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Outline

• Brief introduction to SMBHBs

• Continuum reverberation of SMBHB accretion disks 

• Application to PG 1302-102

• Future perspective
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The life history of SMBHBs

galaxy merger

>kpc

dual AGN
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SMBHB coalescence
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Hubble VLBI PTA LISA 3



The life history of SMBHBs

Chen+2020 Chen+2020

Evolution timescale orbital separation distribution at z=0
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Electromagnetic identification of SMBHBs is challenging...

<1pc

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

angular size:  ~0.2 milli-arcsec

JWST 6m： ~70 milli-arcsec @2μm

ELT  39m： ~10 milli-arcsec @2μm

credit: NSAS SVA
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• Periodical variability

• UV deficency

• X-shaped/helical jet

• Broad-line signatures

• Self-lensing variations

• Tidal disruption

• etc

Many indirect identification methods are proposed

D’Orazio 2023
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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

SDSS J083111.23+123107.8 SDSS J135830.46-012255.7

ZTF+ASAS-SN
ZTF+ASAS-SN

Chen et al. (LYR) 2024
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Periodical searches for SMBHBs 
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Explanation: quasi-periodical + red-nosie variability
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light curves power spectral density



Basic concept: accretion disks surrounding SMBHBs

SMBHB

cavity

single BH

mini-disk

circumbinary disk
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credit: NSAS SVA



Reverberation Mapping: measuring disk structure 

wavelength

ti
m

e 
la

g

light curvesaccretion disk + lamp-post

11

ti
m

e 
la

g

λ4/3



12

viscous energy

thermal balance

lamp-post illumination 

temperature profile

time lag

Reverberation mapping: measuring disk structure 



13

viscous energy

thermal balance

lamp-post illumination 

temperature profile

time lag

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

Farris et al. (2014)

variations of accretion rates ratio of accretion rates

secondary
primary
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Low-mass-ratio SMBHBs model

• mass ratio q ≤ 0.25

• circular Keplerian orbit

• only secondary BH is active

• circular cavity

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:
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Low-mass-ratio SMBHBs: two-mode trasfer function
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Low-mass-ratio SMBHBs: τ-λ relation

18



19

Low-mass-ratio SMBHBs: τ-λ relation



20

Low-mass-ratio SMBHBs: τ-λ relation
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Low-mass-ratio SMBHBs: τ-λ relation



Inclination & orbital phase

• change  relation shape

• mainly affect optial time lag

• τ-λ transition is retained
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Low-mass-ratio SMBHBs: τ-λ relation

inclination

orbital phase



orbital separation & total mass

• change cavity size

• change transition wavelength 
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Low-mass-ratio SMBHBs: τ-λ relation

orbital separation

total mass
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Low-mass ratio SMBHBs: τ-λ relation



Application to PG 1302-102

在此处键入公式。

Graham et al. (2015)

• Catalina Sky Survey

• Lincoln Near-Earth Asteroid Research

• z = 0.2784

• Magnitude V = 15.0

• Period 1884 days

Basic properties
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UV

optical

Liu et al. (2024)



Light-curve combination

在此处键入公式。

u+U

B

V
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UV

optical

Time-lag measurement

• ICCF

• MICA (with a Gaussian transfer function)
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SMBHB model fits to time lag - wavelength relation 
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SMBHB model fits to time lag - wavelength relation 
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orbital period:  log
𝑃B

day
= 3.3 ± 0.4 (~2000 days)

Period
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SMBHB model fits to time lag - wavelength reation 
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SMBHB model fits to time lag - wavelength relation 



Future perspective

LSST, 8m

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

PTA
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Summary

• A new method for identifying SMBHBs:  continuum reverberation mapping

• Application to PG 1302-102

• Future improvements:

Continuum RM signature when both BHs are active.
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  在此处键入公式。


  在此处键入公式。


   log ⁡   (    P B day ) = 3 . 3 ± 0 . 4

