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Inflation and reheating
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Primordial fluctuations

Quantum fluctuations in ¢, g are stretched by the expansion Reheating represents the main theoretical

uncertainty for a given inflation model
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Coherent oscillations

A~

inflation \I/ reheating )k radiation
non- equilibrated SM equilibrated SM
tend tth treh t
The end of inflation: 4 =0 <« =-1/3 < = V(o)
~ 1 2 12
1/2 TORTEE) ~ Ga0P(O) = dolt) cos(met)
,\ e (@%) = (9V'(9)) = 2(V(9)
‘ pe = 2(V(¢)) (¢0)
Py = 0

quadratic minimum /2 matter

> }
G 1. Inflation



Coherent oscillations
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Coherent oscillations
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Particle production during reheating
self-interactions with DM
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Particle production during reheating
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The perturbative picture

Phenomenological approach: decay of ¢ quanta <— friction (dissipation) in ¢(1)
¢+ (BH+Ty)p+ V'(¢) = 0

4
P +3H(1 +wy)py = —To(14 wp)py

Reheating as the exchange of energy between two ideal fluids
™ = Tgll + Tgy = P¢ dlag(]-) W, W, w¢) + PR dlag(la %7 %7 %)

VuTH =0 = pr+dHpr = Do(l+ws)py

.ég/z 2. Reheating



Decay of the condensate

Oscillation modes as quasi-particles
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Decay of the condensate

Oscillation modes as quasi-particles
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Perturbative reheating
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Perturbative reheating
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Fragmentation from dark preheating
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Resonant particle production

Bosonic effects can exponentially enhance the rate at which particles are produced from the oscillating inflaton

The dark matter field x (%, x) satisfies the Heisenberg equation of motion
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Resonant particle production

For V(¢) = %méd){ after a few oscillations, resonant growth inside Floquet bands
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Resonant particle production

For V(¢) = %médﬁ after a few oscillations, resonant growth inside Floquet bands
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Backreaction and fragmentation

The explosive production of particles can disrupt the homogeneous inflaton condensate by re-scatterings,
leading to the fragmentation of the condensate. The full system

V3
02

(#,x)

0,

(¢,x) = 0,
1

5<ﬁ2+ (Vo)® + x + 5 (Vx) + V(¢ x) = ps+px = BHM}

= ==
can be solved by finite-difference techniques Q
> on

on a spatial lattice

D. Figueroa et al., Comput. Phys. Commun.
283,108586 (2023)

CosmoLattice
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Backreaction and fragmentation
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Decay of the fragmented inflaton
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Decay of the fragmented inflaton
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Reheating after fragmentation
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CMB observables (Starobinsky)
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CMB observables (Starobinsky)
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CMB observables (Starobinsky)
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Fragmentation from self-interactions
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Parametric self-resonance

Even in the absence of couplings to other fields, the oscillations of ¢ may not survive forever

The inhomogeneous fluctuation d¢(¢, x) satisfies, at the linear level,
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Quartic self-resonance

For V(¢) = \¢?, after a few oscillations,
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Quartic fragmentation

For V(¢) = \¢?, after a few oscillations,
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Quartic fragmentation
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Decay of the fragmented inflaton
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Reheating temperatures, self-resonance (ignoring fragmentation)
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Reheating temperatures, self-resonance
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Reheating temperatures, self-resonance
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Dark matter freeze-out (after fragmentation)
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Induced gravitational waves
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Peak structure
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Self-resonance: V(¢) < ¢",n > 4
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Fragmentation leads to radiation domination, w = w2 — 3 (not the same as reheating)
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Reheating temperatures, self-resonance
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Induced gravitational waves
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Other non-perturbative effects
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Fragmentation calls for y > 1074
in flat potentials, but ...

.. In quadratic potentials, y > 1075 s
the realm of fermion preheating

The backreaction regime is difhcult

to explore numerically
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Final thoughts

Summary
¢ Combined lattice + Boltzmann approach allows a description of post-fragmentation reheating
® Quantifiable impact on observables
® More to do to include fluctuation + dissipation

¢ (Bosonic) preheating calls for (fermionic) preheating

Conclusion
There’s still a lot to do!
Thank You!
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