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Science Theme: New Messengers and New Physics
Priority Area: New Windows on the Dynamic Universe
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Synergy between GW and EM facilities

Major differences between LISA and LIGO BBH observations:
 Coalescing MBHs expected in gas-rich environments: EM signals
expected
 LISA designed to detect inspiraling MBHs in “slow motion”: provide
forewarnings to EM and particle detectors for MMA

EM observations help LISA

localize sources and measure

redshifts

 Efficient EM observations
and data analysis tools
needed for realizing the full
discovery potential in the
multi-messenger and time

Credit: NASA’'s Goddard Space Flight Center/S. Noble d oma | ns




EM Searches of Dual/Binary MBHs: Analogy with Exoplanets

Direct Imaging Astrometry Radial Velocity

Transit Photometry Microlensing

Brightness

4mm) Motion

Measuring the amount a star
moves compared to background
or nearby stars

Image credit: NASA/N. Batalha

Stellar Core . . ] Coalescence,

laxy M B K ‘
Galaxy Merger Merger inary Formation Continuous GWs Memory & Recoil

&

A multi-scale i ( 4C 37.11

Interdisciplinary . " i
p ro b I e m : C O n n e Ctl n g - Gravitational radiation provides Post-coalescence system
efficient inspiral. Circumbinary may experience

Dynamical Dynamical friction Stellar and gas
I I friction drives less efficient as disk K hrinki bit. SN | .
- N ' r 3Tl g y T 1 ( r - -

interactions may
i} . central positions binary. HA #% H‘
evolution, dynamics,

Orbital separation

accretion disk e Y oou
physics, GRMHD, and | 'he Lifecycle ' \

. of Binary
multi-messenger Supermassive

astronomy Black Holes

GV Strain

. ~3days  BURST!
> >
Time spent in phase Burke-Spolaor+18




dM / dt ((GMa)'L,)

Frequency and Abundance of Binary sUpermassive
bLack holes from Optical Variability Surveys (FABULOVS)

Candidate Milli-pc MBBHSs from Periodic Light Curves
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SDSS (98—07)
Liao et al. 2021, MNRAS, 500, 4025 (see also Chen+20)

B w/ SDSS+DES+DECam Long-Term Monitoring

1. Continued
monitoring to
test red noise
(DECam
Long-term
Programs)
Zhuang et al. in prep
2. Multi-
wavelength
follow-ups
(VLA, XMM,
NuSTAR) to

test origins
Chen+21b, Foord+22

LSST

Dr. Tony Chen (JHU)

DECam (19-24)24+) DI Mlngyang Zhuang



Frequency and Abundance of Binary sUpermassive
bLack holes from Optical Variability Surveys (FABULOVS)

. Candidate Sub-pc MBBHs from Radial
Velocities w/ SDSS Muti-Epoch Spectroscopy
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' Test of the Binary Hypothesis

@ Inactive BH

#vs Guo et al. 2019, MNRAS, 482, 3288
* (Center of mass ™ (see also Gaskell83, Boroson &
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Wang+17)




Varstrometry for Off-nucleus and Dual sub-
Kiloparsec AGN (VODKA; PI: Y. Shen) b

Discover sub-arcsec duaI/Iensed quasars at cosmlc noon b’r Tony Chen
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Varstrometry for Off-nucleus and Dual sub-
Kiloparsec AGN (VODKA; PI: Y. Shen)

Discover sub-arcsec dual/lensed quasars at cosmic noon

HST/WFC3 F1 60W
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Dr. Arran Gross g % s 8
Gross et al. (2023) ApdJ, 956, 117 Wj:
VODKA: SDSS J0823 at z=1.81: A =
Likely Lensed Quasar - -
Surprisingly nontrivial to distinguish | T

dual and lensed quasars: high-
resolution deep IR imaging is key

Li et al. (2023) ApJL, 955, 16
VODKA: SDSS J1608+2716: A Subarcsecond Quadruply Lensed
Dr. Junyao Li Quasar at z = 2.575
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Sub-pc binary

Looking Forward & Takeaways
an iII Itionize the field in synergy w/ PTA & LISA
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Dual/lensed/offset
MBHs, IMBHs
from high-
resolution deep

phOtometry & Roman Core Community Survey White Papers

g TF Dual: Shen et al. (2023), arXiv:2306.15527
Varlablllty Binary: Haiman et al. (2023), arXiv:2306.14990
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MJD - ASASSN-14ko, Payne+21


https://ui.adsabs.harvard.edu/link_gateway/2023arXiv230615527S/arxiv:2306.15527
https://ui.adsabs.harvard.edu/link_gateway/2023arXiv230614990H/arxiv:2306.14990

