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Figure 1 Diagram of the payload composition.
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Figure 2 TIA composition and working principle.
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Figure 3 TEA composition and working principle.

243 KEREFIALITIERE

IR BH JRCES - 43 A1 A3 8 22 FH SRl s K BH R 2 A4
BRI R H T OKHRE T A A
IR RN AR, A5 BRES 57 5T RN S K BH X
MG S, fiHa Eum B2 T o, i
SN G T T A AR R A R A B s T

A8 338 R FH B 35 20 7 28 BOPR I B, &R
N FParker Solar Probeft]SPCHif, %%k 1y ol =¥l
150 eV—6 ke Vg AR FH KU 50 B 3470 W 43
WCER NS B R BH XV 7 AL, SR 25 T2, ORBH X
B M AR IR B 0 R AR i tn 4 B Ab
B AR X ELFHE NG 3 T A B2 U (Entrance Window,
Grounded Grid). F#fi#t¥(2-Grids Scanner). i
M (Grounded Grid). J&H T4 ¥ (Photo-electrons
Suppressor) 143 37 BHAR (Split Anode).

BELYiT 35 2yt 2 9 R f81 0%, msn T H 2 BE. AN H 8
IR XK PR EL I 3R AT BRI R A D R
PFRPERE IS TG, 17355 73 LR BT
WER, i HIAR. R R B AN R RN S R
B, R R AT R )08 R T AR e r e i k. BH
TG M 28 AR AT D't HL - U D) 3 2 P SR A P
FRPHAR b= A2 B F - A, (RIS S5 SR R F

2795114



TPAREE. PR MELE 1% RO

2025 F HSSE O HTH

pEtsn It
ASIEO /

/

s
B\

=

s
=
~
\\‘
ah |
\

N \
\

\ \
3 \

WEW(Q
i

B4 RFHRGE T B s 4

Figure 4 SIA sensor composition.
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Figure 5 GIA sensor composition and working principle.

HEAERINAC BT AT ERC L, AT 18] R GE A s S Bl
X B v R A R . AR AR AE AN R AR
B AT DA 50 S X o SRR S 2
BT HEAR R, = R BRI

SRS BT AT O S 2 BT AR D S R
B 1 LA, AR TAE, H B )2 B8 1 o i L A
WK LR e A N 8 75 Mg, 5] B SR U
RHEACE, BRI R, BT s HiEsR b
DI 1% S SR PR = (+10F1-300 V), BniIE S
JEBF, B F VN CATE T R G, It s R, #5]
HH 325 R R o P F 2 S R I R E RN S A B
FlZE 719, P4 WThT R E S, ST FdiE
Ja, BnE X A58 I g 221000 eVEA F, 81 7R
B XA Z pE ket 5 7 17 H s, RETX &
FRRCR BB IR L R G B, 6 VA DX 5 1 s o X
FLIZ IR, 7ESRIN RE B V8 RN IR S T B I 209
IR, FGENER XAEH RS, &ET RIS
B =A% b ES. KIEE SIS 5 2 (8] F R
() 22 RN &5 1~ (0 QAT I TRD, 2B K AT N ] ot B vy 75 38)
BT IR VAR RS B T 2 R

B BT SO B RS R R B Ay
PERAAH, AR ERER AM BT B, ik
FEHEFRE T, USRS N AL B B, B R
PR R RS, BN IERMNE T, S
NG| HIE S S BRI R 5 H 2 B A (R

3 MEERNL

3.1 EfREE A

Aty FRE 15 LT 3 A3 AR L T RE A 1l £
] 2 e ] 2 2 ) Ao 2 m Lo PR SR ] X0 v K 55

279511-5



TPAREE. PR MELE 1% RO

2025 F HSSE O HTH

BN AR KRG T IT, ZRACNHNEZANEET
55 S5 B T M B PR R T R AT SR A T VR 4 9 R bR R
U800 e RS bR R G TR S B 7o i
RS e bR, 63 TR E AR R G T 04
BTG ST K BHRES T2 M ORI <
5 B oA L 2 B R AT E A,

R AR 2 bR 2R 48 T HER B SRR B 1)
RET . ZEFEME A, WA EmET . R,
kg B AR T SR, SR T O SRR R S S
FOMGRAE bR, TR 5 s AR 45

P AR E A R G E R AR R

(1) EFRAEIRPR B 25 5%107 *Pa;

(2) BRHESHFE: He, Ne, N,, O,, Ar, CO,, Kr, Xe%.

S5 B TR e A R G F TR A ) A5 A
PIHET BT 5 ERARERE, MR T bt
ITVELRE bR, 5 LT 5 Fh MR- 23 BT O b THT S Bk
R/ A ETHE, B/ BT HRE. L0,
HEE G, WS &. FREmRE. PCHNAE.

TEMBE bR I FE , B TRt E S 3
Bi, EEZTIEARERLUE, FIF R R f
W5 HR VR  r OGEAT A H, a8 A 152 88 X
AT W ARG T 4G DLE vT LAYR T 2 1/
TIRANR IR e B IR AR LB R SR
BT H RN IR NS T 1) SR A AT AN [
3600 H 5 AR

LEHETHRERAGH R EERSHWT

(1) HFARAEETER: 100 eV-30 keV;

(2) BT HRAEETEH: 100 eV-30 keV;

(3) B M3s HY, He', N', OF, Ar', CO,"%%:;

(4) SHMAR: T SR K BH AR A 28

(5) WIRBEHLE: T£7-2.0%;

(6) WRFEETEH: 10°-10"" cm™ s7;

(7) WHLEAZ: >70 mm;

(8) EAJE: LTS5 x 107° Pa;

(9) B AL e a . £180°, i e
B[ 2900, PR E R E ARG 8 T0.1 mm, FzhE
HENREE: fF0.1°.

3.2 EFRIE

IRYE SRR IR BOR RACE (e v JR 2, e kL1
5 PR A AR RE A i T LR 2.

2R TS5HPMERTHT SCE AR I T E
Table 2 Calibration items of CANPA

Bk SE B ik 36 I H
HH M E RS RER R E
G

MRS BTy A E b
R e b E s ]
TEFR
IS 18] 73 B E AR

HET L

BB S
7N
BL A L5 B b
B 5 S
e Bl £
WL b
L5 A
I M G B B A
A
M %

AT L

X FHRGES 57 Hr X

RSB T AT

3.3 TERRER

33.1 ABFOWNINERESR

(1) AT 8BS B 2 PR E b

BT oA DCE IS BRI FR R T 28 1A R S TR
=, F AT A N AMRAR 23 5l R [E O R, LA T
ZRIOB B R I N R BR b, AR PR, kR
BT ReEONE, BT E g, FrindE Y, Wedlz b
MIERK RN
Elqg=k-V, (1)

Horb, kHCAE TR, R A L AR S5 1
Fetk . M)A DUE B ot dsd 4 LR 5 P
EFETREZ A REM KR

AR I RE B 70 F A8 SN A R vt e B it 25+,
THECR KAE — 212 Bl Xt 2 53 A1 B 4 98 B2 AE A i KA X
N EE2 tb, B
n:%%XIOM@ )
R ERNSRES ARG — 2. REToir
AR FH B B2 M BRI R Elg, PR R 20 BT 38 AR5 e
JE, B L ReE A SR AN B Re B AN T R AR AL

1£0.5-20 ke Vi [ PSS RERE (0.5, 1, 2, 10,
20 keV) 7 BT REE I, SRS T REE TR M 2R
wEl6(a)(1 keV) s, HR4E 26 58 7] 20 #r e &40

279511-6



TPAREE. PR MELE 1% RO

2025 F HSSE O HTH

HEHN6.93%, T 15% 1 Fa bR ZER. X5 Re & A EE
TEF A AT D RS, AT ARSI T b
I B b 2 i Ko 5.57, tnEle(b); BEE RN
8.79%, WIFE6(c). &G i o i 2 i BRI i IR v
Pl ] A B TR I e VG 2,79 eV-32.03 ke V.

(2) P37 A BE 3 PR 8 b

FGEG 53 BT A BRI R 37 05 05 400 83 A0 5 A £ A0
Y. RIS 3600, 4 24N RN mETE. A
PRI IETE 137 R A BE 43 53, N360°/24 = 15°.

WA R RG R R R E, ST R R85
“H BFRAIE 1 A2 B - O A BT o P, 5 0 2 A0 £
MR R, B TR RE0E A

_ Vo= Viow
S Elqg (3)

Horb, Vo NE T R EAmFEBORE, Viow NE T

4

W 2 T I i s, ENMER TREE, g Nl
i

PRI = RN, 1 ke'V RSB AR 1400 £ v 7
WE7@FTR, IR A OME N30.27°, T HER
B4 A o3 AR IR TR o, N2.49°. BRI AR
w240 B, W E Wi R G EHE, W
PASRAS B T A %, & T IA0 A SRS R G0 AL
(1926 2 i 2R B 7(0) BT, AR 2% 28 ] B, B8 140
00 A T B 25.0°-90°. BT IR AT £ 23 6 b ARHAT 71 20 AT
i 2R e v R, T I O % R G T DASRAS
AN [EAREAD 7y 555 IS R REATR 1 23 B 2R, o SR I KA
3.85°.

(3) BT EBGE AR T FERE ST E bR

IES T AT ASCE W B B R AT I T R
THIRAE B (MIq), THEFFITRE, A FEACES PR IE

(@) 1keV lon Energy Spectrum (b) *x10 (c)
" —— Gaussian Fitting —Fitting Line _ —Fitting Line
E 15 =250
o >
Cos 2, & 200
g 8 1 S 150
504 g s
E v < 100
0.2 0.5 o
= 50
100 200 300 0 1000 2000 3000 0 1000 2000 3000
ESA Voltage [V] ESA [V] ESA[V]
Bl 6 (a) 1 keViE 7 HEME HIZL; (b) TIAMEH BT &8 B & fh 2k, (o) TIARERE 2 HF A 2k
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Figure 7 (a) Ion elevation angle spectrum at 1 keV; (b) TIA deflector factor and elevation relationship.
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Charged and neutral particle analyzer for Tianwen-2 mission

SU Bin"**, ZHANG Aibing'***", KONG Linggao"', ZHENG Xiangzhi'*”,
TIAN Zheng'**, GUAN Yibing'*”, LI Yongping'*®, GAO Jun'**, WANG Xinyue'?*”,
LYU Yulong'*®, TANG Binbin', LI Wenya', ZHANG Lihua®, XUE Changbin',
XU Haitao' & WANG Fang’

' National Space Science Center. Chinese Academy of Sciences, Beijing 100190, China
2 Beijing Key Laboratory of Space Environment Exploration, Beijing 100190, China
3 Key Laboratory of Environmental Space Situation Awareness Technology, Chinese Academy of Sciences, Beijing 100190, China
4 Institute of Science and Technology for Deep Space Exploration, Suzhou Campus, Nanjing University, Suzhou 215163, China
3 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China
® Lunar Exploration and Space Engineering Center, Beijing 100037, China
" National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China
*Corresponding author (email: zhab@nssc.ac.cn)

The Tianwen-2 mission aims at exploring the near-Earth asteroid 2016HO3 and the main belt comet 311P by means of
near-distance measuring and asteroid sampling and return. As one of main payloads of the Tianwen-2 mission, the
Charged and Neutral Particle Analyzer (CANPA) will measure in-situ the plasmas and neutral atmosphere around the
asteroid and the comet. The CANPA instrument is highly integrated and miniaturized, and composes four independent
subsystems: the thermal ion analyzer (TIA), the thermal electron analyzer (TEA), the solar wind ion analyzer (SIA) and
the gas and ion analyzer (GIA). The flight model has been calibrated by using the on-ground calibration system. The
results show that the TIA can measure thermal ions at the energy range of 2.79 ¢V—32.03 keV with an energy resolution
of 8.79%. The TEA can measure thermal electrons at the energy range of 1.07 eV-20.61 keV with an energy resolution
of 14.29%. Both TIA and TEA have the field-of-view of 360° x 90°. The SIA can measure solar wind ions at the energy-
per-charge range of 5 eV—5 keV with an energy resolution of 4.23%. The GIA can measure neutral gas and ions of the
comet ionosphere at the mass range of 1-350 amu and the mass resolution is about 0.17 amu@1-50 amu, 0.52 amu@51-
150 amu, and 1.22 amu@151-350 amu. The CANPA instrument can fulfill the detection requirements for the asteroid
and the comet.

Tianwen-2 mission, asteroid exploration, charged and neutral particle analyzer
PACS: 94.80.+g, 95.55.-n, 96.30.Ys, 95.05.Rx

doi: 10.1360/SSPMA-2025-0010
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