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Components of the 
lecture

1. Pulsar Timing Arrays (PTAs)
2. Gravitational waves from 

Supermassive Black Hole 
Binaries 

3. How do the signals look like 
in PTA data? 

4. Realistic signals:  towards 
the merger 

5. Many SMBHBs
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Pulsar Timing Arrays 
(PTAs): a recap
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From pulsars to Pulsar Timing Arrays

Interstellar medium (ISM)

● Sky position, proper 
motion, parallax, etc.

● Spin frequency, derivatives: 
F0, F1, …
(or spin period: P0, P1, …)

● Binary parameters
○ Relativistic, e.g. Shapiro 

delay, Lense-Thirring

Solar system and 
the observatory

● Dispersion measure (DM)
● Linear and quadratic DM: 

DM1, DM2
● ISM scintillation
● ISM scattering

* - not for gamma-ray data
** - Galactic centre challenges



● Clock errors

Pulsar Timing Arrays and Stochastic Signals
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Pulsar

Interstellar medium (ISM)

● Irregularities in pulsar 
rotation: spin noise

Stochastic nature, 
deterministic models:

● Glitches (predominantly 
young pulsars)

● Sudden changes in pulse 
profiles

Solar system and 
the observatory

Dispersion measure (DM) 
variations

GRAVITATIONAL WAVES

Credit: ESA



Gravitational waves 
from Supermassive 
Black Hole Binaries
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Gravitational wave polarizations
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Adapted from: (1) The Geometry of Gravitational Wave Detection John T. Whelan School of Gravitational 
Waves, Warsaw, 2013 July 4, (2) arXiv: 2508.20007
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Gravitational wave polarizations
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Cardinal Tremblay, Goncharov, 
van Haasteren et al. (2025)



PTA antenna response
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Cardinal Tremblay, Goncharov, 
van Haasteren et al. (2025)



Strain → timing delays
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How do the signals 
look like in PTA 
data?
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Continuous gravitational waves from SMBHBs

13Xuan Tao et al, arXiv: 2606.07330

arXiv: 1608.01940



Gravitational wave signals with PTAs

14
Sarah Burke-Spolaor, Stephen R. Taylor, Maria Charisi, et al. The astrophysics of 

nanohertz gravitational waves. A&A Rev., 27(1):5, June 2019.



Realistic signals: 
towards the merger

15



Gravitational Wave Memory in Pulsar Timing Arrays

Tomson, Goncharov, van Haasteren, “Finding supermassive black hole binary mergers in Pulsar Timing Array data” (2026)
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Very rare signals, but hopefully we will see them with PTAs
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Many SMBHBs
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Bonus: deterministic → stochastic

RMS strain amplitude
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Strain polarizations and strain amplitude, h0

Fourier-domain strain Fourier-domain RMS strain



Bonus: deterministic → stochastic
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Fourier-domain strain Fourier-domain RMS strain

Strain Power Spectral Density, and characteristic strain h = √f S(f)



Supermassive black hole binaries and PTAs
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Sarah Burke-Spolaor, Stephen R. Taylor, Maria Charisi, et al. The astrophysics of 
nanohertz gravitational waves. A&A Rev., 27(1):5, June 2019.



A joint analysis of deterministic and stochastic GWs

Goncharov, Sato-Polito, Bi, Zaldarriaga, 
arXiv 2606.18241 22

Gravitational Wave Background, 
model as hc

Brightest source, individual 
SMBHB, model as hc



Thank you!
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