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Abstract Subsolar Profiles Heating & Cooling
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atmospheres is the ability of exoplanets to retain their atmosphere over their lifetime. 2500 O
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We use the Global lonosphere and Thermosphere Model (GITM) to study the impact
of enhanced EUV flux on the upper atmosphere of close-in Earth-like planets. As
orbital distance between a planet and a host star decreases, the EUV radiation
experienced by the planet increases. GITM is used to solve for various state variables
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that describe the conditions of the upper atmosphere, including O*, N¥, & e’ . S — - - ol ° |
densities, ion velocities, Pedersen conductance, and joule heating. We discuss the emperetaretd o o
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response of these state variables to the enhanced EUV flux, as well as loss rates of O ] o , : :
. . . . . Figure (1): Temperature variation by altitude for each enhanced EUV flux. Scale factors 1, 5, and 7 are overlapped on top of | : |
In the ionosphere. Evidence of an inflated atmosphere due to enhanced EUV flux is . . .
_ . , , each other. Scale factors 10, 50, and 100 appear similar but not identical. (1a) (1b) (1)
presented. The results of this study are beneficial to understanding how habitable . N . .. .
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Figure (3): e number density variation by altitude for each enhanced EUV flux. Scale factors 1, 5, and 7 are overlapped, 10,
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: : el e : It is observed that the ionosphere expands with increasing EUV flux, with peak electron density and O* ion production Twl N T \
* GITM is a self-consistent, multifluid, 3D model for the upper atmosphere. It is also , , , P P g P o y P \ ~~~~~~~~~~~ Vs
: occurring at higher altitudes. However, the number density appears to be maximized for enhanced flux scale factors
capable of modeling 1D cases N N . . . , N I
, ) , . , , greater than 7. The 1, 5, and 7 scale factors being identical in these data is of concern and being re-examined for potential (wm 2 -
* Uses a spherical grid, horizontal resolution is 11.25° longitude by 5.625° latitude. SSUeS (2a) (2b)
. . . . . . i Subsolar Thermal Data for 10x Solar EUV Midnight Thermal Data for 10x Solar EUV
Altitude resolution varies with scale height, given by: . o odersen Conductance (S
+ E 2500 - 2500 -
h — ka O Sca pe Ezooo— Ezooo-
mg Mass Loss Rate Ofo+ by AItItUde Vertical lon Velocity for 1x Solar EUV at R=500km Vertical lon Velocity for 8x Solar EUV at R=1000km Vertical lon Velocity for 10x Solar EUV at R=3000km §1000: §1000:

3000 A

— D o . —— 7N — : \ . 10-16 101 10-12 10-10 10-8 10-6 104 10-2 10° 10-20 10-17 101 10-1 10-8 10-5 10-2
/ Ko — £ AN L. et 120 [Wm —2] [Wm—Z]

* Lower boundary is assumed to be typical of Earth’s ionosphere. Input EUV flux

determines how system evolves 20) (2d)

* We compare 1D and 3D cases to demonstrate a need to explore 3D models more € 2o " 20 W I A e W i Figure (1a-c): Global joule heating for scale factors 1, 8, and 10. Peak joule
deeply é’ " e ||, SN LT e W i heating occurs in the polar regions, coinciding with peak vertical O™ motion.

* Baseline F;, ; flux =150 sfu (10> Wm=Hz") < Rl B = o T Figure (2a-d): (2a) and (2c) show subsolar heating and cooling for scale factors 1
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* Scale this value by the following factors: 1, 5, 7, 8, 9, 10, 50, 100 and 10 respectively. Peak joule heating occurs at a much higher altitude for the
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ZEEE N T LN N A Vi N L magnitude greater for the 10x case. (2b) and (2d) depict the same data on the
(1) N %Y N, 2 Y N nightside, where we observe similar trends but also note that the Pedersen
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. case also shows another peak higher up. For the higher scale factors we observe a CO nCl.US|O nS & Futu re WO rk
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500 . 600 \_ 2 .« larger peak that extends vertically to the top of the simulated region, with these
100- 400 - p.eaks all occurring just above.the locatlf)n of the inflated |on(?spheres. , « Enhanced EUV flux results in inflation and elevation of the ionosphere of Earth-
;, % __________ =  Figure (2a-c): Global O* vertical velocity, shown at approximately the region of like planets
- - 110 '1:'5 20 - e io e — glob.al peak upvyard motion, for. scale factors 1, ?’ and 10. Majorl.ty 9f the upwarczl) * While it is unclear specifically how much O* escapes from the atmosphere in
. Vertical Hlux g5 . mot|.on occurs in the pola.r .regl.ons on the dayside (s.ubsolar point is along 180 these enhanced EUV cases, we believe that the escape rate is increased,
(1) (3) 30 longitude). The peak velocities increase roughly 3-4 times compared to the base which may be significant for the evolution of habitable atmospheres for close-
Polar Densities for 1x Solar EUV ____ We compare the results of 1D and 3D subsolar Escape Parameter for 0+ . 10x Solar EUV case of 1x scale factor. Also shown is horizontal flow of O* ions, once again with in exoplanets.
=N T 3| simulations. Figures (1) and (2) show . themajority of the motion occurring near the poles. )  There are issues to address within the current modeled data, primarily over the
wor] | »—=v | jmportant species densities at subsolar|| .. Figure (3a-b): We calculate the Jeans escape parameter for O* for the scale scale factors of 5 and 7 which produced surprising results
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.. factors of 1 and 10. A parameter closer to 1 means that a particle is more likely to
». escape thermally. The 10x scale factor data show an escape parameter in the
«s  range of 12 near the poles, which is not a high probability on its own, however,

=s  Observations on Earth show that there is a small amount of O* thermal escape Selected References
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[m-3] “»  same comparisons were made for a scale e e “* Increase in escape at this enhanced EUV radiation level.
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) factor of 8 with similar results. (3b)

and polar locations. Figure (3) shows the
e vertical O* flux: in blue, the 3D simulation,
In red, the vertical flux calculated using
subsolar vertical motion as a global

* Future modeling may use Mars or Venus as exoplanets to explore how different
atmospheric compositions respond to the enhanced EUV radiation.
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