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  Simulations for LOFAR 
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  Imaging with LOFAR: QSOs’ ionized regions  
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  The 21cm forest  
BC+	
  2012	
  

€ 

τ21cm ∝ xHI (1+δ) 1
Ts



σ=S-­‐Sin	
  

49

49.5

50

50.5

129.6 129.8

-0.5

0

0.5

129.6 129.8 129.6 129.8 129.6 129.8

BW=10	
  kHz,	
  s=10	
  kHz,	
  t=1000	
  h	
  	
  

  The 21cm forest  

z=10,	
  S=50	
  mJy,	
  α=1.05	
  	
  

QSO	
  spectrum	
  
+	
  

IGM	
  absorp1on	
  

QSO	
  spectrum	
  

Observed	
  	
  
spectrum	
  

BC+	
  2012	
  



BW=5	
  kHz,	
  s=5	
  kHz,	
  t=1000	
  h	
  	
  

  The 21cm forest  

z=7.6,	
  S=50	
  mJy,	
  α=1.05	
  	
  

QSO	
  spectrum	
  
+	
  

IGM	
  absorp1on	
  

QSO	
  spectrum	
  

Observed	
  	
  
spectrum	
  

BC+	
  2012	
  



BW=5	
  kHz,	
  s=5	
  kHz,	
  t=1000	
  h	
  	
  

  The 21cm forest  

z=7.6,	
  S=50	
  mJy,	
  α=1.05	
  	
  

QSO	
  spectrum	
  
+	
  

IGM	
  absorp1on	
  

QSO	
  spectrum	
  

Observed	
  	
  
spectrum	
  

BC+	
  2012	
  

LOFAR	
  would	
  be	
  able	
  to	
  detect	
  
the	
  21cm	
  forest	
  IF	
  a	
  high-­‐z,	
  

strong	
  radio	
  source	
  were	
  found	
  



  Cross-correlation 21cm-galaxy surveys  
Wiersma+	
  2013;	
  Vrbanec+	
  in	
  prep	
  

	
  Lidz+	
  2009	
  

21cm	
   galaxies	
  



  Cross-correlation 21cm-galaxy surveys  
Wiersma+	
  2013;	
  Vrbanec+	
  in	
  prep	
  

3D	
  spherically	
  averaged	
  cross	
  power	
  spectrum	
  	
  

r21cm,gal (k) =
P21cm,gal (k)

P21cm (k)Pgal (k)!" #$
1/2

²  Intensity	
  of	
  the	
  power	
  à	
  volume	
  average	
  HI	
  
²  Correla1on	
  coefficient	
  à	
  typical	
  dimension	
  of	
  the	
  HII	
  regions	
  



  Cross-correlation 21cm-galaxy surveys  
Wiersma+	
  2013;	
  Vrbanec+	
  in	
  prep	
  

2D	
  circularly	
  averaged	
  cross	
  power	
  spectrum	
  	
  

r21cm,gal (k) =
P21cm,gal (k)

P21cm (k)Pgal (k)!" #$
1/2

²  Intensity	
  of	
  the	
  power	
  à	
  volume	
  average	
  HI	
  
²  Correla1on	
  coefficient	
  à	
  typical	
  dimension	
  of	
  the	
  HII	
  regions	
  

N(z=7.3)=125	
  
N(z=6.6)=765	
  



  Cross-correlation 21cm-galaxy surveys  
Wiersma+	
  2013;	
  Vrbanec+	
  in	
  prep	
  

2D	
  circularly	
  averaged	
  cross	
  power	
  spectrum	
  	
  

r21cm,gal (k) =
P21cm,gal (k)

P21cm (k)Pgal (k)!" #$
1/2

²  Intensity	
  of	
  the	
  power	
  à	
  volume	
  average	
  HI	
  
²  Correla1on	
  coefficient	
  à	
  typical	
  dimension	
  of	
  the	
  HII	
  regions	
  

N(z=7.3)=125	
  
N(z=6.6)=765	
  

Cross-­‐correla1on	
  LOFAR-­‐SUBARU	
  
should	
  be	
  detectable	
  



NCP;	
  HBA	
  @	
  115-­‐170	
  MHz;	
  1	
  MHz	
  resolu1on	
  
  Real data! 

Zaroubi+	
  in	
  prep	
  

Fr
eq

ue
nc
y	
  
[M

Hz
]	
  

Fr
eq

ue
nc
y	
  
[M

Hz
]	
  

Angle	
  [arcmin]	
  

114h	
  

Residuals	
  

169h	
  

Angle	
  [arcmin]	
  Angle	
  [arcmin]	
  

Fr
eq

ue
nc
y	
  
[M

Hz
]	
  

Foregrounds	
  



  Conclusions   

²  LOFAR	
  EoR	
  project	
  started	
  in	
  Dec	
  2012	
  

²  Cycle	
  0	
  (Dec2012	
  -­‐	
  Nov2013):	
  	
  200h	
  on	
  3C196	
  +	
  300h	
  on	
  NCP	
  
	
  	
  	
  	
  	
  	
  Cycle	
  1	
  (Nov2013	
  –	
  May2014):	
  200h	
  on	
  3C196	
  +	
  300h	
  on	
  NCP	
  
	
  	
  	
  	
  	
  	
  Cycle	
  2	
  (Summer	
  2014):	
  200h	
  on	
  NCP	
  
	
  	
  	
  	
  	
  	
  Cycle	
  3	
  (Nov2014	
  –	
  May2015)	
  
	
  
² We	
  expect	
  to	
  obtain	
  a	
  sta1s1cal	
  detec1on	
  of	
  the	
  EoR,	
  which	
  will	
  exclude	
  some	
  

reioniza1on	
  scenarios	
  and	
  provide	
  indirect	
  constraints	
  on	
  high-­‐z	
  sources	
  
	
  
	
  	
  
	
  


