Tsinghua Seminar

Supermassive Black Holes
Ait_jYEEEi,'—:% JA’Z/\/: E'j(“:'j%)_ﬁ

IIrr|I|

Jian-Min Wang (E#ZER)

Institute of High Energy Physics 2024/09/12

§
iy




Outline :

e Formation of SMBH
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3C 273 : A STAR-LIKE OBJECT WITH LARGE RED-SHIFT
By Ds. M. SCHMIDT

Mount Wilson and Palomar Observatories, Carnegie Institution of Washington, California Institute of Technology, Pasadena

HE only objects seen on a 200-in. plate near the

positions of the components of the radio source
3C 273 reported by Hazard, Mackey and Shimmins
in the preceding article are a star of about thirteenth
magnitude and a faint wisp or jet. The jet has a width
of 12" and extends away from the star in position
angle 43°. It is not visible within 11”7 from the star and
ends abruptly at 20” from the star. The position of the
star, kindly furnished by Dr. T. A. Matthews, is R.A.
12h 26m 33-35s + 0-04s, Decl. +2° 19’ 42-0” + 0-5" (1950),
or 1” east of component B of the radio source. The end
of the jet is 1” east of component 4. The close correla-
tion between the radio strueture and the star with the jet
18 suggestive and intriguing.

Spectra of the star were taken with the prime-focus
spectrograph at the 200-in. telescope with dispersions of
400 and 190 A per mm. They show a number of broad
emission features on a rather blue continuum. The most
prominent features, which have widths around 50 A,
are, in order of strength, at 5632, 3239, 5792, 5032 A.
These and other weaker emission bands are listed in the first
column of Table 1. For three faint bands with widths of
100-200 A the total range of wave-length is indicated.

The only explanation found for the spectrum involves
a considerable red-shift. A red-shift Axfi, of 0-158
allows identification of four omission bands as Balmer
lines, as indicated in Table 1. Their relative strengths are
in agreement with this explanation. Other identifications
based on the above red-shift involve the Mg 11 lines around
2798 &, thus far only found in emission in the solar chromo-
sphere, and a forbidden line of [0 III] at 5007 A, On
this basis another [O IIT] line is expected at 4959 A with
a strength one-third of that of the line at 5007 A. Its
detectability in the spectrum would be marginal. A weak
emission band suspected at 5705 A, or 4927 A reduced for
red-shift, does not fit the wave-length. No explanation is
offered for the three very wide emission bands.

It thus eg:pea,rs that six emission bands with widths
around 50 A can be explained with a red-shift of 0-158.
The differences between the observed and the expected
wave-lengths amount to 6 A at the most and can be entirely
understood in terms of the uncertainty of the measured
wave-lengths, The present explanation is supported by
observations of the infra-red spectrum communicated by

Table 1. WAVE-LENGTHS AND IDENTIFICATIONS

A a/1-158 A
3239 2797 2798 Mg I
4695 3963 3970 He
4753 4104 4102 HS
5032 4345 4340 Hy
5200-5415 4400-4675
b632 4564 4861 Ha
5792 5002 5007 (0111
60058190 5186-5345
6400-6510 55275622

Oke in a following article, and by the spectrum of another
star-like object associated with the radio source 3C 48
discussed by Greenstein and Matthews in another com-
murnication.

The unprecedented identification of the spectrum of an
apparontly stellar objoct in torms of a large rod-shift
suggests either of the two following explanations.

(1) The stellar object is a star with a large gravitational
red-shift. Tts radius would then be of the order of 10 km.
Preliminary considerations show that it would be extremely
difficult, if not impossible, to account for the oceurrence -
of permitted lines and a forbidden line with the same red-
shift, and with widths of only 1 or 2 per cent of the wave-
length. '

(2} The stellar object is the nuclear region of a galaxy
with a cosmological red-shift of 0-158, corresponding to an
apparent velocity of 47,400 kinfseec. The distance would
be around 500 megaparsecs, and the diameter of the
nuclear region would have to be less than 1 kiloparsec.
This nuclear region would be about 100 times brighter
optically than the luminous galaxies which have been
identified with radio sources thus far. If the optical jet
and component A of the radio source are associated with
the galaxy, they would be at a distance of 50 kiloparsecs,
implying a time-scale in excess of 10% years. The total
energy radiated in the optical range at constant luminosity
would, be of the order of 10%® ergs.

Only the detection of an irrefutable proper motion or
parellax would definitively establish 3C 273 as an object
within our Galaxy. At the present time, however, the
explanation in terms of an extragalactic origin seems most
direct and least objectionable.

I thank Dr. T. A. Matthews, who directed my attention
to the radio source, and Drs. Greenstein and Oke for
valuable discussions.
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g: NUCLEAR EMISSION IN SPIRAL NEBULAE*
2 CarL K. SEYFERTT
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CE ABSTRACT

Spectrograms of dispersion 37-200 A/mm have been obtained of six extragalactic nebulae with high-
excitation nuclear emission lines superposed on a normal G-type spectrum. All the stronger emission
lines from A 3727 to A 6731 found in planetaries like NGC 7027 appear in the spectra of the two brightest
spirals observed, NGC 1068 and NGC 4151.
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a EMISSION NUCLEI IN GALAXIES
324 L. WortjEr*

b Yerkes Observatory, University of Chicago
o Received February 16, 1959

ABSTRACT

Some galaxies which show wide emission lines in the spectra of their nuclei are discussed. It is shown
that, on statistical grounds, the nuclear emission must last for several times 108 years at least. The
nuclei are extremely narrow, of the order of 100 parsecs, and, if a normal mass-to-light ratio applies,
extremely massive. The width of the emission lines, which indicates velocities of a few thousand kilo-
meters per second, is probably due to fast motions, circular or random, in the gravitational fields of the

: : _ nuclei. The high star density in the nuclei may provide a source of excitation. In the nucleus of our own

ESO director: 1975-1987 Galaxy the radio source Sagittarius gives evidence of strong magnetic fields and large amounts of rela-

tivistic particles. A mass of a few times 108 solar masses is needed to prevent disintegration of the source.

The Andromeda Nebula has a nucleus with a somewhat smaller mass. The occurrence of dense nuclei
may be a common characteristic of many galaxies.
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NOTES

ACCRETION OF INTERSTELLAR MATTER
BY MASSIVE OBJECTS

Observations of quasi-stellar radio sources have indicated the existence in the Uni-
verse of extremely massive objects of relatively small size. The present note discusses
the possible further growth in mass of a relatively massive object, by means of accretion
of interstellar gas onto it, and the accompanying energy release. Although there is no
evidence for (and possibly some evidence against) quasi-stellar radio sources occurring
inside ordinary galaxies, for the sake of concreteness we consider the fate of an object
of mass M > 10° (masses in solar units throughout) in an ordinary spiral galaxy some-
what like ours.

E. E. SALPETER*T
Received May 7, 1964

NEWMAN LABORATORY OF NUCLEAR STUDIES AND
CENTER FOR RADIOPHYSICS AND SPACE RESEARCH
CorNELL UNIVERSITY
AND
GODDARD INSTITUTE FOR SPACE STUDIES

New York, NEw YOrk

Noraagm Axamemun nayg CCCP
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ACTPOHOMHA

Z'elDovich & Novikov
Akagemuk §1. 5. 3EJIbJAOBHY, H. 4. HOBHKOB

OLEHKA MACCbI CBEPX3BE3/1bl

Ananus HaOmolaTeNbHBIX JAHHBIX G cBepx3pesfax Ttuna 3C 273 nokasbl-
Baer (!), YTO HeNMpepBIBHBIA CIEKTP 3THX OOBEKTCB B ONTHUECKOH 0OJacTH HC-
MycKaeTcsT LEHTPATBHBIM TeJOM ¢ pasMepamu mopsika 2-10' cm, a sMuCCHOH-
Hble JIMHHE BO3HHKAIOT BO BHeIIHeil 000JI04Ke ¢ pPasMepPaMM HecKOJIbKO mapcek
uau Gosbiue. ['enepanusi cBeTOBOr0 mMOTOKA NMPOMCXOAUT, BEPOATHO, B CAMOM
BHYTPeHHEH LeHTPaJbHOH 06JacTH IEHTPaJbHOIO Tesa, KOTOPYIO Mbl OyjeMm
HasbiBaTh fAPOoM. OKpYXKaloUyo sApO IJasMy Ha30BeM YCJIOBHO aTMOCQepOoH.
Jl/isi OlleHKH Macchl CBepX3Be3fbl PACCMOTPHM CHJBI, JAeHCTBYIOUIYe Ha IJa3My
atmoctepsl. [IpenmosiokuM, uYTO CcHJAa TATOTEHHs yPaBHOBELIWBAETCS CHJOH
CBETCBOTO JABJEHHS. ITO MPEAnOJcKeHHe, HeKOTopoe oOOCHOBAHHE KOTOPOTO
GyJer 1aHO HUXKe, NPUBOJHT, KK Mbl OKaxKeM, K 3HAUEHHIO MacChl CBepX3Be3/bl
nopsiika 1080,
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GRAVITATIONAL COLLAPSE AND SPACE-TIME SINGULARITIES

Roger Penrose
Department of Mathematics, Birkbeck College, London, England
(Received 18 December 1964)

The discovery of the quasistellar radio sources

has stimulated renewed interest in the question

of gravitational collapse. It has been suggested

by some authors! that the enormous amounts
of energy that these objects apparently emit
may result from the collapse of a mass of the
order of (10°-10°)M, to the neighborhood of

its Schwarzschild radius, accompanied by a
violent release of energy, possibly in the form
of gravitational radiation. The detailed math-
ematical discussion of such situations is dif-
ficult since the full complexity of general rela-
tivity is required. Consequently, most exact
calculations concerned with the implications

of gravitational collapse have employed the
simplifying assumption of spherical symme-
try. Unfortunately, this precludes any detailed
discussion of gravitational radiation—which
requires at least a quadripole structure.
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Galactic Nuclei as Collapsed Old Quasars

by
D. LYNDEN-BELL Powerful emissions from the centres of nearby galaxies may represent

Royal Greenwich Observatory, dead quasars.

Herstmonceux Castle, Sussex
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Fig. 1. The emitted spectrum of disk and synchrotron radiation for

the standard model. The flux from Sagittarius 4 is weaker by a factor

100, indicating only 1 per cent efficiency of the proton synchrotron.

a, Proton synchrotron; b, outer disk; ¢, central disk; d, clectron
synchrotron.

perature distributions. The total emission at frequency v
1s given by
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The Young Stars in the Galactic Center
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A FUNDAMENTAL RELATION BETWEEN SUPERMASSIVE BLACK HOLES AND THEIR HOST GALAXIES
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A RELATIONSHIP BETWEEN NUCLEAR BLACK HOLE MASS AND GALAXY VELOCITY DISPERSION

KaRL GEBHARDT,'? RALF BENDER,” GaRY BOWER," ALAN DRESSLER,” S. M. FABER,® ALEXEI V. FILIPPENKO,"
RicHARD GREEN,* CARL GriLLMaIR,” Luts C. Ho.® Jonn KormenDY,® Tob R. LAUER,* JOHN MAGORRIAN,”

JasoN PINKNEY," DouGLAs RICHSTONE," AND ScoOTT TREMAINE'!
Received 2000 June 2; accepted 2000 June 29; published 2000 August 3
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We thank Avi Loeb for an illuminating discussion, which
served as a key motivation for this Letter, and W. Dehnen, C.
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We thank Avi Loeb for suggesting that we examine the
correlation between black hole mass and velocity dispersion.
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S O lta n Argu m e n t Remnants of the quasars

Arati Chokshi* and Edwin L. Turner

Princeton University Observatory, Peyton Hall, Princeton, NJ 08544, USA

Mon. Not. R. astr. Soc. (1982) 200, 115-122

Accepted 1992 May 19. Received 1992 May 11;in original form 1992 February 3

ABSTRACT
Assuming a standard black hole accretion model for quasars, we estimate the present
Masses Of quasars total mafs density, pg, of quasar remnants usingqrecem observations oquuasar
populations and of typical quasar spectra over a wide wavelength range. We find
Ppn 2(1.4-2.2)x 10° M, Mpc~? for a quasar radiative efficiency of 0.1. This is an
upward revision by a factor of 3.0-4.6 from a decade-old estimate by Softan. A
typical bright galaxy is thus expected to contain a central black hole of =107 A™% M.
Furthermore, we expect that = 50 per cent of pgy is contributed by objects of mass
210% h=2 M, and = 10 per cent by those more massive than about 6 X 10% 272 M,

Andr Zej Soltan . Copernicus Astronomical Centre, Bartycka 18, Sl b R At S0 Sy 905-716(2002)
00-716 Warsaw, Poland

Observational constraints on growth of massive black holes
Received 1981 October 18;in original form 1981 August 19

. . Qingjuan Yu* and Scott Tremaine*
o0 o0 Princeton University Observatory, Peyton Hall, Princeton, NJ 08544-1001, USA
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Super-Eddington BHs !

Roberto Maiolino?*%, Jan Scholtz'?, Joris Witstok'?, Stefano Carniani®,

Francesco D'Eugenio’?, Anna de Graaff°, Hannah Ubler'?, Sandro Tacchella'?,

Emma Curtis-Lake®, Santiago Arribas’, Andrew Bunker?, Stéphane Charlot®,

Jacopo Chevallard?, Mirko Curti'®, Tobias J. Looser"?, Michael V. Maseda", Timothy D. Rawle'?,
Bruno Rodriguez del Pino’, Chris J. Willott™, Eiichi Egami'*, Daniel J. Eisenstein™,
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Jakob M. Helton', Zhiyuan Ji*¥, Gareth C. Jones®, Nimisha Kumari?', Nicolas Laporte'?,

Erica J. Nelson?, Michele Perna’, Lester Sandles'?, Irene Shivaei & Fengwu Sun*

Several theories have been proposed to describe the formation of black hole seeds in

the early Universe and to explain the emergence of very massive black holes observed

in the first thousand million years after the Big Bang!. Models consider different

seeding and accretion scenarios*”, which require the detection and characterization

of black holes in the first few hundred million years after the Big Bang to be validated.

Here we present an extensive analysis of the JWST-NIRSpec spectrum of GN-z11,

an exceptionally luminous galaxy at z=10.6, revealing the detection of the

[Ne1v]A2423 and CII*A1335 transitions (typical of active galactic nuclei), as well

as semi-forbidden nebular lines tracing gas densities higher than10° cm™, typical

of the broad line region of active galactic nuclei. These spectral features indicate

that GN-z11 hosts an accreting black hole. The spectrum also reveals a deep

and blueshifted CIVA1549 absorption trough, tracing an outflow with velocity

800-1,000 km s, probably driven by the active galactic nucleus. Assuming local

virial relations, we derive a black hole mass of log(Mp,,/M_) = 6.2+0.3, accreting
ddington rate.

heavy seeds scenarios and scenarios considering intermediate and light seeds

experiencing episodic super-Eddington phases. Our finding explains the high

luminosity of GN-z11 and can also provide an explanation for its exceptionally high

nitrogen abundance.
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J. Schubert®, N. Schuhler", ). Shangguan®, P. Shchekaturov', T. T. Shimizu®®, A. Sevin®,

F. Soulez’?, A. Spang?, E. Stadler®, A. Sternberg??, C. Straubmeier”, E. Sturm?®, C. Sykes?,

L. J. Tacconi®, K. R. W. Tristram™, F. Vincent®, S. von Fellenberg'®, S. Uysal®, F. Widmann®,
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Tight relationships existin the local Universe between the central stellar properties
ofgalaxies and the mass of their supermassive black hole (SMBH)' 3. These suggest
that galaxies and black holes co-evolve, with the main regulation mechanism being
energetic feedback fromaccretion onto the black hole during its quasar phase*.
A crucial question is how the relationship between black holes and galaxies evolves
with time; a key epoch to examine this relationship is at the peaks of star formation
and black hole growth 8-12 billion years ago (redshifts 1-3)’. Here we reporta
dynamical measurement of the mass of the black hole inaluminous quasar ata
redshift of 2, withalook backin time of 11 billion years, by spatially resolving the
broad-line region (BLR). We detect a 40-pas (0.31-pc) spatial offset between the red
andyblue photocentres of the Hot line that traces the velocity gradient of a rotating
&L The flux and differential phase spectraare well reproduced by a thick, moderately
inclined disk of gas clouds within the sphere of influence of a central black hole with a
mass of 3.2 x 10% solar masses. Molecular gas data reveal a dynamical mass for the host
galaxy of 6 x 10" solar masses, which indicates an undermassive black hole accreting

atasuper-Eddington rate. This suggests a host galaxy that grew faster than the SMBH,
indicating adelay between galaxy and black hole formation for some systems.
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How to form seed BHs ?
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2. Masses and spins
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Broad-line region: R-L relation
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“ddington implication: SMBH formation

Heavy seed BHs: super-Eddington accretion
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Narrow-line Seyfert 1 galaxies and the evolution of galaxies and active
galaxies

Smita Mathur
Astronomy Department, The Ohio State University, Columbus, OH 43210, USA
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§ oy ABSTRACT
§ _E 0050“24“; Narrow Line Seyfert 1 galaxies (NLS1s) are intriguing owing to their continuum as well as
= E =~ emission-line properties. The observed peculiar properties of the NLS1s are believed to be as
o ] a result of an accretion rate close to the Eddington limit. As a consequence of this, for a
2R E given luminosity, NLS1s have smaller black hole (BH) masses compared with normal
g < Seyfert galaxies. Here we argue that NLS1s might be Seyfert galaxies in their early stage of
o F B evolution and as such may be low-redshift, low-luminosity analogues of high-redshift
Q@ WMMWW quasars. We propose that NLS1s may reside in rejuvenated, gas-rich galaxies. We also argue
e Lo Yo 10 in favour of collisional ionization for production of Fe1r in active galactic nuclei.
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BH growth
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A parallax distance to 3C 273 through
spectroastrometry and reverberation mapping

Jian-Min Wang©'23* Yu-Yang Songsheng'#, Yan-Rong Li', Pu Du' and Zhi-Xiang Zhang®

Cosmic distances and masses
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A geometric distance to the supermassive black Hole of NGC 3783
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SARM in collaboration

A&A 643, A154 (2020)
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The spatially resolved broad line region of IRAS 09149-6206

GRAVITY Collaboration: A. Amorim!?-2!, M. Baubick', W. Brandner?2, Y. Clénet?, R. Davies', P. T. de Zeeuw!!”,
J. Dexter?*!, A. Eckart®'®, F. Eisenhauer', N. M. Forster Schreiber', E. Gao!, P. J. V. Garcia!5292! R, Genzel'#,
S. Gillessen', D. Gratadour>®, S. Honig®, M. Kishimoto®, S. Lacour®'®, D. Lutz!, F. Millour’, H. Netzer®, T. Ott!,
T. Paumard?, K. Perraut'?, G. Perrin?, B. M. Peterson®!%!! P. O. Petrucci'?, O. Pfuhl'®, M. A. Prieto®*, D. Rouan?,
J. Shangguan'-*, T. Shimizu', M. Schartmann', J. Stadler', A. Sternberg®'#, O. Straub', C. Straubmeier’, E. Sturm',
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The size-luminosity relation of local active galactic nuclei from
interferometric observations of the broad-line region*

GRAVITY Collaboration: A. Amorim'?, G. Bourdarot®, W. Brandner®, Y. Cao®, Y. Clénet’®, R. Davies’©,
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Table 1. Physical properties of our four new targets and the three targets that were already observed by GRAVITY.

Object RA Dec Z log AL, (5100A) Ref. o, Ref. Dy
(J2000) (J2000) (ergs™) (kms™") (Mpc)
(D (2) (3) 4) S) (6) (7) (8) )
Mrk 509 20:44:09.738  —10:43:24.54  0.0344 44.19 1 182 8 144
PDS 456 17:28:19.796  —14:15:55.87  0.185 46.30 2 1820 This work 657
Mrk 1239 09:52:19.102  —01:36:43.46  0.020 44.40@ 3 ~2509 9 86
IC 4329A 13:49:19.266  —30:18:33.97  0.016 4351 4 ~225 9 69
3C 273 12:29:06.700  +02:03:08.60  0.158 45.90 1 210 10 582
NGC 3783 11:39:01.762  —37:44:19.21  0.0097 43.02 6 95 11 42

IRAS 09149-6206  09:16:09.39  —62:19:29.90 0.0573

44.92d 5,7 250 7 236
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BH spins: X-rays

(Reynolds 2021)

Spins: history of accretion
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1.0

0.8

0.6

04+

0.2

0.0

Results:

I LI L- T T T L] 'I-‘

—a@— ]

I == Sl ¢ ]
o o

— Bl Lower limits -

I M Meaningful upper bound

: (distinctfroma=1)

! L | |

10 100 1,000 10,000

Black hole mass, M (10® M)

Hitomi - XRISM
(2016)

X-ray Imaging and Spectroscopy Mission



THE ASTROPHYSICAL JOURNAL, 697:1.141-1L.144, 2009 June 1 doi:10.1088/0004-637X/697/2/1.141
© 2009. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

EPISODIC RANDOM ACCRETION AND THE COSMOLOGICAL EVOLUTION OF SUPERMASSIVE BLACK
HOLE SPINS

JIAN-MIN WANG' 2, CHEN Hu!, YAN-RoNG L1', YAN-MEI CHEN', ANDREW R. KING®, ALESsANDRO MARrcoNI?, Luis C. Ho’,
CHANG-SHUO YAN!, RUDIGER STAUBERT®, AND SHU ZHANG'

E T A IR NS 55112221
S T Vo2 % E
W %ﬁ%mm it
i
%

. : i 2 7d —1 d qso
Cosmic evolution of spins: 7' =1+= (—’) ( . )

}
* = - -
: priti ° T
0.1 L ) 4‘?;3 e Mi——223 08T %%%_;
i A?;‘ - F Méi:22.4 : © 04 % % %% %% % % _
: A ‘i; ! A Mj=—225 : % |
0 ‘t“ ; 1 ; o Li Kl >10% er'lg/sl 10 ergl/sl<Lh1,<1I0“Iergl/s
0 1 2 0 1 2 3 4
z Z

Wang+2009 Volonteri+2013



How Supermassive Black Holes Are Born

The heart of most Milky Way-like galaxies holds a black hole
weighing billions of solar masses. Astrophysicists have two main

ideas for how these monstrosities got so huge.

3. SMBH binaries and nano-Hz GWs s
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SMBH binaries: orbital parameters?
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GWs

(Songsheng+2021)

I
e
=

=== Broken PL
PL (5 freq.)
=y PLI(30TIeq:)

| |
~ o
- N

I
.
=

logo Residual [s]
4
()]

96710 6002 +UelUBWNOZIY

| |
© %
O )

108 Frequency [Hz]



THE ASTROPHYSICAL JOURNAL, 862:171 (10pp), 2018 August 1 https: //doi.org/10.3847/1538-4357 /aacdfa

© 2018. The American Astronomical Society. All rights reserved.

CrossMark

Kinematic Signatures of Reverberation Mapping of Close Binaries of Supermassive
Black Holes in Active Galactic Nuclei
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For binary BLRs
Blandford & McKee(1982).
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Songsheng+(2020); Kovacevic+(2020)
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(Monitoring AGNs with HE Asymmetry)

For SMBH binaries
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Differential phase (°)

Slg nals: GRAVITY/VLTI (Songsheng+2019, Kovacevic+2020)
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4. Satellite BHs of SMBH: observational consequences

Formation of AGN structure
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Metal-rich BLR:: stars inside accretion disks?
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AGN accretion disks: compact objects
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Cosmic evolution of abundance?
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Accretion-modified Stars (AMS) Z— & 13

thermal & non-thermal radiation
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Monthly Notices

MNRAS 520, 4502-4516 (2023) https://doi.org/10.1093/mnras/stad422

Advance Access publication 2023 February 7

Accretion-modified stellar-mass black hole distribution and milli-Hz
gravitational wave backgrounds from galaxy centre
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Evolution of stellar population?
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Problems : Form. & Evo of Stars and Radiation

* Massive stars in AGN disks: element yields and compact objects
* Interaction between stars and the disk

* Binaries: compact-compact, star-comp, merger, TDE

PHYSICAL REVIEW LETTERS 126, 021101 (2021)

L] L] L]
e Accretion-modified stars:
r 1 n m 1 1 r L] Direct Determination of Supermassive Black Hole Properties with Gravitational-Wave

Radiation from Surrounding Stellar-Mass Black Hole Binaries

>»What is star 7

» Outflow-driven cavity

« AMS feedback: AGN structure formation

* GWs: LIGO, LISA. PTA



5. Opportunities of JWST & VLTI Era




BHAFEHT NS

Article

A population ofred candidate massive
galaxies~600 Myr after the BigBang

https://doi.org/101038/s41586-023-05786-2

Received: 25 July 2022

Accepted: 2 February 2023

Published online: 22 February 2023

\ﬂcheck for updates

FE06W F814W F115W

Ivo Labbé'=, Pieter van Dokkum?, Erica Nelson®, Rachel Bezanson®, Katherine A. Suess®®,
Joel Leja™*?, Gabriel Brammer'®, Katherine Whi o1 Elijah { a0
Mauro Stefanon'2'® & Bingjie Wang”®®

Galaxies with stellar masses as high as roughly 10" solar masses have been identified"
out to redshifts zof roughly 6, around 1 billion years after the Big Bang. It has been
difficult to find massive galaxies at even earlier times, as the Balmer break region,
whichis needed for accurate mass estimates, is redshifted to wavelengths beyond
2.5 pm. Here we make use of the 1-5 pm coverage of the James Webb Space Telescope
early release observations to search for intrinsically red galaxies in the first roughly
750 million years of cosmic history. Inthe survey area, we find six candidate massive
galaxies (stellar mass more than 10" solar masses) at 7.4 < 2 < 9.1, 500-700 Myr after
the Big Bang, including one galaxy with a possible stellar mass of roughly 10" solar
masses. If verified with spectroscopy, the stellar mass density in massive galaxies
would be much higher thananticipated from previous studies on the basis of
rest-frame ultraviolet-selected samples.
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® Density - 100-500 times quasar LF

® SED : V-shaped



Early phase of Universe : various stages

1: SF dominated

J0100-15157

2: Transition into AGN  3: Dusty AGN dominates

J0100-16221 J1148-18404

MsaH ~ 5x107 Mo

Mgu ~ 107 Mo Mgh ~ 2x108 Mo
VFWHM,broad ~ 1500 km s-! VFWHM,broad ~ 2000 km s-! VFWHM,broad ~ 3500 km s-1
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Forthcoming silent revolution: GWs

* SMBH accretion disk ¢ changed
stars/compact objects

e Starburst: new roles?

SMBH sMBHs

Satellite BHS  wang+20222* ®
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In future 5-yrs : GRAVITY+ (300-500 quasars)

The Very Large Telescope in 2030

Improved Sen5|t|V|ty

s S

Off Axis Tracking

o=
. Adaptive Optics

Considerations for the Futuré of Optical Interférometry at the VLT

Credit: ESO, Huedepohl




GRAVITY+ core sciences
Lookback time (Gyr)
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Remaks

®SMBH : SEABHs ; seed: stellar or primordial BHs ?

®SARM : quasar as probe of Universe

®SMBH binaries - PTA observations
®AGN structure formation -

stellar evolution in dense environment

®LIGO GWs : AGN SED and variations
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