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Primordial Tensor Power Spectrum

A unique prediction of Inflationary Theory is the existence of PGWs J

In Slow-Roll:

Pr(k) = Ar (,Tk*)nT

Ar=rAg and np =
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Primordial Tensor Power Spectrum

A unique prediction of Inflationary Theory is the existence of PGWs J

Searching Tensor modes with:
e CMB B-modes

—0.55 < ny <254 In Slow-Roll:

Pr(k) = Ar (,Tk*)nT

Ar=rAg and np =
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Primordial Tensor Power Spectrum

A unique prediction of Inflationary Theory is the existence of PGWs J

Searching Tensor modes with:

CMB B-modes

—0.55 < nyT < 2.54
Stochastic Background of Gravitational Waves

ng(kL\/) <1.7x 1077 — nt < 0.52 PT(k) =Ar (Ti)nT
Big Bang Nucleosynthesis
ANeff <04 — ny < 0.4

In Slow-Roll:

Ar=rAs and np = "5
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Primordial Tensor Power Spectrum

A unique prediction of Inflationary Theory is the existence of PGWs J
Searching Tensor modes with:
CMB B-modes
—0.55 <.nT < 254 o In Slow-Roll
Stochastic Background of Gravitational Waves

ng(kL\/) <1.7x 1077 — nt < 0.52 PT(k) =Ar (Ti)nT
Big Bang Nucleosynthesis
ANeff <04 — ny < 0.4

Ar=rAgs and nr = dd"l‘fkT

But since kv > ke, and  ANGY oc [ dpr(f

do we parameterize the Power Spectrum (P71) correctly?
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Extra Radiation from PGWs

Primordial Gravitational Waves behaves as extra radiation = Contributes to the Energy J

budget of the Universe: Qew/(f) ~ 7;{2;)

n fmax
standard CMB parametrization —~ ni [(%) ]
T *
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Extra Radiation from PGWs

Primordial Gravitational Waves behaves as extra radiation = Contributes to the Energy J

budget of the Universe: Qaw/(f) ~ 50

nr fmax
standard CMB parametrization —~ % [(f—i) ]

fmin

n
__"T
L'e 2aT]

Add naive scale-dependence a1 = dnt/dInk —x oy
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Extra Radiation from PGWs

Primordial Gravitational Waves behaves as extra radiation = Contributes to the Energy

budget of the Universe: Qew/(f) ~ 7;{—2(;)
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Stochastic Approach

More general parametrization: In P = Zf.io aj(x — xg) with xo = In fomp J
10724 10°4
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10722 4 10-104
10_25_ 10*)2-
10-% 10 107 10° 100 10°  10° 07 o
fiHz

108 different simulations up to jyax = 10
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Stochastic Approach

More general parametrization: In P = Zf.io aj(x — xo) with xo = In fous J

4 (Planck, CMB+BBN) /

Where is

07 10t 107 100 100 100 107 . 2 00 02 04 06 08 10
fiHz nr

108 different simulations up to jyax = 10
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

corrections
background

1 1 M (t)?
S = [ d'xy/=E | SMER — (D% ~ At) + 3 2 My(e) (6% + 1) T (% + )oK+
n>2
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

corrections
background

1 1
S=[d**/—¢g EMg,R —c()g® = A1) + > m/\/ln(t)“(,g,rm +1)" —
n>2
The system of the Hubble flow equations gives the evolution of any generic quantity Q(¢)

\ / 3
@(g"u 10K + ..
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

d
T =¢€q(0 —e—n—e€q)+epg

d
= pa(0 —2n —€q) +2 xq

Exe =" xQlI(10 — (1 = e — (1 + 1)n — eq] +** xq

SR Parameters for Q(¢)

! -1 I+1
_ ¢ 1+1
"Xo(¢) = (7\(42)> (%((p) (H'@)) %fmﬁ'ﬁ)
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

d
T =¢€q(0 —e—n—e€q)+epg

Many coefficients. Many systems?
d
= a0 —2n—eq) + xq

Fortunately not.
d TXQ T\ QI(10 — (1 — 1)e — (I + 1)n — e@] +'* xq

SR Parameters for Q(¢)

! -1 I+1
_ ¢ 1+1
"Xo(¢) = (7\(42)> (%((p) (H'@)) %fw'ﬁ)
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

d
T =¢€q(0 —e—n—e€q)+epg

Many coefficients. Many systems?
d
= a0 —2n—eq) + xq

Fortunately not.
d TXQ T\ QI(10 — (1 — 1)e — (I + 1)n — e@] +'* xq

PT - L ( H22 )
SR Parameters for Q(¢) cr \ ™My,

! -1 I+1
_ ¢ 1+1
"Xo(¢) = (7\(42)> (%((p) (H'@)) %fw'ﬁ)
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Theoretical Monte Carlo

At high frequencies the GW production becomes strongly model-dependent J

AN < 0.4 = AN ~ 10710 — 10714

J 2000

500

Models

==+ 68% and 95% of models
10104 --- Power-law (r~0.001)
e Hubble Flow Equations

10-14

-0.4 -0.2 0.0  Models

28 Apr. 2023
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Theoretical Monte Carlo

At high frequencies the GW production becomes strongly model-dependent J

AN < 0.4 = AN ~ 10710 — 10714

J 2000

500

Models

== 68% and 95% of models

More accurate calculations for any reliable conclusion on inflation!

-0.4 -0.2 0.0  Models

28 Apr. 2023
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Thank You!
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Backup slides
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Observing Tensor Modes

— ET sensitivity
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Extra Radiation from PGWs

Primordial Gravitational Waves behaves as extra radiation = Contributes to the Energy J

budget of the Universe: Qaw/(f) ~ 50

The total amount of radiation is:

8
prad:”—o[2T4+ T + INeg T+ 2Ty = AN&}/V:fng at T > O(1MeV)

hg 1\ [fmax df
and today: ANGY = s (L) [ &pr(f)
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Extra Radiation

W BBN-A (Yp +D/H) + BK18 prior
W BBN-B (Y +Q, prior) + BK18 prior
W BBN-C (Yp + D/H +Q prior) + BK18 prior

02464

02460

Yp

02456

2.5

02452
BBN-A
2.0 BBN-B

BBN-C

26x10%

255107

DIH

25x10°%

2.45x107

06

~0.10 -0.05 0.00  0.05

1 \
02455 02460 245 250 255 2.60
Yp oM

Matteo Forconi (Sapienza)



Stochastic Approach

More general parametrization: In P = Zf.io aj(x — xo) with xo = In fous J

® a = In(rAs)

® a; =nrt € [—0.5; 1]
_ 1dInPr

© 3= i gwr

0 a1 > a3 > a1
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EFT Approach

The Effective Field Theory of inflation is a general framework for describing fluctuations
around a quasi-de Sitter background J

iffe J
background different models

1 1 Mi(t)?
S = [d*v=g |5MAR — c(t)g® = A(t) + Y~ Mo(t)* (g™ +1)" - #(g00 +1)0KY + ...
n>2

Evolution of the Hubble parameter using Friedmann equations

H? = gl le(®) + A®] 2 = =5l 26(t) ~ A(o)]

Only two independent functions to fully characterize the background evolution: c(¢), H(¢)
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Hubble Flow Equations

The system of the Hubble flow equations gives the evolution of any generic quantity Q(¢) )

~

SRR

(6 — 2¢) SR Parameters for H(¢)

0 —2n—¢€)+2 A
( n 6) (¢) ( >l (L)I( 1 )H-l dHlH(qﬁ)
[V H(o H'(¢) de'*t

SR Parameters for c(¢)

!
a2 =" A0 —€) — (I + L)n] +1 A

40 = ke — 0 +n) |
i — D +2 ¢ (o) = (@) (1) (1 )T dtee)
(@)=, (W)) (H’(¢)> (@) g

|95 =" €l =1)(0 — &) — (1 + )] +142 ¢
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Theoretical Monte Carlo

This block is here for consistency with the other slides. But it is kind of useless... J

Taking into account all the operators that induce tensor perturbations, at leading order

2 . _ M2
Pr=1 <W;’M2/) with c72=1- M = nT=-2+er
p p

thus

Background: ¢(¢), H(¢). Tensor contribution: c7(¢) (e1 = —£L,...)

HCT’ '
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Theoretical Monte Carlo

This block is here for consistency with the other slides. But it is kind of useless... J

Taking into account all the operators that induce tensor perturbations, at leading order
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At high frequencies the GW production becomes strongly model-dependent!
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