Evidence for a milli-parsec separation
Supermassive Black Hole
Binary with quasar microlensing
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Slow microlensing in HEO435
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Lomb-Scargle Periodogram
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Origin of the periodic signal

* HO : Binary microlenses (or planetary system acting as a microlens)
* H1 : Binary Supermassive Black Holes
* H2 : Relativistic “hotspot” in the accretion disk



Keplerian motion in the lens plane

HO : Binary microlenses




HO : Binary microlenses
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4 orders of magnitude

HO : Binary microlenses too small
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Fixed orbital period to :
P=172/(1+z) *2 = 260 days




HO : Binary microlenses

Observed
amplitude

Free orbital period :



Keplerian motion in the source plane

H1 : Binary Supermassive Black Holes
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H1 : Binary SMBH

Long-term microlensing trend :

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Convolved magnification map Best-fit, V= 588 km. s, y2,=0.59
21 best-fit, V=591 km.s™?, x2,,=0.73

37 pest-fit, V=501 km. s, x2, = 0.74
4th pest-fit, V= 1187 km.s™?, x2,=0.76
5t pest-fit, V= 706 km. s, x2,=0.91
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H1 : Binary SMBH

Magnification ifi H : Flux ratio
e Magnified Disk profile 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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Best-fit for a mass ratio of ~4.5



H1 : Binary SMBH

Orbital parameters : Coalescence time-scale :

M, = 1.3e8 Mg, 5 atc?
M, = 2.6e7 M.,

P =75 days in source plane
a=189 AU (~ 103 pc)
Velocity : 0.09¢ Ceoal ~ 1000 years

feoal = —or e
' 256 G3M My(M, + M)




Inhomogeneous accretion in the source plane

2 : relativistic “hotspot”™ in the accretion disk

Dexter and Agoll (2011)



H2 : relativistic “hotspot”
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H2 : relativistic “hotspot” in the accretion disk

1) What mechanism can produce 1/5t of
Mg Il line-width estimates the total UV-luminosity of the disk and stay
(Peng et al.2006) .

compact on an orbit at 15-25 Risco ?

- Disk instability ? Turbulent accretion ?
- Accretion on secondary BH ?

2) These “hotspots” would be disrupted by
Keplerian shear on a timescale of :
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Conclusion

Seems impossible to reproduce both the period
and amplitude of the signal.

Reproduces the observation but such systems should
be extremely rare unless angular momentum is transported from
the circumbinary disk.

* Hotspot in the disk : Also reproduces the observation. Can a hotspot
emits or absorb ~1/5t of the total luminosity and stay compact in
an accretion disk ? It would be disrupted by Keplerian shear if not
bound by gravity.




Massive binaries

Extreme mass
ratio inspirals 3 GW150914
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NANOGrav array sensitivity map

So far no detection of SMIBH from current
PTA experiments, BUT:

We know where J0158-43 is
VLT follow-up (wobbling)
Current sensitivity is already ok | 2x1075 3x1015 4x105  6x10-19 101

. . GW Strain Upper Limit, Ags
Rubin-LSST should find even more !

Figure 5. The 95% upper limit on the GW strain amplitude from a circular
SMBHB with few = 8nHz as a function of sky position from an analysis of the
11-year data set, plotted in equatorial coordinates using the Mollweide pro-
jection. We used the DE436 ephemeris model with BAYESEPHEM to model
uncertainty in the SSB. The positions of pulsars in our array are indicated by
stars, and the most sensitive sky location is indicated by a red circle. The 95%
upper limit ranged from 2.0(1) x 1071 at our most sensitive sky location to

1.34(4) x 10714 at our least sensitive sky location.

Aggarwal et al. 2020 ApJ, 889, 38




