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Motivation/Punchline
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Inflationary Schwinger
Dark Matter Production
-

· Schwinger effect long been known
(Schwinger 1951)

- pairs of (charged) particles
and anti-particles (ete)
created by background E-field

-> Requires Yong E-field in Minnowshi
↳ Exponentially suppressed by particle masZ
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· Background gange field leads
to time-dependant dispersion relation

0 S
8n + Wign = O

↓ wo

particle production

· During inflator the exp.

of space leads
to time

dependence ->> Particle production

↳ Requires breaking
of conformal sym.
m = 0

or coupling to gravity/inflation &
=



· In Schwinger + Inflation both
and th E-field contribute

expansion
to induced charged current
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· Leads to movel effects in charge PP

o can generateon induced current even

with weak E-fields
-

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

· Allows forhtDM which
is typically difficult from inflation &



· Schwinger effect utilized in inflationary

magnetogenesis scenarios
↳ primordial magnetic fields

· Also potential applications to reheating

↳ainflationSchwierbenda
-SchwingerEffectin de-Sitter Space

dark

· Starting point is 'QED' action in &S space
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X can be scalar or formin dark electrons'

Du= Gutign Au + Pu

· Also need ICA4) to provideE-flat

· The induced current is given by

= 2F
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· Induced current will
be in direction

of E-field which we take to
be -direction

· One can directly compute < 52]
· Current and E-field

related by

(5z) = 0(Ez) =
oE

I ↑
conductivity can constant background

1

be computed in E-field
terms of ratios

X= 2 , my = m
H

· <57) is formally divergent
=>> Renorm

(some discrepancies in literature
↳ negative currents ?

· Need a source to maintain constant

background E-field (due to expansion)
↳ various mechanisms possible
-

⑤



· With O and E can compute energy

density of Schwinger produced X during
inflate
-

· From conservation energy-momentum On Th=

b + nHPy = (E.) = 0E
↑ Hubble

n=3
n =4

damping

·Camintegrateeney
evla st

=ere(=

· To avoid backreaten on E-field

requires PxPe = EC

· We see the energy density
in X is

propto
PE
,
but suppressed by o
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· Energy density in
dark sector

dominated by E-fould during inflation

·Suppression bya
can be compensated for by

redshifting effects after inflation

· For large enough MX, X can make up

part or even
all of the DM (Myx Ma
-

(Ma ? 10-"eV(

· To compute relic
abundance

,und

to know how Py and Pe evolve

· We assume By
and Pe evolis

independently -> no-thermalizator

#

upper bond
on dark gange coupling
-
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Cosmic Evolution and
Relie Abundance
-

· At th end of inflation we have
end 2

· 3M · Pe = End

end

· Pr = Emp · P=
= (Trie) Trin

-

the hierarchy
· Need to ensure -

perPeppe
↓ ↓ L
L

Er(1 Hmax

und al

· No BR an inflate PEPI
=> E/M2 < 10

*

· The A and X energy density spectra
which is peaked at small scales

↳ can avoid isocurvature constraints ⑨



·
Gend AmRE

· The energy density today in X

My < Hend

Px(t) =(E
my > Hand
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· Can now examine contours of
Rx Px(To) = (--
-

⑫ CDM
PCDM

⑧ See results slides-

summary-
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Mx <Herd : O . laVLM, n10 CV

My > Had
: 100GV & My 10

Work
Ongoing-

· Computing current
in de-Sitter

· Back reaction and reheating
effects

Future Work
-

· Exploring p henomenology

· Multi-component feebly interacting
DM

⑩



EXTRA



~Generating Dark
E-fields During Inflation

· Need a source' to maintain
constant E-field

during inflation
due to dilution from expansion

↳ Various possibilities from VDM
production mechanismsI
S

coupling to inflation
couplings tometric

EFF
,
CFE

IMagurA"AY RAAm

· VDM productio mechanism
must generate

background E-field
(A) with coherence length

X - H
- ⑤

· Recent mechanism based on UFF can generate

necessary E-field during
inflation->Works

for
MA = 0

(1810 . 07208 , 2103. 1214S : MBG, S
,
LV, RVM)



· Utilizes the source lagrangian

&
source

= (nU? -V(4) + EUFE
E = Eura Fap

· This leads to EOMfor
transverse modes

+ H(l+) + (+ A = 0

where we have use
E =* =

· In limit of small conductivity (weak field)

we can ignore
this correctio and find

(in conformaltime

Z

+w=
w (h, ) = n =2

E=
· When waso there is a tachyonic just.



· This occurs when E = gr H

· Leads to exponential production
of dark rector modes =>

high occupation
number

· coherence length I-H-
· Classical background E-field

within each Hubble patch



-Phenomenology of DM see
· Dark sector may or may

not

couple to SM

dark vector A

dark scalar e

dark formin N

↳"Steril neutrino"
~photon (V)
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· Working on exploring differentportals

· Even if no DM-SM coupling the
is a lotby potential phenomenology

↳ structure
↳ superadiance
↳ leasing
4 gravitational waves

· Studyry O in detail for
fermion and scalar X

·Constructing explicit ULD models

during inflation


