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WIMP paradigm

* chemical equilibrium
* <σv> ~ few 10-26 cm3/s
* T

fo
 ~ m / 20

→ independent on initial conditions 
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IR FIMP paradigm

* chemical equilibrium never reached
* renormalizable operators
* λ

DM-SM
 ~ 10-11

* T
fi
 ~ m

→ (mild) dependence on initial conditions



Nicolás BERNAL @ UAN

UV FIMP paradigm

* chemical equilibrium never reached
* non-renormalizable operators
* Λ > T

rh

* T
fi
 ~ T

rh

→ dependent on initial conditions ← Tommi
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UV FIMP paradigm
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Instantaneous Reheating

* SM entropy conserved
* H ~ T2 / M

P

ρ ~ T4 ~ a-4T ~ 1/a

radiationradiation

in
fla

to
n

in
fla

to
n
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Non-instantaneous Reheating

Decay of the inflaton into SM radiation is a continuous process

Inflaton decay width

Hubble expansion rate

3 free parameters:
H

ini
, Γ

ɸ
 and ω
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Non-instantaneous Reheating

T
max

: SM thermal bath reaches a T >> T
rh

  due to the non-sudden decay

3 free parameters:
H

ini
, Γ

ɸ
 and ω

or
T

max
, T

rh
 and ω→ Chung, Kolb & Riotto ‘98
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Non-instantaneous Reheating
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UV Freeze-in

→ 
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UV Freeze-in

T = T
rh

DM production:

m = 100 GeV

Tmax = 108 GeV
T

rh
 = 106 GeV

ω = 0dim = 7
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UV Freeze-in



Nicolás BERNAL @ UAN

UV Freeze-in

T = T
rh

n < n
c

T >> T
rh

n > n
c

DM production: T ~ T
rh

n = n
c

m = 100 GeV

Tmax = 108 GeV
T

rh
 = 106 GeV

ω = 0
    → n

c
 = 6

dim = 7 dim = 8 dim = 9
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UV Freeze-in

m = 100 GeV

Tmax = 108 GeV
T

rh
 = 106 GeV

ω = 0
    → n

c
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Boost Factors

→ Garcia, Mambrini, Olive & Peloso ‘17

* Depends on n, ω and the ratio T
max

 / T
rh

* Independent on m, Λ
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Boost Factors

dim = 7 dim = 8 dim = 9
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Example:
Spin-2 Portal DM
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Spin-2 Portal DM

DM interacts with the SM via the spin-2 portal
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Spin-2 Portal DM

DM interacts with the SM via the spin-2 portal

* Super heavy regime (decoupling)
 
* Heavy mediator
 
* Resonance
 
* Light mediator

=
 <

σ
v>

  n
e

q
²
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Boost Factor

m = 10¹  GeV, ⁰ Λ = 10¹  GeV,⁶
T

rh
 = 5x10¹³ GeV, T

max 
= 5x10¹⁵ GeV and ω = 0
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Boost Factor

m = 10¹  GeV, ⁰ Λ = 10¹  GeV,⁶
T

rh
 = 5x10¹³ GeV, T

max 
= 5x10¹⁵ GeV and ω = 0Λ = 10¹  GeV, ⁶ T

max 
= 100 T

rh
 and ω = 0
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Conclusions
● UV freeze-in is a viable DM production mechanism
● Strongly depends on the dynamics near Trh

● Instantaneous reheating may not be a good approximation
→ miserably fails for n > nc

● For n > nc: Bulk of DM produced near Tmax

● Big boost factors due to the non-sudden reheating
→ depend on the equation of state of the early universe

● DM can be produced via the spin-2 portal
● Big boost factors when:

→ heavy mediator
→ near the resonance
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Vielen Dank!
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