Molecular lon Outflow:
Implications to Habitability

Mei-Yun Lin® 23, Raluca llie!, Alex Glocer4

'University of lllinois at Urbana Champaign, 2University
Corporation for Atmospheric Research, 3University of California,

Berkeley , “NASA Goddard Space Flight Center
ACKNOWLEDGEMENTS

The project is supported from NASA FINESST Fellowship 8ONSSC21K1425,
AFOSR YIP award no. AF FA 9550-18-1-0195, the International Space Science
Institute (ISSI) in Bern, through ISSI International Team project #528 How Heavy
Elements Escape the Earth: Past, Present, and Implications to Habitability,” and
the NASA grants N99066Z0, and 3004631577. M.-Y. also thanks the support from
NASA Living With a Star Jack Eddy Postdoctoral Fellowship Program,
administered by UCAR's Cooperative Programs for the Advancement of Earth

System Science (CPAESS) under award #NNX16AK22G, and travel support from
Eddy Symposium.

UGIR | SNCPAESS iiinors HIRA

PROGRAMS Cooperative Programs for the URBANA-CHAMPAIGN HELIOPHYSICS RESEARCH & APPLICATIONS
Advancement of Earth System Science




—-_2 L ! ———’- _.\ e S . ‘——_‘



<_3 L ! ———‘- ‘.\ e S . —— .




Do Molecular lons Stay in the lonosphere?
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Sunspot Number

Do Molecular lons Stay in the lonosphere?

= An increasing number of molecular ion observations in Earth’s magnetosphere
and ionosphere from the past ten years, mostly due to improved instruments

technology.
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Why Study Molecular lons?

* Their abundances are relevant with
the composition of lower
thermosphere and ionosphere, as well
as neutral atmosphere.

» [ndicator of critical transport and
energization mechanisms, particularly
during the extreme conditions.

» Key to understand the atmospheric |
escape in the habitability world.




How are Molecular lons Energized?
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How are Molecular lons Energized?
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No Wave
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No Wave — No Molecular lon Upflow or Outflow
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Nominal Wave Energy (E,)
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Nominal Wave Energy (E,)
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Nominal Wave Energy (E,)
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Nominal Wave Energy (E,) — Molecular lon Upflow
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3,000 E,— Max Molecular lon Outflow
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= Molecular ions are efficiently energized by wave-particle interaction. An
increase in the wave energy input (£, « 1/B) by a factor of 3 leads to
immediate enhancement in the molecular ion fluxes by two orders of

magnitude.

* lonospheric chemistry plays a critical role in regulating the abundance of
molecular ion outflow, while the wave energy controls how far up molecular

lons are transported.

* Tracking heavier ion species, such as metallic Mg* and Fe* ions (awarded
2023 Jack Eddy Fellowship), provides a clue on how atmospheric escape
behaves in Earth’s different geological timescales.
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