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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. Although the process itself is highly 
localized, it eventually leads to a global change of the magnetic 
field topology.



Recognize reconnection in
2D simulations

Goals

3D simulations‘Virtual satellites’

MMS data

Now

Future 1D time series



Simulations performed at CINECA on Marconi

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

used)

– Electrons: fluid
Sim 1
– Resolution: 3072x3072 x 513

–

–

– Cost: ~5Mh core hours

– Memory: 10Tb

Δ L /d i: 0.1

N samples=2024

Sim 2 
– Resolution: 2048x2048x513 

–

–

– Cost: ~1Mh core hours

– Memory: 4Tb

Δ L /d i : 0.15

N samples=124



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

Current sheet temporal changes

How the current sheet changes with the time passing by in Sim 1.

Initial set up CS formation phase Fully turbulent phase



Data set

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

Current Sheet and Selected Variables



Generate figures for human labeling

Variables in a selected region for human labelling



Statistics Sim 1

reconnection varies 
with time!

25% ambiguous
(cases > 1 label)

train/test split in time



Feature engineering 



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 



Machine learning models

Used model in this study



Results 

Except Scheme No. 1, all the percentage of both 
training and test sets are referring to Sim 1 



False-Negative (FN) case

Reason: The figure is 
ambiguous 



False-Negative (FN) case

Reason: The reconnection 
site is on the edge 



False-Positive (FP) case

Reason: Wrong label



Conclusion & Future

Ψ

    1. The CNN-FE model is generic to other simulations. 

    2. The influence of each variable to reconnection label has also been 
investigated in this study. The results show that |J| and V

e,z
 contribute 

most to the reconnection classification.   , B
plane

 and V
e,plane

 are slightly 
less significant in comparison with the first two variables. The other 
variables, V

e,x
, V

e,y
, B

z 
and E

dec, i
 are not very significant to the 

classification.

    3. The developed CNN-FE model also manages to find good 
reconnection events even which an human expert might make a 
mistake with.
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