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Monolithic Collapse
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How many seeds?

J,~1000 from our result

Dijkstra, Ferrara, Mesinger 2014 Agarwal + 2012
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Large discrepancies in estimate for ],
distribution

Direct collapse occurs only in very rare
environments but may still account for high-z
SMBH.



Accretion evolution to supermassive stars
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low effective temperature
at several 103K
(looks like a red-giant
star )

—->negligible UV luminosity
and feedback

—>accretion continues
unhindered and the star
becomes supermassive

For its effect on the stellar feedback, see Yuya Sakurai’s poster.



General relativistic collapse
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Figure 1. Evolution of the central temperature and density for the cases with
different accretion rates of M = 0.1, 1, and 10 My yr~'. The gray shaded area
denotes the electron—positron pair-unstable region. The star becomes GR
unstable in the dot—shaded area under the assumptions of the n = 3 polytropic
structure and primordial composition.
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Figure 2. Evolution of the central temperature 7, as the stellar mass increases.
Only the values around the stable nuclear burning are shown for clarity. The
different lines represent the different accretion rates, 10 Mg yr=' (blue
dashed), 1 Mg yr=! (red solid), and M = 0.1 Mg yr~! (green dotted—dashed
line). The vertical arrows indicate the points where the central hydrogen is
exhausted with M = 0.1 and 1 Mg yr—\.
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Figure 1. Central accretion rate and radiative luminosity as a function of time
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FIG. 3: Eick velocities and error bars for different spin ratios: the
dashed lines show a linear fit of all the data when the poimnt at
ayfae = 1 is given an infinite weight since |v|giq. = 0 for ay = asa.
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FIG. 1: The recoil velocity versus angle ¥ between the initial
individual momenta and spins and a least-squares fit. Note
that the ¢ = £ are the same SPC configuration.
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Fic. 13, Mass function of wandering BHs at = =0, averaged over

20 Monte Carlo realizations of a galaxy-sized halo (epy = 100 km s !
solid lines). and 20 realizations of a more massive halo (epy = 200 km
s7', dashed lines). The lower left histograms give the contribution of
slingshots 0 the mass function in the two cases considered. Error bars
are | o Poissonian noise. The nuclear SMBHs in these halos have
masses mpy = (3.8 20.1) < 10° M. and mgu = (1.O£0.1) x 108 M.,
respectively.
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FiG. 15.—Cumulative mass density in BHs at redshift = = 0. The total
density is dominated by the nuclear BH contribution: however, the contri-
bution of wandering BHs takes over for masses < 10% M. Solid line: Total
mass density. Dor-dashed line: Nuclear BHs. Long-dashed line: Wandering
BHs. Short-dashed line: Intergalactic BHs.,



IIIII

M o-oFE R DFCIR (K ?

e BHH S D Feedbackii o e
BHRLEMN/NILODERKZE 1D S,

e BH~ANDFeedingit
INLOERIZEY HRAD—EBHBHA
HBINS,




HIESaL—2320OH

di Matteo + 2005

Mg (M)

o RAIEARDE.BHMLDIRILEX—FAICKYT AN LH . BH
DRERERAIFTOERENEELEIEES,

o« BHRTUIYILAFEWN(GKR)EEMIZE., T4—F/\vII1ZHL T
BHRL . EEMN R,
> M-of§&ENBIRTES,



FEBHD 1E A D& AR 1R ELE



B 2 E0 810D Al g%



Supergiant protostar detectable by JWST

Accreting supermassive stars are above the threshold
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Pallottini + 2015

Or direct collapse BH?

10* ““:'Ea;;;;';uag']““"“:;;::i::—"ir“‘;
R I e I R §
E 10" W LS S
£ Bl _---7T T :
£ ¢ o
ERL o I
@ Xeray @ (0.5-2.0) keV i g i
g .
z 025 —————— L ____
fe.zort__—_‘_ CR7 :
gjms— i
& 010 20 20 - s'p __ 80 100 120
VDS ETEFLRAES o
RIE(=Pop IIl ZZ AR vV EATT BEMRSESE(BC)MDDUV
YSalb—la iEnIc (121=5000) I BB B &N 1=
CR7IF & @j(%é(lOZMsun)O) 15 [R5 A8 Tdirect collapse
Poplll burst (X R W= EM o=, BHASHIL. 2Dk BEIZLYRE
(T=1-Lsimulation boxId VEEDXRER THRETE S0,

SRR KLY /NELY)



—
=y
i

Detector hrms and Source hchar
=

)

[ \\ w 10° f\'l-__.)..z =15
=19 *‘A

1 B \

t a3

B HRIZCKAHTROBIEfREE

eLISA
2030 AT EITETE

FEBHMBSMBHAR R T AEICKZSTHAD
BRITENEZRANTHEH AT EE

equal-mass binary MM SNRDIOAVKT
GWamplitude

_-_H'\"MF Mg,z =5

e —— e 1 x10% Mg,z =20
LY "~ ”
\\ "y, -

6‘@/7 t“\ !!! /-\‘_/
\9/[(. “\ ‘i._
/&/ TN '/
fk \.,...‘:"‘ ‘-'.-;.--I‘"
10 10? 10 10
f (Hz)

Baker et al. 2007



dN/dlog(m,)

Light or heavy seeds
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Sesana, Volonteri, Haardt 2007
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