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&z Introduce to CEPC

« CEPC is designed as the double ring accelator with length ~100km

« To run with collision energy at 240 GeV, above the ZH production threshold
for ~1M Higgs; at the Z pole for ~Tera Z, at the W+*W- pair, and possible ttbar
pair production threshold.

* Four conceptual designes of detectors

(Baseline Design)
Magnet Particle Flow Approach

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

IDEA concept
(also proposed for FCC-ee)

Preshower (u-RWELL)

LumiCal

Yoke + Muon (u-RWELL)

Si Pixel Vertex The 4th Concept

SIT TPC SET

PFA HCAL
TD ETD

Partially Yoke
Magnet (3T/2T)

FST concept
(Full Silicon Tracker)

PID (DC+ToF)

Crystal ECAL

Silicon Tracker
(Transverse bar)
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CEPE,

The CEPC program

CEPC Operation mode

ZH

W*W-

ttbar

Vs [GeV]

~ 240

~91.2

~ 160

~ 360

W'l'

Run time [years] 10 2 1 5
L /1P [x10% cm2s?] 8.3 191.7 26.6 0.8
Latest
L dt [ab1, 2
(50MW) ] [abL, 2 IPs] 20 96 7 1
Event yields [2 IPs] 4x10° 4x1012 5x107 5x10°

= Updated design with increased luminosity compared to CDR

proposal.
= Comparable with FCC

= New proposed ttbar threshold run
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ez (@ Potential of electroweak measurement in CEPC

—t

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 Eyeam 0.100] = Current accuracy
ATz 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) Z threshold Epeam e
Amyy 9 MeV [42-46] 0.5 MeV (0.35 MeV) WW threshold Epoum 0.010
\ Al 49 MeV [46-49] 2.0 MeV (1.8 MeV) WW threshold Eream ) 0.001
King 0.76 GeV 00| O(10) Mev™ 7t thresnold

AA.  4.9x107% [37,51-55] 1.5x107° (1.5 x 107%)  Z pole (Z — 77) Stat. Unc.

Relative Error
=
S

A4, 0.015 [37, 53] 3.5 x 107" (3.0 x 107°)  Z pole (Z — pp) point-to-point Unc. 10-5
AA;  43x107% [37,51-55] T.0x107% (1.2x107%)  Z pole (Z — 77) tau decay model
AA, 0.02 [37, 56] 20 x 10~ (3 x 1079) Z pole QCD effects 107
AA, 0.027 [37, 56] 30 x 107° (6 x 1077) Z pole QCD effects 10-7
M, T, My Ry, R: Re R, R; APrg A A®rg A'rg Ak N,
AGhad 37 pb [37-41] 2 pb (0.05 ph) Z pole lumiosity coe T g BT e e
SR 0003 BTSTGI 00002 (5% 10°°) Zpole  gluon spliting
SRY 0.017 [37, 57, 62-65] 0.001 (2 x 107°) Z pole gluon splitting a= 1/137.035999139 (31) 1x10-10 &g
JRY 0.0012 [37-41] 2 x 107* (3 x 1079) Z pole FEpeam and t channel Gy = 1.1663787 (6) x 10°° GeV-2 110 w lifetime
0 002 [37-41 1x 1074 106 Z pol Bheam
P 0.002 {37-41] X 1075 (8> 1077) poe ’ M, = 91.1876 £ 0.0021 GeV 1x10° LEP
RY 0.017 [37-41] 1 x107* (3 x 1079) Z pole Epeam
M,, = 80.379 £0.012 GeV (SISt R
SN, 0.0025 [37, 66] 2x107* (3x1079) ZH run (vry)  Calo energy scale
sin’0y, = 0.23152 + 0.00014 6x10+ LEP/SLD
=  With increased luminosity, CEPC expect to have 1~2 order of magnitude M, = 17274+ 046 GeV 3100 TevawonLHC
better than current precision
P My, = 125.14 £ 0.15 GeV 1x1073 =

= Great opportunity to test the consistency of SM EWK sector.
CEPC snowmass white paper: arXiv:2205.08553 4
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&z W boson mass measurement

= Key gradient for electrweak sector

= Very important role to test the SM consistency
= Predictable with given EWK parameters
= Observed 70 deviation wrt SM predictions
= Difficult to reach to same level of precision at LHC
= Next generation ee collider is essential

T
— Total uncertainty
Stat. uncertainty

Tevatron I combination
PRD 70 (2004) 092008

DO II
PRL 108 (2012) 151804

LEP combination
Phys. Rept. 532 (2013) 119

ATLAS
EPJC 78 (2018) 110

LHCb
JHEP 01 (2022) 036

CDF II
Science 376 (2022) 170

Electroweak Fit (J. Haller et al.)
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas et al.)
arXiv:2112.07274
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CEPC,

W boson mass measurement

= Two approaches for W boson mass measurement at lepton collider (from LEP)

Direct measurement Indirect measurement
Performed in ZH runs Perform WW threshold scan
Precision 2~3 MeV runs (157~172 GeV)
Precision at 1 MeV level
ALEPH
N‘5.1:3225 SRR L L L L —_ ] | T | T | ]
gm ] ; ‘é 201 LEP
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gl‘?ﬁ = - - . 6
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Z100 | Bl
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&z W boson mass measurement

WW—quq (240 GeV)
90000F ARRARAARALRARY AR
= Perform measurement in ZH run 80000 cePC iczgzzjfgggj :
= Expected 2-3 MeV uncertainty - :rMn;DBCB L
on W boson mass using two % 60000k ” :
lvgq process at 240 GeV . 500005_
= About <10 MeV achieved with 2 g
only pvqq event from 5 ab-' from g +0000¢
JINST 16 P07037 (5 30000
= Further studies ongoing 20000F

10000F-

I .| | 11 | | L1 1 | | 1111 I 1111 | | I i [ | I I | I_
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&z W boson mass measurement

= Joint effort of CEPC/FCC-ee to optimize WW threshold scan data taking strategy
= Assuming 1 year data taking with 2.6 ab-1 luminosity (update design propose x2)
= Four points proposed

« 157.5 GeV, 161.5 GeV and 162.5 GeV (W mass, W width measurement)

« 172.0 GeV (agcp (my) measurement, Br(W—had), CKM [Vg|)

 — mw=80.379 GeV, l"w=2.085 GeV '
10 I m,,=79.379-81.379 GeV, I'\=2.085 GeV '
" [ m,=80.379 GeV, I'=1.085-3.085 GeV
157.5 0.5 1.25 0.6 = |
=1 |
161.2 0.2 3.89 0.8 ° 5|
162.3 1.3 5.02 6.5 i
172.0 0.5 12.2 6.1 | /s=162.3 GeV
q150I - I‘155I — I’160I — I‘|E|55I — I170

Eur. Phys. J. C 80, 66 (2020) 8



&z W boson mass measurement

= Joint effort of CEPC/FCC-ee to optimize WW threshold scan data taking strategy
= Assuming 1 year data taking with 2.6 ab-" luminosity (updated design propose x2)
= Expected to reach 1 MeV precision for mW
= Could be further improved with updated calibration method for beam energy
« With inverse-compton scattering for beam energy calibration, could further reduce
Systematic uncertainty (Nucl. Instrum. Meth. A 1026 (2022) 166216, Rev. Sci. Instrum. 91 no. 3, (2020) 033109)

- —— Amy, (mass only)

Observable mw Ly CL @) e emy (mas v it

‘i, ATy, (mass and width)
Source Uncertainty (MeV) o

3
Statistics 0.8 2.7 s [ e
Beam energy 0.4 0.6 FNC 0 T
Beam spread — 09 L T~ e
Corr. syst. 0.4 0.2
Total 1.0 2.8

Eur. Phys. J. C 80, 66 (2020)
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&z L boson mass and width measurement

= Tera-Z could help improve m;, precion by one order of S0
magnitUde ENO_OG; 5=90.32 5219209 GeV
. . . < i
= Systematic uncertainty dominant 004!
= Improved energy calibration would further reduce m\ |
uncertainties bl —
8 89 90 92 E\‘?E(Ge\/%‘t
Parameter 5Stat 5tmal ~ 0'1:
My (KeV) 7 66 %
FZ (KCV) 13 126 QO.OG: 1s=M, -11.76 GeV 1.76 GeV
ol . (pb) 0.09 1.73 004
Cl02:"‘—'-'———____| —
025, ;o.zs, :
S - > B L |- | L L |1 i Ll
g 0.2;_ g 02% %8 89 90 91 92 E\)g (Ge\/%df
50‘15 ? /s = 90.48/GeV, s =191.92 GeV 50.15 ?
0 1f_ 0.1 ;*
0.05 ; =M i ; Js =M,
e ‘?‘_g‘((‘}é\gzl % s s0 91 2 ?‘g‘(c‘}é\‘gzt
AE = 0.14 MeV Aog = 0.57 MeV i
0 | |

| ! : A : o .
Uncertainty of energy scale Uncertainty of energy spread % 8 09 W GV



e Weak mixing angle sin20,,

P )

= Key parameter in electroweak sector

Extract from Agg

. ~30 tension between LEP and SLC measurements
. Experimental syst. much larger than theory syst.
Sin20,,
LEP + SLD
LEP 0.23221 &= 0.00029 .
LEP + SLD: A_;
SLC 0.23098 # 0.00026 -
Theory 0.23121 + 0.00004 |

measurement
Np— Np
B N+ Ny

-0.75 —
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o | / 90GeV
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025 F @
0.5 — + e— — #+ ﬂ_
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00

CDF ee+uu 9.4 fb”
DO ee+up 9.7 fb”
ATLAS ee+uu 4.8 fb™
LHCb pu 3 fb

CMS uu 188 b
CMS ee 196 b

CMS ee+uu

——

|

0.23153 £ 0.00016

0.23221 +£ 0.00029

0.23098 + 0.00026

0.23221 + 0.00046

0.23095 + 0.00040

0.23080 + 0.00120

0.23142 £ 0.00106

0.23125 £+ 0.00060

0.23056 + 0.00086

0.23101 = 0.00053

0.23

0.231

sin%6

/
eff

0.232

0.233
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Weak mixing angle sin20,,

CEPC,

o Stat. Unc. dominated in LEP and Tevatron measurements

- Syst. Unc. (PDF) will become dominated systematics for LHC measurements

- CEPC has potential to improve sin206,, by two order of magnitudes
x Theory unc. is about 4x10-5 level with two loop calculation

Experiment Stat. (10-9) Syst. (10-5) Theory unc. Total unc. (10-9)
(PDF+QCD) (10-5) 0sin20,,

LEP 29 ~ 1 ~0 29

Tevatron 27 3 18 33

LHC 8TeV 36 18 35 93

LHC 13TeV ~15 > 20 > 25 ~ 20

By Projection

CEPC ~0.2 ~0.2 4 ~0.3

By LEP Projection (Today)
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279 R° measurement

- At LEP measurement 0.21594 +0.00066
: CEPC aim to improve the precision by a factor 10~20 (0.02%)
: Rb measurement is sensitive to New physics models (SUSY)
. SUSY predicts corrections to Z— bb vertex
. Through gluino and chargino loop ...

b

FIG. 1: One-loop Feynman diagrams of gluino correction to Z — bb

1601.07758

I'(Z — bb)

I'(Z — had)

13



279 R° measurement

= Expected to be 20~50 times better than LEP measurements
« With 95% purity working points, efficiency > 70% in CEPC
( ~30% for LEP)
« 1D and 2D template fit for b tagging probability
= A global analysis method is developed to reduce impact from
correlations between jet pairs. Method is under validation

c jet prob

1 - e Error source ARP® (10-5)
C = 0.9— . .
0.9 2 Statistics 1
C =1 B 0.8 : :
0.8 0 37 Tracking resolution 1
- - I
C | [ | Zbb o] L Zbb .
070 = 0.7¢ | 1 Charm modeling 3
i = = = Bl € 06k e Gl liti 1
0-6;_ I Zuds Z E [:l Zuds Hon spTing
aes = W BB 05— Hemisphere correlation 6
0.45_. . ” 0.4 Total 7
- | | o El
0-3;. . s Eur. Phys. J. Plus 136, 1 (2021)
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&z Search for aTGCs with ee->WW

» Measurement of ee—WW process provides important
constraints on various new physics contributions
= 7 parameters considered for further EFT studies

10912, 05y Ao, |B0s, 095, 068, B

aTGC couplings gauge couplings modifier

= The optimal observable method explore for this search
(Z. Phys. C 62 (1994) 397—-412)

precision reach of aTGCs at CEPC 240GeV

0.0015+ binned distributions, €=80% | e: signal selection efficiency | -
i optimal observables, e=80% [__ .~ 4
optimal observables, €=50% | T - individual fit
5.6/ab, e*e"=WW semileptonic channel, statistics only |
< 0.0010 _
k]
0
o
o
=%
0.0005+ -
arXiv:1907.04311
0.0000

691 7 V4
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=@ Global Fit with SMEFT
Cerl,
= Combined measurement from EWK and Higgs properties to
constrain higher dimension operators in SMEFT

6) (8)

Lomert = Lsm + Z A2 hy Z o 0(8

95% CL reach from SMEFT fit

10°{ M HL-LHC S2 LEP/SLD included

B 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)

10

solid shade: global fit i i i i i

On OWW Ogs OHW O Osz O, O O,, pr Oaw Ows O7 Ope Ong O'yq oHu OHd Oy
arXiv:2205.08553 16
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E&z7¢ Summary

= CEPC is designed to have 100km double ring accelerator
« Multiple collision energy (from Z pole to ttbar threshold) proposed for
various physics motivations
= Unprecedented luminosity provides chance to test the SM EWK sector in a
more precise way
« Expected 1-2 order of magnitude better than current precision
* Would help to solve puzzles in current measurements

—&— Used by PDG

—u— CDF 11

—e— LHCb

—a— CEPC/FCC-ee
——— SM prediction

2000 2010 2020 2030 2040

o
&
tn

80.4

W Mass (GeV/c?)

80.3

|I|||II|II|I|III|
—_——,
—_—,
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Backup
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Top mass

ey )

Motivation

* ttbar threshold scan is made against
\/s and cross section, which is direct

observable.

* |t brings measurements of such

parameters:
* Top mass
* Top width

* Top Yukawa coupling
* o ( strong coupling )

Eur. Phys. J. C (2013) 73:2530

January 201
T

15 51715 Gev, FCcer -
[ —do/dm, [o =20 MeV] —doldy, [A=0.1]
dofdr, [A= 40 MeV] -~ Aoy for 10 1o

[ —dofda, [A = 0.0006]

best measure yt

dofdX [foltyp A]
o>

preliminary

Y fx...... based on CLICALG Top Study. ]
wd C73, 2530 (2013) i
o ) :

-5 }
L1 . A M
340 345 350
s [GeV]
best measuré mass here‘ | best measure width here‘

| BUT: You have to find that point! |

Expected precision

« With the CEPC setup, limited to the total luminosity of 100 fb=1 |
top quark mass, width and ag are measured individually at their

optimal energy points.

Parameter of interest Statistical uncertainty

m 9.06 MeV
I 25.86 MeV
Qg 0.000394 CLIC results:
Stat. uncertainty
me 34 MeV
It \
As 0.0009

19



Laser-Compton Method of calibration of beam energy

> Method: Compton back-scattering combining a bending magnet

Electron Beam

Interaction region

_ (mecz)z Xedge — Xbeam

E —
pea: 4w, Xpeam — Xy

Laser system

Electron beam

Nd:YAG Laser system

Energy (GeV) 120 A(nm) 532

N, 15x 1010 Energy(J) 0.1
Collision angle a ~ 2.35 mrad
Compton scattering cross section | 202 mb

' Detector

X
Compton back-scattering method used in BEPC
by measuring the energy of scattered photons

with accuracy is 2 x 107°.

https.//doi.org/10.1016/j.nima.2011.08.050

The technigue is “non-destructive”: ~10® Compton
scattered particles in one collision.

20



&z Beam energy calibration

Comparison of the key parameters for

different models in CEPC

Higgs mode Z mode WW scan tt scan
Epeam/GeV 120 45 80 175
Xedge/m 6.16352 9.29686 7.10343 5.57276
Xpeam/m 1.87935 5.00178 2.81903 1.28868
6Xedge/m 2.6x 107>
65X peam/Mm 6x 1078
SEpeqm/MeV 1.0 0.3 0.6 1.8

* The statistical uncertainties of beam energy are not included here

doi.10.1063/1.5132975
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Beam energy calibration

Laser Compton backscattering

input laser

beam _ 1 scattered photon

>

postion

: - | detectors
bending magnet ith mfnimu,n .
Ner

With some proper corrections, the beam energy

uncertainty of the Higgs mode is around 2 MeV.

~ Independent extraction device.

Separately detect the positions of scattered
~ electrons, scattered photons and unscattered beams.

Microwave-beam Compton backscattering

Beam tube

777@Fq«ﬂ4.:.¢v\¢1 —_— -
§ S s d ph '
- v | cattere otons
§ 0, = 4.4mm y | p
\ : Resonant cavity
|

Simple model of cavity and beam

Use synchrotron radiation lead wire.

Detection of the maximum energy of
scattered photons by a HPGe detector.

If the beam energy is calibrated within 10MeV,
it will be interesting and worth doing.

Rev. Sci. Instrum. 91 no. 3, (2020) 033109, Nucl. Instrum. Meth. A 1026 (2022) 166216
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