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Introduction: AGN structure
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Introduction: AGN structure
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Introduction: AGN structure

Variance vs bolometric luminosity
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Spectroscopy: loose binaries

Peculiar spectral properties of the broad lines in optical/UV spectra
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Spectroscopy: loose binaries

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

e Superposition

[Not binary-unique! ]

e Recoiling BH
e FEccentric BLR
e Distrubed BLR

e Partial Obscuration



Spectroscopy: loose binaries

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

Wavelength (A)

e Superposition [1 good candldate] | | |

100
2002/05 SDSS

e Recoiling BH e
. ECCentriC BLR % 60 2019/04 l".;:l
. i 40-— 2020/014 HET i
e Distrubed BLR 3 [maie_
E 2()-— 2022/03 HE'T _.

e Partial Obscuration

Velocity (km s ')

J0950+5128, Mohammed et al. 2025



Spectroscopy: PG 1302-102

V-mag variations
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Spectroscopy: PG 1302-102

Can we use high resolution optical spectroscopy to
better understand the nature of PG 1302-1027?




Spectroscopy: PG 1302-102

Can we use high resolution optical spectroscopy to
better understand the nature of PG 1302-1027?

High resolution data with ESPRESSO@VLT

V mag

+

Bayesian analysis of the spectrum




Spectroscopy: PG 1302-102

Hry HE O]

e (Gaussian for narrow emission 2.5
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e (Gaussian for broad emission
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Spectroscopy: PG 1302-102
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Rigamonti et al. 2025
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SpQCtrQSCOPy PG 1302 102 Rigamonti et al. 2025
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Spectroscopy: PG 1302-102 U
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SpeCtroscopy: PG 1302_1 02 Rigamonti et al. 2025
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2554 Disky BER + spiral = [Olllly,0 ===i Contirjuu

Spectroscopy: PG 1302-102 ki
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Rigamonti et al. 2025

Wang et al. 2022

Spectroscopy: PG 1302-102

If the BLR is truly disturbed, what is causing it?

Y (It—days)

Gravitational instabilities in the outer part of AD

o
e Ongoing merger of two BLR | Shen et . 2010
~ 5.5yr period _ _ 3
mass 10° M, ¥ binary separation °
Circular motion of = 0.015pc
Luminosity-radius p» BLRradius
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= ().2pc



Conclusion n.1
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Spectrum of PG 1302-102:
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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
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Time Domain: close binaries

(Quasi-)periodic variability of the continuum

[Not binary-unique! ]

e Random red noise (DRW) 2 1
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Time Domain: J2320+0024
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Time Domain: J2320+0024
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Time Domain: J2320+0024

Lomb-Scargle periodograms struggle with non-sinusoidal supermassive BH binary signatures in
quasar lightcurves

ALLISON LIN.'! MARIA CHARISL>® AND ZOLTAN Havan!*?
ABSTRACT

Supermassive black hole binary (SMBHB) systems are expected to form as a consequence of galaxy
mergers. At sub-parsec separations, SMBHBs are difficult to resolve, but can be identified as quasars
with periodic variability. Previous periodicity searches have identified statistically significant candi-
dates, but focused primarily on sinusoidal signals. However, theoretical models and hydrodynamical
simulations predict that binaries produce more complex non-sinusoidal pulse shapes. Here we exam-
ine the efficacy of the Lomb-Scargle periodogram (I.SP; one of the most popular tools for periodicity
searches in unevenly sampled lightcurves) to detect periodicities with a saw-tooth shape mimicking
results of hydrodynamical simulations. We simulate quasar lightcurves with damped random walk
(DRW) variability and inject periodic signals. Our mock sample of 12,400 quasars consists either of
idealised well-sampled lightcurves, or mimics the data in the Palomar Transient Factory (PTF) ana-
lyzed in Charisi et al. (2016). We assess the statistical significance of recovering two types of periodic
signals, i.e. with sinusoidal and sawtooth pulse shapes. We find that the LSP detects 39.1% and
28.1% of the sinusoidal signals, in the PTF-like and idealised lightcurves, respectively. The fraction
is significantly reduced for sawtooth periodicity, with only 7.5% and 1.1% detected in PTF-like and
idealised lightcurves, respectively. These low recovery rates imply that previous searches have missed
the large majority of binaries. Therefore, significant. improvements are required beyvond simple LSPs
to successfully uncover SMBHBs in upcoming time-domain surveys.



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

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

Periodic
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J2320+0024

QPO

Time Domain
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Time Domain: J2320+0024
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DRW

Conclusion n.2 S
Light curve of J2320+0024:

e No evidence for periodicity
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Take home messages,

e Bayesian analysis is a powerful tool
and could give important insights
both on light curves and spectrum

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



Take home messages,

are these useful for IMBHs?



Take home messages,

are these useful for IMBHs?

Downsizing MBHs Upsizing X-ray binaries
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Downsizing MBHs

Rp_np ~ 3.3 ld ~ 0.003 pc
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[But IMBH are offset... should we expect clear red/blue shift?]

- Variance vs bolometric luminosity
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