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Abstract: The propagation of energetic particles in the heliosphere is describee lRatker transport
equation. It includes the physical processes of diffusion, drift, ectiwn and adiabatic energy changes.
For the modulation of the particles’ energy spectra the geometry of theshebac magnetic field is
important, but it is still an unsolved problem. In this contribution we pressrdel calculations of the
particle mean-free-path in two different field configurations: the st@hBarker geometry and a Fisk-
Parker hybrid field. Results for both magnetic field models are showpaatively and the implications
for the particle transport are discussed.

Introduction Energetic Particles in the Heliosphere

Energetic particle spectra are strongly modulated The propagation of energetic particles in the hel
by the heliospheric magnetic field (HMF) and the sphere is described by the Parker transport ec
solar wind (SW). The intensity of this influence tion [6]:

varies periodically depending on the 22-year solar

cyle, see e.g. Heber & Potgieter [1]. Especially a> _ g (,g/ (6]0)) ~ gy - (ﬁf) 1)
the HMF changes its polarity and might undergo ot

fundamental changes in its structure between solar diffusion & drift ~ convection
maximum and minimum activity. +1 (ﬁ = ) af

With the Ulysses spacecraft the possibility arose 3 ) 8 (InP)

to study the propagation of energetic particles in adiabaticAE

all three dimensions of the heliosphere, see [1]

and references therein, and the question of the lat- It includes the important physical processes inf
itudinal transport gained more importance (Jokipii encing the particles’ distribution functiofi. The
& Kota [2], Ferreira [3]) but is still not fully an-  diffusion and drift effects are described by a te
swered. sor ' in the coordinate system of the heliosphe

Many models investigating particle modulation Magnetic field
employ a Parker-type HMF configuration, see e.g.

Ferreira[3] or Lange et al. [4]. But since the global o — FE)H KO ,S 2)
structure of the HMF during solar minimum con- 0 Zr K .
— A 1,9

ditions is still an open question, its possible influ-
ence on the latitudinal particle diffusion has to be \ith % for the diffusion parallel to the magneti
discussed also for Fisk-type fields, see e.g. Burger field lines,s, , andx, , perpendicular to the fielc
& Hitge [5]. lines in ther-¢-plane (r) and the latitudinahy)
direction andx, for the drift effects. The sola
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Figure 1: The Parker HMF configuration model in

two different projections.

wind is assumed to flow with a velocitysy =
ug (r,¥) & radially away from the sun. The adi-
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Figure 2: The Fisk-Parker hybrid HMF configur:
tion model in two different projections.

ing a transition function to achieve a Parker-lil
field around the solar equator and at the poles

abatic energy changes are dependent on the para Fisk-like field at mid- and higher latitudes (fc

ticle rigidity P and S stands for the source term,

e.g. galactic particles flowing into the heliosphere

or jovian electrons.

In this contribution we study the influence of the
global HMF configuration on the particle diffusion,

S0 in the next section the two models used in this

paper are presented.

The HMF configuration

After the magnetic field is frozen into the SW
plasma, it is carried outwards with the SW flow
to form the global HMF. Different approaches to

explain its configuration were made in the past,

e.g. by Parker [7] or Fisk [8]. Recently a hybrid

model of the Fisk and Parker fields was suggested

to describe the HMF at solar minimum by Burger
& Hitge [5]. This is basically done by introduc-
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details see [5]) with the restriction of an isotrop
solar wind velocity, i.e.isw cannot be taken as
function of latitude like in the simple Parker field

In our study we compare the influence of the si
ple Parker HMF and the Fisk-Parker hybrid fie
on the particle diffusion. lllustrations of both fiel
models are presented in two different projectio
Figures 1 and 2 display the field lines for the Parl
(1) and the Fisk-Parker hybrid (2) models. Int
upper panels the field is given in 3D, the low
panels show an unwinded 2D projection. For tl
presentation three field lines were constructed v
three different starting positions of the footpoir
to initiate the field line development.

As one can see, the Parker field is spiral-sha
and forms cones at higher latitudes since the m
netic field footpoints always stay at the same ¢
tude. For a Fisk-type field like the Fisk-Parker h
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brid the structure gets more complicated due to the
latitudinal motion of the magnetic field footpoints
on the source surface, see e.g. [8, 5]. The first im-
plications for the particle propagation can be de-
rived from the 2D projections of the field lines.
Considering the latitudinal transport, in a Parker
field thed-diffusion has to be described as perpen-
dicular to the field lines. In a Fisk-type field the
latitudinal transport can actually be described as
parallel to the field lines. Therefore the particle
transport in polar direction will be influenced by
the field geometry which will be discussed in the
next section.

Energetic Particle Mean Free Path

For our calculations we employ the model for the
diffusion tensor from Ferreira [3] for Jovian and
galactic electrons, where the parallel diffusion is
taken to be a function of the radial distance from
the sunr and the particle rigidityP:

ko B g (r, P) ®)

Here we assumg, = 4.5 - 10?2 cn?/s andg is

the ratio of the particle speed to the speed of light
(8 = wv/e). The perpendicular diffusion coeffi-
cients are taken to be ratios to the parallel coeffi-
cient. In the Parker field we assume the same two
different ratios that can be found in Ferreira [3]

il

P 0.3
K] ¢ - 0‘02 K —_— 4
. (7) @
Kig — 0.015 R F ('19) (5)

where a functionF’ (9) is introduced into the lat-
itudinal coefficient to enhance, y at higher lat-
itudes & 20°) by a factor of six, while we use
KL = K. = ki With the ratio given in eq. (4)
in the Fisk-Parker hybrid model well knowing that
this will have to be adjusted for modulation stud-
ies. But it will still lead to first qualitative results
showing the principles of the HMF’s influence on
the perpendicular transport.

For further calculations the diffusion tensor, see
eg. (2), is usually transformed from the magnetic
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Figure 3: The particle mean free path depend

on heliographic latitude in a Parker field model.

Ai = 3k;/v for both coordinate systems. The il
dex i stands for the different directions of the d
fusion, i.e. for (), (L,r) and (L,9) in magnetic
field coordinates and for the radial (rr), latitudin
(9¥) and longitudinal ) directions in spherica
polar coordinates.

Figure 3 shows the particle mean free path
pending on the heliographic latitude with the <
lar north- and south pole & and 180° at a dis-
tance ofr =~ 5 AU from the sun (approx. Jupiter”
orbit) and for a particle rigidity ofP 7 MV

which is a typical value for Jovian electrons. TI
HMF configuration is a Parker field with a sol:
wind speed of400 km/s in the equatorial regiot
and800 km/s at latitudes> 20° north and south of
the solar equator. The upper panel shows the
free path in magnetic field coordinates. One ¢

~
~

field coordinate system to spherical polar coor_di- see that\; (black line) and\, , (red line) do not
nates. We present the mean free paths deriveddepend on the latitude, whilg, , (blue line) re-

from the diffusion coefficients by the equation
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flects the enhancement by the functiBr{¥). The
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4 T — T — T T — T . . .
LY i = 40000 path in spherical polar coordinates to the one

i ; 0075 G Fig. 3 one can see the influence of the more cc
10%F R plex field structure even in the radia,() and lon-
gitudinal (A .,,) transport. The clearest difference
the enhancement of,, just by the HMF configu-
ration without assuming an addition&ldependent

Ag [au]

function.
1077 F b
Conclusions
107 —
— : :
T R Comparing the results for the mean free path in
0 50 100 150

Polar Angle [°] two different magnetic field models, one can s
L that a Fisk-type field like the Fisk-Parker hybr
(Burger & Hitge [5]) can at least partly explain tr
enhancement of the latitudinal transport. To wi
extent the global HMF structure or the magne
field turbulence (Jokipii & Kta [2]) are responsi-
ble for the high latitudinal diffusion is still an ope
question and part of ongoing discussions.

The strong effect we find close to Jupiter’s orl
and for particle rigidities of Jovian electrons su
gests that further investigation of the propagati

o1
= 5.18 AU, phi = 90.00°

v
P = 0.0073 GV

1074 — A i i i
— of few-MeV electrons in a Fisk-type field and cor
: : : parison to Ulysses measurements may contrik
0 50 100 150 . .
Polar Angle [°] to the solution of the open question of the glot
Figure 4: The same as Fig. 3 but for a Fisk-Parker HMF configuration by using particle propagatic
hybrid field model. as a remote sensing method.
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