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StochasticlGWiBackoesound

Faint and diffuse signal both of astrophysical and cosmological origin

Its detection would give insights about:
1. Population of compact binaries
2. Early Universe

3.New Physics beyond Standard Model

It is among Einstein Telescope scientific objectives
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ChallengesliniSGWBldetection

Triangular configuration, due to its geometry, has shown sources of

correlated noise
()

10 km

At these scales, there is Newtonian correlated noise
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ConselatedNewionianiNoiSe

Newtonian noise is a disturbance produced in GW detectors by local
fluctuations in the Gravitational field

local fluctiations originated by passing

generated by changes in density of > . -
rocks Sseismic waves
{ ) L )
body waves surface waves
l (Rayleigch Waves)

Underground colocated
interferometers will only
be affected by this effect

[Janssens et al. arXiv:2206.06309]
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Strain of the NN with CSD of the Homestakes underground seismometers displacement
measurement with a horizontal distance of 40m at a depthof 610 m

[Janssens et al. arXiv:2206.06309]
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ImpaciofiCosielatedNoiselinisesolyedievents

GW150914 -like event
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[F.Cireddu et al. arXiv:2312.141614 ]
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[arXiv:2501.09057]

Whatdo we do®?

We study the impact of correlated noise on the Astrophysical SGWB
detection and relative parameter estimation for ET in the Triangular
configuration comparing it to the 2L one

... why do we care®

Correlated noise is a threat to all the possible Astrophysical and
Cosmological sources of SGWB
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SGWBEneseyihensityfSpectsum
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[Renzini et al. arXiv:2202.001738 ] [Caporali & Riceciardone, soon to appear]
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Nofiss Covardrmes
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Triangular Configuration
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Ni;(f) =

[Flauger et al.arXiv:2009.11845]
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[Janssens et al. arXiv:2402.17320]

ET X - Auto PSD

10-32
— Ng
10—35_
NIJ (.] ) 10—38.
TN
< 10791
[u}
4
10-44_
10—4?,
10—50 . !
10° 10! 102 103
Frequency [Hz]
10-2 ETY ET X - Cross PSD
— Np(r=20.2)
(f ) e Na
—-1/2 < —(f) <1 -
d 3
Z 10791
[u}
4
10-44,
10-4?_
10750 T T
100 10! 102 103
Frequency [Hz]
Nnoise — — 8 - ET Z ET X - Cross PSD
0 5 1 — Ng(r=20.2)
r E (_ Y ’ ) 10735_ Nd
p— 10738 4
f. = 2.75Hz )
i 1041 4
o
g
10-44,
10-4?_
10750 T T
10° 10t 102 103

Frequency [Hz]

ET XETY - Cross PSD

1073
— Np(r=0.2)
=35 J
10 Nd
10—3& -
o
~N
= 10741 4
o
w
o
10-44 p
10—47 .
10750 T r
10° 101 102 10°
Frequency [Hz]
10-32 ET Y - Auto PSD
— Ny
10—35
10—38
S
N
z 10-41
=}
%3]
a
10-44
104
10-50 T T
10° 10! 102 103
Frequency [Hz]
— ET Z ETY - Cross PSD
— Np(r=20.2)
-35
10 Nd
10—38
T
™
L 104
o
w
=9
10~
10-4? p
10750 T T
10° 10! 102 103

Frequency [Hz]

PSD [Hz™1]

PSD [Hz™!]

PSD [Hz™1]

ET X ET Z - Cross PSD

10-32
— Np(r=0.2)
=35 ]
10 N b
10—38 o
10—4] 4
10-44 4
10-47 4
10750 T T
10° 10! 102 103
Frequency [Hz]
—_— ET Y ET Z - Cross PSD
—— Np(r=0.2)
-35 |
10 N b
10—38 4
10—4] 4
10-44 |
10-47 4
10750 T T
10° 10! 102 10°
Frequency [Hz]
10-32 ET Z - Auto PSD
— Ny
10-35 4
10—38 4
10—41 4
10-44
10-4? 4
10730 T T
10° 101 102 103

Frequency [Hz]

1. Caporali

The Dawn of Gravitational Wave Cosmology

(Benasque Science Center)

8/18



http://benasque.org/2025gwc/
https://arxiv.org/abs/2402.17320
https://arxiv.org/abs/2009.11845

ET L Sardinia - Auto PSD

_ I Ny i —n

10-38 -

1041 4

PSD [Hz™}]

1044 -

10747

10—5ﬂ . ,
10° 10! 10?
Frequency [Hz]

ETL T;IEE Netherlands x ET L Sardinia - Cross PSD (uncorrelated)

10°

N(f) 0 —

10—35 E

0 N(f)

10741 -

PSD [Hz™!]

1044 1

10-4? B

10-50 —— :
100 10! 102
Frequency [Hz]

103

ETL Sgrdinia x ET L The Netherlands - Cross PSD (uncorrelated)
10-

PSD [Hz 1]

PSD [Hz 1]

107331

10-38 4

1041 4

1044

10—4? B

1_0—50

_NO

10°

10-32

10—35 -

10-38 4

1041 4

10—44 -

10—4? =

10-50

10%

Frequency [Hz]

104

ET L The Netherlands - Auto PSD

103

—_ Ny

LR |
10!

el
102

Frequency [Hz]

103

1. Caporali

The Dawn of Gravitational Wave Cosmology
(Benasque Science Center)

9/18



http://benasque.org/2025gwc/

ikelihoodiforfconselatediandiuncosnselated
conficunation

We introduce a time-averaged estimator of a quadratic combination of the data

Cri(f) = z Tobsgo gy Reldut, 1850, )

— |

_ i 3H; — 4g-
Tobs =1 day So(f) — 10%2(}3 Tseg 4s

Averaging over many time segments allows us to treat the estimator of the

SGWB as a Gaussian random variable, due to the central limit theorem

[Abbott et al. arXiv:1903.02886]
[Abbott et al.arXiv:2101.12130 |
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ikelihoodiforfconselatediandiuncosnselated
conficunation

Average of the estimator Variance of the estimator
= _ /A NIJ(f) A _ 2 C_'I]C_'JJ—l—C_'z
Cra(f) = (Crs(§)) = s (HQaw(f) + > E<o ¢ >: 2
I < I > IJ A So(/) 17(f) [ 17(f) IJ(f)} N,

Gaussian Likelihood

A —_ 2 -
1 1 (C IJ — C I J)
L= exp
Triangular Configuration 2L Configuration
(XYZ to the AET basis)
(L,J) ={(A,A), (E.E)} (I,J) - (ET1, ET2)
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[arXiv:2501.09057]
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[arXiv:2501.09057]

Accurate reconstruction of the SGWB is actually possible!

(If noise is properly modeled)

—8— X=Agw —— X=r

_ X=n X=Nnni
10 1 . GW noise
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Neglecting correlated noise leads to biases
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[arXiv:2501.09057]

Triangular configuration is competitive to the 2L

(If noise is properly modeled)

Why the 2L performs slightly better®?

=== £ 20kio The 13 km arms of the 2L provide better sensitivity to

—— 2L 15km 0°

the SGWB compared to the triangle with 10 km arms

T ——
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©
© . Marginalization in the triangular configuration
; results in further broadening in the posteriors
O;Qh /o}-& q;o’%
|Ogl{) AGW New
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Flat Signal Asous = —9.98473381
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Log Normal Bump
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[arXiv:2501.09057]

In the presence of correlated noise:

Accurate reconstruction of the SGWB is actually possible!

Neglecting correlated noise leads to biases

Triangular configuration is competitive to the 2L

(if noise is properly modelled)

Thank
ygw.
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Back-up slides




ElConfigustalions

Triangular Configuration 2L Configuration

The Netherlands

o ® \\\
*%— ~100 m
10 km Sardinia
~1168 km .
o \\\\\

| p <G >

18 Kkm

Newtonian correlated noise
[Janssens et al.arXiv:2206.06309 | [Branchesi et al. arXiv:2303.15923 |
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StochasticlGWBackeround

SGWB can be characterized as a superposition of GWs coming from all directions
_ AE:'" AN AN (2N 2mif(t—n-x/c
hz’j(tvx) Bl /df dn h)\(fv n)eij(n)e fl /)
A

Two point correlation function

Stationary, isotropic and unpolarized

o (f. R (f )y = Y =) 9

2
AN

2 41 472 f3 SYaw(/)

[Romano & Cornish arXiv:1608.063389]
[Allen & Romano arXiv:er-qc/9710117]
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StochasticlGWBackeround

Consider the fourier transform of the data at an interferometer I

51(f) = hi(f) + s (f)

signal noise

Projected GW amplitude on the detector

() = [ a3 FNL R ah e )
A

Overlap Reduction Function

_ O A A A\ A X ~\ _—2mifn-(x;—xy)/c
VIJ(f):g/an:FI(fan)FJ (fan)e !

[Romano & Cornish arXiv:1608.063389]

[Caporali & Ricciardone, soon to appear] [Allen & Romano arXiv:er-qe/9710117]

SWBIRD
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InjectediSignal

[arXiv:2501.09057]
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DatalGenesation
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[Flauger et al.arXiv:2009.11848 |
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[arXiv:2501.09057]

Statistical robustness of the Bayesian Analysis Performed
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ORF Matrix - XYZ Configuration

ORF Matrix - AET Basis
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