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Gravitational wave landscape
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● Small amount of data
● Data dominated by GW sources 

(overlapping in time and 
frequency)
○ Number of sources – parameter

● GW wavelength ~ detector size
○ Complicated response

● Armlength is not constant
○ Time-delay interferometry

● Strong long-lived source
○ Noise is non-stationary

● Sky position: Doppler + 
triangulation

● Glitches
● Have to work out of box

LISA is not LIGO in space

● Huge amount of data
● Rare transient (usually 

non-overlapping) sources
● GW wavelength >> detector size

○ Simple response
● Constant armlength

○ Requires calibration
● Long-lived sources are weak

○ Noise locally stationary
● Sky position for transients: 

triangulation
● Glitches 
● Can fix problems by getting inside

N. Cornish
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LISA sources
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Challenges in LISA
● Arms are function of time:

○ Not trivial procedure to cancel laser frequency noise: Time delay interferometry
○ Makes noise non-stationary

● Population of Galactic sources create anisotropic and non-stationary foreground 
○ We will use time-frequency approach, assuming that the noise properties are 

smoothly & slowly changing in time
● Gaps in the data (scheduled and not)

○ Time-frequency formulation helps
○ Filling the gaps 
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Challenges in LISA: data analysis
The data is signal dominated. We need to detect and characterise (parameter estimation) all of them 
simultaneously present in the data

Senwen Deng

Sangria dataset

6



LISA global fit

● We are assume that the GWs of different type weakly 
correlate with each other
○ (block) Gibbs sampling approach: works efficiently 

work weakly correlated components
● Within sources of the same type we use parallelisation if 

(we think) sources are not-correlated
● Population of binaries could be observed as resolved 

(individual sources) and unresolved (stochastic) sources: 
the informative prior connects them [Toubiana & Gair 2026, 
Criswell+ 2025, 2026]
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Pre-merger search for MBHBs

1. We first detect (pre-merger) MBHB-4,
2. then detect (after subtracting MBHB-4) MBHB-3, 
3. after subtracting MBHB-3,4 we detect MBHB-2 

24 hours before the mergerhttps://arxiv.org/pdf/2504.11322 8



Trans-dimensional sampling
Number of sources is random variable to infer from the data
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Three Galactic binaries, close in freq.

We are testing for 1, 2, 3 sources in 
the data: Bayes factors

Bayes factor = 1 
comparing 2 and 3 sources

Frequencies of true GBs

Frequencies of M2 
GBs (2-sources)



https://arxiv.org/abs/2509.20062
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Time iterative analysis: GBs
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Probability of having N-sources in 
the data using different data 
duration



Pulsar Timing Array
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Modelling PTA data
● We measure time of arrival (ToA) radio pulses: the difference between expected and 

measured ToAs = residuals
● Timing model: deterministic model for the residuals: 

○ interaction of e/m (rado) with interstellar medium
○ Pulsar spin-down
○ Propagation delays: Shapiro, Romer
○ Proper motion, orbital motion (pulsars in binaries), sky position

● Noise modelling:
○ White noise: measurement (mostly)
○ Red noise:

■ Individual to each pulsar
■ Common process but independent
■ Variation in dispersion and scattering (Radio-freq. Dependent → “chromatic”)

○ Error in ephemerides
● GW signal…. 
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Pulsar Timing Array
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[credits: Mikel Falxa]



Individual GW sources: CGW
• Particularly massive and close binary could be detected individually: continuous and 

small evolution in frequency
• Strategy: all-sky search with simplistic model -> follow up candidates relaxing 

simplified assumptions on the reduced prior range
[NG: 2306.16222]

[EPTA+InPTA: 2306.16226]

Manzini & Babak 2025, 2511.19611

Frequency (nHz)15



Expectations based on Horizon-AGN
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• Probability of finding at least one CGW 
• Median SNR of CGW (in case of detection)
• Current PTA: 10-15 % chance to detect individual 

SMBHB, 
• SKA: 30-40% chance to detect individual SMBHB (>5 

years of observation)

Prospectives of e/m identification of SMBH
• If there is a gas: AGN (faint)
• Most likely to see (outshine the host galaxy) in 

radio(X-ray)

[Quelquejay+ 2025]



Correlation between SGWB and eCGW
● CGW is covariant (correlated) with the stochastic GW background (SGWB)

○ Easier to disentangle individual sources at high(-ish) frequency (white-noise dominated regime)
○ Need PTA (many pulsars) to get the sky position and (potentially) individual masses 
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Global fit in PTA

We need global fit in PTA: 
● timing model + noise modeling + GWs.
● Uncertainty in the composition of the 

noise components
● Pulsar-specific choices. 
● Current data: many pulsars & long 

observations
● Data combinations

○ Accurate and fast way of 
combining data from many radio 
telescopes?

○ Timing model evolution, unreliable 
observations with small error-bar.

● Significance estimation? 
○ Sky shuffle, phase shuffle
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Interpretation

[Credits: Hippolyte Quelquejay]

PTAs observe an emerging GW signals: what is it? Is it stochastic or CGW? What sources it?
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Summary
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● LISA is reality, launch is 2035 (= tomorrow)
○ Simulated data increasing in realism
○ Many data analysis and post-analysis interpretation challenges
○ Get into the game now!

● PTA
○ IPTA and EPTA new data is ready for analysis
○ Continuous GW signal from individual binaries
○ Interpretation of the stochastic GW signal
○ SKA is coming next
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New generation of ground-based 
detectors: generation-X
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Einstein Telescope



● What search means
● Significance
● BNS merger – a lot of info: eos, (model dependent) measure of intrinsic mass -> 

cosmology
● Multimessenger – early detection – challenge in source dominated data
● Very sensitive device – GW background → foreground. 
● Population study
● Multi-band observations

○ LISA (inspiral) → ground based (merger)
○ Ground based (merger) → archival search in LISA data

●  
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Confidence in unmodelled and burst signals (§1.3, §3.2). For 
supernovae, magnetar flares, glitch-induced f-modes and other 
poorly modelled transients, "it is crucial to have multiple GW 
observatories to provide confidence through coincident detection". 
The authors use this as an argument for several XG detectors.
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● at z = 10 seen by a single XG detector would be essentially unlocalized, with a distance error of about 
50%. That translates into a redshift error of ±4 and, because of the mass–redshift degeneracy, about a 
40% error on the source-frame masses. High-redshift population studies therefore require at least two 
XG detectors, and good localization of most sources requires three.

● Early warnings, such as 10 BNS detected 300 s before merger with ΔΩ < 10 deg², require low-latency 
detection and localization.

● Waveform systematics. (common with LISA for BBHs)
● Overlapping signals. With roughly 10⁵ BBH and many more BNS in band per year, signals overlap.
● Long in-band durations. BNS signals last hours below 10 Hz, which raises the cost of searches and 

parameter estimation.
● Noise artefacts. Non-stationary noise and glitches.
● Computational cost. Bayesian inference for millions of events per year.
● Global fitting. Separating resolvable sources from the residual background, a ground-based analogue of 

the LISA global fit.


