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-SchwangeEffect (Minkowski
1

·Pairs of (charged) particle; and anti-particles (ete)
-

-

created by background t-field
-

· First anticipated
in 1936 by Euler

- and this eviberg
E well befor RED

->Onee -> · Firmly established in15by schowing

- => Shwinger effect

·Aas not been experimentaly observed /graphere avologs(
-meleE)since very large E-fields are needed ECC ME (ice

S
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-Schwinger Effect (de Sitter)

·In Schwinger t Inflation both-Expansionand 19 E-field contribute
to induced charged current +

et d
C

et
- & ↓

e- 2
-

· Leads to movel effects in charge PP
-

o Can generateon induced current even withWeakE-fields
-

· Can have PP even in m + O (conformal) limit in fermion or scaler sector
-

· Allows forightDM which is typically difficult form inflatim
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Applications/Motivations
· Schwinger effect utilized in inflationary

magnetogenesis scenarios
-

↳ primordial magnetic fields

· Also potential applications to recheating

Can inflationary Schwinger be used !-to generate DM relie abundance ?
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NormalizedLagrangian und Schwanger Current

· starting with th renormalized
&ED Lagrangianin

site
-

classical gangefind and quantized charged particleswith
-

conserved
charge- current

(:Sax
-

· Note we only need one countrtum Sy (since An is classical)-
associated with the vacuum polarization diagram

· 2 point function
et · The only⑳ topdiagram in the theory

implies thphoto
P H
-inD no internal photon lives

isdynamical
er M
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&
normalizedSchungerCent

SI

·are configuration for JAm↓ computed-
classical constant E-field many times

S -
in literature

>

· Physical renormalized current-
↳ should be UV and IR finite

~
mes
ative and alwayspositive

-

· Found to be IRedivergent in previous calculations WY ?
1408 . 4141- > Kobayashi et . d. (minimally coped) 1603

.
04165- Yokoyamaete(fumil -

1809 . 08977- > Garriga et. al.

·This would imple a largeNegativecurrent (opposite to E)
for light charged formious ???
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Renormalized Schumer Current
--

· Of course need a (physical) renormalization condition to fix by-

-

· For classical An , we take the mshell renormalization condition (OSRC)

-> pole at ph= m
=

A
#

-> residue - i

4
eπT(pY coefficient of -ilpage-propl) in the sun
of all 1PI contributions to the photon 2-pt function

· T(p") defined by mom to all orders
· Taking Ma =Orproduces-

· OSRC fixes countertem
=>

previous calculations
-

- M ↓ (logme/n)②

& negative IR divergence
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~
Mackground E-fields During Inflation (RVM,et.al : 250814973)

· In#atspace th E-field is generated byamassess photo

· Indesitter a constant background E-fieldgenerated by a

massless photonisconsistent with the EOM
⑤

-

Action in de Sitter
·
- => &

for massless photon

· Gange field configuration
That produces-rustantE-field =>

·

· Does not satisfy EOM => -
-
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~
Mackground E-fields During Inflation

· A simple solution is to add a photon mass to the lagrangian

where

hotonmass mincts asa source form' which breaksconformal invariance

⑳ Provides a tachyamic condition necessary to compensate
for the

-

exponential expansio of space
2

↑

↓In &S photon cannot be makes for constant E-food

cures IR
-

· Fixes the counterform -> diresence !
↳ calculate inS -
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SchungerCurrent
⑨ &

(RVM,et.al : 2508. 14973) The current for a
-

conformal scalar has-T same behavior as fermize-

T

(RVM,et.al : 2508. 14973)

-RHyperconductivityT-

for massless minimally
coupled scaler as Xeo
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SchungerCurrent

Ag

- no IRdiregenea-
S

%
(RVM,et.al : 2508. 14973)

· previous calculations-
had spurious IRdis (RVM,et.al : 2508. 14973)introduced by their
renormalization procedure
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InflationarySchwinger Dark Matter Production

· Starting from dark QED lagrangian can drive evolution-
equation for dark charged particles X-

(conductivity)
A ① ·) T

· backreaction-

· Can solve to find everydensity, ⑭gXatendinflation

· The energydensity of the dark charged particles at the end
of inflation given by energy density in E-fieldSuppressedby /H· /
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~Smic Evolution of Energy Density
· For small dark gange
couplingthesector
does not thermalize
-

· Negligble coupling to SM
H

cosmicevolution is
-

Imined by redshifting

·Energydensity of A and X today-
my < Hend My C Hend
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~
MarkMatter Relic Abundance (Heave)

-

· taking MacMy , delectronsmake up
all DM
-

· Strong field
regimeI mx) Hend

(RVM et.cl.; 2312 . 15137)
d

· Can obtain DM as heavy as - 10"GeV
-
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~
MarkMatter Reliz Abundance (Light)
· Can obtainDM as Mx < Hend

light as 0 . leV
-

· Fermion dak matter as
-

lightaseV Castro lower bound)

· In weak field regime can

obtainm as light as 10GeV
-

M
(RVM2tc : 2312 . 15137)
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-veneratinga Background E-field in de Sitter

· So for have said nothing about how to generate E-field-

· Need asource' to maintain constant E-field during inflation
-

due to dilution from expansion

· various possibilities from vector production mechanisms-

couplings to metric d ↳ coupling to inflation

miguvAAYRAAn EFF,E

· Vector production mechanism must generate background E-field
(A) with
-

coherence length X-H l T H - I

- -OfT
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-veneratinga Background E-field in de Sitter

· Thiscanbedonevianxiolike coupling to o RVMetal (1810 . 072082103
. 12145

O
fMp&Inflator-> ·

= O no BR

Transverse - > ⑨

Longitunida-> ·

↳ only for MAEO during inflation (Graham , Mardon , Rajendran : 1504 . 02102)
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IhyonicTransverse Modes

· In conformed time we hav a harmonic oscillator forAt tE

I A S
· When W (K

,
4)O this leads to
-

a tachyonicinstability (only for A+ ORA .)

· Occurs when E = gH=H

· LeadstoMomentialproduction of
A

(E) 0)

- I
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Iassical (Helical) Background E-field

· SorehareAtmodeswithhigh occupation number (classicall

with coherence length 1-1
+

-

↓

Classical background E-field#② IH
within each Hubble patch T

· Since production depends exponentiallyon (vinE).
-maximumproduction occurs justat the end of inflation-

· Since only A + is produced , the E-field is helical-
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-EnergyDensity (power) Spectrum atR end

· At th end of inflation the
dark photon has an energy density

spectrum peaked
at K-Gend Hend
-

· Power suppressed at CMB scales
- (RVM Ital: 1810 . 07208)

· Integrate to find total
energydensity

E>>B

↓
CMB at 110-12
1
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PhotonDark Matte Relic Abundance

·In regions of parametespace-
we photon can make up all DM

(RVMetd: 2103 .12145)

CanotamdrkphothMfomMeV6 , 2026



-EnergyDensity (power) SpectrumToday

· Peak in spectrum survives cosmic evolution to today
-

(RUMetal : 2103 .12145)

· Today1 CM'clumps'on physical scales l ~ Cm-100kmtoday-
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&Meheating Effects (Ongoing
· Reheating affects the power spectrum-

and th DM paramete space

PRELIMINARY

PRELIMINARY PRELIMINARY
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entialThenomenology of DM sabr (Future
·Darksectormanmas

not couple to SM

↓photon (2)
"Kinetic F"An Mmixing

·Multi-component portal /

self interacting dark "Misss x42/
2 ↑

matter (vector, scalar, fermion)
portal
"neutrino YNHv N --H
portal - - N - V

~

·EvenDM-Sol coupling the is a lot l potential phenomenology
↳ structure

, superadiance, leasing, gravitational waves

·Polarized dark matte ?
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-mputingte Counter term S
-

· Our calculation of SVzDres agrees with previous results--

<zy-I() + Finite howtodfire ?

· This result is exact andnon-perturbative-

-

· UV logdingent, butIRfinite and < 0

· Encodes full dependence in X=m
-

including curvature effects (deSilter)
-
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~emputing te Counter term So
-

-e

We expect all of these properties to holdinTren once
⑧ -
-

the log divergence in LTTreg is removed
with 83

· In principle Sylliver in X)
should be computed on de Sitte-

and include full
in dependence => Altic

· Taking Minkowski limit in loop integral including-
the electron propogator => (n-m2z

· EvaluatingIn we obtam He standard QED-
risult which depends on p2 of photom
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Computing th Counter term Ss-
(RVM et al: 2503 . 01981 , 2508 . 14973)
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