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Dark photon

Abelian/Non-Abelian kinetic mixing

CP violating kinetic mixing

Renormalizable CP violating kinetic mixing
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Portal

No charge under SM gauge groups

 portal Dark sectors visible sectors

  Spinor: Neutrino
  Scalar: Higgs
  Pseudo-scalar: Axion
  Vector: dark photon

No direct interaction with SM particle 5/30



Holdom 1986, Foot&He 1991

1. Renormalizable dimension 4 operator
2. Enlighten : dark photon interacts with SM particles 

Gauge group

Rewrite in the canonical form to identify physical guage  
boson (remove mixing term) 6/30



arXiv: 1408.0233,  PRD94(2016)055018, PLB770(2017)101

1. triplet scalar

Not gauge invariant

gauge singlet

How to contract index a

non-renormalizable dimension 5

2. Higher order
non-renormalizable dimension 6

Construct kinetic mixing between abelian and non-Abelian
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Generate the kinetic mixing from renormalizable theory? 

Generate the kinetic mixing at loop level

Non-abelian kinetic mixing 8/30



CP conserving

CP violating

1. Abelian 

2. Non-Abelian 

 PRD101(2020)075016
CP violating non-Abelian kinetic mixing 9/30



Renormalizable CPV non-Abelian kinetic mixing? 

New fields generate the operator from loop order 
Scalar: No generate CPV due to tensor
Fermion: SU(2)L multiplet

Type-III seesaw model

Z.Phys.C 44 (1989) 441Lepton triplet 10/30
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Gauge group 

Renormalizable CPV kinetic mixing model

1. SM particles has no U(1)X charge 

2. Triplet scalar

3. Triplet fermion (No scalar) Type-III seesaw model

4. Singlet scalar dark photon and heavy neutrino mass
Gauge anomaly free

5. Higgs scalar Neutrino mass matrix
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Component field
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Coupling Lagrangian

Lepton Yukawa coupling 

Quark Yukawa coupling 

New added term 
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Interaction Lagrangian
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Lepton masses
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One loop kinetic mixing
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One loop kinetic mixing

No scalar
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CPC and CPV kinetic mixing

CP conserving

CP violating
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Gauge field Lagrangian

kinetic term 

mass term 

kinetic mixing
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Mass eigen-state

leading order 
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Numerical analysis

degenerate 

EPJC81(2021)3,218, JHEP03(2020), 051 22/30
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The EDM dF for a SM fermion F

Two loop(dominant)

at one loop level

Phys.Rev.D101(2020)7,075016

No A-X mixing Barr-Zee

Cancel
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mixing
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n2EDM

arXiv:1208.4507
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Conclusions

1.  We construct for the first time a renormalizable dark  
photon model with CP violating kinetic mixing in 
combination with the type-III seesaw model.

2. We find that CP violating kinetic mixing induced 
interaction dominates the contribution to electron EDM 
which can be as large as experimental bound.

3. The model provides a bridge connecting dark photon, 
neutrino physics and also CP violation, and can be directly 
tested by near future EDM measurements.   28/30



博士生学术论坛 

Dec. 10-13, Shanghai   

https://indico-tdli.sjtu.edu.cn/event/769/ 

孙进，019072910096@sjtu.edu.cn   

刘丹宁，danningliu@sjtu.edu.cn   

Welcome! 
29/30



Thanks!

30/30


