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nggs Inflatlon Bezrukov, Shaposhnikov, 2008

m Could the Higgs be the inflaton?

m Need nonminimal coupling to
gravity
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Preheating after Higgs inflation

m Couplings of Higgs to SM are
known

m Determine for 10 < ¢ < 10%

m Dominant decay channels
m Reheating temperature
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Linearized analysis

Split into background + perturbation

¢ = ¢’ +6¢

Need lattice for backreaction and rescattering
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Approach

m Couple Higgs ¢ = %(cp + h+i0) to U(1)-gauge field

m Full SU(2) x U(1)-case is just 3 copies of U(1)-case to first

order in perturbations
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Multiple scalar fields with nonminimal coupling to gravity
See also talk by Evangelos Sfakianakis
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Conformal transformation

SJordan = /d4X\/ [ )R — *5/Jg“l’(7u¢lau¢J V(¢ I)]
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Potential in Einstein and Jordan frame
Jordan frame: V = \|®|*

During inflation: single-field attractor ruier, stakianakis, 2014
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Curved fleld_space manif0|d Gong, Tanaka 2012
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Analogy with GR:

Curved field-space | GR
o X
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Very efficient production

of isocurvature modes!
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Equations of motion

Expand fields and metric around background value:

o' = ' +d¢f

ds® = — (1 +2¢)dt? + a*(1 — 2¢)8;dx’ dx/

Generalization of the Mukhanov-Sasaki variable;
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Equations of motion
Background

D! +3H!' +GYVv ;=0

with

DA = oAl 1Tl AK
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(Linearized) equations of motion

k2
D2Q" + 3HD. Q" + [32+M” h} R'=0
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(Linearized) equations of motion

k2
D2Q" + 3HD. Q" + [32+M” h} R'=0

k2
D2Q% + 3HD, Q% + [a2+M9 9] Q°
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(Linearized) equations of motion

k2
D2Q" + 3HD. Q" + [32+M” h} R'=0

k2
D2Q% + 3HD, Q% + [a2+M9 9] Q°

=0
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My =G" (DD V) - R gt — Wpt <H<PI<PJ>
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(Linearized) equations of motion

k2
D2Q" + 3HD. Q" + [32+M” h} R'=0

k2
IﬁQe+3HZnQG+[a2+AW9]QG

=0

. 1 a .
My =G" (DD V) - R gt — Wpt <H<PI<PJ>

D, F* =0

12/29



Higgs mode equation

PPvi + w?(k, T)v =0
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Effective mass h-modes
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Energy density in Higgs modes
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¢-dependence of N,
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Perturbative decay

m Does perturbative decay shut off the resonance?

|
7P
2 2f
Only decay into light fermions is kinematically allowed
|
2
M= %mh

Decay rate is too slow to shut off resonance
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Gauge choice

m Coulomb gauge Q,’(’, Qf, Bki
9;B'=0

m Unitary gauge Q,ﬁ’, B,f, Bf
Q=0

m Q/, B- feel non-trivial field-space metric
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Goldstone/gauge mode equation
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Effective mass #-modes
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Growth of particle number density (¢ = 10)
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Efficient growth of isocurvature mode also observed on the

lattice

0.100F]

0.010

0.001

2
IS

<¢>,<X>,Prms :Xrms

3
&

A

0.0 0.5 1.0 1.5 2.0

Nguyen, JvdV, Sfakianakis, Giblin, Kaiser, 2019

Nguyen, JvdV, Sfakianakis, Giblin, Kaiser, in preparation
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Perturbative decay

Does perturbative decay shut off the resonance?

Gauge bosons are very heavy
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All particles decay between subsequent inflaton zero-crossings

Only complete preheating within one oscillation is efficient
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Energy density after first zero-crossing
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Unitarity cut-off

m Higgs inflation is an effective theory

m Ayy = % for large field values
m Ayv = % for small field values

Jordan frame Einstein frame
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m No unitarity problem during inflation
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Unitarity during reheating

m Reheating into Higgs modes does not violate unitarity

B Kmax Of the gauge modes is above the unitarity scale

m The peak of the thermal spectrum could lie above the
unitarity scale (if thermalization is fast)
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Reheating temperature

m Assume fast thermalization

B pinf = ppert = IM2H? = o5 Tre,

10_4 /
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Summary

Preheating into Higgs modes due to coupled metric
perturbation

Preheating into Goldstone/gauge-modes efficient for & > 103
m Modes above unitarity scale get excited

m Do these results hold in lattice simulations?
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Particle decay between oscillations (¢ = 103 & 10%)
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