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Loch Ness

Tho Loch Ness Monster, Ax Skotehed by Mr.
A. Grvant From Lieut.-Communder Gould's
Interesting Monograph Upon tho Subject.
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What is parameter estimation?

In the early 19t
Century observations
used to determine
the mass of the
planets were often
imprecise or “noisy”.

Can you get good results from bad data!?
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What is parameter estimation?

We can turn to

probability theory to
help.

p(hypothesis | data) « p(data | hypothesis) p(hypothesis)
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p(hypothesis | data) « p(data | hypothesis) p(hypothesis)
p(data | hypothesis) — The likelihood

“what is the

probability that the

data we’ve observed p(data | mass = 0.2 M@)
would be produced

under this

hypothesis?”
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p(hypothesis | data) « p(data | hypothesis) p(hypothesis)
p(hypothesis) — The prior knowledge

“before I made my

observation, I had
this belief about the ~ p(mass = 200 Mg)

hypothesis”
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p(hypothesis | data) « p(data | hypothesis) p(hypothesis)
p(hypothesis | data) — The posterior

“glven my
observations this
hypothesis has p(mass = 200 Mg, | data)

probability”



Constructing a likelihood

We have many observations with a
comparable level of noise or
uncertainty.

p(m|x) = eXp(
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Prior convictions

This Bayesian approach to inference
has a powerful ability: incorporating
your prior knowledge.

This allows us to heavily down-

weight or exclude a hypothesis or
datum if it doesn’t square with our
prior.
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The result! The posterior

We can repeat this process, using
the previous posterior as our new
prior each time we get a new
observation.

*Terms and conditions apply, or at
least, to within a constant of
proportionality we’ll meet later.
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How likely is a gravitational-wave!

When considering a potential GW
signal we need to ask two
questions:

is this data best
explained as noise!?

if it is a GVV, what are its
most likely properties!?
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Noise

GW detection (currently!) happens in a
regime dominated by noise.

Our noise is also... nasty...

Analysing a gravitational-wave is a bit like
listening to someone whispering the words of
Odyssey at the other side of a loud party.
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Noise

The noise is frequency-dependent:

Different processes in the detector
introduce noise at different
amplitudes and frequencies.

We need to determine the
behaviour of this noise.
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Bayeswave

Bayeswave is a tool we use in
LVK analyses to “fit out” the GW
signal from a data segment and

subtract it.

This allows us to determine an
estimate of the noise in the data
which includes the signal.
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The Gravitational-wave model

Understanding our data is easier
When We ha.ve a. gOOd idea Of What "Avdpa ol Evverte, Molod, TIOAUTPOTIOV, OC HAAC TLOAAG

TAQyx0n, énei Tpoinc iepdv ttoAleBpov Enepoe-
We’re I 00 ki ng fo I TIOANGV 6: dv?pwnwv idev c’ic;taa KCI:I‘ VOOV EyVW,
* TIOAAG &’ 0 Y’ Ev TIOVIW TtABeV OAyed OV KATd BUNOY,
apvupevog fv te YPuxny kai vootov Etaipwy. 5
AN 0Ud' WC ETApOoUG EppLIOATO, IEPEVOC TIEP-
aut@v yap obetépnotv atacBaiinotv OAovto,

VATILOL, ol Katd Bolc YTiepiovog HeAlolo
If we b ro ught our co py Of H omer AoBlov- altdp O Toloty AdeileTo vooTioy Auap.

TV AudBev ye, Bed, Buyatep AOg, eiTte Kai (PIv.

to the party we'd be having a much
better time.
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The Gravitational-wave model

The GW signal is described by
General Relativity, but the Einstein
Field Equations are difficult to
solve.

We solve these numerically
(numerical relativity) but this is
(very) slow.

irsa: 26080013 Page 21/38




The Gravitational-wave model

Instead we use approximants which emulate NR.

Phenom Surrogates

Breaks the waveform into Solves a PDE for a reduced Use statistical techniques to
parts according to their one-body approximation fit functions to the

phenomenology. waveform.
SEOBNRv5PHM

IMRPhenomXPHM NRSur7dq4

Pirsa: 26080013 Page 22/38




The Gravitational-wave model

Black holes are exceptionally simple objects; the
waveform is defined by just seven numbers:

Chirp mass Primary spin (x,y,z)

Secondary spin (X,Y,z)
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The Gravitational-wave model

Geometry gives us some additional extrinsic parameters

Polarisation angle

Inclination angle

Luminosity distance
Sky location

Arrival time
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