Spectral separation of the stochastic
background for LISA

Second European Physcal Society Conference on Gravitation :
measuring gravity

by Guillaume Boileaul Nelson Christensen! Astrid Lamberts 1.2

Renate Meyer®  Neil J. Cornish*  ( !Artemis, France
2Laboratoire Lagrange, France
3Department of Statistics, University of Auckland, New Zealand

4eXtreme Gravity Institute, USA)
on June 30, 2021

s,




000 e} (e]e] [e]e]e} [e]e]e]e]e}

» Overview
Context: Stochastic background In LISA paper of BBH/BNS prediction

MCMC: Markov chains Monte Carlo
Fisher Information Matrix
Results 6 parameter A-MCMC

Orbital Modulation of the White dwarf binaries in our Galaxy
10 parameters runs of A-MCMC (LISA noise + BBH/BNS + DWD + Cosmo)
Correlation in LISA PathFinder (LPF) and LISA noise

Conclusion

[1/19]



Context: Stochastic background In LISA paper of BBH/BNS prediction



Context: Stochastic background In LISA paper of BBH/BNS predictior
[e] 1]

» Context: Stochastic background In LISA paper of BBH/BNS prediction

Stochastic Background : Superposition of a large number of
independent sources (unresolved sources):

+ White dwarfs binaries in our galaxy Lamberts et al.
simulation of the Waveform with galactic population of
Double White Dwarf (DWD)

S(t) — Z{il ZP:-‘,—,X hP,i(forb,ia M1;, M2, Xi, Yi, Zi, t) X

Fp(@, o, t)D(@, ¢, f)p :ep

with a modulate waveform (firstly done with resolved
sources to provide the modulation curve for the foreground
Adams & Cornish)

+ Binary Black Holes and Binary Neutron Stars from
LIGO/Virgo Band

 Qew~1.8x1072 —2.5 x 107Y at 25 Hz Chen et al. (2019)
* Qew >~ 4.97 x 1072 — 2.58 x 10~ at 25 Hz Périgois et al. (2020)

+ Cosmological sources (early universe)
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» Context: Stochastic background In LISA paper of BBH/BNS prediction

Energy density spectrum:

with o = 0 for the cosmological component, o = 2/3 for the
astrophysical component and low frequency DWD

a1—an
(Qowp,r(f) = 4 (f_f> e

Goal: Detecting a cosmological SGWB with LISA in the presence
of an astrophysical background and Galactic foreground
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MCMC: Markov chains Monte (Carlo
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» MCMC (Marhov chain Monte Carlo)
Likelihood function, (d = data, 6 = parameter)

« posterior distribution p(6|d) < p(6)L (d|t9)
« using log uniform and uniform prior p(9) = []; U(6;, a;, b
« Estimation 10 parameters 6 = [Ny, Npos, (o aastm,
Qcosmo, Ccosmos A1, a1, Az, a2]-
= using a Metropolis-Hasting sampler
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» Fisher Information Matrix

with Ny is the LISA noise of the channel I = [A, E, T] and
St X, O (£ the SGWE.

1
=V Faa = 0a [5/19]
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» Results 6 parameter A-MCMC

Ay

Study of the Fisher information of Q, (’
isher Study with Cramer Rao, O 3.55e-09
isher Study with Cramer Rao, Qustro = 3.55€-08

—— M Fisher Study with Cramer Rao, Qastro = 3.55€-10

isher Study with Cramer Rao, Q, 1.8e-09

relative error of the Adaptive-McMC With Qasto =
relative error of the Adaptive-McMC with Qust

relative error of the Adaptive-McMC with Qustr

relative error of the Adaptive-McMC with Qasto = 1.8e-09
Error barre for 1 o with Q,

Uncertainty of the estimation of the Cosmological Amplitude from the Fisher Information
study in line (with the Cramer-Rao calculation) and the parametric estimation from the

A-MCMC in scatters for the channel A with the noise channel T. The upper horizontal dash

line represent the error level 50%. In fact, above the line, the error is greater than 50%
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» Results 6 parameter A-MCMC

Prediction of the measurement limit of Cosmological Amplitude in
4 contexts of Isotropic astrophysical background In the LISA
noise context (acceleration noise : Nacc = 9 x 10730 m2s—4Hz !
and Optical Metrology System noise Ngpt = 2.25 x 10722 m*Hz ')
of 4 years mission data measurement:

= paper (PhysRevD.103.103529).
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Orbital Modulation of the White dwarf binaries in our Galaxy



Waveform white dwarf binary in our Galaxy
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Total Gravitational signal of the white-Dwarf binaries seen by LISA

[8/19]



00e00

» Orbital Modulation of the White dwarf binaries in our Galaxy

Amplitude of the Waveform of the Galactic foreground
Qwmod for 1500 parts of the Waveform
—— mean of Quoq of the 1 500 parts |
—— Quog Of total waveform
=== fit: 10910(QBwp, 1¢) = -8.41% 0,53
X | DWD Amplitude from Adaptive-McMC, (50 parts of the waveform)
X | DWD Amplitude from Adaptive-McMC|(Total waveform)

<
g
G
v
L1
Ef
2
o
£
<

°

Times in years

Measurement of the orbital Modulation of the DWD amplitude. In 2 Qtod i =
2o (55)° A2, In scatter : 50 A-MCMC of 8 parameters (BBH + WD + LISA

3Ho \2xL
noise) for small sections of the year. In , fit on the 50 runs to estimate the

modulation. Modulation model : Quoai = Qb r (FLi + F.i)- oo
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» A-MCMC of 8 parameters (BBH + WD + LISA noise)

Input of the MCMC:
* A3 =44 x 10712 (f, = 22t ~
0.019 Hz) , as = 2/3

+ data model

(ﬂ_ﬁ

_y

Ao
For1l <« Ao (E)a

)

‘fo'W\d@D“ \
s at low frequ

. A f a1 —oag
Qup(f) ~ A*I) ()7>

At low frequency, it can be approximated by
a power law function, for a white dwarf
binaries foreground the slope

2

a=oa1 —az = 3.

:ner”“
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Quput of the A-MCMC
* BBH/BNS:
* Q=446 x 10712+
1.2 x 10713
* o= 0.65 £ 0.04
* WD low frequencies:
* 0=194 x107 8+
1.33 x 1078
* o= 0.68 £ 0.06
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10 parameters runs of A-MCMC (LISA noise + BBH/BNS + DWD + Cosmo)



» 10 parameters runs of A-MCMC (LISA noise + BBH/BNS + DWD +
Cosmo)

Study of the Fisher information of Qg (Aﬂ%")

Uncertainty Estimation of the Cosmological Amplitude from the Fisher Information study
in line (for 4 times duration) and the parametric estimation from the A-MCMC in scatters
for the channel A with the noise channel T. The upper horizontal dash line represent the

error level 50%. In fact, above the line, the error is greater than 50%. [12/19]



» 10 parameters runs of A-MCMC (LISA noise + BBH/BNS + WD +
Cosmo)

We see no significant influence of the time duration
(4,6 and 10 years) on the Cosmological measurement

Measurement limit

_ —13
QCosmo,h'm =8 x 10

BBH and BNS principal limitation for the Cosmological
background

= paper in preprint (arXiv:2105.04283)
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Correlation in LISA PathFinder (LPF) and LISA noise



» LPF Correlation Noise in LISA

CorrelationLPF
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Correlation between differential Test-mass acceleration LPF LO chains without
glitch (de-glitch method on the spectral domain) and Magnetic Field, Tempera-
ture and p-Thruster
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» Spectral Separability : Uncertainty without LPF Correlation

AQo
Qo

Study of the Fisher information of Qg (

Cosmological Amplitude Uncertainty Estimation, Fisher Information
study in line and A-MCMC in scatters. The upper horizontal dash line
represent the error level 50% (limitation criterion ).
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» Spectral Separability :Uncertainty with LPF Correlation

Study of the Fisher information of Qg (&%) with the LPF Correlation
Qo

—— Fisher Information

0,
-- 05
X relative error of the Adaptive-McMC

+ Errorbarre for 1o

Cosmological Amplitude Uncertainty Estimation, Fisher Information
study in line and A-MCMC in scatters. The upper horizontal dash line
represent the error level 50% (limitation criterion ).
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» Conclusion

- We provide evidence that it is possible to measure for LISA the
cosmological SGWB :

Measurement limit
QCosmo,lim =8 x10714 -8 x 10712

BBH and BNS principal limitation for the Cosmological
background

- We use Lamberts et. al., possibility to generate white dwarf
waveform with other catalogues

- Interest to use estimating more complex backgrounds, like
broken power laws, or spectrum with peaks. Our method can be
easily expanded with more complex cosmological backgrounds
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» Conclusion

- We provide evidence that it is possible to measure the
cosmological SGWB with and without LPF correlation:

Measurement limit

- —13
QCosmo, lim without LPF — 6.0 x 1?3
QCosmo, lim with LPF — 4.7 x 10~

- We measure the effect of the phase error due to LO light
back-scattered in the channel A, E and T. High frequency effect,
not a problem for stochastic, but potentially other searches.

- High flexibility of our code for other types of noise and
correlated noise.
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The End : Thank You !
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