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Abstract: One of the leading hypotheses for dark matter is that it consists of bosonic particles with masses below the eV scale, such as axions,
moduli and dark photons. Unlike spin-0 particles, spin-1 particles do not have a misalignment mechanism to produce the desired abundance of dark
matter, and population of light dark photon dark matter has been an open question in cosmology. | will present a novel mechanism to produce light
spin-1 dark matter in cosmology. The dark matter energy density is initially stored in an axion-like field which is misaligned from its minimum
during inflation. This energy density is efficiently transferred to dark photons using tachyonic particle production. This mechanism opens up
extensive parameter space for dark photon dark matter.
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The Discovery Frontier
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The Bullet Cluster
Cosmic Microwave Background

Hig Hang Nucleosynthesis

Galactic Rotation Curves
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Bosonic Sub-eV Dark Matter

A number of well-motivated models fall in this category
Why are these light?

(Pseudo-)Nambu - Goldstone bosons

QCD Axion
Axion-like particles

Light spin-1 particles

Dark photons

Very weakly coupled scalars

Modulus / dilaton fields

Expected to be ubiquitous in theories of quantum gravity
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The QCD axion

he strong CP phase is constrained to be small

f# = arg det (r m”)r”;i!‘) <100
Make @ a dynamical field, the axion
QCD generates a potential for the axion
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Mass and couplings of the axion are set by _[‘”

[neutron EDM]

Page 8/27



Pirsa: 19060045

Axion dark matter abundance

Dark matter abundance depends on (only) a few details ol
cosmology

Mitnlligmm)nl mechanism

QCD axion: temperature dependent mass
Axion-like particles

QCD axion: Non-standard cosmology

Anthropic axion / entropy dump / particle production

Production from topological defects
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QCD Axion Dark Matter Abundance : misalignment

e
In the early universe the axion is misaligned °

from its minimum

Axion potential depends on temperature, |

turns on at QCD phase transition

[he axion starts oscillating around its minimum when H =~ m (1)
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Expanded Axion target space
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Clockwork [ Alignment

In "aligned” multi-axion models, the light mode can inherit
parametrically different couplings to different gauge groups

ITwo axion model
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Particle production

Couple the axion to dark photon
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As the axion oscillates, depletes energy into dark radiation

Equation of motion for the gauge field in time-dependent axion background
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rachyonic instability
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Conditions for efficient depletion

., fka
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Large coupling required (requires clockworking)
1> 1
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Growth rate of the tachyonic modes set by k

Small (no) thermal mass

Cannot use SM photon
Particles with dark charge should be absent
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Results
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Impact of backscattering

High number of dark photons scatter back into axions

Need lattice simulation for k-modes of dark photons
and axions
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Fffect on matter power spectrum?
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Dark Photon Dark Matter

Dark electric field ~ 50 V/cm
Common / Complementary probes with the axion
Challenging to populate light dark photon dark matter

(Tuned) couplings to curvature

Limited inflationary production mechanism
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Massive dark photons

Couple dark photons to an axion
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Energy density initially stored in the axion
As the axion starts to oscillate, dumps energy into dark photons

[ quation of motion for the massive gauge field
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Massive dark photons

Less than a 1% of initial number density remains in the axion
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This simulation used axion-like particles, but also possible to use
QCD axion
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Dark Photon Spectrum
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Model building requirements

Comcidence ol mass scales
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Origin of dark photon mass: Higgs mechanism / Stueckelberg
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Quartic couplings

Dark photon quartic coupling affects phenomenology
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Conclusion
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Massive dark photons

Couple dark photons to an axion
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Quartic couplings

Dark photon quartic coupling affects phenomenology
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