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1. Introduction

Mercury’s bow shock and magnetopause have been
modeled from Mariner 10 [1] and MErcury Surface,
Space ENvironment, GEochemistry, and Ranging
(MESSENGER) flyby observations [2]. A conic
section is adopted for the bow shock [1] and an
arctangent function for the magnetopause [3]. The
models show that the bow shock is more flared than
at Earth but the shape of the magnetopause is similar
to Earth’s, with a subsolar stand-off distance of 1.4
Rm (Rm is Mercury’s radius). We improve on these
models using magnetic field data from Mercury orbit.

2. Observations

Magnetopause and bow shock crossings identified
from the first six months of orbital observations are
used in the analysis. Identification of the
magnetopause boundary is on the basis of rotation of
the magnetic field toward (away from) the planetary
field on the inbound (outbound) crossing. In cases
with low magnetic shear, which makes identification
difficult, the temporal variability of the field,
measured in the 1-10 Hz bandpass fluctuation
amplitude (Bac), is used to identify the outer edge of
the magnetopause boundary, and a subsequent
decrease in Bac is assumed to mark the inner edge of
this boundary. The bow shock is identified from a
sharp increase (decrease) in the total field magnitude
on the inbound (outbound) leg of the orbit. During
parallel shock conditions (when IMF By >> By, By),
the bow shock is difficult to identify and is usually
preceded (succeeded) by strong foreshock waves
upstream of the inbound (outbound) crossing. As
multiple bow shock and magnetopause crossings are
observed on almost every pass, outer and inner
crossings are identified for both the bow shock and
magnetopause. For model fits, we used the mean

time between the outer and inner boundary as the
crossing time.
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Figure 1: Bow shock and magnetopause crossings on
1 May 2011. Lines indicate inner and outer bow
shock crossings (dashed) and inner and outer
magnetopause crossings (dot-dashed). The scale for
Bac (dark green) is on the right; that for By (red), By
(green), B (blue), and |B| (black) is on the left.

3. Magnetopause Fits

Magnetopause crossings were modeled with a
paraboloid shape and the Shue model [4] in r-x space,

where r=«/y2+(z—zd)2 , and zq is the 472 km

northward offset of the dipole from the Mercury solar
orbital (MSQ) coordinates [5]. For the paraboloid
model, crossings were fit to
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where vy is a flaring parameter and Rss is the subsolar
magnetopause distance [6]. y and Rgs were
determined for each pass and averaged, giving Rgs =

1.89 Ry and y = 1.74. Any value of v > 1 is
physically unreasonable because it gives a subsolar
distance that is not the minimum distance to the

magnetopause. Setting y= 1, we find Rss = 1.5 Ry
and use this as our best-fit paraboloid (Figure 2).
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Figure 2: Magnetopause crossings color-coded
according to IMF B; (blue > 0, red < 0) and IMF By
(stars > 0, circles < 0). The best-fit paraboloid to the
data (black) is given by Rss= 1.50 Ry and y = 1.00.
The Shue model fit to the data (dashed black) has
parameters Rgs = 1.52 Ry and o = 0.52.

We also used the Shue model [4] given by:
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The angle &is given by 6 =tan™ [Lj ,and o is also
X

a flaring parameter that governs whether the

magnetopause is closed (a < 0.5) or open (a > 0.5)
on the night side. The average curve from fits to

individual passes yields Rss = 1.45 Ry and « = 0.51.

4. Bow Shock Fits

The bow shock crossings were modeled by a conic
section given by [2]:
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The best-fit parameters are given by xo = 0.5 Ry, € =
1.07,and L = 2.7 Ry (Figure 3).
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Figure 3: Bow shock crossings color-coded as in
Figure 2. The dashed line is the Slavin et al. [2]
model, and the solid line is a modified version, with
L = 2.7 Ry and an offset along the z-axis of 472 km
that provides an improved fit to these data.

6. Summary

Thus far, there is no clear correlation between
magnetopause shape or size and interplanetary

magnetic field (IMF) B direction. However, there
does seem to be a correlation between the Rgs value

and IMF By direction. As seen in Figure 2, most of
the magnetopause crossings with large x distances
correspond to a sunward IMF orientation. For the
magnetopause, both our paraboloid and Shue model
fits yield larger subsolar stand-off distances than that
found earlier [2]. Our bow shock model is in good
agreement with earlier results [2] after translation of
the data into the offset magnetic coordinate system,
although there are some anomalous crossings,
particularly in the outbound bow shock. A minimum
variance analysis is being conducted to establish the
magnetopause boundary normals and place bounds
on the dayside reconnection efficiency at Mercury.
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