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Radio x-ray

CMB -g-ray

IR GRBs

Cosmic Messengers 

• Most of what we 
know about 
the Universe is 
through photons

• Lot of ongoing
efforts to obtain
information about
the universe using
non-photon cosmic
messengers.

nasa.gov
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Universe Seen in Neutrinos (2010)
First  detection from Supernova 1987 by IMB , Kamioka

2002 Nobel Prize in Physics to  
M. Koshiba

IMB detector
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Universe Seen in Neutrinos (2015)

Credit : IceCube Collaboration
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Introduction
• Gravitational Waves: Ripples of space time curvature which propagate 
at   speed of light and predicted by radiative solutions to General 
Relativity
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Plane Gravitational Waves
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Indirect evidence for Gravitational Waves

1993 Nobel Prize 
J. Taylor, R. Hulse

astro-ph/0407149

PSR 1913B+16 (binary pulsar)
discovered in 1974@Arecibo obs.



Double Binary Pulsar 
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Excellent laboratory for tests of GR and evidence for slow down
Due to gravitational wave emission

Discovered by Marta
Burgay, Calgiari
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LIGO  & VIRGO Detectors
• LIGO observatory contains 2 (H2) km and 4 km (H1) interferometers at

Hanford, WA and a 4 km interferometer at Livingston, LA (L1)  
separated by 3000 km (10ms)

Hanford
4 km 

Livingston 
4 km

VIRGO
3 km Cascina, 
Italy 
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Inside the LIGO control room
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LIGO Sensitivity And Status
• Dimensionless strain (h = DL/L) is the main observable measured
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KAGRA GW detector
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Located in Kamioka mine next to Super-K and Kamiokande expt

Joined LIGO VIRGO searches  in Feb 2020
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• Compact Binary Inspirals :
ØTemplate based searches for merger of

neutron star/black hole based binaries

• Unknown burst sources : 4
ØShort duration transients(< 1sec) without any

knowledge of waveform 
(core-collapse SN, GRBs etc)

• Periodic sources :
ØKnown and unknown pulsars in our galaxy

• Stochastic Background :
ØSearch for cosmological background from

a variety of early universe processes. 

Science Analysis Efforts

NASA WMAP

SN1987A
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First LIGO Detection
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GW150914 Parameters



GW150914 from LIGO open data
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Publicly released data from LIGO using open LIGO science data 
A.Sukrutha, S.R. Dyuthi (IITH EE) 

For more details check out gw-openscience.org
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GW151226
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GW151226 parameters



Current LIGO detections
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GW170104 
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GW170814 

First three detector observation of a binary black hole merger
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GW170814 

First three detector observation of a binary black hole merger



27Credit: LIGO Scientific Collaboration

Summary of LIGO Black hole binaries 



Science impact of first GW 
detection from BBH mergers
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642 citations
LIGO discoveries of binary black hole mergers rekindled interest
In primordial black holes as dark matter 
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GW170817: First Binary Neutron Star 
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Localization of GW170817
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EM follow-up  of GW170817
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EM counterparts of  GW170817

For more details of EM follow-ups of LIGO-VIRGO GW triggers, 
Contact Marisa Branchesi (Gran Sasso Science Institute)
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DECam discovery of  counterpart



36Metzger : arXiv:1710.05931



Measurement of H0 from GW170817
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1710.05835 
Nature (2017)



38M. Bagchi



International Pulsar Timing Array
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International Pulsar Timing Array

ORT+ Legacy GMRT (coherent de-dispersion 9 pulsars)
uGMRT (incoherent dedispersion, 18 pulsars band3+band 5)

M. Bagchi



• Includes Sardinia Radio telescope in Italy
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European Pulsar timing array

INAF, Cagliari  and University of Milan 
Contact Alberto Sesana (Univ of Milan) for more details



• Uses the upgraded GMRT radio telescope (sensitive 
at low frequencies). Joined the global consortium

42

Indian Pulsar timing array
consortium



Intriguing Results from Nanograv
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arXiv:2009.04496
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Shapiro Delay Measurements
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Conclusions
• We have made a direct detection of gravitational waves from large no 
of  binary black hole systems and one neutron star binary and a few NS-
BH binary

• E-M counterpart detected from first NS-NS merger at all wavelengths

• Direct probes of strong field gravity, smoking gun evidence for 
existence of black hole binaries, evidence for r-process nucleosynthesis

• Ongoing efforts to detect gravitational waves at other wavelengths. 
Detection of nanoHz gravitational waves frm pulsar timing imminent

• For further information 
Ø http://www.ligo.org

Acknowledgments :
S. Mitra, V. Bhalerao, M. Bagchi, E. Kahya, R. Woodard,

Thank you for your attention!!!! 



Books on GR/GWs

• Gravity : An introduction to Einstein’s General 
Relativity – Jim Hartle

• Introduction to Relativity- Jayant Narlikar
• Introduction to General Relativity – A course for 

undergraduate students of Physics – Cosimo Bambi
For specialized books on GR

• Gravitational Waves Michele Maggiore
• Gravitational Wave Physics and Astronomy : An 

Introduction to Theory, Experiment and Data Analysis
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