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Figure 1 (Color online) (a) The global scenario of parsec-scale circumnuclear regions. Rsg is the self-gravitating radius, and Rg,g is the sublimating
radius of dust particles. The black dots represent sMBHs, * symbols are accreting stars, and their sizes indicate magnitudes of mass. The observed emis-
sion line spectra comprise two components with varying widths originating from the BLR and ILR. The circumnuclear region is a complex environment
consisting of accreting SMBHs, stars, and SNe. Both sMBHs and stars are accreting gas from the AGN disk. (b) Characteristic structure of AMSs formed
in AGN accretion disks. The AGN disk is so dense that the stellar winds of the host stars are choked, forming a massive envelope. However, the envelope
may be gravitationally pulled back onto the stars and trigger hydrogen burning. Due to the high number density of AMSs, their envelopes can overlap

and become clumpy
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Figure 2 The evolving AMS mass functions. (a)—(d) Evolution of the AMS mass function under no stellar wind conditions. Horizontal rows from left
to right with increases of 3 for a given 7., and the vertical with increases of 710, from upper to below. (e)—(h) Evolution of the AMS mass function under

high stellar winds of i?, = 107° M yr™!
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, the subplot layout is consistent with the panels (a)—(d)
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Figure 3 (Color online) Evolution of iron and magnesium abundances, and the [Fe/Mg] abundance ratio, on AGN disks, using a stellar model for
supernova explosion energy Esy = 30 X Es;. (a)—(d) and (e)—(h) represent the abundance evolution under no stellar wind and high stellar wind conditions

with 70, = 107 My yr~!, respectively
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Figure 4 (Color online) SED and light curve of AMS in the accretion disk. (a) The hot gas in the SMBH disk, heated by the outflow shock, emits
thermal radiation with an effective temperature of T.g. Non-thermal electrons accelerated by the shock emit synchrotron radiation in the magnetic field

and produce high-energy photons (in the GeV energy range) through inverse Compton scattering processes. (b) The light curve of the outflow thermal
radiation. The slow-rise timescale iS tise = fa5t, and the fast-decay timescale is fgecay = fefr
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Figure 5 (Color online) Illustration of the formation, orbital evolution, and merger of a binary black hole system
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Figure 6 (Color online) An application to the young stellar disk in the Galactic Center. (a) The MF evolution of AMSs when the central SMBH was
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Figure 7 (Color online) An sMBH embedded in SMBH-ADAFs. The sMBH is accreting with Bondi rates, forming outflows that lead to the formation
of a cavity, suppressing the SMBH’s accretion. If SMBH has a rapid rotation, relativistic jets are generated due to the BZ mechanism, and the electromag-
netic radiation produced by the jets manifests as quasi-periodic flickering. Furthermore, the accumulation of energy from the sMBH outflows can trigger
viscous instability in the SMBH-ADAF, leading to a flare after a series of flickerings. This model can account for the quasi-periodic flickerings and flares

observed in the near-infrared light curve of Sgr A*
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In theory, accretion disks around supermassive black holes (SMBHs) exhibit complex structures in the outer regions, where
self-gravity inevitably leads to star formation; in observations, particularly from quasar metallicity and recent LIGO grav-
itational wave detections, there is increasing evidence indicating the presence of massive star formation and evolution in
the central regions of active galactic nuclei (AGNs). Due to the dense gas environment in the accretion disks of AGNs,
stars and compact objects on these disks have high accretion rates, leading to significant changes in their fate, referred
to as “accretion-modified stars” (AMSs). This serves as a focal point for studying the evolution of population evolution,
metallicity evolution, and gravitational wave radiation on AGN disks. This has given rise to a novel field with abundant
theoretical problems and observational phenomena. The AMSs are allowed to have any metallicity but without significant
loss due to stellar winds, since the winds are choked by the dense medium of the disks and return to the core stars. AMS
mass functions undergo rapid evolution through accretion, irrespective of the initial mass functions, leading to top-heavy
forms characterized by a pile-up or cutoff pile-up shape. Particularly, the cutoff pile-up shape caused by strong stellar
winds presents a novel mechanism for generating a narrow window of very massive stars, enabling efficient production
of iron through pair-instability supernovae in AGNs. This naturally explains the non-cosmological evolution of [Fe/Mg]
of AGNs. Moreover, supernova explosions of AMSs support an inflated disk as a dusty torus. On the other hand, AMSs
can generate stellar-mass black holes through supernova explosions, forming a population of satellite black holes around
SMBHs. Stellar-mass black holes on accretion disks typically exhibit extremely high accretion rates. The intense gravi-
tational energy release process can result in strong outflows, interacting with the surrounding gas and leading to a Bondi
explosion. The nonthermal radiation of Bondi explosions peaks in the X-ray and gamma-ray bands, with the luminosity

of the thermal radiation reaching up to ~ 10%ergs='.

If black holes on accretion disks are close enough during their
migration process, they may form binary black holes. The interaction with the surrounding gas could accelerate the merger
process, providing a potential explanation for mergers of massive black holes. Furthermore, the AMS model can provide
a reasonable explanation for the top-heavy stellar disk and metallicity in the Galatic center, where a satellite black hole
with 40 M can account for phenomena such as infrared flickering period and flaring orbit. It may represent the closest
EMRI (extreme mass ratio inspiral) object to Earth. In the future, the combination of more gravitational wave detections
with spectroscopic and photometric observation programs holds the promise of better addressing the evolution and merger

issues of stars and compact objects on AGN disks.
active galactic nuclei, supermassive black holes, accretion disks, gravitational waves
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