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Introduction

1.Spinor: Neutrino

2.Scalar: Higgs

3.Pseudo-scalar: Axion

4.Vector: Dark photon

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

• Dark: No charge under SM gauge groups. 
• SM particle without charge under new U(1) 

Introduction

Dark photon:

No direct interaction 
with SM particle

Dark photon
Massless

Massive
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• Renormalizable: dimension 4 operator

• Enlighten : dark photon interacts with SM 
particles 

Introduction

Kinetic mixing:

Gauge group:

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



Introduction

Remove mixing scheme:
X does not coupling to SM current ��

�  Y does not coupling to dark current ��
�  

case a: Massless case b: Massive 7Nucl.Phys.B 953 (2020)



Introduction

Remove mixing scheme:
X does not coupling to SM current ��

�  Y does not coupling to dark current ��
�  

case a: Massless case b: Massive 8Nucl.Phys.B 953 (2020)

mass term after redefiniation

need remove the mass term of A
massless dark photon need to 
identify with physical photon
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Dark photon mixing model

The simplest kinetic mixing:

Gauge group:
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Dark photon mixing model

Mass mixing:

EW symmetry breaking U(1) symmetry breaking

SSB
Mass mixing
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Dark photon mixing model

Mass mixing:

EW symmetry breaking U(1) symmetry breaking

SSB
Mass mixing
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Dark photon mixing model

Mass mixing:

Z Interaction
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Dark photon mixing model

Z couplings:

Z boson phenomenology

only kinetic mixing
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Dark photon mixing model

Z couplings:

case

no mixing with Z
15

The effect of kinetic mixing in Z coupling are 
fully cancled by mass mixing.
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Phenomenology

Z-tau coupling modification:

Vector and axial-vector Z decay to tau tau

A. Hayrapetyan[CMS],  2023

Experiment data:
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Z-tau coupling:

Phenomenology
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Z to tau tau:

Phenomenology
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Common regions with 2 sigma error margin:

Phenomenology

20No common region to satisfy the constraints simultaneously



Common regions with 3 sigma error margin:

Phenomenology

21Common region to satisfy the constraints simultaneously
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• The dark photon model with kinetic and mass 
mixing is constructed by introducing additional 
Higgs doublet with vev and U(1)x charge.

• The mixing ratio parameter modifies Z coupling to 
further affect its phenomenology.

• The relevant constraints can be satisfied within 
3sigma error simultaneously.
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