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About Me

Xucheng Gan

PhD Institute

PhD Advisor

Front row, first from left

DESY Theory Group (Cosmology)

Research Area

Joshua T. Ruderman

New York University

BSM Physics
Cosmology Astroparticle

Model Building

DM Detection Gravitational Wave

Other Interests Movie Museum 
Traveling 

Good Food
Jogging 
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About Me

Xucheng Gan Hometown
Zhoushan Archipelago, ChinaFront row, first from left
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Standard Model

Dark Matter Dark Energy

Higgs Naturalness Strong CP
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Dark Matter Production

Standard 
 Model

Dark 
Sector

Freeze-in

Freeze-out
Misalignment

Gravitational Production 
…
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Kinetic Mixing Portal

Standard 
 Model

Dark 
Sector

ϵ
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FμνF′ μν
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Bob Holdom 1985
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Kinetic Mixing Portal

Standard 
 Model

γ A′ 
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Kinetic Mixing Portal

Standard 
 Model

γ A′ 

CMB Spectral Distortion

Mirrizi, Redondo, Sigl 2009

Arsenadze, Caputo, Gan,  
Liu, Ruderman 2024

McDermott, Witte 2019

Caputo, Liu, Mishra-Sharma,  
Ruderman 2020



Xucheng Gan @ NYU DESY→ DESY Theory Fellow’s Meeting 2024 9

Millicharged Particle

Standard 
 Model

χ

χ

γ A′ 
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Millicharged Particle Detections

Stellar Energy Loss Missing Momentum Direct Detection/CMB/Beam Dump

CMB/BBN ΔNeff Dark Plasma Mass

Berlin, Dror, Gan,  
Ruderman, 2022
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Cosmic Millicharge Background

X. Gan, Tsai, 2023
Pure mCPs Kinetic Mixing mCPs
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Axion Dark Matter

ℒ ⊃
1
4

gaγγaF F̃

ΔϕpolarAxion-Photon Interaction

Δϕpolar =
gaγγ

2 (aearth − asource)

R*

SMBH

X. Gan, L-T. Wang, H. Xiao, 2023
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Higher Dimension Portals

Only Photon Photon + Dark Photon

CP-odd scalar 

CP-even scalar

aF F̃ aF F̃ ′ 

ϕF2 ϕFF′ 

ℒ = ℒSM+FμνF′ μν +
1
Λ

𝒪5+…

Cosmologically Varying Kinetic Mixing
Xucheng Gan and Di Liu 2023



Xucheng Gan @ NYU DESY→ DESY Theory Fellow’s Meeting 2024 14

Cosmologically Varying Kinetic Mixing

Standard 
 Model

Dark 
Sector

γ A′ 

Ultralight Scalar

Viable Dark Photon Dark Matter Model

Varying  + Fifth Forceαem
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Beyond Standard Model

Particle Theory Astrophysics and 
Cosmology

Terrestrial 
Experiments

42

My Future Plan


