ON THE VALIDATION OF THE ROTATION PROCEDURE FROM HEE TO MFA REFERENCE FRAME IN
PRESENCE OF ALFVEN WAVES IN THE INTERPLANETARY MEDIUM
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The HEE reference The MEMFA INTRODUCTION AlM METHOD
frame has x axis | refer.enc.e frame has Alfvén waves play an important role in the stability, heating, and transport of Our aim is to check the reliability of the method and  To highlight the peculiarities of each case of study and be able to better identify Alfvén waves when applying
towards the Earth | - —-- M axis allgned to.the magnetized plasmas. They are found to be ubiquitous in the solar wind (SW), mainly its limitations in identifying Alfvénic fluctuations this procedure to real data, we reproduced the magnetic and velocity fields of a typical corotating high-speed
and its z axis main ambient propagating outward from the Sun, especially in high-speed streams emanating from through the spectral analysis of time series in the  stream (as shown in sec.1 fig.1). We tested the procedure in several cases, by adding the presence of Alfvén
perpendicular to magnetic field, the ¢ coronal holes. When high-speed streams impinge on the Earth's magnetosphere, the MEMFA reference frame. With this procedure, we waves and noise. We performed the spectral analysis of the MEMFA component of both magnetic and velocity
the Ecliptic plane .. axisaligned to main impact of Alfvénic fluctuations can cause magnetic reconnection between the studied the fluctuations in the main-field-aligned  fields to define the power related to the two main directions: the one aligned to the ambient magnetic field
(positive North). Y Electric field and intermittent southward Interplanetary Magnetic Field (IMF) and the Geomagnetic field, direction and those in the orthogonal plane to the and the one orthogonal to it. The efficiency of the procedure and the result's reliability are supported by
axis completes the the vV axis that leading to energy injection from SW into the Earth's magnetosphere. In this work, we main field. The direction of the MEMFA reference  Monte Carlo tests. The method is as well applied to a real case represented by a selected corotating solar
orthogonal right completes the tested a rotation procedure from the Heliocentric Earth Ecliptic (HEE) to the Mean- frame aligned to the main Electric field direction in ~ wind stream. The results are also compared with those obtained by using the Elsasser variables to analyze
handed frame. orthogonal right Field Aligned (MFA) reference frame, identified by means of the Empirical Mode proximity of the magnetosphere gives the most the Alf\(énicity o_f fluctuations via the c_ross-helicit)_/, which is r.elated to the degree of correlation betweglj the
TR S— Decomposition (EMD), of both SW velocity and IMF at 1 AU. We define a new revised MFA geoeffective component involved during space  solar wind velocity and the magnetic field fluctuations. On this regard, our method can be used as additional
reference frame: the MEMFA (Mean ElectroMagnetic Field Aligned) reference frame. weather events. diagnostic tool, able to increase the reliability of alfvenicity found through classical metodologies.
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mp—y ErT——— r——— R;1 | Here we show the results (smoothed over 36 hours) obtained We described a new method that allows us to define an inertial rotated reference frame aligned to both the main
and V components in HEE (+ Alfven waves after back rotation) e‘ B and V MEMFA components with Localized Alfvén wave (at 1.3 mHz) 0.7} ==y _ _ . . G . , . . . . .
ol A —Bx B P P (sm) with the procedure applied to a real case study. In the top panel maghnetic and electric field, where we can easily identify Alfvén waves, also in presence of noise. This method is easily
- 4 \\: & - —B: ) — are plotted the normalised cross helicity (in blue) and the adaptable to a general context. Here we reproduce an analitic corotating SW high speed stream profile to test the
c o_\/ ..... R > HSS VUVY —(B:IVR»HSS | normalized SW power (in yellow) orthogonal to the main field. In procedure and its reliability with a Monte Carlo test. The method is able to efficiently identify pure Alfvén waves
B  ——————SNNN HSS -> RR the middle panel are plotted the normalised residual energy (in embedded in V and B, for SNR, > 0.019 (null hypothesis threshold at 5%).
2g8J \ — _ /\//_,—’/——__ —V, 2 | | | | | .o, green) changed in sign and the normalized SW power (in red) Based on MC test results, we notice a high correlation (r > 0.7 ) for SNR4 > 2.4 for the magnetic component and for
E 300 - - g : M ::% S S A aligned to the main field. In the bottom panel we show the SNR, > 2.1 for the velocity component; it means that the signal (total signal - noise), in terms of amplitude, is greater
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DoY - quantities plotted in the middle panel (in red). The correlation We show the well-founded correspondence between o, and P, /Pr,: and between o, and P,/Pro, both in the simulated
| e gives us an idea on how well the two procedures are in case ( r(o.,P,) = 0.95 and r(o., P) = 0.88 related to HSS+RR) and in a real case study, carefully estimated by moving
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‘ o . From the beginning of DoY 223 to the end of DoY 225 we observe In the real case study, a global correlation between the quantities derived from the classical and the new method reach
V:Lg'tytnl??g_”e]}l'cfzelfi_compogent.f|n >/ Rotation 6. | peving comeRio | that: values of ~0.9 related to the long term variation. The classical diagnostic method, based on the normalised cross-
== WIEHA AHVERIC TUCTUATIoNS and NoiSe T/?;E’;A’éz 0.5 P IPry ) e both correlations have similar trends helicity and normalised residual energy can be well supported by the new proposed procedure, making more clear the
B and V components in HEE (+ Alf. Waves afterElI(B;otHWN ’__9 | 0{\ o 'Q"e‘m:gn"z"and e both correlations have quite high values (except for a quick identification of Alfvén waves in the experimental dataset.
10| — By P\ (Prq r decrease at the beginnign of DoY 224)
E & Gl S 0.5 {\ suggesting a good accordance between the two methods used. The MEMFA reference frame can allow us to collect information not only in the main field direction but also in the main
| E'Sgsk;:wftﬁ Egi“% After DoY 226 the correlations decrease, suggesting that the Electric field direction, that in proximity of the magnetosphere is the most geoeffective component. This means that
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7;8. _ MvenULFwaves Alfvén ULF waves 222 223 224 225 226 227 228 two methods give different information. this procedure could be used in space weather applications.
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