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What is a Stochastic Gravitational
Wave Background (SGWB)

A SGWB 1s, by definition, made up of an incoherent superposition of signals
from sources that are unresolved in both the time and angular domain
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“Indirect” vs Direct GW detection
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Polarization of CMB photons D'ist"ortion of space as GW

through Thomson scattering detect
of electron and photon passes detector arms

|

Only Tensor perturbations - grou nd-based
L can source B-mode

Poor and contaminated signal: - Space-based

- foregrounds - pulsar timing arrays

- gravitational lensing (E->B at small scales)



LVC bounds on the AGWB
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LVC bounds on the AGWB
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NANOGrav SGWB detection?
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From S. Chen’s talk

The NANOGtrav collaboration found strong evidence in the 12.5 yr data set of a stochastic process that has a common
amplitude and spectral slope across the 45 millisecond pulsars!
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Looking forward for the quadrupolar spatial correlations (Hellings-Downs) predicted by General Relativity

and necessary to claim a SGWB detection.
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GW from C;o»ic
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What come next?
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‘Simons Observatory

Satellite mission Ground-based Ground-based
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Next Generatlon GW Interferometers

1 Geometry Constellatlon of 3 spacecraft inan |
| equilateral configuration (a giant interferometer) |

| Geometry: Ground-based Triangular
'f‘ detector (HF+LF)

Mission duration: 4 y science mission

10 y nominal mission Arm Length: 10 km

-Arm Length: 2.5 million km .
Expected to be operative in: 2034

LExpected Launch: 2034

! ET collaboratlon off|C|aIIy Iaunched

LISA now in PHASE B1 (phase of development) ET included in the ESFRI roadmap for 2021

+ CE, DECIGO, BBO, Taiji, TianQin, etc



_Astrophysical GW Backgroun
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Carry information about:

LISA/ET 3 SRR
. . '.) X . .. ° X ] , Py
- star formation history . e %

- our cosmological model i
Resolved GW sources

i Rppu(z=0)=17.3 Grpc_3 yr_1

| ——— Median Estimate
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—===Vangioni+ SFR
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It is a kind of “noise” for the cosmological background, even if with different properties

[LVK Collaboration 2021]
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h?Qaw(f)

SGWB Energy Density vs Detector PLS

_Cosmological GW Background

----- Vacuum GW

~
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— LISA
—— Einstein Telescope
LIGO Design
NANOGrav
— SKA
— DECIGO
— Planck
LITEBird

[LISA Cosmology White Paper]



.~ Peculiar features
1078} LISA | .
AN - Blue-Tilted SGWB Spectrum
g - Chiral SGWB spectrum
: 107"
— 2 g ' - Non-Gaussian SGWB
— Qicureed i |
10-141 — Ny = -4€ + (411€ - 6)(€-n)
_______________________ vacuum fluctuations ...

_Inflationary sources: Axion-inflation

— —
Lo>——-F, FH =
- 4" :

GW energy spectrum today

[Bartolo N., et al. ’16 - LISA CosWG paper]

[Cook & Sorbo, ’11] [Namba et al., ’15]
[Domcke, Pieroni, Binetruy, ’16]



As the temperature in the very early universe decreases, there can be
several PTs: QCD, EW....Beyond Standard Model?

If the PT is first order, the SGWB signal could be detectable by LISA/ET
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Processes 1070 3 ot 0.001 0.01 0.1
- Bubble collisions e
- MHD Turbulence o peaked spectrum with
T
~107° H
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[Caprini C., et al 16, ’19- LISA CosWG paper]



Cosmic Strings (or other kind of topological defects) are non-trivial field
configurations left-over after the phase transition has completed

A network of cosmic strings emits GWs

(results are model dependent)
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GW from Primordial Black Holes
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[Domenech, G., review *21]
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GWB from cosmological sources superimposed to the Astrophysical GWB

GW Energy Density vs Power Law Sensitivity
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Peculiar features to distinguish them:
® Spectral Dependence: Qaw(f) [SGWBinner code (LISA CosWG) 19, *20]
® Net Polarization: QGW I\ A\ = L7 R [Domcke, V., et al.,’20]
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- - - - = —
® Anisotropies/Directionality: Qaw ([, T)
o Statistics: ({iy)




Spectral shape Reconstruction

Two parameters reconstruction (3 bins) Power law reconstruction 6 bins (after merging)

Data (used by the binner)
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For an ISQTROPIC SGWB |

RX 1 X 2 ( f) . O
V
V= circular polarization Stokes parameter

[Smith & Caldwell, ‘16]
[B. Thorne et al., ‘17]

Assuming a dipole modulation due to the motion of our Solar System with respect to the cosmic frame ->

BREAKING OF ISOTROPY

SNRLISA ~

(oo,

10~ 102 101 |

frequency f [Hz|

vg Q26w,r — S26w,L T
103 1.2.1011 3years

[Domcke, V., et al.,’20]



_AGWB Ani pies

Treatment as CMB

P Qaw (1o, k, 1) = Qaw (no, k) + 0Qaw (10, k, 1)
) AN Small

\ ISOTROPIC

% BACKGROUND PERTURBATION

,;.\ (direction-dependent)

ISA/E ! %

‘:_;" % ‘)/ Inflation

() .‘ﬂ'
| e ¢ GWs of high frequency propagating through
1ot N Ws large-scale (low frequency) cosmological perturbation due to LSS
31g Bang

(Geometric Optics Limit)
EuCAPT WP

Two contributions: 1. At production

2. During the propagation through universe
[Alba, Maldacena, 2015]

[Contaldi, 2016]
[Bartolo, Bertacca, Matarrese, Peloso, AR, Riotto, Tasinato 19, *20]



Treatment as CMB

Qcew (no, k, 7) = Qaw (no, k) + 0Qaw (o, k, 1)

Small
PERTURBATION
(direction-dependent)

ISOTROPIC
BACKGROUND

Y

Inflation

GWs of high frequency propagating through

ot T GWs large-scale (low frequency) cosmological perturbation due to LSS

(Geometric Optics Limit)
EuCAPT WP

Two contributions: 1. At production

2. During the propagation through universe
[Alba, Maldacena, 2015]

[Contaldi, 2016]
[Bartolo, Bertacca, Matarrese, Peloso, AR, Riotto, Tasinato 19, *20]



SGWB angularspectrum w
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[AR, Valbusa, Bartolo, Bertacca, Liguori, Matarrese,’21]

W

L+ 1)Cy/2m
v

[E—
1

)

le—9

N

(V)
1

— CGWB — CMB

o
/4

CGWB vs CMB
angular spectrum

o



[Cusin G., et al., ’19]

1 0—33 i

[LISA CosWG project 22, ArXiv: 2201.08782 ]
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[Valbusa, L., AR, Bertacca, D., to appear]
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_SGWB-CMB cross corr

—m— .

elation

e e——

v General Relativity predicts a non-zero correlation since photons and GW
propagate on identical spacetime geodesics.

v LCDM model: GWs (and photons) of high frequency propagate through (low
frequency) cosmological perturbations (i.e. Large-Scale Structure) which

‘?\ have a common origin from inflation
8

, Inflation

N 5"

&

vome:  T(n,k,n) =T(n,k)+0T[®(n, k), ¥(n, k), 7]

GW = .
’ v SGWB: Qaw(n k,n) =Qew(n, k) + 0Qaw |[P(n, k), ¥(n, k), 7]
ReATTIT ISOTROPIC Small PERTURBATION
BACKGROUND (direction-dependent)
LSSxGW
C, ~ (0gaL 0Q2aw) CyMPXEW L (T6Qaw)

[AR, Valbusa, Bartolo, Bertacca, Liguori, Matarrese, PRL *21]



relation

R e e e — i A

v General Relativity predicts a non-zero correlation since photons and GW
propagate on identical spacetime geodesics.

v LCDM model: GWs (and photons) of high frequency propagate through (low
frequency) cosmological perturbations (i.e. Large-Scale Structure) which
have a common origin from inflation

Inflatinn
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[AR, Valbusa, Bartolo, Bertacca, Liguori, Matarrese, PRL "21]



Maximum Likelihood Method

Simulated Input map
I;

Louit( frnaz = 0.01 Hz)

\

] T CB inspiral GWB -
10 - Scale-invariant GWB '
10721
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§ 10—22 //,-’:‘_ N R o
N
~ 10723 ; : 1
+ pomeaes < v
+
~107% S
10723
t’/:' H
10726} * LISA Angular noise
0o 1 2 3 4 5 6 7 8
L

[Contaldi, C., et al., *20]
[LISA CosWG project "22, ArXiv: 2201.08782 ]

Constrained Realization Method

Planck SMICA map ‘max == 200

CMB AT/T

Afm,

I ]
-0.000385371 0.000331378

Constrained 6cgws - Noiseless case

-0.00220126

Constrained 6cgws

I
-7618.96 7675.8

[AR, etal., PRL 21]
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Conclusmns

‘The SGWBs are powerful probes to shed Ilght onastrophysms
| cosmology and fundamental physics »

e e —— — — — — ,, \

»Actual detectors are not so far from deteotmg the (|sotrop|c)
AGWB
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