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GRAVITATIONAL EVIDENCES FOR DARK MATTER 2
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» All evidence for DM comes from gravitational interactions
» Searches for DM rely on other interactions with SM

» Production mechanisms can guide experimental searches
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PRODUCTION MECHANISMS AS A GUIDE IN PARAMETER SPACE 3
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» Many production mechanisms rely on non-gravitational interactions
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GRAVITATIONAL PRODUCTION OF DM
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» Successful paradigm of Primordial Inflation

» Time-varying background, large H = particle production

» Unavoidable contribution: could account for DM?
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GRAVITATIONAL PRODUCTION 5

['39 Schrodinger; ‘69 Parker;
'77 Gibbons, Hawking;
79 Birrell, Davies; ‘87 Ford:; ...]

Scalar
| / H4
Massive Vector

Massive Fermion mzle

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



mp RANGE FOR GRAVITATIONAL PRODUCTION 6
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» A minimal complexity of the dark sector opens new benchmarks!
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VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

4 /
(aH)™! > Prexit ~ Hy, the mode A freezes

Super-
horizon

Comoving Scale

Inflation Radiation domination
log(a)

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

4 /
(aH)™! > Prexit ~ Hy, the mode A freezes

M )~ 2 2
Super- » Super-horizon: p, ~ my A<~ a

horizon

Comoving Scale

" Sub-

horizon

Inflation Radiation domination
log(a)

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

4 /
(aH)™! > Prexit ~ Hy, the mode A freezes

M )~ 2 2
Super- » Super-horizon: p, ~ my A<~ a

horizon

» Hor. entry: oscillation, p, ~ a?

Comoving Scale

" Sub-

horizon

Inflation Radiation domination
log(a)

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

H: mA ~ 4 /

e > Prexit ~ Hy, the mode A freezes
e | » Super-horizon: p, ~ myA* ~ a™>
= Super- k A
2 horizon . . _4
E » Hor. entry: oscillation, p, ~ a
=
O °® )
O » Time H = m,. : all modes oscillate

* Sub-
horizon
Inflation Radiation domination

log(a)

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

(ClmA/)_l H: mA/ -~y 4 4
e > Prexit ~ Hy, the mode A freezes

e | » Super-horizon: p, ~ myA* ~ a™>

= Super- k A

2 horizon . . _4

E » Hor. entry: oscillation, p, ~ a

=

O ) )

O » Time H = m,. : all modes oscillate
/7 Sub- » Mode non-relativistic p, ~ a™

horizon
Inflation Radiation domination

log(a)

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



VECTOR DARK MATTER — LONGITUDINAL A; 7

['15 Graham, Mardon, Rajendran]

(am,)~! H=m, o 4 /
e 4 ! > Prexit ~ Hy, the mode A freezes
e | » Super-horizon: p, ~ myA* ~ a™>
= Super- k A
o horizon
p= , TR —4
> » Hor. entry: oscillation, p, ~ a
5 y k
@) . .
O » Time H = m,. : all modes oscillate
Sub- . e . -3
+ , » Mode non-relativistic p, ~ a
horizon
Inflation Radiation domination Q, M4 H ’
log(a) LN & !
QoM 5-102eV \ 6-1013GeV

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors



GRAVITATIONAL PRODUCTION IN A DARK SECTOR 8
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» A; , produced during intlation
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» A; , produced during intlation

» Hor. crossing: strong electric fields
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» A; , produced during intlation

» Hor. crossing: strong electric fields
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» A; , produced during inflation

» Hor. crossing: strong electric fields
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» A; , produced during inflation

» Hor. crossing: strong electric fields

' Al >
super: \f\,\{v
horizon Vs ;\ -

» /s partially screen the electric field

(aH)™

Comoving Scale

» Dark sector thermalises

d

Ll AT

Sub- .
horizon

i! / | f | A’ v
BRI ' / T
AL Ar ‘-q,‘
Inflation Radiation domination
log(a) ¥ v

Al
¥ Al

E screened
Thermalisation
y freeze out

» /s freeze out — Dark Matter

Davide Racco (Perimeter Institute) Gravitational Production of Dark Sectors
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» Handle for DM detection

» Production via freeze—in:
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» DM production mechanisms: benchmark for detection

» Gravity + inflation = unavoidable gravitational
production
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» DM production mechanisms: benchmark for detection

» Gravity + inflation = unavoidable gravitational
production

» Minimal structure in dark sector opens up new
benchmarks for detection
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