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CEPC physics program

An extremely versatile machine with a

broad spectrum of physics opportunities

— Far beyond a Higgs factory

>W%><>w{ =

Operation mode ZH Z W*W-
Vs [GeV] ~240 | ~91.2 | ~160 | ~360
Run time [years] 10 2 1 3
L /1P [x10% cm2sT] 3 32 10
SOOI fLdt[ab",2IPs] | 56 | 16 | 26
(30 MW) i ; :
Event yields [2 IPs] | 1x108 | 7x10" | 2x107
Run Time [years] 10 2 1 ~5
30MW | L/IP[x10%* cm2s'] | 5.0 115 16 0.5
g’ L /1P [x103* cm2s™] ¥ 0.8
S|somw | [Ldrfab’,21Ps] | 20 | 96 L7 |
Event yields [2 IPs] | 4x10° | Wz 5x107 | 5x10°

<+ Huge measurement potential for
precision tests of SM: Higgs, electroweak
physics, flavor physics, QCD/Top

CEPC CDR:
White Paper:

CEPC Showmass 2021:

CEPC Accelerator TDR:

Both 50 MW and tt modes are currently considered as CEPC upgrades.



Higgs Precision measurements @ ZH runs

Translated the latest accelerator performance into Higgs measurements

Higgs

Observable HL-LHC projections CEPC precision
My 20 MeV 3 MeV
I'y 20% 1.7%
o(ZH) 4.2% 0.26%
B(H — bb) 4.4% 0.14%
B(H — cc) 2.0%
B(H — gg) 0.81%
B(H - WW™) 2.8% 0.53%
B(H — ZZ*) 2.9% 4.2%
B(H - 71%17) 2.9% 0.42%
B(H — vv) 2.6% 3.0%
B(H — p*tp™) 8.2% 6.4%
B(H — Z~) 20% 8.5%
Bupper(H — inv.) 2.5% 0.07%

Higgs width measurement benefits
enormously from 360-GeV run

Exploring the full potential of the CEPC with
the latest TDR design for Higgs measurements
by combining 240-GeV and 360-GeV runs.

Precision of Higgs coupling measurement (kappa0 fit)

1

m HL-LHC $1/82

1 0_1 m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

1072

Relative Error

1073

Kb Kt|Ke Kg Kw Kz

Kz Ky

Outperforming HL-LHC significantly



CEPC Accelerator International TDR Review and Cost Review

Table 12,1.2: CTPC project cost breakdeswn, (Unat 00,000,000 yusan )
CEPC Accelerator TDR o i = e
completion was announced S £ 3 I
during the ICFA Seminar from | Cobas it I ol | =
NOV. 28-DeC.1 ’ 2023, DESY, !\punmm‘is -ill 11"
Comingency (8% 27 7 4%
Hamburg, Germany : ~

® Project management
w Accelerator
» Conventional facilities

CEPC

Teokavical Design Report o Gamma-ray sources

al bp-'lmm

» Contingency

CEPC Accelerator TDR Review
June 12-16, 2023, Hong Kong

Distribution of CEPC Project total TDR
cost of 36.4B RMB (~5.2USD)

l

CEPC accelerator TDR has been completed and
formally released on December 25, 2023:
e RS s S http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html
Coslt) e ?;:i Egg;%e;;nngmp 9 CEPC IAC 2023 Meeting CEPC accelerator TDR has been published formally in Journal
’ B Oct. 30-31, 2023, IHEP Radiation Detection Technology and Methods (RDTM) on June 3, 2024:
DOI: 10.1007/s41605-024-00463-y

More details in Jie Gao's talk in CEPC workshop https://doi.org/10.1007/s41605-024-00463-y
https://indico.ihep.ac.cn/event/22089/contributions/167861 4




CEPC accelerator : key technology

v Specification Met

> CEPC TDR B3 XBHRAFUGAES 5y CORPFIHRIFIEXEEERF

> £190%RUEBHERECRATICEPCISIFESR, BHMI10% RIEREHLE | Y Prototype Manufactured |
| ISR, BI RFIVEE, MNREREERFISHIRS. RNSH

a =1= I+ = L — 0
HZER, BSHBEXBERASFEEH—LHNE, MHI20265F5RK, | V Maonets 20
— S— , = : v Vacuum 18.3%
i = T3 o l‘ . ; - | B |
s -+ ’\Jf : B : SR T= : v/ RF power source 9.1%
= L VI o, | [ S ¥ 4 / .
i LR I Lo i il £ / v Mechanics 7.6%
i S . > 4 : | " v Magnet power supplies 7.0%
- . Boostep.— o iy G / SCRF 7.1%
I etion TN . ;f':"f F*\ll  V Cryogenics 6.5%
Lt : " ) v Linac and sources 55%
[ Tt B Collider
~ - ton i = v Instrumentation 5.3%
' : ¥ -
/ v Control 2.4%
2 - i : 3 v Survey and alignment 2.4%
Cd Al L | %ol ‘“t 1 B v Radiation protection 1.0%
Y : + ' * | v SC magnets 04% P
hi | J\ | i 5 i v Damping ring 02J% 5



Reference Detector Technical Design Report (ref-TDR)

(Baseline Design)
Full Silicon

Tracker

| IDEA concept
. (also for FCC-ee)

The 4t Concept
SC Magnet Yoke + | Ref-TDR is based on
(3T/2T) Muon (PS+SiPM) this configuration

PFA HCAL

(Scintillation Glass)
LumiCal

Crystal PFA ECAL
(Transverse bar)

OTK
(AC-LGAD)

TPC

Vertex (Pixelated readout)

(MAPS SiPixel) L

(MAPS SiPixel)



Technology study for Reference Detector TDR

Technologies

System

Baseline Backup / Comparison
Beam pipe
LumiCal
Vertex CMOQOS Si Pixel
SSD + RO Chip, CMOS SSD
i PID Drift Chamber
SSD/ SPD OTK
LGAD ToF
ECAL Stereo Cr.'ystal Bar, .GS+SiPM,
PS+SiPM+W, SiDet+W
HCAL PS+SiPM+Fe, RPC+Fe
Magnet HTS
Muon RPC
TDAQ Software Trigger
BE electr. - Independent

o The CEPC study group started to compare
different technologies in January, 2024

o By the end of June, 2024 the baseline
technologies were chosen.

0 Multiple factors were considered in the
process: performance, cost, R&D efforts,
technology maturity, ...

Radius

a We will continue pursuing beter technologies
for the two final detectors at CEPC



Reference Detector optimization

* VX

CDR & Ref-TDR ‘ * Inner radius: 40% (16 mm = 11 mm)
Inner radius of 16 mm Inner radius of 11 mm
1 (o) 0 0
VTX Material Budget: Material Budget: P Mate rl aI 30 A) ( 1 '05 A’ 9 O' 77 A) XO)
0.15%*6+0.14%(beampipe)= 0.06%*4(inner)+0.165%*2(outer)+0.2%(beampipe)=
1.05% X0 0.77% X0
TPC with 0.5 mm* 0.5 mm readout ® 1 / / O/ .
iﬁ:l?:rs TPC with 1 mm* 6 mm readout To have dE/dx or dN/dx resolution 3% Bette r TPC' Wi t h d E dx’ d N d X 3 A)’
(Drift Chamber with the capability of dN/dx as alternative)
ToF - AC-LGAD, with 50 ps per MIP
. []
ECAL Si-W-ECAL: 17%/VE D 1% Crystal Bar-ECAL: 1.3%/VE b 0.7% TO F rea d O u t’
HCAL RPC-lron: 60%/VE @ 2% Glass-Iron: 30%/VE @ 6.5%

ECAL: to Cyber: to 1.3%.

Delphes Card with Ref-TDR geometry information can be
found in https://code.ihep.ac.cn/zhangkl/delphes cepc HCAL: to GIaSS'ern, to 30%.

(working in progress).




Vertex detector

356 x498 pixels of 20x29 pm?
Oyy~ 3-4 um, o;~1 pus, ~0.1 W/cm?

JadePix4

TaichuPix3
1024x512 array of 25x25 um?2

TowerJazz 180nm CIS process

Look into stitching + curved MAPS for less
material and easier cooling
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A TaichuPix-based prototype detector was
tested at DESY in 2023. SP resolution
~4.9 um. Thermal and material properties
need further improvement.
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AC-LGAD based outter tracker + time of flight detector

Q The outer silicon tracker ~ 85 m?, the Z Strip AC-LGAD by IHEP / IME
precision is not crucial :
— Cost-effective SSD

p—
(o))

Strip size 5.6 mm x 100 um
Pitch: 150, 200, 250 pum

p— b
=N
1

)
=
€12 E
O A supplemental PID at low energy =R e
—5 10 - /*
= LGAD ToF g 8 : /"‘ Estimated
O An AC-LGAD Time Tracker combines -2 . i '
the two needs in one detector. We & = |
expect o; ~30 ps, 6re ~10 um it
. : : 2 F
Q0 Need to validate with full size sensors 5 E ——
\ 130 150 170 190 210 230 250 270
Pitch [pum)]

Barrel

Shingled Support Rings

~

Sector Module
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Testbeam of Prototype Crystal ECAL

+ Successful testbeam @ DESY, CERN, 2023-2024 with small prototype Size 12 X 12 X 24cm?

= EM resolution (preliminary): 1.3%/VE @ 0.7% ofe E E E
N . . B

=+ To address critical issues at system level, validate design of crystal- — - H

SiPM, light-weight mechanical structure o o o

O O O

« A full size prototype will be constructed

«» Module development
= BGO crystal bars from SIC-CAS
= SiPM: 3x3 mm? sensitve area, 10um pixel pitch

Ty ¥ 4 T T T T T T T T T T T T T T T T T T
E — il
& b ¢ Data, 36%/EGD.28% .
I 7
~ 6 - o—
o il -
B E Truth, 1.1%/VEQ0.78% 7
| : E Truth + Digi, 1.3%/YE&0.71% -
. & .
C 38 .
p i;.‘ f Truth + Beam spread + Digi, 3.7%/VE@0.78%_] .
— . 5 GeV e
] ]
B~ ’ 2024 CERN beamtest — Bl 1098
- h progt . o Eaat]
al—% il Y ] L P
L S A me s - I I o R~
- ke, T T e T - - - N 0
e o tARResnlase - Sy B
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Timeline for CEPC ret-TDR

Date Actions and/or Expectations

Jan 1, 2024 Start the ref-TDR process by comparing different technologies
Jul 1, 2024 Baseline technologies are chosen; start to write TDR and address key issues
Aug 7, 2024 Report to the IDRC chair Prof Daniela Bortoletto

Oct 21-23, 2024 | Review of the Ref-TDR plan by the IDRC

Oct 23-27, 2024 | Report at the CEPC workshop

Oct 29-30, 2024 | Report progresses to the CEPC IAC

~January 2025 | The first draft of the ref-TDR is ready for internal reviews

~ April 2025 Finish international reviews

Jun 30, 2025 The ref-TDR is ready to release

We welcome more international and domestic teams to join the quest. 3



Higgs Precision measurements @ ZH runs

Translated the latest accelerator performance into Higgs measurements

Higgs

Observable HL-LHC projections CEPC precision
My 20 MeV 3 MeV
I'y 20% 1.7%
o(ZH) 4.2% 0.26%
B(H — bb) 4.4% 0.14%
B(H — cc) 2.0%
B(H — gg) 0.81%
B(H - WW™) 2.8% 0.53%
B(H — ZZ*) 2.9% 4.2%
B(H - 71%17) 2.9% 0.42%
B(H — vv) 2.6% 3.0%
B(H — p*tp™) 8.2% 6.4%
B(H — Z~) 20% 8.5%
Bupper(H — inv.) 2.5% 0.07%

Higgs width measurement benefits
enormously from 360-GeV run

Exploring the full potential of the CEPC with
the latest TDR design for Higgs measurements
by combining 240-GeV and 360-GeV runs.

Precision of Higgs coupling measurement (kappa0 fit)

1

m HL-LHC $1/82

1 0_1 m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

1072

Relative Error

1073

Kb Kt|Ke Kg Kw Kz

Kz Ky

Outperforming HL-LHC significantly
14



Higgs coupling to quarks :

Jet origin identification

<+ Higgs coupling to quarks can be measured to unpreceded precisions

» Especially for light quarks (strange quarks) ...

PRL 132, 221802 (2024)

< Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

» Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...

» PFA algorithm Arbor + ParticleNet (Deep Learning Tech.)

ArXiv:2310.03440
Arxiv:2309.13231

J).2 1

o

.0

ParticleNet (Deep Learning Tech.)

i i il RN koéf’fdirjéfésri ( fea*uws
effﬂavor tagg|ng With li, Ki, KE/S id. ~ ,L ,I,
R —— - EdgeCoanlock
- Pcharge ﬂ|p With Zt, Kt KE/S |d
...... EdgeConv Block }
> . a
O Benefitted from : —
. dgeConv Block
! PID.detector e
\ ¥
\, — (T P C’ T ) F) Global Average Pooling

12

\‘ ~ see® Fully Connected
------ s 256, RelL.U, Dropout = 0.1

. , lo '
- - H Particle Particle Fully Co)nnecled

S~ P fre A;:FH\B::‘I} ;

7’ "\ I~ ractions g v Softmax
”, { & i ~ ~ e - - - E (a) Particle Transformer
¥ i - -
id ParticleTransformer: varicBNeE
) Phys.Rev.D 101 (2020) 5, 056019
2202.03772 S (2020)
c s u d 15



Higgs coupling to quarks : Jet origin identification

<+ Higgs coupling to quarks can be measured to unpreceded precisions

PRL 132, 221802 (2024)
<+ From Jet Flavor Tagging to Jet Origin ID:

» VVH, H—cc: 3% — 1.7% ; Vcb: 0.75% — 0.45%

105 10 100 4
—— Upper limit on uy - sz ] B Relative accuray, HL-LHC S2
—— 10X H-sS ] BN Relative accuray, CEPC
- _' h . .
104 H - bb/célgg P ) — Bl 95% CL upper limit, CEPC
B Z-sS 3\: ;
5 EEm Z - dd/ud/cé/bb o
—~ 10 mm W-qq ©
o " 102 =
= . !
»n 102 =
: 5
-3
L%’ o 1072 ;
10! £
e
Q
Q 104 -
100 % Kb Kc Kg Kw Kr Kz Ky BsiBuG Bad Bsb Bdb Buf Bads
Improved by ~3 times
-1 A .
o8 02 o4 OF 08 1o Improved by 1-2 orders of magnitudes
Combined scores for H - ss Presumably... firstly quantified

16



H—yy
[_] arXiv:2205.13269 by Fangyi Guo; gpon g
—> V '/ . 1 o (" 3
Previous studied by Feng Wang, Yitian Sun; \ _ T J') /

» Ecal performance dominated. Channel | #@564b™ | 4 @20 ab—
qqry 1.00 + 0.0879 | 1.00 + 0.0465

* CDR17% -> Ref-TDR Cyber-PFA: 1.3%. uutyy | 1.00+0.3571 | 1.00+0.1920
vyy 1.00+0.1142 | 1.00 + 0.0605

Combined | 1.00 +0.0688 | 1.00 + 0.0364

Imfemn. | En | jeREe | iEe )
o I B o A - :
\ .|1ﬂ1,_.1 More details in Kaili's talk in CEPC workshop
y SUREEESURINE S S https://indico.ihep.ac.cn/event/22089/contributions/168545
(a) ggry m,, model (b) gGyy BDT model 8 ; o ' 1
i CEPCRefTOR |
a *“ ;E E %jjg;g:ggg.;::::,, _:”";: E oE A *
. ;EE $ i E ”:22:~|_\\:.‘_ 2501~ Output: 1762 events |
800F- T = ]
23/\ wq sof.  ™Mean=125.007 %0060 E
oL ] o 3 3 L 5-0579+0059 1 . .
L |‘"33‘G;/ A D RS0 ‘ 150~ Resolution = 0.46% ) — EXpeCt preclslon to 1.8%.
() p*p~yy m,, model (d) u*u~yy BDT model 100F B y ]
- 50: . i
2 G z E?‘:T \%m »1’:‘:}"’:‘" ’ E;ﬁ: : : 3 4,
L § 15 120 125 120 1 T4
m”

‘ i DSCB fit give resolution 0.46%.
low mass tail can be further controlled with Ecal PFA algorithm. 17

(e) vvyy my, model (f) vvyy BDT model

- 2232 EE4Y
S et i F g
Y bk
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Higgs width @ CEPC

+* Standalone 240GeV 20ab! run gives ~1.5%

+»» Standalone 360GeV 1ab alone gives 3.3%.
“+ By combination of 240 and 360GeV run, potential to reach AT'; <1.0%

¢ 1) tagging Higgs final states
o(ee — ZH) - BR(H — Z7) o &1z

¢ 2) measurements of vector boson fusion production at 350-365 GeV

o(ee—ZH)-BR(H-WW).o(ee—ZH)-BR(H—bb)
o(ee—vvH)-BR(H—bb)

& 2 2
o BHzBHW | Biiz 8 I Sz
I x AW "&b I

# 3) combination of all measurements \1ore details in Kaili's talk in CEPC workshop
https://indico.ihep.ac.cn/event/22089/contributions/168545 18



EWK precision measurements@ CEPC (ZH, Z pole, WW runs)

Observable  current precision =~ CEPC precision (Stat. Unc.)  CEPC runs main systematic
Precision Electroweak Measurements at the CEPC
Amy 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Ebeam NP Spe—
AFZ 2.3 MeV [37_41] 0.025 MeV (0.005 MeV) Z threshold Ebeam = CEPC: baseline
0.010
Amy 9 MeV [42-46] 0.5 MeV (0.35 MeV) WW threshold Ebeam .
O
ATy 49 MeV  [46-49] 2.0 MeV (1.8 MeV) WW threshold Epeam i
()]
Amy 0.76 GeV [50] O(10) MeV? tf threshold £ 10
©
AA.  4.9x1073 [37,51-55] 1.5x107° (1.5 x 107°)  Z pole (Z — 77) Stat. Unc. C 405
AA, 0.015 [37, 53] 3.5x107° (3.0 x 107%)  Z pole (Z — pu) point-to-point Unc. 8
AA,  43x1073 [37,51-55] 7.0x 1075 (1.2x107°%)  Z pole (Z — 77) tau decay model :
AA, 0.02 [37, 56] 20 x 105 (3 x 1079) Z pole QCD effects M Sz % B 5 N e N GmOmite S O
AA, 0.027 [37, 56] 30 x 107° (6 x 1079) Z pole QCD effects . .
. CEPC is expected to improve
Aohad 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity
SR 0.003 [37, 57-61] 0.0002 (5 x 1076) Z pole gluon splitting the current precision by 1-2
SRY  0.017 [37, 57, 62-65] 0.001 (2 x 10°) Z pole gluon splitting orders of magnitude, offering d
0 » -4 -6 o
6RO 0.002 [37-41] 1x107% (3 x 1079) Z pole E, .
i eam
consistency of the SM.
SR 0.017 [37-41] 1x107% (3 x 1079) Z pole Ebeam
0N, 0.0025 [37, 66] 2x 1074 (3x107%) ZH run (vvy)  Calo energy scale

19



The status of electroweak global fit

*+7 key observables in electroweak global fit

» Consistency study of the standard model electroweak section

» Need CEPC Z pole and WW runs : Precise measurements on EWK observables.

—— Tz Ohaa; R, Rq (10) | | I L L
ool snymmais (1 B 1 a= 1/137.035999139 (31) 1x10-10 ¢ g
00127 drectm 1 1 PDG 2023 -
300 direct My || - GF = 1.1663787 (6) x 1073 GeV-2 1x10°¢ u* lifetime
|mm all except direct My (90%) 1 - " )
;200 = I P Z-7 1 M,= 911876 £0.0021 GeV 1x10-5 LEP
@ . - Sraiaiaie -
U] u e s _
E R T | - ° MW = 80379 + 0.012 GeV 1x104 LEP/Tevatron/LHC
50 B L : Lt PR H . _-
sin®0y, = 0.23152 £ 0.00014 6x104 LEF/SLD
30 |- -
20 | 1 |my,, = 172.74 % 0.46 GeV 3x10°3 Tevatron/LHC
10 T — M, = 125.14 £0.15 GeV 1x10-3 LHC
160 165 170 175 180
Mg [GeV]

20



W mass measurement status

“* myy is a key observable to test SM consistency
» Significant tension between CDF and latest CMS result

» my; Measurement at future collider 1s essential, large impact to EWK global fit

direct (I fixed) w/o CDF Il (1 o)
direct (I'y free) w/o CDF Il (1 0) . .
CDF I (1V¢V7) CMS |Prelllmlnllar}/I

O
BHA0

80.43
indirect (1 o) MoV |
80.42 all data wio CDF Il (1 0) . mw in Me &
LEP combination | 80376 + 33 . : _
80.41 Phys. Rep. 532 (2013) 119 !
S’ 80.40 DO | 80375 + 23 L |
[0} PRL 108 (2012) 151804 !
O 80.39 CDF | 80433.5+ 9.4 | ——
2 80.38 Science 376 (2022) 6589 I
s LHCb | 80354 +32 | | | _
80.37 JHEP 01 (2022) 036 !
ATLAS | 80366.5 + 15.9 e |
80.36 arxiv:2403.15085, subm. to EPJC !
80.35 CMS | 80360.2 + 9.9 | - o
This Work | —= EW fit
80.34 l | | R | , |
80.33 E = 80300 80350 80400 80450
170 171 172 173 174 175 176 177 178 179 180 181 182 mW (MeV)

Mg [GeV] 21



Prospect of W mass measurement at CEPC (WW threshold runs)

“* Expect to reach below 1MeV precision on W mass

Observable  current precision =~ CEPC precision (Stat. Unc.)

» Four energy scan points:
Amz 2.1 MeV [37-41] 0.1 MeV (0.005 MeV)

* 157.5, 161.5, 162.5( W mass, W width measurements) ., 2.3 MeV [37-41] 0.025 MeV (0.005 MeV)
* 172.0 GeV (aQCD (mW), Br (W->had), CKM |Vcs|) Amuy 9 MeV [42-46] 0.5 MeV (0.35 MeV)

80.45  grrrrrr rrrrT rrrr e rrrrTT rrrrr T
5 m  direct (M fixed) w/o CDF Il (1 0)
Observable mw FW t Am, (n}ass only) 80.44 F 1 direct (M free) wio CDF II (1 o)
™ ——— Ar'y, (width only) CDF Il (1
L (a) Am d width 80.43 [ — (10)
. dln T e w (mass an w.l ) B indirect (1 0)
Source Uncertamty (MGV) R b ATy, (mass and width) 80.42 E mmm all data wio CDF Il (1 0)

— L 80.41 [ —
Statistics 0.8 27 ¢ 4f - = CEPC precisio
> L > 8040 |

Beam energy 0.4 06 2 [ S s0390 £
s N e 3 g035 E

Beam spread - 09 < 2N\ 00 Ttmeeenn z
LN e L 80.37 F
Corr. syst. 04 0.2 e 80.36 |-
Total 1.0 28 o~ 8035 £
""" 80.34 [

' el — 10 80.33

L (ab?) 170 171 172 173 174 175 176 177 178 179 180 181 182

m; [GeV]

PX.Shen, PAzzuri, G.Li et,al,
Eur.Phys.J.C 80 (2020) 1, 66

Joint study of CEPC/Fcc-ee 2



Top quark measurements @ ttbar threshold runs

tt modes are considered as upgrades. The top quark mass can
be measured with an
the Optlmal energy pOInt Observable  current precision ~ CEPC precision (Stat. Unc.) . .
3 °°°°“_w """""" TR 1 W e S S S S o (N 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) unprecedented precision
£ 6000|—i-—ISR : .
s - ATz 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) (one order of magnltude
- o) . O . W . Amyy 9 MeV [42-46] 0.5 MeV (0.35 MeV) better than had ron
. AT 49 MeV [46-49 2.0 MeV (1.8 MeV . .
MESRE " oV 1o oV (L8 MY colliders can achieve) .
& = _;_“::zgm 5 Amy 0.76 GeV [50] O(10) MeV?
s ™ || Forwidth
soo.__ ............ ............ ............ ......... ﬁ ............ ............ ___ CEPC ttbar runs physics potential is Competitive
00 I A T W T O Top mass Vs alpha_s likelihood
@ | . ANLL of 2D Scan
e ] For_as ______________ = ,
332 334 336 338 340 34{2§ [Ge\3/4]4 346 348 350 352 354
/s (GeV) A mygp ATy A ag -
342.75 9 MeV 343 MeV 0.00041
344.00 > 50 MeV 26 MeV 0.00047 T
343.50 15 MeV 40 MeV 0.00040 | 1
In the table, 342.75 GeV, 344.00 GeV and 343.50 GeV are optimal 1714 17142 17144 17146 17148 1715 17152 17;"”"56"\1[7(% = 173.85 174 o m1a:; ‘[’é M g

energy points for top quark mass, width and ag, respectively Two energy points Ten energy points




Electroweak Fit: S and T Obllque Parameters
0.15F

Currem 68 o)

o [ J [ J CEPC baseline (68%) =
Global fit with SMEFT: new physics constrains 010} -~
0.05f
) (8) ~ 0.00f
(6) G (8) _oosf
Lsmert = Lsm + E A2 =0+ E 7O; . e
-0.10F
-0.15k :
_ precision reach on effective couplings from SMEFT global fit : 05% CLreach fom SMEFTHL -0:10 05 °§° 005010 01s
| M HL-LHC S2 + LEP/SLD i 1025 B HL-LHCS2  [LEPisLDincuded .
EEE(EHCJCEPcz-pmeEWV%%?SsEo\é)”ab 1 E. CE::C e i? —:":"s:m:os |
§101_ -2102 _ 4wmsmuemm s |
= 7 > { I <
1 . %‘3105__ | | | 'R E
8 10 2 _:10 3 o
s E < i g
|
107 WW s W o7y 00 ot SaCC sbb  sqll s 10 |
OgF Ooi" o9 ogr Od% Odf O0K Ogy O0H Ogy Oz Ok A 01

O4 Oww Ogs Ow O O O, O, O, O, O, Osw Owg Or Ok O Ok Ow Ous O

CEPC has potential to reveal new physics @10 TeV by combining
Higgs, EWK and top measurements — power of precision
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BSM searches: dark matter, SUSY...

s»*Significantly better detection sensitivity to dark matter and SUSY

: SUSY Dark matter
Higgs-portal Dark matter
J. Gu
= LHC BR(h—>inv) < 24% (3.5%) FCOh (Do)
S "1 CEPC BR(h—inv) < 0.31% ‘
.g. - HL-LHC (Dijet) Dijet  go=1/4 |
h e Tea, / FCC-hh |
- Dark = 7S Rl TSP
H @ NK.... 2 LE-FCC
w .. ..... - - -
) "y L W N HE-LHC Monojet
7)) ~ 289 = onoje
h —> dede O = NON‘TT_(lpfr i { |
) - DM)_ o mmmm=m= ===~ HL-LHC dom=1, go=1/4 |
e 47 B LHC Qe_rm\'ol‘,l ----- j
8 107" =~ - = |CLIC3000 gom*ge=1/4 |
f3) £ —_——— i CLIC380
2 48] = =TT =
T 10 ?C—EPC fermion 5 |i.c Monophoton
c N 200 -
= 1049. N i :zr ﬁoﬁ__; FCC-ee 7\ ‘
% : Coherent Neutrino Scattering 7 [CEPC meened Axial-Vector |
(0] 10—50 Lo I | I L1 0 1 0 5 1 5 10
1 5 10 20 3040 60 '

M Mediator [TCV]
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BSM searches: exotic decays, Dark Sector...

+»*Significantly better detection sensitivity to Higgs/Z exotic decays than HL-LHC

Br[Z]

Dark Sector via exotic Z decay
Z. Liu et al. 1612.09284., J. Liu et al. 1712.07237
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Good sensitivity of exotic Higgs decay
Z. Liu et al 1612.09284.

95% C.L. upper limit on selected Higgs Exotic Decay BR

m HL-LHC
m CEPC (20 ab™")
|CEPC* (20 ab™")

Me, (bb)*ME, U+me, (")*ME, bosyg, Irmg, Tremg, B0y (COegy UGy  Bb)ry (T)(ryy Wiy (Vy)(yy)
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Physics case and physics benchmark study in Ref-TDR

** Please consider to join us for Reference detector TDR physics benchmark study

Processes @ c.m.s. Domain Anticipated relative accuracies/up @Ref TDR
limit with CDR baseline detector +
TDR Luminosity, with Jol
H-cc 1.7% 1.6%
H-ss [1] wH @ 240 GeV Higgs 95% up limit of 0.75E-3 95% up limit of 0.70E-3
H-sb [1] 95% up limit of 0.22E-3 95% up limit of 0.20E-3
H-inv [2] qqH Higgs/NP 95% up limit of 0.13% Same
Vceb [3] WW-lvqq @ 240/160 GeV Flavor 0.4% 0.36%
W fusion Xsec [2] vwH @ 360 GeV Higgs 1.1% Same
a Z-tautau @ 91.2 GeV QCD NAN Theoretical Uncertainty Dominant
CKM angley — 28 Z-bb, B->DK @ 91.2 GeV Flavor NAN ~0(0.1 - 1) degree
Weak mixing angle [4] Z@ 91.2 GeV EW 2.4E-6 using 1 month data (~ 2E11 2) ~tiny improvement due to VTX
Higgs recoil [5] IIH Higgs o6m =2.5 MeV Same
80 /o =0.25%/0.4% (wi/wo qqH)
H-bb, gg [2] wWH + qqH Higgs bb: 0.14% -> 0.13% bb: 0.12%
gg: 0.81% -> 0.65% gg: 0.62%
(wi/wo Jol)
H—di muon [2] qqH Higgs 6.4% Same
H—di photon [2] qqH Higgs 3% 1.8%
W mass & Width [6] W threshold scan @160 GeV EW 0.7 MeV & 2.4 MeV @ 6 iab Same
Top mass & Width [7] | Top threshold scan @360 GeV EW 9 MeV & 26 MeV @ 100 ifb Same
Bs— vug [8] 91.2 GeV Flavor 0.9% (1.8%@Tera-2) Same, if object recon. ~ CDR
Bc— v [9] 91.2 GeV Flavor 0.35% (0.7%@Tera-Z) Same, if object recon. ~ CDR
BO- 27° [10] 91.2 GeV Flavor NAN 0.3%, need to validate photons finding

H->yy precisions improves
significantly, if low mass tail tamed.

Physics measurements using Jol,
etc, benefit from better VTX and
have 5-10% improvements , and
assuming that the TDR BMR could
eventually reach 3.7%

+ If BMR of 3% achieved, precisions
of most benchmarks could be
further improved by 5-10%

+ Need further development on
pattern recognition capability of
Crystal Bar ECAL
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s CEPC physics studies constantly updated, improved and expanded to fully
explore the CEPC physics potential.

** Reference detector TDR under preparation, to be completed by the
mid-2025 for the proposal of China’s 15th S-year plan.
¢ Please consider to join us for Reference detector TDR physics benchmark study

¢ 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.

¢ 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), DRD1-8 Collaboration
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Sensitivity on BR

Flavor physics studies @ Z pole

CEPC provides a unique opportunity to study Z LFV decays,
rare B decays, tests of LFU in tau decays or Bc decays etc.
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The 4" Detector Concept

Advantage: Cost efficient, high density sg';’\:g:ﬂ“‘:g:ﬂg; é :I )

Scint Glass
PFA HCAL Challenges: Light yield, transparency,

massive production.

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

ﬁiii Challenges: thin enough not to affect the jet

"” Advantage: better n%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

resolution (e.g. BMR); stability.
J I —r Crystal ECAL «
|

l e Emec—= ——Tameam

Hl 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.

Muon+Yoke Si Tracker Si Vertex

w/TOF outer layer

Excellent e/gamma
energy resolution;

PID capability;

Better hadronic
energy resolution;

Magnet in much
reduced size.

BMR: 4% — 3%
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The 4™ Detector Concept

¢ Silicon combined with TPC or DC and TOF

> better tracking and PID
» Good k/pi separation up to 20GeV

“*4D Crystal ECAL with timing
» For PFA and with better EM resolution

*» Scintillating glass HCAL.:

» Cost effective, better jet resolution

s+ Boson mass resolution (BMR):4% > 3%

A.U. /0.5 (GeV)

Si Tracker Si Vertex

with outer layer
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T I T T T —_
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Tracker (TPC/DC)
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Silicon Pixel Chips for Vertex Detector

Develop COFFEE for a CEPC tracker

2] / ladd R,,~16 . = i .
ayes adder i mm Goal: o(IP) ~ 5 um for high P track using SMIC 55nm HV-CMOS process

CDR design specifications
= Single point resolution ~ 3um
* Low material (0.15% X, / layer)
= Low power (< 50 mW/cm?)
= Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 5 series: f .-
JadePix, TaichuPix, CPV, Arcadia, COFFEE |

% @ % % Arcadia by Italian groups

TaichuPix-3, FS 2.5x1.5cm2 CPV4(SOI-3D) 64x64array  for IDEA vertex detector
25x25 pm? pixel size ”21)‘17“"‘2 pixel size LFoundry 110 nm CMOS

JadePix-3 Pixel size ~16x23 um?

e R T T e e e

ool Lisahis |

| e
| AT St - s St Lo

Tower-Jazz 180nm CiS process
Resolution 5 microns, 533mW/cm?

MOST 1

4 wEnG maeded vandeac -

MOST 2
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Jadepix3/TaichuPix3 beam test @ DESY

Spatial resolution 4~5um, Efficiency >99%

TaichuPix3 efficiency i i .
0w 1AIChUPiX3 resolution
s | 1 £
& | 4Geve ™ & ETF
2 - 3 = _E - s
e | DUT, 19 3 E 7L 4.GeV.e =s=x-direction
350 |- E = 197 ¢ = i a [ DUT, - y-direction
An open window i o ) © 6'5:
with size of 1.2 cm x0.9 cm Eff. =99.76% 1 .E 6: -
i | 3 F
300 — 2 55F
L 1 =97 s
e =
o E
o Rk S 13, w0 v i 199 o83 403 - —96 b 451 %
250 — E
B af
95 3.5C
175 197 218 260 295 342 367
S 200’_ Threshold éB[e]
. TaichuPix-3 || , : «  JadePix3 resolution
telescope Y | Ry i _
JadeP|x3 i 7 : -_ 93 -é- |
telescope 7/’ i 1 g
___:___j’ /i 3 ; = j/{ 92 = S.Sg— i .
1001~ o = X Direction
i o1 -
L B + Y Direction
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CoIIaboratlon with CNRS and IFAE in Jadeplx/TalchuPlx R&D g
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Silicon Tracker using HV-CMOS: ATLASPix

Q Large area: ~70 m? in TPC+SiTrk = Cost effectiveness

O Focus on MAPS pixel tracker, also started SSD for outer layers
O Joint efforts on an ATLASPix3 based demonstrator

O ATLASPix & MightyPix use TSI 180nm HV process

Q Exploring SMIC 55 nm HV HR proces NexysVideo
FPGA board
=> Smaller feature size & alternative foundry
ATLASPix3
O Other possibilities, e.g. MALTA3, TPSCo-65nm designed by KIT

Pf

[ The 2nd design
| for SMIC 55nm
HV HR process

Hitmap with Fe55 source

Collaboration with UK/Germany/Italy colleague
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Hitmap with electron beam
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