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Gravity and escape

Escape velocity

Venus Earth Mars
10.4 km/s 11.2 km/s 4.9 km/s

Escape energy

0.6 eV 0.7 eV
8.9 eV 10.3 eV
17.8 eV 20.6 eV




Energy-mass spectrometers
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lon escape rates at Venus, Earth, Mars
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Earth ion escape drivers

* Both solar EUV and solar wind are strong drivers of escape from Earth’s
atmosphere

Cully et al. [2003]
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A high energy cut-off can leave out cold plasma populations

Escape rate [s~! eV/eV]

Energy range (and location) matters

Increase in energization conflates increase

in escape rate
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Solar wind dependence

lon escape dependence on
solar wind dynamic pressure.

Venus — Weak positive
dependence.
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Solar wind dependence

lon escape dependence on
solar wind dynamic pressure.

Venus — Weak positive
High EUY dependence.

Earth — Strong positive
dependence.
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Solar wind dependence

lon escape dependence on
solar wind dynamic pressure.
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Venus — Weak positive
dependence.
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Solar wind dependence

lon escape dependence on
Earth/{ solar wind dynamic pressure.

/

Low EUV
/L Venus — Weak positive
L dependence.
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Solar wind dependence

lon escape dependence on
solar wind dynamic pressure.

Venus — Weak positive
dependence.
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Solar EUV dependence

lon escape from Venus and Mars displays opposite dependences on solar
EUV/XUV, despite both interacting with the solar wind similarly.
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Venus ion escape is energy-limited

Increasing solar wind power reduces O* return flows,
increasing the escape rate
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Coupling dependence on solar EUV

Intrinsic magnetosphere (Earth)

Magnetopause-
ionosphere
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Pathway to atmospheric ion escape

lon escape requires
* lonization of neutrals
* Energization of ions

* Transport path out of
the gravity well
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Mars ion return flows increase with EUV
High EUV

Integrated O: flow rates
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Conclusions

Varying solar EUV and solar wind have varying and sometimes
opposite effects on ion escape from each of the terrestrial planet

lon escape from Venus and Earth appears energy-limited

Earth’s magnetosphere makes the ion escape response sensitive to
solar wind variations

- Protects in weak SW, acerbates escape in strong SW

- SW coupling increases with EUV

lon escape from is supply-limited, but on the verge of
transitioning to an energy-limited state

Weak gravity does not necessarily mean high ion escape rates
- System may be in an ion supply-limited state ( )




Conclusions

Does Earth’s Intrinsic Magnetosphere Protect out
Atmosphere from the Solar Wind?

- It depends!
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Primordial solar wind event

Outbound

Inbound
-3 Ngw = 39 cm™3

New = 3.5 cm
Vsw = 370 km/s Orbit #9605 Vew = 730 km/s
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Primordial solar wind event

...nhext orbit

Orbit #9606

4_ Wil e ] Y " s e K I SRR I =
mmii Miil|'~'ﬂ‘*'“*-"%‘= i it
2 ; ‘1"“““ dil ) | ]
= .. QL | -({‘.-r,..bu” J
2 10°E 't | 1 LA 2 1000
EP E A jip et ,‘ el ‘ st (1 ' 'k E
s 10g E
= = ]
= B :
10 ¢ 3 ,
F 1100
0 g :
10 T = \
- LN v
5 - ; \
o, C g
5}5 s e
E 10" = N
v E = )
2 - .
& i i
10 E
i o AT T TR R | _l__,,‘_. 1T s | -
2011-07-12 14: OU 14:23 14:46 15:09 15:32 15:55 16:18 16:41 17:04 17 27 17:50 18:13
Altitude [km] 10460 10170 9628 38824 7737 6341 4611 2576 687 830 2818 4838

Ramstad et al. [2017]



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

