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Dark matter genesis: two possibilities
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Dark matter genesis: two possibilities
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Dark Matter-nucleon cross section [cmz]

Production of DM particles
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Dark Matter-nucleon cross section [cm?]
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Relic density of DM
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e Out-of-equilibrium origin: final relic
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Possible solutions for the DD vs thermal production "tension"

weakening the bounds/channels:

e pseudoscalar couplings
e most of DM annihilation into leptons or EW bosons

e coannihilation
changing early universe:

e non-standard cosmologies: change Hubble rate during DM
production

changing assumptions:

e dark freeze-out production (from hidden thermal bath)
e non-thermal production (from decoupled sector)

e freeze-in production (from visible thermal bath)
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Landscape of dark matter genesis
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« Generation of neutrino masses

« Generation of matter/antimatter asymmetry

e Structural extensions of the standard model (SUSY, GUT, string)

e Seeds of structure formation (inflationary theories) 7
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(B~ Ry(t)a? ) e = H(t) o< \/p(0)

interaction rate expansion rate

evolution over temperature (T)

total entropy:
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N = na’ : total number of matter content
t,a,T : time, scale factor, temperature
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dN.
(B — R(a®)  Une = H(t) o \/p(D)

interaction rate expansion rate

evolution over temperature (T)

total entropy:
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5#0 dilution by entropy production:
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n, p : number and energy densities

N = na’ : total number of matter content
t,a,T : time, scale factor, temperature

A = pa* : total number of radiation content
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Freeze-in during reheating

Introduction

DM genesis during post-inflationary reheating
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DM genesis during post-inflationary reheating

1020 101
time (t)

TI\IAX

RH

scale factor (a)

. - . 9

10T 1m,: inflaton mass radiation 10
— 4

/1/7 = pya

entropy 101

1012 : .
S =
/ ST
108 /
/ 5x10%|
/// NDM = RDM&S 10°6f,, \H\m‘(a;) N H{a)
10t 2 Ny =-T4Ny Sxt0t SR
4 /147 DTy Nymga \\\
E Gomep N 107H1erof Hyn (@)
1 - = % A Tx104 2x10* 5x10* 1x10% 2x10° 5x105
10 1000 105 107 10° 101 10 1000 105 107 10°  10'
ang amg
Tvax Tru
0 52  MDM [ 7 Rpu(T) Rpu(T)
Q%% ~ 27T AT M) qr=RM)
10— ’ Try T Ty T

Reading suggestion: "Largest temperature of the radiation era and
its cosmological implications", by G. F. Giudice, E. W. Kolb, A. Riotto 2000



Introduction Freeze-in during reheating The spin-1 portal The spin-2 portal Conclusions and perspectives

DM genesis during early matter era
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Temperature-dependence of the rate density

The temperature dependence of the rate density can tell us if most of
the production would happen at the smallest (IR) or at the highest
(UV) scale available.

When R(T) o< T™:
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Freezing-in dark matter through a heavy invisible Z’
Gautam Bhattacharyya, MD, Yann Mambrini, Mathias Pierre

Phys. Rev. D 98, 035038 (2018) - arXiv:1806.00016
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SM fermions charged under U (1)’

e Good relic density for WIMPs
and Z’ in the 10 GeV - 10 TeV

Z;/L X mass range
(SM) (DM) e Pole regions (mx ~ Mz /2)
; X and Majorana WIMPs evade

DD bounds in simplified models
[arXiv:1703.07364]
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SM fermions charged under U (1)’

Z X
(SM) (DM)

SM fermions neutral under U(1)’

G Z/ X
(SM) , (DM)
G X

The spin-2 portal Conclusions and perspectives

Good relic density for WIMPs
and Z’ in the 10 GeV - 10 TeV
mass range

Pole regions (mx ~ My /2)
and Majorana WIMPs evade
DD bounds in simplified models
[arXiv:1703.07364]

Good relic density for FIMPs in
wide mass range, even for Z’/ in
the 10% — 10'® GeV mass range

No kinetic mixing in this model
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Scalar giving mass to the heavy fermions:  ® = s+ia; () =V
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Scalar giving mass to the heavy fermions: @ = s+ia; (®) =V
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Heavy secluded 7’ portal

Beyond the standard model sector [arXiv:1806.00016]

e local U(1)x, with gauge boson Z’
e heavy fermions charged under U(1)x and SU(3). — Generalized
Chern-Simons (GCS) effective terms

e fermionic DM x charged under U(1)x; GCS for Abelian DM vector
X1 and non-Abelian DM vector X
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Production rate densities
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Heavy secluded Z’ portal: results

The spin-2 portal

Conclusions and perspectives

Evolution of DM relic density...
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e non-resonant exchange of 7’

e all UV w.r.t. radiation (n>5);
IR (n=10), IR/UV (n=12), UV
(n=16) w.r.t. reheating
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Heavy secluded Z’ portal: results

Evolution of DM relic density... ... and agreement with Planck 2018
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The spin-2 portal

Spin-2 portal dark matter
Nicolas Bernal, MD, Yann Mambrini, Keith A. Olive, Marco Peloso, Mathias Pierre

Phys. Rev. D 97, 115020 (2018) - arXiv:1803.01866
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Heavy spin-2 portal

Electromagnetism Gravity H,f.G.B,W

[
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H.f.G.B.W*
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Heavy spin-2 portal

Electromagnetism Gravity H,f.G.B,W
hy
! THV

2Mp

H.f.G.B.W*

Beyond the standard model sector [arXiv:1803.01866]
e massless spin-2 field (graviton) hy,.;

e massive spin-2 field, iLW;

e DM: scalar ¢, fermion ¢ and vector V.
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Production rate densities

Massive spin-2 contribution: 100 ‘ P
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Heavy spin-2 portal: results

Evolution of DM relic density...
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e universal gravity couplings

e The freeze-in happens either
close to Try or mj,
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Heavy spin-2 portal: results

Evolution of DM relic density... and agreement with Planck 2018
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e Good relic density for mj;, and
o The freeze-in happens either A_at intermediate scales, for a
wide range of FIMP mass
close to Try or mj,

e universal gravity couplings
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Dark matter production during reheating & resonant portals
If the mediator mass lies between the reheating and maximal

temperature, the production rate of dark matter contains a "wild" pole
due to resonant production of mediators
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Conclusions

e Usual direct detection vs thermalization condition tension:

frozen-out relics easily overproduced;

e Freeze-in & structural extensions of the SM: heavy feebly interacting
fields (Z’, fermions, spin-2, moduli) easily mediate the freeze-in
production of dark matter;

e Resonant production of mediators during reheating needs to be
carefully taken into account, as the resulting relic density of dark
matter would be orders of magnitude underestimated otherwise.

21
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Perspectives for FIMP pheno: direct detection

e Direct detection is testing freeze-in and there is a concrete
phenomenological future
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Perspectives for FIMP pheno: LLPs @ MATHUSLA

MAssive Timing Hodoscope for Ultra-Stable neutral PArticles: proposed
detector at the life-time frontier

MATHUSLA Could be First or Only Discovery Opportunity (MCFODO)
[Theory White Paper - arXiV:1806.07396]

[ BSM Scenario | Role of LLPs

Typical cr | Role of MATHUSLA |

Fixed by masses &
cosmology. Long
lifetimes generic.

Model-dependent, but in long-

Freeze-in via decay requires LLPs
FIMP DM lifetime regime MCFODO.

with SM couplings.

High PQ-breaking scale Vpq

SUSY: Axinos | suppresses axion/axino couplings, Any, long lifetimes

For high Vpg, MCFODO.
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