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Epoch	
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  ReionizaLon	
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• 	
  WHEN	
  exactly	
  the	
  reionizaLon	
  had	
  happened	
  ?	
  	
  
	
  
• 	
  WHAT	
  were	
  the	
  first	
  sources	
  that	
  reionized	
  the	
  Universe	
  ?	
  
	
  
• 	
  HOW	
  reionizaLon	
  had	
  happened	
  ?	
  

ObservaLonal	
  constrains	
  –	
  limited	
  informaLon:	
  
• 	
  CMB	
  data	
  
• 	
  QSOs	
  spectra	
  

è 	
  	
  need	
  for	
  a	
  direct	
  probe	
  	
  
	
   	
   	
   	
   	
  of	
  the	
  Epoch	
  of	
  ReionizaLon	
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•  TS < TCMB  
 DETECTION IN ABSORPTION ! 

•  TS = TCMB  
 NO DETECTION ! 

•  TS > TCMB  
 DETECTION IN EMISSION ! 
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Epoch	
  of	
  ReionizaLon	
  

•  EoR radio telescopes 

Murchiston	
  Wildfield	
  Array	
  

GMRT	
  -­‐EoR	
  

EoR	
  probe:	
  H	
  21cm	
  line	
  
	
  	
  
1.   	
  STATISTICAL	
  DETECTION	
  
2.   	
  TOMOGRAPHY	
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1.   LOFAR-­‐EoR	
  
end-­‐to-­‐end	
  
simulaLon	
  
pipeline	
  

2.   dedicated	
  
observaLons	
  
with	
  the	
  WSRT	
  
telescope	
  

3.   dedicated	
  
observaLons	
  
with	
  the	
  LOFAR	
  
telescope	
  

LOFAR-­‐EoR	
  experiment:	
  challenges	
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LOFAR-­‐EoR	
  experiment:	
  end-­‐to-­‐end	
  pipeline	
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ExtracLon	
  of	
  the	
  21cm	
  signal:	
  simulaLons	
  

Ø 	
  extracLon	
  is	
  based	
  on	
  smoothness	
  of	
  	
  
	
   	
   	
  	
  	
  the	
  foregrounds	
  in	
  total	
  intensity	
  

	
  	
  	
  	
  	
  	
  (Jelic	
  et	
  al.	
  2008;	
  Harker	
  et	
  al.	
  2009,	
  Chapman	
  et	
  al.,	
  in	
  prep.)	
  

Ø 	
  the	
  leaked	
  polarized	
  emission	
  can	
  mimic	
  the	
  
cosmological	
  signal:	
  extracLon	
  much	
  more	
  difficult	
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StaLsLcal	
  detecLon	
  of	
  the	
  21cm	
  signal:	
  simulaLons	
  

standard deviation and higher order statistics 
Jelic et al. 2008, Harker et al. 2009 

Power spectrum 
Harker et al. 2010 
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Potential EoR fields!

M.A. Brentjens (ASTRON) LOFAR EoR observations Zadar 2011 19 / 28

Potential EoR fields?

M.A. Brentjens (ASTRON) LOFAR EoR observations Zadar 2011 18 / 28

ü  	
  low	
  GalacLc	
  emission	
   	
  	
  
•  both	
  in	
  total	
  and	
  polarized	
  intensity	
  
•  	
  at	
  high	
  GalacLc	
  laLtudes	
  

ü  	
  “easy”sources	
  for	
  calibraLon	
  
ü  	
  available	
  data	
  at	
  other	
  frequencies	
  

LOFAR-­‐EoR	
  experiment:	
  observing	
  windows	
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North  
Celestial Pole 

3C196 
Region 

ELAIS N1 

South  
Galactic Halo 

Galactic map @ 408 MHz 
Haslam et al. 1982 

LOFAR-­‐EoR	
  experiment:	
  observaLons	
  

• 	
  with	
  WSRT	
  telescope	
  (Bernardi	
  et	
  al	
  2009,	
  2010)	
  
LFFE	
  (115	
  –	
  170	
  MHz)	
  and	
  350	
  MHz	
  system	
  	
  

• 	
  with	
  LOFAR	
  telescope	
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LOFAR-­‐EoR	
  experiment:	
  commissioning	
  data	
  

NCP Field

13 × 13 Image, 240 subbands, Peak 5 Jy, Noise 0.2 mJy
Sarod Yatawatta – p. 4

NCP Field

Inner region, Noise 0.2 mJy
Sarod Yatawatta – p. 5

North Celestial Pole 
Yatawatta et al., in prep. 

3C196 field 
Labropoulos et al., in prep. 

thermal	
  noise	
  reached	
  !	
  
(currently	
  deepest	
  LOFAR	
  images)	
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LOFAR-­‐EoR	
  experiment:	
  commissioning	
  data	
  

ELAIS 7 beams observation 
Jelic et al., in prep. 
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LOFAR-­‐EoR	
  EXPERIMENT	
  
• 	
  LOFAR	
  –	
  HBAs	
  (112	
  –	
  190	
  MHz	
  à	
  z	
  ~11-­‐6)	
  
• 	
  short	
  baselines	
  (core	
  staLons)	
  for	
  cosmological	
  observaLons	
  
• 	
  long	
  baselines	
  (NL	
  +	
  EU	
  staLons)	
  to	
  resolve	
  foreground	
  sources	
  
• 	
  5	
  observing	
  windows	
  (mulL-­‐beam	
  observaLons)	
  	
  
	
  

PRIMARY	
  SCIENTIFIC	
  GOAL 	
  	
  
•  detect	
  cosmological	
  21cm	
  signal	
  from	
  the	
  Epoch	
  of	
  ReionizaLon	
  
	
  

Summary	
  and	
  Future	
  

SECONDARY	
  SCIENTIFIC	
  GOALS 	
  	
  
•  study	
  the	
  physics	
  of	
  the	
  foregrounds	
  	
  

(GalacLc	
  emission	
  and	
  magneLc	
  fields,	
  extragalacLc	
  sources)	
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•  the LOFAR telescope is ready and  dedicated LOFAR-EoR 
observations should start in 2012 

•  by the end of 2012 we expect the first results !  

Summary	
  and	
  Future	
  

The	
  near	
  future	
  will	
  be	
  interesLng	
  and	
  exciLng	
  !!!	
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