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Major approaches

• Global HI 21-cm signal 
!
• Statistical - power spectrum, rms, skewness, kurtosis  
!
• Individual : Targeted observations, blind search, imaging 



Three approaches

• Global HI 21-cm signal 
!
• Statistical - power spectrum, rms, skewness, kurtosis  
!
• Individual : Targeted observations, blind search, imaging 

Advantages: 
•  Direct evidence 
•  Easy to interpret 
•  probes nature of sources



21 cm signal

Differential Brightness temperature



HI 21-cm signal around individual sources

During Re-ionization era ( Ts>>TCMB )



HI 21-cm signal around individual sources

During Cosmic dawn ( Ts ~Tkin , IGM heating is in progress)



HI 21-cm signal around individual sources

During Cosmic dawn (Both Ly-alpha coupling and IGM heating are in progress)



Ionized regions around bright QSOs  
during reionization

Using semi-numerical simulations 
Datta, Majumdar, Bharadwaj, Choudhury,  2008

Radiative transfer (C2-Ray) 
Datta, Friedrich, Mellema, Iliev, Shapiro, 2012

163 Mpc

=

qso age=11.5 Myr 
!

 z~7.6

~0.5



163 Mpc

Using semi-numerical simulations 
Datta, Majumdar, Bharadwaj, Choudhury,  2008

Radiative transfer (C2-Ray) 
Datta, Friedrich, Mellema, Iliev, Shapiro, 2012

=

qso age=23.0 Myr!
!

 z~7.6

~0.5

Ionized regions around bright QSOs  
during reionization



163 Mpc

Using semi-numerical simulations 
Datta, Majumdar, Bharadwaj, Choudhury,  2008

Radiative transfer (C2-Ray) 
Datta, Friedrich, Mellema, Iliev, Shapiro, 2012

qso age=23.0 Myr 
!

 z~8.4

~0.2

=

Ionized regions around bright QSOs  
during reionization



Modelling Sources during cosmic dawn

Source parameters



HI 21-cm profile during cosmic dawn

Ghara, Choudhury, Datta, Choudhuri, 2016



Signal profile around mini-QSOs

Ghara, Choudhury, Datta, MNRAS, 2015



SKA1 -low 

Baseline coverage for 4 hrs observations at -30 degree 
declinations



Visibility based matched filter methods
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Ghara, Choudhury, Datta, MNRAS, 2016
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Detectability : Targeted Search

Datta, Friedrich, Mellema et al 
2012, MNRAS

LOFAR

Observing ULASJ1120+0641 (Mortlock et al. 2011) like QSOs  
with SKA1-low

Datta K, Ghara, Majumdar, Choudhury, Bharadwaj, Roy, Datta A, 2016



Imaging sources during cosmic dawn  
with SKA1-low

• z=15, 2000 hrs, 564 antennae, 100 KHz 
• 10-20 sigma detection at z=15 for 30’ beam 

Gaussian smoothing

10’ 20’ 30’

Ghara, Choudhury, Datta, Choudhuri, 2016



Imaging sources during cosmic dawn  
with SKA1-low

Ghara, Choudhury, Datta, Choudhuri, 2016

Source recovery after foreground subtraction and smoothing with 30’ beam 



Summary

• Detection of 21-cm signal around individual sources is a direct approach to probe 
EoR. It is also easy to interpret. 

!
• Matched filter technique is a promising technique for detecting ionised bubble 

around bright objects. 
!

• SKA1-low should be able to image HI around known bright QSOs, galaxies with 
several hundred hrs of observations.  
!

• SKA -low should be able to image HI 21-cm signal around the sources during 
cosmic dawn with 1000 hrs of observations  
!

• Various source parameters such as the mass, age and IGM density can be 
probed using such observations 

Thanks


