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SEARCHING BACKGROUND IN LISA -CHALLENGES

NOISE  SIGNAL
E(f f) =Zu(f, f) + Zaw(f, f)



SEARCHING BACKGROUND IN LISA -CHALLENGES

S(f, f') = Salf. ) +Baw(f. 1)

e Non-stationarity, Anisotropy, Non-Gaussianity
e Overlapping signals

e Uncertainties in the Models (both Astro&Cosmo)



SEARCHING BACKGROUND IN LISA -CHALLENGES

S(f, ) = Sulf, f) +Eaw(f, )

TODAY

° - Anisotropy, Non-Gaussianity

e Overlapping signals

e Uncertainties in the Models (both Astro&Cosmo)



CYCLOSTATIONARY PROCESSES

Cyclostationary processes are stochastic

processes whose statistical properties are
periodic in time

E[X(t)] =m(t) =mt+T)
EXEX®)|=X2{,t) =Xt +T,t+1T)




CYCLOSTATIONARITY IN LISA

NASA SVS




CYCLOSTATIONARITY IN LISA

NASA SVS




CYCLOSTATIONARITY IN LISA

Unresolved DWDs in Milky Way Satellite (e.g., LMC, SMC, Sagittarius,...)
and in nearby Galaxies (e.g., Andromeda) contribute to a SGWB

LMC

A Chann
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ASTROPHYSICAL SPECTRUM

LYo 4)

Fourier coefficient of
MODULATION



ASTROPHYSICAL SPECTRUM
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MODULATION

We provide an analytical prescription to compute the modulation,
relating it to the properties of the distribution!!!

Milky Way Modulation Parameters:
- Center Coordinates of distribution A, sin (3
- Rotation Angle ¥
- Gaussian Variances (Sizes of distribution) 01, 092

Satellite Modulation Parameters:
- Center Coordinates of distribution A, sin /3
- Gaussian Variance (Size of distribution) o
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n=~8

C(f.f) = X Eups
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The modulation is primarily
influenced by latitude, while
the impact of size is a
secondary effect.
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CYCLOSTATIONARY MODEL

Likelihood
- 1 1 -~ s
log £(d|6 = {Oniw, Osar On}) xx — Y 5 log(det [Za];) + §d? (Za] ds
i=A.E
[Za]; = (Emw (OMw) + Zsat (Osat) + Xn(0n));
Parameter
Spectrum Modulation

e Ouw = {AMw, @, finee, f2, f1, A, 8in 3,01, 02,9}
o esat = {Asat‘a Y /\18in }63 0}-\
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RESULTS - Satellite + Noise

The detectability of satellite SGWB depends on the interplay between the
spectrum and modulation.
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RESULTS - Satellite + Noise + MW
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RESULTS - Satellite + Noise + MW
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RESULTS - Satellite + Noise + MW

) Satellite SGWB
LR |
L

« Auw 1> [Hz] ] ay o At




RESULTS - Hidden Satellite

— MW Unlike EM radiation, GW are not

— LMC
7 LMC—like\/\ obscure by gas and dust
: Thus, LISA has the potential to
observe beyond the galactic

plane (Zone of Avoidance)

Channel A

0.0 0.2 0.4 0.6 0.8 1.0
Time [year]

We consider an LMC-like
satellite behind the Milky Way
(i.e. same Astrophysical
spectrum -> same total mass
and distance)
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Are we able to observe it?



RESULTS - Hidden Satellite
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CONCLUSION

We introduce a novel method to address anisotropy from
astrophysical SGWB.

- Detection of MW satellite strongly depends on the interplay between
the spectrum and modulation.

- We could have access to Zone of Avoidance with LISA behind Milky
Way

- Study Milky Way Morphology and structure with DWD foreground



CONCLUSION
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BACKUP SLIDES



Ecliptic Latitude

MODULATION

We have to average the time domain signal in LISA over the probability
distribution of the sources in the sky

Rotated Latitude (6,)

Ecliptic Longitude -3 —9 1 0 1 2
Rotated Longitude (¢,




MODULATION

We have to average the time domain signal in LISA over the probability
distribution of the sources in the sky

The problem reduces to resolve integral like
[ @6, [ ds.p(0)p(6,) €m0 e = o, (g (n)
R R

The solution is well-know for a large set of probability distribution, and it is
called
CHARACTERISTIC FUNCTION



ASTROPHYSICAL SPECTRUM

Korol+22 Amplitude of GW Inspiral
GM. 10/3
$10) = [ M) [ drp( 2807 - 10— ()

Satellite Background

f 4y
Sh(f) = Agat <m)
v=—(94+3a)/3




ASTROPHYSICAL SPECTRUM

Korol+22
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ASTROPHYSICAL SPECTRUM

Korol+22 Amplitude of GW Inspiral
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ASTROPHYSICAL SPECTRUM

Korol+22 Amplitude of GW Inspiral
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ASTROPHYSICAL SPECTRUM
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RESULTS - Satellite (Realistic) + Noise

LMC from catalog generated with
Stellar Population Synthesis code
(Korol+24)

We fix the sky position of LMC in
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WHAT’s NEXT

Data Gaussian
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WHAT’s NEXT

—— Fit with Cubic Function
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Pozzoli, Buscicchio, Klein in prep



