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Stochastic Gravitational
Wave (GW) Signals:

The stochastic confusion noise
arising from the superposition of
many unresolved gravitational
wave sources on the sky 2]
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Stochastic GW Signals in LISA

CosmOIOg ICaI Arise from the superposition of
many individual astrophysical
events (e.g. unresolved white

Arise from the early universe dwarf binaries® )
A Inflation B!
A Phase transitiong? Expected to reflect the spatial
A Cosmic Stringsl® distributions of their component

sources and may banisotropic
Expected to beasotropic at

scales accessible by LISA
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The Bayesian LISA Pipeline (BLIP)

A Python pipeline for end-to-end simulation and /\
PN T e

Bayesian analysis of stochastic signals with LISA

A Simulation of time-domain data, Fourier domain analysis
A Flexible, modular GW signal, injection, and likelihood models
A Simultaneous noise and signal characterization

SharanBanagiri

Postdoc at

All -sky Isotropic and anisotropic \th/
stochastic searches

' @& github.com/sharanbngr/blip . '
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arxiv.org/abs/2103.00826

The Bayesian LISA Pipeline (BLIP)

JOURNAL ARTICLE

Mapping the gravitational-wave sky with

LISA: a Bayesian spherical harmonic
approach @

Sharan Banagiri ™, Alexander Criswell, Tommy Kuan, Vuk Mandic,
Joseph D Romano, Stephen R Taylor

SharanBanagiri

Postdoc at
Northwestern

Monthly Notices of the Royal Astronomical Society, Volume 507, Issue 4,
November 2021, Pages 5451-5462, https://doi.org/10.1093/mnras/stab2479
Published: 04 September 2021  Article history v

' @& github.com/sharanbngr/ongs ! ' arxiv.org/abs/2103.00826 '

Alexander W. Criswell | criswO15@umn.edu| LIDA Workshop Nov. 2022


arxiv.org/abs/2103.00826

Anisotropic Searches with BLIP

o vy Assume frequency and spatial
QGw (f,n) =Q(f)P(n). dependence are separable (expected!)
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Anisotropic Searches with BLIP

L vy Assume frequency and spatial
Qgw(f,n) = Q(f)P(n). dependence are separable (expected!)

Standard spherical harmonic expansion of GW
power on the sky. Butv = must be nornegative
everywhere on the skyé
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Anisotropic Searches with BLIP

Assume frequency and spatial

Qew(f.n) =Q(f)P(n). I e R e Applying this condition

while sampling is
computationally expensive
and ultimately ineffective !

Standard spherical harmonic expansion of GW
power on the sky. Butv = must be nornegative
everywhere on the skyé
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Anisotropic Searches with BLIP

o N Assume frequency and spatial
Qgw(f,n) = Q(f)P(n). dependence are separable (expected!) Applying this condition
while sampling is

: : . computationally expensive
Standard spherical harmonic expansion of GW and ultimately ineffective !

power on the sky. Butv = must be nonrnegative
everywhere on the skye

1/2 | Defining n = as the square root of the spherical
S(n) = Zcu--.m?’r,m(n) = Z be.m¥e,m(n). harmonic expansion fulfills this condition as long as
t.m n(=) is reald or, equivalently, wy ( p) Wy
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Anisotropic Searches with BLIP

o Ay s Assume frequency and spatial
QGw (f,n) =Q(f)P(n). dependence are separable (expected!)

Applying this condition
while sampling is
computationally expensive

Standard spherical harmonic expansion of GW and ultimately ineffective !

P(n) = T Z THFAUIN  power on the sky. Buty = must be nonnegative
VA0 £ everywhere on the skyé

1/2 | Defining n = as the square root of the spherical
Sm)=|> armVemm)| = Z bt mYe,m(n). harmonic expansion fulfills this condition as long as
£.m t,m n(=) is reald or, equivalently, Wy ( p) W

liaising between ourq; parameterization and the power on the sky in

2 We can then infer eachoy, up to some desiredx  =%:a , quickly
) the &p, s viaClebsch-Gordon coefficients

Z ar.mYi.m = ( Z b mYe m(m)
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BLIP
IS atool

€ SO

we do with it?

Science with BLIP

2N

eExplore & characteri ze B

\

e Test our capabillities with known signals in LISA.

[

wWh adgmggtcan
Investigate detectablility of potential new sources!

/
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Angular Resolution of the Anisotropic Search

LISA Recovery for [%.=4

» 3 months
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Mai n takeaway: BLI P ousrendyacompaitatiopr- o pi c
limited (primarily), not SNR -limited © need to optimize!
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New Capability

Population
Injections

BLIP can now take
in a GW source
population
synthesis catalogue
and inject/recover
the associated
spectral and spatial
power distribution.

This allows for
realistic
investigations of
population -derived
anisotropic
stochastic signals.

The Milky Way Foreground

Foreground Spectral Fit

Recovery Shown:
A 1 year of data
A Injected pop. synth. catalogue from Korol+2021°]
A Broken power law spectral model (3 parameters)
injected Spectrum A Acceleration + position noise model (2 parameters)
 ronearowen \ A & P (sod T; 240 parameters)

10
Frequency [Hz]

Injected angular distribution map of Q(f=1mHz) Marginalized posterior skymap of Q(f=1mHz)

Ecliptic Ecliptic

3.44656e-14 Q(f=1mHz) 4.87381e-09 3.44656e-14 Q(f = 1mHz) 5.31318e-09
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The Large Magellanic Cloud (LMC)!

LMC Background Spectral Fit

Injected Spectrum

Recovery Shown:
—or A 2 years of data
A Injected LMC pop. synth. catalogue from Keim+202210]
A Power law spectral model (2 parameters)
A Acceleration + position noise model (2 parameters)
A o T (sob ¢; 8w parameters)
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Undergrad at UMN

Galactic Galactic
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Population studies: what’s next?

Marginalized posterior skymap of Q(f=1mHz)

Stellar
evolution LMC

Mass

Hierarchical

Marginalized posterior skymap of Q(f= Lmiz) Parameter Estimation ASt ro p hyS ICS I

: & more?
Spatial

distribution
models
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Where do we go from here?

Simultaneous characterization.

o Simultaneous inference ofsotropic + anisotropic sources.

e Simultaneous inference ofmultiple anisotropic sources.

e Integration of the BLIP stochastic search witlglobal fit efforts.
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Summary

& End-to-end simulation and recovery of anisotropic stochastic gravitational
wave signals with the Bayesian LISA Pipeline (BLIP).

& Ability to inject realistic, population synthesis catalogue-derived signals,
allowing us to 1nvestigate both known and novel stochastic sources in LISA.

& Large numbers of spherical harmonic parameters needed at high .« —
need to optimize sampling to improve angular resolution.

& Successful characterization of a realistic galactic foreground signal.

& The stochastic signal from unresolved white dwarf binaries in the Large
Magellanic Cloud may be within reach of LISA!
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Extra Slide: Clebsch-Gordon Expansion

- 2
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Extra Slide: Spectral Models

Power law:

Broken power law from
Boileau et al. (2021)




Extra Slide:
Foreground

Corner Plot
(full)
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Extra Slide:

Foreground

Corner Plot
(spectral)



