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Mass Increase 
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BINARY PHASE

Close 
binaries

Loose 
binaries



Spectroscopy: loose binaries 

Popović et al. 2012

Peculiar spectral properties of the broad lines in optical/UV spectra

https://ui.adsabs.harvard.edu/search/q=author:%22Popovi%C4%87%2C+Luka+%C4%8C.%22&sort=date%20desc,%20bibcode%20desc


Peculiar spectral properties of the broad lines in optical/UV spectra

Not binary-unique!● Superposition

● Recoiling BH

● Eccentric BLR

● Distrubed BLR

● Partial Obscuration 

Spectroscopy: loose binaries 



Peculiar spectral properties of the broad lines in optical/UV spectra

1 good candidate ● Superposition

● Recoiling BH

● Eccentric BLR

● Distrubed BLR

● Partial Obscuration 

 J0950+5128, Mohammed et al. 2025

Spectroscopy: loose binaries 



Spectroscopy: PG 1302-102 
optical, near UV, far UV 

?
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optical, near UV, far UV 
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Can we use high resolution optical spectroscopy to 

better understand the nature of PG 1302-102?



Spectroscopy: PG 1302-102 
optical, near UV, far UV 

?
High resolution data with ESPRESSO@VLT

+

Bayesian analysis of the spectrum

Can we use high resolution optical spectroscopy to 
better understand the nature of PG 1302-102?



Spectroscopy: PG 1302-102

● Gaussian for narrow emission 
lines 

● Gaussian for broad emission 
lines

● Gaussian for “outflow” 
emission

● Power law continuum

● Iron contribution (multiple 
narrow and broad Gaussian 
Véron-Cetty 2004)



Spectroscopy: PG 1302-102 Rigamonti et al. 2025



Spectroscopy: PG 1302-102 Rigamonti et al. 2025

No evidence for any 
blushifted BLR



Spectroscopy: PG 1302-102

Sottocorno et al. in prep.

Rigamonti et al. 2025
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Spectroscopy: PG 1302-102 
If the BLR is truly disturbed, what is causing it?

Circular motion
binary separation 
of

Luminosity-radius    BLR radius

Rigamonti et al. 2025

● Gravitational instabilities  in the outer part of AD

● Ongoing merger of two BLR

Wang et al. 2022

Shen et al. 2010



Conclusion n.1 
Spectrum of PG 1302-102:

● asymmetric redshifted emission 
       in broad lines

● blueshifted outflow in narrow line

Evidence for disturbed geometry  in the BLR:

● likely connected to gravitational instabilities

● cannot rule out ongoing merger



Time Domain: close binaries
 (Quasi-)periodic variability of the continuum 

Graham et al. 2015



(Quasi-)periodic variability of the continuum 

Not binary-unique!

● Random red noise (DRW) 

● Precessing jets

● Precessing discs

Time Domain: close binaries
 



Time Domain: J2320+0024

Fatovic et al. 2023
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MgII Line

Fatovic et al. 2025



Time Domain: J2320+0024
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Time Domain: J2320+0024

But, how many false periodic

 

light curves the LSP give?



Time Domain: J2320+0024
We do not care because Gaussian Processes are better (Bertassi et al. in prep) 



Time Domain: J2320+0024

DRW



Time Domain: J2320+0024

Periodic



Time Domain: J2320+0024

QPO



Time Domain: J2320+0024
MgII Line

Fatovic et al. 2025 Sottocorno et al. 2025

Model (no fit)



Conclusion n.2 
Light curve of J2320+0024:

● No evidence for periodicity

● Spectral variability  can be explained via 
disturbed BLR models 



Take home messages,
● Bayesian analysis is a powerful tool 

and could give important insights 
both on light curves and spectrum 

● Simultaneous analysis and full 
modelling of light-curve and spectra 
(RM style) is the key to unveil 
MBHBs 



are these useful for IMBHs?

Take home messages,



are these useful for IMBHs?

Downsizing MBHs Upsizing X-ray binaries

Take home messages,



Downsizing MBHs 

But IMBH are offset… should we expect clear red/blue shift?

Arevalo et al. 2013A

Mass Increase Should we expect higher 
variability? But still in the 

optical?


