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                           Outline
❖ We (Team Eccentric)  work on various aspects of hecto & nano-Hz GW 

Astronomy 

❖ A brief update on our LIGO relevant efforts

❖ Ongoing effort to establish the presence of a SMBH binary in 
  a unique Blazar OJ 287

❖ General Introduction to nano-Hz GW astronomy 

❖ Persistent MM GW Astronomy during SKA-ngEHT era 



 We employ Post-Newtonian approximation to GR to describe compact binaries 



LIGO Relevant Efforts

We provide time and frequency domain inspiral templates for compact binaries
    In non-circular orbits



We provide the LVK collaboration with GW templates for BH-BH, BH-NS & 
NS-NS binaries in non-circular orbits 

                  These efforts  are  driven by 
      Prof. Maria Haney (Nikhef, Amsterdam)
      Prof.  Hyung Mok Lee 
                Dr Srishti Tiwari (IUCAA)
                Dr  Gihyuk Cho (SNU, Seoul)
                Dr Sashwat Tanay (Olemss)
                 Dr. Prerna Rana (TIFR)
                 Dr. Shubhanshu Tiwari
                 Mr Hemantakumar P (CUHK)
                 Mr Subhajit Dandapt ( TIFR)
                 Mr  Yumeng Xu (Zurich)
                  



Eccentric h(f) with `k` effects; PE runs 
for GW170817 ( Hemantakumar+ )
  Rapid PE efforts will be required!!

 BWM events reach for LVK ( hyperbolic passages)
  Subhajit Dandapat, M. Ebersold + 

Dr Bae’s efforts will be crucial for us 



 [Cho, Dandapat & Gopakumar  (DOI: 10.1103/PhysRevD.105.084018) ]
 ● We derived explicit expressions for the 3PN accurate instantaneous contributions to the 

radiated energy and angular momentum during hyperbolic encounters.
● This effort allow us to develop a prescription for describing GW emission aspects of highly 

eccentric compact binaries. 

● Hyperbolic fluxes are expanded in 
the post-bremsstrahlung limit i.e in                              
.

●                                     is the newtonian eccentricity 
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Authenticating SMBH Binary 
Presence in OJ 287

 With L. Dey, Mauri Valtonen + 



Observations of predicted flares of 2007,2015 and 2019 
impact flares are consistent with the presence of nano-Hz 
GW emitting SMBH binary in Blazar OJ 287 ( Laine ,Dey + 2020, 
Dey +,2018; Valtonen et al. 2016, 2010,2008,2006)

The expected IPTA signals from 
SMBH binaries like OJ 287
(Dey, Abhimanyu + 2022)

A unique blazar may 
be hosting a SMBH 
binary that emits 
nano-hz GWs

http://www.youtube.com/watch?v=HBE8qBtQMuA


  Jose Gomez, + 

KVN is planning to 
pursue `astrometry` 
with OJ 287 using  
KVN-style"multi-frequ
ency system”  for 
GMVA



Ongoing efforts related to International Pulsar Timing Array



Pulsar Timing
 

Source : astron.nl

● Pulsar timing = Tracking of pulsar rotation by very 
accurately measuring pulse arrival times (TOAs)
 

● Passing GWs induces a shift in Pulsarʼs intrinsic spin 
frequency 𝜈0 ➩ 𝜈(t). 

● Observable timing residuals, induced by GWs, are 
given by the time integral  of Δ𝜈0/𝜈0.

● Timing Residual  R(t):
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  [ Hobbs, & Dai  2017 (arXiv:1707.01615)  ( We model the expected  
R(t) from SMBH Binaries using GR approaches )

https://arxiv.org/abs/1707.01615




  SMBH Binary Coalescence for Multi-Messenger GW Astronomy

Burke-Spolaor, Sarah, et al (2019) 14



    IPTA consortia includes  NANOGrav, EPTA, InPTA  and PPTA 
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We monitor a bunch 
of milli-second 
pulsars using the best 
radio telescopes  to 
detect nano-Hz GWs 



   Check out  ->    http://ipta4gw.org/



Rapidly maturing PTAs are expected to inaugurate 
the era of nano-Hz GW Astronomy very soon!!

PTAs are expected to detect 
a diffuse (& persistent) GW 
background from merging 
SMBH binaries in our 
Universe very soon!!!

EPTA & 
InPTA are 
pooling 
resources 
for the 
NEXT STEP



Upcoming IPTA results will have important implications for Theoretical Physics & 
Astrophysics 



SKA era PTA can make fundamental contributions 

Fermi-LAT; 
Science,
Vol 376, Issue 
6592 (2022)



A brief introduction to PTAs 



● The InPTA experiment started in 
2015.

● Presently observing 17 IPTA 
pulsars.

● Cadence: 10-14 days
● Plans to extension to more pulsars 

in future.

Unique strength of uGMRT:
- High sensitivity at low frequencies.
- Ideal for studying frequency 

dependent effects dominant at low 
frequencies.

21



InPTA first data release: InPTA DR1

● AIM:
■ Dispersion measure (DM)
■ Time Of Arrival (TOA) of pulse
■ Timing residual=(observed TOA - expected TOA)

●● J0613-0200      
● J1012+5307
● J1600-3053
● J1713+0747
● J1857+0943
● J1939+2134
● J2145-0750

● J0437-4715
● J0751+1807
● J1022+1001
● J1643-1224
● J1744-1134
● J1909-3744
● J2124-3358

Two traditional techniques:
- Narrowband
- Wideband

Band 3 (300-500 MHz) + 
Band 5 (1260-1460 MHz)

     Bandwidth = 200MHz

InPTA DR1 team:
- 22 members
- Various working sub-groups

Tarafdar, Nobelson, 
Rana+,

(arXiv:2206.0928 ) 22

https://arxiv.org/abs/2206.09289


InPTA DR1 - Summary

● InPTA 3.5+ years data from uGMRT of 14 pulsars is being shared 
 to assemble for IPTA DR3 

● Ongoing: Narrowband and Wideband DM and residuals comparison.

● Ongoing: We are working on checking the radio frequency dependence of 
DMs.

● DMs are estimated with precision of 10-4  to 10-6 pc-cm-3

● TOAs are obtained with sub-µs precision.

Tarafdar, Nobelson, Rana+,
(arXiv:2206.0928 ) 23

https://arxiv.org/abs/2206.09289


  PTA + ngEHT/KVN + SMBH Binary -> Persistent MM GW Astronomy 

Burke-Spolaor, Sarah, et al (2019) 24

I hope IBS colleagues will join IPTA DR3 efforts (via InPTA) ( Chan + )



 Expected PTA observables from sources like OJ 287

We are modeling the 
expected PTA response from  
spinning MBH binaries 
inspiraling along  relativistic 
eccentric orbits 
i) A.Susobhanan+
arXiv:2002.03285

ii) L.Dey, A. Susobhanan, + 
(2023)

Crucial Post-Newtonian 
accurate BH binary dynamics 
constructs should be useful for 
KVN  observations

https://arxiv.org/abs/2002.03285


Team Eccentric
Hopes to contribute towards persistent multi-messenger 
nano-Hertz GW Astronomy during the SKA-era PTA  
Hopes  to help to observe GWs from compact binaries in 
non-circular orbits

Thank you very much for the privilege 
of your time 


