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Simulating a turbulent plasma: Hybrid
Vlasov-Maxwell code [Valentini et al., 2007]

Normalized1 equations used:

Vlasov equation for the ion distribution function:
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The Ohm’s law for the electric field:
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the ion density n, the ion bulk velocity u and the ion pressure tensor Π are obtained as the
moments of the ion distribution function f .

Faraday’s equation:
@B

@t
= �r ^ E J = r^ B (3)

ni ’ ne

Box: 3072*3072 grid points, resolution � 0:1di

1to ion mass, ion cyclotron frequency Ωci , Alfvèn velocity and ion skin depth di
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Motivations (context: magnetized turbulent space plasmas)

Reconnection occurs in the presence of strong current density
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Motivations (context: magnetized turbulent space plasmas)

BUT, WHERE?
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Motivations (context: magnetized turbulent space plasmas)

We have to check possible sites one by one...
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Motivations (context: magnetized turbulent space plasmas)

We were lucky! It’s a reconnection site!
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Motivations (context: magnetized turbulent space plasmas)

At today magnetic reconnection can be accurately identified by human
analysis, but no well verified technique to automatically detect it has been
developed2

Big data ! need to speed up analysis

Setting-up some algorithms (which use Machine
Learning) aimed at automatically detecting the presence
of current sheet (CS) and magnetic structures where

reconnection is occurring (2D)

[Sisti et al., 2021]

The research is developed in the framework of an european project called AIDA project
(Arti�cial Intelligence Data Analysis) http://www.aida-space.eu/.

2Some times Ψ flux function has been used BUT it cannot in 3D sims or in satellites’ data!
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Differences between supervised and
unsupervised ML

Supervised Machine Learning

A ML algorithm is said to be
“supervised” if it uses a ground
truth or “labeled” data.

Training set of labeled data !
the algorithm learns the rules !
the rules can be applied to
other data sets.

+
In collaboration with Centrum

Wiskunde & Informatica,
Amsterdam, The Netherlands

[Hu et al., 2020]

Unsupervised Machine Learning

A machine learning algorithm is
said to be unsupervised if it
does not use a ground truth or
“labeled” data.

It looks on its own for patterns
in the data that hint at some
underlying structure.

+
In collaboration with CINECA,
Bologna, Italy [Sisti et al., 2021]
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Algorithm with unsupervised ML: variables

(a) current density jJj
(b) in-plane electron velocity
(c) electron vorticity Ωe = r^ Ve

(d) in-plane magnetic field
(e) electron decoupling: E′ = E + Ve ^ B, z-component
(f) J � E′

This is a very clear reconnection site, but often we are not so lucky!
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Algorithm with unsupervised ML: algorithm
description

1 Tuning k for the k-means model

2 K-means (Lloyd’s algorithm) ! variable space

3 DBscan algorithm ! physical space

4 Threshold on clusters’ aspect ratio

Both K-means and DBscan are techniques of unsupervised ML with the aim to
learn a grouping structure in a dataset (clustering techniques).
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1. Tuning k for the k-means model
Annoing-fact: K-means approach need us to de�ne how many clusters (k) we believe
there are in our dataset.

Risk: under�tting or over�tting of the data

Figure: from [Rhys, 2020]
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1. Tuning k for the k-means model
When we don’t know how many clusters we expect to find, we can use

optimization techniques, such as Davis-Bouldin index.

Figure: from [Rhys, 2020]

The smaller the value of the Davies-Bouldin index,
the better the separation between clusters.
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1. Tuning k for the k-means model: our
results

Figure: Davies-Bouldin index for our data
set, t ’ 247 (Sisti et al. 2020 ApJ,
accepted)

Tuning at a “central” time for our
simulation (t ’ 247Ωci ), for which
the current sheets are well
developed

k = 11
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2. K-means (Lloyd’s algorithm)

Figure: from [Rhys, 2020]
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2. K-means (Lloyd’s algorithm): our results

From [Sisti et al., 2021]

k-means can be applied to every time

We choose the interesting cluster: 1

In the physical space the cluster 1 is given by ALL the
red regions in the figure (all together!)

We see the cluster 1 is made up by different structures
! we need to differentiate these structures in the
physical space ! DBscan algorithm
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3. DBscan (Density Based Spatial Clustering of Applications with Noise)

Figure: from https://scikit-learn.org/stable/modules/clustering.html
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3. DBscan (Density Based Spatial Clustering of Applications with Noise)

Figure: from [Rhys, 2020]. In this example minPts = 3.

Parameters:

� : search radius

minPts: minimum number
of points that a cluster
must have in order to be
de�ned as a cluster.
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