Schwinger DM production

® Dark photons as dark matter: Lorenzo’s talk
e Dark photons + Dark fermions/scalars:
Schwinger production mechanism

e Dark fermions/scalars as dark matter
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Dark photons (vector) as Dark Matter
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* SM+ "hidden” U(1) : massive (light) vector ("dark photon”)

* ¢ . scalar singlet (axion like,_inflaton,...)

* Production:_inflation,reheating, ....

Before Matter-Radiation equality H<m == Matter

* Detection: kinetic mixing



Dark photons (vector) as Dark Matter
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* Evolution equations during inflation

. . 3kf+a’mi . K?
Longitudinal A: A + k2+a2m2AHAL+<¥+mi)AL:O
A

[Graham et al., Phys. Rev. D93 2015 ]

* (Massive) Light field ma < H during inflation, superhorizon fluctuations, k/aH <<1, are "frozen”

A +HA =0
® Constant amplitude of the spectrum by the end of inflation pALNmi Ai/azoca_2
® Re-entry, k/a>H, m: P, NmiAf/azoca_4 )
L &:\/ m, ( H, )
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* Late-time, k/a, H<m: p, ~m,A’/a”«ca
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Dark photons (vector) as Dark Matter
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* Evolution equations during inflation
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Transverse A: A +HA +(=7F §T¢+mi)AT:O

Negative squared frequency when

\a
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Y / [Anber & Sorbo., Phys. Rev. D81 2010 ]

k/a<o¢/f,m,<H

=) "Tachyonic” production: exponential enhancement of vector fluctuations
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Larger enhancement by the
end of inflation when €,~1

Mass can be Stueckelberg or Higgsed type and has negligible
effects on tachyonic production mechanism as long as m << H

Dark Matter
candidate

O(ueV)<m,<O(GeV)




Dark photons + Dark fermions
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_ o _ [Arvanitaki et al, JHEP 11 (2021)]
®_Longitudinal A production during inflation

® After inflation: dark fermion production (electromagnetic cascade + plasma effects +

scattering...)
E-field era Screening era Plasma era

®* Relic abundance of thermal dark fermions o >_I)J_< I
" E
& S

EI.
+ subdominant dark photons §» ; i
* Thermalization: . ﬁ"; i - i‘

relatively large values of dark electric coupling
Eemi | GH | od |t

~

® Freeze-out: dark matter relic abundance 50 MeV <~ m, <~ 30 TeV



Dark photons + Dark fermions/scalars

1 1 v 1 wv =
L=2(0,0) =V (o) =7 R P =S mu A A" 2 oFF, 4L (A, %)

®* Transverse A production (ma=0) during inflation

®* Schwinger production of dark fermion/scalars: during inflation and until the Dark F/S
becomes non-relativistic

®* No thermalization of the DS: small values of dark electric coupling

® Dark matter relic abundance today: depending on model parameter values, it can be
made up of dark photons, dark F/S, or a mixture of both....

® Even if ma=0 during inflation, it can became massive later and become a good DM
candidate



Schwinger effect during de Sitter expansion

[Kobayashi & Afshordi JHEP 10 (2014) ] [Hayashinake, Fujita & Yokoyama JCAP 1607 (2016) ]
[Banyeres, Domenech & Garriga JCAP 1810 (2018) ]

®_Pair of charged particles production in presence of a ~ constant E field

® Inflation: production of a ~ constant E field + ~ constant rate of expansion H

® Electric field: E;=aEo,, E~ constant

® Current (J,)=aJy, ® Conductivity o=J/E, o=o/H
Kobayashi & Afshordi:adiabatic subtraction Banyeres et al.: Pauli-Villars reg.
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Schwinger effect during de Sitter expansion

[Kobayashi & Afshordi JHEP 10 (2014) ] [Hayashinake, Fujita & Yokoyama JCAP 1607 (2016) ]
[Banyeres, Domenech & Garriga JCAP 1810 (2018) ]

: . E _.w
* Strong field limit: oocef)ﬁe mieol) e E/H?>1,m/H
2 H’ 2
* Weak field (scalars) limit: ([ O%€p 5, epE/H"<1,m/H
Kobayashi & Afshordi:adiabatic subtraction Banyeres et al.: Pauli-Villars reg.
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Schwinger effect during de Sitter expansion

H3
* Weak field (scalars) limit; ooceEF, e, E/H*<1,m/H
® Particle production: gravitational or Schwinger ?

® Qur scenario: conformal dark scalar/fermions ‘ no gravitational particle production

2

« MoH’, oxe’H, Goe’~Constant

X
® Energy densities during inflation (stress-energy tensor conservation)
Inflaton: p¢+3H<¢2>:—aT¢<EB>

. . AP,
Dark Vector: pA+4HpA:+T<EB>—<EJ>

Dark Scalar/Fermion:  p,+nHp,=(EJ)=c(E®)

n=3 Non Rel, n=4 Rel.



Schwinger effect during de Sitter expansion

H3
* Weak field (scalars) limit; ooceEF, e, E/H*<1,m/H

® Particle production: gravitational or Schwinger ?

* Our scenario: conformal dark scalar/fermions ‘ no gravitational particle production

2

e MocH’, oxegH, Goep~Constant

® Energy densities during inflation (stress-energy tensor conservation)

Inflaton: Py+3H <¢2>:_§<EB> Weak coupling:
No backreaction
Dark Vector: p’A+4HpA_+—<EB> <E\{<> %3/2 ad
eD<<1o2 E=—"—~0(1-3)

2Hf

Dark Scalar/Fermion: p,+NHp, =(EJ)= o (E?)
~10 %e?

n=3 Non Rel, n=4 Rel.



From inflation to reheating and radiation domination

Inflaton: 00 Tru) =€npe®=3EgHz M
q 4 GZWEend
Dark Vector: Pa(Tra)=pR =10"" =
gend
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Dark Scalar/Fermion: pX(TRH)Zpind:Tpind

® Schwinger production during rad. domination, until dark particles become non-relativistic

0,+nHp,=c(t)2p,;  oft)ca(t) “cT”

® Dark particles become non-relativistic when physical momentum g, = m,

Redshift due to expansion

., +Hg, =e E(t
9 %=®o () Increases due to electric field

®* They must become NR before Matter-Radiation Equality

3/2
2 Eend mx_ TMRE

ep</leg—& 0T This also avoids thermalization in the DS
RH

e




Relic abundance today: parameter space
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Summary

® Dark vectors/dark photons can be efficiently produced during inflation, and constitute a
good dark matter candidate.

® Axion-like coupling inflaton-DP lead to production of transverse vectors, massless of
very light during inflation, i.e., an aprox. constant electric field

® Massive Dark Scalars/Fermions are produced through the Swinger mechanism, and
later become the dominant DM component

®* The mechanism works in the weak ep coupling regime (no thermalization of the DS),
and for small conductivities (weak field regime, no backreaction in the inflationary sector)



