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Significance
● Magnetic reconnection 

is a fundamental 
process in space and 
laboratory plasmas in 
which magnetic energy 
is converted into 
kinetic energy, 
released in the form of 
accelerated particles, 
flows and heating. 

● From https://gfycat.com/thirdserpentinedrongo



Recognize reconnection in
2D simulations

Goals

3D simulations

MMS data

Now

Future 1D time series



1. Create mask (threshold |J|)
2. Extract square regions 
centred on local maximum
3. Standardised each selected 
region to 200x200

Current sheet evolution

How the current sheets change with the time passing by in Sim 1.

Initial phase CS formation phase Fully turbulent phase



Data set

1. Create mask (threshold |J|)
2. Extract square regions 
centred on local maximum 
whose size is 200x200 pixels2 
(i.e., 20x20 [di2])

Data set creation



Generate figures for human labeling

Variables in a selected region for human labelling



As thousands of cases have to be 
classified, an automated workflow for 
labeling by human experts is important. 
For this, a project on Zooniverse has 
been created on 
zooniverse.org/projects/taiyexingsh
ang/magnetic-reconnection 

Human Labelling on-line Platform

https://www.zooniverse.org/projects/taiyexingshang/magnetic-reconnection


Simulations performed at CINECA on Marconi

● 2D Hybrid Vlasov-Maxwell model
– Ions: Vlasov (distribution function not yet 

used)

– Electrons: fluid



Statistics Sim 1

25% ambiguous
(cases > 1 label)

train/test split in time



Machine learning models

Convolutional Neural Network (CNN) Heuristic model

1. Detect peaks
2. Extract min/max/mean around peaks if 
they are close together
3. Use decision tree 



Modelling methods

Feature engineering (X=32) CNN-X Architecture

Details can be found in Fig. 6 & 7 of the paper “Hu, A., Sisti, M., Finelli, F., Califano, F., Dargent, J., 
Faganello, M., ... & Teunissen, J. (2020). Identifying Magnetic Reconnection in 2D Hybrid Vlasov 
Maxwell Simulations with Convolutional Neural Networks. The Astrophysical Journal, 900(1), 
86.” (https://arxiv.org/pdf/2008.09463.pdf)

https://arxiv.org/pdf/2008.09463.pdf


Analysis 

Percentage of reconnection sites captured versus 
window size for the image cropping approach

Accuracy of the CNN-X models with different 
window sizes X. 



Results 

Examples of false 
negatives (rows a-c) and 
false positives (rows d-f). 

Accuracy of the machine learning models 
evaluated on test data set. MCC scores of CNN-32 models that only take the listed 

variables as input.

Reason |~J |

a)
Epoch: 330
Case: 49
Label: 1
Predicted: 0

contaminated by
plasma turbulence

b)
Epoch: 330
Case: 89
Label: 1
Predicted: 0

Reconnection site
is at the edge

c)
Epoch: 335
Case: 12
Label: 1
Predicted: 0

Ambiguous case

d)
Epoch: 330
Case: 51
Label: 0
Predicted: 1

contaminated by
plasma turbulence

e)
Epoch: 345
Case: 97
Label: 0
Predicted: 1

mislabeled

f )
Epoch: 355
Case: 100
Label: 0
Predicted: 1

site is not in the
cropped region



Conclusion 

    1. The image cropping method can improve the accuracy of the CNN 
models by increasing the signal-to-noise ratio. 

    2. The developed CNN-32 model is generic and can be applied to 
other simulations. Furthermore, in some cases, the CNN-32 model was 
able to find reconnection sites that were initially missed by a human 
expert.

    3. Three variables were found to be the most important reconnection 
markers: the current density |J|, the out-of-plane electron velocity V

e,z 

and the in-plane magnetic field B
plane

.



Outlook

This study is a first step in adopting machine learning for the automatic 
identification of magnetic reconnection. We think that with more labeled 
data from different types of simulations the model’s accuracy would 
improve.

Meanwhile, we are working on identifying reconnection events from 1D 
simulations based on this labelled data set in order to further implement 
this model into real satellite measurements. This is because 1D 
simulations are more similar to satellite trajectories. 
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