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Interpretation of gravity

• Gravity is an attractive force 
between two masses

• Mass is the source of gravity
• Gravity acts instantaneously

• Gravity is a curvature of 
spacetime

• Mass is one source of gravity
• Gravity does not act 

instantaneously

𝐹 =
𝐺𝑀𝑚

𝑟2
𝐺𝜇𝜈 + Λ𝑔𝜇𝜈 = 𝜅𝑇𝜇𝜈
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Classical physics Modern physics



Gravitational waves

• “Ripples in spacetime” 
• Caused by accelerating 

masses
• Strain ℎ(𝑡) is usually 𝑂 10−21

• 1st Earth-based detection in 
2015 by the LIGO collaboration

No space-based detections…yet!
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LISA: the space-based GW detector

• Constellation of 3 spacecraft 
equipped with 6 lasers

• Trails Earth, orbits the Sun
• To be launched in the mid-

2030s
• Will allow GW detections at 

frequencies lower than 
possible on Earth (0.1mHz to 
1Hz)
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GW source: extreme mass ratio inspiral

• Mergers of massive and compact 
object with mass ratio M

𝜇
> 104

• Low-amplitude, years-long GW 
signals

• Successful detection will permit 
new tests of GR, cosmology etc.

EMRI’s ℎ(𝑡; ҧ𝜃) is modelled with 14 
parameters e.g. masses 𝑀 and 𝜇, 
spin 𝑎, inclination 𝜄, …
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GW noise: glitches

They are:
• High-amplitude, short-duration 

instrumental noise
• NOT astrophysical
• Generally unexplained or coming from 

local disturbances to the detector

Risks that glitches pose:
• obscure or partially obscure genuine 

GW events
• mistaken for genuine GW events
• induce biases in GW parameter 

estimation

Fast Rising Exponential Decay (FRED) glitch

Δ𝑣 ≔ transferred impulse, 𝜏1& 𝜏2 ≔ decay/rise 
times, 𝑡0 ≔ arrival time

𝑔(𝑡; Δ𝑣, 𝜏1, 𝜏2, 𝑡0)
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Goals & aims

Investigate the impact that glitches have on signal detection and 
parameter estimation of EMRIs.

• How do glitch backgrounds change the distribution of detected 
SNRs?

• How do glitch backgrounds change the posterior distributions 
obtained from EMRI parameter estimation?
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Detecting GW events with matched filtering

Suppose GW data is a sum of waveform ℎ 𝑡 , noise background 𝑛 𝑡 , glitch 
background 𝑔 𝑡 .

𝑑 𝑡 = ℎ 𝑡 + 𝑛 𝑡 + 𝑔(𝑡)

Define the noise-weighted inner product:

𝑎 𝑏 = 4𝑅𝑒න

0

∞
෤𝑎 𝑓 ෨𝑏∗(𝑓)

𝑆(𝑓)
𝑑𝑓

Define the detected SNR:

𝜌𝑑𝑒𝑡. =
(𝑑|ℎ)

(ℎ|ℎ)

Define the optimal SNR:
𝜌𝑜𝑝𝑡 = 𝐸 𝜌𝑑𝑒𝑡 = (ℎ|ℎ)
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Estimating GW parameters ҧ𝜃 = (𝑀, 𝜇, 𝑎, … )

Use the log Whittle likelihood:
𝐿 𝑑 𝑡 ҧ𝜃 = (𝑑 − ℎ|𝑑 − ℎ)

Define priors 𝜋( ҧ𝜃) for EMRI parameters, plug into Bayes’ theorem:

𝑝 ҧ𝜃 𝑑 𝑡 ∝ 𝐿 𝑑 𝑡 ҧ𝜃 𝜋 ҧ𝜃

Sample the posterior with MCMC, nested sampling etc.
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Results
Red: 𝑑(𝑡) = ℎ(𝑡) + 𝑛(𝑡)
Blue: 𝑑(𝑡) = ℎ(𝑡) + 𝑛(𝑡) + 𝑔(𝑡)

Signal detection Parameter estimation: MCMC run
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Conclusions & next steps

• Glitches may not affect signal detection that much
• Glitches lead to inaccurate EMRI parameter estimation
• There is a need to de-glitch data or fit for glitches

• Simulate more realistic glitch backgrounds
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