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1. Exotic Higgs/Z/top decays

B Higgs exolic decay motivated by a large class of BSM physics,
such as singlet extensions, two Higgs-doublet-models (2HDM),
SUSY models, Higgs portals, gauge extensions of the SM ...

h—9 h—2-3—4 h—2—(1+3 h—2 4

Representative topologies of the Higgs exotic decays

B Exotic Z or top decays are also motivated by many BSM models
(ED, Heavy Vector Triplet, ...) and can also be searched at CEPC

B Light Higgs are motivated by 2HDM and Axion-like particle
models, which can be searched at CEPC well if they exist.
©



Exotic Higgs/Z/top decays
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https://arxiv.org/abs/1612.09284

Light Higgs

B Light Higgs are motivated by 2HDM and Axion-like particle models
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2. Dark Matter and Dark Sector
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2. Dark Matter and Dark Sector
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2. Dark Matter and Dark Sector
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3. Long-lived particles (LLP)

Long lifetimes result from a few simple physical mechanisms:

« Small couplings (ex. RPV SUSY)

 Limited phase space: small mass splitting (ex. compressed SUSY, ...)
« Heavy intermediate states

----- neutral displaced EBSM o (
. GhaE HSCP ot ~Fo Higgs boson decays
== any charg o K . _
s Lol Z-boson decays
mowtig] . SUSY LLP
disappearing displaced .
track lepton * Vector-like leptons

with scalar

= 24% displaced - Far Detector can
LNy B help a lot!
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¥ displaced out-of-time decays ‘ /

conversion

displaced ;
dijet
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vertex




3. LLP at Far Detector (FD)
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4. SUSY Searches at CEPC

B SUSY: establishes a symmetry between fermions and bosons,

solve many big questions: unification, DM, Hierarchy, ......

[ o
B Complementary with LHC: lower mass/soft energy region
o o o
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4. SUSY Searches at CEPC
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Measurement Current Limit CEPC [272]
5. Flavor portal NP prrramsscr—arre
BR(Z — Te) <5.0x1076 0(107%)
BR(Z — pe) <7.5x%x1077 10-8 — 10719
B CEPC is also a flavor factory BR(r - aa) c21x10%  010-1)
(b,c,tau) when running at Z pole, BR(r — ece) <27x10°% 01071
which has a unique sensitivity for BR(r = epp) S2TXW0E 0007
BR(T — pee) <18x1078 0(10719)
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. . BR(T — pv) <4.4x10 0(10~1)
suppression in SM BR(T — e7) <3.3x107% 010719
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> two orders of magnitude improv.



6. EWPT at CEPC

B The nature of Electroweak Phase Transition (EWPT) deeply impacts
the thermal history of the Universe, closely linked to puzzles of DM,
matter-antimatter asymmetry

- Probing the nature of EWPT at colliders

t The SM: .
crossover Smooth transition
i peratur |
] drops
v

(h) =0

In the SM, the transition
1s a smooth crossover

Vr(h,T)

The Higgs field h

t New physics:
t FOEWPT Temperature drops ]

The Higgs field h

In NP, the scalar potential
exhibits a barrier,
allowing for a FOEWPT
with bubble nucleation
and expansion

Vr(h,T)

- Higgs precision measurements

- Higgs exotic decay



6. EWPT at CEPC
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Ly = 16,150,750 ab™*

7. Neutrino physics & LR
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8. More exotics

High precision of Z, h width \%/

offers power test of exotics ’

process of Lepton /§

number/flavor violation, Sterile
10’

T ete™— yye'e
states, Axion-like particles ...
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8. More exotics

High precision of Z, h width
offers power test of exotics

process of Lepton
number/flavor violation, Sterile
states, Axion-like particles ...

«  Axion-like particles (solve
“strong-CP” problem)

 Lepton form factors (u /e g-
2, M le dipole moments in
SUSY, T weak-electric
dipole moments)

« Emergent Hadron Mass

 Exotic lepton mass models
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9. Global fits
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Global fits: an essential tool
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models for future searches
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CEPC has the potential to greatly
enhance our understanding of
the parameter space and mass
spectrum in the MSSM.
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Summary and Outlook

B CEPC has good discovery potential for NP, which is
good complementary to LHC

B Partial of BSM prospects at CEPC are included in
CEPC snowmass white paper in 2023:

B CEPC BSM white paper is preparing and to
be ready for review by this year

B Please let us know if you would like to help
to polish and review the BSM white paper !

Thanks for your attention! ©


https://arxiv.org/abs/2205.08553
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- CEPC

(Baseline Design)
Particle Flow Approach
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Operation mode Z factory WW threshold Higgs factory ¢t

Vs (GeV) 91.2 160 240 360
Run time (year) 2 1 10 5
Instantaneous luminosity
191.7 26.6 8.3 0.83
(1034em 2571, per IP)
Integrated luminosity
100 6 20 1
(ab~1, 2 IPs)
Event yields 3 x 1012 1 x 108 4x10% 5x10°
. . o 10°
TABLE I: Nominal CEPC operation scheme, and the physics yield -
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Light Higgs

B Light Higgs are motivated by 2HDM and Axion-like particle models
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. CMS 132.2/fb @ 13 TeV: Local 1.7 c @ mH = 95.4 GeV

Local (global) 2.9 (1.3) o @ m = 95.4GeV +« CMS 132.2/fb @ 13 TeV: gg¢ (¢—>17)
* Previous CMS result 20+36/fb@ 8+13 TeV: Local (global) 3.1 (2.7) c @ m = 100 GeV

Local (global) 2.8 (1.3) c @ m = 95.3 GeV Local (global) 2.8 (2.2) c @ m = 1200 Ge\

The excess did not grow with luminosity, but remains intriguing, @
which can be searched at CEPC very well if exists.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/index.html
https://arxiv.org/abs/2208.02717

9. Global fits

Global fits: an essential tool
to obtaining a thorough
understanding of a NP
model, and the implications
and predictions of the
models for future searches
and experiments.

« SUSY global fits
« 2HDM
« SMEFT

-  SMEFT global fit for 4-fermion and
CPV operators at future colliders

- The sensitivity to NP from global fit is
significantly enhanced thanks to the
high energy/ luminosity/beam
polarization of future lepton colliders

95% CL scale limits on 4-fermion contact interactions from O, g
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