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Figure 1 (Color online) Energy level diagram of Raman scattering
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Figure 2 (Color online) System structure diagram of Raman spectrometer (a) and Raman spectrum of olivine (b)
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Figure 3 Raman spectra of typical minerals identified from lunar meteorite sample NWA 4734
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Table 1 Major Raman characteristic peaks of some typical minerals on the Moon
[ Pt AL 2R P L AR AR (cm ) SCHR
e RN Clinopyroxene, CPX 665, 992 [45]
FEvip Ortho-pyroxene, OPX 680, 1004 [45]
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Table 2 Major Raman characteristic peaks of some related minerals on the Mars

W KA Y P L AR (a5, EBRAF IR (em ) SCik
— KR Mg sulfate monohydrate MgSO,-H,0 1042~1046 [81]
PUIK LR Starkeyite MgSO,-4H,0 1000 [81]
MEREELR TLKBRREE Mg sulfate pentahydrate MgSO,-5H,0 1005 [81]
FIKEERL Hexahydrite MgSO0,6H,0 983 [81]
TEHER Epsomite MgSO,-7H,0 984 [81,82]
ToIKBRERER Mikasaite Fe,(SO,); 1068.6, 1077.9, 1097.9 [83]
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— pi &= 300N Mela.nte'rite . HFeso4~7Hzo 976 [82]
2L Copiapite Fe*'Fe’ ,(SO,)6(OH),-20H,0 996, 1026 [84]
FR L Aluminocopiapite Aly;Fe’ (SO,)¢(OH),20H,0 989, 1019 [84]
S BEHERAIL Magnesiocopiapite MgFe’ ,(SO,)s(OH),-20H,0 995, 1019 [84]
i Rk Ferricopiapite Fe, /(SO4)s(OH),-20H,0 989.4, 1019.1 [83]
pigil RN Jarosite KFe* 4(SO,),(0H), 1010, 1109 [85]
BREN BRI K-Na jarosite K,_Na Fey(SO,),(OH), ~1100.6, ~623.8, ~434.2 [65~67]
BR-H,O ¥ HN4kHL K-H,O0 jarosite K,_H;0,Fe;(SO,),(OH)g 10°6~L°2151~’ 46310%24’ [67]
FH-H, OB 4k Na-H;O jarosite N, H;0,Fe;(SO,),(OH);,  ~1011, 621~623, 432~445 [67]
Vel =1 Gypsum CaS0,-2H,0 1008, 1137 [82,63]
TR EG £ BeAUE Bassanite CaS0,-0.5H,0 1128 [63]
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DK A B AR U5 Aqéi‘;?a‘ig;“guiiff;ibis AIHSO,4H,0 1048.2 [86]
- JUKA B Dialumggt‘;?ygﬁtés‘ﬂfate) Aly(SO,)y8H,0 996.2, 1013.5 [86]
R ATRERE Ah‘;ﬁi‘;ﬁ;g‘r‘;f:te ALy(SO,)y- 12H,0 994.1, 1025.8 [86]
BEMA Meta-alunogen Al,(SOy4);-14H,0 993.4, 999.9 [86]
A Alunogen Al,(S0,);"18H,0 992.4 [82]
WEATREN Sodium hypochlorite NaClO 712.8 [70]
P ﬂzﬁk;ﬁ&%ﬁ] Sod.ium chlorite NaCloO, 802.4 [70]
A Sodium chlorate NaClO; 934.6 [70]
g e RN Sodium perchlorate NaClO, 952.5 [70]
Ay Calcium chloride CaCl, 115, 157, 211 [87]
s IREAESA Sinjarite CaCl,-2H,0 1638, 3452 [87]
POk &AL Calcium chloride tetrahydrate CaCl,-4H,0 1657, 1625, 3435, 3400 [87]
Mt A Antarticite CaCl,-6H,0 1664, 3430 [87]
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P A

(8:42)
T Al KB W) BELAFR [y EEAREIE( (cm ) SCHER
— KA AL Magr;‘z:;‘g;r};‘:ide MgCl, H,0 351.0, 194.6 [71]
kAR Magn;s}i;?rgjmide MgCly-2H,0 405.1, 197.5 [71]
DUk A AR Magz:;‘;‘;dfg:ﬁde MgCl,-4H,0 358.8, 191.4 [72]
Ak A KA AL Magnesium chloride MgCl,6H,0 362.0, 191.0 [71]
hexahydrate
JOKE AR Maggif;‘;‘y“d:;g’ride MgCl, 8H,0 359.1, 189.5 [71]
b ook A Magnesium chloride MgCl, 12H,0 397.2, 191.8 [71]
dodecahydrate
e A Carnallite KMgCly-6H,0 3184 [81]
SIRINN Goethite Alpha-FeOOH 386 [72]
ERIRE Lepidocrocite Gamma-FeOOH 252 [72]
VU5 A4 Akaganeite Beta-FeOOH 670 [73]
7ZZ_0m Magnetite Fe;0, 667 [72]
Rk Chromite FeCr,0, 680, 550 [72]
B KA Spinel MgALO, 770, 408 [72]
BRI Gahnite ZnAlLO, 660, 419 [72]
f2%08 Franklinite ZnFe,0, 620, 334 [72]
P DINZ3N Hematite Alpha-Fe,0, 226, 294, 225 [72,73]
[ZONIRIE Maghemite Gamma-Fe,0; 716 [73]
BEEKD™ Geikielite Mgtio3 720, 490 [72]
ol kiR Alpha-Manganese dioxide Alpha-MnO, 580, 644 [74]
B — S AL Beta-Manganese dioxide Beta-MnO, 667 [74]
yH % b5 Gamma-Manganese dioxide Gamma-MnO, 578, 657 [74]
ALY SHH A AL Delta-Manganese dioxide Delta-MnO, 565, 639 [74]
aoff =5 k"4  Alpha-Manganese trioxide Alpha-Mn,04 654, 703 [74]
afi U L =%  Alpha-Manganese tetroxide Alpha-Mn;0, 660 [74]
B AR Gamma-Groutite Gamma-MnOOH 532, 558 [74]

W RS T AT SR SL IR OGS S 2. L2 NI
M) R SRR, PO T AR 55 TR
PR S e AR AL AT R % e A

P72 e AR T LIRS A 40 4 et AR AR A X
SAARE . WERCR, T WIE R K
BB, LinfWang™ I SRR E: 2 kot
AU H KR FORBRRER DS, W LK BRIk Eh Fe A vl RE
FRMBEE M S0, 4H,0, 11 5 & /K S HRR B i 7K
EMgSO,-H,042 KR b MK B R EE fe AT 7] RE Y R A
WangZs AL T SR R EE(AL. Fe(Fe™ I
Fe''). MgHlCa)fE K BB AT BOARS B A2 A K

R, FIARTR] BH S 1 B R AR KRR TR, $87
FKAS BIBRIRER 2 6 K R R I &, e B A
KERFZARFIZ R B E moOKSHIREL, Z45R 58
PR A0 0 B 2 3 SOOI %) 38 3 K L AR A X Sk H
EHEMS 5. Ventruti®E N\ HRHE T 4 USSR Rk
BOZs A EA sy, Il RS e S 2 M AR T
BRI A FE. Chio% N ez SR i
T 2 BARTEI~373 KA FEl 58 T CaSO,-2H,0
P AGSRR. A fi] R BUAE KSR F1450F T, CaS04-2H,0
A] L MK £E iy-CaSO,. NikolakakosF1Whiteway'
PR OR IR T R AR S EH AR W Me(ClO,), 6H,0
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(R R XA A, 2 300 2 30 B R AU AR B S WK
DN XU 25 s it e B e SRR 5 K R R SAF K
T FE. MasonFIElwoos Madden” VFAF T A5 B2
10PN R R BB R ER OGS RRIE,  DARR TR
JEASAL AT BB ER K ORI, Fue APk P
B YT R AR, BRR T VT K RS
Jev ARE T ZBAREHERmAE T Hie
AR, s T KRB SF T AT RE Y 2R K R AR
Uy 8

B JORBRIRE S AL, B2 GRS AR AT KRB A
FEM TP THISEWFSE. KR B AN E] T 52562 A B kE
i, RS ZFT NS Hit, BHREOOCRRBA
PP ATTE 2R 0T 2 S L, DR R A
TP E B, WangZe N7 i 5 & Rk iF
55T KR Z R EETA79001 FP iy 232 . Y I
HEHYM, ROE TR RO B, ARk
B IRERE B R R R R SR AE. Steele A
XK REBRATALH 84001 (1) 57 H& TR BE 51 T N A IR =k 1#E
TGS MRS, R T R R R SR ER
TCACARTEABAIG S W) oA, FFHEMALH 84001 iR
BRI AR IR /K P L7 . LingF1Wang™* )k
EBAMIL03346, 168 X%, K2 g ko
Horb B K R R 1 25 ) o3 A A AL, 25 AT
PEHLEE B SO S 552 UG (EE R EES A,
FFEMIL 033468541 (UK A0 W A RN 25 8] A0 A £ 8.
W B, %K B K S Y A A 3 Fh i
(K, Na) i APk i s Ao i pp el Sk 25 1) 5k
JCE B, FERRA e, (K, Na) st E gk Aai 2k #p
W WERRA . B A B LA R R 22 I kT
FERUARIAE, SRR T BB 2 IX 26 % Fe-K. Na-S-
O-H,O%5 Z R AH IR A E B F=8. BLob, ik i
UAE KRBT v B BT BB (KFe,S5). CaodE NP7
FIHB SIS AR T K ZBANWA 107209164
FIVHIRS A ARG i, SRR B T REARERD™ . ARk AN
TAR AT, JRARAS T AT A Tk~ a5

T I S I T A H Bk KRR B B
SRS TAE, BT 3T R = hEE R 1 H Bk
CES: K apiya ) SN & gy 3 BUE T E
7 7 22 T At X b AR T R A R, SR
YIRS, s, RS, X TR
i R AR U L R Y b S OB 2 ] LA R R
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3 WRAGINESS b2 e i

3.1 ESEBERIHRISSERY 32 SR 2 e

FAE20HH 22 904EARE B b JF 8 1 H Bk =0k
PRI R GERE . 19954F, Wang&5 AP v i 7E 7 5K
IR B2 SRR KR Y Bl sy, B, F
PR NG RV hL 2SR AR B A Bk kRS
HBAP RAR AR - 20034F K B I . 20204F K1)
— 5 KR ARINATE: 55 R WG WP = B AU S e I 2
i 20204ENASA K S B K R IRMAE 55 Mars 2020755
N5 KRE R T 280206 HAS TS o
S K HLH(Japan Aerospace Exploration Agency,
JAXA)THRIF20244 %K 4 14 k2 TR (Martian
moons exploration, MMXWT:45 R4 38— & hi 2Ok
S BRI K JR) (European Space Agency, ESA)if%]F
20284F &5t K RN 55 ExoMars, HoA i — G g
HottiE Y (Raman laser spectrometer, RLS/E G 53k
fifZ—; W ETHRIT20264F & 5 i i -5 BRECI
1S5RS B — B B2 EAATTE A BRI T
J& 1 T I3 s
3.1.1 SHERLOC

NASABF Y JORMATE S Mars 202082 T20214F
2H EBE TR (Jezero)E b, HE N5 K B 44524
TP AR EGERN A, Hrh— R iR s TR
RIS EH 2 61U SHERLOC(scanning  habitable
environments with Raman & luminescence for organics
& chemicals). SHERLOCHS 3Tk & 4 M UIME AR iy
e b, ReEXS KRR A NI ) AT A ]
IIPERL i R IR A SRAE.

(1) B HApx. SHERLOCEI: HERE i A
REF 0 Y) . RIEL. wRIRER A L), PEAEHE
AR A S T8 b R R TR LAY BT
G FNRRPE R A8 KRR TH ] BEAAAE M A ATl 4.

(2) PEREFERR. SHERLOCH % 115 K2 4 b
BEPER, TAEHE~48 mm, [ shx A5
+8.35 mm, XFTAERGEE Jy34 pm, AL R HDEHER /D
~100 pm. 7R FH248.6 nm(<250 nm)TRLE SNk ot
WO AR FNDEIETE ARS8, FEBCA I [R] [ ]4% 5l
HCAb AL A5 50T A [ I 3K 75 52 X 800~4000 om ™
(250~273 nm)HIFE X (274~370 nm) G 5. #mA
A WOCRURIIRE, REARIR 23 (B 730 HE3(10.1 pm/pix-
el) BRI A1 AL L3 R85 .. SHERLOC



P A

AR R B RE LRI Py B R R R A [m], - 5 i Ak
G ReIDBACEY . B0 REEE 735 <1 ppm.
100 ppm. <20 pmPYRLEE, PIARGRKEAE . Hoafq %
T, VISORAHIR. HiR. @O EARSE
L5 T B2 .

(3) XEHRL. SHERLOCK FHt2A4 sk s 20k
T R G H AR S OGS I ER {5 S, SHERLOC T
AR FRIT, 1 AR RS SNEO G IT(deep ultra-vio-
let laser, DUV Laser). Hij & Y& At (foreoptics). H 3l
XA 5 5S4 ¥ ot (autofocus and contextual imager,
ACI). STt (spectrometer) 375t AR A IC(con-
text imager) A M) i M AL 244 50T (wide angle topo-
graphic sensor for operations and engineering,
WATSON)"™™.  SHERLOCHF F i & 5 e FAL 4R 17 8 i
ARG S, JHES T B REMEHBURIIEE, ¥t
WERHIE SRS JTEAS ] WWRHESCHE. ACIEL 5 H
SV BE AN SRR, A sl H sh P R SR AR RO
FRHDEREAL, 7728 HAR X8 5 K. WATSONH
bfarg kR A B KR THRRE SR SO LRk T A,
BRI JE 6% 25 (] 3 HE 2 1R G EUGOR AR I AS TR o s
225, ACTIN_ FEWATSON, fEfEHE 12 B 5 FifiE
#SHERLOCH I R AR E. SHERLOCHIE i
THEHCR: BB & BEOEE el 30t EA
UV T UEBRHOLAS ™ A 19252.9 nmAFEE K 24
BRUECIE PO — A TS AR o3 R B, Horp
—/INEB SO SR BB A R L AR A T DARREL RS
MROGRERE, J5—AOGE L IE RleE 73 R g 5 24~k
BRIAE Y HE G PRI & ROHBE . IS8k
v HIEE . ACIIEE, Sl R AR B IRE S FE T
RO AL HCR ~90%.  BOCIUR BRE S 2 1
POUE T U DB IR DL R gerh. LB ES
R EITACI B R TP K g e
B T S 8 G SO A B
ZIE R 2t o — A B i g TS
BIE ] SR RS BIRTS M b, RS B SR AR BRI
#&(spectrometer charged coupled detector, SCCD) -]
TG A I H A RD G E

HHl, B TAES NS K REEE &
TEKE ETAET 6502 K H, IRtk 14 km. 3
J15 TH5422:K B H BN PO R o AR 1Y IR, Bl
J5 220224F 12 A 18], )15 7EHawksbill fINukshak [X
WA T = MNEIRZE. RS, B

5ok LR SHERLOC # fif 76 88 2 i oy U ISk A4
IR HLoTSéitah FMaaz - ICEE T 104 e CRAFFES )
FIBIFIES H AR —4EIX F 2 6% K. Corpolongo&s
P10 T T AL M (] SHER LO C 1 437 2 Yl 4 45
IFHHE T B AT Séitah FIMaazi& I A1 52 5 52 0.
SHERLOCTE i o H7 RSB LI 21 1 A0S A1 ok iR A 1 ik
5, R T SAHRRE A EARREE W PIT. XEeEdE
FWSéitahHIMaaz7Ew ¥ FIE AR I KA o, B
AR AS Iy s, RUIANFED 1 U 241
A — e SR Y R AR A W A A IR Y
782

3.1.2  SuperCam

KBTS Mars 2020095 175 K R4 FHE8I0
TGP0 R 2 Ay S R B T AR R RL 2GR
BYAHPL(SuperCam). ZEMEA T ZFOGIERE,
A, BEIFIEAR I AR o] AR 20 . hi=ot
BRI DL TS 5 i ok % (laser induce
breakdown spectroscopy, LIBS). SuperCamm] DA7E
2~7 miEEES b TAE, ARk 5E T SHERLOCTE T ]
TAEME AR

(1) Bl Hp. SuperCami FE L RN HFr il
A AR FIGUIRA HE S FUS M2 R R .
A WL R A A JE I A R AR B & 43 T A A B R 28 4k
FHAIE.

(2) PEREFEFR. SuperCamig7F 4k 4 if-4F 5 Chem-
Cam# faf a5 A AL B2 10 1 v B SR 24k ey, 7R IR
A LIBSERIN Dy RE MY LAY L35 1 R hr 8%k, B (A
IHEDENCIE . AMEIE LIRS B G T hE, 52
B v R e o 3 = S N 190 11 5 = 2B s
INSEE R W 2E A2 R AR, SuperCami FEH7 2 ik
PSCRH AT WLOE(532 nm)BURFE SR 2455, HotH S O
AEHRE12 m), FAFEGLRIEOGCRESRE~9 m). AR
WS RH8.4 mmx9.3 mm. $7E ik T
105~4000 cm ', Y49 T12 em ', SuperCamF
FHIK OGRS 11 A s PRI S5 AR 45 & IR AR T
2, Be A RANHRIPAEDCRSOCH T, FFBOR RGN
ISP 2 55, SuperCam¥$ S GG SO R RER . #ii
FREh . BEMREL. JKVK. WA AR P R A
BEM1%; MRHA . KA. EBREERREE . — /L
Y. &R AR RN R AU R 5%, XV R R
U H10%.

(3) IXARF AL, SuperCam#& 1A 22 45 B AL FEAGHT-H.
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Jt(mast unit) A1 4K BT (body unit) 4>, PR 22 (]38
LR, WEATERITAL T KR ZEMEFT A TR, AFEig
AR BB, mRERMREAL. LAIMSEIE. ATE
W BRI & — G AR . LIBSGIHY.

$r 2 AT e o] WA LA {LSE. SuperCam
FEE e R PR AN 4, EEAEROER . Hix
B G RIES LSS FOGAE e, Kl4(a) BT
BB R B, %N TR o, RahIts
PO, 4321064 nm(Z167). 532 nm(ZE(a) LK
852 nm(%{4). 1064 nmfjk MOt H T A LIBSTE 5,
532 nmikMOE TR L2 FIPE R, 852 nmiE4k
ST A XA, HA532 nmytH 1064 nmGA7A i
K. EEIUEE MG - ZEAS MR L B (Schmidt-Casse-
grain telescope), FEEE G4 110 mm, YELEE
16 mm, EFFRR AR /NT87 um.  HiE
BEiE AR G AR A, LR
~1.1 mBJCFRIC IR 2 B R . X FRrE6i Y, ot
i KA 532 nmZR €8 O B AR g 2R i B (Kl 4
#25FH26) W, HH— I BUFE N SR (H2 8 R4 T B
BT R FERS MBI 5 h I 5 2 L. 2 ot
FFERIE BRI HE B, JEBER ST R84 mmx9.3 mm, St
AR A ~30 kW/mm”. BOCHE T TS5 R 1B
SHCHE S R ER R BRI 5 S AL R
FAEERTTH BN, ME4O) IR, P2 EEHE
LRI A IEBR I 532 nm B FDGE &
i 235 B[ (transmission  spectrometer) !, 2 J5 M

(b)

#27

#26 #o5 #24 LASER

I

Fiber

B [ REER 5% 7 s 37 NI L 1w R 818510 N (= e
Je 38 i Hh AR SR A B CCDRREI 28 .

SuperCam¥ICHR 570 FMIME BB AN, S TR
FED R E I AR HERR U], PRINZE SR & B X
AR AR A . KA RIRERSET ), JFif
FE T HA S KT KGR, SuperCam7E K 2 111
HI286 A H AU R, K2 BB — R 55
0 KNFNRAPERIE. M) F 2 A 2R, 78
BB 008 g EAHA, ERIRNER A E S
WA, SuperCamif XL £ T8 A2 76 AR Y L,
FEIRER . PR . AR MUK G RERR SR, HAREE
B, RUIZHX AL AR p WA s 1
200~340 ¢ B H #ifA], SuperCamAtEXF302 ek A A
AT T HE SO GG, AEiX sl & rh, Wi 2 )
B2 8 kY. WIS S R R ] Séitah 7
TR BUEHER. Lopez-ReyesZ: A", Dehouck
2 N\ Nachong A" FilClavess A IE T 640
ANk R H HSuperCam W ¥ # S8 2 45 -, 7EHogwal-
low V-5 R Yori X & 30 T % A W R ER 2 ARBERR £R 1Y
WA D, B B €85 Bk, b & A R iR .
5 T I 2 A B L 2 ARAEAN, 3543 SuperCam A ML
SE LA RIS 5 P Il ) S S A BT AT M.
Dehouck A" 2425 T SuperCam W 5] (1715 15 2 P 35
“SMA AR IR AL N YRR, R SEA A
WOR TR FK AR IR W Z e, IF & I Hawksbil IF1
Cape Nukshakt X (g UT A2 [ .

Mast unit

Demultiplexer

#21

#20 HK laser
Red shutter

— ). &

Fiber \ Bundles z Dti,::,f,ic 1
[T Tsplitter — T T T T
! ah. o

A \ 532 nm Edge filter

|

' |

: |

A |
pash-

rF2—{H R

| Intensifier ﬁi

Transmission spectrometer

Reflection spectrometers

Bl 4 (W% RUR () SuperCam 2 FHR . () M-St FERS MR RIAIE HUT B A RO (b) Ak soe by A s 2 )

Figure 4 (Color online) Optical schematic of SuperCam. (a) Optical layout of the Cassegrain and Galilean telescopes in the mast-unit"*'’; (b)

schematic diagram of the optical layout of body-unit[mzl
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P A

3.1.3 RLS

RLSJ2& BRI AL K SR K B HR I AT 55 ExoMars 15 2k
M —B PO, MV E. EE L
WEBEA TR, Bt T20284- 1 4h K M. RLSH T
AT KR G 3 A S 55 % il Jt (analytical  labora-
tory drawer, ALD)IN, X4HHR R GElER B A b ALk T
(2 m)B R ARFEARSEATIT AR 04T, RLSKFE IRIF5E kA2
R RAL A LA P BRIC.

(1) B2 HR. RLSHY 2R b2: HbR g RAEKLE
W) SR 74, RAE 57K KR R 7= A )
A RBIAENALEY), SR Bl ZSRBTER A b
IR

(2) HEREFEAE. RLSTHEHPE K F1532 nmi 2571 v ik
SLWOLWORRE P2 AR S, HEa R IE ORI E R
50 um, FOEIFRE I TEF0.3~0.6 kW/em’. YEERITE
F1200~3800 cm ' (537~667 nm), YGit 43 HE0k T8 cm ',
R EZI N+ em™ . RLSFEHLE B XTI i
A VLR S A ST Y A RE

(3) IUARta Y. RLS#fif EEAHE3ERIT, 435K
AR AN % BAJG(instrument  control and excitation
unit, ICEU). W& Yt2##k (internal optical head, iOH)
LR 27T (spectrometer unit, SPU)!' ™. FHirfi#ot
L TICEUN, @ GERBOGE 5% $iOH. i0H
WHEREA H BN, BRREOR A BIRE M R IT
WOR RIS HUNES. WS, IO ADELRRIE 2
P55 BISPUIE L 2OGIEE 5. RLSSRHIDE
TS 4 EOCHE B SO, 255 206t
JE BB R AEF2048x5 1218 R IWCCD L. A
RLSZ 17 (1) AT 1924 kg, RERSTE—40~0°CHYPREE
TTAE, e LT LATE —60~+50°CIYMRIE T AEA7
AEFERZYH20~30 W, ELRBEFERE TR IR Y5 FEIA T4
AR AT A AR 2 5
3.14 RAX

HITAX AT S 4 ¢ R TR AT 55 MMXOT R
SEALRF2E ) — A T Bt e ER b 2ok
if Y (Raman spectrometer for MMX, RAX). 2T H
A PEESPPE SRR A, 1T 20244F K&
gF. RAXZE—HIAER R BB B LR E R
#y, T REEAMMXAREEN, WA T—RAT Y
A AT R AR

(1) B2 HPR. RAXAREE BRIk S TMMXK
HlAE, e R TR R IE I AR DGR, A AEAE55

W R LL T L AT S5 (R 6 0798 2k
PRI Y 2FA R, FAFK T —RET PRI
T, RAEMMXEE fili X b5, MM X ftide & b
Kk D—FRIER IS, PhBh v RE R [ ER; Heik
RREMPE2GEEIE, i kRS KD—Ws
1) 5217,

(2) MEREFEPR. RAXE—A/NL ., RERI RS
HAEAL, FEARAXMUAREFZ81 mmx125 mm
x98 mm, 1.4 kg. RAXH B &G R HK R
532 nm. JEIIEEIA35 mWRESEIEOGR, HAER
FRNARE SR G ERE A2 M50 um. 247 16 T Rl
105~4000 cm ', YEREAFHEZAE T10 em ' (££1500 cm ' B
WER6 em !, 764000 cm ' MHE 10 em ), TAEREES N
79+2 mm. LRGN P R RR SO . A, ik
MRELOTAT, Z28E07) s A L SOKEEA 55

(3) UAFFTL. RAXAL S F A L5 8 Y Bt 2l
e RAXIOEZHF(RAX laser assembly, RAL)FIRAXS:
U H(RAX spectrometer module, RSM), UL[E5(a),
(b). RALNS RO, St #2008, 2480
RS, MTEN112 g0 A Ao e e Sk
BT, RERELARIIA3S mWIK AT AR DR 2 BF 532 nm )i
SEIHOCHR. RSMINE A SRR G —RIDE2ET

(@) RAXEGEAH (RAL)

(b) RAXFEIESURIR (RSM)

\S = 30 mm
©
¢ E2o by HESTHE (532 nm
ROEESR ) :
(=50 mm) " [\ CMOSE;F{H%S
WP PN
I B (50 m)
e
—BDRF (f=50 mm)
_ | \
B y | _EE® EI e

(f=100 mm) (1209 lines/mm)
\/ s (f= 50 mm, NA=0.2)

#e

5 (MR O)RAXE TRFEIAD G E AL (a) RLARYTRE
B (b) RSMIAY T BV, (c) RAXHYIE: 4 mmp )

Figure 5 (Color online) Engineering model and optical design of
RAX. (a) Engineering model of RLA; (b) engineering model of RSM;
(c) optical system schematic diagram of RAX!M
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Pk, W4, MEEER. et BEDE. B8
ZRUEE AL A S, RAXIIIGEE 2 50 3 fn 4] 5
(c)F7R. RALIE I GET M RSMAEHIHOE, oG #
WEEFES -l A RERGERER AT
— PRSI R R U GRS, B2 et
AR S F e RO BRSO g T, 2 R
21200 g/mmEH o 65 P B S AR BRI 4% L.
AN, B FED6E 540, RAXW AT LAZRFS532~680 nmili
FEL PN B BB, APl  B—Z AR 5 HE R A
Bt

3.2 EAEHAR IR ER 1 Ak R R

fr S CEF AN — M EZE T Y R, W
THAMEFA UL, I TCHR g PR TCH 53T
PO 5 BE M MHRACR & 2SR HE e DL
AL RRERINAE, C B0 EPR BT A TR 2 PRI 3%
BTz —. Ak, FIRAG e R FBo L, i
SOGIE R RAE TR R A VUL &Y (A=)
Pra&d), XA EAEEE S T TR MIRE IR IR
MAESS, 0k BHEMAE S Mars 2020F1ExoMars. {H2H7
SO ARWAAE— & B RBR Y, AR H T —
BN TR 2R ] (AT 3R] (http://rruff.info; http:/www.dst.
unisi.it/geofluids/raman/spectrum_frame.htm), {HEH"4)
P2 NIESHHIRL RAERE MRSy, HEREL
OB AT e e S\ WL S e A= € VA
55, FEOS THLE B A RN B AR I
BTG BEAk, XA 2O ERON I, 2t ol HER:
i EOUE S, BIOLEFES . BT, ARSCEE
X P A 5 0 B R S T P 9 T 1Y ) A T
k.

321 WEETERERR M

hr S U A T LR — 55 HU A A R, SR
P& GIEH AR A L8 B AR AR R UL, 2T
TR, P2 EiEAS T N B e i R 2
GO RAE,  TTEOCEAK R RL 2 RIS 1Y £ 5L
SRS P25 5 3 A OB S5k Be L,
FLEE SRS U IE L, BT8O K
B, WoER MRSt TR, SR L, BOLER
TR B SR B R B R R B 2R B i — 1 3
BHER. BOCEARKB, XN S 2E B R IR. X
ANESCEUE, R EIMNIOC ST BARE R B
HEET. JRH, SREEEINET(E = he/ D)IETEAE
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SRR . BEAh, ORI FRt 2  R 5L
RO ERCR, AIRIBLh . B85, REESOLY
TCIF R FNIR I A5 1 1 TR0, il Y CCDIRI 2%
i T A80T WO R R 2R G2 (FE500~700 nm il
FIN, SFRCRI0%~95%). MIELE AL INED I
R, MR LA R B L LA MRS, (H 2 H R
ABARMETRCE. Bk, TRGENAE S5 e o ek
P2 5T R e 22 1953280785 nm K IEIR.  BEAT,
THEBOCEHATUN, A BTN A 4K
ROF, X TARMES g E5 IR — . (HR ATk
) — e, PO T ATRETERE L Ei5 ¢
o6, BEEOGIEHE T . P2 BB A R B
il 2 R S5 SRS A CHSEL. Bl
WG h Z A OB . e JLIAL. BRI
SEY ISR RCR AL )R . TR b, S L2 2 [ 1Y) el DS
Foz 2. 5 b, FRRRAR2fs, WERRIRLEE T
P, (02, 2B KA R A FRAA TR 7181 4 BB
JEIE AL ' T ISR BRI 18 1 A IR e - R DL 1
{¥(Czerny-turner spectrometer)f384%(http://www.kosi.
com/na_en/products/raman-spectroscopy/imaging-spec-
trographs). J34b, X FACERE P2 RS, a0 BT
anHEAT R I TE , AT3AR AT LAARAS- B0 7 R L A D
(ERRAER A R 55 b, A ]I 5 2 X0 15 B
SRARTE, ANTIFE I [] A5 — R A A 2R
322 KATHEA

PLESCIEE RS RIMBh, FE Rz — 2
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Applications of Raman spectroscopy technology in deep space
exploration: A review
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Raman spectroscopy acquires the molecular vibration spectra formed by non-elastic scattering of photons generated by
laser excited materials. As “fingerprint” spectra of minerals and organic matters identification, Raman spectroscopy has
been widely applied in the study of terrestrial and extraterrestrial samples, effectively obtaining key information such as
mineral types, mineral chemistry, spatial distribution, rock and ore genesis, etc. It can accurately identify various minerals
such as sulfates, chloride salts, layered silicates, and oxides in different hydration states, distinguish the differences in
lattice structures between high-pressure phase minerals and low-pressure phase minerals. It can also describe the
relationship between the stability and phase transition modes of various altered minerals and environmental parameters,
and constrain the detection and identification of specific mineral phases on planetary surfaces based on the ground spectral
libraries. In deep space exploration missions, Raman spectroscopy uses active laser excitation to obtain spectra, which has
unique advantages in spectral signal acquisition and can effectively break through the constraints of planetary illumination
conditions. Therefore, it is recommended for important exploration missions such as the Moon, Mars, asteroids, Venus, and
ice satellites. China’s Chang’e-7 mission will also be equipped with a Raman spectrometer to conduct in sifu material
composition detection in the southern region of the Moon. This review mainly discusses the main research progress of
Raman spectroscopy in the field of planetary science and deep space exploration from the basic principles of Raman
spectroscopy, research applications of extraterrestrial samples, and deep space exploration applications of Raman
spectroscopy.

In the basic physical principles of Raman spectroscopy, this review briefly introduces the principle and necessary
conditions for the generation of Raman scattering light, provides an expression for the intensity of Raman scattering light,
and lists the commonly used analytical methods in Raman spectroscopy quantification. At the end of the chapter, the
schematic diagram of the Raman spectrometer and the application fields of Raman spectroscopy technology are also
presented. In the application of extraterrestrial sample research, this review introduces the detailed research work on lunar
soil, lunar meteorites, and Martian meteorite samples using Raman spectroscopy technology. By characterizing their
mineral types, mineral patterns, mineral chemistry, and even impact history, the geological history of the samples can be
understood. Raman spectroscopy technology can also monitor the mineral phase changes of minerals under different
environmental parameters such as temperature and humidity, study the stable field, phase transition path, and dehydration
process of minerals, in order to explore the environmental conditions during mineral formation. In this section, the Raman
spectral and fingerprint characteristics of the main components are also summarized, serving the interpretation of Raman
spectral data in subsequent engineering exploration missions. In the chapter on the application of Raman spectroscopy in
deep space exploration, the scientific objectives, performance indicators, and instrument configurations of four main
Raman spectrometer payloads (SHERLOC, SuperCam, RLS, RAX) are introduced. The limitations of Raman
spectroscopy in deep space exploration are summarized, and the difficulties and challenges of Raman spectroscopy
bringing to engineering exploration tasks are discussed in detail, focusing on the weak intensity of Raman scattering signals
and fluorescence interference. At the end of the review, the future development trend of Raman spectroscopy technology in
deep space exploration applications is also prospected, in order to provide useful references for future research and
application of related payloads.

mineral components, Moon, Mars, extraterrestrial samples, Raman spectroscopy, payload
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