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Outline

e Brief introduction to SMBHBs
e Continuum reverberation of SMBHB accretion disks
e Application to PG 1302-102

* Future perspective



The life history of SMBHBs
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The life history of SMBHBs
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Electromagnetic identification of SMBHBs is challenging...

credit: NSAS SVA

1pc at z=0.4 (cosmic distance=1Gpc)

angular size: ~0.2 milli-arcsec

JWST 6m: ~70 milli-arcsec @2m
ELT 39m: ~10 milli-arcsec @2um



Many indirect identification methods are proposed

Periodical variability
UV deficency
X-shaped/helical jet
Broad-line signatures
Self-lensing variations
Tidal disruption

etc
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Periodical searches for SMBHBs

Graham et al. 2015; Charisi et al. 2016; Liu et al. 2019; Chen et al. 2020; Chen et al. 2024
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Periodical searches for SMBHBs
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Arbitary Unit
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Explanation: quasi-periodical + red-nosie variability




Basic concept: accretion disks surrounding SMBHBs

single BH

mini-dib cavity
4!

circumbinary disk
credit: NSAS SVA




Reverberation Mapping: measuring disk structure
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Reverberation mapping: measuring disk structure

VISCOUS energy
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Reverberation mapping: measuring disk structure
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Low-mass-ratio SMBHBs: secondary BH is more active

variations of accretion rates ratio of accretion rates
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Low-mass-ratio SMBHBs model

mass ratio g < 0.25

circular Keplerian orbit

only secondary BH is active

Fin,c

circular cavity

- ® «— (Centre of mass

size: ~2a

mini-disk is truncated

size: a fraction of Roch lobe

lamp-post scenario
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Low-mass-ratio SMBHBs model

Disk surfuce temperature:
TY(t,r) =T} (x)+ Tyt — 7,1)

( 3GM M, | Fin.s )
A 8mord r
T = .
3G M, M.
| 8zor} P
- @ <«— (entre of mass
Ly(t — 1)1 —a)hy
THt — 70) = b ( )1 —a)
Ao
(2 +n2)"
X 2 2\ —3/2
(de + ;)

w(d,7) = A(ﬂ)/ 0B(4,T) aag o(tq — T)rdddr

16



Low-mass-ratio SMBHBs: two-mode trasfer function
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass-ratio SMBHBs: t-A relation
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Low-mass ratio SMBHBs: t-A relation
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Application to PG 1302-102
LETTER

A possible close supermassive black-hole binary in a
quasar with optical periodicity

Matthew J. Graham', S. G. Djorgovskil, Daniel Stern®, Eilat Glikman?®, Andrew J. Drake!, Ashish A. Mahabal’, Ciro Donalek!,
Steve Larson* & Eric Christensen*

doi:10.1038/nature14143
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* |CCF
e MICA (with a Gaussian transfer function)
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SMBHB model fits to time lag
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SMBHB model fits to time lag - wavelength relation
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SMBHB model fits to time lag - wavelength reation

orbital period: log (P—B) = 3.3 + 0.4 (~2000 days)
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SMBHB model fits to time lag - wavelength relation
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Future perspective

LSST 6 bands DDF: candidate sample  Dedicated observations Synergy with PTA

LSST, 8m
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Summary

* A new method for identifying SMBHBs: continuum reverberation mapping

e Application to PG 1302-102

* Future improvements:

Continuum RM signature when both BHs are active.

Monthly Notices

MNRAS 543, 2093-2115 (2025) https://doi.org/10.1093/mnras/staf1473

Advance Access publication 2025 September 04

Continuum reverberation mapping of accretion discs surrounding
supermassive black hole binaries: observational signatures

Yi-Xin Fu “,!2 Yan-Rong Li ”,'* Jian-Min Wang “',!*#* Keith Horne *’,° Juan V.
Hernéndez Santisteban ©' % Roberta Vieliute ' Rick Edelson ' ° Tingting Liu ©,” Michael
S. Brotherton “,* Luka C. Popovi¢ “,*'° Andjelka B. Kovagevi¢ “° and Shuo Zhai “*
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   log ⁡   (    P B day ) = 3 . 3 ± 0 . 4

