
Recovering redshifted 21-cm power spectrum : 
residual gain effects in Interferometric

Observations

Saikat Gayen 
IIT (BHU) Varanasi

Collaborators: Prasun Dutta, Jais Kumar, Rashmi Sagar, Khandakar Md Asif 
Elahi, Sarvesh Mangla, Nirupam Roy, Samir Choudhuri, Arnab Chakraborty, 
Abhirup Datta

Radio Cosmology and Continuum Observations in the SKA Era: A Synergic View



Bias and variance in redshifted 21-cm signal
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From Prasun’s talk …



uGMRT Band 3 observation: MAPS at    at  

SKA1-Low Prediction: MAPS at 



Observation Summary  (uGMRT)
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Foreground Model



Gain Characteristics
Standard Deviation of residual 
gain of corresponding antennae

5Gayen + 2024● # 1, 13, 20, 21, 25, 27 & 29 are flagged as stdv is more than 8%

KS Statistics



Gain Characteristics : Time correlation effect
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● Normalized self structure fn residual gain error for LL_im of  #16 antenna

Integration time 
2.68 sec
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SeSelf Cross
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Baseline pair fractions
● Baseline-pair fractions for 3.5 hours of observation with uGMRT [6th May, 2017]
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Results: Effect in PS ; Bias and variance [06 th May]

●         and                 > 

● Addition flagging of several 
antennae improve the uncertainty 
in PS coming from residual gain 
errors.



Results : Predictions
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● For lower value of l (shorter 
baseline) residual gain error 
effect is significant, it takes 
longer time to detect signal 
when we  consider residual 
gain effect.

● For larger baseline uncertainty 
in PS mostly coming from 
thermal noise



Bandwidth 50 MHz

Channels 1024

Integration time 1  sec

Total on-source time 8 hrs

Working antennae 512

"Observation" (SKA1-Low AA4 configuration)
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Baseline pair fraction 
● Baseline-pair fractions with angular multi-pole for 8 hours of observation with 

SKA1-Low
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Results 

● In absence of residual gain and bandpass errors, 128 hrs observation 
with SKA1-Low adequate to detect HI MAPS.
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Results 

● Increasing the observation time, keeping other parameters fixed, increase the detection 
significance significantly .
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Results 

● With 5 times better calibration accuracy, a significant detection possible even with only 128 
hrs of observation.
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Results 

● Change in bandpass-correlation by a factor of 10 does not change the detection 
significance.
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Results 

● Change in bandpass-correlation by a factor of 10 does increase the detection significance 
significantly in case of bias as a part of bias is depends on frequency.
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Results 

● Even with large observation time, 1024 hrs a statistically significant detection of MAPS is 
difficult as intersection area of 5 sigma contours for bias and variance is limited.

● Improving the calibration accuracy does result in significant detection even only with 128 
hrs of observation.



Results 
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● We have to consider bandpass gain as it correlates a certain frequency range higher 
than HI MAPS.

● The frequency dependency in 1st term of the Bias originate from that in the foreground 
MAPS so this part can be mitigated.
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Results 
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● If 2nd term of Bias is subdominant, there is a possibility of unbiased detection , even in the 
presence of significant time dependent residual gain errors.  



Conclusion

● In the absence of residual gain and bandpass errors, 128 hrs observation with 
SKA1-Low adequate to detect HI MAPS.

● Increasing the observation time to 1024 hours, keeping other parameters 
fixed, increase the detection significance significantly .

● With better calibration accuracy (1%->0.2%), significant detection is possible 
with only 128 hrs of observation.

● In significant part of the parameter space the measurement can be biased.

● The frequency dependency in  2nd term of the Bias originate from that in the 
bandpass and hence frequency correlation in bandpass need to be 
minimized.
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Mathematical formulation for Foreground wedge   
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