Non-linear preheating after inflation
and gravitational wave production

* Inflation == (p)reheating

» Preheating:
Field + metric perturbations
Preheating of tensor modes: Hybrid models

> Summary
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Expanding Universe

Flathess problem
Horizon problem

The observable Universe was larger
than the particle horizon at LSS

Inflation
Early period of accelerated expansion

Super-horizon perturbations?

Too small sub-horizon I
(causal) perturbations Unwanted relics

monopoles, moduli, gravitinos,



Scalar field rolling down its (flat) potential

—
PR2~(H,/)P}Z~5x10"° (k=a,H,)
ds’=dt’~a(1)%(8;(1+2y)+h;)dx'dx’ PX2~2\2H/(27tm,)

Oscillations : Matter p,+3Hp,+I,p,=0
Radiation ppt+4Hp,—1I,p,=0



Preheating

e Non-adiabatic change in the time dependent effective masses
leads to parametric amplification of the field fluctuations

A(k)= 2 g + k*/o* a*
g=<m?(t)>/4w’

q<1: narrow resonance
g>>: broad resonance




Preheating
e Linear perturbation theory breaks down when

Gradient ~ Kinetic ~ Potential

Hybrid Mode-to-mode coupling
(linear evo

backreaction + rescattering

5 (Lattice)
IR cutoff kmin~ (2 m)/L UV cutoff kmax~ N (2 ©)/L
Parametric resonance turbulence thermalization

(Non thermal spectrum)
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ds*=dt*—a(t)*(5,(1+2¥)+h,)dx'dx’
| h;+3Hh,;—V~h,/a’=S; /a’

(V) M
S, '<§;
Fields evolve in a background metric

Easther & Giblin & Lim
Si(t,x)~16mGV,xV.x  mmh S; (t.k)=A, . (k)S;(t,k)

Dufaux & Bergman & Felder & Kofman & Uzan
h,(t,k)=167G | G(t,t')S]" (t',k)/kdt’

Garcia-Bellido & Figueroa & Sastre

hET(t,k)=Aij,lm(k)hij(t,k)
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Fields +_metric perturbations: Hybrid model

Tachyonic preheating: very efficient particle
production mechanism

* Initial conditions:
No tensors at t=0,
local scale factor and Hubble rate from constraint equations
Fields: slow-roll initial background values + vacuum fluct.

* GW energy density:

Power spectrum:

Peakatk _ ~gd_ Pew



Hybrid model

GW energy density Source terms

solid: with B(x), yij(x)
dashed: with a(t)

TF
— log, ,|M Xy|

TF
—_- Iog10|R Xy|

N=128, L=10x, g=0.01, ¢,_=0.005m,,

larger p.,, (~ an order of magnitude) when including
metric perturbations

(Cluster UGRGrid, Granada & BlueGeneP, IDRIS, France)



Hybrid model : power spectrum
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N=128, L=10xm, g=0.01, ¢_=0.005m_
solid: with B(x), 'yij(x)
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K ~ (g @), shifted towards smaller values

larger lattice needed to improve infrared resolution
with a reliable ultraviolet cutoff
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Sensitivity of planned GW interferometers detectors

BBN bound
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L GUT inflation =

Hybrid

(1)

1 e_2 . . . . 1 . . . . 1 s . . N . .
?gJO - 1e+5 1e+10

(1) ®,~10°m,, g ~ 10 (2) ®,~10°m,, g ~ 10

Very weak coupling g <<'1 tensor-to-scalarr <<'1




Summary

» Preheating: parametric amplification of
fluctuations during oscillations after inflation

Scalar metric perturbations
follow the same resonance

attern than the fields
Tensors sourced by 2™ order :

matter and metric perturbations:

» Coupled system fields + (scalar, tensor) metric fluct:
~ 1 order of magnitude enhancement for p.,,

~ frequency shifted to smaller values

* Next step:
improve infrared and ultraviolet limits
Vectors? Magnetic fields?
Non-gaussianity?
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False vacuum Global minimum
M2
V(qb)=/\“+?(’>c/>2+%><4+%(92</>2—ﬁ/ﬁ)x2

Inflation: above the critical value

The second field vanishes
Potential ~ vacuum energy

V=AM ¢°/2 Global minimum: below critical

«— N e-folds — The second field gets a vev
The potential vanishes

Inflation

Linde, PLB’90
Copeland et al, PRD’94
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