Gravitational Production of
Dark Matter after Inflation

* Instantaneous vs non-instantaneous reheating
*Freeze-in Production of DM

e Gravitational Portals
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Scalar Field Dynamics

Equations of motion

. . oV . . 5
¢+3H¢+8—¢:¢+3H¢+m (p)p =0

For Im2| << H2
2
¢ ~ e|m 1t/3H

Field moves very little for a period
T ~ 3H/|m?

during which:
H2 ?J4

Hr ~ — ~
m?| - Mp|m?|

Plenty of inflation possible!
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Then what happens?

Late time evolution

v
¢ ~ — sinmt
mt

e If the inflaton 1s coupled to SM fields, with decay rate I, ,
inflaton decays lead to reheating

Then decays occur when  ['y ~ H ~ T3 /Mp

2 4
T greh L yen iy (I‘@]Wp)2 pr(aru) = py(arH)
30 25
yz 1/4 m 12
For TIy= 8—Wm¢(¢) Tren ~ 1.9 x 10" GeV -y - gt/ (3 v 101§ GeV) :

® Inflaton oscillations = particle production
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Post-Inflation

1 . .
po= 5B HVO):  po= 58— V(9)

allowing for decay coupling: £Y_g,, = —yoff  Llg = 8—7Tm¢(gb)
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Reheating: Generation of the
Radiation bath

6k
Aend \ k+2
For ' < H p¢(a) — Pend ( )
a " 14—2k
aRH 6k+_26 Il — % 4
pr(a) = prRHE (T) PET:

()
GrRH




g

Reheating: Generation of the
Radiation bath
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Reheating: Generation of the
Radiation bath
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for k=2: T~ g 3/8

)

" - 1/2
Tren ~ 1.9 x 10'° Gev-y-g;h/ (3 > 101§ GeV)
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Reheating: Generation of the

More generally,

LD 1

Radiation bath

ey
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Particle Production

(Freeze-in)

Suppose some coupling to the Standard Model with cross section

TTL
Boltzmann Eq.
5 A Tn+6
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Particle Production

(i) For n < 1=K
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(iii) For n > 1

Nerit = 6 for k=2



Particle Production

To get Qfromn: pPrH = ,O(CLRH) _ mn(aRH)
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Particle Production

102k
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ex: gravitino - n=0, A=Mp, and for k=2,

(i) For n <

Il/ ny"" Treh/ MP

(2h2 ~ .1 when mz» ~ 100 GeV, for y=10-5 and Tren ~ 1010 GeV

1018

1015 QD]\[}LZ =0.1

1 10° 100
mpwm [GGV]

10°



Particle Production

(ii) For n = 10=2k
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ex: gravitino production in high scale supersymmetry

n=6, Expect A2 ~ m3, Mp, and for k=2,

Tax ~ 104 GeV and Tiop, ~ 10V GeV

T =01 correct relic density for msn~ 1 EeV
101345

1012.5




Particle Production

- _ 102k
(ll) For n = =1

NOMp (2k+4\ T (T oo
(T o) = =11 :
n ( reh) g, T (k—l )An+2 AL Treh

ex: gravitino production in high scale supersymmetry

n=6, Expect A2 ~ m3, Mp, and for k=2,

Tax ~ 104 GeV and Tiop, ~ 10V GeV

101345

1012.5

T =01 correct relic density for msn~ 1 EeV

Also possible through direct decays



GravitationaltPorta

Mambrini, Olive;
Clery, Mambrini, Olive,
Verner
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Gravitationalt Porta Mambrini, Olive;

Barman, Bernal;
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DM from the thermal bath
bf DM from Inflaton Scattering

of the thermal bath from Inflaton Scattering

Minimal Gravity only - No model dependence!
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Gravitationalt Portals
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GravitationaltPortals
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Scalar Dark Matter throughitiltCttations
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d of inflation: Qend
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reheating: ARH



Scalar Dark Matter throughitiltCttations
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(0% < Qosc
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Evolution for smalle
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Constraints
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for a stable scalar

but ignores self interactions/gravitational
couplings to the inflaton



Evolution for large 6

at larger o case
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Evolution for large 6
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Non-minimal GravitationalfEeLtals

Clery, Mambrini, Olive,
Shkerin,Verner
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Non-minimal GravitationalfEertalS

Co, Mambrini, Olive
Barman, Clery, Co, Mambrini, Olive
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Summary

® Particle Production enhanced in the early phases of reheating
when rates are proportional to Tn*¢ with n > 6 (sensitive to
Tmax rather than Trp).

® Gravitational portals determine a minimal particle production
rate and a minimal maximum temperature during reheating.

® Large Scale fluctuations can provide a huge source for relic



