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Questions: 1) how to form 80M⦿?

2) host galaxy?







GRB firball

2) Massive star 
(Woosley 1993)

GRB light curves GRB afterglow

1) NS merger 
(Paczynski 1986)

metal-rich regions?



Quasars are metal-rich!GRB from quasar?

Mergers             GRB and GWs

AGN à high density of compact objects



Galactic center!

motivation

Physics in 2020



evolutions of massive stars binaries of compact objects

Jermyn+(2022) Tagawa+(2021) 
Samsing+(2022) 

Many questions: challenges and opportunities

A new field!accretion-modified stars in AGN disk



Questions: dynamics and radiation
• Evolution of massive stars in AGN disk： iron production

• Dynamical friction of disk gas on stars?

compact stars, normal stars?

• Collapse of massive stars: dwarf, neutron stars

• Evolution of binary stars:  compacts-compact, star-compact?

• Accretion-modified stars: 
Ø Outflow-driven cavity

Ø Binary evolution inside cavity

Ø GW from the binaries 

• Feedback to AGN
Ø Accretion disk

Ø BLR, Torus

• Gravitational waves



Iron abundance in AGN



1. SMBH mass, 

2. accretion rates 

3. and metallicity



Basic structures of AGNs!why and how?

Metallicity

Structure formation



Chen, Y.-M.+(2009, ApJ, 695, L130) Zhuang, M. & Ho, L.C. (2022, ApJ,)

Evidence for this procees



Dib+2006





Quasar metallicity (Hamann & Ferland 1992,1999)



JWST!Yang+2023"
Strong Fe!



z = 7.54, age!0.7Gyr; Fe!20 solar



Begelman+(1989)



SMBH accretion rates：starburst
(Wang+2010, ApJ, 719, L48)

Analytical solution



𝑀̇!"#~𝑀̇#$"%~ 10 𝑀⨀ yr'(

𝑀̇)*+, ~ 1𝑀⨀ yr'(



Metallicity and luminosity

Compact objects？







Stellar populations: mass function

Stars: accretion and stellar



Accretion-modified stars: AMS



Mass function!

pile-up distribution



Galactic center!young massive stars



Iron abundance



Formation of dusty torus



Compact objects!

accretion
Bondi explosion
Mergers
Gravitational waves



Accretion-modified Stars (AMS) 

Hyper-Eddington Accretion

Bondi explosion

AMS rejuvenation

AMS

Wang et al. 2021, ApJL911, L14

Chen, K.+(2023)
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Shock acceleration

Lorentz factor 𝛾~10!

Synchrotron Ex. Compton (EIC)

Bondi explosion SED

Obs chacract.

• Bondi explosion：enhanced radio emissions

• EIC: peak≈40 GeV Fermi-LAT.
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AMS: radio、𝛾-rays

slow transients

Merger rates: a few per year

LIGO: 102Hz GWs

Fermi卫星

Jacobi capture



Sgr A



Sgr A



AGNs/Sgr A*!binary BHs and satellite BHs

EMRI



Conclusions

• Accretion-modified stars in AGN disks

• Metallicity and compact stars

• Mergers and GWs

• Radiation from radio to gamma-rays

• Sgr A*: EMRI 

Thank you



Massive stars: stellar winds

Hirschi(2017);    Yusolf+(2022) Woosley& Heger (2002)


