BHE SR 2026,44(5)

Fito 18

R BBk % R 3R IR & Rk it R

(G

HE WRRTARFRAELMRESH T BRSO TR, LR FHEENFRARLA
BEL, GO F B 2R TIANNE R E TR Y EE— T AR, L5k M
& B HRIRMAL S-09 R A, A SRR S R BRIT I BR HT R A — AP AT SR LIN L, 2R T A AR
Rk R ) SR E R A FF R, L35 A RN T & R R R R R AR IR, A BCE 16 69 B A R R KR
Fele AR B KA A AR A IRAALA AL R T S SR, £ E A R AN fe FRAR  HuER
A SRS TACHT I AT ZA S AT F AR RA T W0 B R AR, A A SRR H AR 8 R
K, BRIk T R BRIE i B A A KRR T IR RERRED L AT T AR E

KHETTHK
FgEE ARk IR T IRE; i

b3k 2 () PR 2 48 M sk 2% 1 LA L % K BHE 3)
SR T S ) A B) I, A AR ER AR R
LI, B ARG 3 2 8] 7 AR N ) 2
XS, 2 M EK R A0 ) H 2 R A5 o Bk s [B) PR
F AR AL SR A A . BEEA T A5 T, B
ARG A LR, PR X A TR W I Ao
HA SRR 50 HE L.

K FH X5 H ek 3 A48 B AR DB BT R )2 25 T o
TE K FH R 3l 19 5K 25, 4n H %2 9 53 il 5T (coronal
mass ejection, CME) . 3t %% 41 H 1 ] X (corotation
interaction region, CIR) %%, ff )2 25 ) A [A] X 4 25 7= A
R N, L S R BR K P R — 5 SR R RS X —
W2 T AR e —WN G2 (s K2
T FRETH)—H R (0% L ARG X)) — 2 X —
B4 T AR Ry %) AR b e R R 22 23 (]2 IR

FEMFRTGHRDEA T ATENFSHNEERE AL
L%, L 100029

B KA LA, R R A

M E R IAPUX SRl G e rp 42 R /X S i ) o
IR T i Az R AR X L R 0 e R 2 () SRR PR
BRI 2, (A e — I Pk R

NZE A BEAZS R, RS (ka2 ] 5600
AR TR R R SR 1 AR A T, AR
23 [A) BRI ) SRR 2 R R T N3 TR s ss 2R, B
WHE T 193z 3, FH 5T RO AR PRI B A2 B R4 o
Wy BRI Wiy, Y. s AR Y RS
B, T TG DA PR 0 2 (] PR A A . (Ht L
RO E LA B2 29 50 A e 1 iz 1 430, ARDYERE 25
) 85 88 1 IR s A7 A Ry I TR) 2 [l 45 B 7008, F
BRI AT k= ) AR S AR BFIE

F 1970 4EARTT R, ik 11 SR 5 228 JER A AR 38 T
P28 A BRE AR v, — 26 A ) 228 SRR it 1
s (1) R BC G W2 S K 2 WA B AR e ] g 722 T2
/£ (time history of events and macroscale interaction
during substorms, THEMIS ) i & 37. (1Y) H JE WL I 75 F4 ",
WPOCIR AT 1 — R4 R A AR, ZEn] WG B

Wi H 9 2025-05-12; & 181 H #4: 2026-03-01
FETH: ERK ARBHAILETH (42441809)

PEFZ A A0 &, BFFE 5L, AFFE07 100 0 HhER 547 LG i oA T L B, FL T 4 : hefei@mail.iggeas.ac.cn
B HIAE R (K. S HbERSS (B PR AR R R (7). BHE 47, 2026, 44(5): 32-38; doi:10.3981/j.issn.1000-7857.2025.05.00047

32

www.kjdb.org


mailto:hefei@mail.iggcas.ac.cn
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00047
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00047
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00047
http://www.kjdb.org

W5

FHESHR 2026,44(5)

MAEHOE TR 5l (2) 2000 45, 56 B T/ Jay & S 090G 2
TG4 BR G HR I T AL (imager for magnetopause—
to—auroral global exploration, IMAGE ) #5 # A% # 48 b
BLAGASE YRS BT X6F b BR A5 2 A2 01627 AR,
(7] S, T Ok B )y b R e b 3ok B v 3 ) 2 D
BUZRE™; (3) 2017 4F, HE “ K= =57 (Fengyun—3) i
MRR DRREE T AT LR B Piios .
T R i R ) I8 5% AR UARARY, AT 1w o3 R
AIRROGIEMR, JEBI 1B RO BT b3k 45 B 1K 2 R
™5 (4) R SR v R A O B XU S22 AR LA E

T A (solar wind magnetosphere ionosphere link exp-

lorer, SMILE )" "4 28 T 4K X S B AL I S5 ik
A", A TF et gk = ] 4 S AR

M S st ] A A4 b )R L K, {E
S WL B . M FRA R R SR A 2 IR TevE
() o S B A R o o MU ERE TR nT LASE I 4 R
o, (A2 PUIE R L | SRR AR . PR, JF %
AR T B A 12 60 ) 288 S 15 2 8 ol o 25 ] B 5
PR35 W5 8 e ) a2 6 o ) BRAE Dy iy Bk
—BYRIR TR, EA I 4 B 7 B AR A R T 2R
B, X O AR A T EARAYP- 5. R 1T AR
B RAEFNH B 5 TR R s () PR 8 Y I 45 34

F1 HE KREMAETEFRMIKT B EERE LS

b 3 B 3 %% A%

W TN 25Tl AR KRGO B)
A BT I 2 2E

" . g, TERU, VR TR GO0, N, 0 T IR
RS AR, —RTIRED, WL 5 BB 1 S
BT DRYINEES XLB SRR PRI

B

B TR i 5 ik

ACBRABEIA] | 5] 2 B X

NEASL SR
EIESRE g ok T R

W5 TG RUZWE)
R S5/A0E RERE I 2 K2 AL

BT IR R IR A
IMAGE T2 58 Al A2 4%
Wz =57 T fotRIRL
SMILE T3 5L FR X 2 A5 A SR 28 48 AR5 A

BRI AL | 23 Al AN 5E 4
Fe e TR R DX S B LN ZE LA/

A SEIZ)20 difE SN A A
N LR
LA RN L (1 S R

Kaguya TR /N iR
“U k=5 B R AR SRS MEAIL
“HEBE 57 Hh gk B RSN AL

1 WIRTRIFEAF R IREER

b3k 23 18] (4 St 2 G2 T e b sk 2 [R] PR B8 o 2%
TSR HTHE . AEHbERZS [A], DUREHS 25 F B 2 i 4 R
GIREIZAS RN, AN R AR A5 B8 R A HLRAAE DG
SEERGT, Wb ERALIS AR R X He™ a5 vh i U 7
H R S84 7 2E 30.4 nm RS O7 I CO 45 K BH XL
38 b b v U R Al AR B2 A A AR
X ARG 458 TR 2 He HARBU K FHE) 30.4 nm
BRI W R AL B R O SRR R BHAY 83.4 nm 4
S0 $ZE N, (9 LBH B2 (140~180 nm) 0" X 4
2§, 121.6, 135.6 nm #1 LBH(lyman-birge-hopfield) i
B ARG

www.kjdb.org

AN B AT A TR 5 3K ) 02 A mT T A ok
NIRRT . 7F 30.4 nm B8 X 5 % B Hb sk
FE A AT 4 5 A (R 25 5O, W AR AL =
DI RN 2 Th Y = BT 2545, 3878 K BH XL S M R R
JEAH AR R 3 A b R BH XU 5 R i 2R A M BR
23 (B A S AR R, Ay 30 i 2 [ R A A50NE AF 9 B8 AL v
(I A . 7 30.4 nm I BOW Bk G B FIR)Z T a5
BUAG (B B AR 2 A5 BLAGO M, T LU b Bk A )23 R
RUOBEXT I RRAE, 18 7R HUER P 050 A 0 S A AR L FLAE
iR P AR A A0 TRER AR ' X A BH XU 1% )2 w85 e
TR Ty 26300 A Bk ZS (Rl 4R 52, 78 X T S5 h—i
SR AN B AR A s R (B 5O, 38 1k ARO
16 8l 5 28 [ ) [T R it s ST 6 N DR &R, il nT DA i

33


http://www.kjdb.org

BHE SR 2026,44(5)

WFsE

WOCI G HAE AT AL RL 2 Y B e i s i 7, 30K 58
e T A SOOI A Jm R . R = SR S5 BT
25ROt A s iR g Aok, stnT LA )
HhERRE 2 25 (B4 T 5 e i AR i Y s R . i
R, fEHERPE LA I, XSS AR O 4 S0, 1
RoKe sz, e H BRPE, BEr A e 8 T JLIK
2 G ERI

1972 4, Ffii 51 2981 -4% (John Young) Fl i #f -t
i (Charles Duke) B “ B[ & 16 57 %% fifi H BK, A A T3k
TEH BR B TR b BR, $048 7 — SR FT T R A B ek R
F s R R SRR B ok B e ™ K
B R R T R HL S SR A s R AN L AR
HL 8 )22 S (P T P 2 I S 0 A A T T A0 7 A 1
W) MO, SRR, 2P, B K
PRI EF ) 7 3R, (FAF A PRI ER455H7 X M3k 2 () PR 5
RIS o

2008 4, HA RS T H 52 #i5 7 (Kaguya) H
BRI A, ZARD 521778 A BRI 100 km 5 §E
b, B—P=ahia e DA . Kaguya DEBH T —6

ML SR L85 (telescope of extreme ultraviolet, TEX)!"”,

TAEW BN 30.4, 83.4 nm, fL3fAK 5°x10°, 25 (6] 43
HERN 0.09R: (R, MHLERAZE, Ry =6371 km), EZH
PR T Bk 55 5 TR MG 2 % . M T EE
AT E)H BRAR I AT 1) R — 0B, S X b R 55 5 1A
JEFNREJZ M S A A% . 8 R T 2 R (IR AR Y il
B, TEX A RETIHR 2 703 10 45 B TR 2 8 s b 1#
&, WA RIREZ A

W R H TR I ik = S R S R s R T —
BHEESMENL, T 2013 4F 12 A 14 HShERT
H BRI LA HIX (19.51W, 44.12N) . H E4MENL T
YEBEBE R 30.4 nm, FUE M M 14.7, 25 [0 0 380
0.08°, RAEHEE M 0.11 counts/s/Rayleigh, Bt [E] &
10 min, BEIEEE [ " 4EIREEHNLK, 7T AR LhhE
)b, AR IR R, S I T b 3R 25 B 1A 2 1 % 42
WEt o Tt =5 A S AR AL B RSB T DA i %
Hh Bk A B A2 B e R AR, A L R, T H
FE RGN RRIE N 55 85 A2 = 29 B o A R, B
W R T 45 B8 1A 2T AR B 1) B i k=,
FoTF Itk = A S AMEHL R, e B 2 3R]
SE B TR Z T AL SO AU AR I R E HE

34

(0[5 P LR R 8, 220 P €052 0 BB T T . (1 R R
HuRE AR R A2 B0 2. 4, 6 S HUBREAR B R ) B .
B 1 B =S "5 SMENL T 2014 4F 4 F 21 H R AT
13:01 47145 1 Bk 55 8 7142 R

2 IR [RIIAE A R T R R R

HERZS [BIBR T H2E R A0, A A —FPRRaR A hr
TG, MHW., WA TR PR T
(HF1 O, BEHE & T 1 keV) 5 Mk /M )2 M SR T
R HAL i A Al AR, A8 B R BB 9 o i T (energetic
neutral atom, ENA), iX 26 rp P51~ (R B 1 5 RE RS 115
Rl A5 B %) BB 28 A2 Bl 7 ), 38 2 H o S BRSO A
[ 5 M A9 ENA i 4738 8%, BInT EEAmE s . FRr I L 4
F/AE B TR R i R BE S Tl R, Ot R P R
TR . BETEPR EC IR 3 A% 612& IMAGE T
BREERICHE . T RE R = RE R R BUR AT, RUR
IS A R AR, DL R B BRI 2 R P
PRI BARALE, AT T KR 56 T M BRI 2 A H 3k)2
= R A HTA R

2008 4=, E[1FE /& 4 %) Chandrayaan—1 F EREEII &%
M T — B e i PR B OT 3R A BB iR
W iz B AIZITT 100 km 7 H HEE, W54 9°x
160°, 45 [ A Th1, 8 T EE S AT HEE PF e g, Il
it 10 eV~3 keV By HE = H P i+, Chandrayaan—1
P S A FEE H BRI R X B KRBT K
FH XS A BRAH BAE B B 2R IR G )25, 2018 4F,
o EERH TR IS R S 0 B S T IR L,
FE T — B b R R LIS B R A Se e N bk
JEF A, F A 10 eV~10 keV 35 Y A9 fE

www.kjdb.org


http://www.kjdb.org

W5

FHESHR 2026,44(5)

PRI MDA Bt o B A T2 A,
FHAGAR I TR IS H Bk S5 A B AR R
18, W A BR0E 2 AR T — B SR RE)Z, K FH
AT E 32 21 A BRIBHEZ B0, Bml 5w 107 RO
G B o, B i 1RO R B H BR W R
BAEFRIAR™, Behh, B et/ N AR 2 A
P8R T A T ENA fE 2 K FH XA S RE &R £
FER AT ZR, HE— 2R T Xt K BH X H A B A
FHATL AR Fy B [ Pt DA A2 KA o e R B KU A
KRB TR

3 AERMKTAIEERRE

HEREHBRIY RAR TR, BB = 200 38 T1 km,
A w0 R 0.055, F G RIS 05 AN ARTR], R
I BELIN AT DA S BT L BR 2 [ A A KL R | i
SEXIN . H ERZ 2/3 B )57 T b ER G2 S, AT LABE AL
HhBRZS (B AL (1 AR 4 e I A, SR ME G UL T B 1
A H IS5 KRBT 5k A & FER H #E
B 28K 2K FasAMH.

H 6 4035 5 Bl 7 A BR300 04 25 il s Ak
%, VAR R T g i i H Bk . AR Apollo 12
S A5 TE A 3K AR B IR (3.01239°8, 23.42157°W)
FIBEMEE S, Aek A E, A REE G0 BT,
16 BRIE B (R B ) 35 2l i KAE 2 120°C, 2
JE bR g8 T B, ELAESE A H %G SURIRE R, S5 GR
FEAEFFAEZ9-190°C, & 72 22 38 B 5 310°CPY,
RO A T TAERAES B T 0 IR 2R

i F H BRI E 2 sh Rk, AT AR, 2k
AN A AT 2, BIL, XFH e TAERY & B RE TRt 32
TR R . TR JCIA R BH AR & HL,
ILE H B AT RS RE TR, LIss A IR AIPRTR . AR5
Tk o X FA R ZHE RS SO BR2E, RO B AR R
0, 7 F A AR RE TR A PR T AR . X80T A i
IXERIBATI 5 25 LI 2 IR H] 50% .

AR B B ) — PRk A 2 4, Ak
(RAR)Z) JLT-78 56 464 A BRI, JEE R ALK 2115
TORAEE . 52K BH S MG S s Bk 52 e, H 2
AT AEHY HL IR TR T H T AUEOR BHCKEE, RiARTE
WACK BECOR Z ), B R R R, R HAER B

www.kjdb.org

BT B RASTAL ) 250" H A2 MG 72 K BH fg
B, BLBEOCTT RG2S b, R BOICE T R (n
B e AT 55 thARBLAZ 15 ) o BRI, AR H T FR
BRIESES  BHE AR, inzs MR A 3
B RIBOR . B Re R RN, 2T A 5 B
FHAG Rz

HERPUE- G RV H T2, Pl TR K
Wit AT FREE L A T R A AR E , A B H TS ok
UL 7S 5 SC ot 2 i s 2 6. 4T
A BRI DA, T 900 A I, ks () 7 i ot
TR AR AR A AR TR, X 1 SR B PR RE RN T AR
AR THEE MR, MPUE R S EL AT
B, TEA 1/2 B aALF H Bk 1w, S 2O A 2%
2, N H A Kaguya DA, KL, 78 H BRELEF 5 EX)
Bk 2 () PR 18 AR R R B 2 Fh . — B R
B B PRI, P T b ] S T B, B A
[R5 A, AT LS HGT ik 2 () e S 1Y) i S AR 1B
170 TR RHDG = 3lte0E )y Xz 17, 4 fr sk =
[ 4y 28 41b 138 S 1 A 37 v, 7 AR BB BB s LA
A DA By AR 4 25 18] J LA 45052 550 16 TH BR AR B8 1R
BERIFENR o o5 — P2 R R R, T W] DI A
B4 10 2 A Bk A i o7 B, E I AT DA dse e o 12 2 M
Fe I ek . AH X FPLIE TT BE AN AT bk G b B K
PG, a0 Bk 145 “ WM S gk AL

UL SRS W S gk R I TR S
R RS — 7 O OSSR SR AT S5 R
HErh g (s ORI . e AT S B IR BR, RSP 0
PRFEFE 7], FF X MR s [ A B i BT 55 . “ R —
SR 2 G M ERES [ E R, b1 &
FEMCERIMANL, 1 62PN R R AR, 2 B AR
PHERC G, SC I kL5 55 R R HRZ —:
T b 3R FE A B A2 I 5 5,
2 E PR LB R TE A BRI [R] B I R Al 55 A 22 iR
Mg PR RUR . BCERIMENL TAER B R 30.4,
83.4 nm, 2 M EEA AT | [RITAE, ERRFAE S
JETE 30.4 nm B IE X HIER S B FIAZ | iR 42
SRR, 7€ 83.4 nm 3 38 X L B 2 ARG 2 A
) O 4347 B 4= GO =, [ 50 v 1 D 1 A5
ASCR R4 HP I S, 30 3 % Ml R J2 22 S A5 R
AR B b BR G 2 v B 25 3 ORI 5 i, ORI

35


http://www.kjdb.org

BHE SR 2026,44(5)

WFsE

e 22 SMEALEE, S BF 57 M 3R 7% )2 W0 8 1 A fiik & AL
il Tk R AE AL AL R BRTE FR A0 72 A i R AR
RS/

“EORE B Ak R T 2024 4F 3 A 20 A Ik
o FESERST IS S H BRORARIR [FAT 55 1) 4k
WAL SIS, M 5 Tk B AR
WZ TR B, 2 BARMAHMUIFPLE TR B AT
DRGSR R A ROR S R4, T TAER N
8 A, AABE IR IR AT A 2= AR 17 F2 Y = T
TR G, DS AR ff 8 7 K BH X —Hi )22 — L B 2
AHEAE R

4 Zig

M BR8] PRI O 4 1 K PH 3l 5 s BR R GE 1Y
S DX, Hsh AR Z W 35 ARG 8, =5
() B AR 7P 2 o T FE it Bt 22 4 o B R B AR Y
ANWESHET, R G S R IR T AR R B,
R R BH R S — i 5 2 e R Y PR 2 1
NGB B SR, A4 M 5 10 iy U ST A7 A e
2SR A A A2 BRAEJE AR, 5 R S R
AU 65 o TR TS 5T, H e g A A0
B, B A B M BR 2 6] PR A 5 B e XA Y
Jitl

H N i A RO (B T /i S
CHEZLWINTRE S . AR, RSO R T
S AR RS , A7 By A b 3R 2 (1) I3 1 0 24 ) A5
B, 45 7R K FHARE B VR | 82 S0 2 floh i B L 2 i)
PLZ IR SE e 5k . “HOHT 5" AR 5 W sh -
S5 B TAR ZAOCHE S R R T AT ST, s AR
SRR BRI o AR R SN R A, B
P B R DI MR P D JSC A AR, ORI B 55 . B
T IR bR 25 (B FR AT o IHeAh, ) BRAEH A4 i B [ B
AR B SMILE 1155 . [ Br H BRBHIT 3G 55 )R
TR 0 2% (4 R AATT SRy, B2 SE B SRy B LN 1)
“RGUNHT B

Mo ERZS R PRI SEADUR R R H M R R
BT, SR PR R NS AN B R BRI A7 A %
TR AHA iR AR DL FA, IEAETT I ks AL Y
WLt R RINBOR 52 00 5 [ PR A AR RO TR

36

e, H V- 15 085 A T i 2 [8] RS | ST 4P Bk
SRR B R, S Nl [l PR s B e SRR

Bl Bl b B AR IR R R S R ST S0P AR B AT

R AR EHEFRENL,

% % Tk (References)

[1] Russell C T. A brief history of solar—terrestrial physics[M].
Cambridge: Cambridge University Press, 1995: 1-26.

[2] Kamide Y, Chian A. Handbook of the solar—terrestrial envi-
ronment[M]. Berlin, Heidelberg: Springer, 2007.

[3] Harris S E, Mende S B, Angelopoulos V, et al. THEMIS
Ground based observatory system design[M]//The THEMIS
Mission. New York: Springer New York, 2009: 213—-233.

[4] Sandel B R, Broadfoot A L, Curtis C C, et al. The extreme
ultraviolet imager investigation for the image mission[M]//
The Image Mission. Dordrecht: Springer Netherlands, 2000:
197-242.

[5] Moore T E, Chornay D J, Collier M R, et al. The low—energy
neutral atom imager for IMAGE[J]. Space Science Reviews,
2000, 91(1): 155—-195.

[6] Pollock C J, Asamura K, Baldonado J, et al. Medium energy
neutral atom (MENA) imager for the IMAGE mission[J].
Space Science Reviews, 2000, 91(1): 113—154.

[7] Mitchell D G, Jaskulek S E, Schlemm C E, et al. High energy
neutral atom (HENA) imager for the IMAGEmission[J]. Space
Science Reviews, 2000, 91(1): 67-112.

[8] Zhang X X, Chen B, He F, et al. Wide—field auroral imager
onboard the Fengyun satellite[J]. Light: Science & Applica-
tions, 2019, 8: 47.

[9] He F, Guo R L, Dunn W R, et al. Plasmapause surface wave
oscillates the magnetosphere and diffuse aurora[J]. Nature
Communications, 2020, 11: 1668.

[10] Wang C, Branduardi—Raymont G, Escoubet C P, et al. Solar
wind magnetosphere ionosphere link explorer (SMILE):
Science and mission overview[J]. Space Science Reviews,
2025,221(1): 9.

[11] Sembay S, Cheney A, Hampson R, et al. The soft X—ray
imager (SXI) on the SMILE mission[J]. Space Science
Reviews, 2025, 221: 5—-14.

[12] Zhang X X, Wang Y M, He F, et al. Ultraviolet imager
(UVI) for the SMILE mission[J]. Space Science Reviews,
2025, 221(3): 31.

[13] He F, Zhang X X, Wang X Y, et al. EUV emissions from

solar wind charge exchange in the Earth's magnetosheath:

www.kjdb.org


http://www.kjdb.org

W5

FHESHR 2026,44(5)

[14]

[15]

[16]

[18]

[19]

[20]

[22]

(23]

[24]

(25]

[26]

Three—dimensional global hybrid simulation[J]. Journal of
Geophysical Research: Space Physics, 2015, 120(1): 138—
156.

Sun T R, Wang C, Wei F, et al. X-ray imaging of
Kelvin—Helmholtz waves at the magnetopause[J]. Journal of
Geophysical 2015, 120(1):
266-275.

He F, Zhang X X, Chen B, et al. Moon—based EUV imaging
of the Earth's plasmasphere: Model simulations[J]. Journal
of Geophysical Research: Space Physics, 2013, 118(11):
7085—7103.

Research: Space Physics,

Meier R R. Ultraviolet spectroscopy and remote sensing of
the upper atmosphere[J]. Space Science Reviews, 1991,
58(1): 1-185.

Al AT B 25 R 2238 R (T]. Bl i, 2020, 65(14):
1305-1319.

Carruthers G R, Page T. Apollo 16 far—ultraviolet camera/
spectrograph: Earth observations[J]. Science, 1972, 177(4051):
788-791.

Yoshikawa I, Yamazaki A, Murakami G, et al. Telescope of
extreme ultraviolet (TEX) onboard SELENE: Science from
the Moon[J]. Earth, Planets and Space, 2008, 60(4): 407—
41e6.

Chen B, Song K F, Li Z H, et al. Development and calibra-
tion of the moon—based EUV camera for Chang'e—3[J].
Research in Astronomy and Astrophysics, 2014, 14(12):
1654-1663.

Feng J Q, Liu J J, He F, et al. Data processing and initial
results from the CE-3 Extreme Ultraviolet Camera[J].
Research in Astronomy and Astrophysics, 2014, 14(12):
1664—1673.

He F, Zhang X X, Chen B, et al. Determination of the Earth's
plasmapause location from the CE—3 EUVC images[J]. Jour-
nal of Geophysical Research: Space Physics, 2016, 121(1):
296-304.

He F, Zhang X X, Chen B, et al. Reconstruction of the plas-
masphere from moon—based EUV images[J]. Journal of
Geophysical Research: Space Physics, 2011, 116(A11):
A11203.

X, SRR, PRI, 4. B4 001 OB R A5 3 T2 B8
TRBESMA[]. MBI B4R, 2012, 55(1): 29-35.

Zhang X X, He F, Chen B, et al. Correlations between
plasmapause evolutions and auroral signatures during
substorms observed by Chang'e—3 EUV Camera[J]. Earth
and Planetary Physics, 2017, 1(1): 35—43.

Fok M C, Moore T E, Wilson G R, et al. Global ENA image
2003, 109(1):

simulations[J]. Space Science Reviews,

www.kjdb.org

(28]

[29]

[30]

[31]

[32]

[33]

[33]

[36]

[37]

[38]

[39]

77-103.

Zhang X X, Perez J D, Chen T, et al. Proton temperatures in
the ring current from ENA images and in situ measure-
ments[J]. Geophysical Research Letters, 2005, 32(16):
2005GL023481.

McComas D J, Allegrini F, Baldonado J, et al. The two
wide—angle imaging neutral-atom spectrometers (TWINS)
NASA mission—of—opportunity[J]. Space Science Reviews,
2009, 142(1): 157-231.

McComas D J, Allegrini F, Bochsler P, et al. IBEX: Inter-
stellar boundary explorer[J]. Space Science Reviews, 2009,
146(1): 11-33.

Kazama Y, Barabash S, Wieser M, et al. Development of an
LENA instrument for planetary missions by numerical simu-
lations[J]. Planetary and Space Science, 2007, 55(11): 1518—
1529.

Wieser M, Barabash S, Futaana Y, et al. First observation of
a mini—magnetosphere above a lunar magnetic anomaly
using energetic neutral atoms[J].

Letters, 2010, 37(5): 2009GL041721.
Vorburger A, Wurz P, Barabash S, et al. Energetic neutral

Geophysical Research

atom observations of magnetic anomalies on the lunar
surface[J]. Journal of Geophysical Research: Space Physics,
2012, 117(A7): 2012JA017553.

Wieser M, Barabash S, Wang X D, et al. The advanced small
analyzer for neutrals (ASAN) on the Chang'e—4 rover
Yutu—2[J]. Space Science Reviews, 2020, 216(4): 73.

Zhang A B, Wieser M, Wang C, et al. Emission of energetic
the by
Chang'e—4[J]. Planetary and Space Science, 2020, 189:
104970.

Wang H Z, Xiao C, Shi Q Q, et al. Energetic neutral atom

neutral atoms measured on lunar surface

distribution on the lunar surface and its relationship with
solar wind conditions[J]. The Astrophysical Journal Letters,
2021, 922(2): L41.

Xie L H, Li L, Zhang A B, et al. Multipoint observation of
the solar wind interaction with strong lunar magnetic anoma-
lies by ARTEMIS spacecraft and Chang'e—4 rover[J]. The
Astrophysical Journal Letters, 2022, 937(1): LS.

Zhong T H, Xie L H, Zhang A B, et al. Dependences of
energetic neutral atoms energy on the solar wind energy and
solar zenith angle observed by the Chang'e—4 rover[J]. The
Astrophysical Journal Letters, 2024, 960(1): L4.

Cremers C J, Birkebak R C, White J E. Lunar surface
temperatures from Apollo 12[J]. The Moon, 1971, 3(3):
346-351.

Griin E, Horanyi M, Sternovsky Z. The lunar dust environ-

37


http://www.kjdb.org

FHESHR 2026,44(5) .

ment[J]. Planetary and Space Science, 2011, 59(14): 1672— development and calibration[J]. Science China Technologi-
1680. cal Sciences, 2025, 68(12): 2220601.

[40] Wang C, Jia Y Z, Xue C B, et al. Scientific objectives and [43] Yu Q L, Sun T R, Zhang X G, et al. Design and calibration
payload configuration of the Chang'e—7 mission[J]. National

Science Review, 2023, 11(2): nwad329.
[41] He F, He L P, Chen B, et al. Dual-wavelength extreme ultra-

of the grid—based energetic neutral atom imager (GENA) for
the Queqiao—2 mission[J]. Science China Technological
Sciences, 2025, 68(11): 2100603.

[44] Wang D N, Lei L X, Yu X C, et al. Image simulation of

violet camera (EUC) for the Chang'e—7 mission: Scientific

objectives and system design[J]. Science China Technologi-

cal Sciences, 2025, 68(11): 2100601. grid—based energetic neutral atom imager onboard the
[42] He L P, He F, Chen B, et al. Dual-wavelength extreme ultra- Queqiao—2  mission[J]. Science China Technological
violet camera (EUC) for the Chang'e—7 mission: Instrument Sciences, 2025, 68(11): 2100602.

Progress on Moon—-based remote sensing of Earth's space environment
HE Fei

Key Laboratory of Planetary Science and Frontier Technology, Institute of Geology and Geophysics, Chinese Academy of Sciences,
Beijing 100029, China

Abstract Earth's space environment is crucial for space activities and technology. Continuous monitoring and research are vital.
Traditional methods rely on ground—based observatories and satellites with limitations. Lunar exploration advances have made
Moon—based remote sensing of Earth's space environment an emerging approach. This paper reviews relevant research progress, including
lunar observation platforms, remote—sensing tech, applications, challenges, and future directions. Moon—based observation offers
long—term continuity, global coverage, a unique perspective, and a stable platform. It has great potential in space weather monitoring,
Earth space environment change research, and planetary science comparisons. As lunar exploration tech develops, Moon—based remote
sensing will increasingly contribute to understanding Earth's space environment, ensuring space activity safety, and exploring cosmic
mysteries.

Keywords Moon; Earth's space environment; remote sensing; Chinese lunar exploration program; space weather
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