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CEPC physics program

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

Operation mode ZH V4 W+W-| tt
Vs [GeV] ~240 | ~91.2 | ~160 || ~360
Run time [years] 10 2 1 5
L /1P [x1034 cm2s1] 3 32 10 -
oI [Ldt[ab",21Ps] | 56 | 16 | 26 || -
(30 MW) ’ : :
Event yields [2 IPs] | 1x108 | 7x10'"" | 2x107
Run Time [years] 10 2 1 ==l
30MW | L/IP[x10%*cm2s' | 5.0 | 115 16 | 0.5
4 L/IP[x10% cm2s1 | 8.3 191.7 | 26.6 0.8
(]
= | 50 MW | [Ldt[ab", 2 IPs] 20 96 7 1
Event yields [2 IPs] | 4x10% | 4x10'2 | 5x107 || 5x10°

W+

W e
First 10 year operation
— Higgs factory
— low-lumi Z (20% of high-lumi 2Z)
« Detector calibration and alignment
 Physics with Giga-Z
2 year of high-lumi Z factory operation
1 year of WW threshold scan

5 year of ttbar runs

CEPC accelerator TDR (arXiv:2312.14363)a///
Both 50 MW and tt modes are currently considered as CEPC upgrades.
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EWK precision measurements (ZH, Z pole, WW runs)

Observable  current precision  CEPC precision (Stat. Unc.) CEPC runs main systematic

Amyz 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Bteam

Al'z 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) Z threshold Ebeam

Amy 9 MeV  [42-46] 0.5 MeV (0.35 MeV) WW threshold -

k Al'w 49 MeV  [46-49] 2.0 MeV (1.8 MeV) WW threshold Ftcam J

AV U.70 GeV [ou] O(10) Mev Tt thresnold

AA,  49x1073 [37,51-55] 1.5x107° (1.5x107%)  Z pole (Z — 7) Stat. Unc.
AA, 0.015 [37, 53] 3.5x107° (3.0 x 107%)  Z pole (Z — pu) point-to-point Unc.
AA;  43x1073 [37,51-55] 7.0x107° (1.2x107°) Z pole (Z — 77) tau decay model
AA, 0.02 [37, 56] 20 x 1073 (3 x 107?) Z pole QCD effects
AA, 0.027 [37. 56 30 x 1073 (6 x 107°) Z pole QCD effects
Ao had 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity

SR} 0.003 [37, 57-61] 0.0002 (5 x 107%) Z pole gluon splitting
ORY 0.017 [37, 57, 62-65] 0.001 (2 x 107?) Z pole gluon splitting
ORY 0.0012 [37-41] 2x 104 (3 x 1079) Z pole Epeam and t channel
OR), 0.002 [37-41] 1x107% (3 x1079) Z pole Ebeam

ORY 0.017 [37-41] 1 x107* (3 x 1079) Z pole j

ON, 0.0025 [37, 66] 2x1074 (3x107%) ZH run (vvy)  Calo energy scale

Hengne Li

Relative Error

Precision Electroweak Measurements at the CEPC

0.100

= Current accuracy

= CEPC: baseline
0.010

0.001
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CEPC is expected to improve
the current precision by 1-2
orders of magnitude, offering a
great opportunity to test the
consistency of the SM.
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I The status of electroweak global fit

MH [GEV]

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 0Ohaa; R, Ry (10)

- Z pole asymmetries (10)
- - Mw (10)
—-— directm; (10)
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175

a= 1/137.035999139 (31) 1x10°10 €8
Gr= 1.1663787 (6) x 10 GeV- 1x10-6 w* lifetime
M, = 91.1876 £ 0.0021 GeV 1x10°5 LEP

M,, = 80.379 £0.012 GeV 1x104 LEP/Tevatron/LHC
sin%0y, = 0.23152 + 0.00014 6x104 LEP/SLD
my,, = 172.74 £ 0.46 GeV 3x1073 Tevatron/LHC
M, = 125.14 £ 0.15 GeV 1x10-3 LHC
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W mass measurement : (1_ m%v) 2P

mW is a key observable to test SM consistency |, W Y Y
— Latest CMS result in tension with CDF WQM WQM

— mW Measurement at future collider is essential

80.40 a CMS
- . T l T T T T |
_ mw in MeV
80.39 | Electroweak fit I 80353 + 6 arXiv:2412.13872
s PRD 110 (2024) 030001 =
LEP combination 80376 + 33 : o
80.38 Phys. Rep. 532 (2013) 119
' DO 80375 + 23 -
PRL 108 (2012) 151804 B
CDF 80433.5 + 9.4 ]
50-37 Science 376 (2022) 6589 RS
LHCb 80354 + 32 | .
I X"FIF: 2\1 S(2022) 036
. 5+ 15. [ {
R direct{10) arXiv:2403.15085 80366.5 £ 15.9 *
s === indirect (1 0) CMS
80.35 - s all data (90%) This work 80360.2 + 9.9 H=—i
""""" Lol bbb, . | . | | . |
170 171 172 173 174 175 176 177 178 179 180
m; [GeV] 80300 80350 80400 80450
my (MeV)
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I W mass measurement at CEPC

mo """"""""" S B B
Expect to reach below 1MeV precision on W mass b
— 1 year of WW threshold scan, 4 energy scan points: i
e 157.5, 161.5, 162.5 GeV: W mass, W width - / = cEpC |
BN direct (10)
e 172.0 GeV: aQCD (mW), Br (W->had) , CKM | Vcs| s S g yenss
mt[GeV]
PX.Shen, PAzzuri, G.Li et,al,
Eur.Phys.).C 80 (2020) 1, 66 5'5. — Am,, (mass only) ~ — m,=80.379 GeV, I',=2.085 GeV
Joint study of CEPC/Fcc-ee : (@) —— ﬂ‘;(ﬁ.:i :_[ij‘)vidth) 10 g m,,=79.379-81.379 Gev, T =2.085 GeVg
Observable My Ty ¢ :— S e ATy, (mass and width) " [ m,,=80.379 GeV, I',=1.085-3.085 GeV
Source Uncertainty (MeV) % -
Statistics 0.8 2.7 T
Beam energy 0.4 0.6 i '
Beam spread — 0.9 | (5=162.3 GeV
Corr. syst. 0.4 0.2 ° 24””%810 B = o s i
Total 1.0 2.8 /s (GeV)
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Weak mixing angle measurements (Sin%0,, )

Weak mixing angle measurement is well motivated

— ~30 tension between LEP and SLC measurements
— LHC results can reach similar precision level now

Phys. Lett. B 866 (2025) 139526

' | ! | 1 |
: LEP + SLD: A2 —e— 023221+ 0.00029
- SPEAR PEP PETRA TRISTANLEP . N
E OMARK I =HRS OCELLO mAMY L3 SLD: A, —e— 0.23098 = 0.00026
. #MAC [DJADE ATOPAZ o -
n ®MARK [IAMARK J YVEN CDF 2 TeV —— 0.23221 + 0.00046
5 oPLUTO + L |
: STASSO \ D0 2 TeV onal I 0.23095 = 0.00040
; 90GeV ATLAS 7 TeV . 0.23080 + 0.00120
F N @LEP LHCb 748 TeV . 0.23142 + 0.00106
CMS 8 TeV ——— 0.23101+ 0.00053
@ + - g =
L e — 1
- €c ‘Lt ‘L‘ ATLAS 8 TeV — 0.23140 = 0.00036
R Preliminary O TSRS —
- i i ; 2 | i i i CMS 13 TeV — 0.23157 = 0.00031
[N N SO VS T VA S U U U WY W S WY 0§ VS TN Y W Y W R O, W Ve S VS W S WY S V- - -, 1 Pfe”ml‘nafy , | ) | ] | . | .
0 25 50 75 100 125 150 175 200 0.229 0.23 0.231 0.232 0.233 0.234
Vs [GeV] sine’
eff
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http://dx.doi.org/10.1016/j.physletb.2025.139526
http://dx.doi.org/10.1016/j.physletb.2025.139526

I Weak mixing angle measurements at CEPC (AFB)

Study of off-peak runs for weak mixing angle measurements.

Table 2. Sensitivity S of different final state particles. Chinese Phys. C 47 123002

V5/GeV Sof AS# Sof A4, Sof ALy SofA%, SofAS, SofAb,

w 0.3
70 0.224 4.396 1.435 4.403 1.445 4.352 < = —
0.2 S
75 0.530 5.264 2.598 5.269 2.616 5.237 -
0.1
92 1.644 5.553 4.200 5.553 4.201 5.549 0 =
105 0.269 4.597 1.993 4.598 1.994 4.586 0 15
115 0.035 3.956 1.091 3.958 1.087 3.942 0 2§
130 0.027 3.279 0.531 3.280 0.520 3.261 T
0.3 — AFB_b
Ny — Ny s — AFB_c
App Ny + Np 04 - — AFB_lepton
-0.5 — AFB_u
g ; ﬁg: Fgorvlzardd —0.6=. | | | | — AFB_d
m/2: Backwar . . L L L
- . 60 80 100 120 140 160
£ ¢ Vs(GeV)
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I Weak mixing angle measurements at CEPC (AFB)

Tau channel can help to reduce systematic due to beam polarization
Chinese Phys. C 47 123002

mode1 mode2
25

* The only channel for which the
polarization can be determined

d(o,—op) d(o, +07) :

P, = _ / _ of [l W
dcos# dcosé

. PT — P‘L’ (COS 6 , Sll‘12 Beff) ; mode3 — mode4

* Measurement of P, rely on the kinematic
spectrum of different tau decay modes.
-1 =08 -06 =04 =02 (:) 02 04 06 08 1 01 02 03 04 ::) 06 07 08 08
— helicity=+1  —— helicity=-1

. St at 1 Stl C al: 21 5 % 10—6 ( one mo nth d at a) Fig. 5. (color online) Kinematic spectrum of different tau

decay modes. The red solid line and blue dashed line repres-
ent the kinematic spectrum of taus with helicity=+1 and -1,

e -4
¢ SYStematIC- 0 (1 0 ) fOI' LEP respectively. All the spectra are generated using PYTHIAS gen-

arator and tauola interface.
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Weak mixing angle measurements (Sin20W )

CEPC has potential to improve it by two order of magnitudes

Experiment Stat. (107) Syst. (10) Theory unc. Total unc. (107)
(PDF+QCD) (10) &sinZ0,,
LEP 29 ~1 ~0 29
Tevatron 27 5 18 33
ATLAS 8TeV (ATL-CONF- 21 16 24 36
2018-037)
CMS 13TeV 10 15 9 27
(SMP-22-01)
CEPC (2205.08553) ~0.2 ~0.2 ~0 ~0.3
New: results confirmed by recent Ref-TDR studies. (Shuo Han, Jiawei Wan, Lei Zhang)
Theory prediction ~4 ~4




I Rb 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 ...

bj— b
/
\

NUb

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

1601.0/758
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New: method verified by recent Ref-TDR
studies. (Bo Liu, Hancen Lu, et.al.,)

Rb measurement (2)

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
] . . Eur. Phys. J. Plus 136, 1 (2021)
correlations between jet pairs.

Error source | ARP (10%)_

CEPC Ref-TDR Z-bb/cc/qq, 91.2 GeV

Soo-
5 o8k Statistics 1
b 0.012 © -
S o788 HZ"" Tracking 1
. E ; Zcc .
New: 5 05F e resolution
Ref-TDR . 05~ :
Sc : Charm modeling 3
Based on = 04—
Jet-Origin ID 035 Gluon spliting 1
02 Hemisphere 6
q i .
0.1= correlation
O o L s e OO
b c 9 0 01 02 03 04 05 06 0.7 0.8b jgigprob1 Tota | 7
Predicted
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I Search for aTGCs with ee=>WW

Measurement of ee>WW process provides important constraints c

various new physics contributions

7 parameters considered for further EFT studies

(8012, 05y, Az, |09%L. 095ns 00, dmy

aTGC couplings

The optimal observable method explore for this search

gauge couplings modifier

(Z. Phys. C 62 (1994) 397-412)

precision reach of aTGCs at CEPC 240GeV

€: signal selection efficiency
T :individual fit

0.0015 binned distributions, €=80%
| optimal observables, €=80%
optimal observables, e=50%
5.6/ab, e’e_ >WW semileptonic channel. statistics only]
< 0.00101
Re]
0
(%)
o
=%
0.0005
0.0000

691 7
Hengne LI

Z

ot W

CEPC WS EU 2025, Barcelona, 16-19 June 2025 13




I Global fit with SMEFT: new physics constrains

(6) ( \ (8) -
6 8
Lsmert = Lsm + E A2 + E A4 +
precision reach on effective couplings from SMEFT global fit 95% CL reach from SMEFT fit
M HL-LHC S2 + LEP/SLD i 1% W HLLHCS2 [ WEPSiDicues -
| W CEPC 240GeV 20/ab + 360GeV 1/ab i Lk W,LM ) : :
(+ HL- LHC CEPCZ-pole&WWlhreshold) = 1 20&4 an 3@)( (1)« HL u | :
2490 —~1072 _ | s goballt | -
£ F . 2 10— 1 | - o 1 n =
5 107 =107 3
2 = L i
= : z
|
O T W sl m2r sa® ot 60 adb 6o gl fo™ 01
Ogy 0%y 0%y ogy O00H OOy 004 oy 004 Ogy Oz O Az Ok Owy O Om O Oc Oy 0, 0, 0, 0, O O Or Ok Ok Ok Ow Ow O

CEPC has potential to reveal new physics @10 TeV by combining
Higgs, EWK and top measurements — power of precision
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Global fit with SMEFT: new physics constrains

* Oblique parameters S, T:
measure new physics effects in

electroweak loops, see Peskin-

Takeuchi [PRD 46 (1992) 381]

CEPC projected sensitivity on
obligue parameters from the EW fit

Current | CEPC
i dividual AT | 0.020 [0.0030
AS| 0.025 [0.0046
marginalized AT | 0.049 [0.0062
AS | 0.063 |0.0094

Hengne Li

002l CEPC
I 68% C.L.
i 015 ----- 95% C.L.
~
S 000
I Vi
~001}
~002}

—————
-

002 =001 000 001

AS

003

0o =

0.1F

-
" h-

P I T T
-01

L 1 1 L 1
00

AS

1 1 1 L L
01

1
02

Figure 4: The projected CEPC precision on the oblique parameters AS and AT, compared to
the current constraints. All the contours are shifted to be centered at the SM prediction, i.e.

AS = AT = 0.
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I Status and plan for the EW white paper

Electroweak precision measurements at the

CEPC

June 16, 2025

A draft is under preparation

Abstract
The Circular Electron Positron Collider (CEPC) is expected to deliver 4 million
A H H I d f f Higgs bosons, 4 trillion Z boson, approximately one Giga of W bosons, and potentially
I m I n g at a CO m p et e ra t O r one million top quarks, in roughly 15 years of operation. It will be able to perform
many important electroweak measurements with an unprecedented level of precision,
providing important probes to the new physics beyond the Standard Model. In this

rev i eW i n t h i S S u m m e r ( i n tWO document, we report the projected reaches of the electroweak precision measurements

at the CEPC based on the most recent scenarios and discuss their physics implications.
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Summary

Unprecedented luminosity in CEPC 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

CEPC Electroweak white paper preparation is on-going

— Aiming to have a complete draft for review this summer
— Your input is important, please consider to join us

For the first 10 years CEPC operation, especially low-lumi Z runs

— Physics goal needs to be refined.

Hengne Li CEPC WS EU 2025, Barcelona, 16-19 June 2025
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Thanks for your attention!
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