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Abstract

be scattered as Energetic Neutral Atoms (ENAs). However, the lunar magnetic crustal fields in some

Different from the Earth, the solar wind can directly impact the lunar surface, and partly

regions, called magnetic anomalies, can deflect the solar wind to form a mini-magnetosphere, shielding
the surface. All previous understandings about these processes are obtained from orbit, and the truth on
the lunar surface is still unknown. The Advanced Small Analyzer for Neutrals (ASAN) onboard Chang’
E-4 mission can detect the reflected Energetic Neutral Atoms (ENAs) from the lunar surface, which will
provide new perspectives to study the solar wind interaction with the Moon. Here is a review on the
recent works with the ENA data from ASAN, focusing on introducing some new discoveries by ASAN,
such as a higher ENA reflection ratio, more ENAs gathered at lower energies, and some heavier ENAs
other than the H ENA. Compare with the upstream solar wind data, it is found that the ENAs in the
energy range of 105~ 523 eV are closely related with the solar wind. Moreover, the ENA fluxes
downstream from the magnetic anomalies are generally smaller. Combined with the global Hall MHD
simulation, reduction in the ENA flux is confirmed to be caused by a mini-magnetosphere. Meanwhile, it
is found the formation of the mini-magnetosphere is determined by the solar wind dynamic pressure and
the ion inertia length, and the mini-magnetosphere brings a deceleration to the solar wind, by a
differential electrostatic potential of 50~260 V.

Key words Interaction between solar wind and lunar surface, Energetic Neutral Atom (ENA),

Mini-magnetosphere, Chang’E-4
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(1) Ton deflection system

(2) Charge conversion surface

(3) Electrostatic analyzer

(4) Time-of-flight cell consisting of
(5) Start surface
(6) Stop surface
(@) Start channel electron multiplier
(8) Stop channel electron multiplier
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Fig. 1  Ion optical elements of the sensor

B2 Ao g IEAE

Fig. 2 ASAN flight model

I3 A8 ANRRIE, P HIRE L P HERAE/E 2970 30% (5%
B 1) 3 S e 00 R Y BB i, AU T R BB RS
PERAE 16%~130% Z A48 40) o LT RATH ] i
T EAR, R S BRIASCRT LSS IR 53 43, it
SIPER(m/Am) 210 2, BEE IX r &, SRR A (=
16 amu) . USR]0 BE3E Ny 4.6 s PR IR
WSS R 37° % 30° (I 7 1728 37°, ZKF-J7 a1 R 30°,
Vi Tk 28°x14°), A m T HE M H R, 5K 07
] J& 1o 30°, FIF = A= i BT 0 37 300 A BB ) T AR 24
157 m® P r TR A 2K A B 0 DU 55
MAS I+ Bt b (ULIEL 3), AN AR PR A R 0 A R AT
AE P, R AR B O R SR i -+ o M A T AL AR
Hbo MBS ER FH — U T i i D4 25 By 145 i

Chin. J. Space Sci. =IFAFFIR 2022, 42(1)

A BEA, LRI A RIS, R SR ATTIT .
LA IARER AL B, P - BRIASOAT LATEAS )R
BH XU S 7 BE R iR A b AN (] 3t A TR 20

2  ENA Hdaab BN peiket R

2019 4 1—6 H (6 &) Ak iR L
21 YCHEATHRI, BB PRI AR S [R] 29 3 ho %X
P AT LA BRANEE . 155G, TRk, #
BV PRI B S 1 TR T AR 43 DAk A s e it
() BT aE, AR5 F B R R 2R AR (RHU ) 38 LAY
oM R B PEAN S ORI E M T REN R . i
J& B R R T o

L AAE KA A 5 TR b SR [R5 2 AR (f57
T S RIS 2 2B 7 5 1 o — ) 2= 2 A B
&, A RS S TIES . B AR e MR
ARV 7%, 358 R WR A 7 v B e T2 A 3 1 5 2
Y, U RERG G LR ay . SR HE
R BRI AR K PH XU BB AT — AR, —
ML 1 keV, BT HHUR P[RS R PR 5 505
S REIE TC O, T 4.5~8.7 keV Z[AIREIE 1915
5 T R TR 2R A A e ik SR RE TE 1)
BB AN 555, )N START Jstait4ogd
FUBRF 315 S BOR R n] FRAS-E 2 SR A 3L
R, X TRE KT 4 amu 9855 RER PR T
{55, T B AT ] o I [ A6, 28 A A 1Y
55 78 CAT B E 3% A — S el BT
1 amu, 3 FARFA GRS S IHHCR (rpe) 19
EBR, BI rpg = rsra 1570 tror. HH: rgpa N TRATHY
[ R 55 T EUR rgro N CATI ) 28 1R 15 5 114K
s trop N CATHIEIE FKEE, O 1.6 us. AROTEL
It N CAT I AR R4 SRR e
IR

1E4 Ry 1k, LI 3 (1) 3 2 53 Sk R i v SR

To PIHESE TR 5~ B 70 T 2200, gt U1 1
i
. C — spe
fH - SHGHOEOdt. (1)

Hrh, O HEAEEED START JEATHAL spe KA
RHU (975 5655, I\ 4.5~8.7 keV BEIE (19T 1114k
it e ARIACR, Gro WAL & BRI g &

PEEF 1L, By hReiE T OE, A AR



WRH F RS aS PR R T UNIB R KRS A @A E AR AR 15

FOV:37°%30° |

: 480 mm

(b) (c)

« 2.36m
B < 043m
i ——
1.29m! v ——
I 0.34m
v
+x plane

[unar surface

K3 (a) Las EAYPPEEF R (LLEIETTIE ), (b) AR 23T R ERRTEEDT 10 o+ J7 1], B2k
BRBPERIE ), (c) TP PRETRIN SO R T R T DAL

Fig. 3

(a) ASAN (red square) on the rover, (b) accommodation geometry (the rover moves nominally

in the 4z direction, and the dotted line shows the bore sight of FOV), (c) field of view footprint of

the surface area from which ASAN collects particles
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(a) 3D view of the simulation result for Case 1, where the central ball represents the lunar body with gray

contours to show the magnitudes of the crustal magnetic fields, and the 3D colored contours show the number

densities normalized by the solar wind number density Ng,. The magenta circle indicates the location of Chang'E-4.

(b)(c)(d)(e) are the results in the zy plane at z=-0.712 Ry, for Cases 1, 2, 3, and 4, respectively
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Table 1

the correlation coefficients on the dawnside and duskside, respectively

#=1

£ ASAN

o =5
AEE

flux in each ASAN energy bin

BN ENA 7 BESKRMNBERNLMEMAER

Linear fitting results of the integrated solar wind flux and the differential

21

fiedt eV =2URe SR & =2 B ¢ B & s 7
30 1.22x10° ~1.44x10" 0.73 1.29x10* 1.15x10° 0.04
46 ~1.31x10* 5.31x10" 0.32 ~8.38x10° 1.73%x10" 0.00
73 1.66x10° 1.32x10° 0.36 5.98x10° 3.90x10° 0.05
105 5.85%10° 4.20%10° 0.49 2.91x107° 6.36x 107 0.34
140 3.17x10° 3.97x107 0.34 2.73x10° 95.1 0.55
181 3.20x10°° 32.4 0.48 2.09%10°° 1.12 0.62
226 1.37x10° 2.51x10° 0.22 1.02x10° 58.9 0.36
278 1.04x10° 2.12x10° 0.20 1.08x10°° -124 0.48
333 8.43x10 1.60x 107 0.18 6.24x10 " 13.9 0.22
392 7.02x107 1.38x10° 0.19 4.59%x10°7 22.7 0.24
451 6.60x10 66.4 0.25 3.43%x10°" 27.6 0.16
523 5.31x10" 17.3 0.27 5.94x107 -20.7 0.48
597 2.36x10 7 69.8 0.15 4.14x107 -25.3 0.64
681 2.09x10 " 64.1 0.08 1.24x10°7 174 0.39
764 2.78%10°" 25.4 0.18 -2.72x10° 43.8 0.04
857 ~5.46x10° 63.8 0.00 ~1.85x10 " 93.0 0.98
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Fig. 11

Relationships between solar wind energy and ENA cutoff energy on the dawnside (red line) and

duskside (blue line). The dashed lines indicate 95% confidence intervals
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