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CRUSTAL FIELDS IN THE SOLAR WIND: IMPLICATIONS FOR ATMOSPHERIC ESCAPE. D.A. Brain, LASP, Uni-
versity of Colorado at Boulder, Boulder CO 80309-0392, USA, (david.brain@colorado.edu)

Motivation: The strength of the magnetization of “crustal  that the reduction in escape rates is less than 30%.

sources” at Mars suggests: 1) thatthe crustal sources have been Open Field Lines: Despite Earth’s large global magnetic
present for billions of years, most likely having been magne- fie|d, charged particles from the solar wind still have access to
tized early in Martian history by a global dynamo field; and 2) - hortions of Earth’s atmosphere near the magnetic poles. Un-
that the sources produce observable modifications to the mar-yer favorable solar wind conditions, open magnetic field lines
tian solar wind interactiocina et al, 2001]. Each ofthese (connected at one end to Earth’s global field and at the other
conclusions has implications for one of the most fundamental gnq to the passing interplanetary magnetic field) allow charged
issues in Mars science - the history of martian climate. Re- particles to travel along field lines to much lower altitudes than
gardless of whether the early martian atmosphere was “warm” the theoretical pressure balance obstacle would allow. This
or “wet”, few investigators dispute the idea that the present- charged particle deposition results in aurorae and the heating
day atmosphere is substantially smaller than it was in the past; 5t garth's ionosphere; atmospheric neutrals ionized near the
much of Mars’ early atmosphere has been lost. A number of 615y cusps can also escape along openfield lines. Similar con-
atmospheric loss processes have operated at Mars over its hisyitions probably exist at Mars, though open field lines at Mars
tory, including loss from impacts, adsoprtion into the martian - shoyid not be likely predominantly at high latitudes but instead

polar caps and subsurface, and loss to space. It is importantpear jocations where crustal magnetic fields are radial with re-
to understand the relative importance of these processes at dlf-spect to the planetary surfacitchell et al.[2001] reported

ferent epochs, as well as the quantity of atmosphere that waseyigence for open field lines on the Martian nightside. Here
removed by each process. Today, Mars’ small gravity and lack \ye present the first reported evidence of open magnetic field
of a global magnetic field to protect the atmosphere from the |ines on the Martian dayside. Open field lines on the Martian
solar wind make loss to space more efficient than at Earth or gayside are associated with perturbations in the magnetic field.

Venus. Prior to the discovery of crustal sources by the Mars Tpese direction and magnitude of these perturbations may be
Global Surveyor (MGS) magnetometer (MAG), model calcu-  correlated with the solar wind magnetic field, or may result

lations of present day loss rates assumed that the solar windfrom whistler waves caused by solar wind electrons moving
interacted directly with the martian upper atmosphere. Here along the field lines. Regions of open field provide potential
we examine how the discovery of crustal sources should revise «ggcape hatches” in the shield formed by crustal sources for
our thinking about atmospheric escape to space at Mars, bothaccess of solar wind electrons to low altitudes and escaping at-
at present and over martian history. mospheric charged particles. The magnitude of the reduction
in escape rates calculated above will not be as large due to the

Shielding: One might expect that crustal sources shield ) .
presence of open field lines.

portions of the Martian atmosphere from the solar wind in the
same way that Earth’s global magnetic field protects its atmo- ~ Magnetic Field Topology: A substantial portion of the
sphere from the solar wind. At Earth and at Venus the location Present-day atmospheric escape to space at Mars is related
at which the solar wind is deflected around the planet can be t0 the motion of charged particles near Mars. The path that
thought of in terms of simple pressure balance. At Venus, the charged particles follow is heavily influenced by the configu-
location where the pressure of the solar wind (almost entirely ation of magnetic fields near Mars. For this reason it is very
dynamic pressure) is balanced by thermal pressure in the iono-important to understand the topology of the martian magnetic
sphere nearly coincides with the ionopause observed by the €nvironment. Observations from MGS MAG provide vital
Pioneer Venus OrbiterPhillips et al, 1988]. We have per- clues about Martian magnetic topology, and can be used to
formed an analogous calculation at Mars, including magnetic constrain computer models of the global magnetic environ-
pressure from crustal magnetic sources in the calculation. An Ment. Models of the crustal magnetic field are just now being
image of the Martian "pressure balance obstacle” to the solar incorporated into models for the solar wind interactidfa[

wind is shown in the figure below. Crustal sources at Mars €t al, 2002;Brecht et al, 2001]. We will present comparisons
substantially perturb the obstacle upward to altitudes in excess f MAG observations to a number of different magnetic field

of 1200 km in some locations (over 1/3 of the radius of Mars) Models at Mars, including gas dynamic and MHD models for
for typical solar wind conditions. The obstacle varies not only the solar wind interaction with and without crustal sources.
with changes in solar wind and ionospheric conditions, but These comparisons give insight into which physical models
also with Mars’ rotation on its axis. To first order, then, crustal Most accurately describe field topology at Mars.

sources deny the solar wind access to portions of the upper at-  Loss over Martian History:  Finally, we will discuss
mosphere. Since the solar wind can not reach these locations,how the presence of crustal sources affects escape to space
we expect that the amount of solar wind-related ionization in over Martian history. If crustal sources existed over the en-
the upper atmosphere is smaller than if crustal sources did tire planet, and have gradually been erased by impacts and
not exist. We will present calculations of the number of ion- resurfacing events over Martian history, then solar wind mech-
izations due to charge exchange and electron impact that areanisms may have been largely prevented for a long period of
prevented by crustal sources. Preliminary estimates suggesttime after the dynamo turned offdkosky and Phillip2001].



Sixth International Conference on Mars (2003) 3241.pdf

REFERENCES

critical size will have magnetically reoriented since the forma-
tion of each crustal source over 3 billion years ago, leaving
the largest grains as the carriers of magnetization in the sub-
surface. If crustal sources were much stronger in the past and
occurred over a large fraction of the Martian subsurface then
these sources would have acted as an effective global magne-
tosphere, preventing access of the solar wind to the Martian
atmosphere.
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