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Einstein’s zoo

Gravitational wave events

Masses In the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars
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GW170817

a y-ray burst (GRB 170817A)
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Bayesian inference

Parameter estimation

Estimation of source’s parameters ( m,, m,, 5, S,,d;, @, d.... Etc.)
Bayes theorem
pd| A)p(A\)

p(d) Prior

Likelihood evaluation is “expensive”

p(A | d) =

Days, weeks to months for posterior

estimation




duration(s)

Bottlenecks of PE
For BNS/NSBH events
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Why Rapid PE?

For BNS/NSBH events
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BNS systems with different
masses have different signatures

EM signature

stable NS

(i)

)

:'ql Lu < (iii)  (iv) (v) (vi) (vii) (viii) (ix) chirp mass

(iif)
GW signature

Ben Margalit, Brian D. Metzger, ApJL 880 L15 (2019) 6



Fast likelihood evaluation

A meshfree approach

. Givend = h(X, t.) + n, his some assumed signal model, n (Gaussian noise)
I N T o—1 N
Likelihood & x exp 5 (d—h(AN,t))" S (d—h(A,t))

» Our approach: Bypass waveform generation and directly interpolate
likelihood

- Decompose likelihood into a SVD basis and interpolate the SVD coefficients
over intrinsic parameter space using Radial basis functions (RBFs)
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Method

- Two stages are involved in our approach:
(i) Start up stage
(i) Online stage

 Start up stage: Generation of interpolants triggered by a detection
pipeline

» Online stage: Evaluation of likelihood at a given query point (Sampling)



Method

Start up stage

Generation of RBF Interpolants
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Method

Online stage

. Evaluate C/f{ and 05 at a query point /lq
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Results

Simulated events (Single detector)

Pathak et al., arxiv:2210.02706 (2022) (Under review)
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TABLE 1. Reconstruction of a canonical BNS event.
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Coherent network PE*

- What's different in coherent PE?
Assumption: uncorrelated noise across detectors

Likelihood: coherent sum of the individual likelihoods

N, N,
In Z(A,1,) = Z (d | h(N,1.))® — % Z [(h(K’) | R(A))YD — (d | d)®
i=1 i=1

« |Important for source localization in sky

*Ongoing work In Collaboration with Sanket Munishwar, Amit Reza and Anand S. Sengupta
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Early results
GW170817 and GW190425

343 -

342 -

speedup
W
S
|_.l

W
S
o

339 1

338 1

M ~34M,

GW190425

3 4 5

query set

le—4

©c o o o o H
© N » O © O

I I
o ©
H N

median relative error



Conclusion

A Fast PE method crucial for future observing runs (especially BNS/NSBH)

Our technique has the potential to interface with low-latency PE

framework of LIGO
Soon to be a part of PyCBC (ongoing)

Future development to include precessing systems (and possibly

eccentric?)
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Thank you

LET THERE BE MORE WAVES
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