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ABSTRACT

Views of the front side heliopause and different areas, where magnetic field
reconnection takes place, are provided for various assumed orientations of
the magnetic field of the local interstellar medium. Within these
reconnection patches the lines of constant angle bstwesn the magnetic fField
of the unperturbed solar wind (standard Parker’s spiral field) and the
(uniform) interstellar field, both projected onto the heliopause surface, are
computed. Here the shape of the heliopause is described by a simple analytic
formula. Explanations of low frequency (2-3 kHz) interplanstary radio
emissions detected by Voyager mission and implications of possible
observations of the heliospheric boundary are discussed.

INTRODUCTION

Interaction bstween the solar wind (sw plasma and the ambient ionized
component of the local interstellar medium (Liswm at the heliopause, the

boundary separating both media, is considered here, as presented in Figures 1
and 2.

Mixing of plasma due to reconnection processes is a common feature of
boundaries of planetary magnstospherss. It is the aim of this paper to show
what can heliospheric physics learn from magnetospheric physics in this
matter. By analogy with the case of planetary magnstospheres it is argued

that field reconnection processes may play an important role for the plasma
mixing at the heliopause.

It was fFirst noted by Macek and Grzedzielski that reconnection at the
heliopause could provide an important mechanism of plasma transport across
the heliospheric boundary /1/. _Iha resulting average rate of the plasma
mixing was sstimated to be ~ 10 of the incident mass flow. Morsover, it
was suggested that the dependence of the cosmic-ray penstration into the
heliosphere on the distribution of these reconnection areas might give some
information about the orientation of the LISM magnetic Fisld /1, 2/.

HELIOPAUSE MODEL

Let us consider a simgéa model of the heliospheric cavity. In Table 1 the
total Llsnsersssura n is taksen constant. Howsver, the total sglar wind
pressure [l decreases with the heliocentric distance r as 1/r° (for

distant r » v, ™ 1 AU). Hence, taking the pressure balance one obtains the
"nose” of the heliopause to be located at a distance

D=r (=¥ M52, $B)
o (=]

According to equation (1) and using the tuypical average plasma parameters
listed in Table 1 one gets 0 ~ 200 AU. The density profile of the
Heliospheric cavity corresponding to Table 1 is shown in Figure 1. At thes
transition region of the heliospheric boundary the plasma density can change
due to an inner shock, the heliopause and an outer shock shown in Figure 2 as
obtained using hydrodynamic considerations (cf. /3/). The dashed lines in
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IABLE 1 Typical Average Plasma Parameters
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Fig. 1.

The density profile of the heliospheric cavity. The heliopause

position is indicated. The dashed lines denote only simplified solutions:

steps of possible increase of the plasma
strongly shocked regions (y=5/3, cf./3/).

density by a Factor of = 4 due to
The frequency limits 2 to 3 kHz

observed by the plasma wave instruments on Voyager 1 and 2 /6-B/ are also

marked.
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— D —
Fig. 2. Sketch of the intarfaces
between the solar wind (sw and
the supersonic ionized componant
of the local interstellar medium
(LIZM : an inner and an outer
shocks (dashed) (cf. /3/) and
the heliopause of equation (2).
Parker’s spiral at the inner side
and an uniform Field at the outer
side are taken.

towards apex

X

+
1

Fig. 3. A view of the heliopause
front side shown projected onto
the Z2-Y plane (X-direction, THETA
= 30° PHI = 0°, is collinear with
the LISM wind flow vector)
depanding on the oriesntation of
the inta;gtellgg magnetic field
vector B "= (B" ", THETA, PHI)
lying in the solar equatorial
(X,Y) plane (taken from /2/).

THETA = 90.0 Z
a

PHI = 45.0

Fig. 4. The lines of constant
angla ¥ between the magnetic field
of the solar wind and the

LISM Field H'°, both projected
(equations (3)-C(4)) onto the
heliopause surface given by
equation (2), within the 18
recannection patches: a) for B
directed towards tpg apex, and for
the direction of B changed

bl by 45° and c©) by 80° from the
apex in the solar equatorial

(X, Y) plane (SEP),
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Figure 1 indicate only simplified solutions: steps of possible increase of
the plasma density by a factor of = 4 due to shocked regions (y=5/3), Ths
relative thicknaess of the strongly compressed solar wind region is taksn the
same as obtained in a hydrodynamic nonmagnetic model of Ref. /3/.

For a standard archégadaan spira}igodsl of the magnetic field of the solar
wind one can taks B = 1/% % 10 T at ~ 200 AU (sss Table I in /2/). 1IF
the termination solar wind shock is strong B>Y could be increased by a factor
&£ 4. One can expact that both magnetic fields are comparable in magnitudss.
Hence, the consideration of the magnetic field should have little influence
on the shape of the heliopause (pressure balance). If, additionally, the
thermal pressure contribution p=2nkT could be neglected (15% of the total
LISM pressure) one can also obtain analytically a more realistic solution for
the shape of the heliopause. Namely, one takes only ram pressures on both
sides. The LISH flow is assumed to be parallel and the soclar wind flow is
taken to bs radial. Hance, one gets the heliocentric distance r = R(&) to
the pasition of the heliopause to be:

R/ D=6/ sin &, 22

where & is the angle measured from the Sun-apex line (X-axis) and the
distance D to the nose of the heliopause is given by equation (1). The
plasma apex is assumed to be located 1n the solar equatorial (X,Y) plans
(SEP) and is taken to be X-axis (@ = 80°, & = 0°). Here & (PHI) and & C(THETA)
are the equatorial longitude, counted Erom the apex (X-axis) in the direction
of solar rotation, and the equatorial co-latitude counted from the Z-axis of
solar rotation, respectively. A deflection of the nose from the apex is not
considered here. The solution of equation (2) is shown in Figure 2. It
agrees quite well with the numerical results of the hydrodynamic model

presented in /3/, where the LISM and the solar wind are treated as
unmagnetized media.

RECONNECTION PATTERN AT THE HELIOPAUSE

On the other hand, one can expect that the magnetic field plays an important
role whenever both fields have appropriate polarities, and the reconnection
processes are most effective when the fields are anti-parallel /1,2/.

We assume that the reconnection takes place if the angle between both fields
is greater than g90° This simplified assumption defines reconnection patches
at the heliopause. The view of these areas at the front side heliopauss,
indicated by dots, depending on the orientation of the LISM magnetic field

vector B (in the SEP), is shown in Figure 3 (taken from /2/). The ohserver
is thought to be located in the Sun.

Now, the simplest draping consists of a projection of the field liness onto
the surface given by equation (2) with a unit normal vector n. The direction
of the projected line of force is determined by the vector

H=n x (B x n). (3

In the present paper, we provide the lines of constant angle ¥ bstwsen the
projected magnetic field of the unperturbed soclar wind (standard Parker’s
spiral Field) and the projected uniform LISM fisld HIs within the
recaonnection patches. The angle ¥ is given by

HE « B - 1% 1185Y) cos ¥ . 4)

The lines cnrrasp?nding to angles ¥ are given in visuws prgsented in Figures 4
aisb andsc for B lying in the SEP, i.e. for THETA = 80 The direction of
B - (B , THETA, PHI) in the frame of reference adopted hera is shown in
sach view. Thsey correspond to the outward polarity of the B in the
northern solar hemisphere. Views For the LISM Field deflected from the SEP
by 45° are shown in /4/. The prncedura presented in /5/ may be more
appropriate for THETA ~ 0° and 180° (”polar caps” of the heliosphere).

The maximum value of the angle ¥ indicates the regions where the reconnsction
/15 expected ta be most effective. If the direction of the LISM field is
changead by 45° and 80° from the direction of the apex in the SEP those
- regions are shifted from the edge towards the nose of the heliosphere, i.e.
the centre of Figures 4 a, b, c.
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DISCUSSION

Since 1983 radio emissions in the frequency range of 2 to 3 kHz (marked in
Figure 1) uwers chserved by the plasma wave instruments on Uoyager 1 and 2
moving in the outer Solar System /6-B/. The detected radio noise was
postulated to emanate from the inner shock of the distant solar wind /6/ or
from the heliopause itself /2/. Very recently, it has been suggested that
the interaction of an anomalous high spsed stream with the terminal shock may
be responsible for the generation of the most intense emission /39,10/.

Various estimates of the distance to the terminal shock are thoroughly
discussed in /9/. The estimate of ~ 135 AU, based on the stresam spsead
inferred from the data /10/ is consistent with the simple picture given in
Figure 1, according to Table 1 and equation (1). It is worth to note that
the density gradient is expected to be much stronger at the heliopause than
.at the inner shock front. It indicates that, if the source in question is
located at the boundary region of the heliosphere, the helicpause rather than
the inner shock front could be responsible for the generation of these waves
shown schematically in Figure 1, as was already suggested in /2/.

1t should be noted that the reconnection pattern at the hsliopause is
expected to be very much sensitive neither to the assumed shaps of that
boundary surface nor to the model of the draping of the field lines over the
heliopause surface /4/. OFf corse, there is still an open question whether
the magnetic fields at the boundary region are sufficiently regular and
whether the reconnection betwsen oppositely directed magnetic fislds does
indeed take place at some regions of the heliopause surface. If so, one
should ask: how does reconnection would affect the access of cosmic raus to
the Solar System? The answer to these gquestions could be very important for
the interpretation of the measurements of Uoyager mission.
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