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Field 1959; Pritchard & Loeb 2012

Observing type: Single radiometer

Signal: Global 21-cm Signal

Experiments: EDGES, SARAS, BigHorns, LEDA, 
REACH, MIST, SEAMS, PRATUSH

Observation of 21-cm Signal 



● Galactic and Extragalactic  Foreground

● Radio Frequency Interference (RFI)

● Other Systematics effects

● Earth’s Ionosphere

Fig : Schematic representation of the ionosphere showing  
the F- and D- layers (not scaled), which show the  

refraction. (Datta et al. 2016)

21CM Cosmology: Observational Challenges
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 Jelic et al. 2008
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● In the lower frequency the ionosphere affect the  antenna beam which lead to chromatic 
mixing of spatial structure into spectral structure. ( Vedantham et. al 2014, Datta et al. 
2016).

● It can couple the relatively large angular fluctuations in the galactic foreground into 
spectral structures that may confuse global 21-cm signatures. (Mozdzen et al. (2016))

● It effects are significant especially with the Galactic Centre overhead.

● In E. Shen et al. 2022, it is demonstrated that, under turbulent ionospheric conditions, an 
error exceeding 5 percent in our understanding of the ionospheric parameters could result 
in false or null detection.



Ionospheric Refraction due to F-layer 
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Ionospheric Absorption and Thermal 
Emission due to D-layer 

Signal (T21) + Foreground (TFG)

Increase in the effective FoV

(Tripathi A. et al. 2024a, MNRAS)

21CM GLOBAL SIGNAL: Effect of Ionosphere



 + Foreground 
+

Ionospheric 
effects 

Training Parameters
21-cm Global Signal :-  Jref, Jz0, Xz0, Tz0 Jdz, 
Xdz,Tdz
Foreground :- a0, a1, a2, a3 (Harker (2015))
Ionosphere :- TEC=10 TECU, Te= 800 K
Each Ionospheric parameters varies by ±1%.

(Tripathi A. et al. 2024a, MNRAS)

Training Data Sets

We use the Accelerated Reionization 
Era Simulations (ARES) code was 
designed to rapidly generate models 
for the global 21- cm signal. 
(Mirocha et al, 2012, 2015).

3rd order log(T)- log(ν0) 
polynomial model 

ANN Model

Test Data set 
(Signal + Foreground 
+Ionospheric effect + 

Thermal Noise)

Saved ANN 
Model
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Time Varying Ionosphere Model

Tripathi A. et al. 2024a, MNRAS
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Time Varying Ionosphere Model

Tripathi A. et al. 2024a, MNRAS 

Conclusion: Simple ANN is robust in 21cm signal parameter estimates in presence of slowly varying ionosphere. 



Motivation

● Without any observational constraints, the signal parameter space is enormously huge.

● Non-parametric techniques may produce biased inferences as they explore only a limited 
parameter space. To avoid bias, the data set includes multiple realizations of the signal 
generated by covering the whole parameter space.

● To reduce the computational burden of training Artificial Neural Networks (ANNs) and to 
achieve greater accuracy in extracting parameters from signals, it is necessary to employ 
sampling methods.
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Random Sampling
(Rand)

Samples assuming a uniform distribution. It 
may not be suitable for exploring 
high-dimensional spaces or regions of low 
probability.

Latin Hypercube sampling 
(LHS)

Latin Hypercube a stratified sampling 
method. It divides the parameter space into 
equally sized bins and randomly selects 
samples within each bin.

Hammersley sequence sampling
(HSS)

Hammersley sampling is a quasi-random 
sampling technique used to generate 

low-discrepancy sequences of points in a 
hypercube.

Charting Parameters Space using Sampling Technique
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Training Dataset for Global Signal 
and Foreground 

Signal with Foreground 
and Thermal Noise

Tab: The range of parameters used to build the 
training dataset.

Harker et al. 
2016b

Harker et al. 
2015

Tripathi A. et al. 2024b, JCAP, arXiv:2406.15832
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ANN Model Prediction 
Signal Only (R2 Score)

Signal with Foreground and Thermal Noise 
(R2 Score)

 Signal Parameters Predicted by the ANN

 

Tripathi A. et al. 2024b, JCAP, arXiv:2406.15832
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ANN Model Prediction 
Signal Only (R2 Score)

Signal with Foreground and Thermal Noise 
(R2 Score)

 Signal Parameters Predicted by the ANN

 

Tripathi A. et al. 2024b, JCAP, arXiv:2406.15832
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ANN Model Prediction 
Signal Only (R2 Score)

Signal with Foreground and Thermal Noise 
(R2 Score)

 Signal Parameters Predicted by the ANN

 1)  In the lower sample size Hammersley perform slightly better in 
the lower dimensions.  

  2) At large number of sample size all sampling methods conserved 
at the same point.

Tripathi A. et al. 2024b, JCAP, arXiv:2406.15832
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Generalizability Test of the ANN Models

Fig : This shows the ANN model predictions for various trials trained on datasets sampled using HSS, 
LHS, and Random Sampling methods with optimal sample sizes. Histograms depict ANN prediction 
accuracy measured in terms of  R2 scores.
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Generalizability Test of the ANN Models

Fig : This shows the ANN model predictions for various trials trained on datasets sampled using HSS, 
LHS, and Random Sampling methods with optimal sample sizes. Histograms depict ANN prediction 
accuracy measured in terms of  R2 scores.

● Achieving a high level of 
accuracy in training the ANN 
model necessitates an ample 
number of samples, regardless 
of the sampling technique 
employed.

● The number of drawing of the 
samples highly dependent on the 
dimensionality and complexity.

● Among the given sampling 
techniques we found the model 
train with Hammersley 
Sequence  are more robust.

Takeaway & Summary

Tripathi A. et al. 2024b, Published in  JCAP, 
arXiv:2406.15832
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ANN Model Prediction with different Signal Model  

Signal Only (R2 Score)

Signal with Foreground and Thermal Noise
(R2 Score)

Signal Parameters Predicted by the ANN

● Consistent trends in prediction accuracy 
were observed across different Signal 
Models.

Tripathi A. et al. 2024b, Published in  JCAP, arXiv:2406.15832



Dynamic Ionospheric Effects
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Ionospheric effect on Antenna Beam 

Vedantham et. al 2014, Datta et al. 2016, Mozdzen et al. (2016), E. Shen et al. (2021), Tripathi A. 
et al. 2024, Wang et al. 2024



ANN 1

2 Steps ANNs Training

ANN 2

TAntenna = Foreground + Ionospheric 
effect + T21

Ionospheric 
Parameters (TEC, Te)

TAntenna = Foreground + Ionospheric 
effect + T21

Global Signal 
Parameters and 

Ionospheric Parameters

Prior 
Information 



ANN prediction of Ionospheric Parameters (ANN1)

R2 score ≃ 0.99

Tripathi A. et al. in prep.



ANN 2 prediction 

R2 score ranging 
0.60 to 0.90

Tripathi A. et al. in prep.



ANN 2 prediction 

R2 score ranging 
0.60 to 0.90

Tripathi A. et al. in prep.



Time Varying Global Sky Model with 
Ionospheric effects

R2 score 
0.89

R2 Score 
0.70

Frequency (MHz)

T A
nt

en
na

 (m
K

)

Tripathi A. et al. in prep.



Ongoing Work

● Further plan to study effects of Chromatic Effects of Soil and Grounding.

● Plan to compare these effects across various antenna beams to enhance our pipeline's 
robustness.
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Thank You. 

I am seeking a Postdoctoral position. If anyone is hiring, please let me know!

Email : anshumantripathi85@gmail.com 





21 cm line

Arises due to “spin-flip” transition in hydrogen atom.

● Intrinsically forbidden
● Einstein’ A coefficient:

Probability of transition:
 A

10
 = 2.85 × 10−15s

● Lifetime: 107 years!

● Abundance of Hydrogen(75%)
● Coupling: 

Collisions
Lyman ɑ pumping
Scattering with Cosmic 
microwave  background(CMB)

Make it happen and seen!

✘ Ratio of number of H atoms in 
triplet to singlet state..

Spin Temp

Triplet state
Higher energy

Singlet state
Lower energy
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Source:https://astrobites.org/wp-content/uploads/2015/05/cover.png

The First Dawn

https://astrobites.org/wp-content/uploads/2015/05/cover.png

