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ALMA	  Observa@ons	
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§ Observations 
   ● 13 days in 2014-2015 
   ● Max baseline: 550-1250 m 
   ● 45-pointing mosaic (separated by x0.8 antenna beam) 
       ○ one SB terminated after 20 pointing -> included. 
§ Reduction and Imaging 
   ● standard procedures using CASA 
   ● CLEAN with natural weighting:  
      -> synthesized beam: 589 x 503 mas^2 
   ● A 220 x 180 kλ taper: 
      -> ~requested beam: 707x672 mas^2 
   ● final mosaic sensitivity at center: 34 uJy/beam 
   ● no deconvolution. 
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Other	  wavelength	  data	
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§ Optical/NIR 5σ depth 
   ● ACS: B,V,I,z -> 29.7,30.2, 29.9, 29.8 
   ● WFC3: Y,J125,J140,H160 -> 29.7, 29.2, 29.2, 29.2 
   ● HAWK-I: Ks -> 26.5 
 
§ Other data 
   ● Spitzer / Herschel 
      -> ‘we fitted the Herschel maps with appropriate beams at the 
ALMA source positions’ 
   ● Radio: rms 0.32 uJy/beam at 6 GHz 
       -> 27 radio sources with >5sigma 
   ● MUSE: 3x3 mosaic of 18.2 ksec (+ 65 ksec in the centre) 
       -> detected line(s) for 6/16 ALMA sources 
       -> 4/6 are new. 



ALMA	  Source	  Extrac@on	
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§ Method 
   ● create ‘noise’ map 
       -> evaluated the standard deviation for each pixel. 
   ● then make ‘SNR’ map 
   ● Search and Destroy. (AIPS/SAD-like?) 
 
§ Survey area 
   ● 4.4 arcmin^2 with σ<40 uJy (Cf. 34 uJy at centre) 
   ● positive: 47 sources with >=3.5σ 
       negative: 29 sources with >=3.5σ 
　　=> 15-20 sources would be real. 
 
      (…counts as a function of SNR?) 
       ○ 5 sources with 6σ are ‘secure’ 
       ○ 7 ‘negative’ sources with 4σ 



ALMA	  Source	  Catalog	
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ALMA	  Source	  Catalog	
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● ‘in very good agreement with integration of the Schechter function  of 
H16’. 
● significant work still needs to be done to clarify the faint-end. 

H16	  best-‐fit	  func@on	

Input	

Input	  (retrieved)	

output	  (retrieved)	



Proper@es	
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↓	  SED	  Fit	  
	  	  	  Chabrier	  IMF	

↑	  rest	  frame	  UV	  
	  	  	  (1500A)	

↓	  SED	  Fit↓	  

↑	  HUDF	  Template=	  ‘Best’	

↓	  Mul@ple	  Templates	

↑	  6GHz	



Redshi^s	
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● 13 spec-z + 3 photo-z 
 
● The distribution is in very good 
agreement with classical SMGs. 
   -> <z>=2.15 
        13/16 are at z=1.5-3. 
 
● only one detection beyond z=3.1 
   => the absence of high-mass 
galaxies at these redshifts. 
 
● the decline at z<1.5 
   => quenching of SF activity in 
high-mass galaxies. 



Stellar	  Masses	
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7/9	  are	  	  
detected	  by	  ALMA!	

Quenching	

Stellar	  mass	  is	  	  
The	  best	  predictor	  of	  SFR	  
At	  these	  Epochs	



Combined	  Templates	
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~20%	  are	  from	  AGN?	



Stacking	  Analysis	
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The	  best	  esBmate	  to	  date	  of	  the	  distribuBon	  
Of	  this	  background	  as	  a	  funcBon	  of	  z	  and	  M*	

The	  steep	  dependence	  of	  	  
Dust-‐obscured	  SF	  on	  M*	



EBL	
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F16	

Stacking	

COBE	

 
● consistent with the 1-σ lower bound on the COBE estimate 
● ‘we would require to approximately double the flux density in HUDF’ 



The	  star-‐forming	  MS	
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UV	

UV+FIR	

Stacked	  UV+FIR	

An	  excellent	  fit	  
SFR∝M*,	  sSFR=2.2	  Gyr-‐1	



Obscured	  vs	  unobscured	
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EssenBally	  all	  the	  increase	  in	  SFR	  with	  M*	  on	  the	  MS	  	  
At	  higher	  masses	  is	  delivered	  in	  a	  dust-‐obscured	  form.	



Cosmic	  star-‐forma@on	  history	
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UV+FIR	

FIR	

UV	
UV	  LF	  	  
down	  to	  M_UV=-‐15	

TransiBon?	

 
● ‘This is the first time a direct census of ρ_SFR(obscured) has been 
performed at these redshift.’ 
● At z>4, most of the SF in the Universe is unobscured.  
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