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

COSMic REIONIZATION 

Brightness Temperature Evolution 

redshift 27 15 6 
Dark Ages 

•  IGM colder than CMB 
•  Weak Ts – Tk coupling 

Cosmic Dawn 
•  IGM colder than CMB 
•  Lya coupling (WF effect) 
•  X-ray preheating 

Epoch of Reionization 
•  IGM warmer than CMB 
•  Strong Ts – Tk coupling 

absorption strong 
absorption emission 



Mesinger, AF & Spiegel 2013 
21CM POWER SPECTRUM 

COSMic REIONIZATION 

PAPER-64 RESULT 
135 days/64 elements 

2-sigma 
Ali+2015 

redshift 10 20 30 40 



Diving	  in	  a	  hydrogen	  sea	  

The	  world’s	  largest	  radiotelescope	  



SKA	  Headquarters	  

Here… ? ..or here  ??!! 
 
Castello Carrarese, Padua, Italy 
Proposed SKA HQ 



Planck Collaboration 15 
PLANCK POLARIZATION DATA 

τ = 0.066 ± 0.016 

zrei =[7.2 – 10.5] 

COSMic REIONIZATION 



HIGH-z Star FORmation 

Lmin = 0.001 L★ 

Robertson+15 

fesc= 0.2 



SIMULATION RESULTS 

Bouwens+08 Bouwens+08 Oesch+09 

Bouwens+10 Bouwens+09 
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Steep faint-end α ≈ -2 

HIGH-Z LUMINOSITY FUNCTIONS 

Salvaterra, AF, Dayal 2011 

50% 

18% 22% 

20% 

Lmin = 0.001 L★ 
MUV= −13 

Fraction of ionizing photons sampled 

fesc= 0.2 



GO FAINTER: FRONTIER FIELDS 
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Studying Ultra-Faint early galaxies 
Radiative feedback and the faint-end slope of the LF 

WFC3 field of view 

2744 2744 2744 All All All 

Coe+14; Atek+14; Yue, AF+14 

Mh <109 M¤ 

  80% of ionizing photons 



GO FAINTER: IR BACKGROUND 

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

≈ 1o 

Spitzer/IRAC 3.6 µm UDS+EGS fields 
12 hr/pixel w Resolved, mAB < 25 sources removed 

“ordinary” z<5 galaxies 

high-z, reionizing galaxies 

EXCESS 

KEY POINTS 

Nature of CIB fluctuations excess yet 
unkown 

Once understood, can be subtracted to reveal 
the signal from reionizing sources  

(30x smaller) 



  CIB-CXB CORRELATION 

Cappelluti+12 

ADDITIONAL EXPERIMENTS 

C
ha

nd
ra

 E
G

S/
A

EG
IS

 fi
el

d 
(4

5’
× 

8’
) 

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 µm fluctuation map  

IRAC 4.5 µm exposure map 



  

2π/q	  (arcsec)	  

0.5-2 keV – 3.6 µm 

0.5-2 keV – 4.5 µm 

Science, 14 JUNE 2013, 340, 6138, 1257 

CIB-CXB Cross-Correlation   



First Black Holes ? 



HIGH-z BLACK HOLES 

THE NEED FOR MASSIVE SEEDS 

•  SMBH of  M=109 M� observed at z=7.085 (t=0.77 Gyr)    
•  Implications: (a) start early (b) (super-)Eddington rate at all times 

STELLAR SEEDS 

Continuous gas supply  
Avoid rad. fdbck depressing accretion rate   
Avoid ejection from halos and loosing BHs  
Avoid overproducing ~ 106 M� holes 

DIRECT COLLAPSE 

Gas driven in rapidly (deep potential)  
Transfer angular momentum   

Avoid fragmentation  
Reionization stops DCBH: short Era? 

è Seed masses > 400 M� 



HIGH-z BLACK HOLES 

DCBH ABUNDANCE 

fiducial  

fesc,LW= 0.2 

no winds 

Jcrit = 30 

Dijkstra, AF & Mesinger 2014 



²  HI 21cm signal from Cosmic Dawn strongly affected by X-ray pre-heating  

²  Faint-end of UV LF is steep (α=−2) and shaped by SN feedback 

² More than 80% of photons come from halos with Mh < 109 M¤ (H > 32) 

²  HFF allow detection of “true” reionization sources and understand radiative feedback 

²  NIRB contains the cumulative light of  early UF galaxies. Foreground removal? 

²  Black hole seeds imprint encoded in the NIRB-X-ray background correlation 

²  Abundance of DCBH seeds difficult to estimate, more work required 

  

SELECTED SUMMARY 


