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Supermassive black holes: from MW center to quasars
Kavli Prize 2007

IAU 2021Gruber奖



Milky Way Center: Complex Composition

Young stellar disks: counter rotating Mass function





Hardly formed by stellar evolution



Questions: 1) how to form 80M⦿?

                           2) host galaxy?





LIGO detection: June 15, 2025 Origin: ？



BH mass function detected by LIGO

>100�⊙



In Hongkong, June, 2023



SMBH-accretion disk：
          mergers of compact objects and GWs



evolutions of massive stars binaries of compact objects

Jermyn+(2022) Tagawa+(2021) 
Samsing+(202
2) 

Many questions: challenges and opportunities

Fast rising field：stars and BHs in AGN-disk



SMBH basic parameters:

Masses, accretion rates and metallicity



Metallicity of quasars: cosmic evolution?

Formation and evolution of stars：

 AGN structure

 metallicity

 Compact objects

 Gravitational waves

Wang, S.+2021



AGN structure: how to form?

metallicity

Structure formation

AGN structure: standard model correct?



Formation and Evolution of Stars







Begelman+(1989)



First idea: compact objects in SMBH-disk？









Accretion rates：nuclear starburst 
                                                 
(Wang+2010, ApJ, 719, L48)

Continuity equation：

Energy equation：

Vertical equilibrium：

Analytical solution



�gas~�star~ 10 �⨀ yr−1

�SMBH  ~ 1 �⨀ yr−1



Metallicity and accretion rates

Where are compact objects?





Iron production



大质量恒星星风与演化：金属丰度

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



如何描述星族演化？

质量分布函数

恒星：吸积与星风



吸积盘中：恒星演化（accretion-modified stars: AMS）



质量分布函数：

堆积分布



Iron abundance



JWST’s observations（Yang+2023）Strong Irons!



Compact objects：outburst and GWs



Accretion-modified Stars (AMS) 

Hyper-Eddington 
accretion

Bondi 
explosion

AMS rejuvenation

AMS

Wang et al. 2021a, b

Chen, K.+(2023)
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Shock acceleration of electrons

Lorentz factor: �~105

Synchrotron radiation External Compton scattering

Bondi explosion SED

Observable properties

• Bondi explosion：radio-quiet to intermediate.

• EIC: peaks≈40 GeV Fermi-LAT detectable.

• Bondi accretion rates ~109�Edd/�2.

• Accretion timescale：�a~105�1s.

• Powerful outflows: 10 times of SNe
38



AMS: radio、�-rays

         slow transients

Merger rates: a few per 

year

LIGO: 102Hz GWs

Fermi卫星

Jacobi capture



Blazar-AGN: standard model











Radiation mechanism: AMS explosion?

Consequence: sMBHs exit around central SMBH 





  Milky Way Center: Sgr A*



The Galactic Center
Why are there no neutron stars?
 Are there stellar mass BHs?
How to form the stellar disks

�⨀

Mass function

Wang+2023



Three-body problem:

4*106            +  103 

�⨀

�⨀ �⨀



Magnetic field reconnection?

It should randomly happen



Quasi-periodical variability



银河心中心：Sgr A



银河系中心超大质量黑洞

Outflows from ADAF to form a cavity



Rejuvenation timescale of cavity



GW: Extremely small mass ratio spiral



SED



同时检验：nHz引力波



Blandford & McKee(1982): 2D-transfer function

Binary-BLRs

Binary-SMBHs



Reverberation mapping：spatial distributions and gas dynamics

z ~ 0.7z ~ 2

z ~ 4



RM: 2D transfer functions
（Wang+2018；Songsheng+2019; Kovacevic+2019）

Songsheng+(2020); Kovacevic+(2020)

单一宽线区

轨道运动：偏离



Very Large Telescope Interferometer (VLTI)
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• Difficulties：

 Diameter ≲ 100μas，hardly imaged

 Periodical, asymmetric profiles: multiple 

explanations

• Gas dynamics around binary-SMBHs

 Reverberation mapping（resolved in time domain）

 Interferometry and astrometry（spatially resolved）

Interferometric characteristics: binary-SMBHs

宽线区

黑洞

�los

宽发射线波长

干
涉
相
位

宽发射线波长

宽线区1 宽线区2

干
涉
相
位
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Binary-SMBHs：separate BLRs

Circle orbits：different configurations

(Songsheng, Wang+2019; Kovačević, Songsheng+2020)

关键特征：相位平台或多峰（谷）结构

Ark 120

VLTI 4*8米
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Binary-SMBHs：merged BLRs

• Asymmetry: Doppler boosting effects

(Songsheng & Wang 2023)

• Interferometric information: sensitive 
to orbits

On separations On periods Total mass

Measuring orbital parameters







Point Source Imaging (Spectroscopy), 10ks, 10



„rotating supermassive black hole with a flaring accretion disc and a neutron star on close orbit emitting 
gravitational waves“



Gourgoulhon+ 19

Amaro Seoane+ 23

Von Fellenberg (2025) 

Credit: NASA



2040：15years
AGN structure：

• New energy sources:

        compact objects

• Gravitational Waves？



Conclusions

• AGN-disk: stellar processes

• Accretion rates: starburst

• Metallicity: observational appearance

• Satellite sMBH: GWs and Bondi 

explosion

AGN：golden mine

谢谢！


