
  Based on arXiv: 2104.11563, 2204.10156, 

2310.06526, 2503.21083 

Jin Sun

Institute for Basic Science, Korea

Dark photon mixing effects 

and CP violation

CLHCP2025,   Henan Normal University,   31/10/25

Author ID

  Work with Xiao-Gang He, Michael J. Ramsey-Musolf, 

Wei Liu, Zhi-Peng Xing,  Fei Huang, Yu Cheng

https://arxiv.org/abs/2104.11563
https://arxiv.org/abs/2204.10156
https://arxiv.org/abs/2310.06526
https://arxiv.org/abs/2503.21083


Research logic

CP violation, EW bounds, DM,

Mixing effects

2/23

sunjin0810@ibs.re.krDark photon 

Kinetic mixing Mass mixing

Abelian Non-Abelian New scalars

phenomenology



1 Introduction

Dark photon mixing effects

CP violation 

Conclusion

2

3

4



Introduction
sunjin0810@ibs.re.kr

4/22

Portal

 1. Spinor: Neutrino


 2. Scalar: Higgs


 3. Pseudo-scalar: Axion


 4. Vector: dark photon
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Dark photon

2. Dark: No charge under SM gauge groups 

1. A new U(1) gauge boson acting like photon

No direct interaction with SM particle

Dark photon: massless or massive

3. SM particle without charge under new U(1) 

1. Renormalizable dimension 4 operator

2. Enlighten : dark photon interacts with SM particles 
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Existing limits for Dark photon

arXiv:2005.01515    
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Abelian kinetic mixing

Holdom 1986, Foot&He 1991

Rewrite in the canonical form to identify 
physical gauge  boson (remove mixing term) 

a. Redefined X with no coupling to jµY ---dark

b. Redefined Y with no coupling to jµx ---no dark

Which one is the correct one to choose? 
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Non-Abelian kinetic mixing
Not gauge invariant

1. triplet scalar

gauge singlet
non-renormalizable dimension 5

2. Higher order

non-renormalizable dimen-6

< Σ > = vΣ

How to contract index a

Generate the kinetic mixing from renormalizable theory? 
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1. Additional scalars: New doublet and singlet

2. New broken modes: EW and U(1) symmetry 

New scalars introduces a new mass mixing pattern, 
which is clearly distinct from kinetic mixing

ℒscalar = Σi |Dμϕi |
2 Dμϕi = (∂μ + igTiW̃iμ + ig′￼YỸ′￼μ + igXQdX̃′￼μ)ϕi

New effect-mass mixing

ϕ1 : (1,2,1/2)(0), ϕ2 : (1,2,1/2)(1), ϕd : (1,1,0)(1)

ϵ =
1
σ

2gX

g′￼

v2
2

v2
Mass mixing

JS,ZPX, 2310.06526
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Z interaction

tan(2θ) ≈
2σsW(1 − ϵ)

1 − r̃2

X interaction
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CP violation

CP conserving

CP violating

1. Abelian 

2. Non-Abelian 

Fuyuto, He, Li, Michael, 2019vfe,

CP violating non-Abelian kinetic mixing 
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YC, XGH, RMM, JS, 2104.11563Renormalizable CPV

Renormalizable CPV non-Abelian kinetic mixing effect? 

New fields generate the operator from loop order 
Scalar: No generate CPV due to tensor

Fermion: SU(2)L multiplet

Type-III seesaw model Lepton triplet

EDM
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EDM constraints

n2EDM

arXiv:1208.4507
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g f
V = g̃ f

V (cθ + sθ
σsW

1 − σ2 ) + 2sθ
σsWc2

W

1 − σ2
≈ g̃ f

V [1 + σ2s̃2
W ( 1 − ϵ

1 − r̃2
−

(1 − ϵ)2

2(1 − r̃2)2 )]

jμ
Z = −

e
2sWcW

f̄γμ(g̃ f
V − g̃ f

Aγ5)f , g̃ f
V = If

3 − 2Qf s2
W , g̃ f

A = If
3

g f
A = g̃ f

A (cθ + sθ
σsW

1 − σ2 ) ≈ g̃ f
A 1 + σ2s2

W (−
(1 − ϵ)2

2(1 − r̃2)2
+

1 − ϵ
1 − r̃2 )

No kinetic σ = 0

No mixing ϵ = 1
Z boson phenomenology

Special cases General case

No  mass ϵ = 0
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Δm2
W = − m2

Zc2
W

σ2s2
W

(1 − r̃2)(1 − t2
W)

(1 − ϵ)2

Fit results
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jμ
Z′￼

= − i
gD

2
(χ2γμ χ1 − χ1γμ χ2)

inelastic dark model

Lepton collider searches
αD = ϵ = 0.1
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Summary

1. The dark photon provides a compelling portal 
between the visible and dark sectors.


2.  Various mixing mechanisms—such as kinetic, 
non-Abelian, and mass mixing—can occur in dark 
photon models.


3. CP violation is explored in conjunction with  

    relevant phenomenological implications.
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Type-III seesaw
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Renormalizable CP violation
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SM fermion EDM

Two loop(dominant)

at one loop level No Z-X mixing Barr-Zee

Cancel
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CP conserving

CP violating

CPC and CPV kinetic mixing



Common regions
sunjin0810@ibs.re.krZ boson physical processes

Common region to satisfy the constraints simultaneously

mX < mZ mX > mZ
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STU and W mass

αS =
4s2

Wc2
Wσ2

1 − m2
X /m2

Z (1 −
s2
W

1 − m2
X /m2

Z ) , αT = − σ2s2
W

m2
X /m2

Z

(1 − m2
X /m2

Z)2
,

αU = 4s4
Wc2

Wσ2 (−
1 − 2m2

X /m2
Z

(1 − m2
X /m2

Z)2
+

2
1 − m2

X /m2
Z ) . ρ = 1 +

4v2
Σ

v2
= 1 + αTΣ,

Non-Abelian

Δm2
W = m2

Zc2
W (−

αS
2(c2

W − s2
W)

+
c2

WαT
(c2

W − s2
W)

+
αU
4s2

W )
= − m2

Zc2
W

m2
Z(1 − s2

W)σ2s2
W

(m2
X − m2

Z)(−1 + 2s2
W)

+ m2
Zc2

W
c2

W

c2
W − s2

W

4v2
Σ

v2
.

mX > mZ1. Only abelian
2. Non-abelian Positive contribution

YC, XGH, FH,ZPX, JS, 2204.10156


