Loss of Mercury’s
Exospheric Sodium




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

Mass/Charge (amu/e)

Zurbuchen et al., 2008



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

] Concentration at High latitudes and
a ¥ o Temporal variability
Effect of:Solar wind impact??
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Sodium Density, 10"" atoms/cm?

Normalised Intensity
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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.




Simulation has already
been done based on the
data obtained In
Messenger Flyby.

*lon flux to the surface

*Sodium density on the
dayside

Burger et al., 2010
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In 1 Mercury year,

LNl (e average density
changes by a factor
ePotter et al. (2007) of ~4
oKameda et al. in prep. '
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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




e F10.7 solar flux 2 UV/EUV flux

« 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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O 1998-2003
@ 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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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




Solar EUV Experiment
(SEE) on TIMED
measured the solar flux
at the wavelength of O-
200nm.

The flux at Mercury was
estimated in the same
way as F10.7.
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O 1998-2003
@ 2005-2009

0.2 0.3 0.4
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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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




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
x r'2

velocity Is constant
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O 1998-2003
@ 2005-2009

Solar wind proton flux, particles/cm?/s [x 1010]

No correlation

Sunspot number in
1998-2003 is
more than 2005-
2009
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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




Mercury

Kameda et al., 2009 (GRL)

viercury's orpital plane Is tilted (7aeg) against the ecliptic
p!arw ana the Interpianetary aust (1PD) IS concentrated near

Ilprlc plane

ncy or IPD Imp




Q Looe 003 Weak inverse
. correlation

with absolute
value of distance
from ecliptic
plane.
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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 > Weak
5, Distance from symmetry plane

of Interplanetary Dust distribution
6, Tidal force




(): Ascending node, I: inclination
()=-31 deg, I=2.9 deg [Kameda et al., 2009]
*Mercury: Q= 48 deg, I=7 deg
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Correlated with the
8 it distance from IPD
; symmetry plane.

=2 IPD impact is
effective for the
release of sodium
atoms from the
surface.
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Average Na density vs
1, F10.7 solar flux 2 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

==y O, Ildal force







O 1998-2003
@® 2005-2009

Atmosphere Is
dense near
perihelion and
aphelion (but not
always).
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Tidal force, EN
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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 - Weak
5, Distance from symmetry plane

of Interplanetary Dust distribution
6, Tidal force




The perihelion and aphelion is near the ecliptic
plane.

-1t 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.




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

3, Solar wind proton flux = No

-> Long-term monitoring will provide
us something new.




atoms/cm?

Kameda et al., 2009

Sodium Tail

Mercury Radii

Ragolith

0 2 4 6 8 10 .
Mercury Radii eteoroids

McClintock et al., 2008

After released from the surfe_lce_, sodium atoms move toward antisunward
direction due to solar radiation pressure.

- Photoionized in ~3 hours = Loss to the interplanetary space.




atoms/cm?

Solar Radiation Acceleration

Micrometeo

Solar radiation pressure depends 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/1) dt dv
fn “exp(—t/T)dt dt




Mercury Radii
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Solar radiation acceleration, cm/s?

No correlation between Sodium density and solar radiation acceleration.
(Solar radiation acceleration depends on orbital position of Mercury.)
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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




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
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Wavelength, nm

Ot3  Ot4  Oct5 Line width of NaD is 5pm

Potter et al., 2008




Na Exosphere

reflector
scan
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ENIIEEENE
ENlIEEEEN

37




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

}\.ﬂ =Wavelength at angle of incidence

. =Wavelength at normal incidence
Ne = Refractive index of external medium
N* = Effective refractive index of the filter
68 = Angle of incidence

Interference fringe

Transmit wavelength
« Cos 0 (Etalon)
« Eq. above (Filter)

—-2>Tilt angle
0.51 deg (Etalon)
1.39 deg (Filter)



Counts

=00
L ' I ' I ' I 1913158 58914006] S2914va7] 5291544 62916391 | 52916721 52916946
i Obs 3 ] .
3912472 529141 76] ssg14c0e] seni1s40 sea164 6] 5891733] 58917064
WGo Surface _
| NaD?2 | 3912579] se914436] seoisioe] seaissas) sooieave] soaaesto] ssoaTi4n] senivTaes
300 - 191281 4] 52914537 segiso1e)] seaissas]  seoicd] soaaesaa] ssga7aie] semivees
i ] 3912895 ] sea14750) ssgissc4] seo1eis1| seaiesse] seaaTios] ssoi7ass] seoivess
200 3914076] 5ea14815] s291551)] sea1si59) se916757) seaa7ear] ssga7ves] senimicd
100 141 06] 5ea14963) sega5TE] seo1es61 | sea1eam| seaivazs] seoavesa) seniTood
| i 1914253] sea15008) ssg15715] saaiesca] seai7om| seaavssr| ssoimioca] seaismss
" =
v L ! ' . 391401 5915068 Geadse2)] senicdsc| seairvos| seaaTdad] ssaa7rR4l] SemiTeos
-0.04 -0.02 0 0.02 i
sa14343] seaamim | seadsse]  sssaes| ssaama| sesaTran] sssazmool semimmi
Wavelength-NaD2, nm
3914211 5915068 Geaa5s2)] senicacc| ssairvoms| seaaT4ad] ssoa7ral semivess
B i4aa3] seaasim | seaasee]  se9aes] seaaTian ] ssaa7rae| ssaasame] seoasmT
JOU T T T T I T I
L o Obs § 4 n41m] sea14a62) ss915716] seniez61 | seaieam| seaaTazs] ssoavesal senivTeod
hgp— Surface i
—— NaD2 114952] se915006) 52a15715) seoi6ao4] seoivooa) seai7ssy| ssaisice] seoisss3
*2 300 -1 u1zeos] sear47se| ssaasscd] seoae1s1] sesresgn] searmios| soaivass] seoaTess
3 L -
8 D00 | 11aove] sea14s15] 5891551 ] ssoa615a] sea1e67s7| se917207| 5o917765] meois1a4
[ 1 11a579) sea14436] seoisioe] ssagssss) seoi1ea76] soaaesto] ssoaTige] senivToes
100 -
i {1 nam4] ssa14537] ssgasmie] seaissas]  seoies] soaaem9a] ssga7aie] seniTEes
3 | f | | |
-0.04 -0.02 0 0.02 11z52] seatame] seai4767] Beaigdid seai6aal | 52916721 | 52916946
Wavelength-NaD2, nm
i13472] 589141 76) seaq4e0s] Se91543 seal6H 6] 52916791 58917064




-20 degC =~ +60 degC
d=1.49 mm (Zerodur)
2> 6d<+/- 715 nm TEC™ 107
>0CWL < 6 pm (Center Wavelength)




Moving Mirror Fabry-Perot Interferometer
% & Optics (UK)

Structure, Thermal design
(Portogul)
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Russia came back in Japan, 4
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Fabry-Perot Interferometer
8 & Optics (UK)

Na Exosphere

w

Structure, 1
(Portogul)
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Q(°) i(°) a B position

Least -31 . 0.2
square
C.E.>0.6 -104-+57 . -1.0-+0.9

C.E.>0.5 -123-+62 >0.6 -1.0-+3.0

DIRBE 77.7%£0.6 2.03%£0.01 1.34%0.02 10.3%£0.08
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llight

0 0.02 0.04
Distance from symmetry plane, AU

The correlation coefficient iIs more than 0.6
for—104° < Q) < 57°and i > 1.9°.

Long-term Tlemporal variability of sodium density. is
possibly caused by variability of IPD flux near Mercury.



position
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- The cause of Short-term variability is still unclear.

- FOV of 10 x 10%is not enough for observing total amount of
sodium..? - Wide FOV observation
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* Temporal variability (~88 days)of sodium density is
possibly caused by variability of IPD flux near Mercury.

o and Mg (Fe? Al?).
Ua and Ivig vary dependently on 1FPD

J\/J,‘-\SCS on board Iiessenger can detect Ca
~ Does the aensity of
S

AIStribl t]om?

‘J.

atoms/cm?

5220 KR
o omm 0

Average = 1900 KR



Spectral Resolution of
MASCS on Messenger
is AN~1nme

e MSASI is “Mercury S 9" " wioRayeigns =
Spectral Imager.” e

* Spectral resolution of ~85,000 (7f: " f?
us to observe distribution of Na e ,
the

6 2 4 & 8 1o
Mercury Radii

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

McClintock et al., 2008

Intensity, ADU

589.5
Wavelength, nm

Ot3  Oct4 Oct. 5 Line width of NaD is 5pm

Potter et al., 2008




Moving Mirror Fabry-Perot Interferometer
% & Optics (UK)

Structure,
(Portogul







Dawn-Dusk Asymmetry #1

Table 4. SODIUM DIURNAL VARIATION AT MERCURY
Mean low-latitude abundances, 10'? atoms em=?

Early Mid Mid Mid Late

Morning Morning Day Afternnon  Afterncon
17.0 19 15 6.7 5.2

Hunten and Sprague, 1997

el  Ground-based observation

Mt is impossible to observe

Dawn and dusk side at the same time.
From statistics,

Sodium density on dawn side is

~3 times higher than that on dusk side
<Dawn-Dusk Asymmetry was observed
at transit.

Sodium adsorbs night side (Low temp)
—is released from dayside.

Schleicher et al., 2004

(or lon sputtering rate is higher at dawn side)




Dawn-Dusk Asymmetry-2
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ossibly, sodium in the surface
released and depleted in the morning.

ear perihelion,
otation against Sun is reversed
it the TAA of 25 degrees)

78 m/min 52 m/min

East-West asymmetry may be also
reversed??




Dawn-Dusk Asymmetry #3
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On MMO orbit, we can observe dawn and
dusk side simultaneously near Perihelion
Sodium Exosphere can be ose
based (or Earth orbit) telescope.
However, dayside dawn-dusk side can be
observed

py ground-

are needed for observation
(inc. preparation time)
MMinimum requirement.



Summary

Observation of Dayside

What is source process?
Temporal variability

w [

1 min -1 day

Normalised Intensity
N

o -

Sodium tail
—> Solar radiation pressure
Dawn-Dusk assymmetry

- Priority near
perihelion

Mercury Sodium D2 Maps
October 3, 4, 5 2003
Dusk Terminator
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atoms/cm?




e 2011-20127
Ground-Based: High spatial (~¥0.1 Rm) with AO
Messenger: High spatial (Nightside) and
observation of Magnetosphere
— Short-term variability

e 20127-2020

Ground-Based: Low spatial (~ 1Rm)

- Long-term variability

 2020-2021

High spatial (¥0.01Rm—> geological effect),
Magnetosphere, Solar wind, Dust




	Loss of Mercury’s Exospheric Sodium
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Solar Wind-Magnetosphere-Surface
	Long-term variability
	 What makes sodium released from the surface?
	Slide Number 10
	Slide Number 11
	 What makes sodium released from the surface?
	Slide Number 13
	Slide Number 14
	 What makes sodium released from the surface?
	Slide Number 16
	Slide Number 17
	 What makes sodium released from the surface?
	Slide Number 19
	Slide Number 20
	 What makes sodium released from the surface?
	Slide Number 22
	Slide Number 23
	 What makes sodium released from the surface?
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	 What makes sodium released from the surface?
	 IPD impact? Tidal force?
	 What makes sodium released from the surface?
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Laboratory Test Model
	Slide Number 43
	Laboratory Test Model
	MMO-MSASI
	End
	Supplement
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Scientific Objectives
	Laboratory Test Model
	Observation at Perihelion �by MSASI
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Summary
	Observation of exosphere

