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NEED TO EXPLAIN:

« Ubiquity of BHs In present-day galaxies
e QSOs with M>10°M_, at z>6
— Age of Universe <20 t (fore ~0.1)

Salpeter

U

Eddington-limited accretion would have to:
— Start early z>10

— Be nearly continuous
— Start with M, >10-100 M




Begelman & Rees,
“Gravity’s Fatal Attraction” 1996
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Halo with slight rotation
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QUASISTAR AFTER BH FORMS

BEGELMAN, ROSSI & ARMITAGE 07

convective envelope
radiative layer

R+~ 100 AU
BH, Mgy Bondi Radius

looking for stable configurations for any Mgy
M= and T, to trace the evolution track for QS




SOURCE OF ENERGY

BH accretes adiabatically from Quasistar
interior

2
CS _1
MBH = MBondz ( 2 ) €

The luminosity depend on Fc> 1

: 47
Loy —ocllo e — o @) G Megp) T
energy sinks: jets, wind, inefficient
convection etc.




NUMERICAL MODEL

PP P

Lpu
= d7rep i

— d 0
dr

Schwarzschild criterion for convective stability:

dTrad dTa,d
dr dr

+ numerical PoP III opacity from Mayer & Duschl 05

> ()




RESULT (1D

The Black hole accretes at the the
Eddington rate for the total mass (BH mass
+ envelope mass)

since envelope mass is 100 times BH mass

The BH accretes Super-Eddington !
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solutions exist. (Analogous 01
Hayashi track)
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a BH with mass
103'104 Msun!
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CONCLVUSIONS

BH §€EDS MAY GROW SUPER-
EDDINGTON INSIDE AN “QUASISTARY

MIN. T, OF Q71§ 7 4000 K,
LIFETIME 1§ >10¢ YR

AN INTERMIDATE-MASS BLACK

HOLE IS REVEALED WHEN THE Qf
EVAPORATES




back up slides




DETECTING A QUASISTAR

 Most time spent as ~5000 K blackbody
 Radiates at Eddington limit for 10°m; M

F ~23x10_5m5 5000(1+Z)DL_2GPC Y

v ,max

= L+ 2)T50 Wm

e Max flux ~

10~ =5%x107" Jy for z ~ 620, m, ~10° -10°



Sensitivity [Jy]
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QUASISTAR STRUCTURE : PRE-BH

« Mass m. (M) increases with time 0.1 M, yr!
COI‘e With pgaS = prad

Envelope Pru / Pgas &

1/2 >>1

— Entropy increases outward — convectively stable
— Rotation increases binding energy

Outer radius 7 ~0.5m_ AU constant

Core radius 7. ~7./m.shrinks
— Nuclear burning 1nadequate to unbind star

When core T ~5x10"K

—

rapid cooling by thermal neutrino



Mayer & Duschl
2005

Metal-free
opacities

Analogous to
Hayashi track,
but match to
radiation-
dominated
convective
envelope

Planck w/o lines Rosseland

Planck with lines

FOF 111 Lithium-free
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"Toy" opacity
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our solution

our solution without BH
loaded polytrope

polytrope




our solution

our solution without BH
loaded polytrope

polytrope




Opacity behaviour in the radiative laye
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TEMP./METALLICITY DEPENDENCE

° Thalo N104K Mhalo ~109M
— Metal-free, H,-dissociated gas falls in

Solar

 (Metal rich and/or H, fragments?)

— Inflow rate, mass accumulation HIGH

¢ 7,,~10°K M,, ~10°M
— Infall requires H, or pollution by Pop 111

Solar

— Inflow rate, mass accumulation LOW



