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Halo mass = 2.2x10° M

dark matter density
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ACCRETION

« Run-away collapses produces a core + accreting envelope structure
« Initial conditions: M.~ 1073 Mg, M, ~ 103 Mg

KEY POINTS

Accretion rate

dM/dt = It takes only 70,000 years to build
a 300 M, star

Numerical estima

Was the Initial Mass Function
of the first stars top-heavy?



Cosmic Relonization

Cosmic hydrogen is ionized by-U V light from first stars/galaxies



HI 21 CM LINE

BASIC PHYSICS
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COSMIC REIONIZATION

Mesinger, AF & Spiegel 2013, Pacucci+14
HI 21CM LINE VIEW

Brightness Temperature Evolution
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21CM POWER SPECTRUM

PAPER-64 RESULT
135 days/64 elements

COSMIC REIONIZATION

Mesinger, AF & Spiegel 2013
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Diving in a hydrogen sea




COSMIC REIONIZATION

Planck Collaboration 15
PILLANCK POLARIZATION DATA
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HIGH-Z STAR FORMATION

Robertson+15

L. =0.001L,

o

I 689,
- C’w/b”@/n
- ervey
| e Maximum Likelinood SFR History
| ------ ML SFR History Without r Constraint ]
— @ SFRDensity from UV Luminosity Density =
[ @ SFRDensity from IR Luminosity Density ]
i 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

2 4 6 8 10 12 14

Redshift z

f.=0.2



LUMINOSITY FUNCTIONS

REIONIZATION SOURCES

Salvaterra+11, Bouwens+14
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GO FAINTER: IR BACKGROUND

CIB FLUCTUATIONS Kashlinsky+12; Helgason+12; Yue+12
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ADDITIONAL EXPERIMENTS

Cappelluti+12
CIB-CXB CORRELATION

. : _ ; LEPRRL | . X-ray 0.5-2 keV count-rate map
BREAKING NEWS
uation map
Now independently confirmed by
Mitchell-Wynne et al., arXivi1610.02015

Chandra EGS/AEGIS field (45°% 8”)
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FIRST BLACK HOLE ERA

minihalo
T, <10?K wunpolluted “atomic”
* Tvir =10 K
Lyman-Werner UV~ 88~ =t

supermassive/
quasi-star

1000 AU

d
\' q

polluted “atomic”

%

high-z galaxies

MODEL

Yue, AF, Salvaterra, Xu, Chen 2013
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HIGH-z BLACK HOLES

DCBH FORMATION
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Courtesy: C. Regan, Univ. of Helsinki




Luminosity [erg s™' Hz
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ABSORBED SPECTRUM
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HOW SEEDS EMIT

Yue, AF & Salvaterra 13

"Observed NIR
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[I(14+1)C*8 /2] [erg s™' cm™ deg™?]

BACK TO NIRB

Yue, AF & Salvaterra 13
SEEDS EXPILAIN CIB-CXB CORRELATION

CXB Power spectrum
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A growing DCBH

UV Light

IR Light h .

DCBH ACCRETING ITS PARENT HALO GAS



OBSERVATIONAL SEARCHES

SELECTING DCBH BY COLORS
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Pacucci+16

Do DCBHs exist? Yes!

H-band Image X-ray Image
(Hubble Space Telescope) (Chandra Space Telescope)
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Jet Propulsion Laboratory
California Institute of Technology

NEWS | MAY 24, 2016

NASA Telescopes Find Clues For How Giant Black Holes

Formed So Quickly
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CIB contains the cumulative Ilght of earIy u'ltra-
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