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GWs
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MY WORK

Understanding How can we
what GWs are use it as a tool
?! ?!

Simulating
(coding)




What is GW ?

Inspiral

inflation / ) 0/ /. 0 .

[1]-[2]-[3]-[4]-[5]-[6]-[7]-[9]-[10]-[11]-[12]-[13]-[14]-[158]-[16] Q




Why GWs are

important for us ?

We can understand distance and mass of their sources

We can get more information about EARLY universe




— Phase transition in early universe

—” Super massive binary black holes(SMBBH)

—

v

pulsars . .
Binary white dwarfs

inflation

SOURCES > Binary pairs —

v

Binary stars

Binary black holes

Merging Binary neutron stars

—> Supernova

> Fast pulsars with moment

» Stellar black holes

o




DETECTORS !

—_—

Ground-based detectors
Michelson-Morley experiment

Space-based detectors

PTAs > TIMING RESEDUL

Cosmic microwave background polarization




HOW DO WE DETECT GWs ?

Michelson—-Morley experiment

Strain amplitude

Time ‘




Ground-based detectors

BN  11GO-VIRGO-KAGRA ..

Livingston Hanford




Ground-based detectors
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~ D

SUIRGO "

&

Operational
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Gravitational Wave Observatories
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Space based detectors

— Laser Interferometer Space Antenna(LISA)

5Gm

Deci-hertz Interferometer Gravitational wave Observatory (DECIGO) <




Space based detectors




Pulsar timing arrays(PTA)

Neutron
Magnetic  star

. field lines
Beam of particles \ _

and radiation

/ Rotation axis

North South
magnetic magnetic
pole pole

Pulsars are rotating neutron stars that act like

i cosmic lighthouses, appearing as periodic

pulsating radio

sources. Because millisecond pulsars, pulsars
with periods between roughly 1.4 and 30 ms,
possess rotational

stabilities comparable with the best atomic
clocks, they

are ideal timing sources.

variations arising from GW perturbations can
be measured. Distortions in the spacetime
around Earth or the pulsars will produce
systematics

in timing residuals

¢






Detectors of PTAs

Today, there are three major PTAs: the Parkes
PTAT2

in Australia, the European PTA Consortium65
and the

NANOGrav73 consortium in North America.




Cosmic microwave background

polarization

Laser Interferometer Space Antenna(LISA) <

Pulsing timing arrays(PTA)

— Degree Angular Scale Interferometer (DASI)




GWs SPECTRUM

SOURCES

Wawve Period
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DETECTORS

THE GRAVITATIONAL WAVE SPECTRUM

quantum fluctuations in the very early Universe

binary supermassive

black holes in

: . phase t
galactic nuclei

ransitions

in the early universe

black holes, compact
stars captured by
supermassive holes
in galactic nuclei

merging binary

neutron stars and

stellar black holes

in distant galaxies;
fast pulsars

binary stars in with

the galaxy | and MOURtains
beyond
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pulsars =
polarization (1982 -) laser tracking of laser
map of cosmic drag-free proof interfero-
microwave mass in spacecraft meters
background orbiting the sun on Earth
(also bar

detectors)







Absolute
distance

Luminosity
distance

Tool Put constrain

box

DE equation

Of state




— Galaxy catalog

Neutron star mass distributior

Luminosity We need

- dshift !
distance reasil — " Tidal deformation of NS

— Binary merger of NS

Neutron star

Quasiperiodic
oscillation

— Gravitational
waves




Simulating

(coding)

v
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