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Dark photon dark matter : current status
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Dark photon DM production

- Gravitational particle production during inflation / reheating

- Resonant production from scalar field

- Misalignment production

- Production from cosmic strings

Graham, Mardon, Rajendran (2016) / Ema, Nakayama, Tang (2019)

Long, Wang (2019), NK, Nakayama (2022,2023)

Axion : Agrawal, NK, Reece, Sekiguchi, Takahashi (2020), NK, Takahashi (2023)

            Co, Pierce, Zhang, Zhao (2019), Bastro-Gil, Santiago, Ubaldi, Vega-Morales (2019)

Nakayama (2019), Nakayama (2020), NK, Nakayama (2023)

Higgs : Harigaya, Narayan (2019)
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Agrawal, NK, Reece, Sekiguchi, Takahashi (2018)

Co, Pierce, Zhang, Zhao (2018), Bastero-Gil, Santiago, Ubaldi, Vega-Morales, (2018)
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Resonant dark photon (DM) production from axion
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- magnetogenesis Fujita+(2015), Kamada+(2016), Patel+(2020), …

- GW emission with circular polarization NK, Soda, Urakawa (2020), …

see also Machado+ (2019), Salehian+ (2020), Ratzinger+ (2020), Namba+ (2020) 
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Agrawal, NK, Reece, Sekiguchi, Takahashi, 1810.07188
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Relic abundance of dark photon DM and axion

Axion abundance is suppressed due to the backreaction
(see also NK, T. Sekiguchi, F. Takahashi, 1711.06590)

& dark photon can be the dominant DM component
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Resonant dark photon production w/o large coupling
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trapped misalignment

axion starts to oscillate even when H << m (delayed onset of oscillation)



Coherent vector DM production
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gk . 0.01, S . 0.1⇣CMB observation —>

Nakayama (2019), Nakayama (2020), NK, Nakayama (2023)
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“Viable” coherent vector DM scenario

additional constraints: non-Gaussianity & residual isocurvature

curvaton domination before curvaton decay & dark photon oscillation

— curvaton scenario



Ellis, Gaillard, Nanopoulos 1504.07217

Dark photon DM from Abelian-Higgs cosmic strings
Long, Wang 1901.03312, NK, Nakayama 2212.13573
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Scenario
- We are interested in light dark photon (i.e. small gauge coupling)

—> cosmic string is almost global (Type-II string)

- Dark photon is continuously produced by the collapse of loops.

- Dark photon production becomes inefficient for

- After that, string behaves like local string

e = 0 —> global (axion) string

(i.e. loop oscillation frequency becomes smaller than the mass)

(similar to the axion emission from global strings)

(GW emission is dominant)
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Emission of (longitudinal) vector boson

analytic estimation by

Long, Wang 1901.03312

transverse mode
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- Resonant production from scalar (axion) field

- Misalignment production

- Production from cosmic strings

Summary

Dark photon can be the dominant DM component

(axion abundance is suppressed due to the nonlinear effect)

We have shown that the efficient production of dark photon can be realized

even if the axion-gauge coupling is small ( <<O(1) )

Coherent dark photon DM is viable in the curvaton scenario

Cosmic strings can be efficient source of light dark photon DM

and this scenario can be tested by gravitational wave observations

(spectrum is “tilted”)


