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Non-gravitational detection

direct detection annihilations in the galactic core
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Minimal scalar dark matter

A simple DM model: scalar y (spin 0) which only interacts with gravity and/or the inflaton ¢

non-minimal coupling ¢-coupling
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QFT in the early universe

Introducing conformal time, dt = a dr, and the re-scaled field X = ay,

1
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QFT in the early universe

Introducing conformal time, dt = a dr, and the re-scaled field X = ay,
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Quantize as a superposition of oscillators
Srx) = [ K e Ty a s Xl iyl ] = 6(k—K), al0) = 0
(7_7 X) - W (& k(T)CLk + k(T) a_gl » [ak, ak, = — s Qg =

obtaining
XZ—I—w%Xk =0, with w,z = k2+a2m§ff

For a mode inside the horizon,
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free particle interactions
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Perturbative DM production

The perturbative picture: inflaton, gravity and dark matter as (quasi)particles

The solution of the Boltzmann equation
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Gravitational particle production during inflation
Light scalar fields are unstable during inflation
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For a mode that is outside the horizon (k/aH < 1),

wi <0 if mi < 2H?, oc/Ak1, and £<1/6 (tachyonic instability)
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inflation reheating

No free particle state during inflation = no perturbative picture
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Gravitational production

produced during inflation

produced during reheating
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Gravitational production

produced during inflation produced during reheating
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Weak inflaton coupling
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Strong inflaton coupling

Linear regime: The inflaton remains a condensate = Hartree aproximation

b+ 3Hp+ Vs +o(x*)p = 0

0 = oy [ 0 (18 - o)

L. Kofman, A. Linde, A. Starobinsky, PRD 56 (1997) 3258
MG, K. Kaneta, Y. Mambrini, K. Olive, S. Verner, JCAP 03 (2022) 016

Non-linear regime: The inflaton is fragmented = (Cosmo)Lattice
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X + 3Hx — a2X+V,x =0

D. Figueroa, et al., Comput. Phys. Commun. 283,108586 (2023)
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Non-linear regime

Re-scattering leads to a broader distribution with pseudo-thermal tail for ¢ and x, f ~ e=o(o/Aita
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Relic abundance, gravitational production
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Relic abundance, gravitational production
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Relic abundance, inflaton decay

small coupling large coupling
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Isocurvature in the CMB
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CDI: cold dark matter density isocurvature

CE NDI: neutrino density isocurvature
3
f NVI: neutrino velocity isocurvature
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Isocurvature in gravitational production
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Isocurvature in production from inflaton decay
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Structure formation constraints

Wavelength A [h™' Mpc) linear >~ non-linear
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Structure formation constraints

Wavelength A [h~! Mpc] linear ~ non-linear
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Light, but cold enough, dark matter
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Parameter space for gravitational production
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Parameter space for production from inflaton decay
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Additional constraints?

Distortions of the CMB frequency spectrum
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Additional constraints?

Isocurvature-induced gravitational waves G. Doménech, S Passagliaand S. Renaus:Petel, JCAP 03 (2022), 023

1T T T T T T T i) T T
\
10-4} ] \\ /I ]
z 1078} g \
] \ '
c LISA L/ g
SKA ]
10—12 L 4
DECICD Log-normal width: z=z:2 A =1 == A=0.01 ]
10716 [/ ) ) ) ) ) ) 1077 ) ) ) ) )
108 10 102 10 1016 108 10% 10° 108 10t 101 1017 10%
k= k/keq

1 2
K+ 23Ky + Vhy = <5 [0won]”
P

1+v 12 2\2\ 2
Qcw,c(k %/ dv/ ( (141“1: +v) ) I2(zc, ky u, v)Ps (ku)Ps (kv)

71}'

\ 4. Prospects




Additional constraints?

Blue tilted isocurvature: Ultra Compact Mini Halos (and PBHs)
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