Evolution of gauge invariant scalar perturbations
from inflation to reheating
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What this talk is about

Improve on the standard formalism for generation of
primordial perturbations so that:

it is valid beyond the slow roll regime

gauge confusions are avoided

Goal: incorporate the influence of a smooth reheating
period in predictions of Pr(k).
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Time frame
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Main players

metric

g Ex)=0g O+ g (X
inflaton

((6X) = T+ (X
plasma

T jrad =T jrad + T jrad( T; U V)

Written in terms of background values +
scalar perturbations
(scalar-vector-tensor decomposition)
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Metric tensor ¢

FLRW background + perturbations

1 2h, o;h
h (1 2hy) 5+260 5
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Einstein equations: G =8 GT

G =8GT : G =8GT
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Inflaton ” (interacting with a plasma)

Langevin equation:
75 T(T;”)u ”. V..+% =0

Inflaton field: ¢ and noisy 6¢
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Thermal plasma

T e(T;7)+p(T;)Juu +p(T;7)g +7 7 Lig = =
TYT+ T
u Ta +u(v;,g )

energy-momentum conservation: r7 =0

assume plasma equilibrates fast: ' T
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Note: Say NO to slow roll!

We make no slow roll approximation. Our equations are valid even

after the inflation has ended.
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Gauge invariance

gauge invariance in General Relativity = coordinate freedom

X ¥ x + ) 2scalar gauge variables
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Gauge Freedom
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Gauge Freedom
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Goal

Our main players:

Svﬂwhwe mekric m{llﬂ\"‘b"\f

~/ S~

Continuously study their behaviour from in ation until the onset
of radiation domination (smooth reheating).

Do it in a gauge invariant way & no slow roll!
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Gauge invariant variables

curvature perturbations

isocurvature perturbations
Sv (é‘{’m(Rv R’) ; ST é;TT (RT R’)
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Evolution equations

To derive evolution equations:

combine the derived Einstein equations, Langevin equation, and
energy-momentum conservation equations

rewrite them in terms of gauge-invariant variables

2 3 20 0 1 r L= 0 0 32, 3

R- 3 =7 hg
S, 0 (e+pH 0 0 (e+pH 0 (e+p)HZG h
St 0 0 0 0 & Here 0 ho
=gl H+@) 0 (H+0)0 0 0 0 ﬁ

. 0 H 1 (2 +HO) 0 0 0
(hp + Vi r2 T
N 0 0 1 I 0 0 0 y

0 0 0 0 0

express in terms of comoving momentum K and physical time t

simplify
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Full Equations

= Phﬂsfca.\ momentum
Derived evolution equations:

comoving momentum
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Solutions

power spectrum Pgr. QK—SQJ R-j?
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regimes: phase oscillations, horizon exit and re-entry (overdamped
regime), acoustic oscillations

Swiss Cosmology Days 2025 ETH Ziurich, June 5, 2025 15 /16






	Understanding the title: Evolution of gauge invariant scalar perturbations from inflation to reheating
	Gauge invariant variables
	Evolution equations

