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On 28th of August 2018 at 5:30 UT, MMS and Cluster were located in the magnetotail 
at about 16 earth radii (RE).

They both suddenly crossed plasma interfaces. Located in the post midnight sector, 
Cluster transitioned from a cold plasma sheet to a hot plasma sheet whereas MMS, 
located at 4 RE duskward of Cluster, transitioned from a similar cold plasma sheet to 
the lobe region via a very short period in a hot plasma sheet. 

At 05:50 UT MMS returned to a hot plasma sheet and detected a quasi-parallel 
earthward flow ~ 400 km/s and increased energetic ion and electron fluxes. 

We use measurements from both missions during this conjunction to describe the 
possible macroscale evolution of the magnetotail as well as some associated kinetic 
processes. In particular, we analyze fast and slow non linear electrostatic waves 
propagating tailward which are detected in the so called electron boundary layer as 
well as in the hot plasma sheet. We discuss their possible generation mechanisms 
and link with the large scale evolution of the magnetotail. Finally, we investigate 
possible effects related to the dawn-dusk asymmetry of the magnetotail.

 Abstract



PSBL crossings on August 28th , 2018 
between 05:00-07:00 UT

Substorm period AE~250-500nT
MMS and Cluster located in 
the midnight sector near the PSBL
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Plasma sheet (PS)



Magnetospheric Observatory 
on August 28th , 2018 5:00-07:00 UT

Tipsod tool (GSFC-NASA)



MMS/Cluster conjunction 
on August 28th , 2018 5:00-7:00 UT

Tipsod tool (GSFC-NASA)

4 RE
16 RE
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05:00-07:00 UT – Ion measurements

● Sliding average with 32 s time resolution 
of CODIF moments

● At 5:30 UT, Cluster 4 moved from a cold  
dense Plasma Sheet (CDPS)
Ni~0.2/cc Ti~ 1keV 
to a hot tenuous PS  Ni~0.1/cc, Ti~5-10keV
associated with a quasi-parallel earthward flow 
Vx~  800 km/s and Vy ~ 300 km/s (duskward)

● Larger increase of the ion 
parallel temperature

● Then Cluster remained almost always in
 the PS until the end of the joint observations
 except a brief entry in the lobe region 
around 06:25 UT
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Event overview
(Cluster 4)

05:00-07:00 UT

● Consistent electron PEACE moments

● At 5:30 UT, Cluster 4 moved from a cold  
dense Plasma Sheet (CDPS) 
 Ne ~0.3/cc,Te~350eV 
to a hot tenuous PS 
Ne~0.05-1/cc, Te~1-2keV 
associated with a quasi-parallel
earthward flow Vx~ 500-1000 km/s 

● Tpara,i>Tperp,i while Tpara,e~Tperp,e

● Mostly anti-parallel (updward) current
only short periods with Jpara>0 even 
around the lobe region
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Event overview
(MMS2)

05:00 UT- 07:00 UT

● Elevation angle <10°

● MMS moved from a cold dense PS 
to the lobe region ~ 05:30 UT 
via a brief period of hot PS

● returned to a hot PS around 05:48 UT 
associated with a quasi-parallel
 earthward flow (18 min later than Cluster)
 Vx~  400 km/s (FPI)
     ~ 800 km/s (HPCA)

● Increasing of energetic ions and 
electrons

● Mostly anti-parallel (upward) currents 
as on Cluster [e. g. Nakamura et al., 2004]

● High-frequency electric fluctuations
are detected near the PSBL 
crossings [ e.g. Onsager et al., 1993]

Hot Plasma sheet



Event overview
MMS2 and Cluster 1234 (GSE)
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Cluster

FGM & STAFF-SA

● More intense E field fluctuations at high 
frequency (F>100 Hz) at the edge of the PS (C4)
when the earthward flow starts
Also true on WHISPER
(not shown)

● Probably more intense E field fluctuations
 at low-frequency (F<100 Hz) closer to the
magnetic equator (C2)
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FGM & STAFF-SC (HBR)
● More intense B field fluctuations 
(F<10 Hz) are associated with 
the fast Ion flow and  Tpara,i>Tperp,i

● Fire hose instability which 
could reduce the flow? 
[Hellinger&Matsumoto, 2000,
Haggerty et al. 2018, 
Alexandrova et al., 2020, submitted]
KAW ? [Chaston et al., 2012] 

● More intense at the PS edge 
(C4) than closer to equator (C2)
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MVA analysis on band-path filterered (0.1-5 Hz)
 AC B (STAFF-SC) data:
● Right-handed hodogram
● k~ Varmin [0.81, 0.50,0.30]
● λmax/λint=7.7 and λmax/λint = 7.9
● Wave angle ~42° => Oblique propagation

=> both analysis consistent with whistler fire hose (tbc) 

Bmax

Bint Bmin

Elipticity~+1

Wave angle~30°

Elipticity~+1

Polarization~1

βpara~2

Tperp/Tpara<1

2+(βperp-βpara)<0               Firehose?

Flow reduction?Vx

[Samson&Olson, 1980, polarization analysis]

Tentative polarization analysis
(Cluster 4 data)



MMS 
1st PSBL Xing

0526-0535 UT (MMS2)

● Elevation angle increases from 0 to 10°

● Increase of Te and Ti just before Xing

● Anti-parallel (upward) current signatures from
 curlB and from particles (en(Vi-Ve))

~ -20 nA/m²  just before the Xing

● Despite small perpendicular currents, ions are decoupled
from B due to Hall field (JxB)/n/e just before PSBL Xing

● First Earthward flow (200 km/s) at 05:28 UT followed by a 
bipolar Vy,i -200/+600 km/s : ion vortex just before Xing ?

● Inside the electron BL
(no ions, see e.g. [Varsani et al, 2017])

Electrostatic waves (ESW) are detected with
parallel Efield signatures up to ± 10 mV/m
consistent with Onsager et al., 1993 
suggesting that ESW are generated by
plasma sheet electrons and not by ion beams
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Zoom in to large Eperp ~ Epara (ESW)
in the electron boundary layer 

Fast electron holes moving tailward

~ 5 ms



MMS 
2nd PSBL Xing

0546-0558 UT (MMS2)

● Elevation : CS oscilations with 60 s period

● Mostly anti-parallel (upward) current 
fluctuations  from curlB and particles 
en(Vi-Ve) ~ -20 nA/m²

● Some periods of decoupled ions due to
Hall field

● Presence of « cold » ion beams 
~ 1 keV coming from the ionosphere ?

● Quasi-parallel earthward flow 
~1000 km/s at 05:48 UT

● No ESW inside the electron BL
but numerous ESW signatures 
up to ± 40 mV/m in the PS and
associated with the fast flow
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0603-0610 UT (MMS2)

● Isolated ESW detected well inside
the PS

● Ion and electron anisotropies
T

║
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┴
● Quasi-parallel tailward ion flow

~ -200 km/s
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Electrostatic solitary waves (ESW)

~ 50 ms



Slow ESW moving tailward : 
electron holes 

Timing Analysis (by pair)
performed
From Konrad Steinvall
Phd student supervised
By Y. Khotyaintsev (IRFU)
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Summary (I)

Large scale dynamics

● MMS and Cluster were located in the midnight sector separated by 4RE in Y GSE during a substorm period 
(AE~ 250-500 nT

● Both MMS and Cluster plasma measurements corresponded to a cold dense plasma sheet (CDPS)
● First signature corresponded to an earthward flow Vx~ 200 km/s detected by MMS at ~ 05:28 UT
● Then a bipolar Vy signature -200/+600 km/s (ion scale vortex ?) was detected by MMS associated with a brief 

hot plasma sheet transition whereas Cluster detected a duskward flow of 200 km/s 
● At 05:30 UT, Cluster transitioned from a CDPS to a hot PS associated with a fast quasi-parallel earthward flow 

which could be reduced by whistler firehose instability (e.g.  Alexandrova et al., JGR, 2020, submitted)
● At the same time, MMS located 4RE duskward transitioned to the Lobe region which could suggest that the PS 

was thinner (or thinning) or moving vertically due to a large scale (4 Re) dawn-dusk oscillation of the 
magnetotail

● Then MMS returned to a hot PS detecting a fast quasi-parallel earthward flow 18min (~ 05:48 UT) later than 
Cluster

● MMS and Cluster kept measuring an active PS until 07:00 UT, Cluster briefly exploring the Lobe region ~ 06:25 UT
indicating a still relatively thin current sheet.

● While both MMS and Cluster crossed the PSBL during this event, only antiparallel (upward) currents were 
detected.

These MMS/Cluster joint measurements can hardly be interpreted with a large scale perturbation 
invariant in the dawn-dusk direction. They suggest a complex plasma dynamics combining fast 
earthward plasma flow with dawn-dusk plasma sheet oscillations  



Summary (II)

Kinetic scales 

● Electrostatic waves (ESW) were detected inside the electron boundary layer [Onsager et al., JGR, 
1993] but not always and also inside the plasma sheet

● Fast electron holes moving tailward were detected in the electron boundary layer related to hot PS 
electrons.

● Slow (~ 400 km/s) electron holes (~ 20λ
De

) moving tailward were also detected in the PS and possibly 
related to counter streaming beams

To be continued.

Large scale kink-like current sheet 
oscillation moving duskward 
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