Title: Gravitational Radiation from Preheating
Date: Jun 03, 2008 03:15 PM
URL: http://pirsa.org/08060134

Abstract: Parametric resonance, a'so known as preheating, is a plausible mechanism for bringing about the transition between the inflationary phase
and a hot, radiation dominated universe. This epoch results in the rapid production of heavy particles far from thermal equilibrium and has the
potential to source a significant stochastic background of gravitational radiation. Here, | present a numerical algorithm for computing the
contemporary power spectrum of gravity waves generated in this post-inflationary phase transition for a large class of scalar-field driven inflationary
models. | will present the results of this calculation for a number of inflationary models and discuss the (potential) observability of these models
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History / Prior Art

Parametric resonance: Brandenberger &
Traschen (1990)/ Linde & co

Khlebnikov and Tkachev: GUT scale intlation
and Gravitational waves (1997)

Yale (2005-) -- Energy Scale/Peak location
correlation and lattice simulations

Now: Garcia-Bellido et al., CITA group. UMW
group




Inflation

+ (Near) Exponential expansion of the universe
+ Realizable by “particle physics™

+ Energy density of the universe dominated by
(scalar-field) potential

+ Solves observational “1ssues™ of Big Bang Cosmology
+ Isotropv. Homogeneity

+ Quantum Fluctuations provide insight into structure
formation
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Parametric Resonance

Consider the tov model

= %Bﬂc;b@”ci) — %apxa“x — g**x* —V(9)

+ @ 1s the inflation and % 1s a bosonic field. The
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Parametric Resonance
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Parametric Resonance (II)

+ If we assume that

V(g) = ym?

+ and H=0 (non-expansion). then

o(t) = ®sin(mt)

+ and

00000000

Xk + (K + g*®* sin®(myt)) xx =0




Mathieu Equation

A 20
z=mnt
2 2 15
g°®
= o
m 10
k.2 2@2 k2
A = == 29 1

Solutions are etther
exponential or oscillatory

e + (Ar —2gcos(22))xx =0
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Implications

+ Certamn modes are exponentially excited

+ (copious) particle production of certain
momentum states

+ out-of-equilibrium unmiverse

+ Large gradient energy

» Any model whose termination oscillates will
(approximately) resonate

. Inhomogeneities lead to. ..
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Implications
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Gravity Waves

Einstein’s Equations

G =8nGT,,
With a metric of the form (in synchronous gauge)
2___ _n2 2 = = 0
ds® = dt* — a®(t) [6;; + hi;] dz'dz

Where the perturbation 1s transverse-traceless

;=0 K;,=0
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Gravity Waves (II)

+ We can use perturbation theory
0G,,(z,t) = 8nGT,, (z, 1)

+ to write equations of motion for the metric
perturbations
. a - 1 167G
= ke k. =
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The Source

. The source

| "
Sij = Tij — 3Tk 035

. must be made fransverse-traceless by

1
Sii = PicSuPij — EPij (PimSim)

. where
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kik;
k2

Fij = 0ij
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Arhitmry Units
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Computational Strategy

+ We start by defining a 3-
dimensional lattice with
periodic boundary conditions
and fill 1t with scalar fields.

+ We f1ll the lattice with Scalar
fields which obey

bi +3=; — 1
a

a2
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== 3271'G <h” - h”> Z 3271'G' (his0

IIIII

We use LATTICEEASY to evolve fields and the
Friedmann equations

a\ > - 8nG
5~

We a,ah,ulate the boura.e term of
h'ij I 3ahij V2h.,,_, —

In momentum Spdcc.

167G

a2

Sg’j

Evolve the metric perturbations (in an expanding
bdd{UI’OUlld calculate

Page 20/37

1,7




Transter Function

+ specifically. we calculate

dink poidlnk 3HZL? zZjlhij,o(k)\

. and transfer that to the present day using

dQgw(ae) ( 9o 4
x— 9 Gilg 9o
L L (g)

f=6x 10 z\; Hz




The First Model
+ We start by looking at
1
V(g) = ZA¢’4

+ First used by Khlebnikov and Tkachev
+hep-ph/9701423
+ Usetul comparison to other work
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State of Aftairs

Pirsl:

Group Yale CITA Madrid UWM
£ e > i et >
- OMPUIETEISOT | Green’s function S E?SFH Green’s function
Algorithm source, solve in source, solve n
method o method
momentum space position space
S B naamics Staggered Staggered Staggered Staggered
= Leapfrog Leapirog Leapirog Leapirog
Low Scal dels —
: << 1/Hubble e Expansion is
= = No backreaction = have non- =
Approximations ; : Sample” of k- : radiation or matter
Numerical noise? expanding i
modes. dominated
background
Few Same method as
PR Orthogonal to our | “Yale group™but | Exactmethod in
Comments approximations: » e =
: approach (sometimes) no radiation era
NO1SY SOUrces. :
08060134 cXpaision Page 23/37




Our Current Simulations
CITA
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Scaling Argument

+ Assuming that the largest possible wavelength to

resonate corresponds to (approximately) the Hubble
horizon. 1'H. where

H~ YV

mp;

+ We can use our transfer tfunction to calculate
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H,
v MpiHe

f=6x 100 x V14
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Scaling Argument

+ Assuming that the largest possible wavelength to

resonate corresponds to (approximately) the Hubble
horizon. 1/H. where

H~ YV

mp;

+ We can use our transtfer tunction to calculate
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H,
v MpiHe

f=6x 100 ox Vi/4
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Other Models

+ Consider 1
V(g) = §m2¢2

+ For single field nflation. the CMB places a
bound that

~ 10—6
m =~ 107 "m,,
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The gravitational wave search




Hybrid Inflation

+ Let’s add a tield:

M? — \g?)2 m?
( =
4\ =

¢2 | };2¢202

e

+ For large values of ¢. =0 1s a stable point. however
as ¢ decreases. ¢ 1s drawn to a mmimum at

a=(0)=£

VA
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Hybrid Inflation (II)

+ Assume no tluctuations in ¢

+ We get an effective potential

h2M?
V(¢)=%(m2 = )¢2

+ which 1s (dynamically) identical to chaotic intlation.
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Where this fits 1n...

=10
log{Qu i)
-14
=16

-18
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Difterent from Primordial
Spectrum

Primordial Preheating
Quantum source Classical source
Scale Invariant Peaked near observable range
Low H : Low amplitude Low H : redder peak
Always generated Strongly model dependent
Amplitude bounded by CMNB Amplitude possibly large
= 5 Qewinf h* < 107" Qew h° < 10710 =
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Conclusions

Direct detection of gravitational waves
“mevitable™?

Preheating provides a frequency-dependent.
constant amplitude probe

Detection could serve as a “model” selector

Preheating a new window on nflation

+ Particularly for low scales (<10°GeV)
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