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Ions and electrons escape via 
open field lines to the Earth’s 
magnetosphere
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F2 = Electromagnetic
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Observation of N+ ions
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(Credit: Ilie et al., 2020, submitted to JASTP)
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First observation of N+ ions in the 
upper atmosphere



Difficulty to distinguish 
N+ from O+ ions
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12-13 March 1990 storm (Yau et al., 1992)

O+ N+

§ Albeit limited, the existing 
observations indicate that O+ and 
N+ exhibit a different behavior as 
affected by solar radiation, solar 
wind, and geomagnetic activities

§ No studies considered the 
outflow of N+, in addition to that of 
O+  from first principles, in spite of:
Ø different ionization potential,
Ø different chemistry
Ø different scale heights 
Ø different pathways of 

energization

THE PROBLEM:
Most instruments flying in space 
cannot distinguish them apart, due to 
instrument poor mass resolution.

C

EIo
n 

Fl
ux

 (r
el

at
iv

e)

N+

N+ O+

O+



Difficulty to distinguish 
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Difficulty to distinguish 
N+ from O+ ions
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12-13 March 1990 storm (Yau et al., 1992)

O+ N+

§ Albeit limited, the existing 
observations indicate that O+ and 
N+ exhibit a different behavior as 
affected by solar radiation, solar 
wind, and geomagnetic activities

§ No studies considered the 
outflow of N+, in addition to that of 
O+  from first principles, in spite of:
Ø different ionization potential,
Ø different chemistry
Ø different scale heights 
Ø different pathways of 

energization

THE PROBLEM:
Most instruments flying in space 
cannot distinguish them apart, due to 
instrument poor mass resolution.
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§ What is the abundance of N+ ions in the polar 

wind in response to solar flux and seasonal 
variations?

§ How does the presence of N+ impact the polar 
wind solution? 



Solves Transport Equations and E∥ equation for 
H+, He+, O+

Polar Wind Outflow Model (referred to as 3iPWOM)
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• Chemical & 
Collisional Scheme

• Suprathermal
Electron: GLOW

• Neutral Density: 
NRLMSISE-90

For each time step, solve 
n, T, v, and E∥ 7iPWOM

(Credit: Glocer et al., 2009)
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Solves Transport Equations and E∥ equation for 
H+, He+, N+, O+, N2+, NO+, O2+

Seven Ion Polar Wind Outflow Model (7iPWOM)
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• New Chemical & 
Collisional Scheme

• Suprathermal
Electron: GLOW

• Neutral Density: 
NRLMSISE-00

For each time step, solve 
n, T, v, and E∥ 7iPWOM

(Credit: Glocer et al., 2009)
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Blue: Chemistry Related      
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Static molecular 
ions (zero v and 

constant T)

Correct Equation



Chemistry and Collisions
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3iPWOM
H+, He+, O+



Chemistry and Collisions
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3iPWOM
H+, He+, O+

7iPWOM
H+, He+, N+, O+, 

N2+, NO+, O2+



Chemistry and Collisions
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New 
sources/losses 

for O+

7iPWOM
H+, He+, N+, O+, 

N2+, NO+, O2+

3iPWOM
H+, He+, O+



Chemistry and Collisions
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New 
sources/losses 

for O+

New 
sources 
for H+ 7iPWOM

H+, He+, N+, O+, 
N2+, NO+, O2+

3iPWOM
H+, He+, O+



Chemistry and Collisions
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7iPWOM
H+, He+, N+, O+, 

N2+, NO+, O2+

New 
sources/losses 

for O+

Suprathermal 
Electron (SE) 

Production

New 
sources 
for H+

3iPWOM
H+, He+, O+
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n(N+) ≅ 10% of n(O+)

• Comparison with observations shows that the 
presence of N+ improves the outflow solution for 
all species.

• He+ solution shows the biggest improvement, as 
7iPWOM predicts a density one order of magnitude 
higher than 3iPWOM, aligned with observations.
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• N+ is the second most abundant ion species 
below 1200 km altitude.

• The 7iPWOM solution closely matches the 
observational data for all ions



What causes these differences?
Presence of N+ and molecular species 
leads to :
§ A significant increase (~1 an order of 

magnitude) in He+ density.
§ H+ solution improves as compared with 

measurements
§ O+ density profile better matches the 

data, and the density is a factor 2 larger.
§ N+ profile matches observations
§ All species show an increase in 

temperature/energy.
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: 7iPWOM

: 3iPWOM

: OGO Data



What causes these differences?
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Chemistry?

SE production

O+ Production

7iPWOM 3iPWOM
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Chemistry?

SE production 7iPWOM 3iPWOM
7iPWOM 3iPWOM

O+ Production
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Chemistry?

SE production

7iPWOM 3iPWOM

O+ Production

O+ Loss
Charge exchange 

with H+
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Chemistry?

7iPWOM 3iPWOM
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SE production

Charge exchange 
with H+
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Chemistry?
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Chemistry?
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§ N+ ions are the second most abundant ion species in the 
ionospheric outflow, for all conditions.

§ Data-model comparison shows that the presence on N+ improves 
the polar wind solution significantly. 
– 7iPWOM predicts the seasonal variation with He+ due to expanded 

scheme of SE production.
– Expanded chemical scheme leads to a redistribution of the ion density in 

the topside ionosphere. 
§ Extra energy source, such as through wave particle interactions, 

could have a profound influence on the upward transport of the N+.
– N+ ions are likely to couple with cold neutral species than the O+ ions.

Conclusion
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