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The first supermassive black holes (SMBHSs)
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The first supermassive black holes (SMBHSs)

1st star
formation in ACDM Redshift z
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The growth puzzle

1st star
formation in ACDM Redshift z
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Eddington accretion
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The growth puzzle

Redshift z
30 2015 108765 4 3 2 1
 Forz> 7 SMBHSs, collapsed T T -

Pop Ill stars are not heavy — 107 JO3L3-1806 2. " i
2 Wang+ 21 afi X i o
enough... = ‘3 i 2
s 10° Jeda =1
= .
= 6 .
m@ 10 e z>7 SMBH
» e 6<z<7SMBH
§ 24 e z<6 SMBH
m ®E
Pop III stars -
102 ! T N B B A A ! ' T T B A
1071 10Y 101

Time [Gyr]

Yi-Ming Zhong | UChicago



The growth puzzle
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 Among the first SMBHSs, there
IS a population of low-
luminosity SMBHSs.

Mazzucchelli+ 17, Shen+ 19, Onoue+ 19 [SHELLQS]...

* Accretion process is slow.

* (Maybe there was a fast
accretion period.)

The growth puzzle (ver 2.0)
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 There is also a population of
“young” SMBHSs

At < 0.1 Myr

Eilers+ 18, ‘20
age is measured by the size of proximity zone

* Accretion period Is super short.

 Growth from Eddington accretion
IS negligible.

The growth puzzle (ver 3.0) @ @ @ @
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Even more massive seeds?
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Collapsing a dark matter halo

A dark matter halo
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How long does it take for a Galactic-sized
halo to collapse?

e Cold collisionless dark matter (CDM) halo
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o Self-interacting dark matter (SIDM) halo
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Our scenario

from Wise+, '08

Galactic-sized SIDM halo

T,
Y
c
= \
< 10! o DM data °
10° A  Gas data
1
10 — DM fit
)
10 — Q@as fit
1073 ;
10—4 ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII A
1072 10-1 100 10! 102 103
r [pc]

Yi-Ming Zhong | UChicago




Result
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Form low-luminosity SMBHs
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Form young SMBHs

dn(M, z) . [_ 02(2) ]
dM P 7202 ()
Universe Age |Gyr]
: . 0.7 0.8 0.9 1
* Need galactic-sized DM — | — |
halos at high redshift (rare in o2E
the early Universe). S
1011§
» Need cross section strength a0 B Eilers:+ 18, 20
o/m~ O(1 cm?2/q) = o
= F
* Only need moderate 10%g
concentration (c~3). 107k
E (Preliminary)
10
- Direct collapse
10} S S S Sy
8.0 7.5 7.0 6.9 6.0 5.0 5.0
Also can explain other SMBHs Z

Yi-Ming Zhong | UChicago



How to dissipate angular momentum?

Angular momentum
for the central region
can be dissipated
efficiently by self-
iInteractions.

Collisional viscosity
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Collapsed halo = black hole?

Gravothermal collapse

Dark matter
halo

The general relativistic
instability can be triggered Further
for the Collapsed core. contraction Binding energy criterion

Total energy criterion

Fractional binding
energy criterion

Adiabatic

index criterion

Seed black hole

more details can be found in 2108.11967
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Summary

* The first SMBHs challenges astrophysics and may require new thinking.
 SIDM + baryon provides a pathway to seed those SMBHs.

 We will learn a lot more about the first SMBHSs in the near future, e.g. James
Webb Space Telescope, Square Kilometer Array.

Thank you!
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