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MOTIVATION

Mercury is highly vulnerable to the Sun

Its exosphere is most likely dependent on the amount of radiation the
planet receives

MESSENGER is one of the first satellites to obtain
data about the exosphere from orbit

We can compare this new data to ground based
data to see if there are any corresponding trends

Discovering how the exosphere is influenced by the

Sun can give us an insight into:

The chemical composition of Mercury
How the planet might have formed
How our Solar System might have formed

What other planets might be like in other system at similar distances as
Mercury is from the Sun



OUTLINE

Background on Mercury and the solar influence on
Its exosphere

Variables of interest
Observations from Earth
Observations from MESSENGER
Comparison of the two data sets
Observed trends



MERCURY

General Facts
Smallest planet, 6% Earth
1 year = 88 Earth days
1 day = 176 Earth days
Highly eccentric orbit
Magnetic field present
Virtually no atmosphere

Highly influenced by the Sun

High energy particle collisions
Radiation pressure

Mercury

Earth’s moon




MERCURY’'S ATMOSPHERE

No sustainable Sodium concentration in Mercury’s exosphere
atmosphere
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Sprague et al. 1997
Photon Emission vs Spectrum Wavelength

DETERMINE SOLAR INFLUENCE wf
BY VARIATION IN OBSERVED NA !

Search for increase in Na density: |
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SPRAGUE ET AL. OBSERVATIONS Sprague et al. 1997

JULY, 1985 JUNE, 1986 AUGUST, 1985 DECEMBER, 1985

OCTOBER, 1986 JUNE, 1987 FEBRUARY, 1988 MARCH, 1987

or

OCTOBER, 1987 FEBRUARY, 1987

Sprague et al.’s conclusions:
Na column density varies with local
time
Did not account for True Anomaly




COMPILING THE DATA Sprague et al. 1997

Physical and Geometric Parameters for Mercury Observations
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DETERMINE LOCAL TIME

Local Time = Mod {

Subsolar Point — (SubEarth Point + arcsin ( _ )‘ ﬁ +12 24}
1 —

Sub-Solar Point
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Column Density (cm2)

Na Density vs Local Time 8 8 8812
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NEW PARAMETERS OF INTEREST

True Anomaly

Used to determine seasonal variability of Na density

Mercury

True Anomaly

Closest Point
to the Sun
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THE MESSENGER MISSION

Takes vertical profile
scans of Mercury’s
exosphere

Uses UVVS
Records Na Column
density for:
Local time
Seasonal variability

8 Mercury years of
data (2 Earth years)




Column Density (cm2)

1.2x10"

1.0x10"

8.0x10"

6.0x10"

4.0x10"

2.0x10"

True Anomaly (deq)

. *x * % '
Na Column Density vs TA . . 288

i 1T 17T 17T 17T 17T 1T 171 1T 1T 17T 17T 17T 1T T°1 | 1T 17 T 17T 1T 1T T°1 | | L * * * 1 0:00

L *k Kk K 12:00

- * * % *x  14:00
i -

. * :

- * _|

: * i

B * B

u * ** _

- * 4 ]

- ‘k** * * _

- * x * " i

| % % Kk |

PSSk oxc *** * * * *xe * _

S x o ok ok T ok v ]

* x ** s O S 1

""""" VW i T |1Id|ﬂlg;sﬁl*:\(ﬁ*%ﬂm TRTRT TRB N TY SR O Ao k| "‘%l P .3 o Oz 0 e cei i I MR O

90 180 270 360



COMPETING FACTORS

Sunlight Exposure vs Radiation Pressure

Greater photon intensity closer to the sunlight means more Na
vaporization, but...

Being closer to the sun means more radiation pressure that
disperses the exosphere

- 0
True Anomaly=180 /_\ High Intensity

- High Pressure

Low Intensity
Low Pressure

True Anomaly= 0°
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Column Density (cm ™)
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Column Density (cm %)
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* * *xMESS
O O OGround

- *y E
C 0 ]
i B ]
- o % ]
O
* O * g o ©
- x * ey e E
- % * Fok ]
i * * K * 8 kkk X =
~ * Kk KK O .
- O -
| N I N [ IR N I N | | | I I N N I N B | | | I I N N IR A I B | | L1t 1 1 1 1 1 1 1 I L1 1 1
90 180 270 360

True Anomaly (deg)



Column Density (cm %)
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Column Density (cm ™)
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16:00 Na Column Density vs TA
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Column Density (cm'z)
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CONCLUSIONS

Increases in Na density depends on:
True Anomaly
Local time

Both ground based and MESSENGER data are same order of
magnitude

Overall: Data show similar trends!



FUTURE WORK

Conduct an analysis of outliers in Sprague data
Attempt to account for difference in D1 an D2 spectra

Compare to other ground based data that used
different observation techniques

Potter et al.
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