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Indirect searches from

SM precision measurements
( not included here )

\

BSM Higgs \

SUSY

Light EWKinos

Light sleptons
Heavy selectrons

AXInos

Dark Matter & Dark Sector

Lepton portal DM

Asymmetric DM
Dark Sector from exotic Z decay

Dark Sector-photon interactions
Millicharged DM, Vector portal
DM, DM with EFT interactions

Mono-gamma
Dark Fermion 1in light of

Electron Target Absorption

/

BSM @ flavor )

Flavor violation
Flavor anomalies

More at Flavor white paper

(Not included here) -/

Higgs factory

\s=240,365GeV
106 HZ events

10° WW->H events

Long-lived particles
e At both CEPC and it’s
FAR detector

Global fit of SUSY
SMEFT global fit

More exotics
Heavy neutrinos
Axion-like particles
Electroweak phase
transition
Identify CP-odd
component in Higgs

Courtesy of Xuai Zhuang
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BSM inputs and status

BBSM Higgs

BSUSY Searches
eDirect SUSY Searches

Indirect search of SUSY
B Dark Matter and Dark Sector searches
*Lepton portal DM
*Asymmetric DM
*Dark Sector from exotic Z decay
*DM (Millicharged DM, Vector portal DM, DM with EFT interactions):
*Mono-gamma Dark Sector-photon interactions
*Dark Fermion 1n light of Electron Target Absorption (2306.00657)
B[ ong-lived particles
BMore exotics:
*Heavy neutrinos ;
*Axion-like particles J. Phys. G
*Electroweak phase transition
*Identify CP-odd component in Higgs study ( )

BGlobal fits:
*Global fit of SUSY
*SMEFT global fit ( )

Jia Liu (PKU) Courtesy of Xuai Zhuang


https://indico.ihep.ac.cn/event/16065/contributions/114785/attachments/62134/71683/Prospects%20for%20detecting%20axion-like%20particles%20at%20future%20electron-positron%20colliders.pdf

The motivation for SUSY

LEPTONS | QUARKS
electron up
muon down
tau charm GLUINO PHOTINO WINO
electron neutrino strange
muon neutrino bottom
FERMIONS tau neutrino top

s 9

ZINO

HIGGSINO

Credit:

S s

SLEPTONS SQUARKS

GLUON PHOTON w:
BOSONS selectron sup | |
smuon sdown
stau scharm :
electron sneutrino sstrange The lightest supersymmetric particle Is
muon sneutrino sbottom called the neutralino. It could be any one
tau sneutrino stop of the -inos, or a combination of them

e Stabilize the weak scale from Planck scale via a new space-
time symmetry

e MSSM leads to unification of gauge couplings
e E\W breaking is induced radiatively

e Neutralino as an excellent candidate for cold dark matter
Jia Liu (PKU)
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SUSY at future e"e~ collider

e Why future e e~ collider CEPC/FCC-ee/ /
ILC? .

e Could be complementary with LHC:
* Soft energy region

| ower mass region

o Study light EWKinos, sleptons

* |ndirect searches through precision
measurements

Jia Liu (PKU)



Comparing with recent LHC results: where to go
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e Improving low mass boundary: naively up to \/E/ 2, but can be better than that

e [mproving the soft lepton region
Jia Liu (PKU)



Comparing with recent LHC results: where to go
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e Improving low mass bouhdary

e Improving the soft lepton region*

Jia Liu (PKU)



Dilepton + Missing energy signal region

* Focus on opposite-sign dimuon

e [ arge recoil mass ~ Large missing energy

e Up to mass = \/E/Z

0
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Xuai Zhuang Signal Region
et al, 2105.06135 (CPC) == 2 muons (OS)
E,+ > 10 GeV

04 <AR(uT,u")<1.6

+
>30GeV
M. > 130 GeV

---- Prospected Limit at CEPC

LEP2 {7 excluded

3( + Soft 2¢, arXiv:2106.01676, 1911.12606, m(2) = m({9) + 2Am(¥E, X9)
Disappearing track, ATLAS-CONF-2021-015, m(3) = m(x?)

'+ Theoretical prediction for pure Higgsino, arXiv:1212.5989
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Other possible complementary searches

-
e | ow mass Bino decay ~ O(100) GeV: e Low mass stau/smuon ~ O(100) GeV: 7 — )?(1) T 7

B —
G + Y * Cleaner background for tau final states comparing

with LHC
Xuai Zhuang et al, 2203.10580

Junmou Chen et al, 2101.12131 (PRD)

Jia Liu (PKU)



Other possible complementary searches
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e Mono-photon search:

R NAVAVAVAY
|
0V

e Cleaner background comparing with LHC

Wagas Ahmed et al, 2202.11011 (PLB)

Jia Liu (PKU)
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* Trying to cover higher slepton mass as
best as one could

Jinmin Yang et al, 2211.08132
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Other possible complementary searches

X; = 0 (zero-mixing) Xi = 2mgysy (Max-mixing)

3.0 — \ R 1 3.0
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e Probing SUSY parameters without producing SUSY particles

e Indirect search at Higgs factories through Higgs precision measurements

o Honglei Li et al, 2010.09782 (CPC)
Jia Liu (PKU)
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Other possible complementary searches
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e Probing SUSY parameters without producing SUSY particles

e Indirect search at Higgs factories through Higgs precision measurements

Jia Liu (PKU)
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Annihilation

SM

Dark mediator X
with small coupling to SM
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Fe rm I O n pO rtal JL, S. Brian, N. Weiner, |. Yavin, 1303.4404 (JHEP)

Y. Bai, J. Berger, 1308.0612 (JHEP)

e The Fermion portal to DM om M5,

......................................................................................................................................................

e The Interaction: Ayygfcy, W

+ Dark Matter and Dark Sector I N

* Fermion portal — lepton portal

......................................................................................................................................................

 f can be quark/lepton, L/R-handed fSM No  Yes 1

¢ can be DM as well!
Jia Liu (PKU)
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Searching lepton pOrtaI dark sector at CEPC

Ly = §X7JaX — imxXX + Ye ‘ XLSTKR + h.c. )

Ls= (D*S)'D,S —V(H,S),
V(H,S) = pglHI* + pg|S)* + Aul|H* £ As]S|* + 2Aus|H|*|S|’

e DM (y) couples to SM via the lepton portal

e Mediated by charged particle (S), similar to slepton
e DM thermal relic requirements
e | epton collider production of dark sector particle S
 Higgs precision test on the model

e Gravitational Wave signal and its complementary with ee collider

Jia Liu (PKU)
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Searching lepton pcrtal dark sector at CEPC

L, = §X2$x — émxxx +ye | 1SR+ h )

Ls= (D*S)'D,S —V(H,S),
V(H,S) = pglHI* + pg|S)* + Aul|H* £ As]S|* + 2Aus|H|*|S|’

e DM (y) couples to SM via the lepton portal

e Mediated by charged particle (S), similar to slepton

vy — £, p-wave annihilation,

* DM thermal relic requirements less constrained by indirect detection

e | epton collider production of dark sector particle S
 Higgs precision test on the model

e Gravitational Wave signal and its complementary with ee collider

Jia Liu (PKU)
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Dark sector particle production in 3-body final state

» 3-body final state: eTe™ — STS™ — STy - (£ )y

Jia Liu (PKU)

_'_ IIIIIIIII | IIIIIIIII ' IIIIIIIII _l_
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e Reaching higher mass: mg¢ 2 \/5/2 = 120 GeV

_'|_ ||||||||| I ||||||||| ' ||||||||| _l__
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Exotic Higgs decay constraints

* |[nvisible Higgs decay at 1-loop

ok
S — -( 60
Si - Ms
:
* The Higgs-dark sector coupling is S 50 o
constrained =
10 o

‘P 00 200 300 400 500 600

Mg [GGV]
JL, XP Wang, KP Xie, 2104.06421 (JHEP)

Jia Liu (PKU) 19



Future ee collider search and GW complementarity

e Higgs precision measurement can L, = %;‘@j(‘ﬂx— %mxgHw (x£5Ttr +hec.),
cover 1st order phase transition Ls = (D"S)' DS — V(H,S),

region, Mg, up to hundred of GeV  V(H,5) = uhlHI* + usISP* + AulHI* + As|S|* + 2Aus | H|SI*

10—

B GW signal /

|||||||||||||||||||||||||||

JL, XP Wang, KP Xie, 2104.06421 (JHEP) mg[GeV]
Jia Liu (PKU)



Asymmetric dark matter connecting to lepton portal

: : _ Mengchao Zhang, 2104.06988 (PRD)
e A model for (dark) baryogengesis via leptogenesis

e The dark matter is dark baryon and asymmetric

SU3)" || SU(3) | Uy(1) | Spin | L | B | B’ |

Right-handed nu/Leptogenesis —_— |Ny/Ny| 1 ‘ 0 12000
¢ 3 1 0 [-1]0]1/3

X 3 1 1/2 -1 0 |1/3

Dark quark/ DM is dark baryon — q’ 3 0 1/2 100 |1/3
J; 1 1 1 |12]11]l0] 0

dR 1 3 | -1/3 | 1/2 | 0]1/3] 0

UR 1 3 2/3 | 1/2 [0 [1/3] 0

1 L —
L =Lsv— Y My, NN —m3®'® — myxx — mgq'q’ + Liinetic
i=1,2

— — ]_ - C - C ]_ _ —
— ) AiNix®' — k@15 — A2 (q’ x) (Q’LIR) - 12 (X7*¢) (dryuur) + hec.
i=1,2 1 2

Jia Liu (PKU)



Dark matter and Baryon asymmetry

SU@3) | SU(3) | Uy(1) | Spin | L | B | B’

N1/N, 1 1 0 1/2 0] 0| O

1 — O 5 - _ d 3 1 1 0 -1 0 (1/3

L ZESM — 5 Z MNzNzNz o mCIJ(I)T(I) — My XX — mq’q,q/ £kinetic Y 3 1 1 1/2 110 1/3
v=1,2 1 . q 3 1 o |1/20]o0]1/3

= - ~C_\ (C _ 7

— Z )\z-Nix<I>Jr — K®q' 1 lr — A2 (q’ x) (q’LlR) Az (Xv“q’) (dR%LuR) + h.c. IR 1 1 -1 1/2 |10 |0

i=1,2 1 2 dr 1 3 -1/3 | 1/2 | 0(1/3] 0O

UR 1 3 2/3 1/2 | 0|1/3] O

AB, # O AL # O I+
_q,
B| d > /\C
Dark Baryon Asymmetry _q, >
T
d]”_
Lepton Asym. Baryon Asym. Dark Pion // -
—q' l
ye o
temperature decreases . g .\v\

Mengchao Zhang, 2104.06988 (PRD) I 29
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Dark jets at ee collider

1 L _ —
L =Lgm — 5 Z My, N;NE —m30Td — My XX — Mq'q'q + Liinetic
i=1,2
1 1

— NPT — . I V1S —C NN
7;;2 AMNix®" — k®q' 1R A (q/ X) (q’LlR) A2 (Xfyuq) (dR’)’uuR) L he.

* Relevant Lagrangian

P. Schwaller et al, 1502.05409 (JHEP)

_ 1 _
LD ¢ (D—my)d + (D) (DH®) — m30Td — ZG’“ G — (k®q [lg + h.c.)

e ¢eTe™ — g'q’ followed by dark hadronization

103 —— ete~—=q'q’ @Vs =240 GeV CEPC/k=1.0
] —— e*te~—g'q’ @Vs =240 GeV CEPC / Kk =0.5

e Displaced dark meson decay n; = (g'q’)

102 3

_ - —
e\\/‘/q %
o

I 10! 3

| 0 '

| .

* @ +§ 10° ;
| -

S .

/\\ :

10_2 I 1 I 1 I 1 I
500 1000 1500 2000 2500 3000 3500 4000

mao [GGV]

Mengchao Zhang, 2104.06988 (PRD)
Jia Liu (PKU)
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Higgs portal DM: invisible Higgs decay

e Precision measurement of Higgs

. : 4.9 1ot (7 Tev), 19.7 fo~* (8 TeV), 140 fb™* (13 TeV
e |nvisible Higgs test to 0.07%@CEPC e LTI sl e
CMS preliminary 2% CL limits
—1 ~1
240 GeV, 20 ab 360 GeV, 1 ab 10-36 B(H — inv) < 0.14
ZH vvH ZH | vwvH | eeH ‘ .+~ Higgs portal models
10-%¢4..,. 00000
iﬂClUSive 0.26% 1.40% \ \ """""" m— farmion DM
403 = e, ™ .
Hobb  |0.14%| 1.59% |0.90%|1.10%|4.30% — 10 : oo N
E e \@ctor EFT DM
H—cc 2.02% 8.80%| 16% | 20% S, 10742 — vector DM, 2180 cev
Hos 0.81% 3.40%|4.50% | 12% S = vector i, =35
o 0 . 0 . 0 0 )
56 E 10_44 -=== vector DM%ZO?EeV
H->WW 0.53% 2.80%4.40% |6.50% 0
(7)% 10—46 ------------------
H— 77 4.17% 20% | 21% o T e e
07 _48 direct detection
H— 7T 0.42% 2.10%|4.20% |7.50% 10 o ]
H — 3.02% 11% | 16%. _ DarkSide-50
7Y © 0 7 dop=" -=== PandaX-4T
H — up 6.36% 41% \57% <=« LUX-ZEPLIN
H Z 850? 0.,? 10—52 | 1 1 llllll 1 1 1 lllllI | 1 | L L L L
— . D
R ° 270 10 102 103
Brupper (H — inv.)|0.07% Mpy [GeV]
Ty 1.65% 1.10%

Jia Liu (PKU)
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Vector portal

* The vector portal to DM

Hidden

Sector

 The Interaction: g’ yy” )(Z

o . Standard Dar
e Millicharged DM: EM with ee oty m@ww y secr
u(1) \ "

i . o Heavy Chariedcfaprtg‘;”s L Da rk’ Photon
e Kinetic mixing portal e ks X, U, 2, .
: ! : €~ — 88 lo m_g
o Effective Z' through fermion lon2 o\ 2

mass mixing

S = — lF’MVF/MV : ma2AYA L — lGF'/u/F/“”’
4 oA D

Jia Liu (PKU) 21



Vector portal

* The vector portal to DM

Jia Liu (PKU)

The Interaction: 2’ yy* )(Z

e Millicharged DM: EM with €e

e Kinetic mixing portal

o Effective Z’ through fermion
mass mixing (w/fo\) &7 fZ,

P. Fox, JL, D.T. Smith, N. Weiner, 1104.4127 (JHEP)

DM y is charged under U(1)’

, SM
u(h) charge
l// 1 Yes

....................................................................................................................................................

....................................................................................................................................................

Z D myypy + AR P)fsm

28



Searching DM via mono-photon at CEPC

e DM searches via mono-photon final states

Millicharged DM Z’ portal DM DM EFTs
_ 1 _
L =ecA,xv"x, L= ZL}Z”}/“(Q& — 9351’)’5)X T Z,/Lf’)’“(gxff — 9£”Y5)f, L =A—2xfyuxf’y“€,
V
1 _
- ) e~ ! L =-5Xx¥,
i 4/\/\/\/\/\/ —— W/\/JV ‘Als
ey X ey X y L =A—2>Z’Yu’¥5X€’Y“ V54,
— A
—6b— 1/\/\/\/\/\/ ]. =
7y f 71 L ZPXMX
e X et 2 X ey X :

Zuowei Liu et al, 1903.12114 (JHEP) 29
Jia Liu (PKU)



Mono-photon background at CEPC

* [rreducible background  Reducible background
eTe” — yub eTe” > yeTe”

do/dE, (pb/GeV)

\

100 120

Jia Liu (PKU) Zuowei Liu et al, 1903.12114 (JHEP)
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Constraints on millicharged DM

e The signal distribution at Z (2.6 ab_l), H (.6 ab_l), WW modes (16 ab_l)

| II | I o | | | I I I | I | i | I | | |
10-1LE; _ Millicharge 10-1 - | - _
= | = 1 | Millicharge =
- thoe. V5 =91.2GeV SIF | V5 =160 GeV :
E e I | i Zuowei Liu et al, 1903.12114 (JHEP)
= - _1_ my =25 GeV i o Lo-2L a _
% § -1I ?D) ? - g - — ||||||! — |||i?||| | I;IIIEIII:
gl%“:lo_é Tb' "-[r’"ed 87%: : I i R i : : }
o F i !5*? -_"‘f:?bfeeg " 103 | = 1E | : i 3
s o | ™ = | = = | | I -
107k = 1O ol - - 0 . C | ! : 7]
S SR b B . _ C : Colliders | ! i
f Ol |: 2 : | . B i i n' ) -
10 3 ! T | ! | 10—4 | T U I TR AR L : ,‘I L
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w Y [ TOTPPT — ! .
bosososceozsozozsos | /./ ”f’ =
- I /e mm—-——T -
] [ | _____J: ______ 7-‘-—‘
e The Z/Higgs factory modes can provide 0,01~ T .
- i 7 =
| ] | | | | | ] | | | ] | | | I ‘/./ :
competitive sensitivity comparing with P Ee13 — Hmode
= / —_

s -==7Z-mode

existin g colliders 0.001  BESIL--" WW-mode =

- —
. — —

] ] Illllll ] ] Illllll l | Illllll:
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Jia Liu (PKU)



Constraints on Z’ portal DM model

e The signal distribution at Z (2.6 ab_l), H (.6 ab_l), WW modes (16 ab_l)

vl ' ' L R B AL B ' T T T T T ' ' oo e b ' R
10-1 - : : | : 10~ \'\XENONlT : .
= — : I - . . ]
- 10 1? . . : I E - Visible Channel \ : ]
. F Visible Channel : : . i '\ : i
. 10_2 a _2-.:::::"_-:::::::.1:::- . | - - ;:.._.:.._.:::::::::::::::::;'K—“-_‘:‘ ........ T!_| -_
7 = 1077 ;. E ~. =
5 . e e ik /3 10-2¢ S—— .
8 i i : 1 R e .
~ 1073 — «>10 “‘c;: —
31§ R
1S [
- 1074 Mz = 150 GeV 10-3 |
to~ = - gy=1 :
| | 10-5L — H-mode Z H-mode mz =150 GeV
10-5 | I | I N T AR I| L1 I L E --- WW-mode . ] 10-4 == WW-mode gX =1
0 20 40 60 80 100 120 F e Z_mode : 07%E v Z-mode A _
E GeV —_ , , \ \ \ Lo 1L . . \ , , Lo gL C 1 1 1 1 1 [ | 1 1 1 1 ' R T B
V( ) 10 61 10 100 1 10 100
m,, (GeV) My (GeV)

 The Z/Higgs factory modes can provide competitive sensitivity
comparing with existing colliders and direct detection searches

Zuowei Liu et al, 1903.12114 (JHEP) 32
Jia Liu (PKU)



Probing dark sector models at future Z-factory

exotic decays

topologies

nres

models

Z — ¢gA', A — (T07), ¢g —
(xx)

3A:

Vector portal

Z — X1X2, X2 = X17 0 |1A:5X20" x1Buw (MIDM)
2o B Z — XX 0 |1B: 33-XxByuB" (RayDM)
Z —ay— (E)y 1 |1C: LﬁaBWB‘“’ (long-lived ALP)
Z — Ay = (xx)v 1 |1D: e#P? A’ B, 0,B, (WZ terms)
Z = ¢qA" ;dqa — (vy), A" = (xx)| 2 |2A: Vector portal
Z—E+vy |Z > duda, ¢ — (vy), ¢4 —| 2 |2B: 2HDM extension
(Xx)
Z — Xa2X1, X2 = X160, ¢ = (vy) | 1 |2C: Inelastic DM
Z — X2X2; X2 = VX1 0 |2D: MIDM

Jia Liu (PKU)

Z s B +0te
Z — A'SS — (£6)SS 3B: Vector portal
Z — ¢(Z*|v*) — ol 3C: Long-lived ALP, Higgs portal
Z = xax1 = x14'x1 = (T4 E 3D: Vector portal and Inelastic DM
Z — X2X1, X2 — X144~ 3E: MIDM, SUSY
Z — xxlte~ 3F: RayDM, slepton, heavy lepton mixing
Z — dqA" — (xx)(37) 4A: Vector portal
Z—-E+JJ |7 5 da A" — (bb)(xx) 4B: Vector portal + Higgs portal
Z — xax1 — bbx1 + x1 — bbE 4C: MIDM
Z = oA, dg — 75, A" = 77 5A: Vector portal + Higgs portal

Z — (JJ)(JJ)

Z — ¢pgA’, g — bb, A" — jj

5B:

vector portal + Higgs portal

Z — ¢pgA’, g — bb, A" — bb

5C:

vector portal + Higgs portal

Z =y

Z = ¢y — (v

6A:

ALP, Higgs portal

JL, LT Wang, XP Wang, W. Xue, 1712.07237 (PRD)
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Probing dark sector models at future Z-factory

107" m Gigaz 10712
10_11 m TeraZ 10—11
m HL-LHC

10719 10-10

10~° 10~°
1078 ; 1078
N 1077 1077
m 1076 1076
107> 10-5
107 10~
1073 10-3
10~ 102
1071 10~

JL, LT Wang, XP Wang, W. Xue, 1712.07237 (PRD)
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Outline
e CEPC and New Physics Searches
e SUSY
e Dark Matter and Dark Sector
 Fermion portal — lepton portal
e Higgs portal
e \Vector portal
e EFT models

e Summary

Jia Liu (PKU)
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Searching DM via mono-photon at CEPC

e DM searches via mono-photon final states

Millicharged DM Z’ portal DM DM EFTs
_ 1 _
L =ecA,xv"x, L= ZL}Z”}/“(Q& — 9351’)’5)X T Z,/Lf’)’“(gxff — 9£”Y5)f, L =A—2xfyuxf’y“€,
V
1 _
- ) e~ ! L =-5Xx¥,
i 4/\/\/\/\/\/ —— W/\/JV ‘Als
ey X ey X y L =A—2>Z’Yu’¥5X€’Y“ V54,
— A
—6b— 1/\/\/\/\/\/ ]. =
7y f 71 L ZPXMX
e X et 2 X ey X :

Zuowei Liu et al, 1903.12114 (JHEP) 36
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Constraints on DM EFTs

e The signal distribution at Z (2.6 ab™!), H (5.6 ab™!), WW modes (16 ab™)

L L L L B B DL B LB O 1600 T
E Vector EFT i-:_ ; 1400 T g———
1072 H-mode If:i 5 = 12001~ Z-mode
- - B = oo
T> i 1. ,: !.I 2 % fo0l WW-mode
@ 10_35_ ;.._07* | E %_5 ) 600
§!§ E Ti 3 -i} ; 400~ Scalar(s)
107 ;: E cl'_I'D -1'1 -i} E 2001 e
- o g . 7 3 my (GeV)
i i % | |
10 (l)l|I2|OI|I|4:IOH|6|OII18|O|II1|(I)OI|I1£OI Ji I LA S
E, (GeV) 14001 H-mode
200)-  Zmode
e The Z/Higgs factory modes can ™o
provide competitive sensitivity ~ ool
comparing with existing colliders  »7 .
and direct detection searches | my (GeV
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Searching fermionic DM absorption at CEPC

e | ight DM can provide enough energy to direct detection via down-
scattering (fermionic)/absorption (bosonic)

e Inelastic DM y»,q — x4, Luminous DM long-lived y, — y7

e Fermionic DM down-scattering: ye — ve, no Z» protection

Shaofeng Ge et al, 2201.11497 (JHEP)

0., = (ee)(Lxr),

Oix = (ei1yse)(VLXR),
Oy = (E76) (P X1),
Ol = (EVu75€) (PLY"X L),
OZ:,X = (eo,.e)(7Lo" xr),

Jia Liu (PKU)

e DM iIs stable, because
P m)( < 2m€

e Radiative decay to

v+ y" is small
enough

@Rl >, (D LXRFF

Process
Operator X = VY |X = VYY|X = VYYY || X — 3V
S: Oesux X v X >
P: O(I:,,X X v X >
V: OX,X X X v v
A: O?VX X v % v
1 OZI/X v X x| x|
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Searching fermionic DM absorption at CEPC

e Light DM can provide enough energy to direct detection via fermionic
DM down-scattering: ye — ve

e Actively searched by DM direct
detection experiments

Shaofeng Ge et al, 2201.11497 (JHEP)
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Searching fermionic DM absorption at CEPC

e The future ee collider can also test this scenariom via

e eTe” = yuy,eTe vy, eTe LD, in multi-particle final states

Shaofeng Ge et al, 2306.00657
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Summary

e Future ee collider (CEPC/FCC-ee etc) provides valuable opportunities to test Beyond
the Standard Model physics

e [nteractions with leptons and photons can be generally covered

e Light particles are covered, even larger than \/E/ 2 through 3-body final states

e Much heavier particle can be tested indirectly through precision measurements
e Complementarity with other dark matter studies: direct detection, indirect detection

e Suitable for searching for light dark sector bosons and its complementarity with
gravitational wave studies

e CEPC offers a diverse and extensive research program covering various areas of
fundamental physics

Thank you!

Jia Liu (PKU)
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42



Jia Liu (PKU)

43



