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through GWs!
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We can observe the early Universe
through GWs!



GWs as probes of the early Universe

 GWs decouple upon production

* GWSs spectrum:
* Primordial spectrum at production
* Propagation

e But difficult to detect :-/
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GWs as probes of the early Universe

 GWs decouple upon production

* GWSs spectrum:
* Primordial spectrum at production
* Propagation

e But difficult to detect :-/

-~ GWs can probe the early Universe
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Primordial Gravitational Waves

« GW are represented by spatial metric perturbations (transverse & traceless).

 The evolution of GWs is described by the linearized Einstein eq.
- : \vL. e
h,{'j + 3H héj -_ ”—th'j = 161 (s Hi;,r'

. . ) s = g
n'T is the transverse-traceless part of the anisotropic stress tensor 11;; = J’”—_j’r”

* Primordial GW spectrum
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with the primordial tensor power spectrum Pz (k) = Ay (I)

and the transfer function  #X(u) 2 da(u) dX(u) o v

du? a(u) du  du
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Primordial Gravitational Waves
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For a primordial scale invariant spectrum and standard cosmology
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Standard Cosmology

* Total energy density dominated by SM radiation
from end of inflation until matter-radiation equality

-~ SM energy density: pg ~ a4
- Photon temperature: T~ al

* Hubble expansion rate

= H~TM,
— H ~ a2
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Non-standard Cosmologies
* The energy density of the Universe was dominated by ¢ with an

equation of state w, = p, / p,

* ¢ decays into SM radiation before BBN

d g . .
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« Initial conditions: T, and ¢=

Nicolas BERNAL - UAN

P

'ﬁ'H T'=Tmax

S@@
Y4
2 Q/Z/
TY = — g, (T) T*
- pR+PR  27% .
S _{ — — .I!I J{ J{
"’.ﬁ.( :I T A5 "w( ]I

H‘j P + PR+ Pm T+ PA
302,

with T_,=1014 GeV (pivot scale)



w=1/3
& =102

w =2/3
& = 1010

Nicolas BERNAL

Non-standard Cosmologies
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Prlmordlal GW in Non-standard Cosmologies
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Scale invariant primordial spectrum
V44 = 1.5x1016 GeV and T,4=10 MeV

w=0 & &¢=10n

w=1/3 & &=10%

w=2/3 & §&=101w0
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Primordial GW in Non-standard Cosmologies

Scale invariant primordial spectrum




Primordial GW in Non-standard Cosmologies
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Scale invariant primordial spectrum
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Consistency relation in the single-field
slow-roll scenario:

T = —SHT.
_ Ar
= A

where

and V, /4 = 1.5x1016 GeV



Conclusions & Outlook

* GWs offer a new messenger to explore the early Universe, beyond
EM waves.

* The existence of a PGW background is one of the most crucial
predictions of the inflationary scenario of the early Universe.

* The spectrum of the inflationary GWs depends on:
* the power spectrum of primordial tensor perturbations
* the expansion rate of the Universe.

* GWs can probe the early Universe!
* Upcoming GW observatories could shed light on the cosmological
properties of the early Universe.
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