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Mercury’s exosphere

Collisionless atmosphere P~10-12 atm
Released from the surface - Impact to the surface (SP, SW, IPD)
- Loss to the Interplanetary Space

MESSENGER EPPS-FIPS

Kameda et al., 2008

Counts per bin

Remote Sensing: H,He,O,Na,K,Ca,Mg,Ca+,Al?,Fe
In Situ : H*,He*,Na*(Mgt),0,*,K+(Ca*,Art), etc.

Mass/Charge (amu/e)

Zurbuchen et al., 2008



Source process of Mercury’s exosphere?

Mercury Sodium D2 Maps
October 3, 4, 5 2003
Dusk Terminator

N Concentration at High latitudes and
== 7 Temporal variability
Effect off Solar wind impact??

Potter et al., 2008
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Temporal variability of average densit =
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Sodium Density, 10" atoms/cm?
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For Reference
Lunar Na ion observed by PACE-IMA on Kaguya

Count/Sample
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For Reference
Lunar Na ion observed by PACE-IMA on Kaguya

Count/Sample
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Solar Wind sputtering is not dominant source process, but

“Gardening” is possibly effective.

T SW particles sticks into the surface and diffuses material.




Solar Wind -Magnetosphere-Surface

lon Density

Burger et al., 2010
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Simulation has already
been done based on
the data obtained in
Messenger Flyby.

*Ton flux to the
surface

*Sodium density on
the dayside
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux
2, Solar flux (0-200nm)
3, Solar wind proton flux
4, Distance from ecliptic plane
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force
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1. f10.7 solar flux

e F10.7 solar flux 2UV/EUV flux

e F10.7 at Mercury is
estimated considering the
heliospheric distance

and

the rotation of the sun
assuming F10.7 is
dependent on longitude
and independent on time.
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1. f10.7 solar flux

* F10.7 solar flux 2UV/EUV flux 2> PSD

@ 2005-2009
No correlation

(the same as shown by Kameda
et al. (2009)

using the data obtained in
1998-2003 and 2006)
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F10.7 Intensity
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux 2> No
2, Solar flux (0-200nm)
3, Solar wind proton flux
4, Distance from ecliptic plane
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force
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2. Solar flux (0-200 nm) LASP o

Solar EUV Experiment (SEE)
on TIMED measured the

solar flux at the
wavelength of 0—200nm.

The flux at Mercury was
estimated in the same
way as F10.7.
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2. Solar flux (0-200 nm)

O 1998-2003
@ 2005-2009
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0.4 0.5
Solar flux (0-200 nm), W/m?

No correlation

(SEE Observation was started in
Feb 2002.)

PSD threshold wavelength is ~
300 nm [Yakshinskiy and
Madey, 2004].
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux 2> No
2, Solar flux (0-200nm) > No
3, Solar wind proton flux
4, Distance from ecliptic plane
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force
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2. Solar wind proton flux LANL Oy

Solar Wind Electron Proton
Alpha monitor (SWEPAM) on

ACE measured the solar wind
proton flux at L1.

SW flux is estimated to be:

dependent on longitude

(o of r_2

velocity is constant
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2. Solar wind proton flux
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O 1998-2003
@® 2005-2009

Solar wind proton flux, particles/cm?/s [xlOlO]

No correlation

Sunspot number in

1998-2003 is
more than 2005—-
2009
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux 2> No
2, Solar flux (0-200nm) > No
3, Solar wind proton flux = No
4, Distance from ecliptic plane
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force
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Mercury
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correlation
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux > No
2, Solar flux (0-200nm) = No
3, Solar wind proton flux 2> No
4, Distance from ecliptic plane > Weak
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force

23



QLR A

m
S. Distance from IPD symmetry plane f@

o Symmelny plane 14 tilted againdl the

symmetry plane

Q: Ascending node, i: inclination
Q=-31 deg, i=2.9 deg [Kameda et al., 2009]
*Mencuny: Q= 4§ deg, (=7 deg
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S. Distance from IPD symmetry plane f@

Connelated wilth the
R distance ypnom 40D
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux > No
2, Solar flux (0-200nm) = No
3, Solar wind proton flux 2> No
4, Distance from ecliptic plane > Weak
5, Distance from symmetry plane
of Interplanetary Dust distribution
- Correlated
6, Tidal force
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6. Tidal force




6. Tidal force

Atmosphere is
dense near
perihelion and
aphelion (but
hot always).
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6. Tidal force

Tidal force iIs always outward.

- Relative tidal force Is inward at aphelion and
outward at perihelion.

2 Distortion Is greatest at perihelion and aphelion.



6. Tidal force

O 1998-2003
® 2005-2009
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What makes sodium released from the
surface?

Average Na density vs
1, F10.7 solar flux > No
2, Solar flux (0-200nm) = No
3, Solar wind proton flux 2> No
4, Distance from ecliptic plane > Weak
5, Distance from symmetry plane
of Interplanetary Dust distribution
6, Tidal force - Animation
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IPD impact? Tidal force?

he perihelion and aphelion is near the
ecliptic plane.
—> It is difficult to know which is more

effective and explain sodium concentration
at high latitudes.

—->Mercury Dust Monitor on BepiMMO
and Mercury lander in the future.
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. ESO

CoRoT-7b: 0.017 AU (5My)
(CoRoT-7¢: 0.046 AU (aMy))
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What makes sodium released from the
surface?

Average Na density vs
2, Solar flux (0-200nm) > No

3, Solar wind proton flux = No

- Long-term monitoring from March
2010 will provide us something new.
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Mercury Radii

Loss Process

atoms/cm?

Kameda et al., 2009

Sollg
Inner

Sodium Tail

Ragolith

0 2 4 3 8 10

Mercury Radii eteoroids

McClintock et al., 2006

Apten neleaded [nom the sunjace, sodium aloms move towand
antidunward dinection due to do0lan nadialion pressune.

> Photoionized in 3 houns = Lodss Lo the inbtenplanetany space.
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Loss process (Solar Radiation Pressure)

Solar Radiation Acceleration

ymeteo

Solar radiation pressure dépends on True Anomaly Angle.

Gray line shows the result of calculation by Smyth and Marcon
Black shows the result of ours.

Na tail will be longest at TAA of ~40.
[Kameda et al., 2009 GRL]

[ A exp(—t/T) dt dv

[Zexp(—t/T)dt ‘dt

atoms/cm?




Mercury Radii

Loss Process
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Mercury Radii
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Solar radiation acceleration, cm/s?

No connelation belween Sodium densily and s0lan nadialion accelenation.

(Solan nadiation accelenation depends on onbital position of Mencunns)



Preliminary
results

TAA=345, 23, 40

2010/09/19

Distance of the
tail varies with
TAA.

2010/09/25 Velocity
resolution is~
Tkm/s.

We plan to do
In 2011-2012.

2010/09/28

T —
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BepiColombo/MMO/MSASI
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MSASI onboard BepiColombo MMO

e MSASI is “Mercury Sodium Atmosphere
Spectral Imager.”

* Spectral resolution of ~85,000 (7pm) enables
us to observe distribution of Na exosphere on

the

Mercury Sodium D2 Maps
October 3, 4, 5 2003
Dusk Terminator

Wavelength, nm




Mercury Sodium Atmosphere
Spectral lmager (MSASI) onboard
BepiColombo MMQO

Na Exosphere
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Mirror

MMO is a spin-stabilized spacecraft. MSASI scans Mercury with
moving mirvor and S/C spin.

One pix corresponds to 2 msec. > The CMOS image sensor can take
500 images per sec.

The platescale is 1.3 km/pix at periapsis and 40 km/pix at apoapsis.



Q/E“R\O
Fabry-Perot Interferometer

mA=2ndcos @ = Transmission
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A=y [ 1-(3)7 sin% ] 2

}\.{, =Wavelength at angle of incidence
=Wavelength at normal incidence
= Refractive index of external medium
= Effective refractive index of the filter

= Angle of incidence

Transmit wavelength
« Cos & (Etalon)

« Eq. above (Filter)

=2>Tilt angle
0.51 deg (Etalon)
1.39 deg (Filter)
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EERBO - IREERE L EREERE R BRI BEO16291 ] 529067

L o Obs 3 ] .
3MA34r3] B3I TR] BEa14828]) BE91R423 BEA16H G R3a1739
400k Surface ]
NaD2 3136TA) BE914436) HE91R188] BESAREIRQ SL91G3TOQ BEIIGE1TQ SEIITI42Q B2A1TI68

(9] 300 — — 1381 4] 9914537 BEAIGZI2] EE915335 RE9164] FBEA16293) BEI1TII6] BE91762E
)
c
8 [ ] 3913895 58914752) BES1BE04R 52916161] 58916697Q 58917128) 58317468Q 53317683
O 200 314076 58314315 231661 52916159) BE91G7ETR S2917237) 58917765

100 I[AHMOG) 58914963 BESA1GTIE] 58916361Q 58916307Q 58317338 58317669

39142630 589160060 SE916716] 55916334)] SR91T700G) 5O91T7SET) SO91S108) 58918553

™
W41 ] BRaiG0os) BESQGElY DEOi040G) GRS TOCEQ DEO0T444) BROATTT4Y GEOITIHG

] ]
-0.04 -0.02 0 0.02 .
Wavelength'NaDZ nm 443 ] BRSO Gaa168 BEA10E) SESATI4 g DealvY4ly BIgdsacn) BEAQEE(T

311 SEaab0ee) BE906=22] DI306406) SI90TO0E) GI907444) GER1TTT4R BE917393

114243 RRA1R1m RRA1RAD FEQ1RRE RRATTIAIN RES1TT490 RR1230 0 RRA 18217

T - . - . - . 1500 S— :
°© Obs ) 1 naioe] e
Surface i I
— NaD2 s3] o
| =—t—A 1000} .
B 1 names] <C -
>
B 1 rams] 2
T SOOM it
113579 E% \\\ NV\.{ Mvoy g
1 assia] s [ ‘Ij | 1¢
-O.IO4 -O.|02 6 O.|02 naszf Ot ! A 3
Wavelength-NaD2, nm 589 589.5

13473) ¢ Wavelength, nm



R LR A

m
< Thermal Vacuum Test

t

-20 degC =~ +60 degC
d=1.49 mm (Zerodur)
> 6dé+/- "15 nm TEC™ 1077
>6CWL < 6 pm (Center Wavelength)
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Laboratory Test Model

Moving Mirror Fabry—Perot Interferometer

&, =0

(Russi ... = & Optics (UK)

—

Structure, Thermal design
(Portogul)




Laboratory Test Model

Fabry—Perot Interferometer
& Optics (UK)

Na Exosphere

Structure, 1
(Portogul)
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] MSASI Observation

. N

LTM on equatorial mounting
(The detector is not LTM.)

R from Na Lamp

Moon

1 pix

Effective area of FM Detector

Moon and NaD2 line

(We turned on Na lamp was

on for a short time during
exposure for moon.)

51



MMO -MSASI
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