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Figure 1 (Color online) Basic concepts of solar system boundary

XIRIZE « BRI o AT O OR BH AR A Bradb AT 4R, — A& RE S AR 1EL 2 IR ST AL . KEH RN 4Lk
HREVE . HERZ KPR SN F7 2 RE S5 5 T R AT R R B — 2 R T8 2 808 2 eI 5 4
HE IR B R A MR IE LS | RS A R BORER I 2 [ B AR B T 45 8 g = AT A 2 3R E A
RASEKIH R AR BILRE S, W10 R ta B bR AR R AE A1, i sh I E BHEOKT- 5 615 RE KRS
Thy TR 7 EER NSO, AR T AR GURA AR R, RIRSIRI <BARIL 70 A%
AR, BT E AL GO <R RE R A AL

2 KPAFBBRERN & AR
2.1 KRAHEFMEEGHR

X PA ZR 3 PRI — LA [ s 2 [R) R 2 T 98 B s, A5 el - AR AR BT AT BRI | 4155
FAHHC L R B AR A2 AL BeVR 550 SR a5 R, b AR, [ bR B AR [ eIk 10 =
H1 11 5 (Pioneer 10/11)+ JRAT#H 1 M 2 5 (Voyager 1/2) LLAHTMEF 5 (New Horizon) /> LIRAE
FAEFETUE ARG, TP T BFMES R, 4h8: In) B K FH R bRikAT 1 — L8880, A E O
wmk 1 Pios.

JeRE 10 AN 11 5 (WK 2 Fros) 2 REJF RS — X HEREZRRMNES, 251 1972 F
3H 3 HM 1973 4 4 H 6 HAMN, 57 X Eai/ M7 2 REM BRI G, 42 CAE s iR
25 Bl T REVERR G, © 0T 2003 45 1 H 23 HAT 1995 4F 9 29 H 5HbEITo2k il (= ik, $2
BB AN, 2 EECRA 43720 80 Al 43 AU 6,

Se IR SRR B FE RS (1) SEM T RE . AN R FH R RARK BRI,
(2) IZRANIAIE T 3 [ 4 W SRR ER VR 3 Je 2 ri B 5 B RE U5 (3) #5741 Je B B e An i, 4ol b
ZIEA BN N EHRFI R BRI R A5 515 2, DAZE SN 68 A2 10 R I AR DN 85 I [r) LA K
FE B

JRATHE 15T 1977 4F 9 H 5 RS, FEESZHRMALE ., LEUL TR B RITH 2 5
F 1977 £ 8 A 20 HRS, EEMALSRFNALE., LA, REENE TR, s W0E 3 B
s 101 g b 2018 4F 9 H, iRATH 1 5 OAMEE KAL) 142 AU, 2 FE B KPRz BRI 28D . H AT,
AL SHERGRFFEE R, Tl 2025 4527 45 DRSO M (R 23R 22 FELJR 2] (radioisotope thermoelectric
generator, RT'G) JoiAFR ML 208 Hifie, PRI SSH b 7 15 i i (1 K .

1) https://en.wikipedia.org/wiki/Voyager_1.
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Table 1 Summary of the missions related to out heliospheric exploration

Mission

Pioneer-10 Pioneer-11 Voyager-1 Voyager-2 New horizons

Launch time 03.03.1972 04.06.1973 09.05.1977 08.20.1977 01.19.2006
Main targets Main Belt Main Belt Jupiter, Saturn, Jupiter, Saturn, Pluto, Charon,

Asteroids, Jupiter, Asteroids, Titan Uranus, Neptune Kuiper Belt

Saturn Jupiter, Saturn Asteroids

Method of exploration Flyby Flyby Flyby Flyby Flyby
Launch mass (kg) 259 259 825.5 825.5 478
Mission completion time 01.23.2003 09.30.1995 In progress In progress In progress

Basic information of Hexagonal Platform 36 cm in Decahedron main platform Approximate  triangle

probe platforms

height, side length 76 cm; a
high gain parabolic antenna
that 2.74 m in diameter is as-
sembled on top of the plat-
form; 4 SNAP-19 RTG, Pu-
238, launch power 155 W

0.47 m in height, a high gain
parabolic antenna that 3.7 m
in diameter is assembled on
top of the Platform; 3 hun-
dred watts level RTG that
each weight 39 kg, 24 Pu-
238 fuel sphere, launch power
470 W

shape platform, 0.7 m
in height and 2.1 m in
length, 2.7 m at the
a high

gain dish antenna that

widest range;

2.1 m in diameter is
assembled, 1 RTG, Pu-
238 fuel sphere, launch
power 245.7 W

2 (MEMRFE) £RESHRMNFTEE

Figure 2

(Color online) Picture of Pioneer spacecraft

3 (MERFE) RITESHEMNRTEE

Figure 3

(Color online) Picture of Voyager spacecraft

TRAT 5 R 55 E BRSO A5 (1) ADGERRT RAMARBH 2R AT 2 F AN, FRL 28038 T 7t

IR BH XA TE R B oA B FARAL T 55— TS HONEHE, I F W iRt 7 5 80E; () kfrd
2 SHIH 176 F—@M “PURBCH &0, ST — M RIEE T YRR R BH 547 2 5 6Bk (1979 4K
B 1981 HEE AL 1986 HER T A 1989 FE T2 ); (3) #Ear THHI g% &8 Fr, "8 A 10— ] 7
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Figure 4 (Color online) Picture and scientific payloads of New Horizons spacecraft (Credits: NASA/Johns Hopkins
University Applied Physics Laboratory/Southwest Research Institute)

Ft 60 FiANERE F R R EiE . 35 A EAARF A 27 Bl SR, s 1115 5K B ER
NS R R, JFG b 458 v K R o [ 5 B [ R e (2316

2006 4F 1 F 19 H A S FIH RS2 32 1 E KM Hi K5 (National Aeronautics and Space Admin-
istration, NASA) “HrsEsgiX1” sF s MRIMZS, BAERNE L2 BT — LU0 (Edgeworth-
Kuiper belt) K&, ## 7 7 FklEam 07, i 4 Fos. il 52T 2015 £ 7 H W7 EER K
HITE, EUSEY 3.4 AU B K F A B 1) 2014MUG69 /N KA, Filvh# - 2019 4 1 H 1 HHK
i, FEHT 2030 AEHTE KR KRH RIAPE.

HLE 5 IS F RO A (1) L TR R AR ARI, R R 1.25 AL, A& ]
TEERKEREEE T (2) KIEFRIAAAENGE, F2 R0 AR EEK; (3) A T EERE
B, AR T M = T B HASER M E A s e, (4) #n T EEEMNE BRI 18~20

X BH L Br Bt BLER I b, B 508 R B ER I 3 0 T2 T Fe S IR 2008 4F 10 H 19 H,
NASA K& TR EN 107 kg FIUEFRILFARMES (interstellar boundary explorer) 21 #E AN #) 7000 km
x320000 km )i ZE MU BRAVG 5 B TE, A GBI & R IR 7 U OGRI 7ok B HBRE D40 =
BB HP R DU B o SR (22,230,

MTAER, R BH 234 BRI 2 SRS 18— i Pl SEE R AT €2014~2033 4 H ERP)HLEE 45
B AR A m e TS 2 — P4, NASA. BRPITR /A (European Space Agency, ESA) 371 & T #r
—ER UL AL, AR HE R S ERIAT 55 (1 55, 2015 4, NASA SCRE T <K PHRUZ T H pdi 4%
1 R4 (determination of the solar wind slowdown near solar maximum)” FIME&AT 7T 25, - RIF] H H
BN AREIRI R AE 10 2 N HRIE K BH R4 BR DL A 5858 ) 4E 2 B 3 () I R 4R 2018 4F, NASA &
ZAERIRTEMKCBEERBT T, SEHAIA RTG SHOR, AEBIARENIRBHE 51 Jyini, H bz e a4 7e
50 “E AN X 1000 AU.

F ] BRANR S B AR A ORI AR, AHOCHER T T 8 1 9F 58 A, 2015 4F, o B E R
JR3 JE B K BA Z2 3 bRl v i) i BT PSR AT ST, A [ A TR R AR AR OR A K [ R B 2R
FEEREAR OGS 5TTRE,; o ERFA B R R R 1 56 PR T I < (A R et s H .
AT SRERHUE —H BRI RS 2017 45, IS TRRBRE R S H A T
VB L.

2.2 KB
B UL B HraT LA KFE R BRGS0 a0 & R
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(1) KHRUPRRARRZRMNNEZSEZ—, FRUATK. KERFRHEMREZE, AX
IWRFHEIHED.

REARR AWk ANSE S8 — B N ST R RNt 22 (150 70, SRR T
B (AR A E N ST RAE B O B 7 ] IR 2 PR DA H i Sz ) R e AR, 23 17 vl A BRI,
BT AT AR, B ZR A FARR AR, B 5 M R (PRI A A F A [

HHEN K BLR, L 5022 i AN 238 R RS . SRADHT O BOR DU R R UK FH &, 3
fE AR B (a) U810 OB 220 b J 2 3l X 3 B 2 N S il AR AT 18 2 B X3, & AN ETT R 22 R iR
MEEE—0. SRE A 5 RARF PRI EIE BIKBH R R E, FFASFIRE R AP R PritAT 148
D107 AR, S EE AN BTR B Pt 1 2 A K BH AR B AT 2 B 3 TE] PR K.

RREEEHRBARIIAW AR E, NRIGFRFH R LRI A ZBRRAT, AWrih ek DRI, 20
R, KA RGP IRIE IR RAE IR, 51 OUE 2 PR as RN K R e R AR 55, D BNt S
R ] A A Jee AR TR B 7 7.

(2) MEFERIRARBFMRMNAIERN S, BLIMAITE R EN “BHRRE” JHEERT
E]HY “HHIMK” L.

A E NASA MHMTHR], wskiks 10 SR 11 5, iRkIT#H 15/ 2 5 iS5, 3%
FIseit H AR WK AR NI — 24T 2. fESE iRBEEAE ST e, HEAT 7 PR SRE, IR KR &4
BritdT 7 B B aHIRR, JEAE — BT R BH R IR AR5 MR, i HIC iR #5-1 & 1 5 5 RE
73, 38 P A5 AT A BT IR T BRI 2t AR 3 A A L R 223K

BB BE, [ B 50 22 B 2 R R0 F8 R P 7 s ] PO 0o S B AR R DX AT FE A A TSR ) 2 T 14
MZEE YRR [21~24.26~31]  bedin iRATH 1 S 2 520 WK B RGbrr G i1 <R XL
AF BRI, MHTARI AR SS B RN R s, R <R X 4k, HEK
JZ ARt — R 51N H AR SR Dk eAh, FEAESS RATIR T, IS4l — R “Hifl
AT BB A AT EHME A A, T A Bt R RIBIE, S B R B, DU SEEURL A
iR AL, B B 7T

(3) FEHERRAISIE 5 AR i B KPR R A BRI 8 TA2 2 A, HHah— R RN o 08
A «“aM &Z7t.

KB F T BRI 2 — TR B BB AT Bk 3R G TR, 2 2 i i R AR TR S IR E S5 22— 1T )
AT B EE 3 BUE S5 A T KOA B4, RARIRIE B AR RIBOT R B2, SR80 &5 75 LU T et (3
JETRAT, R g S A 2 A T BB R o B 2 I AR AN I B T (3B I PR A S

K BH 2R3 BRIR DN B 2 A~ 2R3 U 1) K AR HE R, 75 2B 3 AR i A 5 2 A AR L A 384X
R T ICaFEE R EROR, IE 75 RIS eV S BOR | B B B R A D B S B S —
IR A HOR, fRERIRT 2 S IR BUE D . RN RIEIEI S K . SREAR S AT 5
AR P AE LB AR ARV BOR, 2251 sh 3 EAUR T A B F0 2 — 20 A midm et 51 [ A
JoR A2 B 1 A AR R RS TV SR 2R, A BOR BN AR IR B R LA D BOR,, SEILIRE iR BE A0 9
iy W

(4) KR GFFRVNRERARMZIIENERZTGZ—, EREGIER “4F. R 87 tSCHEER
A EZFER.

K BH R IA BRI — NPT 2 K HIRHAESS, R NRAEAS BR R i Im 3L RIS, v A Rk
G185 EALHSBAR TP A TR, REE PrtA KB R BHE N, A BAT SR E PR
TN E AR TR, SR E R B AR B8RSR SRR 80T, 6 0rRt 2 B ARSEEENE . Biny
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e B & B ANRL 2 OR B KK

HIIEACE G, TR B E AR, 5. BR WSR2 2 5K E R HERE RN 2, WGRIERE
FARRESS (T Beit; BSERk e B PR BIE 547 R ] PRI 45 e B 2 U FAE 45 (R 3K RE R
ST BIT REE PR G 1E, A RPREORAESE, WAMEF . W E PR &1F, Hirmugst—HLE PR
ATINTT B UE B2 KM AR T, TR A [ Br /KT (R RS B P BRI RS B, 3T 38R 2 4000 Uk
W BRI A F QUH-T A

3 XKFEZRBIRRNBZE B
3.1 ZiX 100 AU AA8KFRZEIAFR

3.1.1 EFRFHET. ERERFENI R ZE 2B HE RN

P NHEPIEE = FEvb o N N R e i NP Y e S G Y e st R s AN £ G Y S NP N SR 7 N R DA
W3 A W IE 5 ORI XA AR A, FROvFm i R, IR B P XAE Ak H 2R 2 (] 4% f el A v
SAWTHLIRGE, JF HAEREAE R in ol 12 25232 BT, B XU Ha R B A A 2 51 e in ) 2
JEUPRI 22— G o 3 7 1 AR ) 2 A AN RS R N WL ANBIE 7E , 6F - PR K BH KU 31 3 538 A R
HE

ATl 2 1 FVERZ IR ). BRI 3 B 2R AE HERJZ P PR R BRI AN A ) S A A 1) R AU
AEH B AT S B AR T ARA SRR dpell b U 2 B AR v RE AR AN K
J2 4 2 ) 93 A 9 R AN 15 50 (33~351 e e ] 3 Bl A R S 3 T e % 1) S M R S LN, T
71~ HERJZ AT RE R ) A TR/, AT A B e 3 1 ok A S s BB A VAW 7.

HVE SR T AR B AR RA 51 F SR AR, B B A ot r ) A P S R 3 ol 2R ) DA B2 K R 3 (R S
BEANBIHERZ 2, IR G I EH MERE AR A RE. B HEZ BN, ar el 7@
PSR T R ARIR K51 J1 SR A, 25 5 HR KB RS 7 22 1 R .

3.1.2 KEERHIEZRSG. FADEKXE. WFRETRE. BITEFXEEN

IKER R PERAGRRE. RS+ 08k: REM/NTEEER; StiFEE QKT AR
WATI, H ¥R S AR R A ILF- AT KEHANEA KLIRN 4 MREZ —. @i B
PRIARE 0 ZF R 4%, R A3 208 I A X E AR

FNGRAT A, FENGEAMT R RAEF AR R /DNRE, B0\ BAT UK AR
ERE. T, RET A AR IR MRV BT  PUERAE L WU B R T R A [

AR AE A AR, TR R AR LF- R KB 2R i S P I i B 1 R385, fR B 1 KPR R A5 R,
AEAHEERKIBTTNE. B2 (Quacar) & NEXE IR AN RIEZ —, AR IE & 1E KR
FRIUPARNERE R BB MAEST. — SR iRl R RS YBR e = EEAS W e BEB TR
FERNE o 345, KL SR 5 AL e 24

TR m 2 AT BIRE 7 RGP 2 = W6 LA R AL R RHE, A B TR L i
FRIBA AR B SRR I FI 20 R . I BRI AN BE A 2 AT B A AR BEA R B AR A% 0 (X35, e o
AR 73 AR BIESLIN, RT AR — SE R AR L, G SRUS AL 2B ML oy B oA o Huoh
TR RGN R 4%,

6
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3.1.3 X[FARIAFRBVGEFIFF T

AR BR R, WRHR LA B, P 3K PH AR 8 o 2 1 B 5 R AR A, TTRAT 2 S5
SEBRALIN A B - 2% 1R A0 U R AR ), S T A P L B FIUYMA AR 10 A5 BAE B65T @it
XA S 1 A AL RN, RE 48 45 7= 24 L e (1 SR

S T L AR AN AL 2 . 2% LB SIRAEAR A — B 8] AR O A S T A 2R A
FIVRIC. SR, MRAT &5 IR 3 32 o G o S A3 X rp IR AE AN BT o 81 3048 HBRIE T
HINIRARI S, W DX AT B 5l 2R IR X A S 7 ol K P AE LR A AR X, B 7R
prinas A1 R VAR

3.1.4 JAUINERNAZE

TE R 2 B R B G T B, 27 BP0 H S [T A1 S5O ERIN. Bl A5 R I 25328 T 122 125
KPR, BOE G 50 2R g B~ K BH AR IU BRI 55 I 41 B R SOt iRt 1 AR AF
R, X Lo L il AR 2 (B RSP AL, Xk 3 B AR 3 ol R YR s AL KA A

3.2 ZFi& 200 AU £ 4, #EANSMLIEERRZE]
3.2.1 4PiLEEFRET EIMEZTRN

BRI FIH— SN E 77, SR HERZE AR EPR H, He f1 O BFIEE DA AR
A 2 ANFEMEE T B Ne/O HtAAER 181, 324 A1k, N FRIEEA X R bR/ BT i wihr g, 3
BRI (N RN R bEG . Bfk A B3R /SR InFHLHISE) 186 7 & T TERIIAT 55k
KA.

BBREE. BT, SRR S IRIEAT 48 = IRAT 5 IR IR IR 2 5 WS4 2, 15
FI I — L PRI &5 AR AFAEAR R DA e 1 (44 35 B0 vk P (R0l S 400 DASR A L7 1m) 5P . AR AR
PE DL R i B AR AIE 25

BRI R FRR 2. S5 A AR — 2 TR, BA T W R PR X T 7 & IR AR 48] X M HURE
BRI AW AL, B L J7 1) DL R I RF it — 20 B AR 7 DA e . PR 7
W R EE, sy . B IR SR A A I R AR T AR AR T 2D,

3.2.2 XMHERSERRNFREEIERAE

FAT, AT TR B XS S EREE)Z A AR B0 1, A KB ROULIN AT EE BT 7T T LA IR,
(ER R B X B B J5E A AR LA T 2 20

HERZRIX. g0y, HERZE B SEHSRLT HUERELZ /KRR, IBEX 32 45 R B
R H Bk R AT DUSE A 2= AR 2 1) (461 SRR AT 25 A 15 Je 5 R 00 &5 SR B H Bk AT fig
W A AR RN 38 MR Bk HERJZ R X, 8 s A 20 T i H BR 2 e A i, SRl by
a2 A 7 2T R B I AR BL

T ARG, KBRS 2 B/ B AR 2 R T R BE R AN 5 B 4 k. i
EARAT & 5 M — LE MM A KRR HERRSNES ARl I AR A i), thvr R Rashait, JEmAs 173
Pedtiy U8l HERZ Nose XHIUALMLIN, AT CARGIN S B AAAENE, BE—22 T HERZ 5 BB/
JR B ORAE .
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BB HR T HERE SR AR BRI LR, R B o A R R H BRI S5 A AR
ORI, AL B PR SR T AR A (9. S RN B st AU B T B o
kR T RE . AR GBI, 1R HERIZTRAM S HERB UL B e R iy 43 15051 B H Fixd ik sk =
SALERI, X H T MU B E S A 181 o0 A« ey« B B IR RE R T S & e [R R AE2 k  OKFREBhA
AL 12 Fob 21

3.3 ZiX 1000 AU HIKPES| 1iERE S X

BURRF 2. MWBURES = IS5 th Dok, — B BB B, BEASEMIIE. 124 N IEIEE

A NN ASHRIE A )37, A A2 5 5 K I B B e LR OLI 21E A7 AE. — 28Rty

RAIESE: BURRF 2 ARSI 54, AU B it ek AR KR 5 BURRF 2 (MR R 5%
BORIGAE. IR PH 51 i 5 A Rl X I e AR SORIXS IR BIE « K BH 51 7 iE GBS I 55

4 FEXBAFRGERRNZIE

TR TR K B ARIAE 55 RG2S R SR I HOR, il iR R, DARKAE TSR
BB E RN E K, AR S E B A& T St K B R BRI AR A S A 8 B B S Bt % 111
K FH A NUESS, K5 KB R U BRIt R R A TR AL 2RI, RERE SR & B IR QI A2 OR, HESh IR E A
PRI M ZR PN R AR PRI e 12 o s T A0 4 2K 0

4.1  KFEZRGFRRN 4B R

FE S8 K BH 2R S AT SRR ST« K PH BRI B S 4RI B2 o 2 (AR A7 B R A P45 23 W) ) 2 F
KT, DA ST 3R E K B R A 3 1k O F B g 5 B bR (MR R B 009 H s, 175 i 2 BUXE . il Ao i
R, A8 P T K BH 2R3 PR, S BCE KR 2 A AT S A PR I T 288 BARBY BLH AR dn &l 5
P (5 5 EIRJE T Keck Institute for Space Studies), f.4:

IEEABFR (100 AU A). 2049 FHTJa, SEIHBRZE KRR = ZES5 K ket K R 1E 22 s 22 18] 14
POISURF DRI, AR B R R AEAT 2 B 23 TR AR R AT AL SR S ACBH A% SR AR, AT 70 K FH AR kS Y
AL

mEABFR (Hkbk 1000 AU ). 2] 21 #2K, RO 1000 AU RATEOR, WHOKFH S 1@ 45 A
DCIBRAE, T F 51 0 325 B8 AR S W 5 R R A

WEAN, KRB AS RICHAL RATHOR, X 5~10 J5 AU HORBH ZR 51 74 bR, TR 1E B BRI 45 5
RBHE I, 72 R BA Z3L PR AR A e i) S 5% H .

4.2 IEHIKPAFRIBFRERMES KT

T IARHAARIREEE . SUREORR R/K-PAE K25 e 77, BirER E 21 120 vt 4 i i B
R it FE PR e b, B S8R BH 2R3 BRI R 300 b, T R RIIAE 55 A8, $E T 3 (R 55 i fE
(A HERIZ ) 3 A7),

Forb, 55 1 MBS 2 RS AE TR LRI A fERFE A ERCS  BOvRhTE, ML
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Figure 5 (Color online) Phased goals of a mission of exploring the solar system boundary
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Table 2 Summary of the spacecraft parameters
. Spacecraft with 10 kW-
Number Item Spacecraft with RTG
level nuclear power

1 Flight direction Nose and the opposite Perpendicular to the Ecliptic

2 Life > 30 years > 35 years

3 Speed >4 AU/year > 6 AU /year

4 Flight distance > 100 AU > 200 AU

5 Launch mass > 3300 kg > 800 kg > 2800 kg

6 Launch C3 > 20 km? /s2 > 77 km? /s? > 30 km?2/s2

7 Propulsion system | Dual-mode chemical | Monopropellant  propul- | Monopropellant  propul-
propulsion system sion + electric propulsion sion propulsion

8 Power system Power output when arriving at solar system margin Output of power system &
> 200 W 10 kWe, power output of

electric propulsion system
> 1 kW. Propulsion sys-
tem stops working 3 years
after launch.

9 TT&C system Uplink > 20 bps@100 AU (35 m ground antenna) Uplink > 10 bps@200 AU
Downlink > 160 bps@100 AU (66 m ground an- (35 m ground antenna)
tenna) Downlink > 200 bps@200

AU (80 m ground antenna)

10 Payload > 50 kg > 100 kg

El e (MEMFE) ETRIIRERIFNETEE

Figure 6 (Color online) Schematic diagram of the spacecraft based on RTG

£ 3 RfES: HEKEMREXERN (2030 FRIFAHT).
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Figure 7 (Color online) Schematic diagram of the spacecraft based on nuclear reactor

Forb) FET 10 kWe Z00% SN HE HLUR FOBRIN & 2R G448 BUR B AN ] 7 B, — i e A% S L 4 FRL U,
I3 S RIS, A St ) R T M SR A A L.

5 KRERA

K BH 2232 BRERIN R T FR& M T W R R B E 20 R K R 5 S g . A0 T HERL KR RE
S5 Z A RAMHRIN K BH 2832 B R DK 1 1 PR 2 BE R I8 . RAT I EE A Bl R AR IR IR R

IRAE— R MR ZE R
5.1 {TERRHERIT SRR

X BH R PR BRI 5 BEAE BT IR A KAT & 100 AU LLZRFE B RATHIAMG . RATRE S, IR
FHELZIMA I HbRRA IR RN FEEsyE, O raiasi . 5 e
8 0 P 74T 2 PRl vt SRR R A .

FERBA R IAPRR AR5, PUE B 5 REE BARKIRE G PSR, 72365 8RR BRI R AuE
SEHLRIAERE, S B ACRIRAL, ER R PTIA TR SRR b, AT RESR AT S IR A B, HER G H I8 L b
1T RAS TP A B p et  mfE S A FEE 75 5, it R 2% 7 91 2 HARIRIIME 55 HUB T IE, R
WARRE RS . 2 o) UGS JE R S 207 90 2 FARERIIAUE DA BETHEOR B3], SEBLRAR
E.MTE, BHESEZAHAR. 2 REEIE ) AT BERWN.

5.2 FARERSHERRAR

AR EA MUK RH . geE A 3774 RREEE S oK, BRI KRB
UREIR ] B — AR, FE T HORBAE ST 55, YAT L RTG AN A FCE i, HemiR %
K% B S HE HLJE TR R AF 9.

RTG 7E 20 Q& 2 R AT, FAR B & LT, i I %N 5 We~nl kWe, TEL
TAEF i KBE 41 F (RiTH, WitFFar 256 4). %08 2024 005 K5, 2049 SN ZFHIE AR FH
RILFFE IR TR 200 W, J5 2L 75 8 5 e R A 2 IR AR R0 ROR FE R TT B H R B, IR
IR HS TR 52K, FA% Pu-238 %R 75 R &

2 A% SR HE L R A 2 [ 28 R, A SR Th 3R EL D28 A M 8 B, P AROK B TR 2% 1)
e Bl BEEERITTH RS )7, A0 A77E 32 2 ) R SR, BUR A AE T + IRZER BN

11



FARAZEE: KB R IL BRI

BoR®1E, JTIE 10 kWe 2045 (M HERIE ] LA, RR T HE A RBUS M W i e AE L AT
B

KPR FRILHERE S5 R AR S HEREBOR M UK, (T RS 45 JRIT S 4ERFHOR
SR EEAS BB AR & BOR G RBEBORMEE R, H i 5 24 rh /e B R ik g b Be, X 2010 4EH
A <RI (Tkaros)” K FHILATIR 48 B AT

5.3 BREBRTVEBERAKR

RAMIEEE RS RS BB TFB, RIS ERIEBAT . 70 kIR LR maklal
AR EG A AN v Bk i B AR AIE (1,

IR A TR R BRI S5, T O R A i T VRS M, HUTT 66 m A 35 m IR %G5
R KM, RERTNEN. = RBUBEEA . S8R EH AR QI AR,

B R BH R A BRERI 100 AU (150 1223 BL) DLzt (B @S, 75 2R Ka SEL R 47 8L
X/Ka SUEL FAT mUEES 1% 730 (W1 LDPC) . BRI H T H205 R G0 5 25 5 ik, Sk D42 Hh i
REGHNE . e iR SR 515 SR SERER . & R BUE RS SR B S R . BA e ie iR i Eak = 2
B RESR I K U AR S S OB R, SR I PR SIS R G A AR 100 AU DUz FIAR F P
T3R5 SR R BUE AN T —157 dBm B 28 KRG 2 AN T 46 dB (X #i) /59 dB (Ka
AR, BEFHEEARM IR B8 SRR, ik 2 [E bRk i

5.4 RTZEEFAK

RKPHRILBRERM PR . TR0 H bRz« ARSI, b st 248, SimisEaA sk
IS SEE 1) P T 0 42 3y A AT P00 4% ) 308 0 R 42 2 220 M 3 A R0 45 2 1 ) S e A 22 4 P
RIOL AEGN E ESORENE AN 8 EE - B REE 2 s BB, KRG R
MR R H B ARG, KIKIETAZS 5IE00TE 243847, IR WTHr B | A5, B3
T TRAME S SRFAES IR BRI dr AT 38 LIRS WM 5 it 10 R B, 3 m B 40
REZT~ H MR R BE 1A E L RAAE S ERAERE T, I b XA 2 R R A8, DR FF IR 218 AT, 4R
r Rk ER. Oy T SEBUKE RGP RN B AT RS B, R H ARSI B RSN A
TR BB B EBE . BB E SRR 1,

5.5 EAERKEWHEA

K PH R I BRARI B AT 55 4% 2024 R 5T, 2049 F4E 100 AU, fESUIS/T T 25 4F, mimiit H
ATHhERFEPPIE DA 15 45, BIR PR 8 [FMTEPE A dats, FE ML TA/E 25 L1 EpKHE b
TE /BRI TR, 75200 8 mAs e T Re e & B AR 7T . SCBE B HL I [ 55 Hh B
R H FEHR GBS B K G oa g AR L 8 KAT S A WA il S IRIE R %%
AN B RIFREFHAR B, TR KT i 0 2 ) B AT SRS

5.6 FIERFHFEHA

FHEA BT 2 ELAR AT RS € WURAHME 55 IR 07, BLIEOC R B A PRI R O IR ORI A& 5. K FH &
T BRI Ry s AR H AR IR 2 FEVEXS B 38 0 ThBE . KeRE . PRINVE . e RIBUE L R/ NS 52
B ER.

12



HEB FEERE B49E B 1

ARG NS G AR, AT BRI AR 22 80— AT 0o 3 K3 ML IR (8B 7K. =
e R AR SR AR BRORL ) WS R BT MG 3T (R I SRANRIZLAL). R~ P00 Ay A
AL IR 5 IRATH S AL 5 IR E PU29), B IR S IR 5 RATH 5
EHAEE.

B AR SR W BIUR : S5 1 74K L e UKL T WA DG~ B 2 Ly i e 2 ll, BB 72
BURCEh RATZ 35 o S PRI AT 2 5 R SR R B R AN T 6 B0 2B SO A 8 i Ak
TEDHr B

K B 2R T AN [R] B [ DAAE (2 T RN 0, LR R P a8ear 32 HH 1T SE i R BER, A7 3 98k
SRR T ERATHOR: KBS EHRNEOR L N AARIDFEEOR . Bl A BT S 4e oA

FEAT 2 B 2 B R AT BRI S AR RFALE S0 AT AE AR T ARSI Y (B A B XS 1 RS 125 7 1
W ERKAAT 107 BHIIZER), KRR BT LA RENS SEILPEN S HORE) 1 B . IR Eh 25
¥ BRI A BT IR — TR BREFOR.

AT ER BRI T of 384 14 2 R R D RE R A BOR R R A, 3l B SR A e AU BN AL IR ThAE,
JRETAIREUR. DRI AT 2 1k BE TR A AT 3R T SERLER /N R AL AR DO FE e v 2 AT 1) o5 — Tk o
B

AT 2 PRI I B A B I, BHA R T AT SEAT R, 10— ARk S SR e 1 K B S
PRAOR, T B SR A PRI A 2 B i A E SR EAT 5 K PR PEE PR A BRI 455, M T P B <. Rtk
I8 A0 P 28 450 AR 3 (5 3 TR HEROR.

6 ZEERIE

XA« A TE A0t R R BH 583 B R BRI AN 22 7, & B B R -5 2 TR R 2 A 5 D i A8
S, TERNY A BOESKPH R AP . KB R =4k 2 (W85 5 3)) ) 2 0 R S5 5 TR AL, AH %
R BEAE X 25 (A S5 B TR EE L | SOMST IR SR 2 B 0 58 38 5B IE SR UMK, 75 TR LA A5 =
(A% BN 77 I EE B R B M IEAE « RS B R RS R A 15 Uk Je, A 80 i 3 K FH R4
WRIERE T, FFVIL B HE R 2 RIR R 1 RE

SR A CAT L B2, HA K PH R PR T EE 25~30 4F IR ], 25 58 21 R AR ) A0 X 47 B A
T A A o it T 20 TR, L 2024 AT S SEH E AR S RS, Sl E BRI SR AE 2049 R S HRIA
100 AU KPFH R A PRI AR

SRR, R O NZRarig LR iR R EE R RO AR R BH AR I BR R [ bR KR 2 TR, B
TR E RS BN T2 EBREEm ), MR A RRIR SRR W R, v 21 T2 i 4T g Rl K o FE S 44
B I3CHE, REE—H A ERRAL.

SEHk
1 Encrenaz T, Bibring J P, Blanc M, et al. The Solar System. 3rd ed. Berlin: Springer, 2004
2 Wang C, Belcher J W. Numerical investigation of hydrodynamic instabilities of the heliopause. J Geophys Res, 1998,
103: 247256
3 Zank G P, Heerikhuisen J, Wood B E, et al. Heliospheric structure: the bow wave and the hydrogen wall. Astrophys
J, 2013, 763: 20

2) https://en.wikipedia.org/wiki/Voyager_program#Scientific_instruments.
3) https://en.wikipedia.org/wiki/Pioneer_10#Scientific_instruments//.

13



FARAZEE: KB R IL BRI

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

14

Izmodenov V V, Kallenbach R. The Physics of the Heliospheric Boundaries. ISSI Scientific Report SR-005. 2015
Hall C F. Pioneer 10. Science, 1974, 183: 301-302

Smith E J, Davis L, Jones D E, et al. Jupiter’s magnetic field, magnetosphere, and interaction with the solar wind -
Pioneer 11. Science, 1975, 188: 451-455

Dyal P, Fimmel R O. Exploring beyond the planets — the Pioneer 10 and 11 missions. J Brit Interpla Soc, 1984, 37
Decker R B, Krimigis S M, Roelof E C, et al. Voyager 1 in the foreshock, termination shock, and heliosheath. Science,
2005, 309: 2020-2024

Stone E C, Cummings A C, Mcdonald F B, et al. Voyager 1 explores the termination shock region and the heliosheath
beyond. Science, 2005, 309: 2017-2020

Burlaga L F, Ness N F, Acuna M H, et al. Observations of the heliosheath and solar wind near the termination shock
by Voyager 2. Astrophys J, 2009, 692: 1125-1130

Wu W R, Yu D Y. Development of deep space exploration and its future key technologies. J Deep Space Explor, 2014,
L 5-17 (RS, T8 = IRTHRNE RS A RCEE AR, RN, 2014, 1: 5-17]

Wu W R, Wang Q, Ren B G, et al. Application of RHU/RTG in space missions. Spacecraft Eng, 2013, 22: 1-6 ['3:’iﬁ§
A=, A, AEE M, 55 BT R R A IR TURAE S P RIS, RS TR, 2013, 22: 1-6)

Smith B A, Soderblom L A, Beebe R, et al. The Galilean satellites and Jupiter: Voyager 2 imaging science results.
Science, 1979, 206: 927-950

Smith B A, Soderblom L, Batson R, et al. A new look at the Saturn system: the Voyager 2 images. Science, 1982,
215: 504-537

Smith B A, Soderblom L A, Beebe R, et al. Voyager 2 in the Uranian system: imaging science results. Science, 1986,
233: 4364

Smith B A, Soderblom L A, Banfield D, et al. Voyager 2 at Neptune: imaging science results. Science, 1989, 246:
1422-1449

Fountain G H, Kusnierkiewicz D Y, Hersman C B, et al. The New Horizons spacecraft. Space Sci Rev, 2008, 140:
23-47

Stern S A, Bagenal F, Ennico K, et al. The Pluto system: initial results from its exploration by New Horizons. Science,
2015, 350: aad1815

Moore J M, McKinnon W B, Spencer J R, et al. The geology of Pluto and Charon through the eyes of New Horizons.
Science, 2016, 351: 1284-1293

Sicardy B, Talbot J, Meza E, et al. Pluto’s atmosphere from the 2015 June 29 ground-based stellar occultation at the
time of the New Horizons flyby. Astrophys J, 2016, 819: L38

Schwadron N A, McComas D J. The interstellar boundary explorer (IBEX): half a year to Launch. Space Sci Rev,
2007, 176: 101-113

McComas D J, Allegrini F, Bochsler P, et al. Global observations of the interstellar interaction from the interstellar
boundary explorer (IBEX). Science, 2009, 326: 959-962

McComas D J, Zirnstein E J, Bzowski M, et al. Seven years of imaging the global heliosphere with IBEX. Astrophys
J Suppl Ser, 2017, 229: 41

National Aeronautics and Space Administration. Our Dynamic Space Environment: Heliophysics Science and Tech-
nology Roadmap for 2014-2033. 2014. https://explorers.larc.nasa.gov/HPSMEX /MO /pdf_files/2014_HelioRoadmap_
Final_Reduced_0.pdf

Wang C, Richardson J D. Determination of the solar wind slowdown near solar maximum. J Geophys Res, 2003, 108:
1058

Mewaldt R A, Liewer P C. An interstellar probe mission to the boundaries of the heliosphere and nearby interstellar
space. In: Proceedings of ATAA Space 2000 Conference and Exposition, Long Beach, 2000

Liewer P C, Mewaldt R A, Ayon J A, et al. NASA’s interstellar probe mission. In: Proceedings of Space Technology
and Applications International Forum (STAIF)-2000, Albuquerque, 2000

Jr McNutt R L, Andrews G B, McAdams J, et al. A realistic interstellar explorer. In: Proceedings of AIP Conference,
2000. 504: 917

Jr McNutt R L, Gold R E, Krimigis T, et al. Innovative interstellar explorer. In: Proceedings of the IGPP 5th Annual
International Astrophysics Conference, Oahu, 2006



HEB FEERE B49E B 1

30

31

32

33
34

35

36

37

38

39

40

41
42

43

44

45

46

47

48

49
50

51

52

53

54

Gruntman M, McNutt R L, Jr Gold R E, et al. Innovative interstellar explorer. In: Proceedings of the 55th Interna-
tional Astronautical Congress, Vancouver, 2004

Wimmer-Schweingruber R F, McNutt R, Schwadron N A, et al. Interstellar heliospheric probe/heliospheric boundary
explorer mission-a mission to the outermost boundaries of the solar system. Exp Astron, 2009, 24: 9-46

Wang C, Richardson J D, Burlaga L. Propagation of the Bastille Day 2000 CME shock in the outer heliosphere. Sol
Phys, 2001, 204: 413-423

Desiati P, Lazarian A. Anisotropy of tev cosmic rays and outer heliospheric boundaries. Astrophys J, 2013, 762: 44
Caballero-Lopez R A, Moraal H, Mcdonald F B. The modulation of galactic cosmic-ray electrons in the heliosheath.
Astrophys J, 2010, 725: 121-127

Florinski V, Ferreira S E S, Pogorelov N V. Galactic cosmic rays in the outer heliosphere: theory and models. Space
Sci Rev, 2013, 176: 147-163

Richardson J D, Kasper J C, Wang C, et al. Cool heliosheath plasma and deceleration of the upstream solar wind at
the termination shock. Nature, 2008, 454: 63—66

Li H, Wang C, Richardson J D. Properties of the termination shock observed by Voyager 2. Geophys Res Lett, 2008,
35: L19107

Cummings A C, Stone E C, McDonald F B, et al. Anomalous cosmic rays in the heliosheath. In: Proceeding of AIP
Conference, 2008. 1039: 343-348

Hanner M S, Weinberg J L, DeShields L M, et al. Zodiacal light and the asteroid belt: the view from pioneer 10. J
Geophys Res, 1974, 79: 3671-3675

Hauser M G, Dwek E. The cosmic infrared background: measurements and implications. 2001.  ArXiv:
astro-ph/0105539

Primack J R, Gilmore R C, Somerville R S. Diffuse extragalactic background radiation. 2008. ArXiv: 0811.3230
Mobius E, Bochsler P, Bzowski M, et al. Direct observations of interstellar H, He, and O by the interstellar boundary
explorer. Science, 2009, 326: 969-971

Bochsler P, Petersen L, Mobius E, et al. Estimation of the Neon/Oxygen abundance ratio at the heliospheric ter-
mination shock and in the local interstellar medium from IBEX observations. Astrophys J Suppl Ser, 2012, 198:
13

Burlaga L F, Ness N F. Observations of the interstellar magnetic field in the outer heliosheath: Voyager 1. Astrophys
J, 2016, 829: 134

Frisch P C, Bzowski M, Livadiotis G, et al. Decades-long changes of the interstellar wind through our Solar system.
Science, 2013, 341: 1080-1082

McComas D J, Dayeh M A, Funsten H O, et al. The heliotail revealed by the interstellar boundary explorer. Astrophys
J, 2013, 771: 77

Dialynas K, Krimigis S M, Mitchell D G, et al. The bubble-like shape of the heliosphere observed by Voyager and
Cassini. Nat astron, 2017, 1: 0115

McComas D J, Alexashov D, Bzowski M, et al. The heliosphere’s interstellar interaction: no bow shock. Science, 2012,
336: 1291-1293

Izmodenov V V, Alexashov D B. A model for the tail region of the heliospheric interface. Astron Lett, 2003, 29: 58-63
Linsky J L, Wood B E. The alpha centauri line of sight: D/H ratio, physical properties of local interstellar gas, and
measurement of heated hydrogen (The ‘Hydrogen Wall’) near the heliopause. Astrophys J, 1996, 463: 254-270
Gayley K G, Zank G P, Pauls H L, et al. One- versus two-shock heliosphere: constraining models with goddard high
resolution spectrograph Lya spectra toward a centauri. Astrophys J, 1997, 487: 259-270

Desai M I, Allegrini F A, Bzowski M, et al. Energetic neutral atoms measured by the interstellar boundary explorer
(IBEX): evidence for multiple heliosheath populations. Astrophys J, 2014, 780: 98

Cui P Y, Qiao D, Cui G T. Orbit Design and Optimization for Deep Space Exploration. Beijing: Science Press, 2013
VBESFIzE, Tk, FEVEE. IR IRMPUE B S04k, 65T BHE AR, 2013]

Ji J H, Jiang Y, Wang S. New Horizons spacecraft successful flew by Pluto and its moons. Chin Sci Bull, 2015, 60:
2349-2354 [FEVLH, ¥, TR, e SEIWHETE R TE RS, FI24EHR, 2015, 60: 2349-2354]

15



FARAZEE: KB R IL BRI

Exploring the solar system boundary

Weiren WU!, Dengyun YU?, Jiangchuan HUANG?, Qiugang ZONG*, Chi WANG?®, Guobin YU!,
Rongwei HE?, Qian WANG!, Yan KANG'#*, Linzhi MENG®, Ke WUS, Jiansen HE* & Hui LI°

1. Lunar Exploration and Aerospace Engineering Center, State Administration of Science. Technology and Indus-
try for National Defense, Beijing 100190, China;
2. China Aerospace Science and Technology Corporation, Beijing 100048, China;

3. China Academy of Space Technology, Beijing 100094, China;

4. School of Earth and Space Sciences, Peking University, Beijing 100871, Ching;
5. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

6. Institute of Spacecraft System Engineering, Beijing 100094, China
* Corresponding author. E-mail: kangyan416@163.com

Abstract

This paper reviews the worldwide development course and current status of heliospheric boundary

exploration. On the basis of the development trends revealed recently, we illustrate the four categories of scien-

tific objectives of the solar system boundary exploration and propose some formulations for the overall objectives,
phased goals, and short-term missions of China’s explorations of the solar system boundary in the future. Ad-
ditionally, we summarize six types of key techniques that may help make breakthroughs in the field. This study

provides preliminary results for further demonstration and implementation of such a mission.
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