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— particle production during and after inflation
— Planck-suppressed operators

— freeze-in dark matter

Main references : [hep-ph] Cosme, Costa, OL

[hep-ph] OL


https://arxiv.org/abs/2210.02293

Non-thermal relics / DM have memory !

Production mechanisms (all add up):
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Decoupled scalar production during inflation
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Effective mass:

2 2 =2
m)cﬁ S WIS + SASJS‘

0|

Evolution: —1\
0 -1

Send 7 Sosc ? gdus;t

frozen — oscillates in s* potential — oscillates in s? potential
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Relic number density (non-rel.) = energy density / particle mass :
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Constraints
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Very strong constraint :
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In general, the abundance depends on duration of the non-relativistic expansion period (¢? pot.):
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Dilutes the energy in the condensate -  weaker constraint
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Only patrticles far below the GeV scale are allowed for Axg =1



Quantum gravity effects

. . 7 gravity
Induce gauge invariant operators o
(with unknown coefficients) N

Dim-6 gravity-induced couplings: Also induced by classical gravity!
Ch 22 Cy Cz > C 4 5 .94
A,C} = — 6 (9 d’u d 7 b
6 ﬂ'fé] ( ,u¢’) AIP%] (Qb ,ud))(? ) ﬂfl‘;z,] ( S ) d) g (/) fl%l (,b S

Main operators for on-shell fields contributing to s-pair production:
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Particle production:

(D, dominates
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Higher dim operators:
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Planck-suppressed operators are very efficient in particle production!
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Main observation :

Planck—suppressed (“gravity--induced”) operators
with small Wilson coefficients
can account for all of the dark matter !

Non-thermal DM model building is highly UV sensitive :

T graviy — abundance is additive (“memory”)
N ¢ /:c — need to control quantum gravity

— predictivity ?



Irreducible gravity background for Freeze-in :

inflation preheating reheating
De Sitter metric
fluctuations oscillations smaller corrections
+
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The problem is not to produce DM, but to get rid of it !
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Freeze-in at stronger coupling

Need to get rid of the gravitational background - matter dominated expansion
@2 local inflaton potential

relics are diluted , low reheating temperature T,

What if T, <m_, ?
SM

off the SM DM
tail

SM DM

DM

Boltzmann-suppressed DM production requires a stronger coupling — observable !



Simplest model = Higgs portal DM
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Boltzmann equation:
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No annihilation:
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With annihilation:
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No thermalization:
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Reaction rates:
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Already probed
by direct detection!




CONCLUSION

— gravitational DM production = strong background

— low T, dilutes gravitational relics
— freeze-in for m_, > T _requires a significant coupling

— freeze-in already probed by direct detection (LZ2022)

— further probes by XENONnT, DARWIN
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