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ALMA	
  observaAons	
  of	
  the	
  host	
  galaxy	
  of	
  GRB	
  
090423	
  at	
  z=8.23:	
  deep	
  limits	
  on	
  obscured	
  star	
  
formaAon	
  630	
  million	
  years	
  aPer	
  the	
  big	
  bang	


Berger, E., et al. 2014, ApJ, 796, 96	




Constraining	
  FIR/dust	
  properAes	
  of	
  
the	
  GRB	
  090423	
  @z=8.23	


•  222	
  GHz	
  (1.4mm)	
  with	
  ALMA	
  è	
  rest-­‐frame	
  
~150μm	
  (i.e,	
  peak	
  of	
  SED)	
   25-28 antennas, 160 min on-source	


1σ=11µJy	


3.6µm	


Berger, E., 2014, ApJ, 796 96	




Constraints	
  on	
  SED	
  and	
  host	
  properAes	


Berger, E., 2014, ApJ, 796 96	




Constraints	
  on	
  SED	
  and	
  host	
  properAes	

•  Modified	
  blackbody	
  SED	
  

– Tdust	
  =	
  30	
  –	
  50	
  K,	
  β	
  =	
  1.5	
  –	
  2	
  
– Lower	
  boundary	
  of	
  Tdust:	
  TCMB(z=8.23)	
  =	
  25K	
  

Berger, E., 2014, ApJ, 796 96	




Comparison	
  with	
  other	
  high-­‐z	
  
galaxy	
  populaAons	


Berger, E., 2014, ApJ, 796 96	




A	
  dusty,	
  normal	
  galaxy	
  	
  
in	
  the	
  epoch	
  of	
  reionizaAon	


Watson, D. et al. 
2015, Nature 
519, 327	




VLT	
  spectroscopy	


•  Target:	
  A1689-­‐zD1,	
  behind	
  the	
  lensing	
  galaxy	
  
cluster	
  Abell	
  1689	
  
– A	
  candidate	
  z>7	
  system	
  from	
  deep	
  imaging	
  with	
  
HST	
  and	
  Spitzer;	
  z-­‐photo	
  =	
  7.6	
  ±	
  0.4	
  

– GravitaAonally	
  magnified	
  by	
  a	
  factor	
  of	
  9.3	
  
– One	
  of	
  the	
  brightest	
  candidate	
  z	
  >	
  7	
  candidate	
  
known	
  

•  X-­‐shooter	
  spectroscopy	
  
– March	
  2010	
  and	
  March	
  2012,	
  16	
  hours	
  on	
  target	




NIR	
  spectrum	
  of	
  A1689-­‐zD1	


Lyα cut-off è z = 7.5 ± 0.2	


- One of the most distant galaxies known to be confirmed via spectroscopy 
- The only galaxy at z>7 where the redshift is determined  
   from spectroscopy of its stellar continuum	


No line 
Rest-frame EW 
< 4Å for Lyα  
            & CIII]	


“blue” spectrum 
Fλ ∝ λ-β 

Β = 2.0 ± 0.1 



ALMA	
  detecAon	
  of	
  a	
  dusty	
  source	
  at	
  
z=7.5±0.2	
  behind	
  the	
  cluster	
  Abell	
  1689	


Watson et al. 
2015, Nature 
519, 327	


ALMA 1.3mm 
0.61±0.12 mJy	


cy0 + cy1	




ALMA	
  observaAons	

•  211	
  GHz	
  +	
  241	
  GHz	
  
•  The	
  source	
  is	
  located	
  towards	
  the	
  

northern	
  edge	
  of	
  the	
  mosaic	
  (42%	
  of	
  
the	
  sensiAvity	
  of	
  the	
  deepest	
  part	
  of	
  
the	
  mosaic)	
  

•  The	
  source	
  is	
  brightest	
  in	
  the	
  mosaic	
  
area	
  of	
  5	
  arcmin2	




※ Assuming  
   Tdust=35K,  
　β = 1.92 

L(IR) = 6.2×1010L¤ 
SFR = 9 M¤/yr 
M(dust) = 4×107M¤	


L(UV) = 1.8×1010L¤ 
è SFR(UV) =  
    2.7 ± 0.3 M¤/yr 
fainter than L* !	




Comparison	
  with	
  
other	
  high-­‐z	
  
star-­‐forming	
  

galaxies	


Watson et al. 2015, Nature, 519, 327	
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Physical	
  properAes	
  of	
  A1689-­‐zD1	

•  FIR	
  detecAon	
  at	
  z=7.5	
  è	
  must	
  have	
  enriched	
  its	
  
interstellar	
  media	
  with	
  metals	
  and	
  dust	
  

•  Metals:	
  primarily	
  produced	
  and	
  distributed	
  via	
  
supernova	
  explosions	
  è	
  metal	
  enrichment	
  happens	
  
concurrently	
  with	
  massive	
  star	
  formaAon	
  

•  The	
  site	
  of	
  dust	
  producAon:	
  less	
  certain	
  
	
  
The	
  mechanism	
  must	
  be	
  very	
  rapid!	
  
The	
  strongest	
  direct	
  constraints	
  on	
  the	
  rapidity	
  of	
  dust	
  
enrichment,	
  occurring	
  within	
  only	
  500	
  million	
  years	
  of	
  
the	
  beginning	
  of	
  star	
  formaAon	
  in	
  the	
  Universe.	
  	




The	
  dust	
  mass	
  in	
  z	
  >	
  6	
  normal	
  star	
  
forming	
  galaxies	


Mancini, M., et al. 2015, MNRAS, in press (arXiv: 1505.01841)	




Very	
  efficient	
  grain	
  growth	
  is	
  required!	
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arXiv: 1505.01841	



