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Cosmological

Arise from the early universe
• Inflation [3]

• Phase transitions [4]

• Cosmic Strings [5]

Expected to be isotropic at 

scales accessible by LISA
Astrophysical

Expected to reflect the spatial 

distributions of  their component 

sources and may be anisotropic

Arise from the superposition of  

many individual astrophysical 

events (e.g. unresolved white 

dwarf  binaries[6,7])



Astrophysical

Anisotropic astrophysical signals 

embed spatial and frequency

information about their source

populations.

One scientist’s noise 

is another’s signal!
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∗

Applying this condition 

while sampling is 

computationally expensive 

and ultimately ineffective!

We can then infer each 𝑏𝑙,𝑚 up to some desired 𝑙max
𝑏 = ½𝑙max

𝑎 , quickly 

liaising between our 𝑏𝑙,𝑚 parameterization and the power on the sky in 

the 𝑎𝑙,𝑚s via Clebsch-Gordon coefficients



Explore & characterize BLIP’s abilities and limitations.

Test our capabilities with known signals in LISA.

Investigate detectability of  potential new sources!

BLIP

is a tool.

… so what can 

we do with it?
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Point Source Injections

Main takeaway: BLIP’s anisotropic search is currently computation-

limited (primarily), not SNR-limited → need to optimize!



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.

Recovery Shown:

▪ 1 year of  data

▪ Injected pop. synth. catalogue from Korol+2021 [9]

▪ Broken power law spectral model (3 parameters)

▪ Acceleration + position noise model (2 parameters)

▪ 𝑙max
𝑎 = 8 (so 𝑙max

𝑏 = 4; 24 𝑏𝑙𝑚 parameters)
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Recovery Shown:

▪ 2 years of  data

▪ Injected LMC pop. synth. catalogue from Keim+2022 [10]

▪ Power law spectral model (2 parameters)

▪ Acceleration + position noise model (2 parameters)

▪ 𝑙max
𝑎 = 4 (so 𝑙max

𝑏 = 2; 8 𝑏𝑙𝑚 parameters)



Astrophysics!
Hierarchical

Parameter Estimation

Spatial 

distribution 

models

LMC 

mass

Stellar 

evolution

& more?



Where do we go from here? 

Simultaneous characterization.

Simultaneous inference of  isotropic + anisotropic sources.

Simultaneous inference of  multiple anisotropic sources.

Integration of  the BLIP stochastic search with global fit efforts.
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Power law:

Broken power law from 

Boileau et al. (2021)














