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MESSENGER

Purpose

1. Review the MESSENGER flyby observations

2. ldentify scientific questions that must be
elucidated by ion transport modeling

3. Estimate the contribution of exospheric ions to
the magnetospheric structure and dynamics.
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Planetary lon Composition
MESSENGER EPPS-FIPS
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MESSENGER

A role for pickup ions?

» (Zurbuchen et al., 2008; Slavin et al., 2008)

MESSENGER FIRST MERCURY FLYBY Jan 14, 2008

IBI (nT) Bz (nT) By (nT) Bx (nT)

e
g€ o0 7 :t.z.;s ““““““““““““““
180
iy _C_I'QSE Toll_ _ o ____
ST Current Sheet
-180 !
20 : i
g5 1of |
0 inba by .
0.50 L T
o
BE 028
0.00
o 1
g2  of
S L , : L | Electrons 36 < £ < 65 keV
w 80 l I I T
o 1 | | | XRE
£ 60 I g I I [ P
=] 40 — - — I—r.—_ . —r‘:'ﬂ
u.t. 18:35:00 18:45:00 18:55:00 19:05:00 19 1 5 00 19:25:00 19:35:00
X(MS0 -2.85 —2.27 —1.66 —0.88 1.24 2.29
Y(MSO 3N 2.3 0.86 —0.63 —I 94 -3.09 —-4.20
0.14 0.06 -0.01 -0.08 -0.13 -0.17 -0.20

Z{M50
ALT(km) 8983.2 5464.0 2118.8 205.6 2332.8 5703.2 9226.6




MESSENGER

“Double” Magnetopause

at MESSENGER Jan 14, 2008
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N Mercury’s magnetosphere
@

IS bounded by two current
layers

Q3: Are diamagnetic
depressions caused
by the presence of
Heavy Planetary lons?
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Boundary Layer

Slavin et al., 2009




MESSENGER

Single Particle Pickup lon Tracings

o Exosphere Model:
» Muraet al. 2007
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« Magnetosphere

Model:

» MHD simulation by Benna
% et al. [2010]
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s e Sjingle Particle tracer
for Na* in MHD fields
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2 (Sarantos et al., GRL, 2009)




MESSENGER

Pickup lon Parameters

» Overlapping of the
magnetosphere with the
exosphere consistent with
sputtering & extended PSD

» 10-100 keV particles along

5 MESSENGER’s trajectory
2 > i.e., within FIPS energy

4 range, plus favorable

4 pointing (duskside)

5 » Brief energization timeline
4 (<1 min)
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Sodium exosphere
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Model: Mura et al. [2007]

A. lon sputtering
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MESSENGER

Sodium ions: Northward IMF (M1)
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1 Sodium ion “belt”/
“ring” (also: Yagi et al,
2010; Paral et al, 2010)

&
&
A

O “Pickup ions” might
be escaping through
magnetopause even

‘:

X[R,]

under Northward
IMF?

YR,
AR RN




MESSENGER

Sodium ions: Southward IMF (M2)
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(d Penetration of pickup ions

S~

2r b into dawn magnetopause due

to finite Larmor radius effects
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1 But the primary effect under
southward IMF appears to
be the formation of a porous

(very “open”) magnetopause
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Sodium exosphere similar to that from M1; Main difference: Southward IMF

2 November 2010



MESSENGER

= Sodium “ring”: a different view
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Ring Is due to westward motion, and controlled by solar wind

pressure for the same IMF (Yagi et al, 2010)




MESSENGER

= Na* along MESSENGER’s Trajectory (M2)

Sodium lons
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Na* along MESSENGER'’s Trajectory (M1)
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MESSENGER

Fits to MESSENGER M3 UV Data

Intensity (Rayleigh)

Chamberlain models over the south pole
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MESSENGER

lons beyond the magnetopause

- 10 =a ; !
: o |
§ £ 107
o : o E
= L
S F 5
=10 ¢ c 107
2 - _g -
() 2| O -
o 10 3 ERE
_3: E _Mg De_ 10 =
10 = —Na|
i f —cCal| =2 - |
104|||. 105||||
500 1000 1500 2000 500 1000 1500 2000

Altitude (km) Altitude (km)

Ca* should be at least as important in the flanks




MESSENGER

Inferences for Mg+

Magnesium lons

(Red line) No “cold” source

MBlue line) With “cold” source
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Mag+/Na+ < 0.1 unless Mq is produced by a large dayside source
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Implications for the magnetosphere

Interpretation of exosphere, plasma, and
magnetometer measurements requires improved
planetary ion models

» Penetration of hot pickup ions into the dusk (dawn) magnetosphere for
Northward (Southward) IMF

» Unclear whether pickup ions originate strictly above the magnetopause
even under northward IMF conditions

» Porous magnetopause, formation of near-Mercury X-line, reduces ion
density in magnetotail during southward IMF

» A model-predicted, high-pressure sodium ion region near
the planet appears consistent with measurements but
physics is unclear
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