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Typical Data Stream
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Typical Data Stream
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a) Characterise the noise
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b) Model potential signals
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Material to Download

https://s.gwdg.de/th635p
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Stationary Gaussian noise

» Assume the following noise properties:

— Stationarity: invariant under time translation
— Gaussianity with zero mean

» Fourier spectrum of the noise: ,
- 1 ;
nr(f) = \/T/o n(t) e” 2/t dr
Sulf) = ( Jim_[7ar(f)")

» Wiener-Khinchin theorem: S, is the Fourier transform of the auto-correlation function

= (A () = 350 5~ )
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LIGO’s Noise Spectral Density
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Class. Quantum Grav. 32 (2015) 074001
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—— Suspension thermal noise

—— Coating Brownian noise
Coating Thermo-optic noise
Substrate Brownian noise
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LIGO’s Noise on Sept 04

[1440979218-1441065618, state: Observing]
IGWN gravitational-wave strain

~ 1077 5w
T = GEO600
= Hanford

E == |ivingston
© 10720 4 = \irgo
B
=z
K%)

-21
S 10
=]
I
k3]
© 10772+
a
@]
(3} m s
2 il
= -23 |
N bl 1) b

a4 Aalll s

©
% 107 T

1000

o
o
=}

MAX PLANCK INSTITUTE

FRANK OHME



Signal Hidden in the Noise?

. THE EFFECT OF A GW IS SO MINUSCULE AND ‘ SCENTISTS HOPE TO IDENTIEY THE
4 WM RANDOM HOISE, You PATTERNS OF GRAVITATIONAL WAVES BY

K INSTITUTE
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Signal buried in the noise?

» How likely is a particular noise realisation?

pln) ~ eI,

with (a|b) = 4 Re /“0; lzf)(f) af.
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Signal buried in the noise?

» How likely is a particular noise realisation?
p(n) ~ ef(nln)/z,

with (a|b) = 4 Re /“0; lz;)(f) af.

» Isit more likely that the observed data stream s contains a signal h, i.e., s = n+ h?

FRANK OHME



Signal buried in the noise?

» How likely is a particular noise realisation?

pln) ~ eI,

with (a|b) = 4 Re /“0; lz;)(f) af.

» Isit more likely that the observed data stream s contains a signal h, i.e., s = n+ h?
o—(s—hls—h)/2

e—(sl9)/2

FRANK OHME



Signal buried in the noise?

» How likely is a particular noise realisation?
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Signal buried in the noise?

» How likely is a particular noise realisation?

pln) ~ eI,

with (a|b) = 4 Re /“0; lzf)(f) af.

» Isit more likely that the observed data stream s contains a signal h, i.e., s = n+ h?
o—(s—hls—h)/2

T T e Gz
B (hlh) _ 1 (sh) 1 &
A = (s|h) - 5= <5 (mh)—g(slh)

> (] iz) is commonly referred to as the (recovered) signal-to-noise ratio
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Real-life Searches

1. Need to know the signals we are looking for.
2. Filter data with all some of them.
3. Account for non-stationarity and non-Gaussianity of noise.

4. Quantify false alarm probability.

coherent signal?
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Real-life Searches

1. Need to know the signals we are looking for.
2. Filter data with all some of them.
3. Account for non-stationarity and non-Gaussianity of noise.

4. Quantify false alarm probability.

NIRRT

No coherent signal!
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Template Bank
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Search results

Binary coalescence search
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Search results

Binary coalescence search

20 30 4-10 >5.10
20 30 4‘.10 >5.10

mmm Search Result

10! — Search Background

100 bu =w — Background excluding GW150914
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First Discovery
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GW150914
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GW150914
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Binary phase evolution

Newtonian binary (arbitrary masses)

2 ) =w(f)r(t
n(t) = ABTE o200 (1) + 60) R
"’/ —
B(t) = ~ 22 u(y? "
s N Keppler’s law:
E(t):%gnz (T) yz(t): r(1)

1. From the energy-balance law, dE/dt = —L, derive a differential equation for the binary’s
velocity v().

2. Calculate v(f) and w(f). Integrate w(t) to obtain ¢omp(£).
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Solution

dv L(1) 1 32

a') =~ aEwya ~ cosn"t
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Solution

dv. L) 1 32
'Y=~ a5 = cesm

f = 1,/ 5MGcd
W)_E n(t.—t)
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Solution

dv L(1) 1 32

@) = @@~ e

v(t) = li/%

1
w(t) = Uéz(\ff) 38 ((GM)5/53§75(tC — t)>3/8 - % (Gi\sxfcf/g (tcs_ t>3/8

—
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Solution

dv, . L) 1 32
@ = ~aEw i~ cesm”

w(t) = Uéz(\ff) - % ((GM)5/53§75(tC - t)>3/8 - % (Gi\sxfcf/g (tcs_ t>3/8

3 _ 5/8
¢0rb(t) = /w(t) dr = ch— <2 t;Mt>
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GW150914 — How much mass?
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Binary parameters

2 masses (my, my | M., q)
6 spin vector parameters

reference time and phase

2 eccentricity parameters

tidal parameters (for neutron stars)
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Distance and Inclination

‘_/W\/\/\/
he =~ 2(1 + cos? L)M#pz 08 [200rp(1)]

LIGO
‘ M: total mass, M = my; + ny

7: symmetric mass ratio,
n=nm n’lg/M2
v: orbital velocity

¢orp: Orbital phase
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Non-precessing systems

o il L
. p— L - -
» Parameters: M, n, x; = n? Si /'\ 5

. nmixi + maxe
Reduced spin: = L eiE
> P Xeff M ~__~

Nl

g=1, x1 =x2=0.99
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Generic spins: precession SR

> na §f_7§§_ HTLX,U gl g

» Waveform depends non-trivially on inclination ¢ ‘\‘J
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Binary Black Hole Explorer A

Binary black hole explorer

Visualization of pfegégging binary black holes
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Binary Black Hole Explorer A

Binary black hole explorer

Visualization of p>re.'c_4é§_§ing binary black holes
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Modelling Binary Coalescences A

® e < @

I R

Inspiral Merger Ringdown
post-Newtonian theory no analyt. model perturbation theory
Numerical Relativity

effective one body
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The Inverse Problem —’\N\/\/\A/\I\N—
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The Inverse Problem —’\N\/\/\A/\I\N—
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The Inverse Problem

probability

source parameter
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The Inverse Problem
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The Inverse Problem
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The Inverse Problem
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Likelihood & Posterior
:Z Quantities d : data, h : GW model, 6 : source parameters
:_‘o;: “\\ Inner Product (d, h) =4Re [ %ﬁ;)(f)df
/ | Likelihood A(d|h(0)) ~ exp(—|ld — h(6)]?/2)
| | Posterior p(6|d) = %
source parameter
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