
HAL Id: hal-04289511
https://hal.science/hal-04289511

Submitted on 20 Feb 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Two classes of magnetotail Dipolarization Fronts
observed by MagnetosphericMultiscale Mission: A

statistical overview
Soboh Alqeeq, Olivier Le Contel, Patrick Canu, Alessandro Retinò, Thomas

Chust, Laurent Mirioni, Alexandre Chuvatin, Rumi Nakamura, Narges
Ahmadi, Frederick Wilder, et al.

To cite this version:
Soboh Alqeeq, Olivier Le Contel, Patrick Canu, Alessandro Retinò, Thomas Chust, et al.. Two
classes of magnetotail Dipolarization Fronts observed by MagnetosphericMultiscale Mission: A sta-
tistical overview. EGU General Assembly 2023, Apr 2023, Vienna (Austria), Austria. 2023,
�10.5194/egusphere-egu23-7317�. �hal-04289511�

https://hal.science/hal-04289511
https://hal.archives-ouvertes.fr


Laboratoire de Physique des PlasmasLaboratoire de Physique des Plasmas

Two classes of magnetotail dipolarization fronts observed by 
Magnetospheric Multiscale Mission: A statistical overview 

S. W. Alqeeq1, O. Le Contel1, P. Canu1A. Retino1, T. Chust1, L. Mirioni1, A. Chuvatin1,R. Nakamura, N. Ahmadi, F. D. Wilder, D. J. Gershman, Yu. V. Khotyaintsev, P.-A. 
Lindqvist, R. E. Ergun, J. L. Burch, R. B. Torbert, S. A. Fuselier, C. T. Russell, H. Y. Wei10, R. J. Strangeway, K. R. Bromund, D. Fischer, B. L. Giles, Y. Saito

1Laboratoire de Physique des Plasmas (LPP), UMR7648, CNRS, Sorbonne Universit ́e, Universite Paris-Saclay, Observatoire de Paris, Ecole Polytechnique Institut 
Polytechnique de Paris, Paris, France

We carried out a statistical study of dipolarization fronts (DFs) detected by the Magnetospheric Multiscale mission 
(MMS) during the full 2017 Earth’s magnetotail season. We found that two DF classes can be distinguished: class I 
(74.4%) corresponds to the standard DF properties and energy dissipation whereas a new class II (25.6%), which 
includes the six DF discussed in Alqeeq et al. (2022), corresponds to a bump of the magnetic field associated with a 
minimum of the ion and electron pressures and a reversal of the energy conversion process. The possible origin of this 
second class is discussed. Both DF classes show that the energy conversion process in the spacecraft frame is driven 
by the diamagnetic current dominated by the ion pressure gradient. In the fluid frame, it is driven by the electron 
pressure gradient. In addition, we have shown that the energy conversion processes are not homogeneous at the 
electron scale mostly due to the variations of the electric fields for both DF classes. 
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Conclusion/ For the full magnetotail season of 2017:
Class I “classic type” (74.4%) corresponds to a slow decrease of B after the DF and is associated with smaller ion 
velocity and hotter plasma.

Class II “new type” (25.6%) has a bump B profile associated with a minimum of ion and electron pressures and faster 
velocity as shown in Alqeeq et al. 2022, and it is found mostly on the duskside. 

For both categories we found a good agreement between current densities calculated from particles, Curl B and JdiaM 
(single S/C method).

For both categories we found that ions are mostly decoupled from the magnetic field by the Hall fields. 
The electron pressure gradient term is also contributing to the ion decoupling and likely responsible for an electron 
decoupling at DF. 

 More than 800 “possible DF” events detected 
near the Earth’s magnetotail equator (|Bx|
<5nT), using an AIDApy tool requesting Bz 
and Vi increases and Ne decrease. 

 This first automatic selection is then 
adjusted manually with the following 
criteria leading to only 132 DF events:

 Burst mode (partmoms) data are available at 
least 30s before and after the DF. The head of 
the DF denotes the time t0.

 Bz increase > 5 nT
 Vi > 150 km/s
 Ne,i decrease
 Tpara,e-i~Tperp,e-i increases.

 MVAB and TA  methods are applied on 
magnetic field data. They give similar front 
normal. 

 MVAB was set to be:
 L: always oriented northward 
 M: directed dawnward
 N: earthward
 Almost no preferential directions of 

propagation along y and z.
 Ny:  ~ (+) 54% , ~ (-) 46%
 Nz:  ~ (+) 60% , ~ (-) 40%
 VN: ~200 km/s 

 Class I “classic type” (74.4%) corresponds 
to a slow decrease of the magnetic field after 
the DF and is associated with smaller ion 
velocity and hotter plasma [ e. g., Schmid et 
al.,2015; Huang et al.,2015; Yao et al.,2015; 
Zhong et al.,2019].

 Class II “new type” (25.6%) has the same 
time scale for the rising and the falling of the 
magnetic field (a bump) associated with a 
minimum of ion and electron pressures and 
faster velocity.

 For both classes: 
 Small values but good agreement within 

<10nA/m2
 Ion diamagnetic current is dominant 

(~72%)
 In Class II the reversal in JpartM (E) & 

JcurlM (D) is due to the reversal of the 
diamagnetic current (C), dominated by 
ions (B)
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 For both classes in the N direction, ions are 
decoupled (D) mostly by the Hall electric field 
(G) but electron pressure gradient also 
contributes (A).

 For class II in the M direction, ions are decoupled 
(C), but the Hall field (median  −1.6 mV/m, ∼
mean +0.8 mV/m) suggests that the contribution 
from the electron pressure gradient could be quite 
large too ( +3.4 mV/m, +1 mV/m, respectively). ∼

 For both classes ahead of DF, in the s/c frame, 
Jpart.E >0 Dissipation (C) (energy is 
dissipated from the electromagnetic field to the 
particles).

 For class II behind DF, in the s/c frame, 
Jpart.E <0 Dynamo (C)  (the energy is 
transferred from the particles to the 
electromagnetic field).

 For both classes ahead of DF, in the ion & 
electron frames, Jpart.E'<0 Dynamo (D) 
(energy goes from particles to field).

 Class I DF locations and propagations 
are relatively random 

 Class II DF have preferentially 
duskward locations and propagations 
with larger velocities.
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