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Introduction

Recent interest in ultra-light dark matter
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Dark photons hard to produce non relativistically due to spin
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Single Derivative Coupling

Production of scalar DM is easy to achieve, by “Misalignment mechanism”.

Is it possible to convert the scalar DM into a vector DM while keeping it
cold?
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Cosmogenic Magnetic Field
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On the other, EW phase transitions can create large scale Magnetic field
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Homogeneous magnetic field
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If the Magnetic field is homogeneous, the scalar and the dark vector do not source
the electromagnetic field, so its dynamics can be completely ignored. The dynamics of
the scalar and the vector remain homogeneous. Assume the scalar mass to be

unchanging.
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Static universe

lgnoring the expansion of the universe, the instantaneous eigenmodes have
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Where b= B/f and we assumed b,y > ma

The cosmological initial condition predominantly excite the slow mode
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The state is adiabatically converted into vector



Expanding Universe

E > H ~ Y & Conversion is always efficient
f mpl
Two important time scales:
H(tx) = ws(tx) : The slow mode begins to oscillate
Bt S
b(tm) — g : Mixing is unimportant. Slow mode becomes
f the vector mode
by = o, : The vector glides
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: The vector behaves like radiation
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Gliding
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|H > we,b> mg, pa ~ 0|

The energy density redshifts slower than matter
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Radiation like behavior




Radiation like behavior
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The energy density redshifts like radiation.



Inhomogeneous Magnetic Field

Inhomogeneities in the Magnetic field can significantly decrease the conversion
efficiency
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Both analytics and numerics are difficult.

Work in Progress



Summary

A misaligned scalar can be fully converted to dark photons in the presence
of a large homogeneous magnetic field.

The dark photon behaves like nonrelativistic DM in the late Universe.

The total amount of dark photon dark matter depends on the masses of both the
scalar and the dark photon.

The inhomogeneities in the magnetic field could decrease conversion.
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Possible parameter space
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