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Clustering
Introduction

Clustering is the assignment of a set of observations into subsets 
so that observations in the same cluster are similar in “some sense”



  

Solar wind measurements
Energy spectra
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In solar wind measurements, energy 
distributions of different particles appear 
as different peaks in the same energy-per-
charge spectrum
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Gaussian mixture model
Introduction

We assume that solar wind measurements  are distributed as a weighted linear 
combination of a finite number of multivariate normal distributions.

The Gaussian Mixture Model (GMM) is 
defined as the weighted sum of Gaussians.

where ∑i
w1=1

P( v⃗ i)=∑ j
w j N (v i∣μ⃗ j ,Σ j)



  

Example of particle indentification
using PAS simulator

How they are How they appear

given moments 
simulate observations separate 

particles



  

Example of particle indentification
using PAS simulator

Input Output

But what about real data?

given moments 
simulate observations separate 

particles



  

Example of particle indentification
Real data



  

Example of particle indentification
Real data



  

Example of particle indentification
using observations: slow wind

d102h18m40s51

CDAWEB Marsch et al. Clustering

density
alpha 6.48 5.67 7.7

velocity
alpha 418.3 441 435.7

Temp.
alpha (x105 K) 2.016 2.19/1.86 2.86/2.7

density
protons 279.19 -- 208.31

Velocity
protons 423.9 -- 440.1

Temp. protons
(x105 K) 0.98 -- 1.25



  

Example of particle indentification
using real observation: slow wind

d122h01m57s09

CDAWEB Marsch et al. Clustering

density
alpha 2.4 -- 2.86

velocity
alpha 382.9 -- 360

Temp.
alpha (x105 K) 1.36 -- 1.52/1.96

density
protons 151.66 139.6 123

Velocity
protons 383.9 359 359.5

Temp. protons
(x105 K) 0.61 0.75/0.80 0.74/0.84



  

Example of particle indentification
using observations: fast wind

d108h01m01s14

CDAWEB Marsch et al. Clustering

density
alpha 0.92 0.88 1.76

velocity
alpha 816 867 781

Temp.
alpha (x105 K) 13.8 45.44/36.47 60.26/37.41

density
protons 30.37 -- 27.8

Velocity
protons 734.5 -- 732.3

Temp. protons
(x105 K) 5.54 -- 7.03



  

Example of particle indentification
using observations: fast wind

d107h07m50s13

CDAWEB Clustering

density
alpha -1.000E+31 1.64

velocity
alpha -1.000E+31 786

Temp.
alpha (x105 K) -1.000E+31 44.87/35.06

density
protons 28.1 24.46

Velocity
protons 723.3 727

Temp. protons
(x105 K) 5.51 6.95
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