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Motivation: dark sector probes
at CEPC

* How to related with new physics

LEP Shines Light on DM (Fox et al
1103.0240)

e Electroweak Precision Observable (Linear
collider report 1504.01726)

e Zinvisible width (Carena et al hep-ph/
0308053)

e DM physics (many...)
e Lepton flavor violation (see Qin Qin’s talk)

e Dark sector at low energy ee collider e.g. BES-
[ll, BaBar

e Dark Higgstraulung to multi-leptons (Shuve
et al 1710.07635)

2 Jia Liu, Beijing, 7 Nov 2017



Motivation: dark sector probes
at CEPC

* How to related with new physics

LEP Shines Light on DM (Fox et al
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Invisible Higgs
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Motivation: dark sector probes
at CEPC

e Future Z factory (Giga/Tera)
e Resonant prod ~59000pb, 10A9/10/M12 Z

e Direct search on dark sector via exotic Z

decay 5
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Exotic Z decay at CEPC

Dark Sectors 2016 Workshop: Community Report
1. Dark sector models

([ € my,
» Higgs portal + DM 5 o8O B,, F'" | vector portal
+ N2 VHH | Higes portal
e \ector portal + DM L4 (ne ?’) 55 .p
ynLHN | neutrino portal
e Axion-like particle \ J%‘;FWFW : \ axion portal.
e Higher dimensional Operator Marco’s talk

 Comparing with existing collider and DM limits
2. Exotic Z decay topologies
* Motivating topologies
» Classifying by final state and resonances
e Limits on BR

3. CEPC specialty: focus on invisible final state
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Higgs portal + DM

e | agrangian
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e Scalar mixing
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* |nteractions and decays
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Higgs portal + DM

e Limit from exotic Zdecay 7 — 52* — (xx) + ¢

e \arious constraints
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Higgs portal + DM

e Limit from exotic Zdecay 7 — 52* — (xx) + ¢
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Vector portal + DM

e Vector Lagrangian

1 | : 1 €
_ uv 1 Nz
Lhoson = = By B — 2 Wi, W — Z I, KM + 3o B K
* Vector mixing
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Vector portal + DM

e Complex Scalar DM Lagrangian
Ls = (0,8 +1igpK,S)* (0"S +igpK"S) — mgS*S

e Connectionto Z

2
Mz sMm

(m%( — mzz, SM

Ls D g55*S (Ku + tye

e \/arious constraints
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Vector portal + DM

e Complex Scalar DM Lagrangian
Ls = (0,5 +igpK,S)*(0"S +igpK"S) — mzS*S +

+ (MCI)*SS + hC) .
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Axion-like particle

e | agrangian

1
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e |nteractions and decays
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Axion-like particle

e | agrangian
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e |nteractions and decays
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Higher dimensional operator

e UV model
1

£ = X(i = my)x —|50mX X+ $ (i) — My)yp + (D")1(Dug) — Mo'é +|(Apxd + huc.},

* Interactions: Magnetic inelastic DM and Rayleigh DM weiner, vavin)
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3
ARayDM

- -
iﬂ N ﬁ)ﬂ +
f JAVAVAV
g P (@ v

e Scale from mass in the loop
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Higher dimensional operator

e Magnetic inelastic DM and Rayleigh DM
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Exotic Z decay topologies

* Exotic Z decay final states
Z = npl + nyy + g - 00 + ngedq

exotic decay |topologies Nres |Models
Z = X1X2, X2 = X17 0 |2A:5X20" X1 B, (MIDM)
Z — XX 0 [2B: 45xxBuwB" (RayDM)
Z—FE+r -
Z —ay— (F)y 1 |2C: ﬁaBWBW (long-lived ALP)
Z — Ay = (xx)y 1 |2D: e#r? A’ B,0,B, (WZ terms)
Z = ¢qA" pg — (vv), A" = (xx)| 2 |3A: Vector portal
Z—=FE+vy |7 = oadA, o1 — (7Y), ¢4 —| 2 |3B: 2HDM extension
(xx)
Z — X2X1, X2 — X10, ¢ — (v7Y) 1 |3C: Inelastic DM
Z = X2X2, X2 = YX1 0 |3D: MIDM
Z — ¢pgA', A" — (007, ¢qg —| 2 |4A: Vector portal
Z—E+ 0t ()
Z — A'SS — (¢0)SS 1 |4B: Vector portal
Z — (2% |v*) — ol i~ 1 |4C: Long-lived ALP, Higgs portal
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Z — X2X1, X2 — X1£+f_ 0 |4E: MIDM, SUSY
Z — xxbTe 0 |4F: RayDM., slepton, heavy lepton mixing
Z > FE+JJ similar to J 4+ ¢T4~ 15
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Exotic Z decay topologies

* Exotic Z decay final states

Z = npl + nyy 4+ np -0 + ngydq

Z — (JJI)(JJ)

7 — ¢g Al — (JI)(JJ)

6A: Vector portal

Z = ¢goa — (JJ)(JJ)

68B: 2HDM

Z — G()Go, Go — (bb)

6C: Hidden Valley

2=y

Z = ¢y = (1)

7A: ALP, Higgs portal
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CEPC collider setup

e Detector performance

OFE 0.16
Photon energy resolution: T = @ 0.01,
GeV 1073GeV
Lepton momentum resolution: A (Z —2x107° @ T © :
2 ppsin 0
OFE; 0.3
Jet energy resolution: —2 = $ 0.02.
&Y Ej \/ Ej/GeV

e Preliminary cuts

In| <2.3,Ey >10GeV, E; > 5GeV, E; > 10GeV, Eqgr) > 10GeV,
2Min(E7, E7) (1 — cos 0;5)
E2

V18

> 0.001

Yijg =

e SM background including one photon from ISR
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Limits on exotic Z decay BR
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e Di-Lepton + MET
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Summary

* Dark sector models
* Higgs portal, Vector portal,
* Axion-like Particle, Higher dimension Operator

e Can provide leading and complementary constraints comparing to
current collider limits and DM limits
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Summary

e Exotic Z decay topologies

e Sensitivities on BR

(¢~ + MET > vy + MET > JJ + MET > v + MET

10-125 = GigaZ:
5 w TeraZ:

Br{Z]
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Thank you!



