


‘the discovery that black hole formation is a robust
brediction of the general theory of relativity” and

“for the discovery of a supermassive compact object at the

centre of our galaxy”
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Cepheid variables: outward pressure (P) and inward gravity compression
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Super-Eddington accreting massive black holes explore high-z cosmology:
Monte-Carlo simulations
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Kinematic Signatures of Reverberation Mapping of Close Binaries of Supermassive

Black Holes in Active Galactic Nuclei
Jian-Min Wang]‘z‘3 , Yu-Yang Songshengl‘z, Yan-Rong Li', and Zhe Yu'*
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A single BLR
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Signals: GRAVITY/VLTI (songsheng+2019, Kovacevic+2020)
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3.2.2 Super-Eddington Accretion

Today more than 100 QSOs at z>6 are known (Banados et al. 2016). These SMBHs must have
been growing at the most efficient rate in order to appear so early in the history of the
Universe. Super-Eddington accretion on to massive black hole seeds may play an important
role and be commonplace in the early Universe (e.g., Regan et al. 2009). Indeed, cases with
ratio of bolometric and Eddington luminosity Lyol/Ledd > 9 have been suggested at high redshift
(e.g., Tang et al. 2019). However, such claims are based on black hole mass estimates derived
from the local Reir — Lagn scaling relation, assuming the calibration in the local Universe is
independent of redshift.

Super-Eddington accreting massive black holes in the local Universe usually have smaller BLRs
than AGN with the same luminosities (Du et al. 2018). Spectro-astrometry with GRAVITY+ will

extend size measurements and, combined with reverberation mapping, study physics of the
super-Eddington accretion processes (e.g., self-shadowing effects in slim disks, Wang et al.
2014).
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3.2.4 The Last Parsec Problem — Binary Supermassive Black Holes

binary SMBH identification via double-peaked emission line profiles and dual jets/outflows

remains ambiguous.

With GRAVITY+, it will be possible for the first time to probe radio-quiet parsec-scale binary
SMBHSs, from the local universe, through the ‘peak of binarity’ at z #0.6 — 1.3, and out to the

cosmic peak of galaxy merging (z4

t the tell-tale phase signatures of

dual BLRs in close binary SMBHsl(Songsheng et al. 2019) 8By providing spatial information,
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