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Excited Low Frequency Waves by Beam Plasma
in Upstream of Collisionless Shock and Their
Effect on Dissipation of Shock
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{School of Farth and Space Scineces, Unwersity of Science and Technology of China, Hefer 230026)

Abstract Due to the reflection by collisonless shock, ion beam can be formed in upstream of
collisionless shock. In this paper, a one-dimensional hybrid simulation is performed to investigate
heam plasma instabilities for two cases: low (ny,/ng = 0.02) and high (ny,/ng = 0.2) beam densities,
where ny, and ny represents the beam and background plasma density respectively. The results
show that for low beam density the beam mainly excites the right-polarized waves through resonauce
interaction. The waves propagate parallel to the ambient magnetic field, and they can only decelerate
and heat the beam protons. When the beam density is high, the beam can excite the waves with
propagation direction parallel and anti-parallel to the ambient magnetic field. These waves can
interact with beam protons relying on resonance condition, while they interact with background
protons due to non-resonant effects. Besides decelerating and heating the beam protons, they can
also accelerate and heat the background protons. Their effects on the dissipation of quasi-parallel
collisionless shock are also discussed.
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Fig.1 In the case for ny/no = 0.02. (a) The time history of the fluctuating magnetic field energy. The solid line
represents the energy of total magnetic field, while the dash dot line and dot line represent the energy of fluctuating
magnetic field which propagates parallel and anti-parallel to the background magnetic field. (b) The time history of
average particle velocities of each species. The solid line for beam particles, and the dash line for background particles
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Fig.2 In the case of np/ng = 0.02, the dispersion
relation of waves excited due to the beam-plasma
instability. The positive wave number k denotes the
wave propagate parallel to the background magnetic
field, while the negative k denotes the wave
anti-parallel to the background magnetic field



3 OWEF RIS E AR # A B 3SR A AL 6 ok 251

K. MbEAE N EEHEE, P17 ERmih
BERX, ERFEAMPTREZLOEE, RE
M BB KSR R R E, BT 1

4

(a)

3 -
g
E? 2

1

O 1 1 1 L —

0 20 40 60 80 100

5t
51 (b)

0 20 40 60 80 100
it
B3 nb/no=0.02nf, FTHMBKE T, &
FEHREMPTREZL A BASE AL,

HP L RRMBF, REREWRET
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history of parallel temperature (7)) and
the ratio of the perpendicular temperature to the
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lines denote beam particles, while the dot

lines denote background particles
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Fig.4 In the case for n,/no = 0.2. (a) The time
history of the fluctuating magnetic field energy. The
solid line represents the energy of total magnetic field,
while the dash dot line and dot line represent the
energy of fluctuating magnetic field which propagates
parallel and anti-parallel to the background magnetic
field. (b) The time history of average particle velocities
of each species. The solid line for beam particles, and
the dash line for background particles
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Fig.5 In the case of ny,/np = 0.2, the dispersion
relation of waves excited due to the beam-plasma
instability. The positive wave number k denotes the
wave propagate parallel to the background magnetic
field, while the negative k denotes the wave anti-parallel
to the background magnetic field
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Fig.6 In the case of ny/ng = 0.2, the time
history of parallel temperature (T/) and the
ratio of the perpendicular temperature to the
parallel temperature (A) of each species. The
solid lines denote beam particles, while the
dot lines denote background particles
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