Preheating and Baryogenesis in
Higgs-Starobinsky Inflation
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Cosmic inflation

Flatness and horizon problems
Large scale structures, CMB anisotropis
Many alternatives

(Basabendu’s talk)

R?-Higgs inflation

Simplest extension to Einstein gravity
One of the best fit model to Planck data

Although pure R? inflation may be in tension with ACT+Planck+DESI



Baryogenesis at electroweak crossover

Transport Equation (Kamada and Long, PRD’16; PRD’16)
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Baryon asymmetry (Domcke et. al. JCAP’19, Cado et. al. JCAP’21)
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Gravity induced baryogenesis in R*>-Higgs inflation

Action Jordan frame
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(Y. Cado, C. Englert, TM, M. Quirds, PRD’23; PRD’24)

Dimension-six CP-violating term: %R BWE‘“’



Linear equations of motion

The action in Einstein frame (linear EoM)
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Inflationary dynamics

Background and perturbation

o () = o (t) + 56" (a¥)
and ¢ (t) = {p(t), ho(t))}

Background dynamics
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Background energy density
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Preheating in scalar sector

Gauge invariant perturbation
5@5" are not gauge invariant
Gauge invariant Mukhanov-Sasaki variables for the perturbation
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Q‘Tare doubly covariant: space-time+field-space manifold
Transform like vector in field-space

EoM for scalar fluctuations
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Quantization in FRW Cosmology

Fluctuations in momentum space
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EoMs and energy densities for the modes

EoMs
1" 2 w(ZI)(Ta k) = (kz + agmiﬁ,m(’r))
Ulk“'}‘w(,)?lk ~ ()

Yo ‘H‘L" (n) Y2k =0
Parametric resonance Tachyonic instability
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Energy densities
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Quantum Energy densities

Vacuum subtracted quantum energy densities
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Benchmark parameter values

BP Er Eu | @(tin) [Mp] | ho(tin) [Mp]
a |2.35 x10°|10° 5.5 2% 1074
b 255 x10°] 1 5.5 8.94 x 10~*
¢ | 2.2x10° | 10 5.4 5.00 x 107




Preheating temperature

2
. grh T 4
pinf(arh) = Prh — 3—0 rh
Inflaton and Higss
i i
10720 R ¢
_ —h
10 A
< A
= 10-22 —<
=S 1072
Q
10~%4
10—25

10—10
10-13

10—16

P?I) [ ;l’]

10-"

10—22

T ~10* GeV

Goldstone bosons

— &, I
[ — ¢
AT
Y
05 1.0 1.5 2.0 2.5 3.0
N
(BPb)

11



Production of EM helicity

Quantization
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Baryon asymmetry
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Gravity induced baryogenesis

Excellent alternative to EWBG

Compatible with high scale inflation

Preheating and particle production plays key role in baryogenesis

Thank you!!
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Alternatives to EWBG

BP 71 72 73 14 75 M6 77 T+ ma Mg Loz
(GeV) (GeV) (GeV)

a 0.282 2.034 4.053 —1.039 1.343 —0.243 1.231 391 285 405 0.5
b 0.289 1.959 4.064 —0.418 1.56 —0.316 —1.216 414 334 456 0.8
c 0.303 0.413 5.129 —0.477 1.534 —0.455 0.457 508 444 541 1.7

BPs 7 m 13 14 s 16 n7 &1 Er

a 0.72459 0.834059 —0.287252 0.489654 —0.010900 —0.510739 0.333532 1 2.4 x 10°

b 0.845674 1.281688 0.017365 0.611085 —0.776203 —0.361704 0.050345 1800 2.25 x 10°

Which Baryogenesis mechanism?
EWBG? Needs to find fixed point
Sponteneous baryogenesis, Leptogenesis?
Gravity induced baryogenesis?

(S.M.Lee, TM, K.y. Oda, T. Tomo, EPJC’22; TM, K.y. Oda, EPJC’21)



Baryogenesis at electroweak crossover

Transport Equation (Kamada and Long, PRD’16; PRD’16)
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Baryon asymmetry (Kamada and Long, PRD’16; PRD’16, Domcke et. al. JCAP’19,

Cado et. al. JCAP’21)
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Preheating in nutshell

What does reheating do?
Decay of background fields after inflation
Initially treated perturbatively
The energy density transferred into decay products
Sufficiently high concentrations of decay products: thermal equilibrium

The initial phase of reheating (Preheating)
The inflaton condensate: coherent oscillating homogeneous field
Fluctuation couples to coherently oscillating background field
This induces a time dependent effective mass of the perturbation (parametric resonance)
Negative effective mass: burst of particle production due to tachyonic instability

Vacuum state of the perturbations as an initial condition for particle production in
classical inflaton background
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Parametric resonance and tachyonic instability
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Choice of vacuum

Hamiltonian

() = [ o [0 5°0) + p5%00)
(27)

Bunch-Davies (BD) vacuum (at early time)
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