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A B (Big Picture)
ACBC Search

AN o (gravitational wave)

AN o ¢ A (detection)

ANo =B Y'E' s (how to getsignal)

A¢ A Pipeline(detection pipeline)
ACBC Parameter Estimation

Ao @1 5 (parameter estimation)

A LALInference

A Bilby

APESummary
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(what is gravitational wave experiment)

. _ : 0 w1 A (parameter
e Y (generation) “ A (detection) -
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A, = ' (quantum optics) <
A~ A (optical cavity)

A& 1 (squeezed light)
A N v = (solid state physics)
As 5 (thermal physics)
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0 w1 7 (Parameter Estimation)

No HF TA
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AX 0 (Waveforms)
A M > (Statistical Analysis)
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\ N\ v = (Astrophysics)

AW | O = (Blackhole Merger rate)
AX 'Es N U H s A(Equation of State of NS)
A w U w (Hubble Constant)
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Gravitational Wave
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Solution In vacuum

ALTQ 17T Q m
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Transverse Traceless coordinate

Trace feversed and ofi al IS same in TT gauge

AQ Y

TT gauge

Global Lorentz transformation @ ¥ w preserve all t&e properties.

N~ W

Choose coordinate to be /Y —  (plriTim) N

Rotate coordinate to be Q (— FﬂTﬁﬁ—) N”
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Transverse Traceless coordinate
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GWSs and lines of force

Lines of force for 11" and AL
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GW Sources

Modelled Unmodelled

Compact Binary Coalescence CBC, Supernovae, GRB, Pulsar glitch

TR . e
|
-

¥

Transient

Continuous waves

Continuous

Pulsar rotation, Binary
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CBC Search



Signhal Detection

AMatched filter to detect the signal from noises  (well known technique)

ADifficulties for gravitational wave

AWaveform is not known perfectly
A Detector noise is not stationary Gaussian

AExtended techniques
AQuadrature sum of complex matched filter output for unknown phase
AFFT for various arrival times

ATemplate bank to cover parameter space
AFrequency-band limited matched filter to veto glitches(non Gaussian)
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Basic Workflow

ACalculate matched-filter output for each template waveform
ACompute chi-square discriminant to veto glitches
ASelect candidate events or triggers

AAdditional works

AData selection and conditioning

ATemplate bank generation

AVetoes based environmental data and coincidence
AComputation false alarm rate(FAR)



Fourier Transform

AContinuous signal
AQ = ®oQ Qo
Ano |  aQQ 1QQ

ADiscrete approximation

Note that
10(Q Q Qo0
10 Q Q"Q

FFT package calculate
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Dirac delta function
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Waveform
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A0 : coalescence time at source
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Geometry

y-arm Detector frame Radiation frame Source frame

Credit; Purrer

Detector plane

Credit: Schutz
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WavefO rm PhysRevD.85.122006
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PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016
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Generation of

J
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Linear Optimal Filter AN il
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ﬁ (M a.tChed Fllte r) PhysRevD.85.122006

s 5 o [ ] -
A(d) ¢ = —~—QQ P, Q Q0
(1. Template amplitude )
2. Coalescence phase |We do not know

3. Masses ) /‘5 LI

ALOY & (0) ® ©) T = Q 00

>V

The best matched value for unknown phase is the modulus of & 0
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ﬁ (M a.tChed Fllte r) PhysRevD.85.122006

AWe need template banks to find matched masses

o |h 2
0'%1 — f ‘ l Mpc,m(f)‘ df SNR at 1 Mpc template arrived
0 Sn(f)
Alf signal comes from 'O  of template waveform @, then
Al©© €0 —"Q § 0 (z,(t)=1Mpcoz /D

pm(t) — |Zm(t)| Amplitude of SNR O — - b A

7N
m



Purpose of FINDCHIRP

The goal of the FINDCHIRP algorithm 1s largely to con-
struct the quantity p,, () and to identify the values of the
parameters f,, ¢, and m that maximize it.

It is highly unlikelytobe " | p, for stationary Gaussian noise.



PyCBCWorkflow

Get Data

Place template bank
Matched filter
Coincidence
Calculate significance
Evaluate efficiency

o 0k wWhE
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04 Te m p I ate Ban k https://dcc.ligo.org/LIGO -G2300231, Shio Sakon
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