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Abstract
background neutrals. As Martian exosphere extends far above the bow shock, hydrogen ENA (H-ENA)
produced by solar wind proton may enter the lower atmosphere directly, depositing mass and energy in

Energetic Neutral Atom (ENA) is generated by charge exchange between energetic ions and

the atmosphere. Based on the single-fluid multispecies MHD model and exosphere model, this paper cal-
culates the spatial distribution of the precipitating H-ENA flux at the height of 200 km on Mars, evalu-
ates the particle and energy deposition rate of the precipitating H-ENA under different solar wind condi-
tions, analyzes their controlling factors. The results show that the solar wind H-ENA generated up-
stream of the bow shock is less affected by the crustal fields, and shows a cosZ distribution. As a major
mass and energy source, the precipitating solar wind H-ENAs account for 59% particle deposition and
81% energy deposition of the total precipitating ENAs. Magnetosheath H-ENA generated in the magne-
tosheath is greatly affected by the crustal fields, and their precipitating flux decreases significantly above
the strongest magnetic anomalies. The precipitating H-ENA flux is proportional to the upstream solar

wind flux, and 2.1%~3.5% of upstream solar wind protons are estimated to be converted into the solar

2024, 44(2)

wind H-ENAs.
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Fig. 1  Simulation result of MHD model. Spatial distribution of physical quantities on
the zz plane in the MSO (Mars Solar Orbital) frame
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Fig. 2 Cross-section of charge exchange between

proton and atomic H, Hy and atomic O

DENA R nuziniai (u). (1)

o n Fw S K BH R B SR n Mo 45
PR R )% B R H fr S8 4k AT, AR oA 1, 2, 3, AR
# H, O fil H,.

A8 ST e B o3 45 ) TR P £, AR iR 4%
B 28 SLA] DLAS B H-ENA 77 A R (425 (8] 430 A (L
& 3). REHEAN_E  H XU 2 ok A2 23 [|] H-ENA 7=



LM 5. K 2 H-ENA 9 45% 5454

(@)

% 3
Fig. 3

A TR B O, AR A X A R [ X 48 ENA FR N
KFAX H-ENA FIRE#H H-ENA. #5 H-ENA j#=/E 3R
35 0.1 em st X 88 0K T 0.01 em s
&l 3(a) TR S B A BRI, (N2 0.64 R,
HMRZTZAFAET 5 Z A8, H-ENA #9774 X 35,
AT U B S Uz AR R A KRR
XUH-ENA B4 i & Fee /e . BEE KR JE FR
BH AR U0 3, 1 b B BT 08 A 0, RE RN H-
ENA 177 28 5 T 5 30k B K FH X H-ENA 97
A gL B 3(a) R, OREES R AL TR ST
A F RO HE A X i B B (MPB -3 B
960 km'), #f 5 T HEHS H-ENA 197745 X, S8Rt
AXFFRAY I, T A 3(b) o H-ENA (7= R
FERGEER LT 43R 250, 3Rl R B 3 R &
RS

ENA J BRI S W 2 1 00 5 1) 0T 2 b A=
B ENA FfiFE 85 0 R AR 25007, AR & FH 0 246, 2
PAEk Y = DL 7/ B (6 S SR AT 1 R B K 9 A ]
ENA, P55 MY R R @ BRI Y ENA, JT L
FRAF S P P U AR5 Py # i /> — AN IR B 1 .
AT LR T 240 5 A R ENA Bl
RGN ENA (50058 1 5, 7 0] 038 o J R
F, B

. _vof 9
J mn’ (2)

303

(b)

z

L,

pena/ (cm-s™!

6 i005

0.04
Constant elevation surface at 960 km altitude

X

0.03
0.02
0.01

Global distribution of H-ENA production rate

H-ENA J=A R 2R3 1
[ - 3)
B (4)
r)= [ j(r B 2)d0dE. (5)

Hrf, BRI R E, m AR, ol
f%_i, r AR B R A, Q2 Z D), Al
PLRIR N (0,9), v MIRE LT A B R, s N
WML B, B ENA fgft. Bk, H-ENA
RUAT DIARHE ENA P24 R paxa 5 B 143 10 AH 25 ) 2%
B f 1A H-ENA 7300038 & Mo i

2 ViFE H-ENA 145538

FE SCEIAFHEA 200 km 55 ) H-ENA Sl 'k
BT H-ENA, MR 48 5 X (1) 25 [ 7 B 5 A TR
FHX. H-ENA S5TFRE H-ENA, 7ERER /015 . 25 1]
G3AT L BERAT O RRIE Ay B W A XL O T
— B UIRTTRE H-ENA (953015 LS 3R XU 5
? ARG T 200 km 55 5 4 ERUUFE H-ENA (1

WA (RIS, T T RE S X TR A A s, 4
T T UM H-ENA 2 THA R, 1158 TRFE
WA T TR H-ENA 957 5 Rtz 1221k, B4
T H-ENA 73 I EHE, 18 T KX H-ENA 19 %%
L.



304

2.1 inP& H-ENA o H 5%t

UURER R BH X H-ENA EAT iR BH RS - [ 4
1, ZhBeH e . MR, JrmgErh . 28 [ oA KR
5. 4 g5 T DIRER BHIX H-ENA 925 18] 537

Bl 425 H T 200 km 45 = 7 b 3T B K FH XL H-
ENA il & ()25 [\ o0 A . 465 (0, 0) RoAnH T
R RS PR N 6°. S U B A 9 K BH XL H-
ENA JL-T Jo 46t #b 2 8 = B0 . MPB 3k 3] 200 km.
200 km DA FAMGJZRE, BT REE 230N ENA fiik
A LA AT DT R FH X H-ENA 38 &2 BE R e T
B IR FX H-ENA (077500, R e T
TR R PH X H-ENA [a] %2 Kk A ) o2 B it 1 1%
. AR AR 2 H A X RRPE AR K B
25 [a] 451, DR FHX H-ENA (%23 [a] /3 it 5 vp
X, 57 A BTG, T2 40 A F 1) BH I A9 K P

(a) (x10'%)

O
(=]

20
T 45 '»
S 1.5 (T.E
ER o =
545 0.5 E
-90 0
—180 -90 0 90 180
Longitude / (°)
(x10'%) (b)
2.5 180
Solar wind ENA
20 cos Z 120
T 60 =
J1S Ty
! =
= 60 3
a
0.5 ~120
0 — 180
0 45 90 135 180

Z/(°)
Fl 4 200 km 55 10 0K B H-ENA 5@ #1125 1]
I35, (a) PO BHX H-EN A 3 (1 2525 1 /31
(0, 0) F/n HF A, (b) DIRERBHX H-ENA il
BEKBHR T (2) B4k
Fig. 4 Spatial distribution of solar wind H-ENA flux
at 200 km. (a) Longitude and latitude distribution of
the precipitating solar wind H-ENA flux, and (0, 0)
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*3 AEHMREZGTIIE H-ENA YEES5T

Table 3  Statistics on precipitating H-ENA parameters under different crustal field conditions
— DK BHX. H-ENA UURERERS H-ENA
ZER
(R S K A ik ‘HE%/RIS%K oK E ik RERVTFER
(x10")/(m s ") (x10™)/s'  (x107)/(eVs ) (x10")/(m s ) (x10*)/ st (x107) J(eVs )
Case 1 G 2.11 0.84 1.06 1.89 0.83 0.57
Case 2 i T & 2.06 0.80 1.59 0.70 0.47
Case 3 fii TIEF 1.87 0.72 1.33 0.50 0.21
F 4 AEKXMBAREGTINME H-ENA YEES51T
Table 4 Statistics on precipitating H-ENA parameters under different solar wind conditions
PN IR H-ENA DURERERT H-ENA
AT A . . e Ty . N B . y
i HH(x107%)/(m s (Xu?%j)(/(n?f‘zis,l) VIR (x10* ) s (xﬁ%(/(m%-s") DR (x10™) /5
239 Case 3 0.90 1.87 0.72 1.33 0.50
CMEZiAHT 2.71 9.03 3.59 6.93 2.47
CME#iA)E 10.94 38.36 14.96 28.80 11.60

—— Solar wind H-ENA precipitating flux
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