2022 June 7-9
KIW9

Impact of correlated noise on the parameter
estimation of stochastic gravitational waves

Yoshiaki Himemoto (Nihon U
Atsushi Nishizawa (RESCEU,

niv.)
Univ. Tokyo)

Atsushi Taruya (YITP, Kyoto L

niv.)



Stochastic Gravitational-Wave Background

Gravitational wave having a random phase, originated from

* Cosmological sources: Inflation, phase transition, ...
* Astrophysical sources: superposition of unresolved gravitational

waves from compact binaries (°/\5, BBH)
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Brief review on detection method of SGWB

Cross-correlating between two data streams:

si=h;+n; (i=1,2 h;: GW signal, n; : noise)

Cross correlation
statistic <Sl SZ) <h1 n2> + (nl h2> + (nl n2>

SGWVB can be detected if there is no cross talks between signal
and noise (si & nj) and noise themselves (nl & n2)

Q: is this assumption valid ?

NO! detector noise can have a non-negligible correlation even for a pair of
two distant detectors due to a coupling with global disturbance (—next)



Correlated noise from Schumann resonance

Schumann resonance
Standing electromagnetic waves in the Earth-ionoshere cavity at ultra-low frequencies
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Coupling it with detector (mirror system) induces a global noise

correlation between two distant detectors
v" A correlation was detected by magnetometers at LIGO andVirgo (Thrane et al’l3,14)
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v’ Its impact on the detection of SGWB by LIGO/Virgo and ET was studied (Janssens et al.21)

P t
'::‘:: How does the correlated noise affect the parameter estimation of SGWB ?



Setup of problem

We consider two possibilities:

» We have a good (parameterized) model for correlated noise:

Marginalizing over the parameters of correlated noise, how
are the constraints on the SGWB degraded ?

» We erroneously miss the presence of correlated noise:

lgnoring correlated noise, how is the estimated parameters
of SGWB biased ?

||» Fisher matrix analysis for a network of LIGO,Virgo and KAGRA

See Meyers et al. (20) for a similar work based on Bayesian MCMC analysis



Fisher matrix formalism

Fisher matrix (e, Seto ‘06, Kuroyanagi et al.‘18) Statistical error
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Instrumental noise spectrum

Uy (f) = (s 57) =[{hy by)| + (g my)

SGWRB spectrum We consider a power-law spectrum:
_3HE Vij (HQew(f) 3 £\ ew
(ha hz) 1072 f3 ow = Lo, (E) 2 parameters

Yij :overlap reduction function (e.g.,Allen and Romano ‘99) Ocw = {-QGW,O: nGW}



Fisher matrix formalism

Fisher matrix (e, Seto ‘06, Kuroyanagi et al.‘18) Statistical error
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Instrumental noise spectrum

U (F) = {s157) = (hy y) + M
/ [ﬁl () = (Hm;(f) (projec.ted) magnetic field}

coupling function

Correlated noise spectrum ;

AN .

10) [strain/pT] 3 parameters for
each detector

r(f) = i, x107%3 (

(ny ny )=y () (/)M (f)

1);: projection angle of m;

My, (f) : Magnetic noise spectridr slide) Onmag = {kp B Y1}
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Analytical model of correlated noise

Himemoto & Taruya (‘'17,'19)

o Detector is linearly coupled with Earth magnetic field :
(projected) magnetic field

iy (f) = ri(f) | X; - B(f, 2)| = r:(fHm;(f)

o Schumann resonance is described by a random superposition of the
axisymmetric transverse magnetic modes in the Earth-ionosphere cavity

The model reproduces major trends of measured results in Meyers et al. ('21)
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— Use this model as a template of correlated magnetic noise in our subsequent analysis



Result |: Impact on SGVVB parameters

Adopting the 'redlistic' coupling parameters in Meyers et al. (‘21),

Constraints on the SGWB parameters (Qcewo & new), with the correlated
noise parameters marginalized over
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N The impact of the size of coupling on the
N A U S — parameter estimation of SGWB is small.
c \\\ i \\‘

0.0/

I T AR
~0.5/ T / L Hanford 038 355  6.09
.........  1; = fiducial Fiducial values of —
10 £y ’EI : lated . » Livingston 0.35 4.61 0.74
— K =TI UCI? X correljated noise - 0.275 550 137
-1.5 '
1 2 3 4 5 parameters KAGRA 034 355 274




Result 2: constraining correlated noise parameters
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There is little degeneracy between

correlated noise and SGVVB parameters

Good,,
ws

the coupling parameters, the SGVVB is
well-constrained.

Constraining noise parameters needs
more than 3 detectors, and constraining
power gets increased when adding more
detectors

» A role of KAGRA is important ! (red)
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Result 3: systematic bias in SGWB parameters

If we ignore the correlated noise, the estimated SGWB parameters are biased

For our fiducial setup, the bias seems insignificant ...
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The result is sensitive to the
coupling parameter «i, and it

| can become serious when ki

is twice larger than the

| fiducial setup

Result ignoring the correlated
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Result taking the correlated
noise into account
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Summary

Fisher matrix analysis to clarify the impact of correlated noise on the

parameter estimation of stochastic gravitational-wave background
(SGWB)

Adopting the analytical model by Himemoto & Taruya ('17,'19) that
successfully describes measured Schumann resonances as a template of correlated noise,

* Parameter degeneracy between the correlated noise and SGWVB is generally (very) weak. If
the magnetic correlation noise is well modeled, it does not affect the parameter estimation of

the SGVWVB.
* lgnoring the correlated noise yields a biased parameter estimation of the

SGWB, and even the realistic noise coupling would give a substantial bias

* A network observation combining more than 3 detectors is quite essential,and KAGRA will
play an important role to better constrain the correlated noise.



