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PERTURBATIVE REHEATING

UNPERTURBED EQUATIONS

Energy density equations
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Expansion dynamics

End of inflation - N e-folds after inflation
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PERTURBATIVE REHEATING

DECAY RATE PERTURBATION

» We define a characteristic value of the Higgs VEV over all
Hubble patches i) = <Jh2f(h;N)dh>

» We define the average decay rate over all patches at the
characteristic value /1 as

N\ 32
3 2y°h? 2 27,2
Iy=Ty| 1- - @<m¢—2yh>

» The characteristic decay rate perturbation, then, is

.
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5F¢ - (1— > > o 2 (1— > ) form425>4mf2

0 2
0 for my < 4m;
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PERTURBATIVE REHEATING

PERTURBED EQUATIONS (DVALI ET. AL 2003)

» The perturbations in the inflation and radiation energy densities:

do dp T do dd pyl

¢ ) r ¢ ¢< >
S _ 5_|_(I) — A 5F+(I)+5 —0
dN 3a’N H( ) dN I\ ; | b

» The background equations:
dpyldN = —=3p, — ([T y/H)p, dp./dN = —4p,+ (U y/H)p,,

» The gravitational potential perturbation:
do 4nG

N =3 (Pt 5)
» The Bardeen parameter perturbation:
PyOp + PO,
3p_q§ + 4:5r
» We plug the Ty(N) and 6r(N) calculated earlier and find (V)

[=—O+
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CMB BOUNDS - TEMPERATURE FLUCTUATIONS

4

log10(l'0/mMmy)
S LWL
ol o U

I
NN
C

|
o=
o U

Region observations

are not sensitive to -3.0 =25



15/23

THEORY

» Preheating via tachyonic resonant
decays of the inflaton to gauge bosons

» The inflaton couples to U(1 ) gauge
bosons via a Chern-Simons coupling

o« pFE, 4f

» The gauge boson gets its mass via a
gauge coupling g to the Higgs:
M=g|h|/2

» We cannot define a decay rate like in the
perturbative case!

Preheating

is incomplete

Preheating

is completed
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THEORY

» Preheating via tachyonic resonant
decays of the inflaton to gauge bosons

Preheating

» The inflaton couples to U(1 ) gauge 3 o ———
bosons via a Chern-Simons coupling

o« pFE, 4f

Preheating
» The gauge boson gets its mass via a is completzd
gauge coupling g to the Higgs: - -
M=g|h|/2 @ mp/f
| e 1
00 05 10 15 20 25 30
» We cannot define a decay rate like in the N,

perturbative case!
* We choose [ = 0.1 mp,
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NON-PERTURBATIVE PREHEATING TO GAUGE BOSONS 10

METHOD

» We again start from a distribution of n Higgs values hi across n
different Hubble patches

» Each Hubble patch, then, is characterized by a different gauge

boson mass Mi

» We solve the EoM of the gauge field at each patch and derive
the inflaton an radiation energy densities at each patch, at every
point in time p4(N), p/(N)

» The energy density background and perturbations can then be

defined as:
15¢/r(N) - <p¢/r(N)> 545/;' = \/(pz/r(N)>/ﬁ¢/r(N)
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NON-GAUSSIANITY DERIVATION

PATCH-BY-PATCH METHOD

Energy density equations

foq:N=0)
&
N

§,
& .
@3 Higgs EoM

Expansion dynamics

8Py N) &(psN)

"

End of inflation N e-folds after inflation



NON-GAUSSIANITY DERIVATION [

Perturbation PDFs

PATCH-BY-PATCH METHOD N

8Py N) 80y N) &(@;N) &G N)

We use the definitions of the energy density
background and perturbations
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NON-GAUSSIANITY DERIVATION 1

JNL CALCULATION

» Planck defines non-gaussianity as:
3T) = &6(T) + 1. (86(T) = (36(T)))
» The skewness of the temperature fluctuations spectrum is:
Sy = <§3 (97)>

» Non-gaussianity in terms of the skewness is:
S
4
6 (AT/T|cpp)

» We assume that NG is dominated by reheating rather than SR dynamics

Ine ®

» We calculate NG in the green parameter space which is allowed based

. . AT
on temperature fluctuations. According to Planck — | m107 .
CMB
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CMB BOUNDS o0

» Planck’s bounds on
non-gaussianity are:

» Since our approach
does not take smaller
scales into account,
the bounds will ease
by a factor of ~ 10 to:

| | <70

.00
-3.00-2.75-2.50-2.25-2.00-1.75-1.50-1.25-1.00
l0g10(y)
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CONCLUSIONS

» The Higgs as a light spectator field during inflation can cause reheating to
SM particles to be space-dependent

» This space-dependence results in large Higgs-induced temperature
fluctuations and non-gaussianity

» By comparing with Planck observations we can constrain the SM parameter
space

» The bounds placed on the reheat temperatures of SM particles are tighter for
reheating to heavier particles

» We exclude resonant decays (preheating) of the inflaton to SM Higgsed
gauge bosons

» Future study of scale-dependencies can provide more accurate results
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