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Dark Matter and Dark Sector :

e Standard Model e Dark sector
=fermionst+force mediators =DM+dark mediators

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Dark Matter and Dark Sector e

Annihilation

SM

SM

\ Dark mediator X

DM X with small coupling to SM
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rermion Portal BT

JL, S. Brian, N. Weiner, I. Yavin, 1303.4404 (JHEP)
Y. Bai, J. Berger, 1308.0612 (JHEP)

* T'he Fermion portal to DM SM
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e The Interaction: Afq,,

e Dark Matter and Dark Sector I I

* Fermion portal — lepton portal
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S ¢ can be DM as well!



t)) Searching lepton portal dark sector at CEPC ::::::iiiiin

1 1

Ly = 55@3)( — 5 XX Y (XLSWR + h-C-) ,

Ls= (D*S)'D,S —V(H,S),
V(H,S) = phlHI* + 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



Dark sector particle production in 3-body final state :::::::::::000

JL, XP Wang, KP Xie, 2104.06421 (JHEP)
e 3-body final state: ete™ — STS™ = Sty = ()l y

e Reaching higher mass: m¢ 2 \/5/2 = 120 GeV

150F " "t e A i 150F " " TTTTTT e AR i
- Right-handed selectron-like S* - - Right-handed smu6n-like S* -
5 et ) [ *
- LHC Run-lI (5=eX) 1 - LHC Run-lI
_ 100:_ Compressed _: _ 100:_ Compressed
% : 74 Projections ] % i Projections
(D - | / i ats ab—1 LHC ] (D L ats ab‘1
> | // Run-11 - >
S 50F ' ' “ S 50F
- LHC -
SRR 7 Lep .
e 0] IR I i s e et 0] Rl S s s B
""" 50 1 OO 1 50 200 50 1 OO 1 50 200

. ms [GeV] ms [GeV]



Exotic Higgs decay constraints SR

JL, XP Wang, KP Xie, 2104.06421 (JHEP)
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Future ee collider search and GW complementarity ::::::::::00000

JL, XP Wang, KP Xie, 2104.06421 (JHEP)

e Higgs precision measurement can Ly = oxidx — smyxx +ue (XpS'r +he.),
cover 1st order phase transition Ls = (D"S)' D,S — V(H,S),

region, Mg, up to hundred of GeV  V(H,S) = uulHI" + ksl SI® + AulHI* + As|SI" + 22s | H[*|S |
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) Asymmetric dark matter connecting to lepton portal @@l

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

e The dark matter is dark baryon and asymmetric

SU(3)' | SU(3) | Uy(1) | Spin | L | B | B’ |
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Dark matter and Baryon asymmetry

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

Mengchao Zhang, 2104.06988 (PRD)
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* Relevant Lagrangian

P. Schwaller et al, 1502.05409 (JHEP)
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e ¢Te”™ — G'q’ followed by dark hadronization

103 —— ete~-q'q' @Vs =240 GeV CEPC/k=1.0
‘ —— e*e~—g'q’ @Vs =240 GeV CEPC / k=0.5
> g N » Displaced dark meson decay 7, = (g'q’)
e q 2
- .
| 101-E
| 0 :
* @ JS’ 10° 5
[ N ]
5
...... 10 5(I)0 10'00 15I00 20l00 25'00 3OI00 35l00 4000
...... + ,
...... € q

meo [GGV]



Outline s

e Dark Matter and Dark Sector
* Fermion portal — lepton portal
* Higgs portal
e \Vector portal

e EFT models

oo e Summary



e Precision measurement of Higgs

* |nvisible Higgs test to 0.07%@CEPC

240 GeV, 20 ab™!| 360GeV, 1 ab~!
ZH vvH ZH | vvH | eeH
inclusive 0.26% 1.40%| \ \
H—bb 0.14%| 1.59% (0.90%1.10% |4.30%
H—cc 2.02% 8.80%| 16% | 20%
H—gg 0.81% 3.40%|4.50% | 12%
H—-WW 0.53% 2.80%4.40% 6.50%
H—Z77 4.17% 20% | 21%
H— 717 0.42% 2.10%4.20%(7.50%
H — vy 3.02% 11% | 16%.+
.. H — up 6.36% 41% 57%
H—Zv  |8.50% 55%
o Brypper (H — inv.) |0.07%
.. Ty 1.65% 1.10%

Higgs portal DM: invisible Higgs decay
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Pseudo-Scalars at the Z-factory CLliiiiiiiiin

e A pseudo—scalar connection to muon g-2

2
maO 2 | o*a
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e Couplings to muon, Hypercharge field B, and SU(2) W
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------ W.Y. Keung et al, hep-ph/0009292

...... W.J. Marciano et al. 1607.01022

...... M. Bauer, M. Neubert, A. Thamm, 1708.00443

...... M. A. Buen-Abad, J. Fan, M. Reece, C. Sun 2104.03267
e e JL, X. Ma, L.T. Wang, W.P. Wang 2210.09335 (PRD)



Pseudo-Scalars at the Z-factory atiiieiiaiin

JL, X. Ma, L.T. Wang, W.P. Wang 2210.09335 (PRD)
e A pseudo-scalar connection to muon g-2 and future Z-factory
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Vector portal i

* The vector portal to DM

Hidden

Sector

 The Interaction: g’ yy” )(Z
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Vector portal i

* The vector portal to DM

, , SM
| () ~ charge
o The Interaction: g’ yy” )(Z —
1 Yes
e Millicharged DM: EM withee
» Kinetic mixing portal 1 N
,,,,,, o Effective Z' through fermion 0 Ves

..o mass mixing (W/fSM)
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Searching DM via mono-photon at CEPC ::::::::iiiii

Zuowei Liu et al, 1903.12114 (JHEP)

e DM searches via mono-photon final states

Millicharged DM Z’ portal DM DM EFTs
L = e A XX, L = Z,xv" (g% — g575)x + ZL.F* (98 — a%s) C =Ai2>27uxl77“&
%
o~ Y e~ Y L zéixl@,
> M o M e~ Y 1 _
ey X ey X S el =H>2w75x€7“75€,
et Y % et A . 1 X £=AL%X€ZX
e’ >



Constraints on millicharged DM

e The signal distrib
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Constraints on Z’ portal DM model SRR

Zuowei Liu et al, 1903.12114 (JHEP)

» The signal distribution at Z (2.6 ab™!), H (5.6 ab™!), WW modes (16 ab~!)
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UV Complete model for dark 2’ i

JL, Xiao-Ping Wang, Felix Yu, 1704.00730 (JHEP)

e Kinetic Mixing Portal: A’ should kinetic mixing with Hypercharge field

1 / UV 1 YAMA! 1 / UL !
g:—zF/ﬂ/F +5mA/A Aﬂ_EGFﬂ T 8 ﬂ]D

e / gauge boson is involved (K denotes A’)
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https://arxiv.org/abs/1704.00730
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Exist but usually overlooked
Could be tested at future Z-factory (e.g. CEPC)

...... Vanish in the m, << m, limit

ERERE E.g. if dark scalar is contained in the current j,


https://arxiv.org/abs/1704.00730
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Searching fermionic DM absorption at CEPC ...

_ _ . Shaofe_ng Ge e_t al, 2201.11497 (JHEP)
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
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Searching fermionic DM absorption at CEPC ...

Shaofeng Ge et al, 2201.11497 (JHEP)

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

104> \

e Actively searched by DM direct
detection experiments
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Searching fermionic DM absorption at CEPC  :::::::::i:ii:

Shaofeng Ge et al, 2201.11497 (JHEP)
e The future ee collider can also test this scenariom via

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

e Collider complementary between DM
direct and indirect experiments
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Summary oiiiiiiiiiin

e Future ee collider (CEPC/FCC-ee etc) provides valuable opportunities to

dark matter and dark SeCtOr JL, LT Wang, XP Wang, W. Xue, 1712.07237 (PRD)
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