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A. Model-independent Sensitivity to Exotic Higgs decays

The 95% C.L. upper limit on selected Higgs exotic decay
branching fractions at HL-LHC and CEPC

Z. Liu, L.-T. Wang, and H. Zhang, “Exotic decays of the 125 GeV Higgs boson at
future e+e— lepton colliders,” Chin. Phys. C 41 (2017) no. 6, 063102

1073 —

95% C.L. upper limit on selected Higgs Exotic Decay BR

|m CEPC (20 ab™") |

u
(@ HL-LHC

Ay

: * K
(- CEPC* (20 ab™"),

ME, O D, s, Poring, T, TTimg, Coypp) Coeey D) B0y (e Wiy gy,



B. Exotic Higgs potential
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Z. Liu, L.-T. Wang, and H. Zhang, “Exotic decays of the 125 GeV Higgs boson at
future e+e— lepton colliders,” Chin. Phys. C 41 (2017) no. 6, 063102
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C. Higgs exotic decays in SUSY

« MSSM, NMSSM, scMSSM, etc. » — XX}

Y. Tan et al., “Search for invisible decays of the Higgs boson produced at the
CEPC,”Chin. Phys. C 44 (2020) no. 12, 123001
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C. Higgs exotic decays in SUSY

e 29HDM. 3HDM etc. h2 — a101, hl — 101, and hg — hlhl

S. Ma, K. Wang, and J. Zhu, “Higgs decay to light (pseudo)scalars in the semi-
constrained NMSSM,” Chin. Phys. C 45 (2021) no. 2, 023113

TABLE IV: The minimum integrated luminosity for discovering the exotic Higgs decay at

the future colliders, where the “@I, II, III” means the three different scenarios. Scenario I:

hy is SM-like Higgs, and the light scalar a; is CP-odd; Scenario II: h; is SM-like Higgs, and
the light scalar a; is CP-odd; Scenario III: h, is SM-like Higgs, and the light scalar h; is

CP-even.

Future colliders

Deacy Mode
HL-LHC CEPC FCC-ee ILC
(bb) (bd) 650fb~1(@II)  0.42fb~1(@III)  0.41fb~1(QIII)  0.31fb~1(@II)
(47)(33) - 21fb~1(@II) 18fb~1(@II) 25fb~1(@II)
(rrr) () - 0.26fb~1(QIII)  0.22fb~*(@III)  0.31fb~*(Q@III)

(bb) (77 77) 1500fb~1(@QII)  4.6fb~'(@II) 3.6fb~ (QII)
(wtp™)(rtr~)  1000fb~'(@II) _ )

4.4fb~1(@II)




D1. Higgs Exotic Decays via Dark Sector

* the majorana fermion DM candidate y, the singlet charged scalar
mediator S*  p — SE)GFCE) _ prypimy

J. Liu, X.-P. Wang, and K.-P. Xie, “Searching for lepton portal dark matter with
colliders and gravitational waves,” JHEP 06 (2021) 149

* the Higgs decay into a shower
of dark-sector particles, for
example, composite neutrinos.
It Is also motivated by the class
of models with a large number

of light scalars, e.g.,

NNaturalness, electroweak
scale as a trigger, and delayed
or non-restored electroweak

symmetry.
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D2. Z Exotic Decays via Dark Sector

* At the Z resonance, CEPC could potentially yield an enormous
quantity of Z bosons, ranging from Giga (10°) to Tera (10'?)

J. Liu, X.-P. Wang, and K.-P. Xie, “Searching for lepton portal dark matter with
colliders and gravitational waves,” JHEP 06 (2021) 149
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D2. Z Exotic Decays via Dark Sector

e J. Liu, L.-T. Wang, X.-B Wang, and W. Xue, “Exposing the dark sector with future

Z factories,” Phys. Rev. D97 (2018) no. 9, 095044
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E. Higgs exotic invisible decays

e J Liu, X.-B Wang, and K.-P. Xie, “Searching for lepton portal dark matter with
colliders and gravitational waves,” JHEP 06 (2021) 149
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F1. Higgs exotic decays into Long Lived Particles

® Y Zhang, C. Mo, X. Chen, B. Li, H. Chen, J. Hu, and L. Li, “Search for Long-lived
Particles at Future Lepton Colliders Using Deep Learning Techniques,”
arXiv:2401.05094 [hep-ex].

e S. Alipour-Fard, N. Craig, M. Jiang, and S. Koren, “Long Live the Higgs Factory:
Higgs Decays to Long-Lived Particles at Future Lepton Colliders,” Chin. Phys. C
43 (2019) no. 5, 053101

e K. Cheung and Z. S. Wang, “Probing Long-lived Particles at Higgs Factories,”
Phys. Rev. D 101 (2020) no. 3, 035003

e [.Jeanty, L. Nosler, and C. Potter, “Sensitivity to decays of long-lived dark
photons at the ILC,” arXiv:2203.08347 [hep-pAh].

e More detailed discus- sions can be found in section of LLP.



F2. Z exotic decays into Long Lived Particles

e /. S. Wang and K. Wang, “Long-lived light neutralinos at future Z-factories,”
Phys. Rev. D 101 (2020) no. 11, 115018

e [. Calibbi, Z. Huang, S. Qin, Y. Yang, and X. Yin, “Iesting axion couplings to

leptons in Z decays at future e+e- colliders,” Phys. Rev. D 108 (2023) no. 1,
015002

o /. S. Wang and K. Wang, “Physics with far detectors at future lepton colliders,”
Phys. Rev. D 101 (2020) no. 7, 075046

e More detailed discus- sions can be found in section of LLP.



G. The 95 GeV Higgs boson at the CEPC

 CMS observed a local excess with 2.8 o significance at 95.3 GeV
in the Run 1 result. Using both ATLAS and CSM Run 2 results, an

excess of 3.10 was obtained.

 The S2HDM represents a template for a broad class of models
where a mostly gauge-singlet scalar particle, /iys

S. Heinemeyer, C. Li, F. Lika, G. Moortgat-Pick, and S. Paasch, “Phenomenology
of a 96 GeV Higgs boson in the 2HDM with an additional singlet,” Phys. Rev. D
106 (2022) 189no. 7, 075003

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




H. Top quark exotic decays

e Z Li, X. Sun, Y. Fang, G. Li, S. Xin, S. Wang, Y. Wang, Y. Zhang, H. Zhang, and Z.
Liang, “Top quark mass measurements at the tt threshold with CEPC,” Eur. Phys.

J. C 83 (2023) no. 4, 269

Source Miop Precision (MeV)

Optimistic Conservative

0.12 Statistics 9 9
Theory 8 24
0.10} Quick scan 2 2
. 0.08" ag 17 17
+ -
= Top width 10 10
1+ 0.06 : .
= Experimental efficiency ) 44
~ I
R 0.04 Background 2 14
- Beam energy 2 2
0.02 -
Luminosity spectrum 3 6
0.00 ‘ = : = ‘
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® K. Kong, H.-S. Lee, and M. Park, “Dark decay of the top quark,” Phys. Rev. D 89

(2014)no. 7, 074007



Summary

* Exotic Higgs/Z/top decays based on researches recent years
have been included in the white paper.

 CEPC has great potential to detect these exotic decays.

 Some works may not be included yet. Please let us know.

Thanks!



