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Figure 1 (Color online) Dust size distribution (a) and extinction curves (b) of the Wang et al. [7] model. There is a clear discontinuity between the
distributions of micrometer-sized graphite (red dashed line) and submicron-sized graphite (black dashed line). Micrometer-sized graphite is the main

contributor to the mid-infrared extinction (different color symbols).
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M, 75 IR RN S [FIFE FH R AN SR 00 2 128 7 25 F
JER 38 R TR S Bl R G P X3k, R e g % e
B SCAE 3 1 A2 R JORE AT R -5 HOR IR X IR R
I HILTEEFP AR AT R R A T k. 3112
R A BN B R AR R R s AR LT AT
RESTEL. RS t: (1) MR ERRIRT S, ©
TR Sy Xl 2R, 7E 2R I RIS B TR 8, AR A
BRI TR % U SOREEE R, R
B ) — 58 R B X B RGBS, (2) ASERRIER 4
TR JUREAE T b BR RN S5 3 B — 58 [ /N A 1) 4
i, 456 I E B UL ERIAE B rT IR L4 Ui 4E 21
(A AR B2 UKL B AT BESRYR. IX A2 AT H Rtz —

32 1TERRERLFES

1T RBRBEBER ST AEL pm—1 mm2 8], S RE K
5-15 um'™ 7 HIREER 2L, KB EEILE)E
0.3-6.0 g/lem’ 2 i), FHIE N2.2 glem’ 4. EBRFLIR
G, PR 3.4 glem’ /24T, WIAH L AT 45
IDP AL % 40% 12 451,

IDPEE M AERE AL TRAb) . ) o S5 4 R,
YAk 2 20 43 0] 43 N ERKBL(Chondritic) M AEBR KL (Non-
chondritic) 2. BRRIIDPAEAL2Z2H 5 F 5 ERRIR A+
SIFAAL, R4 L3R BN = B AR C R B A (— PR

RLSUG, BT RS IR T 327 P9 0 5 KRR /T R 2

LAY, ERRRIIDP : BAS E 45 . BN, BRI
BT, SRR R BB, ARkt E
NI BRBIIDP R DL K2 bt — 0 %
FL(Porous) FEIH (Smooth) %2, 735l fii #RCPFICS, CP
FH A 4 55 & S I ROR RN S A T, T CS UG &
SRR B4R 0 2 1 45 41,

D EEIDPAE £L AN B 1R WS 1% mT LASE I H 474
%2 FraundorfZ NP2 L 7EIDP IR IS 1E B R I T
10 pm PR 9 52 35 RISCRFAE, T N IZ R T BES

B 7Bk R Eh. ZELIERl b, SandfordFlWalker™
B 726N R SFE10-40 um 2 [7] FIIDP IR SO G 3E, &
P10 pm BRI IR SRR AE S 3 A7 7R, I L AT LUK 4R %
RHAIE S B IDP 2y A S B A R0 2R A e
TR 625 MEA ZEIDPAE 104120 pm B A W ISR AL,
HoA10 pmFFAEAR B8, F1 22 A58 B2 AH 24 IR A0 Ve A4 B,
20 pm$FAEA OB, (HIRUSCRE 5% MR 2RIDPAE
10.1, 11.3, 11.9 pmib AW, TR RIS, AR Mk
TR £525IDPAE9.8 umAb A X AR H G AW CRRAE, £
£13.0, 3.4, 6.0, 6.8, 12.5 umZ5 AL 55454E. 7F Sand-
ford A1 Walker™ fRIRE A th, A7 KRN A7 2K % 1525%
FoAi, CACPAE, 1R A RERR 228 (5 50% A2 45, LA
CSHE.

HATiAA, CPEZ R4 & T8 K 45 e R 6
GEMS (Glass with Embedded Metal and Sulfides). i
. SRES. WESER, XEMRESE
TE R AR RS ISR, 1 5 A SR & T i e 22 LI
SEF. ISR UL, CPAE10 pm i fORERS Eh451E 5 £ 2
FAER [P Herbig  Ae/BeZ 10 #HAL, Al HBHA ] g
FE R CSHY B R G R MR KA AR
WREERR 2, A el & A IR 2R, K MR B A
PEACSIRRA b 4 A K il 72, 2 R e T
T AMT R,

R MFEATEM LR R ST R, RAFT
K PH R EJERI TR Sy, WF TSR T & 2 i CPrl LL
S BHEATTER AR PH R T AT R BRI Ak 434 55, CP
R LB TG 7K S AR R 6 KO A1 (M gSi05) FH
MM (Mg,Si0,), H AT KOMEAT 2 AR (1P AR 5T
Z5i(Whisker)tR, 7] RERA BT, 7 TCPERIEM
FEE 1 3 R 2 K U1 52 1) R R XU AR K IH R B 11
R eI R T SRR ok, Pt 8 IR
#2385, Bradley§ N A2 75 1 % F(10'°-10"" em ™)
ittt CPR FE FE4R IR R I AR ZI N 10ME. e4h, K]
SRR AR 2 R R Eh RV IR B R BRSSO

FHERNRHRTLEFEE). GEMSE —ff
0.1-0.5 pum K/N G SRR A & B SRy S5k

Z R ERR BERERR L. Bradley'™ & BLCPER 2 A1 Y
HREIGEMS# R I H I IR IS R 4 Bk B B
Lrmild, Lk, B B FEEEEHCPR
JE R s iR IE R, X U GEMSTECPIE B il
CAFAE. 75— 71, GEMSHIWRIO i 5 Brik iR £h 1
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Heite AL, EATERLES. T wm kb e I i W i R
AE BT A A A IGEMS AT RE R Y5 T A2 23 [ B30
TR R CPH 7 — BBy, EATE&CPE
B AR R AR R B Y. Flynngg N7
TEIDPWL I TE R I T 3.4 pm BRI (1 ISCREAE, IE
52 TIDPHAETE T BRE MR, ClemettZs AR i
WEAYAEIDPH & 1L T PAHs, iXEEPAHs[) %> T i &4
200-300 amu [f], HZ R#&EEL, IRe2 A =42
R[5 PAHS.

33 HARECEEMMREFD HRENE

H 58 AE Helios R & _ERIOGEETE, Leinert®%
NPT 73 7 AR [ U LA R 0.3- 1A U #3E
SREERARA, JRHR AR T 1AUZ N 3E = AR kL
= B I o B ARG 5 R (). A, % TSR
HH 2R R IUREL IR 20 A1 72 2 (R AL BR, - HSFRF [HTAE
BT H (OB A PR FIFE2° DA, HRIFIRELLE R, Lei-
nertFGriin' “HHE B 2 L5 N IBBDIR W), FK
HLLZI 17, fE1AUZAF, Pioneer 105 111545751
JCEEVE BRI, B, RATE3IAUZ S EIE G
B8R 1 45 1 56 A R A 24U,

17 R bR A HHURMR A 0 H ', i 90%0 H o
BB UR G AELL AN B S, R ZLAMRII 2 AT 2 B
LB EARBARMF . IRAS (Infrared Astronomical
Satellite) P2 ££12, 25, 60F1100 pmi B #EAT T 38 KM
I, 1% TR UL 45 SRR W B8 A AE — e W] R ) 45
H, BmESE 7 MT R AR R Z H A
B F 9. COBE (Cosmic Background Explorer)
PR — B ML T 308 2 b 5k g ) 5
U, 3% TR UL 45 S A M BRI B 3
FAAE R R (ARIRI), XA R AT RE 5 R Bk Al
IR AL R A

TENTAT B R AR IR 1) 3 A AR SR R 85 508 mT
ReZe P om R R s U L 8 R 2R 1 S 80t
PASRRIAR I G A7 R A . P PRI 45 kAT
R brds 2O S AR 4 2 1A R I 2 90 (Ex-
plorer 165, 235 fllPegasus TL2), &4 HuTH AR
HRMPI45 5, Cour-Palais' & 37 7 NASA & F [ HhEk
BT R IR SRR R BT ) R IR IR B S
AT PR A LI T B S 22501, DRl S PR 2 SR B —
FRIBT 4 i e AR 8 PRI 22 4, (SRR ik 2 4R H AT 2545 A

SC. 25 H R MBUA YT EGE SE T B K Pegasus L&
(BI85 5, 328 R A 3R J0RE 2 ] fAH LA, Griin%%:
N2 T 1AUME B BRSSO 1R AE
PR EAE107"—1 g2 [ (R R Wik, % EL42/NT10 um
IR 5, RS AR EE T
KA TIG I A RN R, Z oA
KHTEUHEREFEARX, BTH, B2l 7k
TiZARMLER.

FETFHIAM M K . HeliosAlPioneer 105 AR
PLR Grinf 2R IRBIA 254 B R R 1) AN AT ek IR
X3 (F% e T —4A%L1E), Divinel a7 7 # M 2R
PR, Staubach \U7V7E AR f RE R 1 3E— 2
N T HE SRS 52 L K Ulysses. Galileo Al A —
S JE AT K. Jones” " T 20044F IF 4 48 STNASA
HIMEM (Meteoroid Engineering Model) £ 41|15 T F1AH
SR, 4 O 2R, FefiiA AMEM-31,

5 FR G IS A5 VAR X R 1) 2 5 T80 ) = HUE
PR TR AT 58— AN 2R A R ESAFIMEM (In-
terplanetary Meteoroid Environment Model)Bi7™) &
B ARA R IMEM2®Y, LB R 4 Nesvorny 25
PR BB R S SRR R (R R R
—EHEN . AFRENORERES R, BHFEE
B, KABEE., FW/MTESITERADR. Hkk
T TR AR (1) U TE B L AR S OR R  1 SORE 1 ) 46 A
A, REFE RG] IREET] JI 3 DL AR RO R 14
RN, AT B3 )5 AR 0. il X LR gy

flux m>s ")

¥ 1 18 F 18 1T T XT3 YTV ¥ 1

10-13 TN TR SN N N NN AN T N NN T S TN SN SN NN SN B |
10°10"°10™10™10™ 10° 10° 10 107 10° 10°
mass (g)

2 Griin% AT B bR 5 oy A i A )
Figure 2 The IPD flux model given by Griin (reproduced by the
formulae given by ref. [49]).
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gh PR AR A IS AE. ARG, KX e B E 5 st
MMEGHIE ST E . 2[RRI 25 A0 R AL BRI 3E 4T L X,
T AZ TE A5 7R 23 50 (ks 7 1R 00 46 R ST - 2308 40 A ok
. AFERER TR, RTRAEES), FRE
A S SERAUIAR R TS S50 BRI s L 7
GriinBi% . MEM3Hi% L] & IMEM2A 7 fry g6 1 3%
TFF 57 3R B 25 AR 45 70 A AR R 5 H ()3 B 23 AT AH — 2

4 FEHILRTEFRMNER

B 1 TR 3 i AR R, [ P L —EA
MIRIMUR s Bl TS HEAT 1 R IRI HH R
RERIETT. AR 21 CA 1 32 Z A PRI T H it fe.

4.1 LI ERY IR

AVMEA I 304 A . REMTR
LI 2 () EAT SR AL AR BRI ) 25 T 5%, IX 84T
FAEE T AR AR S, T EE T oy
SHORIX 70 NIGREF AN B IRAIRBORL, I S 2
AEiTpliik e

4.1.1 FFES=ZE[E)50rbital Debris CollectorSELS

W W RSP 23 A AR PUE R R (Or-
bital Debris Collection, ODC)5EZ5, H H ()2 i 3k 31k
R HBERFUE T N JEFD B SRR R, ATE4EVR
il LR A RN AT RE IR SRR, VPl AF 5 i
TE(51°) B NIERE 7 IR

ODCHUIEM F RS R TR 2 L. (1R% A
(0.02 g/em’)[FISIO, THEEL (0.63 m*)VE A FHEA S EEAJ5i.
T199643 H 23 H 4 15 B AL AP 23 A |, FHAE 25 (A
RIS AJE, T19974E10H 10 His =™, & a1
ODCYWAEZS R T Rl i RRAE. B A 1
VEZARAETELF I RIEA I N IE R SR 2 R 50K 1) 5%
FE, 3 B RV S v O 1) A SRR A T R A
[, BB M BRI IE rh oK 22 BOORE 1 B £ 47l
HA TR, ODCSEIRAH AR L ok F I BRI T
20 pm, RSFKF100 pmrp s dew 55 0. 2, B
P ANBRAL B R 1 B R SF R ~5RI~30 pm, 4350l B & 75
BRIGHIONAT . BBk AN T € TR AR IR R4 5 1)
RemAAL, UL E SRR A . S A R
S R

4.1.2 [EPrzSE)u, _ERI A IRIFN SLIE

[ e 2% 1) 3 b (0 22 AR M MPA C &SEED SZ 56 ( LA
T HFEMPAC&SEED 3L 56 ) /& F F H 4% 52 17 i 25 Wk 92
TF R AR (R BORE 13 35 2% (MPA C) 1 25 8] B4 35 5 75 5
B (SEED){E [ b 2% [8] 5k 456 32E 47 1) 25 60 44 ) & 2 512
%55 MPAC&SEEDSZIG /2 AN H , 43 378 [ bR
(8] 3 _E ) H A S 56 H6 (4 FR JEM/MPAC &SEED) Al [E fre
7% [E) sl L= {48 2 17 A 45 e (T FRSM/MPAC & SEED) I
AT,

20094E7H23H % 201044 H9H, 1ENIEM/
MPAC&SEED 5256 [FIMPACHE & IS0, S 5E R AN 4 B
W R B R PLI8.5MNH(259K). Horh, Sk nr LA
FEEROR AL T S 4, TSR A T S L
B 2 IR, WakiFTKimotol™ 48 T %% szl
3R 0 — Lok P Ji o T SRR T RZE IR 25 bt
SEI, TTRERHHE RO AR, AR RIE T X BRI T 14N
AT,

SM/MPAC&SEED 3256 5% F A8 (1% % £ Si0, <A ik
(£10.03 g/em’). 20014F, =AM R 70 (EEA B ITH)
RSFRBE570 mm, 75900 mm, K158 mm)bl R HE7E K
2eh AT T 20024 . 20044 F12005%E M H
B2 () b B Y Noguchii NP4 7 76 H b 4% )
Sl A 3 1) — MO B AR (i 4 W Hoshi) I #) % . 45
AR A KA. XA R R A PR A
BRRBLEER, R—NERBDIR RARRIRE Y, eokE—A
Z )5 T AR FAE R 46 BE A

4.1.3 SPADUSHRIM K 415 i#0iR

Tuzzolino: N4> 7 Earth-orbiting Advanced
Research and Global Observation Satellite (ARGOS, #1
TE I E850 km) 33 ffSpace Dust (SPADUS){R M 2%
(REHE, AR 380 1 2 B0k RS B 293.3-200 pm.
SPADUS 1] J5 B A1 3R i 8 £, 075 (PVDF) BRI 4% Jr B A
HATF], 1H SPADUS AJ AR 25 [A] 9 J1 (I FE A B AT UL,
P Y fffm v AORE i ) RATHLIE. SPADUSHIPVDF4:
BRINII R G AT R L9470 (¥ ReF 8] 5] B P HAG I #1258 1k
RIS (16M RN B, R FENHAA~36 cm®, 3t
0.0576 m%), JEEZIH3.5x10° m 2 yr ', Hr, 2472
DI1-D2E RIS, RURLF-phi 2 & D 1L A A8 5
D25 FRRE AL S, I B X 24 R A AR IR
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WAL EUIE, AT E AR IR IR T 5 N IE R 4 B

PERGIH TN POERE A TIRAT R BRR ia@ﬁ%um?

E%%Eﬁi@ﬁ BIERE 2 N8 km/s, 1T R BRANIR
HEZ1N12.5 kmls.

4.1.4 EHtbrm sk zsEe% s E

LDEF (Long Duration Exposure Facility) i £ [
BL130 m®, FENTHUBIOE 22 RGBT 1 5.74F, Bk T K
A5 A R MIDPsEE 115 2, ISR 1AUL 4
PRITURE B AR A 29 9250 pm™,

PoppeZs NV 1 T # %k 7 Aeronomy of Ice in the
Mesosphere (AIM) L& F[#¥)Cosmic Dust Experiment
(CDE)¥4E(20074E5 A £20084E2 A), 45 H 17400 km#h
T R A AR 5 R 9 R (3 3 13 2.5 /e’ [ ER R A
Fiih50). CDENPVDFRMIZS, WIS JEHEA1.5-8 um,
WA TERUA0.11 m?, IR 43 HER 1 s, CDEFRINE]HY
RFA1.5 pmfIDPsil & 4 45%10° m ™ yr_l, ﬁﬁ
NASAH F AL H 1.5 pmif & 2591.2x10° m™

', 0.1 pmiBE L1310  m ™ yr

A48, PIBSTEREO (Solar TErrestrial RElations
Observatory)fii K #% F 155 5 FWAVESTRM #8 id 5% 1
PRI L R AR B0, o — R 5ok E R
J7 A (R — A REWCED RS 278350 nm ) A 3R 50
RLE B R, RS T AR I
B, BV B A GOK AR /N 18 42 B B0k 4 5,
Rt 52 S AT B PR AL BB BRI 4B ok
H K BH T 1) AR R /N AR R BRI FR) 47 B2 B B AT SR ok
ZRLHIA, R — B e

ZaslavskyZs N V047 T 20074 2520104 18], 1%
£ STEREOMT K # [ 1JS/WAVESX # 1 3% (1 2R e fit i
ot MEERT~107"-107" g @R PHFI~107""
5x107"7 g (KRS O e E. TOK RS At i
EARFEMIR S FHAER IR 4R —2. Malaspina
HGosling™ £ 43 HTSTEREOHIEE 5 A, 48k
Bl RS T ACK R, ROk R R
EAHCAL. STEREOJG VL B #8142 e RURL 1 3 5
(>10 kny/s)>K X /34T B bR MR bR ti, (Hn] DL
AR dE T IR 25 BT (B AS ) RAS X 5.

Hirai% AP} #7 7 ALADDIN (The Arrayed
Large-Area Dust Detectors in INterplanetary space)ZR

AR ZEAE2010-201 1425300 X001 34 1) ) 2 H s,

g T HhERE 4 B #UIE 2 17](0.72-1.1AU) K T 10 pm
(109 2 S5 UK 110 2 [ 08 P LA R 1773 oA T e A2 45
fi%%ﬁt ALADDINZ 32 £ 0 48 1) A 20w 7R
0.54 m’, JET 1 AU B A () i 70 4 o3k ALADDIN
i‘ﬂ:uﬂIJ%ﬁTwaiEﬁ"‘iae%ﬁ*ﬁfﬁ JEHI~6.3x107" -
1.2x10™° g, X BT BLAR 299422 um (B BERL 1555
2.0 g/lem’).

4.2 TRZTLBRFEN

ok H A B B 2 (0 2 PR AR BRAE 19924 1 U WA
M, TSI e, E A5 FH 2% b 7 v MK B 2
FR AR LR PR AR IR T TH QA US TR Rt . A
WEIAR o 22 304 [ R FH AR #3830 AR IR PRI 258 10E A7 B A7
UL AR it 3% [ () 25 AT S5 AE PR F A2 PR 2R 322 T77 T A 155
. 45K H Ulysses, Calileof1CassinifT- 45 #1 #1453 1) 2
PrebBum e, . HRARS AR NIREA I E, ok
H Cassini 1) AT B[R] 9] & F1 >k F Stardust 2 Fr 2%
R E, PANEFIFINew Horizoni® 2= HIMAE S5
.

4.2.1 Ulysses

Ulysses 2 R PRI E5 AT 55 A& 7 HE AN K FH 26 FE 76
PR ZOK BT J LA RS N B HBRZE, BRI
AT B bR A PR AR 107'°-107° gffZRaR ik, #F 7uh
BRI B AN SN 2 AECT. Ulysses R 10 3836
AT EE. MTEMEFRRLT T B, Ulysses
RARIRI B A — 2 i BRI B8, AR AR B 1
Jo R R R A 3 o ) i o FL T S (R IR AT
TS E) A R 1. R S 08 SN B . TR h ANk 2 1
FL R TR AEHE T, 7620 kn/sHE T E T, FREH
JRBIE A94x107" g, 7E40 kmy/sHE B R, EH
JEBRME 96x107"° g.

Ulysses/R RN G5 #4 8 AE Ulyssesfit K45 b, T
1990410 H 6 H &5, 200946 H30H 45, 7EHLiE L
BT T 184E8/ N H 24K, Wi RARAETORE LA b1y H i 46
12234 K RLandgrafss N5 19924F F119984F
Z A& K Ulysses &2 PR IR BRI 0T R W, fEAEE
— R IA10x107" gig R R BREhL. 43S
PR 2R 1 R b TR SO A3 R R I

OR R PR R A R R AR R AR R A R
Kruger i NS 1 HEN R 2 1 2 o 2 R R £ 5
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AT, X LERIRR K F 1992452 H 22007411 7 3
() $R A5 164F [ Ulysses 52 B 2R 22 I & 18 A B 4.
TEUlysses?PIZEFE, BILHfE 7987/ M Ebr ks
. £ HIRZE RS RSTTEEM0.05 pmPB>1 um P
SRR, UlyssestEFE A FHSAUTE P Ji A7 I & 1) 4
PRI RS 2047 5 R SO 1 2 By i ) 2 bRk
BAREE, 0.3 umBA R I /NBOR AR B R A R g0 ax
SRR/ NN I pE R T, HAERIZR XN IRAN
BUR. Kriger NP E B HAUK 5B EEL N
193, XA 5 i x5 2 AR 0 I 75 1 S Ak
HAB R —3. Kriger®: A 40 B tiiF sz T
SR IISE B, IR (Bl um K/ PRk 2 4E T
A R BRAY B, ANES G 4 R SO 2.

4.2.2 Galileo

CalileoZR IR ERIN 2% 1T 55 2 — & B EWIAT B bR
AR R REAE107'-107 gl R Bk, L
WEFCEA TR R Z) F) 24545, Galileo R AR I #3
L Ulyssesfi R 281575 (1 2R A S8 L 52 A H), 2
—ANZ E B R AE, AERS I A R T
JR B A 7 1, LA AT RE R g,

CalileoZR IR FRIM 3 #2 BAE Calieofii K 25 I, T1989
E10H 18H K&, 20034E9 H21 HEEHAESS. CalicoE
B 2B 452 00 £ 2 7E 1989412 F 22 19934 Jek H [R] 31 45 11,
20 IR 2% R T 2% 1 AE G BN R B P AT B R
], A =NUEBA R TERT3AUMH O & R
W F) R roh P Landgrat A5 b7 GalileoZR 35 48
BRI EHR A E T 2.5AULMIMA R Bre i, Al
tobelliZs AP — 3573 /58] TR Z0.7AU 2 Freb 1%
455 Altobelli%s NP 45 B 5 Landgrafss A9 —3,
FHIESE T Z A Ulysses /R AT OS5 5, BIAR ST R
BHLIE T /N 2 B AR 222 UKL (- 42 /N F-0.3 um) B K
FH R [\ B BB IX 3. URAb, MbATT ATie £, 51 1%
FE RN TE TR 35K 1) B B AR BB JURE (K IR /) B S8R 1)
J15 R BB, %N T B0 S R E S K BH 1)
X 3 g 488, 5 ELRZ A A B U0k F 2 18] 3 A

4.2.3 Cassini

Cassini-Huygens{T-55 B fER AT B b 2% (8] DL A AR
BoMERE RGN ERBR YL AL NE) )5
FEME. R #AE Cassinifil K28 LI 1) 528 2R 3R 017

#%(Cosmic Dust Analyzer, CDA)W FiE7£107°-107 g
Z (A BRSO AT B, WA EA T, 1k
MBI IHRES KA. KR, LR TEMER
MR R, UREMNS AR, TEMBZETAHE
HAEF". Cassinifii K32 19974E & 5, 20174E5A N+
BRA, EFA20F, BRIEE13F.

AltobelliZe N 243 b7 Cassinifii K 38 b (#5207 20 1%
3 HTACCEE [F20044E 22201 34E 51X 104E [ BdE, 3450
FLRI R AR SGRAMIGEE, FFHIBX Lok 2 5
FRBRARERERL. TR IR AR, 1X LE 0k
TN RN, B RARYEIZ 35 A R A
SE ). AATTHRIEERI R T ok B AR bR 10 2 bR iR
BiRigE L T R RS, e 7 368U BRBURL 1)
s TRARUET-EMNERPRTREN T
FR, WLER1. XX Lefukr #E 4T 90 R o3 Mt Ja e IR L oy 22
AN, FER R ERCE TR (B B BRI
R E S B RERR AR . S0 & A B AL A,
(B BRANER SR Z ). CassinifJi K 28 52 FraR N 3 i) 2
B2 35 R B A AT AE A T- 291071 g (R N Bk,
B BRI B RN, 5 BE RN B HEH /IR RO

4.2.4 Stardust

Stardustfi K &% £ ZALEE R P HIARIR, 19994 K
5B, 20044 K E EL81P/Wild-2, 20064F B ik [F] 25,
PR T4, Stardustfi K A% B2 bR BRI 5 (i Ak
JRE R S 28 1) SR AR R AkE, R [ M Bk AT S0 =
SITRURLIOME R, IR R SR DL IR
TP,

Westphal&s A" 45 7 4% I B Stardustiii K £53%
[ 4 ] RS R B 1) 700 o 2 B2 SR (R RS 1 5
BRI ) R PR AR RE — 5, WL Hrh3E
SR I SRR BRI B 1, B> mm KR, R
B 5 UL R s R KR IR RSTEERTLE A,
Ab 4 J5 % T AR A PRI B Y, R E B I i R R
200 nm. 73 AT R B 7R 5 1 22 B ASURE 1) 0 2R 2H Ak
5 RBRARRTMEA—B. R R. ARG
ARST 7 T AR — 2oL [RRHIE, ER 2. H
O TRV (1) B A3 o] LA e, #E & & B I RE IR R Ak
oy, ABREEE . TR 1 USR>S0 2, "TREA ik, (2
WA AT e 2 S RE R P BT G, AN HERR T RE A2
EPRAIRMTREEY). ESFUBURLH (Orion, Hylabrook PA
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J1061N,3, 1061N,4H11061N, 5B A7 5T), 360 223 15
B2 WA W I & A, (E R BRI T SR A
[, ARGk e BkaiFeS. RN, 2EFERLY
R BRI 1) R, S REHERRFeSYN K BURL
JEBBR R — AN H BB BT REPE. SRR F]
) 2B B 0k Orion Al Hylabrook H e R 5 i 23 HH - 2
LR AR 25 S I, T LR AR O R AR SR (0 SR I Bk B A2 TG
SETEI. BRI A ]2, W B IX £ 2 PR
L5 3ok 2B 15 55 R R S AE AR FH TR T H PR A ] —
TR PR R R EAEAE 22 5. Stardustfii K 2RI F (1) 2 bR
DR i RSB 5 A R 1) Cassinifiil K 28 R
MERA—FEERD.

4.2.5 New Horizon

New HorizonsfT- 55 BRI E £ 2 K H TR R4,
i — SRR A" New Horizon' 5 fiii K 8% T
2006551 H19H K5, 1E20074E2 28 H Wik AR, 7
200846 H 8 H ®id T R 1%LIE; 7E20154E7H14H &
HEFEMHIE. New Horizonfii K28 FI#ETH H—
IR (Venetia Burney Student Dust Counter,
SDQ). iZAx#s A veit i, MWk, Sk, BiAE
H2A R 1R, & New Horizon S5 AF-55 I # B AN SLdE
TAER— #0531 SDC R —AN 5 T4 o g 2 2 R
a, WOl EE A R R T N 2 AR — AN AR S, B
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Figure 3 (Color online) 3D model of cosmic dust detector (excluding main structure, electronics, thermal control, etc.) (a) Overall view, (b) sectional

view.
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Figure 5 (Color online) Principle of track measurement.
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Figure 6 (Color online) Model of PVDF detector. (a) Top view, (b) side view.
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AUAPRL 2 AR, DA 25 [ B PR 1 . B3

KB RTAE M ER b MR K EIL B8 40 o R 45 4,
M3 HE XK 22 261 T AR ER 5402 OB, okt
RETKZE M HR &5 2%

SRt ) PR AR RIS S, LR 2R
(1 e 22 A FR AL Rtk A

AT LR R AR AR R TR S (1 SR AR 2 [ A
[ Z N33

5.2 SRENHIENSIEER
o T WSS B AR RO ﬁ%%?ﬁﬁﬁ(lSDR

SR/ pm, IDPZRIR RSFEBUR>1 pm). G5 AIAL
B o3 BRI R W FL AR YR, ARG SR &5 AR IR

PRI 5 B (R RN ), Al gk — 22 X 43 AR 4R AT
FEBRIE 2 B BRRUR. BN 775 # B A 35 JURL AT
BRARTE Bz —. 3755 Ry T A R
RO E KB (). BERER) HATE(Q). FiEm)
MRS AT (0,) SRS H, L5 )2, Wi
B A AR ERIORL A ERLIE, AT 4 T AT B SR IR, T30 7

U P O N S 4, R B, B bR B R
T H e A A S IE. BATER T AR R
MIZ%RE1S 2 75 E RN S 4L

XFFISD, 40k JSF IR R (~10 pm)iSF,  ASH & 1
IR = (B T k)N T e M 1 R R (5
JDIF, AT AECARER N E )5 AT R, (R
b, ISDI R SFEH B /N<1 pm), YR KIFEIRASA] 2.
W&, FRATEEILL 1A 38 i 51 77 2808 () W15 45 R 9 B
N, Hor 2 rbTR] R S SR R IR ) A 1R ROk 7E
100AUAE NS FE T 1), AN A I T 28R 7R 1-00
JEE N B A7 P AR 22 (VA9 9 5°) 3 S 1 0 1) 2 1 R
TE100AUAL N S BE 77 ] 1R 22 20 AT ORIk g
TARMEERBE BN Z B R R F IS5 H LG iz
Eb ) o P 0 905 P 2 322 SR N S5 7 T R ] R 43 A, %o EE
AFIPEMILE R, 296=0.554=01F, AS[F A Rk I8 77
IFa) (14 22 ) 2 B 4 KT 2R B2 JORE N S B2 7 1) AN i 12
IR 2, TR A T A G ' B AT AR IS D
TR A 75 A R ) R, 3 ok B[ ) A $22 R 3k A T
SEIG T, S5 A AR PRI A I S RAS A 1K R T
BOr RS R, BEE A Bk O e R
HATEBL. RAMTFRIR LR, B ESh, RIRBhE
W HL,  PRIAT SRS (AR R H 2 [ RE 7= A s A4S R
J15 it — B G Ak T R I AR

Xt IDPHIIIE, ) 775 FBon] PL— & B 21
€ IDPZA IR JURE 1) 1] BESR IR RHA SR, (HANREHE 1 2

22
20 -
18 |-

240 250 260 270 280 290 300
a (deg)

9 (PR &) R OIS D 2R S5 0K 7E 100 AU Ak YN ST
LT ) A

Figure 9 (Color online) Distribution of the traced-back ISD particle’s
velocity direction at 100AU.
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TR AR R IR PR R~ 3 A7 2 7545 30 ok AR Ay RS 43
TESE? f 75 i WangZe NI AREY 2 1) s 2
BRI U B — ST ok BBOK B 2R 2 e ke, 3
BIAR TS TR AR A IOk . )5 e h e A
Y, 5e 36 AR B S VR B 1 SR U PR 1)

523 SIRFBRIWFES

) FH XS 20 08 Bl DA B X 2 = 4 B R o 2R e A
it ) = 4E T30 S N B S LR S5 R AT oK AR RUEE Y
=HETEB i G PMABERE . R T
Sor Mty EDSITER M, X [R— AR BRORE 1 2 TH B
iy AT oA USRS AR S AN e s BEXE
TR RUZRVRFAE ISR, A SR A 8 1 A B (FIB)
RPN A By AOE W R IE S AR A, HE TR Bk
ZERGEGH)E S B BL(STEM) M L FATS . Bi% . 1
TR YK Z R 5 REEXFE S IO 22 Ay o
M TSR ERAT R EE T, oA H P R E
RLIC AR G50 A R 42 )8 e R R R 4y
A B BRI A ) AR SRR P 8 FLIR K RT BEAT £E 1)
AL RTFE R R R SRR T R 3R 1K 90 A (G
T 3 T R A B 2 AR I HELBRE ) B R IR B R AT 0 AT)
S5, IR I T RE RS B R X IS IR A HE AT
AR REE . B 28 RGP 22 B 45 2.

524 HETRILAIMESHRE, HIREATIRE

SFFLANCRINE M5, 318 = L AME S =T
LB RIS, BRI I LA OBk, 7
“FHT IS BRI 287 (COBE) W H 1, KelsallZg N4k
BAECIDP A EA R, B @ LA B IE = 44t
R TR E AR R SR, R A B
EEILAMES KK, (B2, Kelsall AN7ERAR
NHERTRRE . =4/M7 BB TAUMIT K4
IR =RhEER, T SZhr ECOBE R I 818 = (45 /) He
RN E N 4. BATE @ HF S IDP I 3) /) 2
TR BT T VRN TE = S AR, IR ISk
fith |25 & 520 = S IDP AL 22 4 4 G5 R RN R SF 43 A
(U, A 7 TR 4 (1) 350 2 PR £ A SR AR A,

MY AR T A A TR A, T LAE R, 95 E N
JA(NASA) TR K5 (ESA) 3 BIFF & T 5 i 2
R TFEARRY, EPMEMAERLAIIMEMAR R i S A2 77 4l
I B FRR 28t AR S IRIR XS VR4S, #5Bh

129501-16



EAFEE. PERR PR i RO

2024 4E 54 %E 12

T 2 18] A 85 v FD Al /N DA 6T AT TR 2% T R ol )
. R, FRIE H AT Z A 5B R R R
YU o AT 32 o 2 SRR T 38 3K I JBRL
s Kb B HEE. TIRSEER, AEHERERE
SIRIAE S I M AdE, TR SR B E 2
TCARRRAY, TR AT BT S AR A R AR 28 1) 22 4

= [E)R% e P Y R 5 () R

I PRI BE % SE PR SR A N IE RO A A1 RE O
By KN o EET K, XA T RS
BUAT 22 (R F 0 AR AR, AR ) A of 2 18] ol B 1 S
R 22 K R P oA, I e TR B 22 4 DR
A EEME.

5.2.5

o lEE . TR IRERI S SE AT T H AR R
from e, (8 R B — NI H R A R R
BREAEE AR B I S . T B IRFEIH (9%
B IRAR) XK B8 — A A Wk [ F) A 15 O i >R
B TERE RIS RAT BB, IR RSB S2 56
FHAT TR A RO ST, SXANBOR R S AR R
SRR, R $ P 2 [ s BRI 14 A2 d
PREEAE I, RIR 5 AR R 22 A fie it 2o o

T H BB\ 2 4R B0 T BB AR R 7T, AR
RIEPEL, BIRRAEB 15 HEAREA ST I
EEE TR TAER R, £ TSR T, 5iH
P BAAIAA = 1) 225 [ 38 AT o 22 36 A 2B BRI A R 1
AR, HEl, B CEBIT R T AR 35 )

6

S 3CH

10
11

12
13
14

15
16

BERRE

PRETTIERTST, BLAE: 23 )k b R i AR R S5 4
BREAT BT R TT, T2 17 AR BURE R 7 20t
TC, IR AR A A 10 Hh TR 20 ER AL 5 H T VA AR

60RAER, AMT—EREFARE KE . HIR BN SOy A 2 Rl Bl I 0 H s 1 %

Li A. Optical properties of dust. In: Mann I, Nakamura A, Mukai T, eds. Small Bodies in Planetary Systems. Berlin: Springer, 2009, 758
Altobelli N, Postberg F, Fiege K, et al. Flux and composition of interstellar dust at Saturn from Cassini’s Cosmic Dust Analyzer. Science, 2016,
352: 312-318

Sterken V J, Westphal A J, Altobelli N, et al. Stardust Interstellar Preliminary Examination X: Impact speeds and directions of interstellar grains
on the Stardust dust collector. Meteorit Planet Scien, 2014, 49: 1680-1697

Zhan H. The wide-field multiband imaging and slitless spectroscopy survey to be carried out by the Survey Space Telescope of China Manned
Space Program (in Chinese). Chin Sci Bull, 2021, 66: 1290-1298 [/ j&. # AN R LREK K 23 (8] B 45 KAl £t 5 5 48 6 K. Bl
2B, 2021, 66: 1290-1298]

Zhang X M, Su M, Li H, et al. The origin of the universe and the Ali primordial gravitational waves detection (in Chinese). Physics, 2016, 45:
320-326 [FRHTES, JRHA, 200, A%, TR IR SR ELS Y5 D5, MU, 2016, 45: 320-326]

Li A. Interaction of nanoparticles with radiation. In: Proceedings of A Comprehensive International Symposium on Cosmic Dust: Astrophysics
of Dust 2003. San Francisco. 2004. 417

Wang S, Li A, Jiang B W. Very large interstellar grains as evidenced by the mid-infrared extinction. Astrophys J, 2015, 811: 3844

Clayton D D, Nittler L R. Astrophysics with Presolar Stardust. Annu Rev Astron Astrophys, 2004, 42: 39-78

Griin E, Gustafson B. Interstellar dust in the heliosphere. Astron Astrophys, 1994, 286: 915-924

Kriiger H, Landgraf M, Altobelli N, et al. Interstellar dust in the solar system. Space Sci Rev, 2007, 130: 401-408

Sterken V J, Strub P, Kriiger H, et al. Sixteen years of Ulysses interstellar dust measurements in the solar system. III. Simulations and data unveil
new insights into local interstellar dust. Astrophys J, 2015, 812: 141

Taylor A D, Baggaley W J, Steel D 1. Discovery of interstellar dust entering the Earth’s atmosphere. Nature, 1996, 380: 323-325

Baggaley W J. Advanced Meteor Orbit Radar observations of interstellar meteoroids. J Geophys Res, 2000, 105: 10353-10361

Weingartner J C, Draine B T. Dust grain-size distributions and extinction in the Milky Way, Large Magellanic Cloud, and Small Magellanic
Cloud. Astrophys J, 2001, 548: 296-309

Draine B T. Perspectives on interstellar dust inside and outside of the heliosphere. Space Sci Rev, 2009, 143: 333-345

Landgraf M, Baggaley W J, Griin E, et al. Aspects of the mass distribution of interstellar dust grains in the solar system from in situ

129501-17


https://doi.org/10.1126/science.aac6397
https://doi.org/10.1111/maps.12219
https://doi.org/10.1360/TB-2021-0016
https://doi.org/10.1088/0004-637X/811/1/38
https://doi.org/10.1146/annurev.astro.42.053102.134022
https://doi.org/10.1088/0004-637X/812/2/141
https://doi.org/10.1038/380323a0
https://doi.org/10.1029/1999JA900383
https://doi.org/10.1086/318651
https://doi.org/10.1007/s11214-008-9411-7

FAEFSE. hERRE WBY s RO 2024 0 5 54 % B 12 MY

17
18

19
20
21

22
23

24

25

26
27
28

29

30
31
32
33
34
35
36
37
38
39
40
41
4

43
44
45
46
47
48
49
50

51

measurements. J Geophys Res, 2000, 105: 10343-10352

Li A, Draine B T. On ultrasmall silicate grains in the diffuse interstellar medium. Astrophys J, 2001, 550: L213-L217

Kemper F, Vriend W J, Tielens A G G M. The absence of crystalline silicates in the diffuse interstellar medium. Astrophys J, 2004, 609: 826—
837

Li M P, Zhao G, Li A. On the crystallinity of silicate dust in the interstellar medium. Mon Not R Astron Soc-Lett, 2007, 382: L26-L29
Henning T. Cosmic silicates. Annu Rev Astron Astrophys, 2010, 48: 21-46

Jiang B W, Zhang K, Li A, et al. Crystalline silicates in evolved stars. 1. Spitzer/infrared spectrograph spectroscopy oF IRAS 16456-3542,
18354-0638, AND 23239+5754. Astrophys J, 2013, 765: 72-78

Bowey J E, Adamson A J. A mineralogy of extrasolar silicate dust from 10-pum spectra. Mon Not R Astron Soc, 2002, 334: 94-106

Draine B T. Interstellar dust models and evolutionary implications. In: Henning T, Griin E, Steinacker J, eds. Cosmic Dust - Near and Far ASP
Conference Series. Heidelberg. 2009. 414

Kimura H, Postberg F, Altobelli N, et al. Organic matter in interstellar dust lost at the approach to the heliosphere. Astron Astrophys, 2020, 643:
A50

Kimura H. High radiation pressure on interstellar dust computed by light-scattering simulation on fluffy agglomerates of magnesium-silicate
grains with metallic-iron inclusions. Astrophys J Letters, 2017, 839: L23

Silsbee K, Draine B T. Radiation pressure on fluffy submicron-sized grains. Astrophys J, 2016, 818: 133-142

Jenkins E B. A unified representation of gas-phase element depletions in the interstellar medium. Astrophys J, 2009, 700: 1299-1348
Poteet C A, Whittet D C B, Draine B T. The composition of interstellar grains toward  ophiuchi: Constraining the elemental budget near the
diffuse-dense cloud transition. Astrophys J, 2015, 801: 110-121

Draine B T, Hensley B. Magnetic nanoparticles in the interstellar medium: Emission spectrum and polarization. Astrophys J, 2013, 765: 159—
181

Dwek E. IRON: A key element for understanding the origin and evolution of interstellar dust. Astrophys J, 2016, 825: 136-141

Hensley B S, Draine B T. Thermodynamics and charging of interstellar iron nanoparticles. Astrophys J, 2017, 834: 134

Draine B T, Lazarian A. Diffuse galactic emission from spinning dust grains. Astrophys J, 1999, 494: L19-L22

Mathis J S, Rumpl W, Nordsieck K H. The size distribution of interstellar grains. Astrophys J, 1977, 217: 425-433

Li A, Draine B T. Infrared emission from interstellar dust. II. The diffuse interstellar medium. Astrophys J, 2001, 554: 778-802

Greenberg J M. Interstellar dust. In: Cosmic Dust. Sussex, Berlin: Wiley-Interscience, 1978. 187

Li A, Greenberg J M. A unified model of interstellar dust. Astron Astrophys, 1997, 323: 566-584

Wright E L. Long-wavelength absorption by fractal dust grains. Astrophys J, 1987, 320: 818-824

Mathis J S, Whiffen G. Composite interstellar grains. Astrophys J, 1989, 341: 808-822

Snow T P, Witt A N. Interstellar depletions updated: Where all the atoms went. Astrophys J, 1996, 468: L65-L68

Mathis J S. Dust models with tight abundance constraints. Astrophys J, 1996, 472: 643-655

Li A. Interstellar grains—The 75th anniversary. J Phys-Conf Ser, 2005, 6: 229-248

Zubko V, Dwek E, Arendt R G. Interstellar dust models consistent with extinction, emission, and abundance constraints. Astrophys J Suppl S,
2003, 152: 211-249

Li Q, Liang S L, Li A. Spectropolarimetric constraints on the nature of interstellar grains. Mon Not R Astron Soc-Lett, 2014, 440: L56-L60
Soja R H, Griin E, Strub P, et al. IMEM2: A meteoroid environment model for the inner solar system. Astron Astrophys, 2019, 628: A109
Koschny D, Soja R H, Engrand C, et al. Interplanetary dust, meteoroids, meteors and meteorites. Space Sci Rev, 2019, 215: 34-95

Murray C D, Dermott S F. Solar System Dynamics. Cambridge: Cambridge University Press, 1999

Opik E J. Collision probabilities with the planets and the distribution of interplanetary matter. Proc R Irish Acad, 1951, 54: 165-199

Berg O E, Griin E. Evidence of hyperbolic cosmic dust particles. Space Res XIII, 1973, 2: 1047-1055

Griin E, Zook H A, Fechtig H, et al. Collisional balance of the meteoritic complex. Icarus, 1985, 62: 244-272

Dermott S F, Kehoe T J J, Grogan K, et al. Orbital evolution of interplanetary dust. In: Griin E, Gustafson B A S, Dermott S, et al., eds.
Interplanetary Dust. Astronomy and Astrophysics Library. Berlin, Heidelberg: Springer, 2001. 569-639

Vokrouhlicky D, Bottke W F, Chesley S R, et al. The Yarkovsky and YORP eftects. Asteroids IV. Tucson: University of Arizona Press, 2015.
509-531

129501-18


https://doi.org/10.1029/1999JA900359
https://doi.org/10.1086/319640
https://doi.org/10.1086/421339
https://doi.org/10.1111/j.1745-3933.2007.00382.x
https://doi.org/10.1146/annurev-astro-081309-130815
https://doi.org/10.1088/0004-637X/765/1/72
https://doi.org/10.1046/j.1365-8711.2002.05489.x
https://doi.org/10.1051/0004-6361/201526964
https://doi.org/10.3847/2041-8213/aa6c2d
https://doi.org/10.3847/0004-637X/818/2/133
https://doi.org/10.1088/0004-637X/700/2/1299
https://doi.org/10.1088/0004-637X/801/2/110
https://doi.org/10.1088/0004-637X/765/2/159
https://doi.org/10.3847/0004-637X/825/2/136
https://doi.org/10.3847/1538-4357/834/2/134
https://doi.org/10.1086/311167
https://doi.org/10.1086/155591
https://doi.org/10.1086/323147
https://doi.org/10.1086/165597
https://doi.org/10.1086/167538
https://doi.org/10.1086/310225
https://doi.org/10.1086/178094
https://doi.org/10.1088/1742-6596/6/1/028
https://doi.org/10.1086/382351
https://doi.org/10.1093/mnrasl/slu021
https://doi.org/10.1051/0004-6361/201834892
https://doi.org/10.1007/s11214-019-0597-7
https://doi.org/10.1016/0019-1035(85)90121-6

FAEFSE. hERRE WBY s RO 2024 0 5 54 % B 12 MY

52
53

54
55
56
57
58

59

60

61

62
63

64
65
66
67

68

69

70

71
72
73

74
75
76
77
78
79
80
81
82
83

84
85

Horanyi M. Charged dust dynamics in the solar system. Annu Rev Astron Astrophys, 1996, 34: 383418

Morfill G E, Griin E. The motion of charged dust particles in interplanetary space—I. The zodiacal dust cloud. Planet Space Sci, 1979, 27:
1269-1282

Dohnanyi J S. Collisional model of asteroids and their debris. J Geophys Res, 1969, 74: 2531-2554

Bradley J P. Early solar nebula grains—Interplanetary dust particles. Meteorit Cosmochim Acta, 2014, 1: 287-308

Love S G, Joswiak D J, Brownlee D E. Densities of stratospheric micrometeorites. Icarus, 1994, 111: 227-236

Zolensky M E. Reports refractory interplanetary dust particles. Science, 1987, 237: 1466-1468

Fraundorf P, Patel R I, Shirck J, et al. Optical spectroscopy of interplanetary dust collected in the Earth’s stratosphere. Nature, 1980, 286: 866—
868

Sandford S A, Walker R M. Laboratory infrared transmission spectra of individual interplanetary dust particles from 2.5 to 25 microns.
Astrophys J, 1985, 291: 838-851

Bradley J P, Humecki H J, Germani M S. Combined infrared and analytical electron microscope studies of interplanetary dust particles.
Astrophys J, 1992, 394: 643-651

Germani M S, Bradley J P, Brownlee D E. Automated thin-film analyses of hydrated interplanetary dust particles in the analytical electron
microscope. Earth Planet Sci Lett, 1990, 101: 162-179

Brearley A J, Jones R H. Chondritic meteorites. Rev Mineral Geochem 1998, 36: 3-01-3-398

Bradley J P, Brownlee D E, Veblen D R. Pyroxene whiskers and platelets in interplanetary dust: Evidence of vapour phase growth. Nature, 1983,
301: 473477

Bradley J P, Brownlee D E, Fraundorf P. Discovery of nuclear tracks in interplanetary dust. Science, 1984, 226: 1432-1434

Bradley J P. Chemically anomalous, preaccretionally irradiated grains in interplanetary dust from comets. Science, 1994, 265: 925-929
Bradley J P, Keller L P, Snow T P, et al. An infrared spectral match between GEMS and interstellar grains. Science, 1999, 285: 1716-1718
Flynn G, Keller L, Jacobsen C, et al. Organic carbon in interplanetary dust particles. In: Bioastronomy 99: A New Era in the Search for Life.
2000, 213: 191

Clemett S J, Maechling C R, Zare R N, et al. Identification of complex aromatic molecules in individual interplanetary dust particles. Science,
1993, 262: 721-725

Leinert C, Richter I, Pitz E, et al. The zodiacal light from 1.0 to 0.3 AU as observed by Helios space probes. Astron Astrophys, 1981, 103: 177—
188

Leinert C, Griin E. Interplanetary dust. In: Schwenn R, Marsch E, eds. Physics of the Inner Heliosphere 1. Physics and Chemistry in Space,
Space and Solar Phycics. Berlin, Heidelberg: Springer, 1990. 207-275

Hanner M S, Weinberg J L. Gegenschein observations from Pioneer 10. Sky Telesc, 1973, 45: 217-218

Sykes M V, Lebofsky L A, Hunten D M, et al. The discovery of dust trails in the orbits of periodic comets. Science, 1986, 232: 1115-1117
Kelsall T, Weiland J L, Franz B A, et al. The COBE diffuse infrared background experiment search for the cosmic infrared background. II.
Model of the interplanetary dust cloud. Astrophys J, 1998, 508: 44-73

Ueda T, Kobayashi H, Takeuchi T, et al. Size dependence of dust distribution around the Earth Orbit. Astron J, 2017, 153: 232-242
Cour-Palais B G. Meteoroid environment model-1969 [near earth to lunar surface]. 1969, NASA-SP-8013

Divine N. Five populations of interplanetary meteoroids. J Geophys Res, 1993, 98: 17029-17048

Staubach P, Griin E, Jehn R. The meteoroid environment near Earth. Adv Space Res, 1997, 19: 301-308

Jones J. Meteoroid engineering model—Final report. 2004, SEE/CR, 2004-400

Moorhead A V. NASA meteoroid engineering model (MEM) version 3. 2020, NASA/TM, 2020-220555

Dikarev V, Griin E, Baggaley J, et al. Modeling the sporadic meteoroid background cloud. Earth Moon Planet, 2004, 95: 109—122

Soja R H, Griin E, Strub P, et al. IMEM2: a meteoroid environment model for the inner solar system. Astron Astrophys, 2019, 628: A109
Nesvorny D, Janches D, Vokrouhlicky D, et al. Dynamical model for the zodiacal cloud and sporadic meteors. Astrophys J, 2011, 743: 129-144
Friedrich H, Gled G, Zolensky M, et al. Optical analysis of impact features in aerogel from the orbital debris collection experiment on the MIR
Station. 1999, NASA/TM, 1999-209372

Horz F. Impact features and projectile residues in aerogel exposed on Mir. Icarus, 2000, 147: 559-579

Kimoto Y, Ishizawa J, Shimamura H. Passive space environment effect measurement on JEM/MPAC&SEED. In: Protection of Materials and

129501-19


https://doi.org/10.1146/annurev.astro.34.1.383
https://doi.org/10.1016/0032-0633(79)90105-3
https://doi.org/10.1029/JB074i010p02531
https://doi.org/10.1006/icar.1994.1142
https://doi.org/10.1126/science.237.4821.1466
https://doi.org/10.1038/286866a0
https://doi.org/10.1086/163120
https://doi.org/10.1086/171618
https://doi.org/10.1016/0012-821X(90)90151-M
https://doi.org/10.1038/301473a0
https://doi.org/10.1126/science.226.4681.1432
https://doi.org/10.1126/science.265.5174.925
https://doi.org/10.1126/science.285.5434.1716
https://doi.org/10.1126/science.262.5134.721
https://doi.org/10.1126/science.232.4754.1115
https://doi.org/10.1086/306380
https://doi.org/10.3847/1538-3881/aa5ff3
https://doi.org/10.1029/93JE01203
https://doi.org/10.1016/S0273-1177(97)00017-3
https://doi.org/10.1007/s11038-005-9017-y
https://doi.org/10.1051/0004-6361/201834892
https://doi.org/10.1088/0004-637X/743/2/129
https://doi.org/10.1006/icar.2000.6450

FAEFSE. hERRE WBY s RO 2024 0 5 54 % B 12 MY

86

87

88

89
90

91

92
93

94

95

96

97

98

99

100

101

102

103

104

105
106

107

108

109

110
111

112

113

Structures From the Space Environment. Astrophysics and Space Science Proceedings. Berlin: Springer, 2013. 73-82

Waki M, Kimoto Y. Passive measurement of dust particles on JEM/MPAC&SEED—Experiment summary, particle fluxes. In: Protection of
Materials and Structures From the Space Environment. Astrophysics and Space Science Proceedings. Berlin: Springer, 2013, 499-512
Noguchi T, Nakamura T, Ushikubo T, et al. A chondrule-like object captured by space-exposed aerogel on the international space station. Earth
Planet Sci Lett, 2011, 309: 198-206

Tuzzolino A, McKibben R B, Simpson J, et al. In-situ detections of a satellite breakup by the SPADUS instrument. Space Sci Rev, 2001, 1: 203—
210

Love S G, Brownlee D E. A direct measurement of the terrestrial mass accretion rate of cosmic dust. Science, 1993, 262: 550-553

Poppe A, James D, Horanyi M. Measurements of the terrestrial dust influx variability by the Cosmic Dust Experiment. Planet Space Sci, 2011,
59: 319-326

Meyer-Vernet N, Maksimovic M, Czechowski A, et al. Dust detection by the wave instrument on STEREO: Nanoparticles picked up by the solar
wind? Sol Phys, 2009, 256: 463-474

Kellogg P J, Goetz K, Monson S J. Sign of the dust impact-antenna coupling cloud. JGR Space Phys, 2018, 123: 3273-3276

Zaslavsky A, Meyer-Vernet N, Mann I, et al. Interplanetary dust detection by radio antennas: Mass calibration and fluxes measured by
STEREO/WAVES. J Geophys Res, 2012, 117: 2011JA017480

Malaspina D M, Gosling J T. Two spacecraft observations of magnetic discontinuities in the solar wind with STEREO. J Geophys Res, 2012,
117: 2011JA017375

Hirai T, Yano H, Fujii M, et al. Data screening and reduction in interplanetary dust measurement by IKAROS-ALADDIN. Adv Space Res,
2017, 59: 1450-1459

Griin E, Zook H A, Baguhl M, et al. Discovery of Jovian dust streams and interstellar grains by the Ulysses spacecraft. Nature, 1993, 362: 428—
430

Griin E, Fechtig H, Giese H R ,et al. The Ulysses dust experiment. Astron Astrophys, 1992, 92: 411-423

Grin E, Fechtig H, Hanner M S, et al. The Galileo dust detector. Space Sci Rev, 1992, 60: 317-340

Kriiger H, Strub P, Griin E, et al. Sixteen years of Ulysses interstellar dust measurements in the solar system. I. Mass distribution and gas-to-dust
mass ratio. Astrophys J, 2015, 812: 139

Mathis J S. Properties of interstellar dust. J Geophys Res, 2000, 105: 10269-10277

Draine B T. Interstellar dust grains. Astron Astrophys, 2003, 41: 241-289

Zook H A, Grun E, Baguhl M, et al. Solar wind magnetic field bending of Jovian Dust Trajectories. Science, 1996, 274: 1501-1503
Altobelli N, Kempf S, Kriiger H, et al. Interstellar dust flux measurements by the Galileo dust instrument between the orbits of Venus and Mars.
J Geophys Res, 2005, 110: A07102

Landgraf M, Griin E. In situ measurements of interstellar dust. In: Breitschwerdt D, Freyberg M, Triimper J, eds. The Local Bubble and Beyond
Lyman-Spitzer-Colloquium. Lecture Notes in Physics. Berlin, Heidelberg: Springer, 1998. 381-384

Srama R, Ahrens T J, Altobelli N, et al. The Cassini cosmic dust analyzer. Space Sci Rev, 2004, 114: 465-518

Westphal A J, Stroud R M, Bechtel H A, et al. Evidence for interstellar origin of seven dust particles collected by the Stardust spacecraft.
Science, 2014, 345: 786-791

Stern S A. The New Horizons Pluto Kuiper belt mission: An overview with historical context. Space Sci Rev, 2008, 140: 3-21

Horanyi M, Hoxie V, James D, et al. The student dust counter on the New Horizons mission. Space Sci Rev, 2008, 140: 387-402

Poppe A, James D, Jacobsmeyer B, et al. First results from the Venetia Burney student dust counter on the New Horizons mission. Geophys Res
Lett, 2010, 37: L11101

Piquette M, Poppe A R, Bernardoni E, et al. Student dust counter: Status report at 38 AU. Icarus, 2019, 321: 116-125

Run J, Han Z Y. Modeling of micrometeoroid environments in near-Earth space (in Chinese). Spacecraft Eng, 2005, 14: 23-30 [[H %, #5¢.
I b (R AR R BT BT L. TR A8 TR, 2005, 14: 23-30]

Jiang Y, Jiang C S, Li H N. Summary of meteoroids and space debris model (in Chinese). J Dyn Contr, 2022, 20: 32-39 [2257, 2284, Z8HAE.
TR (R SRR B)) ) SRR, 2022, 20: 32-39]

Wang Y J, Zhao C X, Li D T, et al. Progress and development proposals of space dust detection (in Chinese). Sci Technol Foresight, 2022, 1: 38—
50 [F/K%E, BERIE, BAER, 5. 2 RDRENHE RS R R A AR, 2022, 1: 38-50]

129501-20


https://doi.org/10.1016/j.epsl.2011.06.032
https://doi.org/10.1016/j.epsl.2011.06.032
https://doi.org/10.1126/science.262.5133.550
https://doi.org/10.1016/j.pss.2010.12.002
https://doi.org/10.1007/s11207-009-9349-2
https://doi.org/10.1029/2017JA025173
https://doi.org/10.1029/2011JA017480
https://doi.org/10.1029/2011JA017375
https://doi.org/10.1016/j.asr.2016.12.023
https://doi.org/10.1038/362428a0
https://doi.org/10.1007/BF00216860
https://doi.org/10.1088/0004-637X/812/2/139
https://doi.org/10.1029/1999JA900245
https://doi.org/10.1126/science.274.5292.1501
https://doi.org/10.1029/2004JA010772
https://doi.org/10.1007/s11214-004-1435-z
https://doi.org/10.1126/science.1252496
https://doi.org/10.1007/s11214-007-9295-y
https://doi.org/10.1007/s11214-007-9250-y
https://doi.org/10.1029/2010GL043300
https://doi.org/10.1029/2010GL043300
https://doi.org/10.1016/j.icarus.2018.11.012

FAEFSE. hERRE WBY s RO 2024 0 5 54 % B 12 MY

Capture and tracing interstellar and interplanetary dust
particles through the China Space Station

WANG Shu', LI AiGen”, GAO Jian’, HOU XiYun®, BAI YongLin’, WANG Shen',
JIANG BiWei’, ZHENG JinKun®, ZHAO RuiNing', ZHANG LingLi', TAN Pan’ &
LIU JiFeng"™

' National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China;
% Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China;
? School of Physics and Astronomy, Beijing Normal University, Beijing 100875, China;
* School of Astronomy and Space Science, Nanjing University, Nanjing 210023, China;
> School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 101408, China
*Corresponding authors (LI AiGen, email: lia@missouri.edu; LIU JiFeng, email: jfliu@nao.cas.cn)

Matter serves as the foundation of the universe, and its composition is crucial for understanding the universe. Interstellar
and interplanetary dust particles (ISD and IDP) carry rich information on the formation and evolution of stars, galaxies,
and the solar system. Currently, our understanding of ISD and IDP is mainly derived from indirect information (e.g.,
extinction and thermal emission detections), making it challenging to accurately determine their key characteristics such
as chemical composition, structural morphology, size distribution, and origin. Over the past 60 years, continuous efforts
have been made to explore cosmic dust more directly, utilizing sounding rockets, space shuttles, space stations, satellites,
and deep space probes. Data obtained mainly from in-situ detection or sample return have been used for statistical studies
and material composition analysis, however, very few tracing studies have been conducted. This review summarizes the
state-of-the-art indirect studies on the properties of ISD and IPD, and the current status of the existing in-situ detection
projects. We propose to utilize the Chinese Space Station platform for the first time to capture and trace cosmic dust
particles. We aim to accurately determine whether the returned dust particles are of interstellar or interplanetary origin
and to conduct detailed experimental physicochemical analyses of the returned and traced dust particles.

interstellar dust particles, interplanetary dust particles, China Space Station
PACS: 98.58.Ca, 96.50.Dj, 96.30.Vb
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