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Preamble



Left: the Munich resonant-mass gravitational detector (1972-1975)
Right: MPQ’s 1987 proposal for a laser interferometer prototype 











BBH = black hole - black hole merger
BHNS = black hole - neutron star merger
Mass Gap = underdetermined by evidence



Laser Interferometers
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A Look at the Data
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So what’s the problem?

Can we find a gravitational wave signal in the 
calibrated strain data without relying on any 
numerical relativity templates?
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IFT in Brief

● IFT is a Bayesian inference framework 
that recovers signal fields from noise, 
incomplete, or otherwise corrupted 
measurements

● By analogy to statistical field theory, IFT 
recasts the Bayesian inference posterior 
as the information Hamiltonian to set up 
optimization problems

● Proven successes:
○ analysis of the CMB
○ X-ray and radio tomography
○ medical imaging
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NIFTy Implementation
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Roadmap to Reconstruction

1. Acquire strain data for a confirmed event
2. Delineate the time interval in which we expect to find the signal
3. Set up a correlated field for the generative model
4. Specify the instrument response and noise covariance operators
5. Define the likelihood energy
6. Minimize the Kullback-Leibler divergence thereof
7. Draw samples from the optimization results for comparison with the LVC’s 

published signal



Determining the Operators
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● For a given run, the LVC 
chooses a quiet time series 
interval during the 
interferometer’s operation

● If no signals have been found at 
sufficiently high confidence, the 
interval’s amplitude spectral 
density works as a good 
enough model of the overall 
noise

● This works because the strain 
data has a very low 
signal-to-noise ratio
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Upshot: We can use another 
correlated field in our measurement 
equation to learn the noise model!

Modelling the Noise





Instrument Response
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The Open-loop Control Diagram
To keep the interferometer in resonance, 
actuation on the multi-stage pendula suspending 
the test masses is necessary:

1. Subtracting a controlled differential arm 
length ΔLctrl from the free-running 
changes in the differential arm length, 
ΔLfree, produces a suppressed signal 
ΔLres 

2. Applying a sensing function to the 
residual displacement, ΔLres, produces 
the digital error signal, derr, containing 
both astrophysical signals and 
displacement noise

3. Applying digital filters to the derr signal 
produces the control signal dctrl which 
governs the actuators’ behavior



ΔLfree = Rderr 

The Response Function



1 + ADC 

The Response Function

C 

ΔLfree = derr 





d(f) =(1 + ADC)s0 + n’

Our Measurement Equation
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Can we find a gravitational wave signal in the 
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The problem

Most likely, but we have to improve our noise 
covariance and instrument response models 
first!





Thanks!
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