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High z Quasars

★

The highest-redshift
black hole currently
observed is at z=7.085
9
and has 2x10 M⦿
(Mortlock et al. 2011).

★

The most massive black of
10
1.3 x 10
M⦿ at z=6.3
(Wu et al. Nature 2015)
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Supermassive black holes
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with ~10 solar masses
have been observed at
z>6.
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★

Wu et al. Nature 2015
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Direct collapse of a massive
8
★ Provides
massive
alo
of 107-10
M☉ seeds of
105-106 M⦿

ey requirements

Key requirement is to have large
rimordial composition
inflow rate of > 0.1 M⦿/yr
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uench H2 formation
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Cosmological simulations
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Simulations exploring the direct collapse

te of Simulations

★Collapse
Latif et al 2013occurs
MNRAS isothermally with T~ 8000 K
433.1607L
★Provides large inflow rates of ~1M⦿/yr
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Impact of H cooling & Realistic opacities

Latif, Schleicher & Hartwig, 2016, MNRAS
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Impact of H cooling & Realistic opacities
Black hole formation

Latif, Schleicher & Hartwig, 2016, MNRAS (arXiv:1510.02788)

re 3. The average density along the projection axis at the end stage of our simulations. The rows represent halo 1 and halo 2
olumns from left to right show projections along x, y and z axis for the central 0.1 pc. The figure shows that only single object

he columns from left to right show projections along x, y and z axis for the central 20 AU part of both halos. It shows that on very
mall scales the halo 1 is fragmented into two clumps while halo 2 has only single clump at its centre.
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Impact of H cooling & Realistic opacities

Latif, Schleicher & Hartwig, 2016, MNRAS (arXiv:1510.02788)

Figure 6. Toomre instability parameter ”Q” for both halos at the end stage of our simulations. The red and blue lines represent halo1
nd halo 2, respectively. The plot shows that disks in the halos become marginally unstable between 1-10,000 AU due to the H− induced
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● SGS
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al 2013 MNRAS 436 2989L
favors high
the evolution for 200,000 yrs
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DCBHs are 105 Msun

accretion rates

Latif et al. 2013 MNRAS
Massive protostars of about 105 M⦿
Latif et al 2013 MNRAS 436 2989L
are formed
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Fraction of metal free halos

Latif et al. 2016 ApJ resubmitted, See Habouzit, ML et al 2016

Estimates of Jcrit from 3D simulations

Realistic Pop II Spectra

Latif et al 2014
ArXiv:1408.3061L

Latif et al. MNRAS 2015 446 3136, Also see Hartwig, ML et al. MNRAS 2015

Number density of
DCBHs
“Direct collapse" black hole seeds
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Habouzit,Volonteri, ML et al. 2016, Also see Habouzit, Volonteri, ML et al 2016 & Dijkstra et al. 2014

massive stars are favoured to reproduce the observations.
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The Zcrit model yields larger masses of low-metallicity gas
down to smaller redshifts and consequently allows primorY CONSISTENT
dial star formation at later times. Hence, more massive stars
can also survive to contribute to the Heii luminosity at z =
-7
6.6. The Zcrit model produces the highest Heii luminosities,
10
Sobral
et
al
2015,
Pallottini
et al. 2015, Agarwal et al. 2015
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which are still more than 10 orders of magnitude below
the observed value of 1.95 × 1043 erg s−1 . Even for a higher
t [Myr]
halo mass, the final luminosities are too small. We note
Figure 4. Mean cosmic Pop III SFR for all four models per
that the corresponding Lyα luminosity for Pop III stars in a
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and decreases at z < 12.
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PopIIIabout
BH 1σ
PopIII
3σ value.
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CR7: Potential host for a DCBH ?
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Pop III stars that survive until z = 6.6. To show this-1eﬀect,
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-3we plot the stellar mass distribution of primordial stars in
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Figure 7. The more massive the stars, the shorter the life10.6fiducial
-2 long
times and the smaller the probability that they survive
1->100
-4enough to be present down to z = 6.6. For M < 2 M⊙ this
10.4 Zcrit
merger
plot represents the IMF, since the lifetimes of these stars are
10.2
long enough for them to survive until z = 6.6. For-3
higher
-5masses we see that the Zcrit model is the most likely one to
108
10
also contain stars that are ∼ 10 M⊙ since it has the largest
amount of gas available for star formation down to
-4lower
9.8
Prime target for JWST!
-6redshifts. But even these stars are not massive enough to
9.6
contribute significantly to the Heii luminosity, due to the
steep dependence of the Heii luminosity on the stellar
-5 mass
9.4
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-7(see also Table 1). We also test more extreme models for
the Pop III IMF with a mass range from CR7
Mmin = 10 M⊙
9.2
to Mmax = 1000 M⊙ and find significantly fewer primordial
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7 than
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stars at all that might
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z = 6.6, because such massive stars explode within a few
as SNe.
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Growth of a DCBH
3D Radiation Hydrodynamical simulations
Include both UV & X-ray feedback (0.1eV-1.1 KeV) from a BH
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Summary
➡ Direct isothermal collapse provides massive seeds of about
105 M☉but sites are rare

➡Large accretion rates of ~0.1 M☉/yr are found in
simulations with moderate UV flux
➡Fragmentation occurs occasionally but clumps
migrate inwards
4
Difficult
to
grow
a
DCBH
10
M☉ in an atomic
➡

cooling halo
➡Radiative feedback from active BH limits its
growth
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