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Abstract

This paper addresses particle simulation analysis on electric environment around lunar vertical holes and their associated

subsurface caverns. The analysis is based on the kinetic (particle-in-cell) descriptions of solar wind plasma dynamics,

lunar surface charging, and near-surface plasma sheath formation. The obtained electrostatic environment around the

distinctive landscape is provided for numerical model predictions of dynamics and charging processes of

micron/submicron-sized dust grains. The paper mainly reports the following two results: 1. enhanced potential deviation

between sunlit lunar surfaces inside and outside the holes, detected when assuming the presence of a subsurface cavern,

and 2. continual transport of dust grains sustained by their stochastic charge attainment/lost from surrounding plasma.

1. BHHBIUOER

(220 EIZE D . HmICHEFLA T AL S 4,
HHZEDTNDY., 2D OREFLITH IXE ST =
—7 LWV o T KIEEN IR & B 2 S D 2
WZBAWEbDTH D Al munv & S s, S
RN DAL 50~100 m ([T K N, KR T T X<

DT NARAT—/VERBENZNLLD REWTD,
Z OO TIINR R 7 7 A~ FHERENER I ND.

PR D B FEPRA T SEHRT T, MEAL » HuF 2230 &0
TITARB IO ES A NREA FRIRHMET S 2 &
LEETHD. AT, I70RATF5r—ND7 7
A< BIGENTICHE LR 2 = b— a Ui &
JEHL AMESL - HuT 223 50 KR 5 O 1 S AEAT
AT O . AR ITERC . FEEE O ICH T ZER O
AR L BB X A NFEOWEE T V&2 H 2B
52T, LoBEROBRNTHIZBRET.

2. #HEFHmELETL

AHFIETIX, FHT 7 ABREHTICHW ST
& 72 3 k7T Particle-in-Cell & 2 = L —3 3 U FIEIC,
RAt7e EDIET T X~ R OBAERIIR Y #2800
L7 EMSES I a2l —ygra—RIEHNWE. K
FIETIEH, HELEM ECEEONBEEEZ & V55
2HOT T A wEkh L, 22T TR E %
SINT-fFESLEY, MAICHEED DL Z LI2L- T,
7T A~ OZH) L HERE ORI R A B R
(iR x> 5. EMSES (ICBWCHIIL, 77 X~hi

FEIETANEERE LTHRbNLD. £ KB
RE O M A IS U T, AR S ONE T
EHBTEDLLIICR>TND.

AFHE TiE, Marius O EIZIER SN TV HHELD
T—HVEBBIT, TOV A XEEAEZS0m, ES 45m
EED D, FETMEFLO TELIH T ERIZ 2703 > T
WAL EREE LT 2 55 5E L. i FEROX
HOESIF30m & L, ZZROEZHEIZT 57290
FORATXIIKRBEAT A EA 7 —n (~10m) £V
taREVWE L., KBRT 7 X~ BLUOLET
DIRT A—=HZONTIE, TNENEE S /cc, HIE
8.6 eV, Vil 450 km/s, YFE B 4.5 pA/m?, HE
TR 22eV CFHERREEZ WS Z L & LT

3. YIal—vaUER

—WRENZ T T A IZERRE A L TV DHIRRET
I, 7T X RIER T NEmICHE S ND Z &I X
D, WENSELD. HELNETIX, BlE AR TH
EEARESERY B 10 V OBAENRELT B,
ZhiE, AEEE IR L RE T RHIC LY, E
WICHET 2013 L, BEmDIFEE T S
T, ROVICEBIZOAT 2B ORI F—
BB ETH ETRICHEET SO THD.
FIMEALAFE OBRG L LT, HEFLER O B My
D, MEFAIZ S TEBAUC/2 D Z E B LT
WA, KR T T X~ T ORFEFLNEE~DIR
ARFELLHIREND D THDIMN, — T TREX
FREHZ X 0 34T 2 HE T D HEFL OREEE & {5 > T

This document is provided by JAXA.



80 FHIM 22T TEBR FE AR B JAXA-SP-16-010

HIZHAT B Z & T, HEHLNANDEN =% b HFEE
BRLTWD., LrLAm, i FEREHET D L
HEFLOBERE N R CigtIn 572, KB TIZL D5k
Fgh s 5 £ B4, MEALHNst (BELOHM - H
Bl sy) OB AN KT D2 LAV L7 (K 1).
FERZKBEIEIRE AR 300, 22K HADOE &A% 30 m
DT, Z=RDRVIREE (10 V, BEEREL
ZHR) ITHANTENMNZEN 20V EREHEKTS Z &A%
BINTz. ZOEIIBFEAESKARE, 7T RXv
G T D720, B L VFE LW 24 5.

50

z (m)

-50 -40

-50 0 50
x (m)
1 AL - R 2R OB AT, HEFLN A
I SEIR O ENLIT I K2 +30 V RRE.

bR Lo 7ewvRicky ALRREO LIV A)E
DT L. O A R O R R ER R D
b & TRIEL, RN XA F I 7 AERT LN
HMHNTWD., ZILDOFIESY A N3 HirEAERKIC
METDZ LI, WEROMIER EDOREEA5 &
EZTRNRDHD., T THERMOEFEZHLMNT
T5Z L EAMIC, T A MRIFIRNT 2 i L 7.

X 2 ICHEALAD TOX A MNSHDAF v F gy
hERT. FIENRRE TIE A A NI A B LICHERE L T
WD EWIRED FTORHETH LN, HEIIO
ERIC XY, A NPEFELTWD Z EBRRN L
WTEL. XA NOFOBEMIIAMTIXIE, HEET
ITRTHLHA, —HFTHRBIOHED Am 61X
FNEN LM EBLOTREOELNFHEEL TND
72, XA SMNENO LN B\ EICHERIINER
T 5. FEHELNE CIX. BraMlo X 2 ME, Al
HWELZARMANC, ARAOX 2 MNIZEOHD TN
~E ERENSIEM TS0, Ha— HEEE
RERZHETDHIH)REHNPAONS. BENSHE
BB L. TIEICHE LY A N 13H 5 —ERER
BAIIERNICAD T T A~vEmzEAE L, TAIZ

WELIEA AN ICBLTDEEx6N50, |k
LT vt AL H M — B BFEET DR Y ki
Mk D L FPRREND. 20T AL EDT
BT IE A% OMETH 5.

N - »
3 » » »
Bntage 2@l 8 0"
’

.
S LS L DT NS o . .n

-
IRERARIHNIINEINE R IR IR B BRI

B 2 AMEFLTEE ORES A N ZH).

4. FlHiLH5HBOBE

HfEFLI L O DONEBICAEAED 3R < TRIER S U5 Hf
T ZER)ED O EREEE A 5T D72 PIC {EIC
HEAL I RA<RFYIab—a rw2FEL, H
TR DA M L D EMAEEDZZ P DT L.
Z OEEMATIC XX, RSP GFEET DG, it
LEmO BB N S HICEmEMICR D &ETHEIN
TWA. ZHUIHELANESTo B — B R 0B
BRI DI LICHLORNE720, 77 X<B%Z0
BLEORR LT, REFEO TEMBENS L EE
RAERTHD. 5%, NTA—FVP—_A L EDT
K VSRR AV ETH D, TN EWITLT,
BONTEBLERET CTOHEL A NEHOKMEY
2 b—a VTR LTV AL RRICHELINE T
. BHil—HRERBERICELSZMESICLY, FX |
OEFDIEFRALT D Z & 2RET DEHFERSER AT
Wb, 5%iE, XA A X5 HRELBE L L
D BLER RS T TT 21T 9 TETH D,

BEER

1) Haruyama, J., Morota, T., Kobayashi, S., Sawai, S.,
Lucey, P. G, Motomaro, S. and Nishino, M. N.: Lunar
Holes and Lava Tubes as Resources for Lunar Science
and Exploration, Moon, Perspective Energy and
Material Resources, Springer, Berlin, 2012, pp.139-163.

2) Miyake, Y. and Usui, H.: New Electromagnetic Particle
Simulation Code for the Analysis of Spacecraft-Plasma
Interactions, Phys. Plasmas, 16 (2009), p.062904.

3) Miyake, Y. and Nishino, M. N.: Electrostatic
Environment near Lunar Vertical Hole: 3D Plasma

Particle Simulations, Icarus, accepted for publication.

This document is provided by JAXA.



	AA1630038001~030(分割用) 75
	AA1630038001~030(分割用) 76



