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Broader Perspective:

▶ Recent pulsar timing array measurements of stochastic GW signal.

▶ Supermassive Black Hole Mergers

▶ Presence of Dark Matter and Dark Matter annihilation

▶ Tomography of Dark Matter Profiles

▶ Conclusions
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PULSARS



 timing residualsδt
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TIMING RESIDUALS
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A GALAXY-SIZE DETECTOR FOR GWs

credits Keyi "Onyx" Li / NSF / NANOGrav

67 pulsars observed  
by NG

observing 
baseline of 15 yrs

distance to pulsars up 
to ~kpc

IPTA DR3 will contain 
>100 pulsars
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CORRELATIONS EXAMPLE
Toy model examples of common “uncorrelated” and common 

“correlated” red noise processes
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Γab = (
1 0 0
0 1 0
0 0 1)

CURN

Γab =
1 0.5 0.5

0.5 1 0.5
0.5 0.5 1

moderate correlaDons

Γab =
1 0.95 0.95

0.95 1 0.95
0.95 0.95 1

strong correlaDons

“real-world” example: stock prices for three companies

uncorrelated moderately correlated strongly correlated

slide from Joe Romano
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HELLINGS & DOWNS CURVE
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HELLINGS & DOWNS CURVE



11

HELLINGS & DOWNS CURVE
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HELLINGS & DOWNS CURVE
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EVIDENCE FOR GWB

Agazie et al. [2306.16213]

https://arxiv.org/abs/2306.16213
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EVIDENCE FOR GWB
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Antoniadis et al. [2306.16214]

Reardon et al. [2306.16215]

Xu et al. [2306.16216]

Agazie et al. [2306.16213]

NANOGrav:  
68 pulsars, 16yr of data 
~3-4  significanceσ

EPTA + InPTA: 
25 pulsars, 24yr of data 
~3  significanceσ

PPTA:  
32 pulsars, 18yr of data 
~2  significanceσ

CPTA:  
57 pulsars, 3yr of data 
~4.6  significanceσ

https://arxiv.org/abs/2306.16214
https://arxiv.org/abs/2306.16215
https://arxiv.org/abs/2306.16216
https://arxiv.org/abs/2306.16213
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Reardon et al. [2306.16215]

Agazie et al. [2306.16213]
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EPTA + InPTA
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IPTA early data combination
Agazie et al. [2309.00693]

https://arxiv.org/abs/2306.16215
https://arxiv.org/abs/2306.16213
https://arxiv.org/abs/2306.16214
https://arxiv.org/abs/2309.00693
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History of the Universe
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History of the Universe

DM density could be probes via measurements in pulsar timing arrays.
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History of the Universe
Impact of eecentric orbits (Chen+ (2024)):
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Summary:

▶ NANOGrav and other PTA data sees evidence of stochastic GW background
(SGWB). They could arsie from supermassive black hole mergers but simple
mergers does not match with the signal.

▶ astrophysical interpretation involves supermassive black holes with dynamical
friction and dark matter density.

▶ Assumming presence of DM profiles, a galaxy tomography of DM can be
performed by investigating the features in the SGWB.

▶ After our analysis NANOGrav carried out this investigation in more sophisticated
manner in Ref: 2411.05906 and various constraints wee obtained on DM physics
related to annihilation etc.


