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Abstract.

Transient interplanetary shocks distort the interplanetary magnetic field as they propagate through the

interplanetary medium. This distortion involves a deformation of the magnetic field lines and a modification of the
magnetic field strength. Both factors have influence on the propagation of energetic particles. Magnetic trap regions,
for instance, may appear around local minima of the magnetic field in the downstream region. We briefly discuss the
problems that appear when modeling the transport of particles there, and- we present a simplified model to describe the

influence of the focusing effect on particle propagation.

INTRODUCTION

Acceleration and injection of energetic particles by
transient interplanetary (IP} shocks is not restricted to
their upstream region but it also exists in the downstream
region (1,2). The interplanetary magnetic field (IMF)
structuze in the upsiream region can be adequately de-
scribed by the standard Archimedian spiral, when solar
wind regime is not perturbed. Nevertheless, a good de-
scription for the downstream IMF does not exist vet. This
region is more turbulent than the upstream region, with
regard to the plasma properties and topology and magni-
tude of the IMF (3} and, therefore, harder to model.

Magnetic field lines are distorted by shocks and by
their drivers: they are bent by the shock and “pushed
aside” by the driver, getting wrapped around it. The pat-
tern of draped fields around the driver is asymmetric; field
lines originally to the east of the driver gradually slip off,
while field lines to the west increasingly drape about it.
Therefore, the magnetic pressure in front of the driver is
higher on the westward edge than on the eastward edge.
The shock not only changes the topology of the magnetic
field but also its magnitude. Recently Vandas et al. (4)
have modeled the propagation of magnetic clouds. These
simulations give vs an idea of how magnetic clouds, and
probably other ejecta, modify the IMF, Therefore, it is
possible to start an analysis of the motion of energetic
particles along these IMF structures, behind the shock
and around the ejecta. First, we present a simulation of
the downstream magnetic field configuration along which
energetic particles propagate. Then, we discuss the prob-
lems concerning particle propagation in this region and

we propose a simple model to describe (in terms of the
focusing effect) the particle trapping in the downstream
region. Finally we present the conclusions of this work.

THE DOWNSTREAM MAGNETIC FIELD
CONFIGURATION

Top panel of Figure 1 shows a snapshot of the magne-
tohydrodynamic simulation of a magnetic cloud propaga-
tion performed by Vandas et al. (4). The plot represents
the configuration of the ecliptic plane 60 hours after the
injection of a magnetic cloud represented by a cylinder
with its axis perpendicular 10 the ecliptic plane, with a
force-free magnetic field configuration (5) and with an
initial velocity of 750 km s~! (3 times higher than the
background solar wind velocity). The shock wave is char-
acterized by a steep increase in velocity, magnetic field,
temperature and density of the plasma (black bow in Fig-
ure 1). External magnetic field lines start to fold up at
the shock front and then drape around the cloud. The
cloud is magnetically disconnected from the surround-
ing medium. Thus, if no transverse diffusion is assumed,
low-energy shock-accelerated particles injected from the
front spiral along the open field lines rooted at the Sun,
but do not enter into the cloud because its boundary rep-
resents a tangential discontinuity for them (6).

Bottom panel of Figure 1 shows the variation of the
magnetic field magnitude along the open IMF lines la-
beled by letters in the first panel. This is the magnetic °
field that particles will “see” when propagating. The
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FIGURE 1 Top panel. Snapshots of the simulation of the mag-
netic cloud propagation. The contours of log mass flux, nV, are
represented together with a number of IMF lines. The shock is
located within the steep density gradient. The IMF lines drape
the cylindrical magnetic cloud. Botiom panel. Variation of the
IMF magnitude along six open magnetic field kines labeled A, B,
C, D, E and F in the top panel. The distance along the magnetic
field line, Z, is counted from the beginning of the compuiational
domain at 18 Rg. The arrow marks the position of the shock
front.

magnitude of the IMF decreases monotonically with in-
creasing distance from the Sun for a stable solar wind
regime in the upstream region. Downstream, the mag-
netic field magnitude along the field lines is not smoothly
decreasing, but it exhibits several local minima and max-
ima. In these circumstances, the propagation of particles
along these lines is strongly altered, and even they can
remain trapped in local minima of the IMF (6).

Figure 1 also illustrates why downstream particle flux
and anisotropy profiles largely vary when they are seen
by observers located at different regions with respect to
the nose of the shock. The magnetic field sirength at the
shock front (indicated by a vertical arrow in the second
panel of Figure 1) decreases from A to F. Interpreting that
this strength is related to the shock as particle-accelerator,

we can say that observers crossing the shock by its west-
ern flank, once in the downstream region, they estab-
lish magnetic connection to stronger parts of the shock
closer to its nose (cases A and B); that is when they de-
tect the maximum of particle flux (several hours after the
shock passage). In contrast, when the observer crosses
the shock across its eastern flank (cases E and F} it re-
mains connected to weak parts of the front where the
shock is probably less efficient in particle acceleration.

A SIMPLE MODEL FOR PARTICLE
| PROPAGATION

The IMF in the steady upstream region can be rep-
resented by an Archimedian spiral with monotonically
decreasing magnitude. Particle propagation under these
conditions can be reasonably described by Ruffolo’s
transport equation (7). In the downstream region the IMF
is not a simple and organized structure. Between the
shock and the ejecta (sheath region), an enhanced turbu-
lence is usually present (3), causing a multitude of scat-
tering processes (not only pitch-angle scattering). Un-
hindered motion of pariicles across the sheath region and
the shock front is not a real description because of the
turbulent medium existing there and also because-the
jump of magnetic field in the shock front provokes re-

 flective effects on the particles and abrupt changes on
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their energy. Moreover, particles can hardly remain tied
to one magnetic field line, they easily become spread all
along behind the shock (2). Therefore, simulations of
particle propagation in these regions become a 2- or 3-
dimensional problem, and have to include all possible ef-
fects.

To start with a simple approach we restrict ourselves
to describe the motion of particles outside of the turbu-
lent sheath region and along the open magnetic field lines
around the ejecta. We assume that (a) the magnetic field
configuration is static; (b) energetic particles do not mi-
grate to other IMF lines, consequently, they remain in the
same magnetic flux tube; and (¢} we restrict our attention
to effects that are linear in the derivatives of the mag-
netic field along the direction tangential to the magnetic
field. Assumption (a) means that the motion of flux tubes
and their distortion due to the expansion of the ejecta
are neglected. Assumption (b) considers that the gyrora-
dius of the particles is sufficiently small that the magnetic
field experienced by a particle does not change substan-
tially in one gyroperiod. Assumption {c) is a good ap-
proximation if the gyroradius is smatl compared with the
length scales governing the spatial varjation of the mag-
netic field. Therefore neither particle drift nor diffusion
perpendicular to the magnetic field direction is taken into
accousnt.






