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Objectives

 To understand the physics landscape & science merits

- ldentify benchmarks & quantify reaches
- Quantify the discovery power, especially NP Smoking guns

- Added values compared to existing facilities

 To maximize the physics output

- To iterate with detector/facility Design & optimization

- To synergies with X-frontier facilities

* To stimulate new ideas/methods
* To actively participate international collaboration & participations
 To be in pace with the project application

 To communicate efficiently with general public & decision maker
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Table 2.1: Precision of the main parameters of interests and observables at the CEPC, from Ref. [1] and the

references therein, where the results of Higgs are estimated with a data sample of 20 ab—!. The HL-LHC

projections of 3000 fh~! data are used for comparison. [2]

Higgs W, Z and top
Observable HL-LHC projections CEPC precision | Observable Current precision CEPC precision
My 20 MeV 3 MeV My 9 MeV 0.5 MeV
Iy 20% 1.7% Iy 49 MeV 2 MeV
o(ZH) 4.2% 0.26% Miop 760 MeV O(10) MeV/
B(H —» bb) 4.4% 0.14% Mz 2.1 MeV 0.1 MeV
B(H — cc) - 2.0% Iy 2.3 MeV 0.025 MeV
B(H — gg) - 0.81% Ry 3x 107° 2x 1074
B(H - WW~) 2.8% 0.53% R. 1.7 %102 1x10°3
B(H — ZZ*) 2.9% 4.2 » 2x10°3 1x10°4
B(H — 7+77) 2.9% 0.42% R, 1.7 x107* 1x10~*
B(H = vv) 2.6% 3.0% A, 1.5 % 10-2 3.5 x 103
B(H — ptp) 8.2% 6.4% A, 43x 1073 7x 1070
B(H — Zv) 20 8.5% Ay 2 x 1072 2% 1074
Bupper(H — inv.) 2.5% 0.07% N, 2.5x10°3 2% 1074

Scientific Significance quantified by CEPC physics studies, via full simulation/phenomenology studies:
* Higgs: Precisions exceed HL-LHC ~ 1 order of magnitude.
* EW: Precision improved from current limit by 1-2 orders.
 Flavor Physics, sensitive to NP of 10 TeV or even higher.

 Sensitive to varies of NP signal.



White papers
Higgs: published in 2019, updated in 2021 Snowmass WP

Flavor:

- Main editors: Lingfeng Li (Brown U), TaoLiu (HKUST), Fengkun Guo (ITP), Lorenzo Calibbi
(Tianjing U), Qiangxin Li (CCNU), Qin Qin (Huazhong S&T), etc)

- Phase-I; submit to ArXiv in a few weeks
- Phase-ll: to enhance the measurement with tautau events and CKM measurements

EW: draft for internal review expected at beginning of 2024 — released at middle 2024

- Main editors: Jiayin Gu (Fudan U), Zhijun Liang (IHEP)
NP: same as EW White paper

- Main editors: Jia Liu (PKU), Liantao Wang(Chicago U), Zhen Liu (Minnesota U), Xuai Zhuang
(IHEP), Yu Gao (IHEP), etc

QCD:
- Main editors: Huaxing Zhu (PKU), Meng Xiao (ZJU), Jun Gao (SJTU), Zhao Li (IHEP), etc

- Very rich physics: strong coupling constant measurement + Form Factor + Hadron
Fragmentation + QCD Phase transition + accurate calculation + interplay to other measurements
especially Flavor & Higgs...
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Detector & Software
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Higgs white paper

Chinese Physics C Vol. 43, No. 4 (2019) 043002

Mystery Higgs sector :
Snowmass 2021 US Community Study Precision Higgs physics at the CEPC”

on the Future of Particle Physics
*# YuBai(134)°  Chunhui Chen(#7£1%)”  Xin Chen(W#1)°  Zhenxing Chen(#fi2%)’

Fenfen An(%5575F)
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Naturalness
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Fundamental

or Composite? Mingrui Zhao(GRA %) Xianghu Zhao(B#E ) Ning Zhou(J#] )

Baryogenesis

Real scalar singlet model

Current

Origin of masses?

Is it unique?

Most Influential Paper Award of Chinese Physics Society

To the paper entitled

Precision Higgs physics at the CEPC

1 By Fenfen An(: % ), Yo B 1), Chunhui Chen(1. 4.5) .
Published in

2019 Chinese Physics C 43 043002
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Snowmass White Paper

The Physics potential of the CEPC

Prepared for the US Snowmass Community Planning Ezercise

(Snowmass 2021)

CEPC Physics Study Group

CONTRIBUTORS

Huajie Cheng, Department of Applied Physics, Naval University of Engineering,
Jiefang Blvd 717, Qiaokou District, Wuhan 430033, China

‘Wen Han Chiu, Department of Physics, University of Chicago, Chicago, IL 60637.
USA

Yaquan Fang, Institute of High Energy Physics, University of Chinese Academy of
Science, Beijing, 100049, China

Yu Gao, Key Laboratory of Particle Astrophysics, Institute of High Energy Physics,
Chinese Academy of Sciences, Beijing, 100049, China

Jiayin Gu, Department of Physics, Center for Field Theory and Particle Physics, Key
Laboratory of Nuclear Physics and Ion-beam Application (MOE), Fudan University,
Shanghai 200438, China

Gang Li, Institute of High Energy Physics, University of Chinese Academy of Science,
Beijing, 100049, China

Lingfeng Li, Department of Physics, Brown University, Providence, RI 02912, USA

Tianjun Li, CAS Key Laboratory of Theoretical Physics, Institute of Theoretical

Physics, Chinese Academy of Sciences, Beijing 100190, China

ABSTRACT

The Circular Electron Positron Collider (CEPC) is a large-scale collider facility that can

serve as a factory of the Higgs, Z, and W bosons and is upgradable to run at the ¢ threshold.

This document describes the latest CEPC nominal operation scenario and particle yields

and updates the corresponding physics potential. A new detector concept is also briefly

described. This submission is for consideration by the Snowmass process.
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—
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CONTENTS
Contributors
Abstract
Executive Summary
. Introduction

Higgs, EW and top physics

. Measurements of the SM Higgs processes

. Higgs coupling determination

. CP violation in the Higgs couplings

. W, Z electroweak precision measurements at the CEPC

. Measurement of the ete= — WW process

H MO o w @

. SMEFT global fit of Higgs and electroweak processes

. Flavor Physics
A. Precise Measurements of Flavor Physics Parameters
B. (Semi)leptonic and Rare Decays

C. Low multiplicity and 7 Physics

Beyond the Standard Model Physics
A. Higgs Exotic Decays
B. Supersymmetry

1. Light electroweakino and slepton searches

2. SUSY global fits
C. Dark Matter and Dark Sector
1. Lepton portal Dark Matter
2. Asymmetric Dark Matter
3. Dark sector from exotic Z decay
D. Long-lived Particle Searches
1. Results with Near Detectors
2. Results with FADEPC
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VI. Detector requirements and R&D activities
VII. Message to the Snowmass

References

e Summarize ~ 20 citables for CEPC Snowmass studies
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Physics reach via Higgs at CEPC

240 GeV, 20 ab™!|  360GeV, 1 ab~!
ZH vvH ZH | vwwH | eeH
inclusive 0.26% 1.40%| \ \
H—bb 0.14%| 1.59% |0.90%|1.10% |4.30%
H—cc 2.02% 8.80%| 16% | 20%
H—gg 0.81% 3.40%(4.50% | 12%
H—-WW 0.53% 2.80% (4.40% 6.50%
H—-ZZ 4.17% 20% | 21%
H— 11 0.42% 2.10%(4.20% |7.50%
H — vy 3.02% 11% | 16%
H — pp 6.36% 41% | 57%
H — Z~ 8.50% 35%
Brypper(H — inv.) |0.07%
Ty 1.65% 1.10%
24/11/2023

Precision of Higgs coupling measurement (kappa0 fit)

Relative Error

m HL-LHC S1/82

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

Precision of Higgs coupling measurement (kappa3 fit)

10"

Relative Error

10—2_

= CEPC 240 Gev @ 20/ab
a CEPC0GV@iab

BSM
Kp Ko Ky Kw K Kz K, Kk, BRGY kp
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EW measurements & SMEFT

Observable  current precision ~ CEPC precision (Stat. Unc.)  CEPC runs main systematic
Amy 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Epeam 0.100
ATy 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) Z threshold Ebveam
0.010
Amy 9 MeV [42—4 0.5 MeV (0.35 MeV) W threshold Ebeam
ATy 49 MeV  [46-49] 2.0 MeV (1.8 MeV) WW threshold Epeam § 0.001
= 0.
Amy 0.76 GeV [50] O(10) MeV? tF threshold ‘-(‘]J)
AA,  49x107% [37,51-55] 1.5x107° (1.5x 107°)  Z pole (Z — 77) Stat. Unc. % 1074
AA, 0.015 [37, 53] 3.5 x 107 (3.0 x 107°)  Z pole (Z — pp) point-to-point Unc. E "
AA, 43 x1073 [37,51-55] 7.0x107° (1.2x 107®)  Z pole (Z — 77) tau decay model 10
AA, 0.02 [37, 56] 20 x 107° (3 x 107°) Z pole QCD effects 10-6
AA, 0.027 [37, 56] 30 x 1075 (6 x 107°) Z pole QCD effects
AChad 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity 1077
SRY 0.003 [37, 57-61] 0.0002 (5 x 107°) Z pole gluon splitting
SR 0.017 [37, 57, 62-65] 0.001 (2 x 1079) Z pole gluon splitting
JRY 0.0012 [37-41] 2 x 107 (3 x 1079) Z pole Ejpeam and t channel
SR, 0.002 [37-41] 1x107* (3 x 1079) Z pole Epeam
SR 0.017 [37-41] 1x107* (3 x 1079) Z pole FEheam
N, 0.0025 [37, 66] 2x1074 (3 x107%) ZH run (vvy)  Calo energy scale
95% CL reach from SMEFT fit
10l HL-LHC S2 LEP/SLD included —
F| @ CEPC for all scenarios 3
[l Z—fnle + WW threshold |
[l +240GeV(20/ab) + 360GeV(1/ab) + HL-LHC I 0]
light shade: individual fit (one operator at a fime) l I I O
_ H_sold shade: lobal I i 1
> - |
N Idi1di 5
= - F g - E
s [ g T i ] ] 1
: L i | d 14 |
0.1
Oy Oww Oss Oww Ouws Osc Oy Oy 0Oy, O, Osw Ows Or One Ong Ohqg Onu Ona Oy
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Precision Electroweak Measurements at the CEPC

= Current accuracy
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New Physics White paper

The BSM Physics potential of the CEPC VIIL Flavor Portal NP(Lingfeng, Xingiang)
Prepared for the CEPC BSM white paper

IX. Electroweak phase transition and gravitational wave (Kepan Xie, Sai Wang, Fa
CEPC BSM Physics Study Group Peng Huang)
A. Electroweak phase transition in standard model effective field theory
B. Electroweak phase transition in well-motivated new physics models
CONTRIBUTORS (TO BE UPDATED)
1. singlet model

2. doublet model

CONTENTS
C. Cosmological implication and complementary test with gravitational wave
Contributors (to be updated) 1 1. electroweak baryogenesis
2. dark matter
Abstract (to be updated) 4 . .
3. primordial black hole
1. Executive Summary (Liantao, Xuai, Manqi,Jia, Zhen, ...) 6 4. Complementary test with gravitational wave
II. Introduction(Liantao, Xuai, Mangi,Jia, Zhen, ...) 8 X. More Exotics (Yu, Zuowei)
A. Heavy neutrinos
II1. Description of CEPC facility, nominal luminosity and Typical Detector A : .
B. Axion-like particles
Performance (Mangqi) 12 o . )
C. Axion-like particles 2 (from Kingman & Ouseph)
IV. Higgs portal and Exotic Higgs/Z/top decays (Yaquan, Zhao) 12 D. Axion-like particles 3 (Chih-Ting Lu)
E. Emergent Hadron Mass (Roberts Craig)
Y Sy ey T, T e T - F. Active-sterile neutrino transition magnetic moments(Yu Zhang)
A. Light elect kino searches 15
e e i G. tau-lepton weak electric dipole moment (Long Chen)
B. Light slepton searches 16
18T SEpTOn searenes H. Nonstandard neutrino interactions (Jiajun Liao & Yu Zhang )
VI. Dark Matter and Dark Sector (Jia, Xiaoping, Yongchao)) 17 L. Lepton mass relation models (Zheng Sun)
A. Lepton portal Dark Matter 18 . .
XI. Gloable Fits (Jiayin, Yang)
B. Asymmetric Dark Matter 18
A. SUSY global fits
C. Dark sector from exotic Z decay 20
XII. Conclusion (Liantao, Xuai, Mangi,Jia, Zhen, ...)
VII. Long-lived Particle Searches (Liang, Kechen) 21
A. Results with Near Detectors 23 References
B. Results with FADEPC 23
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Phase Transition in early Universe

How did we
end up here ?

95% C.L. upper limit on selected Higgs Exotic Decay BR
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Origin of matter -

Synergy with GW detection...
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Low mass Higgs bosons...

The Observation of a 95 GeV Scalar at future et e~

Colliders

Karabo Mosala'2, Anza-Tshilidzi Mulaudzi'-2, Thuso Mathaha!2, Mukesh Kumar!, Bruce

Mellado', and Mangqi Ruan?

!University of the Witwatersrand, 1 Jan Smuts Avenue, Johannesburg, 2050, South Africa
2iThemba LABS, National Research Foundation, PO Box 722, Somerset West 7129, South Africa
3Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

 Assume signal Xsec ~
20 b

« CEPC Higgs operation:
~ 6 fb'/day ~ 2 ab”/year

Turn-key discovery
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Figure 1. Recoil mass distribution for simulated ete™ — HZ — Hut 1~ events with mg = 95,5 GeV and all relevant
background events after a pre-selection described in this section for (a) V'S =250 GeV and (b) V'S =200 GeV both at
integrated luminosity .% = 500 fb~!; measured with the CLIC_ILD detector concept. This is achieved by considering the BSM
signal to be 10% SM Higgs-like.
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Figure 5. The signal significance as a function of Luminosity (.Z) for (left) /s = 250 GeV before (Orange) and after DNN
(Blue), (right) /s = 200 GeV before (Orange) and after DNN (Blue) respectively.

24/11/2023



Flavor Physics White paper

. . 0001 AT -
Flavor Physics at CEPC: a General Perspective S —" I - - e -
10 LHCb
o £ MTera-z : : : : :
ﬂ F M cepc
3 107 1 10xTera-Z
E E J
Contents 2 ol
& 10
1 Introduction 2 E
107}
2 Description of the CEPC Facility 6 £ . . . .
2.1 Key Collider Features for Flavor Physics 6 BY5KOtr Bttt BYoK'T'T BT Bty B.Jiytv Bg»Dgtv Bs»Dgv YRV (7 By
2.2 Key Detector Feat for Fl: Physi 7 . . . .
23 Si:’ulaiizz i/r[et;i;res it o 16 Figure 18: Projected sensitivities of measuring the b — s77 [70], b — svv [34] and
b — crv [35, 62] transitions at the Z pole. The sensitivities at Belle IT @ 50 ab™! [6]
3 Charged Current Semileptonic and Leptonic b Decays 17 and LHCb Upgrade II [17, 71] have also been provided as a reference. Note, the LHCb
4 Rare/Penguin and Forbidden b Decays 21 sensitivities are generated by combining the analyses of 7+ — 7t n =7~ (7%)v and 7 — pvp.
4.1 Dilepton Modes 23 This plot is adapted from [35].
4.2 Neutrino Modes 25
4.3 Radiative Modes 27
et V
5 CP Asymmetry in b Decays 27
el
6 Global Symmetry Tests in Z and b Decays 32 B, b qﬁ; Vs § P
7 Charm and Strange Physics 35 s > s
.1 Null tests with h d . : . = . i
K 6518 With rare charm decays b Figure 21: Illustrative Feynman diagrams for the B, — ¢v7 transitions in the SM. LEFT:
8 7 Physics 36 EW penguin diagram. RIGHT: EW box diagram.
8.1 LFV 7 Decays 37
8.2 LFU Tests in 7 Decays 38 10.07 1.0
. " —— Sensitivity (CEPC) N Branch ratio 68% CL allowed
8.3 Hadronic 7 Decays and Other Opportunities 40 1 <<= Upper limit (LEP) Py bmﬁ'}_mmc g
8.4 CPV in hadronic 7 decays 41 8.0 B SM prediction 05
9 Exclusive Hadronic Z Decays 42 f:: 6.0~ 3.
= ] [§)
] = 0.0
10 Flavor Physics beyond Z Pole 43 3" 1.0 %_‘)i
10.1 |V| and W Decays 43 > i
10.2 Top FCNC 45 20 gL
11 Spectroscopy and Exotics 46 ] R
0'(1}0'6 10° 107! 10° 107 ]'0-1.0 -0.5 0.0 0.5 1.0
12 Light BSM States from Heavy Flavors 50 BR(Bs—¢ui) crc
12.1 Lepton Sector 51 . . . i )
12.2 Quark Sector 50 Figure 22: LEFT: Relative precision for measuring the signal strength of B, — ¢vi at
Tera-Z, as a function of its BR. RIGHT: Constraints on the LEFT coefficients CEP =
13 Summary and Outlook 53 Cp,—C3M and C with the measurements of the overall By — ¢v# decay rate (green band)

and the ¢ polarization Fr (orange regions). These plots are taken from [34].

~ 20+ benchmarks + ... Access to NP at 10 TeV or higher
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~ 40 benchmarks
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Tracker
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st~ 6 e
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7 Z —+ Iy 91.2 - BR upper limit < 1.4 107 (150 107 — 1071 [100] Guesstimate PID 9
ECAL
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b — svv

Lietal. '22
Current Limit Detector SM Prediction
BR(B" — K"vp) < 2.6 x 1077 [3] BELLE (3.69 £0.44) x 107° [1]
BR(B” — K*'vp) < 1.8 x 1077 [3] BELLE (9.19 4+ 0.99) x 107° [1]
BR(B* — K*vp) < 1.6 x107° [4] BABAR (3.98 £0.47) x 107 [1]
BR(B* — K**wp) < 4.0x 107 [5] BELLE (9.83 + 1.06) x 107° [1]
BR(B, — ¢vi) < 5.4 %107 [6] DELPHI (9.93 £0.72) x 10°°

* Also these modes can be greatly enhanced by new physics responsible

for the B anomalies

see e.g. LC Crivellin Ota '15

* A Tera Z can measure B, — ¢vv with a percent level precision:
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B, — tv

1.0

» Key observable to test the LFU 0.8}

anomalies in charged-current B decays = 4|
Alonso et al. '16 Cg

= 0.4f

0.2

0.0

022 024 026 028 030 032 034

 SM prediction for the BR ~ 2%, beyond Ro-
the reach of LHCb —— -

o(w)/u/% for Tera-Z

e Tera Z could measure with percent level
accuracy (thus providing also a percent 10"
level accurate measurement of Vep) ;

Zheng et al. '20

10*2 L 1 ||||||| Ll ! kel
107 10" 1 10
Rp g
CEPC Flavour Physics Lorenzo Calibbi (Nankai)
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Summary of rare B decays
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Figure 17: Projected sensitivities of measuring the b — s77 [71], b — svv [35] and

b — crv [37, 63] transitions at the Z pole. The sensitivities

at Belle IT @ 50 ab~! [6]

and LHCb Upgrade IT [17, 72| have also been provided as a reference. Note, the LHCb
sensitivities are generated by combining the analyses of 7+ — 77~ 7= (7")v and 7 — pvw.

This plot is adapted from [37].

Ho et al. '22

CEPC flavour WP, in preparation
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Orders of magnitude improvements
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Summary of the tau and Z prospects

Measurement — Current [126] FCC [115] Tera-Z Prelim. [127] Comments
Lifetime [sec] +5x 10716 +1x 10718 from 3-prong decays, stat. limited
BR(T — (vv) +4 x107%  £3x107° 0.1x the ALEPH systematics
m(7) [MeV] +0.12 +0.004 + 0.1 7 (Prack ) limited
BR(T —3u) <21x107% 0O(10719) same bkg free
BR(T — 3e) <2.7x107% 010719 bkg free
BR(7F = epp) <2.7x107% (10710 bkg free
BR(7% = pee) < 1.8x107%  O(10710) bkg free
BR(T = py) <44x107% ~2x107? O(1071Y) 7 — 777 bkg , o(py) limited
BR(T —ey) <33x107% ~2x107° Z — 177 bkg, (p,) limited
BR(Z — 1) <1.2x107°  O(1079) same 7T bkg, 0(pirack) & 0(FEpeam) limited
BR(Z — Te) <98 x107%  O(107?) 7T bkg, 0(ptrack) & 0(Epeam) limited
BR(Z — pe) < 7.5x 1077 10~5 — 10-10 O(107?) PID limited
BR(Z — nn™) O(10719) 0 (Pirack) limited, good PID
BR(Z — ntn—n") O(107?) 77 bkg
BR(Z — J/1y) < 1.4x 1075 10-9 —10~1° 00y+77 bkg
BR(Z — py) <25x107° O(107?) 777 bkg, o(piracc) limited
From the Snowmass report: The Physics potential of the CEPC
CEPC Flavour Physics Lorenzo Calibbi (Nankai) 2



Lepton Flavour Violation in Z decays

Mode LEP bound (95% CL) LHC bound (95% CL) CEPC/FCC-ee exp.

BR(Z — pe) 1.7 x 1075 |2 7.5 x 1077 [3] 1078 10710
BR(Z — Te) 9.8 x 1075 [2] 5.0 x 107% [4, 7] 1079 T
BR(Z — 1) 1.2 x 107> 6] 6.5 x 1075 |4, 5] 107° M. Dam ‘18

« LHC searches limited by backgrounds (in particular Z — t7):
max ~10 improvement can be expected at HL-LHC (3000 /1b)
« A Tera Z can test LFV new physics searching for Z — 7 £ at the level

of what Belle II (50/ab) will do through LFV tau decays (or better)
LC Marcano Roy '21

- Tu)MT > uuy BT gee BT oy BTy BET - Wy

LsverT = Lsm + Z CPRY) + — Z cPQY + 0 (Ag)

100

(1) ur (3) ur HT
a4 a4 eZ,
CEPC Flavour Physics Lorenzo Calibbi (Nankai)
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Chinese Physics C  Vol. 45, No. 2 (2uz1)
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Analysis of B, — v, at CEPC
Taifan Zheng(FATE)'  Ji Xu(fh#%)  Lu Cao(EH)’ Dan Yu(FFH'  Wei Wang(E4l)’  Soeren Prell’ -0.2¢ 1
Yeuk-Kwan E. Cheung(3#%)'  Manqi Ruan(Bi & 7"
'School of Physics, Nanjing University, Nanjing 210023, China
IINPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China =-0.4F 4
*Physikalisches Institut der Rheinischen Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany
“Institute of High Energy Physics, Beijing 100049, China L 1
5Departrnem of Physics and Astronomy, lowa State University, Ames, 1A, USA -0.2 -0.1 0.0 0.1 0.2
Abstract: Precise determination of the B; — Tv; branching ratio provides an advantageous opportunity for under- Re [Cy,]
standing the electroweak structure of the Standard Model, measuring the CKM matrix element |Vep|, and probing . - . . .
new physics models. In this paper, we discuss the potential of measuring the process B, — tv; with r decaying Flg‘ 10. (COIOI’ OH]IDC) Constraints on the real and magim-
leptonically at the proposed Circular Electron Positron Collider (CEPC). We conclude that during the Z pole opera- ary parts of CVZ . The red shaded area COlTGSpOHdS to the cur-

tion, the channel signal can achieve five-o- significance with ~ 10° Z decays, and the signal strength accuracies for . . ilabl [ th
B, — 7v; can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays, assuming the rent constraints using aval ab € data on b—ecry dccays. If the

total B, — 7v; yield is 3.6 106, Our theoretical analysis indicates the accuracy could provide a strong constraint on central values in Eq (9) remain while the unccrtainty in

the general effective Hamiltonian for the b — crv transition. If the total B; yield can be determined to O(1%) level + . o .

of accuracy in the future, these results also imply |V;| could be measured up to O(1%) level of accuracy. r (B:: =TV ) 15 reduced to 1% o, the al].OWﬁd region fOI' CVZ
shrinks to the dark-blue regions.

24/11/2023 CEPC Physics@CCNU Flavor W. -4



cb from W decay

1.0

b quark @ Z-pole ¢ quark @ Z-pole 10° A uds quark @ Z-pole
1 pvqq E 5 102
106 4 1 Tvgq 0.8
—1 ) ol
 — 206
10° 5 — £
o 10°
G
>
Q”.i 104 5 i
i
c
Q e = £ . Dk
@ 102 4 0.6 i 1.0 o 02 04 06 0B 10 ;
b-likeliness b-likeliness b-likeliness
102 4
quark \ tag by bo c1 ) q1 G2
1
10 b 0.47 0.378 0.0197 | 0.0965 | 0.00397 | 0.0315
: o 00 oo 00 o~ ¢ 0.00042 0.078 0.298 0.373 | 0.0682 | 0.182
Miets uds 0.000104 | 0.00477 | 0.00145 | 0.054 0.538 0.401
wW, W — ()W, W = TVrqq, T —
cb  ub c(d/s)u(d/s)| ¢b ub c(d/s) u(d/s)| e2v had.w;|Trqq ppqq Higgs others
w/o slections 40.3K 363 24.2M 24.2M|7.73K 74 4.2M 4.2M |8.66M 31.4M |2.18M 4.47M 4.07M 2.06G . 0 0 0
ELu > 12GeV 37.9K 330 22.6M 22.6M|[5.59K 56 2.98M 2.97M | 133K 687K | 422K 2.82M 645K 186.3M ¢ Purlty > 99'5 /0 a't Eﬂ" 50 /0 fOf ﬂqu and 34 A) fOI' T(uzv) qu
RLN >0.85 35.3K 302 21.1IM 21.1M|[5.01K 46 2.73M 2.73M |1.55K 43.2K | 266K 1.82M 308K 128.8M
cos(f,;,) 35.3K 302 21.1IM 21.1M|[5.01K 46 2.73M 2.73M |1.55K 43.2K | 266K 1.82M 308K 128.8M . . .
QL COS(9L“§ <0.20 [32.8K 283 19.6M 19.6M|4.7K 42 2.57M 2.57M|1.26K 39.9K | 156K 1.03M 183K 92.6M ¢ Maln baCkgroundS lnCIHde‘
2nd isolation £ veto 32.8K 283 19.5M 19.6M|4.7K 42 2.5™™M 2.57M|1.26K 39.9K | 154K 526K 138K 43.9M
multiplicity > 15 |32.8K 283 19.5M 19.4M | 47K 42 2.56M 2.55M |1.23K 30.6K | 153K 522K 118K 185K e W — C(d/S)

Missing Py > 9.5 GeV/c [31.5K 264 18.7M 18.6M|4.38K 37 2.4M 2.39M |1.18K 37.2K | 136K 118K 92.6K 97.7K
Miogs > 65 GeV/c  |204K 254 18.IM 18.3M [4.15K 32 2.33M 2.35M| 978 360K | 132K 112K 85.3K 24.5K .
Miogs < 88 GeV/c? 241K 193 14.3M 14.1M|3.49K 23 187M 185M| 641 247K |5.62K 115K 6.76K 431K uugqq

Miegs recoil < 115 GeV/c2[20.2K 184 13.0M 13.1M|2.96K 23 172M L73M| 505 22.6K |3.57K 6.86K 536 3.02K
M, < 75 GeV/e?  |19.6K 184 12.9M 13.0M|2.95K 23 172M L1.73M| 505 22.6K [3.56K 5.78K 414 3.0K
My, > 12 GeV/c>  [19.6K 184 12.9M 13.0M|2.7K 18 1.54M 155M | 416 19.5K |2.08K 516K 390 181K

e ms s we o owe 0w mom oo VCD cOUld be measured to a relative uncertainty of

(0.7) (81) (0.0) (0.0) | (1.5) (125) (0.1) (0.1) | (0.0) (0.0) | (0.0) (0.0) (0.0) (0.0)

bre 514K 4 279K 571|632 0 407 65 | 0 14 | 67 28 0 0 04% at CEPC N0m|na| Set up

— 128 13 00 0.0 |82 00 00 00|00 00]00 00 00 00
11,2 (0.4) (1.3) (0.0) (0.0) | (0.7) (0.0) (0.0) (0.0) | (0.0) (0.0) | (0.0) (0.0) (0.0) (0.0)
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Extreme detector requirements

Suited to the collision environment, especially beam background/MDI

Trigger-less equivalent: Trigger system works as Trigger-less

Extremely stable

Large acceptance: polar angle, energy, time

PFA compatible (in SpaceTime): final state particle separation — pursue 1-1 correspondence

- Physics Objects Identification: Isolated, inside jets & jets

« Single particle objects: Leptons, photons, Charged hadron
« Composited objects: Pi-0, K-short, Lambda, Phi, Tau, D/B hadron, ..., Jets

- Improving the E/M resolution for composited objects, especially jets

BMR (Boson Mass Resolution)

- < 4% for Higgs measurements, ~3% for NP tagging & Flavor Physics Measurements

Pid: Pion & Kaon separation > 30
Jet origin identification: Flavor Tagging, Charge Reconstruction, s-tagging...
Excellent intrinsic resolution E/M/position: per mille level for track, percentage level for EM...

To be addressed by innovative detector design + key tech R&D
24/11/2023 CEPC Physics@CCNU Flavor WS
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Recent HL: Jet Origin Identification

1 -
R i
IJI ';' /// / l‘/ - // & .'4 EdgeConv Block
. 4 € . @! / r;’/// //////” /u*’//j’/:‘ .‘ !
N ANEEN . {II //i/ /;///;/.-/‘figj:;// 5 EdgeConv Block
\\' \\ 0’ V; // /ﬁg‘f/ —————————————— .
PN N J A< -
¥ \R-\:‘\\ \\\\ \\\ == H'\ /f/fé/i;!:_‘ \\\\\ ; \\\ *—l
‘§\§~.\\\_\\ \L/\ N );ﬁf " v o EdgeConv Block
LN Ve
‘\-»-»éf?’if?k*:‘?‘::_::;Zz-ﬁ f’%"\“’ \ 7
ﬁ:;;éﬁffézzz |’//{F; 7 \\\i\ { Global Average Pooling ]
- . 7 ZAry B\ ; '
E"‘f?/////// !f&““ /,7 \ \\‘\ Fully Connected
. 4 N AN * 256, ReLU, Dropout = 0.1
TN A | —
/;/ ’/frf '\\ /f ..h"'-.,”\l Fu ed
. f,\ N/ . @
¢ Softmax
¢ &
« Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)
- Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...
* Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4
detector, reconstructed with Arbor + ParticleNet (Deep Learning Tech.)
htzgas://arxiv. org/abs/2310.03440
CEPC Physics@CCNU Flavor W .
https://arxiv.org/abs/2309.13231
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Jet origin id: 11

vvH sample, with Higgs decays into
different species of colored particle:
5 quark, 5 antiquark & gluon

- 1 Million of each type

- 60/20/20% for training,
validating, and testing, result
corresponding to testing sample

Pid: ideal Pid — three scenarios

- Lepton identification
-+ Charged hadron identification

-+ Neutral Kaons identification

Patterns:
-~ Diagonal at quark sector...

- P(g—q) < P(g—g)...

- Lightjetid...
24/11/2023
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0.033 0.022 0.004 0.003 0.002 0.003 0.002 0.002 0.017

E 4 0172 PNkl 0.022 0.032 0.003 0.004 0.003 0.002 0.002 0.002 0.018

‘ 0.732 .D.DGD 0.038 0.030 0.025 0.009 0.010 0.017 0.046

c - cos

E - 0.016 [YETEN 0.030 0.037 0.010 0.024 0.018 0.009 0.047

0.543 0.030 0.077 0.063 0.046 0.093
0.547 0.079 0.026 0.048 0.060 0.091

u - o.002 0.003 0.023 0.012 0.041 0.123 0.057 0.088 0.166 0.111
< 0.003 0.002 0.014 0.022 0.122 0.041 0.064 0.183 0.079 0.113
d = 0.003 0.002 0.015 0.022 0.096 0.087 0.086 = 0.210 . 0.077 0.115
a < 0.002 0.003 0.023 0.013 0.088 0.099 0.222 0.079 0.086 . 0.112

G - 0.014 0.014 0.027 0.027 0.050 0.051 0.044  0.042 0.036 0.035 ﬂ
T T T T T T T T T T

b b c c s 5 u u d d G
Prediction

S5 - 0.003 0.026 0.021

= 0.002 0.003 0.021 0.025

Truth
wl

<l

Eff=(0.74 + 0.17 + 0.74 + 0.17)/2 = 0.91

Charge flip rate = 0.17/0.91 = 0.19
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Performance with different PID scenarios

1.0
—— ) = e 8w
eﬂ:ﬂavor tagging with Zi. Ki, KI?/S id.
= ) A
0.8 A . Pcharge fiip With I K KI?/S id.

1.0

L ER R I I O S S O N B B N R EEEE

S vs. U with £*, K=, K id.

o
o)

o
(0)]
1

U or D jet tagging efficiency
o
N

0.2 -

0.0 =
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S jet tagging efficiency
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Benchmark analyses using Jet origin ID

100 -
] mm Relative accuray, HL-LHC S2
Bl Relative accuray, CEPC
B 95% CL upper limit, CEPC
1071 -
1072 -
1073 5
104 -
Kb Kc Kg Kw Kr Kz Ky /Bsg Bug Bdd Bsb Bab But Bds

Improved by ~3 times
Improved by 1-2 orders of magnitudes
Presumably... firstly quantified

TABLE I: Summary of background events of
H — bb/cc/qgg, Z, and W prior to flavor-based event
selection, along with the expected upper limits on Higgs
decay branching ratios at 95% CL. Expectations are
derived based on the background-only hypothesis.

Bkg. (10%) Upper limit (107°)

H Z W| ss uwuu dd sb db we ds
vvH |151 20 2.1[0.81 0.95 0.99 0.26 0.27 0.46 0.93
ptpTH| 50 25 0 (26 3.0 32 05 06 1.0 3.0
Te"H |26 16 0 |41 46 48 07 09 16 4.3
Comb. | - - - 10.75 0.91 0.95 0.22 0.23 0.39 0.86

(28] J. Duarte-Campderros, G. Perez, M. Schlaffer, and
A. Soffer. Probing the Higgs-strange-quark coupling at
eTe™ colliders using light-jet flavor tagging. Phys. Rev.
D, 101(11):115005, 2020.

[50] Alexander Albert et al. Strange quark as a probe for new
physics in the Higgs sector. In Snowmass 2021, 3 2022.

[59] J. de Blas et al. Higgs Boson Studies at Future Particle
Colliders. JHEP, 01:139, 2020.

[60] Jorge De Blas, Gauthier Durieux, Christophe Grojean,
Jiayin Gu, and Ayan Paul. On the future of Higgs, elec-
troweak and diboson measurements at lepton colliders.
JHEP, 12:117, 2019.

For H->bb, cc, gg: results in 20 — 40% improvement in relative accuracies (preliminary)...
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Applied to Z FCNC
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e Calibration & Systematic control is critical
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Seeking for signature & supports

CEPC Flavour Physics White Paper

Aug 14 - 31, 2023

AsiafgShanghai timezone Q
Oenvicw CEPC/FCCRIF=4MBERIZRINIEETF, THAJNWE T, THRIMHggsHiF, ZARBHA
Registration FEERARININER, MZIEEFE/0NBERRTN—NERER, MUE3%HIBMERER—XITau

BF, FEit, CEPCERYEMRRTEEBTEANELN.
AT EMCEPCERE L RIMZEE . BBMELLRMS, HBEIMAIRITIUSEAHMCEPCARZEH,

CEPCHIBREIASICEPC L RIKAIR 7327 T — RAIFIR.

X1 mangi.ruan@ihep.ac.cn )
20194, CEPCHiZ/MERLMEEWRWEARBAITY, NCE ERAXRER: AT EHZEMT —HERN

= inoreng 1@bion eou BB (Phasedl) HMARE. BRIMEREBIRESTHEES. CPIF. EBEHRENE.
7 shanzhen.chen@ihep.a.

Surveys
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https://indico.ihep.ac.cn/event/20312/registrations/1629/
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Summary

» Electron Positron Higgs factories: a gigantic boost from LHC

 CEPC physics studies: composed of physics reach/pheno and detector requirement
optimization, aims at White papers to be released according to the project paces

- Community activated, results in multiple new ideas/results
- Good international communication/collaboration
- Lots of raw material available, visionary summarization/interpretation is needed

* Flavor Physics at CEPC: strong comparative advantages, a windows to access NP of
10 TeV or even higher

- Accesses to Un-seen, plus orders of magnitudes improvements

« Extremely rich physics program results in stringent requirements on the detector
performance, to be addressed by intensive study on detector design, key tech R&D, and
algorithms development

- Significant efforts towards the RDR (reference detector design TDR)

New tools, especially Al, could significantly alter the physics study/detector design.
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Y (4790)=———2023 Charmonia and charmonium-like states
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Figure 35: Spectrum of the charmonium and charmonium-like states. Black lines repre-
sent the masses in the Godfrey-Isgur quark model [215]. The red and blue lines represent
the states observed experimentally before 2003 and since 2003, respectively. For the latter,
the years when the states were observed are labeled in green. The height of each shadow

indicates the width of the corresponding state. We also show a few two-body open-charm
thresholds as dashed lines.
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Accuracy [%]
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BMR < 4% for Higgs physics
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https://arxiv.org/pdf/2201.07374.pdf
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FIG. 1. The penguin and box diagrams of b — svv transition
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---- Upper limit (LEP)
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at the leading order. 10.0-
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* Key ingredient to understand FCNC anomaly... g 6.0
» Critical Physics Objects: Phi (and charged Kaon), E 40
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0.0-=

10

24/11/2023 CEPC Physics@CCNU Flavor WS



Requirements: Pid & MET

1.6 x10°

Entries / 1 MeV
o =
® »

o
.

2 SRR 3 L P
.,_‘_L.,—v_-.-..,_,.,{.._‘.;.v_‘-,--. -y ‘s_,_

---- Bkg fit
---- Sig fit
— S+Bfit
Mass cut
t  Bkgdata
| Sigdata
S+B data

.
e
’\

~
~4~L‘~ N

0.0

1010 1020 1030

Mk +k- (MGV)

0.20
0.16
012
0.081

0.04+

T

24/11/2023

—— Background
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---- Signal truth
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Tracker: Pid

K* selection efficiency X purity
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fx—; The K* identification performance with differe[t factors, of,.u = factor - 6, insics
= - with/without combination of TOF information atfthe Z-pole.
% Factor 1. 1.2 1.5 2.
o 4/ ex (%) 95.97 94.09 91.19 87.09
- purityg (%) 81.56 78.17 71.85 61.28
15 :— proto itegrale wit 77 laser trac] £ (%) 98.43 97‘41 95‘52 92.3
. G b di/dx & TOF purity (%) 97.89 96.31 93.25 87.33
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Detector concept studies

Design of experimental facility and technical requirements

Detector
Requirements Challenges = =
boson mass » Support Particle flow with (il s A— dllIII
resolution —p > High granularity [ P—— ‘l'
(BMR ~3%) » High precision 3 — o ‘
== ==, --
Silicon tracker 1 ‘
Novel detector design based on L e (] “l
B0 -(2149('36'\/:) PFA calorimeter. Aim at Ll R T e ‘HMMH
oo bl gﬁw":t:qq;“(‘:;f::::d_f improving BMR from 4% to 3% |
. 0.05; [ ]zH — vvgg Cleaned _;
> - :
S o0.04- =
= - 035_ : Detector Key parameter World-class level = CEPC design
= PFA based EM shower ~20%/E <3%/E
s ] EM calorimeter E resolution
0.01 -
. . PFA based Single hadron ~50%/\E ~40%/NE
e e i Hadron calorimeter  E resolution

m, (GeV)
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Detector study: CHLOE design
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Higgs mass resolution [%]

PFA Fast simulation

7
- §=240GeV vvH,H— gg To be Updated'
6 B 1: Intrinsic subdetectoy resolition
B 2: 1+ Photon E > 0.2GeV
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- 41 3 + Separation confusion u Tracker resolution
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- + 1 = Charged Hadron Fragmenis
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'b_l [ [ [ [ L1l L1l [ [ | 1
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Effects

Fast simulation reproduces the full simulation results, factorize/quantifies different
impacts
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AU./0.5 GeV

BMR wi GSHCAL

P. Hu & YX. Wang
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« Baseline + replace DHCAL to GSHCAL + Simple para. optimization
e ~0(10)% improvement w.r.t. DHCAL
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Physics reach via EFT

95% CL reach from SMEFT fit

10°H  HL-LHC S2 LEP/SLD included

Il CEPC for all scenarios
Z-pole + WW threshold
+ 240GeV(20/ab) + 360GeV(1/ab) + HL-LHC

light shade: individual fit (one operator at a time)

solid shade: global fit
| ﬁ i i i i
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Challenges

* Physics: To be addressed by Physics studies & Summarized into White papers

|dentify the Smoking gun for discovery -
Physics landscape & Synergies @ X-frontier (i.e., GW + Collider)
Interpretations

High precision calculation

» Accelerator: Engineering Design Report & Feasibility studied

Prototype & commissioning at integrated level (large scale test facility, test with beam load)
Integration & alignments

Civil Engineering

e Detector: Innovative detector design + A3 (Al Assistant Algorithms) + Key tech R&D

PFA oriented
Extremely stable
Trigger-less equivalent at Tera Z

Sub-detectors — state of art + pursue excellent intrinsic resolutions

 International collaboration!

24/11/2023
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