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Cosmic Dawn and Epoch of
Reionization 

● What (rather, when) is it?

● Why are they important to study?

Credit: NASA



● What is the HI 21 cm emission?

● How can it help?

● What are the potential challenges?

21-cm signal to probe CD and EoR

Credit: NASA



Motivation

1. Tomographic imaging

2. Source properties

3. IGM properties

4. Tracking the entire Reionization

https://docs.google.com/file/d/1HnfJo29GnSRB3Sy0vwH5rUDhaROI5aIi/preview


Experiments that are 
being done

• Murchison Widefield Array (MWA)

• Hydrogen Epoch of Reionization 
Experiment (HERA)

• Low Frequency Array (LOFAR)

• Atacama Large Millimeter/submillimeter 
Array (ALMA) 

• Square Kilometer Array (SKA) *

*  upcoming

1. 
https://www.skatelescope.org/wp-content/uploads/2013/07/P2140244.j
pg
2. ALMA -ESO
3. https://www.astron.nl/telescopes/lofar/
4. https://www.atnf.csiro.au/projects/ska/index.html

https://www.astron.nl/telescopes/lofar/


Primary work with 21cm image analysis

AIM: 

To distinguish between the major

Reionization scenarios

Z = 7.760 (XHI = 0.5)

Pathak+Dasgupta  et al., 2022, 

DOI: 10.1088/1475-7516/2022/11/027 



Methodology
1. Percolation Transition - LCS

Pathak+Dasgupta  et al., 2022, DOI: 10.1088/1475-7516/2022/11/027 



Methodology
2. Shapefinders - Minkowski functionals

Pathak+Dasgupta  et al., 2022, DOI: 10.1088/1475-7516/2022/11/027 

● Surface Area (S)

● Volume (V)

● Integrated Mean Curvature (C)

● Euler characteristic (𝛘)

  (R1, R2  are principal radii of curvature)



Tools used
● SURFGEN2

○ Thickness : T=3V/S

○ Breadth : B=S/C

○ Length : L=C/(4𝞹)

● Morphology of the region

○ Planarity : P=(B-T)/(B+T)

○ Filamentarity : F=(L-B)/(L+B)

Pathak+Dasgupta  et al., 2022, 

DOI: 10.1088/1475-7516/2022/11/027 



Results from Pathak+Dasgupta et al., 2022



Results from Pathak+Dasgupta et al., 2022

Pathak+Dasgupta  et al., 2022, DOI: 10.1088/1475-7516/2022/11/027 



Moving towards the mean subtracted field

Dasgupta  et al., 2022,  in prep

Fiducial model Clumping model

UIB dom

SXR dom

UIB+SXR+UV PL3 model



Analysis on the threshold
Variation of threshold with different parameters:

Dasgupta  et al., 2022,  in prep



Testing with low-resolution fields

15

Dashed/solid curves - High Res

Dotted curves  - Low Res

Pathak+Dasgupta  et al., 2022, DOI: 10.1088/1475-7516/2022/11/027 



Testing with low-resolution fields
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Dashed/solid curves - High Res

Dotted curves - Low Res

Pathak+Dasgupta  et al., 2022, DOI: 10.1088/1475-7516/2022/11/027 



Moving towards a more realistic scenario

All maps are shown for the first slice of a HI cube of Z = 7.480 
(XHI = 0.38) for the Fiducial model Dasgupta  et al., 2022., in prep



Choosing a proper threshold - gradient descent
Z = 9.164 (XHI = 0.909) Z = 8.172 (XHI = 0.716)

Z = 7.221 (XHI = 0.2)
Z = 7.664 (XHI = 0.501)

Dasgupta  et al., 2022., in prep



Dasgupta  et al., 2022., in prep

Effect of Noise only



Dasgupta  et al., 2022., in prep

Effect of smoothing only



Dasgupta  et al., 2022., in prep

Effect of Noise and smoothing combined



Going to an even more realistic case …

Dasgupta  et al., 2022., in prep



Testing LCS on SKA1-low like maps

23

Input Parameters:

Observations time: 0.5hr
Integration time: 120 seconds
Telescope: SKA1-LOW 
Baseline: Stations around ∼ 2 km of 
the central station.

Dasgupta  et al., 2022., in prep



Image obtained from OSKAR

Original simulated image Image obtained from SKA pipeline

XHI = 0.2 XHI = 0.2



Artefacts observed 

25Original simulated image Image obtained from SKA pipeline



Effects of artefacts in LCS

Dasgupta  et al., 2022., in prep



Mitigation of the artefacts using Multiscale 
deconvolution

Original simulated image Image obtained from SKA pipeline



Maps after Briggs weighing

Original simulated image Image obtained from SKA pipeline



Maps after Briggs weighing

Original simulated image Image obtained from SKA pipeline

https://docs.google.com/file/d/15CatTiR4VXKlj2wd1dfLYiSOKNoGRF3Y/preview


Results after using Briggs weighting scheme

Dasgupta  et al., 2022., in prep



Searching for a better threshold-finding 
algorithm Dasgupta  et al., 2022., in prep



Future plans

● Searching for a better threshold-finding algorithm

● Incorporate the effects of Noise, Foregrounds and Ionosphere using 
OSKAR pipenine and validating robustness of LCS

● Compare different telescope effects and check validity of LCS-like 
analyses on the observational maps

32



Publications & Conferences

1. Contributed as an author in Pathak et al., 2022. It is published in the Journal of 
Cosmology and Astroparticle Physics, DOI: 10.1088/1475-7516/2022/11/027 

2. Talk at SKA EoR-Cosmic Dawn Science Team Meeting: Data Challenges in the 
SKA Era, Scuola Normale Superiore, Piazza dei Cavalieri 7, 27/09/2022

3. Presented a talk at the workshop on 21-cm Cosmology in the Square Kilometre 
Array Era, Indian Statistical Institute Kolkata, 1/11/2022

4. Conference paper published in the URSI-RCRS 2022, IIT Indore

5. Talk at Indian Association for General Relativity and Gravitation (IAGRG), 
IISER Kolkata, 1/12/2022
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