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Dark Photon Dark Matter

Stellar Energy Loss A" Decay: CMB+Late

Stellar energy loss:
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Dark Photon Dark Matter

Stellar Energy Loss A" Decay: CMB+Late

Stellar energy loss:

Dark Photon Dark Matter
CANNOT be frozen 1n
through the kinetic mixing !!!
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Alternative Prodution Mechanisms

Vector Misalignment Gravitational Production
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Kinetic Mixing Varying Cosmologically
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UV Freeze-1n vs IR Freeze-1n
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UV Freeze-1n vs IR Freeze-1n
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Varying Kinetic Mixing

Stellar Energy Loss A’ Decay: Late

—12

,. . 1/2
= léﬁ T g (M¢mpl)

O

-2 <= 1028

ey 3/2

A" Decay: CMB TO

€0 ~ €Fr
TOSC

My ~ 14
2 <10 26€V




Aspects of UV Model



Constant Kinetic Mixing
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Constant Kinetic Mixing
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Introduce ypP¥ and y'¢p'V"P’
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Introduce ypP¥ and y'¢p'V"P’

Time-varying € Time-varying a + 5th force
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Introduce ypP¥ and y'¢p'V"P’

Time-varying € Time-varying a + 5th force
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Linear Coupling
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Linear Coupling
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: Motivates the region
7.1 excluded by fuzzy DM

bound and black hole
super-radiance.
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'Quadratic Coupling
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 Quadratic Coupling
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Conclusion

@ The freeze-1n of dark photon dark matter through the kinetic mixing is entirely ruled out by current
constraints. Other dark photon production mechanisms are either independent of the kinetic mixing

or UV sensitive.

@ Noticing that all the constraints are imposed in the late universe, i our model, we promote the
kinetic mixing to be a dynamical variable controlled by the cosmological evolution of the ultralight
scalar ¢. In this case, the dark photon is produced through effective mixing, which 1s the IR process.

@ Based on UV physics, the varying kinetic mixing is always accompanied by scalar-photon coupling,
which changes the fine-structure constant and induces the Sth force between objects. Table-top
experiments and cosmological observations detecting the fine-structure constant variation and the
equivalence principle violation can also be used to test the dark photon dark matter freeze-in through
the varying kinetic mixing.
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Scalar Naturalness
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Type-B: 1=2

k=0: Our universe
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