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To merge, or not to merge: that is the question

|. Galaxy merger # binary BH
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To merge, or not to merge: that is the question

l. Galaxy merger # binary BH galaxy merger
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To merge, or not to merge: that is the question
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Dynamics (N+GR) + accretion

Final-pc problem?
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Are dual/binary AGNSs rare”? Special?
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2 Confirmed binary AGN

“All science is either physics or stamp collecting.”
— Ernest Rutherford

Challenges:
e Serendipitous
 Rare systems
e Difficult to

resolve
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Dual AGNs are common; abundance on large
scales consistent with ACDM expectation

e.g., Yu+11
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Analogy with stellar binaries & exoplanets
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AGN luminosities vary: accretion instabilities”
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Variability+astrometry breaks the resolution [imit

Astrometry used in super-diffraction-limit applications
(e.g., Bailey98, Shen12, Liu15,16, Stern+15, Gravity Collaboration8)

“Varstrometry”: variability-induced astrometry |jitter
(Shen+19, Hwang+20, Shen+21, Chen+22)

Hsiang-Chih
Hwang (IAS)

X

Light center

i

image credit: H.-C. Hwang (IAS)







1.0" E%IF
, -\;‘. HST
' ' . - (Pl Hwang)
| Chen+22, ApJ,
s " > * > . 925, 162




Previous work: limited to low redshift, low

AGN luminosity, and/or large separation
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VODKA (Varstrometry for Off-nucleus and Dual sub-
Kiloparsec AGN; Pl Y. Shen): Discover sub-
arcsecond dual/off-nuclear quasars at Cosmlc noon
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Shen+21, Chen+22, ongoing programs w/ HST, Chandra, Gemini, JWST, VLA, VLBA
Follow-ups needed to weed out interlopers




Periodicity expected from circumbinary accretion
lq=011|

Farris, Duffell, MacMadyen, Haiman (2014)
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A milli-pc SBBH from Doppler beamlng’?
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Periodicity or (red) noise?
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Combine

Dark

—nergy Survey with SDSS

Chen+20, Liao+21
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Red noise” Evidence for circumbinary accretion?
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~2/5 candidates may be red noise accounting for the “look-elsewhere” effect.
Compared to previous candidates from shallower surveys, DES probes
higher z, less luminous quasars powered by smaller (binary) SMBHs.
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Majority of optically-selected periodic quasar candidates show

similar SEDs to normal control optical quasars Guo+20
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Take-nome points:

* Need to study all scales for a self-consistent picture of
SBBH evolution and to connect with cosmological context

e Significant progress at >~kpc scales, but more data
needed at high redshift (i.e., during the “quasar epoch”)
and/or small separations, e.g., from varstrometry

* No conclusive example at sub-pc scales, but many
intriguing candidates from periodicity (and more to
expect from LSST) - subject to interlopers, and need
continued monitoring and complementary tests
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