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Hulse Taylor binary



Time period loss of binary pulsars by gravitational wave radiation 



Black-hole mergers



LIGO Event



S. The astrophysics of stochastic gravitational waves, Burke-Spolaor et al.



Modulation of pulsar time period by gravitational waves

Angular correlation between signals from different pulsars

Hellings-Downs curve



NANOGrav observations- Hellings Downs curve



Maxwell  1865





Einstein’s quadrupole formula for energy radiated in gravitational wave (1918)







Scattering amplitude
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Jet Gravitational Waves- Tsvi Piran   2210.02740 

Can be derived from soft-theorem 



Can we look for the signature of gravitons in 
gravitational wave observations?











Inflation power spectrum in a thermal background

Bhattacharya, Mohanty, Nautiyal , Phys.Rev.Lett. 97 (2006) 251301

Zero-point fluctuations in thermal background of gravitons

During inflation zero-point fluctuations become classical

Zhao,Baskaran,Coles 2009
n(k) =

1

ek/T � 1
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Bose-Einstein distribution
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h0|aka†k + a†kak|0i = h0|1 + 2a†kak|0i = 1
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Zero-point fluctuation in vacuum

hn|aka†k + a†kak|ni = hn|1 + 2a†kak|ni = 1 + 2n
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Zero-point fluctuation in a thermal bath

Creation-annihilation commutation



hn|aka†k|ni = hn|1 + a†kak|ni = 1 + n
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Graviton radiation in a thermal bath of gravitons- stimulated emission

h1|aka†k|0i = 1
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Graviton emission in vacuum

Is there a stimulated emission of gravitational waves in a 

thermal graviton thermal background?



CANCELLATION OF INFRARED DIVERGENCES IN QED AT NONZERO 
TEMPERATURE.   Weldon, Phys Rev D 1993

Similar situation exists in QED



Bloch-Nordsiek counterpart for soft gravitons?

Graviton loop corrections may be needed to correct infrared divergences in

 gravitational radiation calculations
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