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Habitable Zone of Our Solar System



Space Weather: Stellar Wind and Activity

3



The 2015 March 8th Interplanetary Coronal Mass Ejection 
(ICME) sideswiped Mars



How Does the Sun/Star Affect a Planet?
Solar Wind

/CME

Exosphere

Earth-like
Magnetized Venus/Mars-like

Unmagnetized



  MHD 

[O],[CO2],[CO],
[N2],[O2

+],
[e-],Te,Ti,Tn,
Un,Vn,Wn

[Ohot]

AMPS

[O],[CO2],Tn,
Ionization frequencies

(CO2   CO2
+,O   O+,CO2   O+)

Bsw, Usw, 
nsw, Tsw

AWSoM 

Model Coupling and Model Validation/Application in the 
Solar System – Unmagnetized Mars as an Example

For model coupling details, please 
refer to:
Dong et al., 2015 JGR (Current Mars)
Dong et al., 2015 GRL (Solar Storms)
Dong et al., 2018 JGR (Current Mars)
Dong et al., 2018 ApJL (Ancient Mars)

Domain:
Ground-to-exobase

Domain:
100km-6RM

Domain:
100km-up to ~100RM

neutral atmosphere fluid model 
(including lower, middle, and 
upper atmosphere)

neutral exosphere Monte Carlo model

Stellar Wind MHD 
model

Planetary Magnetosphere 
MHD model



Atmospheric O+ Ion Loss from a Magnetized Earth-Like Exoplanet
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Charge Exchange

Electron Impact Ionization

Photoionization

Ancient (4.02 Gyr) solar 
wind parameters at 1 au 
(Boesswetter et al. 2010).

An extreme “Carrington-
type” space weather 
event (Ngwira et al. 2014)

Joule heating included:

Dong et al., 2017, 2019, ApJL



Green Band: Habitable Zone

Three TRAPPIST-1 Planets in the Close-in Habitable 
Zone with Strong Stellar Wind Erosion



TRAPPIST-1 Stellar Wind Decreases Rapidly with Distances

Dong et al., 2018, 
Proc Natl Acad Sci



Stellar Wind Interaction with the TRAPPIST-1 Planets

-4

-2

0

2

4
n(O+) in cm-3 (T1b-Min)

-4

-2

0

2

4

Z

n(O+) in cm-3 (T1b-Min)

-4

-2

0

2

4

Z

-4

-2

0

2

4

Z

-4

-2

0

2

4

Z

-4

-2

0

2

4

Z

-4

-2

0

2

4

Z

0

200

400

600

800

1000
|U| in km/s (T1b-Min)

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4

Z

|U| in km/s (T1b-Min)

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4

Z

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4

Z

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4

Z

-4

-2

0

2

4
n(O+) in cm-3 (T1b-Max)n(O+) in cm-3 (T1b-Max)

0

200

400

600

800

1000
|U| in km/s (T1b-Max)

-8 -6 -4 -2 0 2
X

|U| in km/s (T1b-Max)

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4
n(O+) in cm-3 (T1g-Min)n(O+) in cm-3 (T1g-Min)

0

200

400

600

800

1000
|U| in km/s (T1g-Min)

-8 -6 -4 -2 0 2
X

|U| in km/s (T1g-Min)

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

-4

-2

0

2

4
n(O+) in cm-3 (T1g-Max)n(O+) in cm-3 (T1g-Max)

0

200

400

600

800

1000
|U| in km/s (T1g-Max)

-8 -6 -4 -2 0 2
X

|U| in km/s (T1g-Max)

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

-8 -6 -4 -2 0 2
X

No shock due to sub-
magnetosonic nature! Dong et al., 2018a, Proc Natl Acad Sci



Atmospheric Ion Escape Rates of the TRAPPIST-1 
Planets due to the Stellar Wind Erosion

Dong et al., 2018, Proc Natl Acad Sci

T1-g

• The timescales over which these 
planets can retain a 1-bar 
atmosphere range from O(108) 
years for TRAPPIST-1b to O(1010)  
years for TRAPPIST-1h.

• TRAPPIST-1g will represent the 
best chance for a planet in the HZ 
of this planetary system to 
support a stable atmosphere over 
long periods.
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