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Some regions of parameter space rely on the assumption that
the dark photon 1s the dark matter
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Dark photon dark matter
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Misalignment?

1 1
Scalar field S = /d4$\/ —g (—5(3u¢)2 — §m2¢2>

d+3Hod+m?¢=0 Pp = §m2gb% = const

H>m
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Misalignment?

1 1
Scalar field S = /d4$\/ —9 (—5(3u¢)2 - §m2¢2>
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¢+3Hp+m“p=0 po = 5m ¢§ = const
H>m
4 1 Uv 1 2 _uv
Vector field S = d*x\/—g _ZF,W/F — §m g A,uAl/
A+ HA; + m?A; =0 A; ~ const pa X a2
Nelson, Scholtz (2011)
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Misalignment? (continued)
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Arias et al. (2012)

Fixes transverse modes but introduces a ghost instability for the longitudinal mode
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Misalignment? (continued)
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Arias et al. (2012)

Fixes transverse modes but introduces a ghost instability for the longitudinal mode

2
s [ day=g (—if?(@FWFW - %m?g“”AMAV) 7(9) = Exp (_W_)
Nakayama (2019)

Kitajima, Nakayama (2023)

Constraints from 1socurvature, anisotropic curvature perturbations
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R. Vega-Morales (U of Granada) - VDM and Inflation
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Field content and equations of motion

1 1 ~
S = /d4x VvV — { 0,00"d + V(o) + ZF’““FW — §m2AMA“ fngWFW
b+3HG+V = %FP%O,
Ai—I—HAi—F(k iﬁa—gb 2>Ai0,
a f
A +3k2+amHA k—2+m2 Ap =0
PR 4 a2m2 L a? L=
o
for the transverse modes £ = SHT
K2k k :
Wi po) + aQH £ <0 — < 2HE long wavelength tachyonic modes
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Evolution of the energy densities
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Relic abundance

Qr m H 32 (e \® e2mEena
=7x107° — Qcpmh? = 0.12
QCDM GeV (1011 G6V> (GR egnd CbM
Bastero-Gil, Santiago, LU, Vega-Morales
QO m 1/2 H 2 1810.07208
Qcpm \ 6 x 10715 GeV) (1014 GeV>

Graham, Mardon, Rajendran 1504.02102

Constraints

e k/acna > m for efficient tachyonic production
e VDM must NOT thermalize with the visible sector: £.nq < 10
and SMALL KINETIC MIXING
* negligible back reaction effect on inflaton dynamics: &g < 10
e start with a universe dominated by visible radiation: pr(Tru) > pp(ITku)
* a, < amr.e : VDM becomes non relativistic (cold) before m.r.e.
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Do vortices kill all the scenarios?

1 v 1 2 A 2 2\2
L=~ FuF"™ = 5IDu0 = (0 —v?)
:8/«0 _igDAu
O = (p+v)e/ ma = gpv

Roughly when pa ~ Mv* the U(1) is restored, vortices form, and the dark photon
energy density 1s dissipated. East, Huang (2022)

1 1
Take A — oo L= FuF" = S(mad, — 9,I1) (ma A" — 9TI)

The longitudinal mode inherits the periodicity  II — II 4 27v

The same mode has fluctuations of order H during inflation.
It H > v vortices form, implying the bound:

ma ma
gD:—<F—2X1O 22(

mA>5/4
(V)

eV
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The longitudinal mode of the dark photon can still be the dark matter
but it could be undetectable.

For the transverse modes, produced via the mechanism I discussed above,
the impact of vortices is less clear to me.
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Dark charged particles
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Add dark fermions charged under U(1)p

LD X" Dy —my)x

x X

py +3Hp, = EJ = oE? o=
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Constraints:
- the dark fermions must remain non-relativistic
- they don’t thermalize with the dark photons

Back of the envelope estimates indicate that
the screened Coulomb force can have
interesting implication in structure formation.
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Conclusions

e Dark photon dark matter 1s not easy to make
e The scenario with superheavy dark fermions with a (massless) dark
photon mediator has not been killed yet. Maybe interesting to study LSS

implications.
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