Evolutlon of  gauge mvarlant scalar perturbatlons

Once upon a time, in the vacuum of the early universe The perturbations were approached by the Wizard of
during inflation, quantum energy fluctuations were To understand the nature of scalar perturbations, Time. He sent them off on a journey to the "Hot Big

generated. They quickly evolved and assumed identities we provide their family trees for your convenience. ~ Bang", to the beginning of the radiation domination.
-of the inflaton, plasma, or the spacetime metric. He gave thelli @ map..& .

Jhe lond of warmt nflotron | House "’f qr "‘“‘*7 flatior,

Vil o lar bat FALW QA
age of sa Fer+ur oms — as /WLP/ The Springs °‘F olemﬂ‘y

py — ? 2 ! nu TYhe ¢ oadma 1o the
/ f,e"iuﬁ.:’;si The house ’ a(7)< on  (1—2h,)5, +2(6@—6wi)19) P"‘"‘W‘Zﬂﬁ“ © het Eug hottoy

of 8r0~0'+3 | =X START

% | Nouse o} Pla LMoL g U“aﬁ&’ clomn nafmm Guy = TG Tuy

enery) Pl T T 44T | 9%— rapidls of *‘“F’“’(""“ VY- T w3 f- 9V +0=0

ol@\'-"\‘?‘]fﬁ Pféssuur{’, b - ve [oc (T " by Sl 54008 I
‘ ,“ 5’ Ul, \Z 7 ut — u” + ou (’U g ) \ OSQI,MhOuI ‘

TH = [e(T, ) + p(T, @) uw'u” + p(T, @) g" + @Fe” — 29" p p© | ! Jot R’J EE""Q Nu T =0
/’The, h buSﬂ\ 5 /\ SN .

| ' d
oje inflaton 00 o | Jhe meadows C?rp
| ' radiation dominatiow

X FNsH @ e b s e mnshuchone?

would guide them on their journey. The equations

were very compact. The perturbations knew that in

order to follow the equations, they needed to rewrite
_ them in a more convenient form first.

| Exploiting 2 scalar gauge parameters, the 7 The compact roadmap equations could now be
perturbations rearranged themselves into 5 gauge- ~ rewritten in a useful way. Expanding the equations to General, model-independent, gauge invariant
The Wizard agreed to help, but he first imposed some ©  invariant combinations. Here 3 are shown, the other 2 the linear order, performing a change of basis, equations valid beyond the regime of slow roll were
conditions on the travel. " could be Bardeen potentials. They play no role inour ~ expressing the equations in terms of the comoving derived! To understand them better, one could look in
~ equations (they decoupled from the rest). momentum k, and skillfully simplifying gets us to...: specific regimes where the equations simplify.
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_ Our heroes set out on the journey to solve the full
Before solving the first order equations, it is insightful to first understand what happens on the background level. \equations numerically. They successfully overcame the

dangers presented by the Numerical sinkholes.
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During radiation domination, inflaton no longer
influences the plasma.

Let's recall wow our | have the Book) Q\eh H= coust ) we have mﬂaﬁow. )
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Here, the noise was neglected (weak regime). When  Finally, our gauge invariant heroes reached their The left plot shows the evolution at early times (see

exploring the strong regime, the influence of the noise \ destination, radiation domination. Hurray! Their | freeze out). The right plot shows the evolution at late
‘on the solution will be carefully studied. | '“"-{j"ﬁ-;ﬂ_}journey is presented in terms of the power spectrum. J/times (horizon re-entry, acoustic oscillations).
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The proud curvature perturbations happily shared the
\ details of their journey with their friends...
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...what a journey! | Connection to the data? ~ Next steps?
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