A clustering technique to separate alpha

particles from protons in solar wind measurements:
application to observations

Rossana De Marco, Roberto Bruno, Maria Federica Marcucci
INAF-IAPS

Solar Orbiter SWA Team Meeting - Firenze, March 28-29, 2019



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”

Original unclustered data Clustered data




Solar wind measurements
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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.

Mixture of 1D Gaussians

The Gaussian Mixture Model (GMM) is — caroman
defined as the weighted sum of Gaussians.
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Example of particle indentification

using PAS simulator
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Example of particle indentification

using PAS simulator
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But what about real data?



Example of particle indentification

Real data
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Example of particle indentification

Real data
MARSCH ET AL.: SOLAR WIND PROTONS 59
TABLE 1. Solar Wind Parameters for Figure 4
IQP':
DaY Timcs Rs IVPIQ np, 10_' Up, TIIPa TJ.P| B g, Eg, ﬁvM)l
1976 UT AU km/s em™  erg/lem’s km/s 10°°K  10°°K 104G deg deg 107%°cm % s’ Letter
30 1634:21 0.964 360 17.3 0.20 w 0.48 0.39 8.2 71.7 7.2 18.93 A
35 1021:43  0.949 479 6.7 1.83 67.7 1.81 1.12 6.8 —-67.6 21.1 1.33 B
23 1150:54 0.978 717 2.1 5.17 - 3.43 2.62 4.7 134.3 45.3 0.34 C
73 2134:54 0.681 377 20.6 5.08 - 0.94 0.36 12.7 124.3 6.8 22.80 D
71 1952:25 0.703 515 4.4 4.15 " 2.84 0.81 9.4 -39.9 -2.8 1.87 E
67 2232:33 0.742 667 5.6 9.35 e 3.13 3.30 9.4 -80.5 44.2 0.30 F
122 0157:09 0.421 359 139.6 2.08 - 0.75 0.80 17.6 145.8 34.4 59.43 G
88 0351:25 0.504 463 21.2 45.15 " 4.15 1.92 17.8 36.3 17.2 2.57 H
85 1132:18 0.546 618 10.4 15.00 v 2.67 2.88 17.2 -16.5 38.8 0.96 I
102 0933:49 0.319 360 129.0 111.90 o 2.23 0.88 335 156.1 -15.9 70.92 J
119 2114:15 0.391 494 26.2 81.15 4.10 28.0 —166.5 27.6 0.97 K
068 AU 377kmis 073 AU 515 km/s 667 km/s 141.5 -21.0 0.43 L




Example of particle indentification

using observations: slow wind

000 density
6.48 5.67 1.7
alpha d102h18m40s51
1w 000 velocity
@ : 418.3 441 435.7
. 26;0 alpha
e Temp.
", alpha (x10° K) 2.016 2.19/1.86 2.86/2.7
] . EVEEL *
y ko) density
orom [T 10 i 279.19 - 208.31
08 Velocity
Mo e 423.9 -- 440.1
C o Temp. protons 3
_1Sn[nl 5 (X105 K) 0.98 1 .25
50 0.2
& e _opn  -ls0 RO -0 0.0
y (Km/s)
L0 10000 T T T T T T
Vx (Kmyfs) @ probability Counts ™
£l 400 500 00 o 0 ] e prob. alpha —
..... 100 o s ¢ 3
o Smunen N a6 o’ .
7 ﬂ-4 o83 . : 4
02 i : ¢ s : . -'I}I'-
™ ] . . ]
S, I, 100 $ . : : I ] J‘g 3
[ I o : . o
. L0 i:: 8 o o2
150 & mmy i L | - L L] : =
s 0w 08 .2 8 . e I . s
i | 0f - ' 19
B EEE DI ELEE B .
:11:2 . " e 0 . o » . . . . 0 T T T
04 R 400 600 800
—_IISGUD 1 L L ] ] 1 L .
2 ES 02 200 300 400 500 600 700 800 900 'I.FE|'DCIt}’
; 2 Velocity

&0 0 a0 00 a0 300 0.0




Example of particle indentification

using real observation: slow wind
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Example of particle indentification

using observations: fast wind
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Example of particle indentification

using observations: fast wind
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