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From raw(ish) data
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to astrophysical parameters
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Bayes theorem

Initial Understanding + New Observations = Updated Understanding

Likelihood .
Prior
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A gravitational wave hits the detector, and the detector records

d = R|h| +n

P BN

available detector detector
data response noise
to GW



A single data point

di = R[hi] +n4

Noise probability p(n1)
Residual probability p(di1 — R[h}])

Are they compatible?  p(di — R[h}]) = p(n1) = p(di|h7)

Probability of drawing d; — R[h}] from the noise
\ distribution under the null hypothesis
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Many data points

discrete frequency bins

=

d = {dl,dg,...,de}
— {R[hl] —+ nl,R[hQ] —+ N2, ...,R[th] - TLNf}

Joint probabillity for the noise from all frequency bins

p(d|h') = p(di — R[h}],d2 — R[h],...,dNn, — R[hY,]) = p(n1,n2,...,nN,)



Two critical assumptions

noise correlation

matrix
: : —Lln, 07 tn
Gaussian noise p(ni,na, ...,nn,) ~e 2"
. . 1
Stationary noise Ci; = §Sn( fi)0i;

detector PSD
(no summation)



Likelihood

Probability of obtaining data d assuming signal h and that the
noise Is stationary and gaussian

p(dlh) ~ e~ 3 (d—R[h]|d—R[h])

where the discrete frequency bins are now continuous

ORI
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PSD Calculation

Off-source (average)
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Time (seconds)
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Stationarity

Recompute the PSD for every detector and for every event
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Decompose the signal as a sum of bases functions

N
W=y w(i)
Less sensitive, more flexible

p(h') =6 |h' => w(@)| p@ N)
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More sensitive, less flexible |

h' — -

Waveform models for the waves emitted from a compact binary
coalescence: IMRPhenomPv2, IMRPhenomD, SEOBNRv3, SEOBNRVA4...

The various models differ both in the physical effects they
assume and the methods they use to describe the waveform
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Compact binaries

D p(h') = 6(h" — h'(6))p(0)
) L0, é1) /
51
m ma > G, priors on the system
ON (D; parameters

t 1 What we know about
ON the parameters of
the system before
obtaining the data

8O
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Lxtrinsic parameters
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Intrinsic parameters

mq Uniform in
¢D Mo some range
| L(Or,or)
S Uniform in
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8O

Highly non unique and potentially influential choices
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Marginalize over
an amplitude and
a phase uncertainty
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0A(f) = ps(fi1fi, 0Ai})
0o(f) = ps(f51fi,00:})
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Evidence

Evidence
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Evidence

Normalization factor for parameter estimation

Important for model selection

p(d|h', M)p(h'| M)
p(d| M)

p(h'|d, M) =

M: any overall assumption or model (e.g. the signal is a GW,
the BBH is spin-precessing, the binary components are NSs)
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Odds ratio

Compare competing models, for example
'‘GW170817 was a BNS’ vs ‘GW170817 was a BBH’

0. — p(M;|d) Bayes Factor
o p(M;|d) Likelihood of the models
Ratio of the evidences
_ p(Mi)fr
p(M; )
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Posterior

Posterior ..

25



Bayesian Inference

The posterior p(h’(5)|d)égives the probability density
that a model h'(6) describes the data.

It is calculated with a likelihood and a prior and it is valid under
the assumptions that were used when computing these two



Waveform posterior
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Marginalized posterior

B || < 0.05
B .| < 0.89

p(my, mold) = / p(8,m1, mo|d)dd

iy [1\[ ® ]

Integrate over all
‘other’ parameters
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Inference from the posterior

1.4
L The chirp mass is
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1.2
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= The mass ratio is
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The likelihood

Is the noise model . .
Prior choices can

iInfluence results

Posterior N s X

R g

A — S .

The evidence is unimportant
for parameter estimation
(but not model selection!)
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