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Figure 1 Illustration of the conceptual design of lunar surface in-situ exploration. (a) The rover is drilling samples in the sunlit area; (b) the leaper is
sampling at the permanently shadowed region. Note that the illustration is not in scale.
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Table 1 Comparison of different methods for deriving lunar polar
illumination conditions
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Figure 2 Topography of lunar south polar region (>89°S). (a) The DEM map, and SH represents the Shackleton crater; (b) the slope map. The solid
box in (a) is a study area of illumination condition. The dashed box is a study area of the electric field covering the Shackleton crater. Both maps are
created in polar stereographic projection with a spatial resolution of 20 m/pixel.
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Figure 3 Distribution of the average illumination rate in the study
area. The enclosed areas SR1, SR2, and CR1 are potential landing sites.
SH denotes the Shackleton crater. This map is created in polar
stereographic projection with 20 m/pixel spatial resolution.
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Figure 4 (a) Distribution of effective solar irradiation around the
Shackleton crater. Distribution of surface potential around the
Shackleton crater with (c) or without (b) the electron cloud region.
The SP denotes the lunar south pole. The horizontal and vertical dashed
lines represent 90°E/90°W and 0°E/180°E longitudes. The white arrows
indicate the solar wind direction.

i 2 1) 2

K445 1 Shackletond# di b X 38 A7 RHOK PR HE
R T T s o T /N B 1 N B R - N
ACENGTE, SZHBIE 2R, JEE X 32 215345 75 Shackle-
tonfE i b Y1 %% Mde Gerlached i T flShackletond 7
Uz mRLE X, wE4)FR, EFFRXAM. 76
RKFEYCEEIER, A TR S 2%, I EH
TR, SRR IX R A R S AR IS 2.1 vV, RINH

PR AL Z-50 V.

XFHFRIX IBARIX, B4 T S mA
FAER T = X IR E A A6, BB T Rea8 1L 2
AT AN E. I, Shackletond® bt P 7k A B 5
X, K PFHN S 7 110 BE 22 450 JeC o 3 ] 1 3 T H 354
WHEAR, " T 90 V, BAKA[IE-300V; HALfL
B YURE R TH AT IUR T MBS, B R T
i AMI XK. 2de Gerlache® i iiiis Mde Ger-
lache# 5 T 1 Shackleton & o 171 2 8] F L 305 424 Fr B
FZIX, H T P K PH XGEE 430 Sz, % 1] He 3 3 AR o
£ —-90——40 V).

Ela(c)ar T BASZ X N LT 2 XA (19 3R THT FEL 34 4y
i, BB, BT AR E M, RIS ARedt N
X, AR R A B 7 FR LI AP B,
BH 821X P 2 T FE 34 A LT R 4(b) Hh 0 26 T FEL 38 4 A 2
R, HAE AR T —150 V. #: /&, Shackletond# i i
PN BH NS 77 T TR 2 0 Je Hp 0 0 ] P R THD Pl 9 2
FEFRAE-300——270 V2 IA], HfKA[IA—-500 V.

I 4(b)Fl(c)2e th 2R 1 FL 3 3 A0 43 il a7 B AL Y
18R PHRZEAE T, B2 X P 2 1 3 ) B AR e/
. M58, AICIXNAAE TR, KBTI,
B9 FLIAURA A2 35 LU 3 [ FH O 380 P 4 1 S B A O,
WA FdE— 204, 1Ak, MWE4b)FI (o)t i & HfE
S m A —, H A BRSO T 8508 1\ KRH
N7 ST EARE B 52 K BHFE IR, GG &b TE R ik
. [EE, EEMIE, fde Gerlached# o751 flShackle-
tonfE T JUZ [ L, X R = AR Y, HILR
T HL 38 A AN S R

6 i1t
6.1 BESMXHCREMLITEE

SR G IR 2 (3) R T BR 1 % DL e 56 K BH 24
Bt S8 PR A — S IR 1) B A 2 TR M 38 A P i R 5
N6 43 ARG, BT F0MR [X 2R T IR AT LA 207 A 21
R RN P B 28 IR AR . SAFRBSRR A K A BH
B IX A0 AT RV LE K UK/ R 3 T R s M e, S B 4R T
BB A T A5 SR T AR R A X £ T 4
AN 2 L X R (1) 6 S, R X B 3 o 8
PRI, R [F)F 78 il 4 LA R ACBH R 12 2% e P 4
ELHES I B PR () B SRR PR RE U . %

249611-9



HasE pEREE MBEE 3% RCF 2023 4 55 53 % 5 4 )

FE SIHIF 72 X DEM 40 HER A H SRR, JRATE £ X
1 X B B &3 AT e

FRAE 3 3R G R o A RRAE, A SO ik 173
AR E R IX I8 24> Shackletond# 5 HT T 2% (SR 1A
SR2, —FHIMFAHE)FI1/MLF ShackletonFlde Ger-
lached# bt 2 [ [{ L. 31X =AM X el A7 w5 o
WARIEAT T 6 BB 2% A PR 1T (R SCER BRI SR2 X 38 K
) BRI, E A AR I e A] 9
PRI S WSt PRI E brik B a7 N1 5
BTN, PRl i B 75 PR i . % e TR R I )
A, X B IRATE R ER>T70% H A <1001 X 35
VE N e B TARZI TR, BRIk, R SCHR 3 i IR X
TR P26 R S RN 4 30 1) R AR A5 45 b T2
2L Atk SR, B RS BISR2 Y X 3k T AR AL
10400 m* (264M4 %), XU T HAB WA X 42,
I, T OCEATK B IR SRUMICRI G R 2544

M5 @) FI(d) T LA H, SRIFICR1 ' I AR A1
eI 4 FAF] T 184008123600 m”, 79.8%F178.4%

(EB €0 5 HE A BBl A X3, 3ok 8 X I i A b Vs 6 o
B oA, (HARBESE. 45 AL 2% 1 K BH e AR B 25
HEREE N m, FATHE T SRIFICRUX A X Ik
FEER, nESb)RI(e)FTa~. AL EE R, 1K
BRIy 4R 2] T 81.8%A180.6%, A AR -t AH N
111 3888001177600 m” FL K 34 43 [X 458, 5 32 45 43 A
X A28 R BHBE R FH . #Rd% RGO BR AR A A,
[ o 6 PR 3R P SR PR LA B S AR DA 55 F A L
HEBENRBEER. ML, AR RACRIATLLA
AL BRI 2 (3 . HE— 2D 4h e %5 I 3% K P
REMR MR BE N2 m,  EIS(c)FI(H 737l 45 i T SRIFICRI
IR S IR oA, B G = B R, e R SRR
P25 M v B IX I A AR AR e A Ak, XK N
TAERB RN, MU T TN, FH
IR TR BH RS R A RGN xtF
PAShackletond# &5 T &L R I B A5 ) RER AT SR UL,
SRIM. FHkiE EHRiiE, EARLCRIE A L
(CRI1 3G A HE B £/ SR1KI21%). X HESRIAICR1IX

5 EBEHMEXSRI (a)~(c)MCR1 (D)—(DAIEIE AT HL. [ 6T HEAR ZR AR Z DX 2 T 206 %>70% HLBE<10°
Figure S Comparison of accumulated illumination between potential landing site areas SR1 (a)—(c) and CR1 (d)—(f). Pixels enclosed with black
boxes indicate an average illumination rate greater than 70% and a slope lower than 10°.
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Table 2 Comparison of the average illumination rate, slope, and
illumination area between potential landing sites SR1 and CR1
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TR (%) 79.8 81.8 84.8
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Figure 6 Variation of illumination conditions at an altitude of 2 m above SR1 during different seasons. (a) The entire winter (blue) and summer (red)
of the lunar southern hemisphere within 2024-2026. The black dashed line indicates the equator. (b) The comparison of accumulated illuminations
between different seasons; (c) the comparison of illumination areas between different seasons. Note that only pixels with illumination rate >70% and

slope <10° are counted here.
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Lunar polar illumination and electrical field environment
simulation based on a conceptual design for China’s
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Lunar polar volatiles, such as water ice, are essential lunar exploration objects. The conceptual design for China’s
Chang’E-7 lunar exploration mission to the South Pole was proposed. The mission comprises an orbiter, a lander, a rover,
a leaper, and a relay satellite. The orbiter can provide high-resolution images to select a suitable landing site. The rover
and leaper will be deployed for in-situ exploration in sunlit areas and permanently shadowed regions, respectively. The
relay satellite will transmit all data to the ground. We calculated the accumulated illumination, as an engineering
condition, within a 15 kmx15 km area partially covering the Shackleton crater from January 1, 2024, to December 31,
2026. Two potential landing sites—areas SR1 and CR1—were analyzed in detail by comparing their average illumination
rate, slope, and distance to the exploration target. Additionally, we simulated the electric field of the Shackleton crater
within a 37 kmx27 km area, considering the effect of the plasma wake on the electric field in shadowed areas. The results
show that the maximum surface potential near the rims is less than 2.1 V, while the minimum surface potential at the
bottom of the crater can reach as low as =500 V due to the plasma wake effect. Therefore, a risk assessment is necessary,
especially for the exploration of the leaper at the bottom of the Shackleton crater.

lunar south pole, illumination condition, electric field, Shackleton crater, Chang’E-7
PACS: 94.05.Bf, 95.55.Pe, 96.12.Wx, 96.60.Ub
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