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Outline

» The CEPC proposal and major milestones have been

covered by Prof. Gao
» The CEPC Physics Programs
» The CEPC Detector R&Ds

» Summary
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¢  The Higgs Particle: Discovery and Measurements -
2012 dlscovery N 013 Nobel Prize 2022 ten yrs measurements
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Peter Higgs & Francois Englert
October 8*,2013
Nobel Prize in Physics

The discovery: “for the theoretical discovery of a The measurements:
Phys. Lett. B 716(2012) 1-29 mechanism  that contributes to  our Nature 607, 52-59 (2022)
Phys. Lett. B 716(2012) 30-61 understa_ndlng | of the origin of mass of Nature 607, 60-68 (2022)
Science 338 (2012) 1569-1575 subatomic particles, and which recently was

Science 338 (2012) 1576-1582 confirmed through the discovery of the
predicted fundamental particle, by the

ATLAS and CMS experiments at CERN's
Large Hadron Collider" 3



27, Measurements in ten years

~30 fb-1 ~150 fb-1 ~300 fb-1 ~3000 fb-1
LHC HL-LHC
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New milestone afterl1 0 years of the Higgs discovery
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&Y, Particle Physics after the Higgs Discovery

SM is a complete and self-consistent theory after the Higgs discovery.
But it doesn’t accommodate dark matter and dark energy @ New physics ?
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R ) Higgs boson: a probe to new physics

= Naturalness

= EW symmetry breaking

Origin of
EW symmetry

breaking
Higgs
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= EW Phase Transition
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CEPC Major Milestones

B First CEPC IAC Meeting (2015.9)
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Public release: November 2018

" CEPC CDR Released (2018.11)
e : E e B i p—

IHEP-TH-2018-01

CEPC

CEPC
Conceptual Design Report

Conceptual Design Report

Volume | - Accelerator
Volume |l - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries 7
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CEPC Physics Program

« Measurements of Higgs, EW, flavor physics & QCD at unprecedented precision

« BSM physics (e.g. dark matter, EWPT, LLP, ...) up to ~ 10 TeV scale

possibly
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Operation mode ZH Z W+HW- tt
Vs [GeV] ~240 ~91 ~160 ~360
Run Time [years] 10 2 1 ~5
L / IP [x103* cm2s] 5.0 115 16 0.5
30 MW [ L dt [ab?, 2 IPs] 13 60 4.2 0.6
Event yields [2 IPs] | 2.6x10° | 2.5x10%% | 1.3x108 | 4x10°
L /IP [x10%* cm~2s] 8.3 192 26.7 0.8
50 MW [ Ldt [ab?, 2 IPs] 22 100 6.9 1
Event yields [2 IPs] | 4.3x106 | 4.1x1012 | 2.1x108 | 6x10°
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CEPC: Higgs Properties

» CEPC has significantly better precision on Higgs properties than that of HL-LHC

Higgs
UL HL-LHC At | CEPC FUH
Mgy 20 MeV 3 MeV
'y 20% 1.7%
a(ZH) 4.2 Yo 0.26%
ﬁ B(H — bb) 4.4% 0.14% <
B(H — cc) - 2.0%

B(H

0.81%

\ — g9) ,

B(H — WW*) 2.8% 0.53%
B(H — Z7*) 2.9% 4.2%
B(H = 7F77) 2.9% 0.42%
B(H — ) 2.6% 3.0%
B(H — ptp™) 8.2% 6.4%
B(H — Zv) 20% 8.5%
Bupper(H — inv.) 2.5% 0.07%

Relative Error

Precision of Higgs coupling measurement (kappa0 fit)

m HL-LHC §1/82

m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

KilKe

Kp Kg Kw K:

Kz K
Z Y
Precision of Higgs coupling measurement (kappa3 fit)

{Precision Higgs Physics at CEPC)
Chinese Physics C, 43 (2019) 043002




Y CEPC: Electroweak Measurements

» CEPC has better EW precisions than current value by 1-2 order of magnitude

W. Z #Hl top
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CEPC: Flavor Physics
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https://arxiv.org/abs/2201.07374
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1: Exotics of Higgs, W, Z, top
Higgs exotic decay (SUSY,
LLP, DS, invisible)

Light higgs
Z exotic decay
Top exotic decay

2: Dark Matter & Dark Sector
SUSY DM
Higgs portal DM
\ector boson portal DM
Fermion portal DM

3:LLP
At CEPC and FAR detector
H/Z decay
SUSY LLP
VLL, ALP, ...

CEPC: BSM Physics

10. Indirect searches from
SM precision measurements

Higgs factory

s =240 GeV

105 HZ events
10° WW->H events

5: Flavor portal NP
Light EWKinos * CLFV processes
Light sleptons  Decays of b and ¢

Heavy selectrons hadrons

9: Global fits
Global fit of SUSY
2HDM global fit
SMEFT global fit

8: More exotics
Axion-like particles
Lepton form factors
Emergent Hadron Mass
Exotic lepton mass

7: Neutrino
Heavy neutrinos
Active-sterile neutrino
Non-standard v interactions

6: EWPT & GW
* Probe nature EWPT
* Higgs precision
* Higgs exotic decay

2205.08553



https://arxiv.org/abs/2205.08553
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Higgs-portal DM
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S| WIMP-nucleon cross section [cm

Higgs: Dark Matter Portal

Standard
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CDR 5.6 ab-'

\ [LHC BR(h>inv) < 24% (3.5%)
GEPC BR(h-inv) < 0.31%

200 txyrxXenon
\ R —-—

Coherent Neutrino Scattering 7

S 10 20 3‘0 40 6‘0
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107
10—45
107
107"
107
----- D—arkSide-Argo (proj.)
107
Higgs Portal model 1
Direct searches, Majorana DM c D R 5 ° 6 a b
107 = Collider limits at 95% CL, direct detection limits at 90% CL
1 10 10? 10°
m, [GeV]

h — dede

— XENON1T

PRL 121 (2018) 111302

— PandaX

PRL 117 (2016) 121303

—LUX
PRL 118 (2017) 021303

— DarkSide-Argo (proj.)
DarkSide-Argo EPPSU submission
DARWIN-200 (proj.)
JCAP 11 (2016) 017

== HL-LHC, BR<2.6
Higgs PPG, arXiv:1905.03764

=—HL-LHC+LHeC, BR<2.3
Higgs PPG, arXiv:1905.03764

- CEPC, FCC-eezm, ILCZSO: BR<0.3%
Higgs PPG, arXiv:1805.03764

—— FCC-ee/eh/hh, BR<0.025

Higgs PPG, arXiv:1905.03764

f \
European Strategy,

=» CEPC has significantly better detection sensitivity for DM than HL-LHC
=» Complementary to direct DM search experiments for mass below 10 GeV

13



6 Higgs: EW Phase Transition

= CEPC can study EWPT via hZZ coupling measurement which may help
to understand the matter-antimatter asymmetry, its detection sensitivity
is about one order of magnitude better than that of the HL-LHC.

T

Standard Model prediction SM + new physics allows
= .:.:!I |;I.

5 5 —
gos g o —
L ¥ %NOWO
2. £, < 0.
A
N
S
— 0.010
(@)
£
=
3 0.001
(&)
increasing time increasing time H
SM expects Higgs New Physics < 40
potential has Quantum tunneling
smooth crossover First order

phase transition

Real Scalar Singlet Model

CDR 5.6 ab!
current
HL-LHC
. CEPC
By Orange: first order PT
T Blue: strong first order PT
% % Red: strong first order PT+ GW
0.5 1.0 1.5 2.0 2.5

“hhh coupling: Ag/Assm
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Outline

» The CEPC Detector R&Ds 4= Let me switch gears to

15
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2  CEPC Detector Concepts =& New Design

IDEA concept
(also proposed for FCC-ee)

(Baseline Design)
Magnet Particle Flow Approach 2T Magnet

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

Preshower (u-RWELL)

LumiCal

PFA HCAL Yoke + Muon (u-RWELL)

PFA ECAL Si Pixel Vertex

The 4t Concept

\ Solenoid Magnet

PFAHCAL
PFA ECAL

Si Pixel Vertex

SIT TPC SET
FTD ETD

FST concept
(Full Silicon Tracker)

Muon+Yoke

Si Tracker Si Vertex Tracker (TPC/DC)

with outer layer

16



L

N CEPC New Detector Design

Goal: with PFA calorimeters to improve boson

mass resolution (BMR) from 4% = 3%.
. .
Calorimeter World-class New design

PFA ECAL ~ 15-20% / VE ~ 3% [ VE
PFA HCAL ~ 50-60% / VE ~ 40% [ VE

0.07 T .[2|4{.) (IEBI‘\Q [ CEPC CDR _
E CEPC [ 1ZZ — vvqq (ud) Cleaned E _toof- a Muon+Yoke
0-06:_ [ ]ww — uvgg (ud) Cleaned g | ST er  SiVertex Tracker (TPCIDC)
- 0-05; |:| ZH — vvgg Cleaned _; Eﬂso with outer layer
o : 1 | > Silicon tracker with TPC / DC:
= 0.04F = " ‘
O 1 T T to improve track reconstruction & PID
. - L = [_EB_:__ 3NE T M
2 o 15T e | | %> PFA ECAL with crystal:
I I ' to improve n°, y energy resolution
0.01- 4 ¢ Y
i 1 » PFA HCAL with scintillating glass:
0_ I : | I I I * * : ! : I_ [ 3 [
60 80 100 120 140 160 | to improve hadron energy resolution
m; (GeV) " P
0 80 M, [GeV]1 00 120 17



CEr ) CEPC Detector R&D: Silicon Detectors

- Develop COFFEE for a CEPC tracker

2| / ladd R,,~16 a ~ .
ayef adaer i mm Goal: o(IP) ~ 5 um for high P track using SMIC 55nm HV-CMOS process
' v CDR design specifications

= Single point resolution ~ 3uym
* Low material (0.15% X,/ layer)
= Low power (< 50 mW/cm?)

» Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 5 series: f oo
JadePix, TaichuPix, CPV, Arcadia, COFFEE e — R

[f @ % % Arcadia by ltalian groups

JadePix-3 Pixel size ~16x23 um? TaichuPix-3, FS 2.5x1.5cm2z  CPV4(SOI-3D),64x64array  for IDEA vertex detector
e 25x25 um? pixel size "21><17um2 kel ss LFoundry 110 nm CMOS

A—
LLLL

1T

0 0 00

Tower-Jazz 180nm CiS process
Resolution 5 microns, 53mW/cm?

18



Test beam @ DESY

. 2nd testbeam: April 11-23 2023 DESY test beam in Germany (4-6 GeV electron)
- Vertex detector prototype testbeam
15t testbeam: Dec 12-22 2022 DESY test beam in Germany (4-6 GeV electron)
. TaichuPix Beam Telescope testbeam

2022 DESY test R 2023 DESY test

Secondary
Target o,

Collimator

Dipole Magnet @ AR

—_— S OX

“  pEsym >

Primary
Target

MIMOSA Telescope

Board6
> Board5
> Board4

6 layers of hit
map are fine .
"~ An open window in

backside of PCB with a
size of 12mm x 9mm

15.9 mm
——

Board_06

19
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Baseline main tracker

o(r-¢) ~100 um

+.65 nm
i

L Ee
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™
o !::
Law

WEr

s 3\

Ly

. "

1 CMOS ASIC

g;g" ol =

,'.Power <25 mV.V/ch.g:'

GEM-MM cathode TPC Prototype + UV laser beams Low power FEE ASIC

Challenge: lon backflow (IBF) affects the resolution.
It can be corrected by a laser calibration at low
luminosity, but difficult at high luminosity Z-pole.

! Teé?& _Ig;c;t—dtype TPC

_, IE

hi16
= = = = Entri 21076
16 E4~200V/cm , E =200V/cm , VMesn 400V oF- Mr;;:s i
r . 00~ Std Dev 0.1005
* T2Kgas £ x* [ ndf 155.7/153
= 10— ) 10 Prob 0.4245
= I = Ar/iC4H10(95/5) E Constant 4252436
o S 00— Mean 4.106 + 0.001
L 8 E Sigma__ 0.09818 + 0.00049
o 50F I
&k E
& s; S 200—
x | 4 | IBF*Gain: 5 £ 98.42pum.
L 150
L 1 1 E
4 ,L/ ! 100F-
B ] |
[e— o 15000 1 5000 E
" 1 i SOE-
P A ETEFErE AYSPETEI S EPErE B ST S ST AP i -
220 230 240 250 260 270 280 290 300 E §ogos N s ol
Vaem V] 2 25 3 35 4 45 5 55 [

x-position (um)

o. <100 um for drift lenath of 27cm

20
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CEPC Detector R&D: TPC and DC Prototypes

A DC between
2 outer layers

Goal: 3o n/K separation up to ~20 GeV/c.

Cluster counting method, or dN/dx, measures the
number of primary ionization

Full silicon

Can be optimized specifically for PID: larger cell trackers

size, no stereo layers, different gas mixture.

Garfield++ for simulation, realistic electronics, peak
finding algorithm development.

K/m separation vs momentum (6=90")

= Y 10
= . L dE/dx truth
: ‘ Signal i onva
;_ ] NOISe P 8 . dN/dx (counting, = = 1.0 ns, NR = 0.02)
= 5 B
E l = B
- o .
= Q 61
= L
= l M s
= ©
—
= ©
= Q
=" ‘ [0])
C Uﬁ \ D
(AN 7 TN (R N (N R ) [ S A A O O oy e i S oy s i A R [ ObAALAlLJlAAlAlLJIAIA
200 300 400 500 600 0 5 10 15 20
Time (ns) Momentum (GeV/c)

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP ioined the TB (led by INFN aroup) in 2021 and 2022

N0

21



CEPC Detector R&Ds on PFA Calorimeters

Calorimeter options PFA canorimeter

Chinese institutions have been
focusing on Particle Flow calorimeters

R&D supported by MOST, NSFC

and IHEP seed funding
analog

‘ Micro
| megas

Silicon Scintillator ‘ MAPS ‘Scintillator‘ RPC ‘ GEM

- - R SRS T

Electromaanetic ECAL With Silicon and Tungsten (LLR, France)
9 g ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC)

( SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)

Hadronic SDHCAL with ThGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)

Crystal Calorimeter (LYSO:Ce + PbWO)

longitudinal
: Dual readout calorimeters (INFN, Italy + lowa, USA) — RD52

granularity




Plastic scintillator

tungsten

PFA Calorimeter Prototypes

ScW ECAL Prototype (32-layer, 6720-ch) Sct + SiPM AHCAL Prototype (40 Iayer 12960-ch)

3 batch testing platforms built
(USTC, SJTU, IHEP)

Uniformity within 15%

72 cm

?‘L° o ol o o Blle |
Ol. o‘o\o‘o\o!\o\m Ia|

EBU +DIF




PFA Calorimeter Prototypes

AR
S
) O

\
\ CEPC AHCAL
0.18 4
Pion Beam
0.16
——- Target: %% @ 3% < EH‘IX#
0.14 vE SHINSHU UNIVERSITY
——- QGSPggprr M~ : %9 2.7%

0.12 1 — Datan: %£2e2.9% o ?ﬁ)\%’lzlz(”?
0.10 - o

‘‘‘‘‘‘‘ jigrangraraliula
0.081 TS TSSITe—el WHZMANN INSTTTUTE OF SCIENCE
0o6d Tl

0 20 30 4 S0 60 70 80
E [GeV]
Oct 19- Nov 2, 2022 May 17 - 31, 2023
— —
SPS H8 heamline PST9 beamline
100 GeV mu- 60 GeV electron (SPS) 60 GeV negative pion (SPS)
N“"N‘ M{_» N,\glx\-

il ke S AL
CALICE spokesperson’s visit

24




R&Ds on SDHCAL

P T S e e I B I B B e R S =
\ i e
g I CALICE SDHCAL E

w 045
v F J

~g E E
B E E
bE 0.4 —=

E —e— PS{3-11GeV) + SPS(20-80GeV) | 1
0.35[ =
0.3f =
0.25— #}. =
F 'Y =
n.2F =
15F 4 =
0.1F + =
; L
0.05 =
olt | | | sl | | |

[ [ 20 30 a0 50 80 70 80
E[GeV]

’ JINST 15, P10009 (2020)
SDHCAL-GRPC (1.3 m3, IPNL) JINST 17, PO7017 (2022) RPWELL ( 50x50cm?, WISHIIT, Israel )

B
R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)

- MRPC + fast timing PETIROC ASIC (~4O ps)

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95%

Top steel plate
Electronics

Mylar

Mylar

SJTU
IPNL 5
|IJCLab |6
OMEGA |

CIEMAT

GRPC 1m x 1m (SJTU) RWELL 0.5m x 1m (USTC+IHEP)

128 pads with the
cell size 1cm x 1cm

JINST 16, P12022 (2021)



https://iopscience.iop.org/article/10.1088/1748-0221/15/10/P10009
https://doi.org/10.1088/1748-0221/16/12/P12022

CEPC Detector R&D: Calorimeter Prototypes

Crystal Modules: beam test at CERN and DESY in 2023 & 2024

o

o,

. |
Scintillating Glass = ..:%

Beam particles

T T
1 . I- forSyavataborol=r b v vy

Nigwgmgeg S-I-F=F=1 1 ) WU HN"k
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2, CEPC International Collaboration ~
CEPC attracts significant International participation ] MRMQ omésubp e Hm@a !ﬁ

» Both CDR and TDR have significant intl. contributions
» 20+ MoUs signed with Intl. institutions and universities
> Intl. collaborative efforts: DRD & HL-LHC detector R&D
» CEPC International Workshop since 2014

» Annual working month at HKUST-IAS since 2015

» EU-US versions of CEPC Workshop since 2018

| L

W |S)SS e A
Hioh Enerov thqnngi

February 12 - 16, 2023
Conference: February 14 — 16 2023

IAS PROGRAM

e




Next CEPC Workshop

CEPC International Workshop at Hangzhou, Zhejiang U., Oct. 23-27, 2024

China announced 144-hour visa-free transit policy for 54 selected countries

International Workshop on The High Energy
Circular Electron Positron Collider

October 23 - 27, 2024, Hangzhou, China

The purpose of this international workshop is to convene a global community of
scientists to explore the physical potential of the Circular Electron Positron Collider
(CEPC). The event aims to foster international collaboration in optimizing accelerators
and detectors, as well as to intensify research and development (R&D) efforts in key
technologies. Additionally, the workshop will delve into the exploration of industrial
partnerships, focusing on the R&D of technologies and preparation for their
industrialization.
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https://indico.ihep.ac.cn/event/22089/

Summary

» CEPC addresses many most pressing and critical science problems
In particle physics.

» Detector R&Ds are very active and the efforts lead to the Reference
detector TDR, which is to be completed by the mid-2025 for the
proposal of China’s 15" 5-year plan.

» Contributions from international colleagues for both accelerator EDR
and reference detector TDR are warmly welcome and highly
appreciated.

» CEPC schedule will follow the 15t 5-year plan, call for international
collaborations and proposals once CEPC is approved.

» CEPC will offer the worldwide HEP community an early Higgs factory.
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s Higgs boson: a new force carrier

EM force: g Strong force:
Photon spin=1 Gluon spin=1

electromag. force strong force

W' Z° W Weak force: Gravity:
W/Z spin=1 Graviton spin=2

weak force Gravitation

= A ” Higgs boson:
>—/ :Z > Explains mass origin
1, o > Only SM particle with spin 0
~T <l | > A new force carrier
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< Physics Programs (in CDR)

« Will perform detailed studies of various physics processes
Higgs bosons will be detected via recoil mass of the
reconstructed Z, allowing for model independent & full
Investigation of the Higgs and any new physics that Higgs
may reveal

« Jets and events with missing neutrinos will be well
reconstructed and identified

ete-annihilations at the CEPC
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Chinese Physics C Vol. 43, No. 4 (2019) 043002 I < O(100) Journal / arXiv papers I
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¢ Physics Programs (thrgh workshops + white papers)
Physics similar to FCC-ee, ILC, CLIC
% 2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002) | | e | Peking U. (2019)

= t@pll workshopjon he GEPC Physms and DetectorJu
< 2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed -+ .r
< 2020.1 Workshop@HKUST-IAS: Review progress, EW draft ready '
» 2021.4 Workshop@Yangzhou: BSM working group formed
<+ 2022.5 Workshop of CEPC physics, software and detector

» 2022 Input for Snowmass study  arXiv:2205.08553

CEPC Operation mode ZH y4 W*W- ttbar

Vs [GeV] ~ 240 ~91.2 | ~160 | ~360

Run time [years] 10 2 1 5
. L /1P [x1034 cm2s7] 8.3 191.7 26.6 0.8
(s0MW) [ L dt[ab?,2IPs] 20 96 7 1
(latest) "¢ ent yields [2 IPs] 4x10° | 4x102 | 5x107 | 5x10° 34




Crystal Scinﬂllat‘or (eg. B6O, LYSO.) S .
( 1x1x40cm’ @
L “\Photodetectors (eg. FPMT, SiPM y' ®
— S
i Incident
I

particles

Long bars: 1 x 40 cm, super-cell: 40x40 cm?

Timing at both ends for positioning along bar.

Significant reduction of number of channels.

R&Ds on High Granularity Crystal ECAL

Goal
Boson Mass Resolution < 4%
Better BMR than ScW-ECAL

Much better sensitivity to y/e,
especially at low energy.

Bench Test

. laser ¢ollimator

nettral density filter

Performance with photons

SAICINEEHEES il Fine segmentation in Z,

_~_-alpha Alpha=30°
, 14 layers

crystal Fan

SVURSTINIEWRESIVIESE . Optimizing PFA for crystals

Performance with jets
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Dual readout crystal calorimeter also being considered by USA and Italian colleagues



Energy Resolution
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Scintillator 'H§3AL:
Plastic vs. Glass
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Plastic scintillator

‘SiPM-on-Tile” design for HCAL
‘ Varying glass thickness

Energy Resolution

S5

Felix Sefkow et al 2019 J. Phys.:
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Performance study with jets

ZH(Z - vv,H - gg) at 240 GeV
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Goal

Better hadronic energy resolution

To further improve BMR
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“C  R&Ds on New HCAL with Scintillating Glass Tiles

Scintillating Glass R&D
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Detected photons at
SiPM: 273.8 p.e./MIP
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