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Synopsis
- 45 years radio light curve of PKS 2131-021

    - two epochs of strong sinusoidal variation with the same period and phase

        - unlikely due to random fluctuations at 4.6σ significance level

            - suggests a Super Massive Black Hole Binary (SMBHB)
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45 years radio light curve: two epochs of periodic signal
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45 years radio light curve: two epochs of periodic signal
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45 years radio light curve: two epochs of periodic signal
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Sinusoid fits: two epochs with matching period and phase



  7O
’N
ei
ll+

20
22

Sinusoid fits: two epochs with matching period and phase
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Sinusoid fits: two epochs with matching period and phase
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Generalized Lomb-Scargle Periodogram
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H0: variability follows 

a red noise process

      (i.e. is purely stochastic)

H1: variability has 

a periodic component

Generalized Lomb-Scargle Periodogram: significance
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A highly significant detection
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A highly significant detection
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A highly significant detection
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A highly significant detection
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Model: Doppler boosting in black hole binary system
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Why is the periodicity turning on and off?
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Binary separation and orbital period
 

                                           for

 

Implications for gravitational 
wave emission

r∼0.001−0.1 pc m∼3×106M⊙−3×109M⊙
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Prf=2 yr

A unique super-massive black hole binary candidate
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Additional slides
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WWZ transform: two epochs with matching period
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Generalized Lomb-Scargle Periodogram: look-elsewhere



  

Super Massive Black Hole Binary candidates
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Source Separation Mass Orbital 
period

References

B3 0402+379 7.3 pc
(projected)

1.5x1010 M⊙ 3x104 yr Rodriguez+ 2006,
Bansal+ 2017

OJ 287 ~0.1 pc 1.8x1010 M⊙
1.5x108 M⊙

9 yr Sillanpaa+ 1988, 
Valtonen+ 2016, 
Dey+ 2021
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