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LISA (Laser Interferometer Space Antenna) 
is going to be the first space-based gravitational wave detector
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➡ main astrophysical sources will be Galactic 
Binaries and Massive Black Hole Binaries

➡ LISA will also detect stellar-mass black holes, 
Extreme Mass-Ratio Inspirals, and probe the 
stochastic gravitational wave background

Which sources will LISA see?



LISA measurements
 

3

➡ determined by orbital dynamics 

➡ laser noise does not cancel in simple unequal arm Michelson 

interferometer recombination

➡ 2W laser beams at the emitter SC, ~100 pW at the receiver
➡ no light reflection at the end of the interferometer arms 
➡ send a fresh laser beam with independent laser noise 
➡ post-processing recombination to reconstruct the interferometer

2.5 million km armlength

unequal and time-varying arms



Time Delay Interferometry
to reduce dominating laser noise
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Unequal arm Michelson

TDI

➡ construct equal arm interferometer using appropriate delays

➡ reach the desired sensitivity

➡ change the transfer function of our data 

➡ build multiple combinations  (Michelson X,Y,Z, quasi-orthogonal A,E,T)

applying TDI



Noise artifacts
most impacting features observed during LISA Pathfinder operations
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GapsGlitches

Non-astrophysical transient signals 

● Model based on the LISA Pathfinder 
results

Actual gaps in the data stream 

● Realistic gap pattern for LISA: 
82% mission duty cycle

    

Planned data gaps  vs  Unplanned data gaps

       (short duration)                     (long duration)
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Analyzing  realistic simulated LISA data   ＝   noise  +  astrophysical signal  +  glitches  +  gaps

Gaps

Glitches

Massive Black Hole BinaryVerification Galactic Binaries

LISA Data Challenge
1 year VGB dataset

+ LISA Pathfinder glitch distribution

LISA Data Challenge
1 year VGB dataset

+ LISA 82% duty cycle gaps

LISA Data Challenge
1 month MBHB dataset 

+ 3 LISA Pathfinder glitches

LISA Data Challenge
1 month MBHB dataset

+ LISA 82% duty cycle gaps

Assess Data Analysis Robustness
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Gaps

Glitches

Massive Black Hole BinaryVerification Galactic Binaries

Glitched
clean + glitches

Masked
clean + 
masked glitches

Clean: noise + signal

Planned
clean + 
planned gaps

Unplanned
clean + 
unplanned gaps



Glitches
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Verification Galactic Binaries

VGB frequency posteriors Sky localization

Glitched
noise + signal
+ glitches

Masked
noise + signal
+ masked glitches

Clean
noise + signal

➡ smooth masking allows us to mitigate most of the impact on GB parameter 
estimation

➡ more significant errors remain for low-SNR or poorly localized sources 



Glitches

9

Massive Black Hole Binaries

Glitched
noise + signal
+ glitches

Masked
noise + signal
+ masked glitches

Clean
noise + signal

Glitches induce a significant bias and 
increase the estimated uncertainty in 
classic parameter estimation 

➡ glitch masking yields acceptable results 
on MBHB parameter estimation

➡ a few percent differences in the 
parameter posteriors with respect to clean 
data

Smooth masking can’t be applied to transient signals
➡ it distorts frequency-domain waveforms and reduces SNR due to smooth transitions



Gaps
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Verification Galactic Binaries

VGB frequency posteriors Sky localization

● allows for accurate parameter estimation for most of the GB sources we consider

● sources with low SNR in clean data are more impacted than others

Planned
noise + signal
+ planned gaps

Unplanned
noise + signal
+ unplanned gaps

Clean
noise + signal



Gaps
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Massive Black Hole Binaries

For planned gaps that are far enough from
the binary merger time

● significant bias and an increase in 
parameter estimation uncertainty 
by a factor of 2 to 3

● parameter posteriors remain consistent
with the injection 
➡ estimated parameter values and their 
uncertainties are compatible with the 
source true value

Planned
noise + signal
+ planned gaps

Unplanned
noise + signal
+ unplanned gaps

Clean
noise + signal

Smooth masking can’t be applied to transient signals
➡ it distorts frequency-domain waveforms and reduces SNR due to smooth transitions



➡ results were just submitted for publication! 
➡ soon available on the arXiv

Conclusions
takeaways to maximize Data Analysis Robustness for LISA
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Glitches! 
Masking glitches can provide results for 
continuous sources, while transients 
might require more advanced mitigation 
techniques 
➡ e.g. proper fit and subtraction, or data 
imputation of the masked glitch

Gaps! 
Plan gaps so that the time between 
predicted merger times and the nearest 
gap is as long as possible 
➡ ensure the maximization of the 
science return, as prior to the merger the 
bulk of the SNR is concentrated around it

The material is based upon work supported by NASA under award number 80GSFC24M0006
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Glitches
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Verification Galactic Binaries

Glitch mitigation through detection and masking

1. SNR-based matched filter on the glitch 
SNR evaluated on the glitch parameter 
space

2. mask glitches using the recovered 
matched filter parameters

3. smooth window the gap edges with 
continuous transitions to mitigate 
spectral leakage



Glitches
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Verification Galactic Binaries

Glitch mitigation through detection and masking

1. SNR-based matched filter on the glitch 
SNR evaluated on the glitch parameter 
space

2. mask glitches using the recovered 
matched filter parameters

3. smooth window the gap edges with 
continuous transitions to mitigate 
spectral leakage


