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https://sites.google.com/view/gravityatyitp/home?authuser=0

Outline

% Gravitational Waves in theories of gravity and its properties
#» QW detection principle — Freely falling frames, Tidal forces

% Detection methods— Chirps, Matched filtering



Newtonian Gravity




Gravitational Waves are simply ...

Propagating gravitational fields.. (similar to

EM waves which are propagating EM
fields)

Produced by acceleration of masses (EM
waves produced due to accelerating
charges)

Transverse in nature (so are EM waves)

Has two states of polarisations (similar to
EM waves)

Interacts very weakly with intervening
matter (unlike EM waves)

GWs are quadrupolar,
EM waves are dipolar

Slide : K G Arun



Generation of GWs

Conservation of “mass” — No monopole radiation

And the dipole radiation is forbidden due to “conservation of

inear and angular momentum’,

However, all (time-dependent) non-spherical motions
according to General Relativity should produce these waves.



Time varying fields

source:ligo.org
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Continuous gravitational waves

N
‘Mountain’

Spinning neutron star

Mosaic of The Crab Nebula (@) HUBBLESITE.crg

Credit: ANU Centre for Gravitational Physics
Source: HUBBLESITE.org g
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"Apples” down the Pisa tower

Credit: GARY BROWN/SCIENCE PHOTO LIBRARY



Cquivalence principle

In rocket

In space far
from any stars

freely falling
towards the Earth

Source: Time Travel Research Center



http://www.zamandayolculuk.com

Tidal forces




Detection principle
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Effect of Gravitational
wWaves
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DAILY CARTOON:
FRIDAY, FEBRUARY 12TH

By David Sipress February 12,2016

“Was that you I heard just now, or was it two black holes colliding?”
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Livingston Hanford

14



Y)
O
o

Strain (1072

Accumulated
SNR,

SNR

)
N D
O B
S N

Frequency (Hz
|_I
S N
B

w
N

—1.0

Livingston

|

Hanford

(-
ONPBSLOOOWOONDIOO

mI i l'] L4l il

-0.6 -0.4 -0.2 0.0 -1.0
Time (s)

—-0.6 -0.4

Time (s)

Normalized Energy



Matched filtering

Signal-to-noise

10
- LIGO-Hanford

Signal-to-noise Ratio (SNR)

Data from the LIGO Hanford Observatory (whitened and bandpassed)
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Template Bank

x1,2| < 0.05

x1| < 0.9895, |x2| < 0.05

2| < 0.9895
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BBH Wavetorms
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During the inspiral
the binary orbit
slowly decays...

Merger Ringdown
..during the merger and

ringdown, the two holes 3__)

merge, & the remnant zéﬁ
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oscillations. —2 >
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Approximation schemes
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Extracting source properties

% In general a compact binary Is fully characteriseo

by a set of 17 parameters comprising of
# Component Masses (2)

% Component spins (6)
# Binary's distance (1)
# Binary’s location (2)

# Binary's orientation (2)

% Orbital eccentricity (1) — if binary is not
circular

% Effect of matter — tidal effects
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roximation schemes
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Matter eftects
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Parameter Estimation
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additional slides



LIGO Schematic Diagram
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Linearised Gravity
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Static weak fields
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Quadrupole approximation

fpy = 0
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Effect on matter
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Multipole Expansion
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Monopole and dipole radiation

M:/pdx3

d;, = /p:ﬁid?’az’,
d; = /pvide



Quadrupole approximation

Qi = /pazja:kd3x.
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