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  At	
  z	
  ~	
  6	
  the	
  Universe	
  was	
  young	
  (<	
  1	
  Gyr)	
  
  Luminous	
  quasars	
  at	
  high	
  redshift	
  	
  

  Large	
  black-­‐hole	
  masses	
  (109-­‐10	
  M)	
  
  Large	
  stellar	
  masses	
  (1010-­‐11	
  M)	
  
  Large	
  dust	
  masses	
  (108-­‐9	
  M)	
  

  How	
  was	
  all	
  this	
  dust	
  produced	
  so	
  quickly?	
  
  Dwek,	
  Gall,	
  Foyle,	
  Valiante,…	
  





  Massive	
  stars	
  evolve	
  fast	
  and	
  there	
  is	
  some	
  
evidence	
  that	
  they	
  produce	
  dust	
  (progenitor,	
  
supernova	
  itself,	
  remnant)	
  
  Rho,	
  Matsuura,	
  Dwek,	
  Gall,	
  …	
  

  Look	
  for	
  special	
  signatures	
  in	
  the	
  extinction	
  
curves	
  of	
  high-­‐redshift	
  quasars,	
  which	
  could	
  be	
  
indicative	
  of	
  supernova	
  dust	
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  High-­‐redshift	
  quasars	
  with	
  detected	
  dust	
  
extinction	
  are	
  required	
  to	
  be	
  extremely	
  blue	
  

  Only	
  one	
  example	
  of	
  Todini-­‐Ferrara	
  supernova	
  
extinction	
  curve	
  known	
  (and	
  not	
  confirmed)	
  

  Parametric	
  models	
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  Alternative	
  method	
  of	
  fixing	
  the	
  intrinsic	
  spectral	
  
slope	
  of	
  quasars	
  

  Clear	
  detection	
  of	
  UV	
  extinction	
  
  Minimum	
  (not	
  absolute)	
  values	
  
  Degeneracy	
  between	
  α	
  and	
  A1550,	
  primarily	
  due	
  to	
  

uncertainties	
  in	
  correcting	
  for	
  Hβ	
  and 	
   	
  	
  	
  	
  	
  	
  	
  
[O	
  III]	
  4959,5007	
  flux	
  in	
  the	
  3.6	
  μm	
  IRAC	
  band	
  

  Need	
  wide-­‐band	
  spectra	
  for	
  accurate	
  calibration	
  
and	
  elimination	
  of	
  effects	
  of	
  emission	
  lines	
  etc.	
  



  Medium	
  resolution	
  
spectrograph	
  

  0.3	
  –	
  2.5	
  μm	
  
  With	
  Paul	
  Vreeswijk	
  







noBAL	
  

Small	
  FIR	
  dust	
  mass	
  



  Using	
  Spitzer/IRAC	
  to	
  fix	
  intrinsic	
  spectral	
  slope:	
  
  Evidence	
  for	
  extinction	
  in	
  many	
  high-­‐redshift	
  quasars	
  
  Different	
  intrinsic	
  spectral	
  slopes	
  from	
  Gallerani	
  et	
  al.	
  

(no	
  extremely	
  blue	
  quasars)	
  

  X-­‐shooter	
  +	
  Spitzer/IRAC	
  extinction	
  curves	
  for	
  
moderately	
  extinguished	
  (normal	
  α)	
  high-­‐redshift	
  
quasars	
  (noBAL	
  and	
  BAL)	
  

  No	
  evidence	
  for	
  Todini-­‐Ferrara-­‐Maiolino	
  feature	
  
  Method	
  will	
  be	
  applied	
  to	
  a	
  larger	
  sample	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

X-­‐shooter	
  quasars	
  


