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But there are are other DWD populations
nearby; notably the Large Magellanic Cloud
(LMC) , which possesses some DWDs that can
be individually resolved by LISA (Korol+20).

We know that the tens of millions of mHz
DWDs in the Milky Way will give rise to the
Galactic foreground (Edlund+05, Ruiter+10).
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S WL Question:

he? 4 A

Is there a significant SGWB contribution arising
from the unresolved LMC DWDs?
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The LMC SGWB

Spatial Distribution of LMC Astrophysical Strain PSD at 1 mHz

Worked with UMN undergraduate (now PhD ,_
student @ University of Cincinatti) Steven a5y
Rieck, using the DWD population synthesis

catalogue of Keim+22, to establish for = v
the firsttime  that:

Yes! There will be a significant SGWB
in LISA from the LMC DWDs!

Galactic

2.15883e-37

Rieck/AWC+24 (joint first authorship) - Image Credit: ESO/S. Brunier
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The LMC SGWB

LMC SGWB Detector-Convolved Strain PSD

— |nstrumental Noise
. LMC ASGWB
i e W SOBBH ISGWB

Not only that, but the amplitude of the LMC SGWB
will be greater than what is expected for the
stellar -origin black hole binary SGWB
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LISA SOBBH SGWB as inferred from GWTC-3 per Babak+23 - Image Credit: ESO/S. Brunier
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The LMC SGWB

LMC SGWB Detector-Convolved Strain PSD

— |nstrumental Noise

Properly characterizing the LMC SGWB will s LC ASGWE |

likely be crucial for SGWB science with LISA = =+

i and gives us another angle with which to e i,
learn about this satellite of our Galaxy! '
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The LMC SGWB

LMC SGWB Detector-Convolved Strain PSD

— |nstrumental Noise
LMC ASGWB
SOBBH ISGWB

Of course, this depends on being able
to separate it from the similar Galactic
foreground from t he SRR EENEE

7

popul ati onée
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- Image Credit: ESO/S. Brunier
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The Bayesian LISA Inference Package (BLIP)

A Python package for simulation and Bayesian inference of
isotropic and anisotropic SGWBs in LISA

v1.0: Banagiri, AWC+21; v2.0: AWC+ (in prep)
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submodels
spectral spatial

Spectrum model

Flexible _
B LI P 2 n O Inference Spatial model

For Isotropic Parameters
& Anisotropic Priors
- Parallelization SGWBs

Response Functions

- GPU-accelerated sampling Plotting Style

- Dozens of quality-of-life "1" | —

model=inference_submodel-1+inference_submodel-2+... . )
& Data Simulation

= New models F B
f Frequency Band W Time-domain Data

. 1 1 " Skymap Resolution .
Pixel basis analyses ; Sa:qmepr @ Saved to Disk

: — f FFT
Modular Structure + Other Settings Joint Prior

- submodel=spectral+spatial Joint Likelihood

. All Parameters ‘
=  Simultaneous Inference Sampler

; . Saved to Disk (Dynesty/Numpyro)
with arbitrary number and

combination of SGWBs Results

(Posterior Samples & Plots)
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Simultaneous Inference in BLIP 2.0

HISYAN Anisotropic

| Anisotropic
Instrumental + Galactic + LMC SGWB
Noise Foreground
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Simultaneous Inference in BLIP 2.0

model=noise+mwspec mwtemplate+lmcspec lmctemplate
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Simultaneous Inference in BLIP 2.0

model=noise+ _mwtemplate+ __1lmctemplate

_spatial
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model=noise+ +

mwspec — a tanh-truncated power law with astrophysical priors

— Has a fixed low-frequency slope and priors such that:

m(log Qes) = U(—6, —14)
m ( lﬁgl{} fmlt } — E‘”—r{ 1,., —21}
m { lﬁu, 10 me‘xla } — E‘f‘ {—1, —.:’]I
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model=noise+ +

Imcspec — a broken power law with astrophysical priors

— Has a fixed low-frequency slope and priors such that:

/- ] / % Oy —a2)
Qaw(f) = Qe ( .' ) (l + ( » ) )
/ ref / break

T [-h'-)gl” .,fl'.ll'l.':.-'l.k :] - L{( —31 —2}

w(8) = U(0.01,1)
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model=noise+ +

S (f) =N |1+ ("EmHz')J' Hy! Note: this is a simple model of the
p\JJ) =p - . . . 0
LISA instrumental noise. While it is
4 commonly used in the literature at
present, more complex treatments are
in development and will need to be
applied in the future. (See e.qg.
Littenberg+23, Hartwig23, Bayle+23,
Novara+24)

S, 0.4mHz\” I
'5'I'-'|'{,.r.-' =11 +[ r ) I] +( - )

¥ mHz

LISA Instrumental Noise spectral form as given
in Amaro -Seone+17 and reproduced in
Banagiri, AWC+21
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~spatial: Fixed Anisotropic Templates

Anisotropies change how LISA responds to a
SGWB as it moves through its orbit.

Different anisotropies Y Different time -dependencies

(isotropy Y no time -dependence)

Healpix ecliptic projection
Alexander W. Criswell
alex r.criswell n il




~spatial: Fixed Anisotropic Templates

Spherical Harmonic Basis Recovery Pixel Basis Template

\

Instead of representing the SGWB spatial distribution on the sky in a spherical
harmonic expansion, we do so with a pixelated skymap via Healpix (Gorski+05)

AWC+(submitted to PRD) Healpix ecliptic projection
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~spatial: Fixed Anisotropic Templates

Milky Way Large Magellanic Cloud
(mwtemplate ) (Imctemplate )

Using MW and LMC population synthesis catalogues, we can create
population -derived anisotropic templates for both the MW and LMC!

Healpix galactic projection
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Spectral Separation of the LMC SGWB
and a Realistic Galactic Foreground

AWCH+ in-prep)
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Spectral Separation of the LMC SGWB
and a Realistic Galactic Foreground

Simulation

Spatial Distribution of MW + LMC Astrophysical Strain PSD at 1 mHz

Galaxy: realistic MW DWD
population (Wilhelm+20), with
SNR>7 binaries removed

LMC: realistic LMC DWD
population (Keim+22), with
SNR>7 binaries removed

Galactic
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Spectral Separation of the LMC SGWB
and a Realistic Galactic Foreground

Simulation o
Fit vs. Injection (in Detector)
=== |nstrumental Noise
Galaxy: realistic MW DWD -
. .E'\q (Wllhe|m+20), Wlth ) === Injection
Analysis  \arias remoaved y SN — vedian Fit
model=
noise
+ R— )
+ a3
— i

1073
Frequency [Hz]

Alexander W. Criswell

riswell@vanderbilt.edu

Results Discussion




Spectral Separation of the LMC SGWB
and a Realistic Galactic Foreground

Fit vs. Injection (in Detector)

=== |nstrumental Noise

=== Injection

—— Median Fit

This is the first demonstration of e g o5% C.

LI SA0Os potential t |

separation between two unresolved
DWD popul ati onsao

i
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Thank you!
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Summary

- The Large Magellanic Cloud (LMC) will produce a significant astrophysical SGWB
in LISA

- BLIP 2.0 is capable of performing flexible inference on any combination of isotropic
and anisotropic SGWB in LISA

- Templated anisotropic analyses are powerful tools for spectral separation

- Thave demonstrated a prototype analysis that can separate the LMC SGWB from the
Galactic foreground

- This is the first demonstration of spectral separation between two unresolved white
dwarf binary populations in LISA
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Time-dependent LISA Response Functions

- n)—(0@0)T(f,v - n))exp (.ﬂmf? N
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Solar System Barycenter

Cornish & Larson 10, Romano & Cornish 17
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The BLIP Spherical Harmonic ASGWB Search

Infers the coefficients of a spherical harmonic expansion
of the square root of the power on the sky

Y Mathematically ensures that the inferred power will be
real and non -negative in every direction.

I

SharanBanagiri

Postdoc at

Mvm

Note: this is a generic search, wellsuited to ASGWBs where the

spatial distribution is not known a priori
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The BLIP Spherical Harmonic ASGWB Search

y C vy Assume frequency and spatial
Qiw(f.n) = Q(f)P(n). dependence are separable (expected!)
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The BLIP Spherical Harmonic ASGWB Search

C e Ny Assume frequency and spatial
Qiw(f.n) = Q(f)P(n). dependence are separable (expected!)

Standard spherical harmonic expansion of GW
power on the sky. $qt AV ~mus} be‘non-pe\gative
| YIUabpl |l Ul wOOwUT T wuoOao
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The BLIP Spherical Harmonic ASGWB Search

e R Assume frequency and spatial

Q(}W (f.n) = 5-1{_.f .}?} (m). dependence are separable (expected!) Applying this condition
while sampling is
computationally

Standard spherical harmonic expansion of GW expensive and ultimately

power on the sky. But V = must be non-negative ineffective !

I Yivapl il Ul wOOwUT T wuoas
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The BLIP Spherical Harmonic ASGWB Search

Assume frequency and spatial

AN VERCIWOVAUIAN  cpendence are separable (expected!) Applying this condition
while sampling is

computationally
expensive and ultimately
ineffective !

o _. Standard spherical harmonic expansion of GW
P(n) = T Lyt NI power on the sky. But V = must be non-negative
VAA0.0 7 5m I Y1 Uapii Ul wOOwOi 1 wloas

1/2 Defining n = as the square root of the spherical
S(n) = Zar.m?’r,m(n) = Z be.m¥e,m(n). harmonic expansion fulfills this condition as long
tm asin(=) is realt or, equivalently, &y ( P o

{.m
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The BLIP Spherical Harmonic ASGWB Search

. o Assume frequency and spatial

Qew(f,n) =Q(f)P(n). BRI e R e e D) Applying this condition
while sampling is
computationally

o _. Standard spherical harmonic expansion of GW expensive and ultimately
P(n) = T § THAUFAIA  power on the sky. But V = must be non-negative ineffective !
VAA0.0 ¢ m I Yl Uapil Ul wOOwUT 1T wUOao6

1/2 Defining n = as the square root of the spherical
Sm)= | armVemm)| = Z be.m¥e.m(n). harmonic expansion fulffills this condition as long
t.m t.m asin(=) isrealt or, equivalently, w ( p) o

- 2 We can then infer each®y, up to some desiredd =¥ |, quickly
Z ar MY m = (Z bf,myhm(n)) liaising between our wy parameterization and the power on the sky
\ | in the Wy, s via Clebsch-Gordon coefficients

LM A m
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Clebsch-Gordon Expansion
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