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COSMIC REIONIZATION

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

Brightness Temperature Evolution

1600

1200

emission

400

6.00 7.65 9.96 13.33 18.54 27.20 4321 78.06 179.00

? ? * :
p o is | 27 redshift
Epoch of Reionization Cosmic Dawn Dark Ages
* IGM warmer than CMB e IGM colder than CMB « IGM colder than CMB
e Strong T, — T, coupling * Lya coupling (WF effect) « Weak T,— T, coupling

* X-ray preheating

30

-30

-60

-90

~-120

= -1-150

F -180

Olw) 10



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
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Castello Carrarese, Padu
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COSMIC REIONIZATION

Planck Collaboration 15
PILLANCK POLARIZATION DATA
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HIGH-Z STAR FORMATION

Robertson+15
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HIGH-Z LUMINOSITY FUNCTIONS

Salvaterra, AF, Dayal 2011
SIMULATION RESUL/TS
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GO FAINTER: FRONTIER FIELDS
Coe+14; Atek+14,; Yue, AF+14

Hubble Frontier Field Abell 2744 Hubble Space Telescope « ACS « WFC3

alaxies
t-end slope of the LF
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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

X-ray 0.5-2 keV count-rate map

X-ray 0.5-2 keV fluctuation map

X-ray 0.5-2 keV exposure map

IRAC 4.5 um fluctuation map

Chandra EGS/AEGIS field (45°% 8”)

IRAC 4.5 pm exposure map




CIB-CXB CROSS-CORRELATION
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Science, 14JUNE2013 340, 6138, 1257
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The cosmic infrared background, Qhe integrated infrared light produced
by all extragalactic sources in thg umverse has been found to exceed
the expected emissions from known dél’ames, mcﬁ:dlrﬁ theymost distant
: the populations responsible for this
exces Cappelluti et al. ¢poss-correlated the fluctuations in thesinfrared
auads”The infrared background is sensitive to stellar
populatlons whereas the x-ray backgroundsprobes radiation from ac-
creting black holes and thermal x-ray emission from hot ionized gas. The
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0.5-2 keV — 4.5 um

detected correlations indicate that at least 15 to 20% of the cosmic in-
frared background is produced by soupces=tret=arg powerful x-ray emit-
ters. Based on theoretical calculatiopose in a different
study that the first cosmic klack holeS~whiel=foTmed from direct col-
lapse of the gas in the first galagy halos, are responsible for the infra-
red background fluctuations. This hypothesis is consistent with the ob-

served correlation between the infrared and x-ray backgrounds. — M]C
Astrophys. J. 769, 68; (2013) Mon. Not. R. Astron. Soc. 10.1093/mnras/stt826 (2013).
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HIGH-z BLACK HOLES
THE NEED FOR MASSIVE SEEDS

« SMBH of M=10° M observed at z=7.085 (t=0.77 Gyr)
* Implications: (a) start early (b) (super-)Eddington rate at all times

1 —et(2)
€ tb'

mo = m(t) exp [— ] = Seed masses > 400 M,

| STELLARSEEDS DIRECT COLLAPSE

Continuous gas supply Gas driven 1in rapidly (deep potential)
Avoid rad. fdbck depressing accretion rate Transfer angular momentum
Avoid ejection from halos and loosing BHs Avoid fragmentation

Avoid overproducing ~ 10° M, holes Reionization stops DCBH: short Era?
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HIGH-z BLACK HOLES

Dijkstra, AF & Mesinger 2014
DCBH ABUNDANCEK
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(i) fiducial Jerit = 300; Starformation occurs in all dark matter halos with Ty;, > 10% K
(Myv,max = —10.7 at z = 10); fesc,Lw = 1.0; galactic outflows described by Eq 5.
(ii) Myv max = —14  Same as (i), but extrapolate the UV-luminosity function to Myy max = —14.0
(iii) fese,rw = 0.5 Same as (i), but with fesc tw = 0.2.
(iv) no winds Same as (i), but ignore galactic winds (i.e. rs = 0).
(v) Jerit = 100 Same as (i), but decrease J.,iy from J.;iy = 300 to Jepie = 100
(vi) Jerit = 30 Same as (i) but use J.;it = 30 (see text for details)
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SELECTED SUMMARY

<> HI 21cm signal from Cosmic Dawn strongly affected by X-ray pre-heating

< Faint-end of UV LF is steep (a=—2) and shaped by SN feedback

<> More than 80% of photons come from halos with M, < 10° Mg (H > 32)

<> HFF allow detection of “true” reionization sources and understand radiative feedback
< NIRB contains the cumulative light of early UF galaxies. Foreground removal?

< Black hole seeds imprint encoded in the NIRB-X-ray background correlation

<> Abundance of DCBH seeds difficult to estimate, more work required



