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4.15 x 10° M, SMBH at centre of Milky Way
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4.15 x 10° M, SMBH at centre of Milky Way

M87

image: PD-HUBBLE

Movement of stars in the
central 3arcsec during
1992-2008.

Young stars = blue
old population = red




o A2

6.5 x 10° M, SMBH at centre of M87 cf Myw ~ 5 ><1QW10,Mm |

~ 30 kpc
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M87 image: PD-HUBBLE

6.5 x 10° M, SMBH at centre

"the asymmetric ring
is consistent with
earlier predictions of
strong gravitational
lensing of synchrotron
emission from a hot
plasma (1010 K)
orbiting near the
black hole event
horizon."
(2019, APJL, 875, L5)




Why "shadow" ?

Extremely hot
(blue emitting)
accretion disk

The SMBH in it
redshifts the light

Why "shadow" ?

Extremely hot
(blue emitting)
accretion disk

The SMBH in it
redshifts the light

Rotation
doppler boosts
emission
towards observer
(here to the right)




Why '"shadow" ?

Extremely hot
(blue emitting)
accretion disk

The SMBH in it
redshifts the light

Rotation
doppler boosts
emission
towards observer

(The Event Horizon Telescope Collaboration, Akiyama et al. 2019, ApJL 875)

6.5 x 10° M. SMBH at centre of M87

"the asymmetric ring
is consistent with
earlier predictions of
strong gravitational
lensing of synchrotron
emission from a hot

plasma (1010 K)
orbiting near the
black hole event
horizon."
(2019, APJL, 875, L5)




SMBH mass vs host galaxy IMASS (spheroid component: elliptical galaxy = classical bulge)
(Gadotti & Kaufmann 2009)
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SMBH mass vs host galaxy IMASS (spheroid component: elliptical galaxy = classical bulge)
(Gadotti & Kaufmann 2009)
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SMBH mass vs host galaxy INASS (spheroid component: elliptical galaxy = classical bulge)
(Gadotti & Kaufmann 2009)

(Wehner & Harris 2006; Capuzzo-Dolcetta & Tosta e Melo 2017) M87
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Spatial scales (measurement of SMBH masses see review
Peterson, B.M., 2014, Space Science Reviews )
R 2 G Msyvpa event horizon = Schwarzschild radius
horizon = 2 (exact solution of GR for

spherical non-rotating mass)

Msypr = 5.15 X 10 Mo Rporigon = 0.106 AU
Mgsyvpr = 5.15 x 10° My, Ryorizon = 106 AU

G MsvBH

Reying = 2 black-hole influence radius

* (0« stellar velocity disp. of stars in bulge)

e.g. globular cluster: o, =10km/s, Mgy = 10" M,
= RpHing = 0.45 pc
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SMBHs appear at very high redshift
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SMBHs appear at very high redshift

THE ASTROPHYSICAL JOURNAL, 833:222 (17pp), 2016 December 20
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Figure 10. Density evolution of luminous quasars at z > 4. The blue circles,
red triangles, and gray squares are the cumulative densities down to
M50 = —26.0, -26.7, and -25.3 mag, respectively. The data points at
z~ 4 and 5are from McGreer et al. (2013), the data points at z = 6 are
calculated from our new sample. The gray data point at z ~ 7 is taken from
Venemans et al. (2013), and the red data point at z ~ 7 is estimated from two
z > 6.5 quasars in the UKIDSS area (see details in Section 5.1). The dotted
lines are the power-law (Equation (4)) fits to the data points. The figure shows a
rapid decline of the quasar spatial density from z ~ 5 toward higher redshifts.

P(Z’M14so< -26) [Gpc-j]

(Jiang, McGreer et al. 2016)

13.6
first stars
thought to form

13.8



... and at even higher redshift
THE ASTROPHYSICALJOURNAL LETTERS

~ 700 Myt 1.5 x 107 Mg,

Poniua'ena: A Luminous z = 7.5 Quasar Hosting a 1.5 Billion Solar

4
Mass Black Hole Need 10™ M seed
Jinyi Yang' (), Feige Wang'"® (), Xiaohui Fan' (), Joseph F. Hennawi?? (), Frederick B. Davies®* (9, to grow COHtIHUOUS]y
Minghao Yue' (&), Eduardo Banados® (%), Xue-Bing Wu®® (), Bram Venemans® (&), Aaron J. Barth’ at superEddington rate
+ Show full author list .
since z=30

Published 2020 July 1+ ® 2020. The American Astronomical Society. All rights reserved.
The Astrophysical Journal Letters, Volume 897, Number 1 ( | OOMYI‘ after Blg Bang).

Citation Jinyi Yang et al 2020 ApJL 897 L14

+ Article information

Abstract

We report the discovery of a luminous quasar, J1007+2115 at z = 7.515 ("Poniua‘ena"), from our wide-field
reionization-era quasar survey. J1007+2115 is the second quasar now known at z > 7.5, deep into the
reionization epoch. The quasar is powered by a (1.5 + 0.2) x 10° M ,, supermassive black hole (SMBH),
based on its broad Mg 11 emission-line profile from Gemini and Keck near-IR spectroscopy. The SMBH in
J1007+2115 is twice as massive as that in quasar J1342+0928 at z = 7.54, the current quasar redshift

record holder. The existence of such a massive SMBH just 700 million years after the Big Bang
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Three problems:

I) How can SMBHs even form ?
(need to squeeze > 10° My of matter
into extremely small space)

IT) Why do SMBH masses correlate with
the masses of their hosting galaxies ?

III) How can SMBHs form within a few 100 Myr
after the Big Bang ?

25
Pavel Kroupa: University of Bonn/ Charles University Praha

Why can a SMBH seed not form
from direct collapse of a post-Big-Bang gas cloud ?

extreme collapse

opacity increases, -

temperature increases when
radiation trapped

Collapse through
self-gravity central relativistic gas;
radiates and ejects

Pavel Kroupa: University of Bonn/ Charles University Praha
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This leads to self-radiation-limited growth
Lace = €, M ¢? &~ 0.1-0.5
fraction of rest-mass radiated

plus radiation pressure leads to
accretion shutoff === difficult to form BH

! B 1—e
fEdd (t—to) e &
_ or
Mpy (t) = MBH,() € TEdd T = e ~ 452 Myr

C  speed of light
0T  Thompson scattering cross section

mp  proton mass

Thus, to grow a
MBH,O =10 M@ seed to

Mgsvea = 101 Mg need sustained continuous accretion for ~ 1 Gyr
at the superEddington rate (e, =0.1).

27

Why not form an SMBH seed
from direct collapse of post-Big-Bang gas cloud ?

| this will in any case always make
a star cluster as it collapses

L extige collapse

opacity increases, o

Collapse through : , =
temp. increases when

self-gravi iati
self-gravity radiation tl‘appCd

central relativiS®¥iggas;

radiates and ejects
28



So, how to make SMBHs ? (Kroupa, Subr, Jerabkova, Wang 2020)

(Need to efficiently compactify matter to a BH seed)

Start with first massive stars :

m > 20 M@ mpyH ~ 0.1 m  (eg Dabringhausen et al. 2009)

< 50 Myr

— @

coalescence of BHs

Star cluster : - 00—

(e.g. Martinez, Fragione et al. 2020; Banerjee, S., 2021)
negligible mass loss

29

coalescence of BHs ===> negligible mass loss :

30



coalescence of BHs

> negligible mass loss :

Table IIT in Abbott et al. 2019; LIGO Scientific Collaboration and Virgo Collaboration)

Event m /Mo my/Mgy M/Mg Xt ~ Mg/Mg ay  Eng/(Mgc?) £,
GW150914 356737 30,67 28.67]7 —0.0177/363.1137 0.697097  3.170% 3.
GWI15101223.271%° 13,673 152175  0.057)5, 35.673%° 0.67°017 16108 3.
GW151226 13.7+88 ' 7.7722 89703  0.1870%0 120.5+64 074907 1.0191 3.
GW170104 30.8173 20.01)¢ 21.477% -0.0470,] 148917, 0.6670% 22102 3.
GW170608 11.0753 76514 7.9%92  0.03%04 178532 0.6979% 09799 3,
GW170729 50.27182 34077 354782 03719021 19957187 0.817097 48117 4,
GW170809 35.07%3 238731 249721 0081017 563732 0.7070% 2706 3,
GW170814 30.6135 252728 24.1f¢ 0.07:012 1532532 0721907 27503 3.
GW170817 1.46 012 1.27°0% 1.1867 50! 0.007007 = <28 <089  >0.04 >
GW170818 35.47]> 26723 265771 —0.09701% 504412 0.6770% 27103 3.
GW170823/39.5712 29,0787 29.2+}¢  0.097922 [65.4+191 0722997 33410 3,

This is promising, but how to merge > 10* BHs sufficiently quickly ?

Star cluster :
o
° [} [ J
oo .8

31
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This is promising, but how to merge > 10* BHs sufficiently quickly ?

o o'o’.. ?Myr
N g

Correlations (binaries) form through
] 3-body encounters.
The binaries heat the rest of the cluster
(like the nuclear reactions in stellar interiors).

| .

276y "balanced evolution"

L L . L 1 L 1
0 50 100 150 200 250 300 350 400 450 500
Yo

Scaled Radius

0.01

Figure 4. Evolution of the core and half-mass radii (scaled by the scale-
length of the Plummer model) as a function of time (scaled by the initial
half-mass relaxation time).

This is promising, but how to merge > 10* BHs sufficiently quickly ?

many Gyr

(Clusters of BHs cannot evolve to a SMBH seed within =~ 200 Myr)
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Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

First-formed very metal-poor extremely massive star-burst star cluster

forms at centre of fufure spheroid : (confirmed by Martin-Navarro etal. 2018
= Vazdekis TACanary team)

Galaxy formation and evolution: (Wittenburg, Kroupa & Famaey 2019)

The evolution over 10 Gyr of a spherical gas cloud of mass Mgas=6.4x109 Mo
and rsph =20 kpc and with an initial cylindrical rotational law with 1 =0.025 Myr-1

Actual E galaxy-formation simulations are underway
(Eappen, Kroupa, Wittenburg & Famaey, in prep.)
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60 (Wittenburg, Kroupa & Famaey 2019)

gas only

Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

First-formed very metal-poor extremely massive star-burst star cluster

forms at centre of spheroid: (confirmed by Martin-Navarro et al. 2018
= Vazdekis TACanary team)

. .°,.,:.';. :. extreme radiation field and outwards wind
— :-:..f?:--. i stops gas infall from surrounding forming
S’ T spheroid (Ploeckinger et al. 2019)

38



First-formed hyper-massive star-burst cluster :
(Jerabkova, Kroupa, Dabringhausen, Hilker & Bekki 2017)

T. Jetdbkova et al.: The formation of UCDs: Testing for a variable stellar IMF

103 5

—27.5
Myep = 108
0% Ler Mo ~25.0
Lbol x MUCD (NOT for MKDP)
1074 [Fe/H]=-2 —225
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. 104
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10°4 —— yDC IMF -10.0
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Fig. 3. Time evolution of the bolometric luminosity for different IMFs. The MKDP IMF changes with the initial mass of the UCD and does not
scale linearly with its mass. In contrast, the vDC, SAL, and CAN IMFs have UCD-mass-independent slopes and scale proportionally with Mycp.
The grey panel shows the typical luminosities of quasars (Dunlop et al. 1993, 2003; Souchay et al. 2015) and the brown panel shows the luminosity
span for the peak luminosities supernovae (Gal-Yam 2012; Lyman et al. 20]6), which might cause luminosity variations in Ly, of UCDs younger
than about 50 Myr according to SNe rates.

First-formed hyper-massive star-burst cluster :
(Jerabkova, Kroupa, Dabringhausen, Hilker & Bekki 2017)

T. Jetdbkova et al.: The formation of UCDs: Testing for a variable stellar IMF
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Fig. 3. Time evolution of the bolometric luminosity for different IMFs. The MKDP IMF changes with the initial mass of the UCD and does not
scale linearly with its mass. In contrast, the vDC, SAL, and CAN IMFs have UCD-mass-independent slopes and scale proportionally with Mycp.
The grey panel shows the typical luminosities of quasars (Dunlop et al. 1993, 2003; Souchay et al. 2015) and the brown pancl shows the luminosity
span for the peak luminosities supernovae (Gal-Yam 2012; Lyman et al. 20]6), which might cause luminosity variations in Ly, of UCDs younger
than about 50 Myr according to SNe rates.



Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

First-formed very metal-poor extremely massive star-burst star cluster
forms at centre of future spheroid : (confirmed by Martin-Navarro et al. 2018

/ = Vazdekis TACanary team)

R S extreme radiation field and outwards wind
— “:“.-ff.':'. : stops gas infall from surrounding forming
.. '..° T spheroid (Ploeckinger et al. 2019)

< / \ e.g. for 50 Myr, cluster of 10° Mg

luminosity of 10" Lg
drives metal-rich outflow at 2 Mg /yr
at few 10° km/s

(Might well be mistaken for a z>6 quasar.)

41

Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

First-formed very metal-poor extremely massive star-burst star cluster
forms at centre of future spheroid : (confirmed by Martin-Navarro et al.2018

/ = Vazdekis TACanary team)

¢ [ ] .. .: ..‘. (X ] °
—ERL L
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Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

First-formed very metal-poor extremely massive star-burst star cluster

forms at centre of future spheroid : (confirmed by Martin-Navarro et al. 2018

= Vazdekis TACanary team) .
gas-infall

\ from forming
. spheroid
—

50 Myr T
Rt

~
/ o o0 e T

43

Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

? Myr
BH cluster

squeezed B % 3
to SMBH seed '

44



Put this into the context of galaxy formation and evolution:
(Kroupa, Subr, Jerabkova, Wang 2020)

see also

Davies et al. 2011
Lupi et al. 2014
Boco et al. 2020

BH cluster
squeezed
to SMBH seed
which grows by

~
Eddington accretion 7

as long as spheroid
keeps forming

J 4

Evolution of BH cluster as gas in-falls
(Kroupa, Subr, Jerabkova, Wang 2020)

G (Mgas(t) + N mp(t))’

E(t) =

= [ G (Mgas(t) + Nmpu(t))
U(t) N ( R NmBH(t)

R(1)

= NmBH (t) O‘(t)z

)

N

? Myr

gas-infall
\ from forming
- spheroid
. \

VAN

potential energy; cluster
in virial equilibrium
at any time.

velocity dispersion of
BH cluster

2= (Z (0t N o) (Ve 4 Nt i
— G R gas BH gas BH (Mgas + N mBH)2

with

. . . binding energy change through
E = Eqiss + Ebin,heat gas drag and
binary heating through BH-BH binaries.
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Mgas

Evolution of BH cluster as gas infalls _Teas
NmBH

(Kroupa, Subr, Jerabkova, Wang 2020)

33
03
Il

mpu = 50Mg, ny =1, Ry = 1pe, N =1.0- 10°

1.0 4
0.8

< 0.6

[p

< 0.4 1

0.2

0.0 -

50 100 150
time [Myr]

o

Figure 5. The evolution of the cluster radius, R(f), for ny = 1.0, mpy =
50Mg, Mgy =35 % 10° Mg, and Ry = 1 pc. The cluster of BHs contracts
because gas drag outweighs binary heating. See Fig. 6 for the ratio of the
rates of energy change due to gas drag and binary heating. The vertical thin
grey line represents the time, 7., when binary heating ceases to be relevant
(equation 17) and the vertical thick line shows the time, #,.;, when the BH
cluster reaches the relativstic state (equation 20).

47

Mgas

Evolution of BH cluster as gas infalls g = 7
mBH

(Kroupa, Subr, Jerabkova, Wang 2020)

Quasars and SMBHs 5663

mpu = 50Mg, 7y =1, Ry = 1pe, N =1.0- 10° mpy = 50Mg, 1y =1, Rg = 1pe, N =1.0- 10°
1.0 - 50 ] o1l
0.8 = ] %WQBHGBHIZBHC{’
j = 45 1
~
= 0.6 1 g
=) = 40 4
& 0.4 1 = ]
: © 35 )
0.2 1 _50 ]
: 30 A

0.0
T T T T T T T T T T T T T v T T L— T T v T T v T T
0 50 100 150 0 50 100 150
time [Myr] time [Myr]

Figure 5. The evolution of the cluster radius, R(f), for ny = 1.0, mpy = Figure 7. The evolution of the velocity dispersion (equation 24, blue line)
50Mg, Mgy =5 % 10° Mg, and Ry = 1 pc. The cluster of BHs contracts and of the condition when binaries cease to be a heating source (equation 17,
because gas drag outweighs binary heating. See Fig. 6 for the ratio of the red line) for the parameters as in Fig. 5. The velocity dispersion increases
rates of energy change due to gas drag and binary heating. The vertical thin as the cluster plus gas cloud shrinks. When the two lines intersect (the left
grey line represents the time, 7., when binary heating ceases to be relevant vertical line), binary heating ceases to be active. The vertical lines have the
(equation 17) and the vertical thick line shows the time, o, when the BH same meaning as in Fig. 5. Note that log = log;.

cluster reaches the relativstic state (equation 20).
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Evolution of BH cluster as gas infalls Mg = Meas
(Kroupa, Subr, Jerabkova, Wang 2020) N mph
Parameters: mpy =10.0M, 1, —l.p
N
1000
o 800 &
£ 500 2
= 300 E
100
1
_— — T R
4 5 6 7 8
log,o(Mpm,0/Ms)
49
Evolution of BH cluster as gas infalls Ng = Meas
(Kroupa, Subr, Jerabkova, Wang 2020) N mpn

Parameters: mpy =10.0M, 1, =1.0

Parameters: mpy =100.0M, 1, =1.0
E

logln(-‘"[l;ll_u/l\[.

50

’ o 7 8 9
log,o(Mpn,0/M:)

N N

1000 1000
800 E } 800 E
500 2. = 500 2.
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Ry /pe

Evolution of BH cluster as gas infalls

(Kroupa, Subr, Jerabkova, Wang 2020)
Parameters: mpy =10.0M, n, =0.1
E

10 1

B S A
! ,
) 6

l()].’;lll(x"lnn.[]/l‘l.

T
7
)

—

N
1000
800
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300
100
1

R

Parameters: mpy =10.0M, n, =1.0
E

Evolution of BH cluster as gas infalls

4 5 6

T T T T T T T T
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1

R

(Kroupa, Subr, Jerabkova, Wang 2020)

o

tret [Myr)

el [Myr

-~
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Ro/pc

Mgas

Parameters: mpy =100.0M., 1, =0.1
E
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shrinkage to relativistic regime (o) = 3000 km/s)

within 200 Myr of BH cluster formation (250 Myr after

Ist star forms).

then collapse of >5% of BH cluster to SMBH seed
through gravitational wave energy loss essentially
instantaneous (see also Lee 1993; Kupi et al. 2006 for Nbody).

A SMBH seed weighing >5% of the BH cluster
1s possible within 200-300 Myr of the formation

of the first stars.
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Remember/Summary

(Kroupa, Subr, Jerabkova, Wang 2020)
: ‘ sl | i@
,

Quasar phase

SMBH formation

“Quasar-like” phase
(approx. 50Myr)

Onset of spheroid formation
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Evolution of BH cluster as gas infalls
(Kroupa, Subr, Jerabkova, Wang 2020)

During the squeeze millions of neutron stars
are squashed together

v

(Strong flux of elements before any CCSN ?)

Strong flux of neutrons ?

To intergalactic distances ?

55

Within 11 Mpc there are
about 140 galaxies
more massive than 10° Msun
1.€.

140 SMBHs

First star formation about 200Myr after Big Bang
i.e. at redshift z=20

the Universe was 1/21 its present size

1.e. there were 140 forming SMBHs within 500kpc of "us"

Jets from quasars can reach lengths of 100s kpc

56



A Chandra X-ray image of the quasar
3C19.44. The overlayed contours show the
radio emission (the dimension 100kpc
corresponds to 329,000 light-years; the
extremely bright core produces a line of
bright pixels as an artifact).

Credit: NASA/Chandra VLA and Harris et al

Gnrichment by heavy elements}
(even r-process ?)
within a Myr after Big Bang
to distances of 100s of kpc,
1.e.
all of space

\___? Y,

this 1s likely to be non-homogeneous
1.e. more r-process "here" vs more s-process "there"
ete.
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What about

' the correlation bebtween
Ehe SMBRH |
and

hosk gaiaxv
mass ¢

Remember: SMBH mass vs host galaxy mass  (spheroid component)

(Wehner & Harris 2006; Capuzzo-Dolcetta & Tosta e Melo 2017) M87
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Need to ensure that enough gas
falls into the central region
of a forming galaxy.

This is not possible in disk galaxies,
they form too slowly.

Halve of all disk galaxies have bulges,
and a few percent of all galaxies
are huge bulges = elliptical galaxies

These galaxy spheroids form rapidly after Big Bang,
vast quantities of gas collapsed rapidly.




Need to calculate the
most massive forming
star cluster (Mecl.max)
in a galaxy with a
global star-formation rate
(SFR)

mass of galaxy spheroid
SFR =  —iie galaxy spherc

time to form galaxy

M gar My gal
SFR = Zhel o Do
AT AT
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What about the correlation between
the SMBH and host galaxy mass ?

Easy : use IGIMF thCOI'y (Kroupa & Weidner 2003; Kroupa et al. 2013;
Yan, Jerabkova et al. 2017; Jerabkova, Yan et al. 2018)

The total mass in stars formed in a galaxy over time &t is Moy = SFR x 6t

Mecl,max
But Mtot - / focl(Mccl> Mccl ndcl
Mecl,min
Mect,maxx
For Mecl,min =5 M@ and with 1= / €Ccl(Mccl) dMe
Mecl,max

where Mo maxs = 101 M,

ThU,S (]wecl,max = fn(S F RD as observed (Weidner et al. 2004; Randriamanakoto et al. 2013)

What is 6t ?

The time-scale on which the interstellar medium spawns a complete population of
new star (Egusa et al. 2004; 2009; Fukui etal. (2010); Meidt et al. 2015; Leisawitz

1989).
— (515 ~ 10 Myr)
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The mass of this cluster, Mecc max , Strongly correlates
with later host galaxy mass, M, ., , through

SFR = % ~ : .,-

AT

via Mol max = I(SFR){from above
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The "downsizing" or "Thomas time" {A7)

o}
ages, Z, [F_} values for 124 early-type galaxies
© (Thomas et al. 2005; Recchi et al. 2009)

confirmed by
de la Rosa etal. 2011;

McDermid et al. 2015;
Martin-Navarro et al. 2018;
Salvador-Rusinol et al. 2020
Yan, Jerabkova et al. 2021
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These galaxy spheroids form rapidly after Big Bang,
vast quantities of gas collapsed rapidly.

These more massive, the faster it formed |
‘ = "downsizing".

leGar: ~ 0.5 Gyr

~ 30 kpc

The "downsizing" or "Thomas time'" {A7)

Q
ages, Z, {F—} values for 124 early-type galaxies
© (Thomas et al. 2005; Recchi et al. 2009)

()]
L

[ confirmed by
4 F il de la Rosa etal. 2011;

McDermid et al. 2015;
Martin-Navarro et al. 2018;
Salvador-Rusinol et al. 2020
Yan, Jerabkova et al. 2021
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The "downsizing" or "Thomas time" {A7)

Q
ages, Z, [—} values for 124 early-type galaxies

TIGyr

S
o —_—

Fe

(Thomas et al. 2005; Recchi et al. 2009)

[ I confirmed by
[ 1 4 — de la Rosa etal. 2011;
i » McDermid et al. 2015;
- W = Martin-Navarro et al. 2018;
d 42 = Salvador-Rusinol et al. 2020
[ > Yan, Jerabkova et al. 2021
5 Jo &
: ] &0
I 1-2
'.- 1 1 1 1 1

8 10 12

logyo(Miga1/Mo)

ALMA Observations of Quasar Host Galaxies at z = 4.8

Nguyen, Lira, Trakhtenbrot et al. 2020

log SFR (M, / yr—1)

t =~ 1.2 Gyr after Big Bang
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Thus we obtain
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Thus we obtain

: (McConnell & Ma 201 3»IT
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72



Thus we obtain

log,o(Mcmo /M)

10
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SMBH mass vs host galaxy mass (spheroid component)

(Wehner & Harris 2006; Capuzzo-Dolcetta & Tosta e Melo 2017) M87
10 T T L i T
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The appearance of the first quasars
(Kroupa, Subr, Jerabkova, Wang 2020)

Based on the empirical galaxy-formation
times scales of Thomas et al. (2005)
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Solutions to the three problems:

I) How can SMBHs even form ?

Primarily through coalescence of > 10* stellar BHs
(driven by gas-infall onto the central BH cluster)

IT) Why do SMBH masses correlate with
the mass of the hosting galaxy ?

Essentially through the downsizing (Thomas) time and
via the IGIMF theory.

[IT) How can SMBHs form within a few 100 Myr
after the Big Bang ?

The highest-z quasars are hypermassive star-burst clusters
with top-heavy IMF (Jerabkova objects).

IV) 108 quasars / SMBHs exist per co-moving Gpc3

V) Thus rapid enrichment everywhere (even if patchy) ?
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Essentially :

Given

(1) the standard properties of normal matter

(i1) the observed downsizing (Thomas) time

(111) the correlations of the stellar population
with the downsizing (Thomas) time

quasars must appear about 200Myr after BigBang
as hypermassive star-burst clusters (Jerabkova objects)
and SMBHs must correlate with host galaxy.
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Solutions to the three problems:

I) How can SMBHs even form ?
Primarily through coalescence of > 10* stellar BHs

IT) Why do SMBH masses correlate with
the mass of the hosting galaxy ?

Essentially through the downsizing (Thomas) time and
via the IGIMF theory.

IIT) How can SMBHs form within a few 100 Myr
after the Big Bang ?

The highest-z quasars are hypermassive star-burst clusters
with top-heavy IMF (Jerabkova objects).
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END



