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 colliderse+e−
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BEPCII/BESIII
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BESIII

6

主漂移室（MDC）：|cos θ | < 0.93

⻜飞⾏行行时间计数器器（TOF）：|cos θ | < 0.83 0.85 < |cos θ | < 0.95
电磁量量能器器（EMC）： |cos θ | < 0.83 0.85 < |cos θ | < 0.93
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STCF
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From H. Peng @CHARM18 
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PEP-II/BaBar
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The BaBar detector was built at SLAC to study the millions of B mesons produced by the PEP-II storage ring. 

Cerenkov Detector
(DIRC)

1.5 T solenoid Electromagnetic Calorimeter

Drift Chamber

Instrumented Flux Return Silicon Vertex Tracker

e+ (3.1 GeV)

e- (9 GeV)

http://www.slac.stanford.edu/
http://www.slac.stanford.edu/grp/ad/ADPEPII/ADPEPII.html
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PEP-II/BaBar
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SuperKEKB/Belle-II
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SuperKEKB/Belle-II
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From X. Wang @HFCPV19 
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CEPC
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e+e− → ZH
s = 240 GeV
L = 5.6 ab−1

H Mode:  

e+e− → Z
s = 91.2 GeV
L = 16 ab−1

Z Mode:  

e+e− → W+W−

s = 158 ∼ 172 GeV
L = 2.6 ab−1

W Mode:  
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DM @  colliderse+e−
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Undetected 

Monophoton
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Millicharge DM models
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Zuowei Liu, Yu Zhang, 1808.00983, PRD
Zuowei Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
Jinhan Liang, Zuowei Liu, Yue Ma,Yu Zhang, 1909.06847
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Charge quantization
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Qu = 2/3

Qd = − 1/3

Qe = − 1

QW = ± 1
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Millicharge
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• In general, electric charge can be of any value 

•  

• ,       is millicharged 

• Stringent constraints on millicharge of SM particles

ℒint = εeAμ χ̄γμ χ

ε ≪ 1 χ

Marinelli et al. 1984 

Bressi et al. 2011 

Baumann et al. 1988 

Barbiellini et al. 1987 
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Constraints on millicharge

17

Jaeckel, Ringwald, 1002.0329 
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Constraints on millicharge
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Jaeckel, Ringwald, 1002.0329 

该区域限制很弱
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Millicharge & 21 cm anomaly 
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Bowman et al., Nature25792 (2018); Barkana, Nature25791 (2018); 
Munoz, Loeb, Nature 557 (2018) no.7707, 684; + others 
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Millicharge @  colliderse+e−
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e+e− → χχ̄γ
ℒint = εeAμ χ̄γμχ
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Irreducible backgrounds

21

e+e− → νν̄γ
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Basic detector cuts 

22

BESIII, 1707.05178 

• EMC桶部(barrel)：            
 

• EMC端盖(end-caps)：

Eγ > 25 MeV & |cos θγ | < 0.8

Eγ > 50 MeV & 0.86 < |cos θγ | < 0.92

BESIII & STCF:

CEPC:
•  Eγ > 0.1 GeV & |cos θγ | < 0.99

CEPC, 1811.10545 
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Xsec versus colliding energy
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Basic Cuts

Smaller colliding energy has better sensitivity !
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Distributions at CEPC

24

After Basic Cuts
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Distributions at CEPC
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After Basic Cuts
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Distributions at CEPC

26

After Basic Cuts
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⻜飞⾏行行时间计数器器（TOF）：|cos θ | < 0.83

27

γ
主漂移室（MDC）：|cos θ | < 0.93

0.85 < |cos θ | < 0.95
电磁量量能器器（EMC）： |cos θ | < 0.83 0.85 < |cos θ | < 0.93

Reducible backgrounds
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单光⼦子产⽣生的标准模型可约背景

28

1.共振态衰变（⽐比如 J/𝛙 → ɣ X） 

①J/𝛙 → ɣ ν ν    可忽略略的不不可约背景， 

        Br=0.7× 10-10  Gao 1408.4552  

②J/𝛙 → ɣ X    末态X探测不不到 

2.过程e+ e- → e+ e- ɣ  末态电⼦子探测不不到 

3.过程e+ e- → f f ɣ  末态ff探测不不到 

4.过程e+ e- → ɣ ɣ ɣ  末态只能探测到⼀一个光⼦子
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AcMs, Mastrolia, Ossla, 0909.1750 

标准模型e+ e- → e+ e- ɣ过程

29
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AcMs, Mastrolia, Ossla, 0909.1750 

collinear singularity in the t-channel 

标准模型e+ e- → e+ e- ɣ过程

30
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标准模型中单光⼦子产⽣生截⾯面
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Mana, MarMnez, NPB 1987 

e+e− → e+e−γ

e+e− → νν̄γ
Eγ > 1 GeV & θγ > 20∘

θe < 5∘
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Advanced cuts

32

γ z

E1E2
θ1π − θ2

e+e− → e+e−γ, |cos θe± | > 0.95
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BESIII & STCF sensitivity on millicharge
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χ2
i (ε) ≡

S2
i

Si + Bi

χ2
tot(ε) = ∑

i

χ2
i (ε)

χ2
tot(ε95) = χ2(0) + 2.71
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CEPC sensitivity on millicharge
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L = 5.6 ab−1

L = 16 ab−1

L = 2.6 ab−1
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Cuts at Belle II
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Belle II, 1808.10567
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Sensitivity at Belle II
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Belle II, 1808.10567
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Optimized cut
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Emin
γ < Eγ < Emax

γ Emax
γ = (s − 4m2

χ )/(2 s)

ΔEγ ≡ Emax
γ − Emin

γ

ε=0.001 mχ = 0.1 GeV

ε=0.001 mχ = 1 GeV

e
+
e
-→ ννγ

0.05 0.10 0.50 1

0.001

0.010

0.100

1

10

Eγ (GeV)

d
σ
/d

E
γ
(f

b
/G

e
V
)

|cosθγ|<0.8 or 0.86<|cosθγ|<0.92

s = 4.6 GeV
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Limits from BaBar data
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e+e− → Υ(3S) → γA0

High-E (28/fb): 3.2 GeV < Eγ
cm < 5.5 GeV, − 0.31 < cos(θγ

cm) < 0.6

Low-E (19/fb): 2.2 GeV < Eγ
cm < 3.7 GeV, − 0.46 < cos(θγ

cm) < 0.46

BaBar, 0808.0017
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⼩小结
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 DM modelsZ′�

40

Zuowei Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
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Xsec versus mass

42

M′�Z = 150 GeV
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Distributions and cuts
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In the H mode: (for m < 75 GeV)

 

147 GeV < Mγ < 153 GeV

Mγ = s − 2 sEγ
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Sensitivity at CEPC

44
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DM effective operators
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Zuowei Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
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Vector:

Scalar(s):

Axial vector:

Scalar(t):
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Distributions
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Sensitivity at CEPC

48
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Dark photon invisible decay 
at BESIII/STCF

49

Yu Zhang, et. al., 1907.07046, PRD
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Dark photon

50

ε

ℒkinetic mixing = −
ε
2

F′ �μνFμν
ε

εQf A′�f̄γμ f
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Dark photon production at colliderse+e−
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Xsec versus energy and mass
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Limits

53
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Constraints on light thermal DM
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y = ε2αD(mχ /mA′�)4

mA′� = 3mχ, αD = 0.5 mA′� = 3mχ, αD = 0.005
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安徽⼤大学
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安徽⼤学(Anhui University)是国家“双⼀流”建设⾼校，安徽省⼈民政府与教育部共建⾼校，安徽省属重点综合性⼤学。
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