\ by combining 240-GeV and 360-GeV runs.
H—bb 0.14%| 1.59% |0.90%(1.10% (4.30%
Precision of Higgs coupling measurement (kappao fit)
H—scc 2.02% 8.80%| 16% | 20% 1
Hosgg 0.81% 3.40% |4.50%| 12% = HL-LRC S1/82
Ho WW 0.53% 2.80% |4.40% | 6.50% 10_1 _ m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab
H—7Z 4.17% 20% | 21% S
H — 711 0.42% 2.10%(4.20% |7.50% L;L; 10_2_
H — vy 3.02% 11% | 16% ©
H — pp 6.36% 41% | 57% rTrJ
H-—2Zv  |8.50% 35% 107
Brupper (H — inv.)[0.07%
Ty 1.65% 1.10% Ky ! Kthc . Kg K K, Ky K,
Higgs width measurement benefits Outperforming HL-LHC significantly

enormously from 360-GeV run



Top quark measurments : mass, width and alfa s

Choice of the optlmal energy PO'"t Measurement with a single energy point
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e - Measuring two parameters simultaneously
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A NLL of 2D Scan

ﬁ (GCV) A mtop A Ftop A aS ---------------------- e . -
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344.00 > 50 MeV 26 MeV 0.00047
343.50 15 MeV 40 MeV 000040/ [N
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EWK precision measurements

Precision Electroweak Measurements at the CEPC

Observable  current precision = CEPC precision (Stat. Unc.) CEPC runs main systematic
s C
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Global fit with SMEFT: new physics constrains
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CEPC has potential to reveal new physics @10 TeV by combining
Higgs, EWK and top measurements — power of precision



95% C.L. upper limit on selected Higgs Exotic Decay BR
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Lifetime [sec] 5 x 1071%  +1 x 10°'*
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bkg free
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Z = pry <25%x10°% Q(1077)

-43 o .
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Coherent Neutrino Scatterlng
-501 . e
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7T bkg, o(Pirack) & 0(Epeam) limited
77 bKg, 0(Pirack) & 0(Epeam) limited
PID limited
(Prrack) limited, good PID
77 bkg
fy+777% bkg

777 bKg. 0 (Pirack) limited

Significantly better detection sensitivity to dark matter and exotic decays than HL-LHC



Flavor physics studies

Measuring BR(B?S) — 1070 — 4)
uncert.(B® — 7°7°% — 4v) ~ 0.45%
uncert.(Bf - 770 > 4v) ~ 4.5%

[Not observed]

Measuring BR(B&) —n%n° — 44)

uncert.(B® — n°n° = 4v) ~ 18%
[Not observed]

uncert.(B? — n°n° = 4v) ~ 0.95%
[Not observed]

Measuring BR(B? — K*07+717),
BR(Bs — ¢7777), BR(BT — Kt
uncert.~ O(10~7 — 10~°)[Not observed]
Measuring BR(Bs — 7777)

uncert.~ O(10°)[Not observed]

Measuring as from Bs(Bs) — DEKT
uncert.(as) ~ 0.4°

Measuring Bs from Bs(Bs) — J /¢
uncert.(3s) ~ 0.035°

Measuring ~s from B — DO(D°)K*
uncert.(ys) ~ O(1°)

Measuring BR(B? — ut ™), BR(B® = utp™)

BR(B® — u*p~) affected by B® — 77~ mis-1D

Measuring B, — v
uncert.(BR) ~ O(10~*) [Not observed]

uncert.(|Ves|) ~ O(1%)

Measuring BR(Bs — ¢vv)
uncert. ~ O(1%)

Measuring a(¢2) from B® — 7070 — 4~
uncert.(a) ~ 0.4°

Measuring BR(7 — fvi)
Improvement: ~ O(10?%)

Measuring 7 lifetime
Improvement: ~ O(10%)

Measuring BR(7 — 3u) and BR(7 — )
Improvement: ~ O(10 — 10?)

Measuring BR(Z — £¢) with (£ # ')
Limits ~ O(1078 — 1071°)

White paper draft
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CEPC Detector Conceptual Designs

CDR (Baseline Design)
Magnet Particle Flow Approach

(3T/2T) Yoke + Muon (RPC or u-RWELL)

PFA ECAL

Si Pixel Vertex

SIT TPC SE
FTD ETD

FST concept
(Full Silicon Tracker)
CDR

CDR IDEA concept
Sea— : (also proposed for FCC-ee)

Preshower (u-RWELL)

2T Magnet

PFAHCAL
Partially Yoke

Magnet (3T/2T)
PID (DC+ToF)

Crystal ECAL

Silicon Tracker (Transverse bar)

10



Detector requirements and R&D status

Sub-detector Specification Requirement CEPC prototype
Pixel detector Spatial resolution ~ 3 pm 3—5pum [14-16]
TPC/drift chamber | dE/dx (dN/dx) resolution ~ 2% ~ 4% [19-21]
Scintillator-W Energy resolution < 15%/+/E(GeV) Prototype built
ECal Granularity ~ 2 x 2 cm? and tested

Prototyping [25]

4D crystal ECal EM energy resolution ~ 3%/\/E(GeV) ~ 3%/\/E(GeV)

3D Granularity ~2x2x2cm? ~2x2x2cm3
Scintillator-Steel Support PFA, Prototype built
HCal Single hadron o4 < 60%/+/E(GeV) and tested
Scintillating Support PFA Prototyping
glass HCal Single hadron o4 ~ 40%/+/E(GeV) ~ 40%//E(GeV)
Low-mass Magnet field strength 2T-3T Prototyping
Solenoid magnet Thickness < 150 mm

11



R&D for the baseline detector concept

*» Vertex Detector

¢ Silicon tracker

s TPC

+** PFA calorimetry : ECAL and HCAL

**Muon detector

12



Vertex detector sensor R&D timeline

2015 2017 2019 2020 2021

=
JadePix-1

JadePix-2/MIC4 “JadePix-3
180nm CIS process

200nm SOI proce

13



CMOS MAPS sensors development

All developed with TowerJazz CIS 180 nm process

JadePix1

: Roll. Shutter +
Architecture Analog output ‘
: 33 x 33
2
Pitch (um?) /16 x 16
Power con. _
(mW/cm2)
Integration time _
(us)*
Prototype size 39%x79
(mm?) (36 individual r.o)
: Sensor
Main goals At
optimization

* Assuming a matrix of 512 X1024 pixels

JadePix1 (IHEP) JadePix2 (IHEP)

JadePix2

12017

MIC4

2019

Roll. shutter +

Roll. Shutter + Data-driven r.o. s
In pixel discri. +Inpixel disci.  °™ ‘fn"c'gaz:”"ty
22 x 22 25 x 25 - 16 x 26
16 x 23.11
= 150 m) ~55'/<100
40-50 ~3 ~100
3x33 31x46 WP 10.4x6.1
. Small pixel + Smaller pixel +
Sma::xtgrary Fast readout+ Low power +

MIC4 (CCNU & IHEP)

nearly full functional
All prototypes in TowerJazz 180 nm process

fully functional

JadePix3 (IHEP, CCNU, Dalian Minzu Unv., SDU)

8.6 mm

S.P. Integration Average
resolution time power
JadePix-4 <5 pum ~1 s < 100 mW/cm?

JadePix-3 <3 um <100 ps < 100 mW/cm?

Optimized for fast readout

14.8mm

Full-size Taichupix

gt e g T e s 159 mm

L TIE S I R R SRR IR R RE R SRR T r—

TR R e

B

R SR B R CH AR SR A RS R

ISR S 25.7 mm
 HE- St GE SR = #

#i3H Lt oh R R SRS

TaichuPix3

m Pixel size: 25 um X 25 pm
1024*512 pixel array, FE-I3-like
High speed, deadtime~50ns@40MHz,

time stamp precision 25/50ns

Chip size: 5mm X 5§ mm
Pixel size: 25 uym X 25 pm

Full-size chips produced and tested

14



JadePix3 characterization and beam test

Tested with electrical pulse, infra-red
laser beam, radioactive source:
Threshold: 90 e- to 140 e-

Noise hit rate < 1x10-1%/frame/pixel
Power consumption: ~90 mW/cm?
Spatial resolution < 3um (laser)

Spatial resolution ~4/~5um, Efficiency ~97%

Cluster Size

— Jadepix3d_0 Cluster size

E z
5
Jadepix3_1 Cluster size é‘ E 098
Jadepix3_2 Cluster size s 6 E
Jadopixd_3 Clustor size E E 0.97
c [
55 B 0.96—
or = X Direction 0851~
F el 0,94}
+ Y Direction
S 093
} 0.92~
= 4 =
t 0914 Charge threshold increases
T—— i L i
I 10 15 2 3050055540560 580 600620640 R S S i W WP P e W W
cluster size ITHR [pA] 460 480 500 520 540 560 580 600 620 640

ITHR [pA]

i AR VAR VR

15



TaichuPix3 production and characterization

< 12 TaichuPix3 wafers produced, thinned <+ Average threshold ~215 e, threshold
and diced dispersion ~43 e, temporal noise
~12 e @ nominal bias setting

Noise distribution, WORS, Entries = 1919

30
250 250
ﬁzoo ‘ ﬁzoo
a o
3o 3 150 |
ol | 1 fal | |
0 ‘ Measured 50 ! Measured
\/ L] . b & _ . .
< wafers tested on a probe station for chip R S S
Threshold voltage [V] Noise Voltage [V]

selection and yield evaluation ] o
<+ The chips radiation hardness
proved up to 3 Mrad TID

48

86 O—

Fig.3 Pixel threshold vs. TID

—$

0.46, 0 1
044 0.0 '»‘-q'_* ]
0 0. 1

% R ;00

° —e—Position1,ITHR = 96 | f 4 A

G0 —o—Position2,ITHR = 64 2 006 Preliminary

£ Position2,ITHR = 96 20

-

TaichuPix-3

—o—Position3,ITHR = 96

ODD (=]
o B ¥ 8 8 % &

Preliminary

Probe card for wafer test  An example of wafer test result

TC3 at BSRF 1W2B beamline

1 15 2
Irradiation[Mrad]
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TaichuPix3 beam test @ DESY

15.9 mm g = 100
g 1oor o T T ™) g 1oor — T T ™
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§ sl . § ol H -
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L 4GeVe ] r 4Gev e !
94—~ DUT, - oaf i D e i .
e d=25um ] o ® d=25um i
92}— m d=50 um - 92— = d=50 um il
R + d=75 um b I + d=75 um ]
: s0|— - %/ B
An open wincow ] L ]
ith s f1.2 ) C i B L ; ]
with size of 1.2 cm x0.9 cm L R 5 & B8l ie 55 s 31

600 3‘42 367
Threshold S (e] Threshold § e (3]

iy STy et T

5 26— T T T T T F 26— T T T T T T

5 24 4GeVE e 120, S0 20 dicwction i 5 24 4GeVe S | SSWer 20 direction., .

‘3 I DUT, projected on X-direction | § I i DUT,, projected on X-direction a

o 22F —#— projected on Y-direction | o 22f —w- projected on Y-direction -|

[ aom G0 o o ot e cvt g 19 o 2l = 2~ ]

e —: raf- =

16" ; 3 1.6 o

D — — S — 1.4 -

14,;'/‘\‘\‘.‘\—»\____\_‘_‘ jab ta

. ] L ]

] S S — L L 1] 1 1 L _L_ T

265 292 330 368 332 asi 600 175 197 218 260 295 342 367
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: / T T T T ™ T 7T T T T T T ™
B vial VLA L e - 1 2 F 1
[ _:ﬁ_“} I lig J 5 esk :)ﬁv‘- ~%— X-direction E 5 8.5;':)8;-ve- —%— X-direction =
¢ S\ 3 o —6— Y-direction : H - —6— Y-direction ]
‘ B] .'. g 6l _; g G:— _‘;
et § 5[ - g ssf- ]
2 r ] 2 r .
5 s & 3 o ! 3
45/ - 45— —
af- =] “E =
350 L L i Y| — i . . 3

265 292 330 368 432 a9 175 197 218 260 295

600 342 367
Threshold g [e] Threshold §. [e]

Spatial resolution ~5um, Efficiency >98%
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TaichuPix3 vertex detector prototype

New pickup tools Dummy ladder glue automatic dispensing using gantry

Dummy Ladder on holder

\Q’ ~
» - 4 I
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spatial resolution at DUT [um]
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Silicon Tracker using HV-CMOS: ATLASPix — CEPCPix

<+ A HV-CMOS sensor - CEPCPix is being developed following ATLASPix : smaller
pixel size ( 50um—25um ) , Low-power amplifiers and comparators, daisy chain of
readout.

< Efforts being made to explore foundries in China for a few years

» SMIC 55nm without HV: MPW in October 2022
to verify the DNW structure; 25*150um? for
3*2mm?, a variety of passive diode arrays with
simple amplifiers.

» SMIC 55nm with HV: MPW planned for August
2023. Will be real validation of the sensor with
high resistance wafer. Will explore variation of
diode structure. Will add analog amplifiers and
switch circuit.

20



Characterization of the SMIC SSnm chips

are underway.

IV test

CV test

i L

» .
o .
o .
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<+ 40 chips with SMIC 55nm (non-HV) received at the end of April 2023. Lab tests
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34}
83z
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20?
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TPC: going from pad to pixel

. - CEPC TPC detector prototyping roadmap:

From TPC module to TPC prototype R&D for beam test
Low power consumption FEE ASIC R&D (reach <smW/ch including ADC)
- Achievement by far:
Supression ions hybrid GEM+Micromegas module
IBFxGain ~1 at Gain=2000 validation with GEM/MM readout
Spatial resolution of 6,4,<100 um by TPC prototype
dE/dx for PID: <4% (as expected for CEPC baseline detector concept)

' TPC prototype with integrated 266 nm UV laser

160mm |
5=98.77um ||

— 500
g8
% 450 L L i + i i o= Data
400 [~ Without the magneticfield B=0T . R PR
460 UV laser mimicking the tracks o

s  Neff ~f10 (Ca!ibrate@uﬁng f-“Fe) i

250 ‘?\,e\:

200

1 1 1 1 1 1 " I 1

0'. 1
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250
z [mm] # hits in track

rCurrent full CEPC TPC reconstruction: 6 mm pads = ~4.8% dE/dx resolution

6mm — 1mm: 15% improved resolution via the charge summation (dE/dx)
6mm — 0.1mm: 30% improved resolution via the cluster counting (dN/dx)

74

High readout granularity VS the primary cluster size optimization ongoing at IHEP

curmesit resolition I the full CEPC TRC Pad size of about 300um can record ~1 primary
recostruction with 6mm pads cluster along track length with T2K gas
/

ILD TPC dE/dx resolution equivalent /

’ Bump bond pixelated readout Module To be addressed by R&D
with Micromegas detector size
simubation result with

method, dift length * Research on pixelated readout
cluster counting, 200 mm o .
technology realization

« cluster counting, 1000 mm

heee smvmscn 20mm* - 2300 UM X300 pm 1-2em® o Optimization of cluster profile and
chorge surmation, 1000mm  *  Developed the readout pad size
test beam. pad-based i i
AsianGEM cHip by Telnghiia * Study of the ‘dN +dx’
B GridGEM * Developed the
B Micromegss Micromegas detector * Study the distortion using UV laser
)y st beam, pocel base: sensor at IHEP 100cm®  tracks and UV lamp to create ions
®  GrdPix at full coverage H
1| o crickix .E w7 m:“ * Development of the new disk
empirical expectation: module and prototype * In-situ calibration with UV Laser
00 200 50010002000 5000 it system
S J, w2 + Study of the ‘dE/dx+dN,/dx’

pad size / ym

* R&D on Macro-Pixel TPC readout for CEPC
* Macro-Pixel TPC ASIC chip was started to developed in
this year and 1st prototype wafer has done in last year. ROIC
* The first version ROIC has been received and under testing. memposer pcs
* The TOA and TOT can be selected as the initiation Mol
function in the ASIC chip.
¢ 1mmX6mm > 500um X 500um pixel readout
* Higher precision and higher rate (MHz/cm?)
* Gain of the amplification: >40mV/fC
* Channels: 128
* Time resolution: 14bit (5ns bin)
* Time discriminator: TOA (Time of Arrival)
* Power consumption: <ImW/pixel (1* prototype)
* ~400mW/cm?
*  100mW/cm? (Goal and final design)
* Technology: 180nm CMOS -> 60nm CMOS
» High metal coverage: 4-side bootable

MPGD

Principle of Macro-Pixel TPC readout

2.2mm

15t readout PCB board and the ASIC layout 2 2
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Plastlc scintillator (USTC, SJTU, IHEP)

Uniformity within 215%




Calo Sampling | Sensitive Absorber | Granulari | Electroni | Absorb | Energy weight
No. detector ty cs length Resolution
Sci-W 32 PSD+SiPM | W-Cu 5mmX5 | SP-2E 22 X, 16%@ 1GeV [03T
ECAL mm
AHCAL | 40 PSD+SiPM | Fe 40mmX4 | SP-2E 47NIL | 60%@ 1GeV (50T
Omm

Transverse size

23cm*23cm

72cm*72cm
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Standalone and combined beam tests @ CERN SPS

A saal 3 s A - fi i 2 ey Ak

€ Two weeks at HB@SPS in Oct, 2022
€ Two weeks at H2@SPS in April, 2023
€ Two weeks at TO@PS in May, 2023

USTC: Hao Liu, Jianbei Liu, Zhongtao Shen, Yukun Shi, Jiaxuan Wang, Yunlong Zhang
IHEP: Yuzhi Che, Fangyi Guo, Peng Hu, Xinghua Li, Yong Liu, Baohua Qi, Qi Wu

SJTU: Francois Lagarde, Siyuan Song, Zhen Wang, Haijun Yan
g y g g Hall g « e1:0.5-250 GeV/c
U. Shinshu: Tohru Takeshit
inshu: Tohru Takeshita « 7%:1-120 GeV/c
U. Tokyo: Ryunosuke Masuda, Tatsuki Murata, Wataru Qotani,, Yuki Ueda o High energy u for calibration
Weizmann: Luca Moleri, Giannis Maniatis 65 million events collected in total

25



Test beam data analysis task force

* Taskforce on data conversion and analysis (same groups that participated the CERN beamtest)

* |nstitutions involved in the taskforce

* Weekly meetings: updates, questions and discussions

Data conversion and cross checks (4): Jiaxuan Wang, Yukun Shi; Yuzhi Che; Francois Lagarde

Event display (5): Siyuan Song, Zhen Wang; Yuzhi Che, Baohua Qi, Hengyu Wang

Data analysis and software tooling (5): Hongbin Diao, Jiaxuan Wang, Yukun Shi; Yuzhi Che, Peng Hu; Francois Lagarde
Full simulation and validation (5): Dejing Du, Baohua Qi; Yukun Shi; Zhen Wang, Zixun Xu

Arbor clustering studies (3): Yuzhi Che, Hengyu Wang, Xin Xia

Japanese groups on ScW-ECAL performance (5): Ryunosuke Masuda, Tatsuki Murata, Wataru Ootani, Tohru Takeshita,
Yuki Ueda

Coordination: Yong Liu

Taskforce Meeting on CERN Testbeam Data
B Thursday 16 Feb 2023,1400 — 1500 Asa/Shangha

China (14): IHEP, SJTU, USTC
Japan (5): U. Shinshu, U. Tokyo

https://indico.ihep.ac.cn/category/322/ g s T e e SR

* Welcome new members to join " s e onanies B e
* A full task list (evolving) prepared for data analysis
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Preliminary Results

ECAL pedestal ECAL MIP hit energy spectrum

high gain mean Layer2_Chip2 Layer5_Chip5
times mean all Layer2_Chip2 LayerS_ChipS
Entries 6912 701~ Entries 6444 45 Entries 1008
Meanx  95.89 - Mean 963.7 Mean 587.6
Mean y 18.01 C Std Dev 302.2 40 Std Dev 163.6
StdDevx 5551 60— gzc/mndi 329();3;&; %2/ ndf 182.4 /141
Std Dev 10.39 r T A Prob 0.01085
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® The calorimeter system is able to contain high energy hadronic showers and

record their details.
CALl@

CAI.l(oo - |
e Cfgf)ye CEPC AHCAL Prototype
w 2 ERN SPS H8 Beamline
a 1 RUN75 Pion+@120GeV
.

_/:57/@ CEPC AHCAL Prototype

¢ 7%  CEPC AHCAL Prototype CAI-I@
»
B
§
>

YZ Plane
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Scintillator Muon Detector R&D

4 SiPMs in g AT=-4477.86 +35
parallel Wedge light 8 wo o= 1815 £29
guide 350
1| triggerl || 2 300
, S , VY 250
- 165 ps
™ Saint-Gobain (120*5*4cm) < N
5| trigger2 || 6 = 4 SiPMs in &
parallel %6060 ~5500 5000 4500 4000 3500
4 SIPMS in Time Difference (ps)
parallel : g oof AT=-352827 £18
e 8 o= 1048 +1.8
m trigger1 GJ b 87 PS
J > 3 s .
| i (12P-12SiPM)
© Saint-Gobain (120*5*4cm) : 70 ps
@ trigger2 @ 12 SiPMs in /% (3P4s-12siPM)
para”el 0: @017 aagen % —38:0 3600 3400 1’-‘3200 = 2600 -2

Time Difference (ps)
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The 4™ Detector Concept

Advantage: Cost efficient, high density Solenoid Magnet (3T / 2T )

Scint Glass Between HCAL & ECAL

PFA HCAL Challenges: Light yield, transparency,
massive production.

R e

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

Challenges: thin enough not to affect the jet Excellent e/gal.nma
resolution (e.g. BMR); stability. energy resolution;

’ M‘l : I” N —— Crystal ECAL « PID capability;

l” Advantage: better n%y reconstruction. Better hadronic

Challenges: minimum number of readout energy resolutlon;

channels; compatible with PFA calorimeter,; M t . h
maintain good jet resolution. agnet in muc

reduced size.

. ] [ —m— | | F

. A 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.

BMR: 4% — 3%

Muon+Yoke Si Tracker Si Vertex
w/TOF outer layer
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R&D for the 4t detector concept

** Drift chamber
+*TOF detector
“*Crystal ECAL

* Glass-scintillator HCAL

31



Drift chamber simulation and design optimization

Induced Current
z
g
i
5
o
\ — |
| \M
500

Simulation

Signal generator (Garfield++)
* Heed: ionization process

* Magboltz: gas properties
(drift/diffusion)

Induced Current
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. u |
: \ —s
\
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it "y
isomssomzsommm;#omm
Digitization
Electronics:

* Preamplifier
* Noise
* ADC sampling rate
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Reconstruction

Peak finding algorithm
* Second derivative
* Machine Learning
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False Positive Rate

The NN can find the peaks more effective!
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dN/dx resolution

i
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L PID capability,
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Cluster desity: p.,

Reconstruction
efficirncy: ¢

Track length: L

; Y

Gas mixture,
Electronics, noise,

cell size,

Detector thickness

A _4

Separation power

o0 ol L] W0 2% 19
K/n separation power (L =1m, NR = 0.02)
®  Col: 10mm * 10mm NR = 0.02 Momentum @20 GeV/c
NR = 0.05

¥  Cell: 18mm * 18mm

—
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Separation Power (# of sigma)

NR = 0.10

60 80 100 120 140
Track length (cm)




LEuu

800

Optimized drift chamber design, detector R&D

Separation power

10

!:1771§ ~ Radius extension 800-1800mm
2464,3
ffc“;l - 2 Length of outermost wires (cos6=0.82)  ¢q,a.
Thickness of inner CF cylinder: 200um
Outer CF frame structure: ?Gusi\r/:rlsnt CEfhickness:
Thickness of end Al plate 35mm
7 Cell size: ~18 mm x 18 mm
& '€0s6=0.82 Number of cell 24766
R 0s0=0.95 Ratio of field wires to sense wires 31
| Gas mixture

8-

K/m separation vs momentum (6=90°)

TI'TTTTT]TTTITYTITTY

dE/dx truth

= dN/dx truth

a dN/dx (counting, t = 1.0 ns, NR = 0.02)
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Waveform recorded of a drift
chamber prototype
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Synergy with IDEA, Collaboration with INFN

Nov 2021

. u beam lem| o [ ] l o o ® 10 um (Mo+Au)
o 165 GeV 15 um (Mo+Au)
9 Iem . . 20 pm (W+Au)
8 3 & 25 um (W+Au)
7 \2cm = A ® 40 um (Al+Au)
6 :
p A\
L3 [ 3 = i { v " b3
. Wi “ -y ~_Jul 2022
outlet ga T L
3 - S - = = 4 inlet gas 1cm
manifold - NNy . - I I l I 15 um (M0+Au)
: ¥ £ pbeam ., oem e | o
1 I VAT s 20 pm (W+AU)
i : Niriggor te N\ascm| © | ® 25 um (W=Au)
4.3% dE/dx resolution 1cn | @ [ o I
80% cluster counting efficiency
N Cluster Peaks found - Ch 8
¥ o2 4 I ol o T M.
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| | ! I ‘ I / \ & 3 atte
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TOF detector options

1. BY[E]¥# : <35ps
2. PID of t/k: 2.5GeV @30
3. TOFEFR : ~77m?2
MRPC 4. HFZA1EEL 0 37632
5. BFFINFE | 17mW/iE
6. EM{EE : 3420/5RMB (MRPC 7845 7T)
- ~30ps
AC-LGAD N = ~30um '
H B H B § L[ [
.
EE NN el

* N+ doge [P] 8 A =
35



High granularity crystal ECAL with long bars

Full detector geometry Reconstruction

"I-'llﬁ

Unit  1DCluster  2DCluster 3DCluster

Reconstructed Mass of Hrggs

P — =" =
sosk. H — xs‘cbe" “‘2;&‘55
module o: 8 K “"‘:" ereiiis
» - tdecary 268200
2 ooC— sap. L
2 f BMR=1.2%
w snal-
J'.l} 4
2:0 4
1:-1 H
‘fo E RS 540
Nase|GeV]
e MG verinin N T ' T PR e
I 95k el = 3
o Recognize ] //— 1
S | g photon L 8F y, 1
500 ~a 500} ~ 1
t ° z . Truth < - ,,_"_-:::\ > 801 /,/ :
. 1 2 E o ‘\., E o T 4 c /
- 3 ™, photon E 9 N 75k v :
ransverse size: cm . e A ‘ — g !
length 40-60cm RN\ [N a4l i
- H 3 4 H RN i
1500 J ﬂ : \r}\\‘ —1500E ; \“ 60F b E
-2000 gy * ) : ~zooo:» \ 4 I L 1 1 1 L
e 32000 -1500-1000 ~300 O 560 1000 1500 2000 5000 ~1500 ~1000 =500 0 500 1000 1500 2000 0.0 0.2 0.4 0.6 T o8 10
Crystal Scinﬁllo"w (eg. 86O, LYSO.) x/mm x/mm Energy threshold / GeV
I . g .y . - .
l L f’ Clustering Photon recognition Recognition efficiency
\ ‘Photodetectors (eg. FPMT, SiPM._.

Photon identification efficiency > 95%
when E > 0.7 GeV
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Crystal ECAL R&D

Light Yield vs Stochastic Term

6_ = ==e 3% Line
2 === Raw
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BGO crystals

Large dynamics : e ; .

SiPMs

Study of crystal-SiPM units

~  Hamamatsu $14160-3010P! NDL EQRO6 11-3030D-S
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Response uniformity along crystal bar length

Response uniformity h

Uniformity along crystal bar length direction
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Crystal ECAL module prototype and beam test

2*2*12cm’ crystal bars  Module prototype design and development
with 3*3mm?2 SiPMs Custom SiPM readout PCB Module dimensions

e . : . )
L“l . ILA-II . l'I'hm.-|:l|>éraE

1 = sen%Jr \

. - =

HPC connectors for

/ y . micro-coaxial cables

Beam incidence “ Holes for‘crystal support o

Module assembling at CERN PS beam site with 10 GeV i and n, and 0.5-5 GeV e

o 8| >
i L ;
i - . i '
e 4 % -y >
—— -l ’ . ~
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¥ - o 3 i
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= |
e p 2
) F.‘ & & &
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A new AHCAL concept with glass scintillator tiles

- CEPC detector: highly granular calorimeter + tracker
- Boson Mass Resolution (BMR) ~4% has been realized in baseline design
- Further performance goal: BMR 4%—3% CEPC AHCAL prototype schematic
- New Option: Glass Scintillator HCAL (GS-HCAL) : : SN
- Higher density provides higher sampling fraction

Design similar to baseline AHCAL

- Doping with neutron-sensitive elements: improve hadronic response (Gd)

S —
T sion ~30%30 mm? Reference CALICE-AHCAL, granularity, number 402: ...... & Gass dorsiye 94 10 & 3 11%, =45 599
of channels 35’; i Glass_densityl 2‘-&3—’: & 3.06%, indi=36 11/9
Tile thickness ~10 mm Energy resolution, Uniformity and MIP response 3 Zz: | i
o E:\l : :
Density 6-7 g/cm More compact HCAL structure with higher density : Energy threshold = p.1 MIP
Intrinsic light yield 1000-2000 ph/MeV Higher intrinsic LY can tolerate lower =
Transmittance ~75% transmittance M ses waa s s o e
2 . Needs further optimizations: e.g. SiPM type, 3 .- : ,, o5
MIP light yield 150 p.e./MIP S L e : P p s |
a { : R | A
- - - . ) Compared with plastic
Ere el ~0.1 MIP Higher light yield would help to achieve a lower 2 et T
threshold € ‘ i i
I - B E———— 0 20 40 60 80 100
Scintillation decay time ~100 ns Mitigation pile-up effects at CEPC Z-pole (91 GeV) Incident particle energy (GeV)
Emission spectrum Typically 350-600 nm To match SiPM PDE and transmittance spectra Better energy resolution than scintillator
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Scintillator glass R&D

MRAKERASEARESHEL - BOXSELASR

2023.5.24

A collaboration with
11 institutes has been
formed on large area
glass scintillator R&D

- scintillator glass with
s et high density, large light
yield, fast decay time and
low cost.

B Density~4.5 g/cm? B Density~4.0 g/cm3 B Density~6.0 g/cm3 Density~6.0 g/cm?
H LY=802 ph/MeV B LY>1200 ph/MeV B LY>1000 ph/MeV LY>1200 ph/MeV
B ER=26.77% B ER=23.22% B ER=49.55% ER=252% JGSU

BGO
JGS-60
af

Ly 9 |5
Emmmabie b

GS6 |
|
GSs | |
(%]
b} |
-5 GS4 |
c |
o | Decay time
o GS3 |
O | Light Yield
GS2 | Density
|
|
GS1 | |
T —T ~ T T T 1 T 1
00 02 0.4 0.6 08 1.0

Target Properties [a.u.]

Steady and impressive
progress in meeting
the targets of the
R&D effort

40



Beam test of scintillator glass samples

Tested W|th 10 GeV u @ CERN PS

RN

Light yields for MIP (10 GeV muon)

ER eI < cctrum for MIP

Typical energy

33.5%27.6%5.1

#1 ESR 42 §m; — ,;;
#2  30.2x29.5%6.6 61 35 ' e "
. #3  29.9x28.1x10.2 : %), 754 66 : P
T #3ESR 69 F - .
Glass : #4 37.2x35.1x5.3 : 5%), 102 31 oo} Gore " soanem
Scintillator Scintillgtor #5 40.0%35.1x4.2 38 F Glass scintillator (#3):
#1 #32 #6  30.3x29.8x9.4 134 (5%), 1132 67 o .66 p.e./MIP
#7 34_8,(34'8,(7.5 1 ) 60 0 50 100 150 200 250 300 350 400 450 P:on
#3  27.8x25.6x5.0 81 136 (23%), 9 41
R ' ' 52 Data analysis is ongoing
#10  34.7x35.2x7.4 129 (10%), 81¢ 74
#11  30.5x30.0x8.7 , 73
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Other activities

“* Detector magnet R&D on both LTS ( for baseline detector) and HTS (for the 4th
detector) technologies

L e
N « .
. A , .
<8 T\ . / ) il T 75\ :
I = —'"“ ] K +HTS sthck
2 & ’ { - o . e i

=)

: Eur"{

NbTi Rutherford Small size Al stabilized
cable cable 4.7*15mm?

“+ Beam background study has been closely following modifications and updates of
the accelerator design including those of IR and beam pipe designs. Particle
tracking , detector response simulation and other tools will continue to improve.
Beam background with the updated accelerator design estimated by simple
scaling indicates a significantly enhanced level of background in detectors. This

would require rigorous measures for mitigation.
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Summary

<+ CEPC physics studies constantly updated, improved and expanded
to fully explore the CEPC physics potential.

<+ Intense R&D activities are underway on the baseline detector
concept targeting key technologies of all sub detectors. Significant
progress has been made and several R&D projects have reached
milestones.

<+ The 4th detector effort has been ramping up on detailed simulation
and global optimization, and even more on detector R&D.

< It is important to expand international collaboration and explore
synergies with other international projects.

» Existing collaboration: CALICE Collaboration (PFA calorimeters), LCTPC
Collaboration (TPC), INFN(Drift chamber), CMOS tracker Collaboration (Silicon
tracker), French and Spain institutes (CMOS pixel)
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