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Abstract
On average, the Earth's magnetotail plasma sheet seems to be a calm region of the
magnetosphere where the plasma moves slowly towards Earth. However, the plasma
sheet actually hosts many phenomena, some of which can affect Earth. For example,
high-speed  flows  of  plasma with  speed  larger  than  400 km/s  are  observed  in  the
plasma  sheet  and  they  can  lead  to  aurorae.  Such  dynamical  phenomena  and  the
impact they may have on Earth naturally makes the plasma sheet an important region
of study. Even though these high-speed flows can affect Earth, they are observed less
than 5% of the time, meaning that most of the time, other disturbances take place in
the  plasma  sheet.  Our  aim  is  to  investigate  and  better  understand  the  plasma
dynamics in the plasma sheet.

The plasma above and below the cross-tail current sheet was previously thought to
convect  in  the  same  direction.  However,  we  find  that  under  clearly  non-zero
Interplanetary  Magnetic  Field  (IMF)  By (dawn-dusk component),  the plasma has  a
tendency to convect in opposite dawn-dusk direction across the current sheet near the
midnight sector depending on the sign of IMF By.

The high-speed  plasma flows  are  known to be  associated  with  an increase  of  the
northward component of the magnetic field as they propagate toward Earth. Using
simulations, we notice that the magnetic field lines are bent by the high-speed flows
and dents can appear. The deformation of the magnetic field is such that it may be
directed towards the tail  above the cross-tail  current sheet and towards the Earth
below it. This is opposite to the expected orientation of the magnetic field thus making
this feature important in order to properly identify the region in which a spacecraft is
located.

At times, the plasma can be seen to move back and forth in an oscillatory manner. We
investigate statistically such oscillatory behaviour and compare them to high-speed
flows  and  to  time  periods  when  the  plasma  is  calm.  These  oscillatory  flows  are
observed about 8% of the time in the plasma sheet. They typically have a frequency of
about 1.7 mHz (~10 min period) and usually last about 41 min.

Some oscillations of the plasma velocity are observed along the magnetic field. The
particles measured by the satellite initially have a velocity parallel to the magnetic
field and towards Earth. Gradually with time, the measured velocity of the particles
turns around to first become more perpendicular to the magnetic field and then be
along the magnetic field but away from Earth. These signatures are interpreted simply
as being due to mirroring particles injected tailward of the satellite and move toward
Earth. The particles are then reflected, and move away from Earth. We investigate the
general features of such oscillations along the magnetic field and find that the source
of  the  particles  is  typically  located  less  than  25  REEarth's  radii)  tailward  of  the
satellite.
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