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Motivation

» Planck: spectral index ny; = 0.9625 + 0.0048
[1807.06211]

» Typical inflationary models: n; ~ 1 — aN®,
N ~ 50 is number of e-folds of inflation
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General relativity: degrees of
freedom

» Metric g, gives local lengths and angles
» Connection ['G gives covariant derivatives

» Metric formulation: Levi-Civita connection

[0 1 Q
By — §g p(gﬂpﬁ + &ps gﬁ%p)

» Palatini formulation: g, and I'G independent
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Higgs inflation

» Non-minimal coupling to gravity
S= / d*xv/—g l - % (M2 + §h2) g" R + %g‘“’aﬂh&,h - %h“
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Higgs inflation: metric formulation

» Non-minimal coupling to gravity

S= / d4x¢——gl - % (M2 + §h2) g" R + %gwaﬂhayh - %h“
T T

Buv Buv Buv

» Weyl transformation to Einstein frame:

2
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Higgs inflation: metric formulation

» Einstein frame action:

1
s-/ d“x\/——gE[ ~ S M85 Rt

L Epw1+€n /M2 166202 M2 ARt
2 (rem /ey OnhoLh = (Hehz)?

|
3{1+§h2+6§2h2 _l_

& T1em
VE(h)

Eemeli Tomber, University of Helsinki
g Y

Preheating in Palatini Higgs inflation 7 /34



Higgs inflation: metric formulation

» Einstein frame action:

1 1
S = /d4x\/—gE l — EMZgEWREW + EgE’“’Oﬂxd,X — Ve(x)

» Einstein frame potential:

VE(X)
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Higgs inflation: Palatini formulation

» Non-minimal coupling to gravity

1 1 A
S = / d*x\/—g [ -3 (M2 + §h2> g" R + 58" 0,hd,h — 7 h

T

8uv 8uv 8uv
My
» Weyl transformation to Einstein frame:
2
En
Buv = 8Euv <1 + M2
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Higgs inflation: Palatini formulation

» Einstein frame action:
1
S :/d4X —gEl— EMng”VREW,-i-

I e ARt
58 —2—21_1_5/7 7z OphOuh — —2(1+§h2> ]

a1
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Higgs inflation: Palatini formulation

» Einstein frame action:

1 1
S = /d4x\/—gE l — EMZgEWREW + EgE’“’Oﬂxd,X — Ve(x)

» Einstein frame potential:

VE(X)
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Metric vs. Palatini

» Metric: [0710.3755]

¢ ~ 800V AN ~ 10* (N =50,A ~ 0.1)
2 12 -
nszl—ﬁzo.%, rmmm4.8x10 3
> Palatini: [0803.2664]

£ ~ 3.8 x 10°AN? ~ 10°

2 2 —-12
nswl—N%OQG, r%WN].O
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Reheating: Overview

» After inflation, inflaton oscillates around its
minimum

V(¢)

X+3Hx+ V'(x)=0

T T

friction oscillation
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Reheating: Particle production

» Need to transfer some of the energy density in
the inflaton condensate to particles

» This happens through interactions of the
inflaton field
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Higgs reheating

» Interactions known

» Decays of Higgs condensate (subdominant)
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Higgs reheating

» Higgs-induced mass terms for fermions, weak
gauge bosons and Higgs bosons

f(X):
m2 _ g2h2 m2 _ (g2+g/2)h2
W a1+ en2/M2) 27 41 +€h2/M2)°
212
mf - Yth

o ey e EO)
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Time-dependent mass: Preheating

» Scalar field mode function:
Qe+ 3HQu + [ + m?* ()| Qe = 0

1

2
Wi

» For constant m, standard solution:
320y _ Yk i [fw(t)dt’ Br i [ w(t!) dt’
7 Q \/2wke + 2w €

» Adiabatic vacuum: a =1, 8, =0

» Non-vacuum states: ny = |34|?
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Parametric resonance

» Adiabaticity condition |wk|/w? > 1 broken near
the bottom of the Higgs potential

» For certain Fourier modes: explosive particle
production
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Tachyonic preheating

» If m*> < 0= w? < 0, mode function grows
H —wzt
exponentially: Qx ox eV
» Possible for Higgs perturbations with m? = V/

VE(x)
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Higgs preheating: Metric case

X+3Hx+ V'(x)=0

» Quick decay of y oscillation amplitude; then,
Ve = Mx?, M=constant
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Higgs preheating: Metric case

» Higgs mass squared constant and positive: no
production

» Parametric resonance: production of W, Z
bosons

» At early times, decay to fermions (Combined
reheating)
b Later, bosons start to accumulate

» Reheating takes a few e-folds
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Higgs preheating: Palatini case

» Oscillation amplitude stays almost constant!
Why?
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Higgs preheating: Palatini case

X +3Hx+ V'(x)=0
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Higgs preheating: Palatini case

» Oscillation amplitude stays almost constant!
Why?

Eemeli Tomber, University of Helsinki
g

Preheating in Palatini Higgs inflation 22 / 34



Comparison: Metric vs Palatini

Ve(X) Ve(x)
X X
dx _ V1+Em 4662k dx _ V1+Eh?
dh 1+¢h? dh 1+ ¢h2
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Comparison: Metric vs Palatini

» Oscillation energy depleted more quickly in

metric formulation:
dH 2 1

207 X _ 2 202 _ dx

Pah = Tap 2\/6"/ M5 — 2VEe[x(h)] G

Bigger in metric case
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Higgs preheating: Palatini case

» Result: m% time-dependent, negative at times
» Tachyonic Higgs production is the leading
preheating channel

VE(X)

\/VX
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Higgs preheating: Palatini case

» Typical tachyonic mode function: Qy oc e!<”

log1o |Q«(1)/Qk(0)]
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Higgs preheating: Palatini case

» Growth index depends on k:
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Higgs preheating: Palatini case

» Particle concept is ill-defined, but we can
calculate energy density in perturbations:

Poer 1 kmax dk 4mk? 1 | . k2
;Bt - 3H2M2/k (2)® 2 (Qul* + | 52+ VEQD ) 1@
P

min

» Numerical calculations: significant fraction of
energy density in perturbations after only a few
oscillations, less than one e-fold
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Higgs preheating: Palatini case
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Significance on cosmology

» Palatini formulation: almost instant reheating

1/4
» Reheating temperature Ty = <L> Mp

4128%g, ru

» E-folds of inflation from CMB pivot scale
N, =549 — %f log &
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Significance on cosmology

» Spectral index ns: add 2nd order SR correction
and a correction related to SR approximation of
N to get

2 08

ns%I—M—N—f
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Significance on cosmology
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Caveats

» Non-linear behaviour?
» Details of backreaction?
» Thermalization?

» Quantum corrections to potential ignored
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Summary

» Preheating in Palatini Higgs inflation is very
efficient due to tachyonic Higgs production

» Detailed knowledge of reheating is needed to
make accurate cosmological predictions
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Peak Plateau
€ | M AN TEE | one AN Tgmen
10° 1.75 0.10 10.3 2 0.07 10.1
10° 1.25 0.04 12.7 15 0.03 12.3
107 1.25 0.02 15.0 1.5 0.02 14.2
108 0.75 0.007 17.1 15 0.009 16.0
10° 0.75 0.004 19.3 1 0.003 17.9

Eemeli Tomberg University of Helsinki

Preheating in Palatini Higgs inflation 36 / 34



¢ i (Bee)
10° 27789 0.064
100 2814 0.037
107 285 0.022
108 29 0.014
10° 2.9 0.014
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