Figure 10. from
Yanxing Liu et al 2026 Astrophys. J. 1002 do0i:10.3847/1538-4357/ae6070

https://dx.doi.org/10.3847/1538-4357/ae6070

© 2026. The Author(s). Published by the American Astronomical Society.

350

300

M
w
o

200

Altitude (km)

150

100

350

300

]
w
o

200

Altitude (km)

150

100f

(a) Electron energy terms
: ¥ T ; 4 —" ! T
| — Heating 340 :
| = Cooling
+ = Energy exchange (e-i) ]
Energy exchange (e-n) 300

| = Thermal conduction

280
260

| —

Altitude (km)

15x10°

15%x10°

Electron energy terms (eV cm™3 s71)

(c)

lon energy terms

[ — II-ln=.-al.'ir'|g I
: - Energy exchange (e-i)
Energy exchange (i-n)
[ —— Thermal conduction

350
325
300
275
250
225

n

. 1 n " M 1 L
-4.0x10® -2.0x10°

M 1 L
2.0x 103

lon energy terms (eV cm™3 s71)

M 1 M
4.0 x 103

350

300¢

hJ
w
=

150+

100

350

300+

P
L
=1

Altitude (km)

150

100 |

200

Electron heating/cooling

T T
Direct production
Coulomb
Crossover
De-excitation
CO; excitation
0; excitation

0 excitation

Nz excitation

CO excitation

10* 10*

Electron heating/cooling rate (eV cm~3 571)

lon chemical heating

200

T T T
— CO* +0=0:*+C0
— 0*+C0;+0;*+CO
C*4+C0;=CO*+CO
— 0" + NO-+NO* + 0,
— COy* + 0= 0* +C0y
— 0*(*D)+0-0*+0

10-4 1077 107 1077
lon chemical heating rate (eV cm~2 s~1)

10 10°




