


• Seyfert 1 galaxy at z=0.08105

• Typical AGN-like narrow emission line ratios 

• Unusual blueshifted broad Hα emission 

• Oscillation pattern with decaying period in optical luminosity 





Interpretation: secondary BH on an inclined, eccentric trajectory



Reminder: AGN structure Observer (Seyfert 1)



The whole picture

M1 ≃ 2 ⋅ 108 M⊙

M2 ≃ 4 ⋅ 107 M⊙

(estimated from galaxy velocity dispersion)

(estimated from Hα)



• BLR clouds carried by the secondary MBH

• Hα blueshift reflects the velocity of the secondary 

• As the MBHs approach, BLR clouds scatter around, 

creating complex velocity structure 



• From 3 milli-pc to 0.6 milli-pc in 3 years





Host galaxy

• Typical elliptical galaxy

• No visible morphological features, but consistent with 

long delay times



Alternative models

The companion is a star or a dense gas clump which captures gas every time it hits the accretion disk 

Would not capture enough gas to explain the periodic signal

The companion is a star that is partially disrupted every time it hits the accretion disk

Orbital decay due to GW radiation would be too slow, cannot explain period

The companion is a stellar-mass BH binary

Not enough energy to explain the flairs

Disk activities, i.e., oscillations and/or instabilities (like quasi-periodic oscillations in other systems)

Much faster period evolution than QPOs



EM signal: towards the merger

Orbital period increases and will become shorter than dissipation timescale: optical 
flares will fade away

Total optical luminosity will increase due to repeated heating of the disk by shock 
waves  

The gas within the inner region of the disk will be heated and become ‘puffed-up’, no 
longer being geometrically thin; will mask iron emission line

May expect luminosity variation in X-ray

Infall of gas into the final BH: on timescale of years

Possible jet launch, neutrino signal


