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EAHE R AXUR W EE RS AR AT EN, FRESTH R R BN 2 5 S W 25 5 B 4%
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SRFEE; BOKBLORERRE 1 AU ARSEH - MISEFTENERENSRERD G, EIERT R0
MR TE SR E BRI TS A ORERRED A —NREAN 1Mg ~ 10Mg KI/NREATRNIEE SR
EENA, EAIE SR R LT AT AR R

10 (FRAMAEUTHIREESBERSS

AN, ATERFEAREARNSERIEERY, FTERNSHEITERGEEZ MK
27 ASEARNRESFAT RSN SRR RN, TR R AT AR R
BRMASETE; SSETEMNRESFITERESBFEREAMR, HE, HETEASREF
FEARHEARR, KAEMNASETRETIERR: YETERGFame, [SEETEN I
HEHN T B AR I R
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i B AR B R IO BT BORFEA AL T, FRATTAT LA KA A v £ 45 SR -5 00
i 1 ARV Z ) B FE B AN, IR AT B R B, 3R ) 52 5 RN AR
ITERFEAB R R R B, 1TER 1 AT T BIRAG I WL, M s A gt 2%
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(AT R IRE AL R, B [ BLTARFFIREL, BT BN, JRE A A hE 2
WETTARE ok, (HJ, BRI 3 UL B ) 47 F2 B30 43 A0 SRR 2 7 1A ) L i e A
%, [ RTREA TR BRI ERE 1071 ~ 107377 XUBIE T AT
(A e T — e TR 26 S /N O B AL, IR RE T ARSI T AL
BF 9. ARSI FAT B A5 3L A T LA A A e R ™, RE 1 PR ) A T AR X 4
DG, TR R AT R TR . 7RSO | BT BAR, 4T B AREA
A1 45 S Bl W B A7 B UL KA AT T LT B IR R 78 TAE IE AT T 47
T R ER 1 5 IRE AR A LA HE 1R

4 SHTIR R

4.1 KBEEMR

MR R SEL e R, S RBoREERER, Hit, BEEAAS
AR RIAT B A RERRAERIRILG, B, 58I B R 2 Wk 2k BLS i 2 R
B RIMTE GJ 436b AAMKEIE™ . B 25 T i B NREITE, BT
ZRMEREEN R T AROERNEGRE, HRTAREEMARRE, &/a M T EE
Mo TAERARAT BAZAN 5 SR 0.1% ~ 10% MATE KRS, tHaEmdram b 5% ~ 60% 1
SEK™, E, TR ERSAGTE KL 2R, HIMHEG — B e, I SRR N R
7w,

FHAMIAT B R AR AT R A & R BE RN, Bth, HAMLE R T, R
MTEKRT 2Re (I35 5 OMBARENARGL, (H/NT 2Rg IS A T 0™ =
EHIE T B R MNG, TREKPEABLGS RE N BRAEREET ™ £ 15Re &
AR /AME; 29 1Rg M1 2Rg ~ 3Rg AH JRFWHKAR, 43 %F BT 58 440 % KT
SRR B 5 3 R A R SR E AT

b6 & IR 48 2 -5 8 1& K (California-Kepler Survey, CKS) Tt H fI7F &, AMTEH
W T RIS T RN, WA T ANT . R T R AR 40 i
e ). 3 U B ZE /N R B R AT R T A R ey, S BRE R AN A T s 1
4.2 AIRER

EL MR R S, [E R0 A5 AT BAZ RS 2 £ 2 LR PR AR e kAT,
TEf /NI K E 2B IR SHCN, TRRE R TR S R bR L 54T B R Ak,
AN 8 CATE B 7H BT K R B A R 45 SR AR 75 2 20 10M, B SR &, DRI gl HE LA
MERATE. AT IREE RIS, L BRSO T 5/ it B K FH A2 22 B A AR Y 3]
R ™ OB R U R R AR A BRI A I T B A S S AR A
B 1073 ~ 1072 m REERIARE, v DURETE AT B . 1X— W S8 R UK 2 #5652
AR A B TR B utE B AL E TR RS EAT EMKEAT 2. R IT B KA
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Ao, AR Z4EBUE B BB TE 2 R AR 451, il th T A& B B i AR i
RSB 5, FE0 2 BT v R SR S S M AR AL AT T . ATTAMEEERZE SR K
B, AT R ARG A G B K T AT R IR TE R Gerh th DL 10 o BRI R 7R e 2
BB 58 TAT BB AL,
4.3 {TENE

1T IIIE (planet occurrence rate) 5 P FIAN[E] 1) S Fp e 2 A B A6~ 24T AR 4
AAHA 4T B EE P S, 5T AT R AT B AR B MRS, X
ITRMPGER I T SRS e EE B/ —BUT R MR, B, B TATE R
ERW, eWRBIEAT ERPGEW A, PIMAT RS EE R A ST E R G HENA M
7RI A 2%

PR AL N AR EL A FH R A B TR A B, AT A 45 16 0 18] — 6 AT B Al e 55 R 4%
R, B, REEARBEIR RN ZAT B KRG M7 BIE AT AEIE— EBR. RFEABEALE 2T
ABRARSEATRIERLEIA 18% ", SWAEE 10% ~ 20% 5" HuE R
KT 100 d BEEAATEUV/NREATENE, RERFEARBENRFP BN, BAITITE
FE R LB LN 54%, HZEE (multiplicity) W&, ERFRRITENRGF P E
3 TR AT B R ST R R T E 0, X R TR
B T R

FLUHAOUI 7 A 45 b, B IS 50% (28K BH1E AR A R G O 2R A AT B (R ARAN
THUEREAR, BUEFIANT 400 )7 B T TR AGMRIF S B, RN F1
30% o ML _E X AT R A FEE RO B ST S R AR AL B i — 2B e 3,
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TR AT BAEA Y, RGMBUAAE — S BON I B Z M. PR T8 — 0% (Kepler
dichotomy) ™", RISTERGEMFMMAER. 1) BAMNUEWMNZITERS, WA
ST =M BEAT R (2) PUEBAEBRI &G EDBET BN RS, SN _EXRE K E
BB R RS 03 431 (eccentricity dichotomy) J& 48 FFH #h H.u2 B KRG H E A XK
RO, 2 u R RGN B B T R i

KT RGMBLREIFA 2 PR, WIUR AT B AN 7)o 2 A0 3R 1 %5 B2 1) A2 49 A7 7T LA
AT ARG L ERE . PUBMA R OB, BB R GRS, Lt
RGN ) AR Pt 20 RGP AR R R, AT SR K RERE (giant impact) ™ Al
SMI AT R B
4.5 FRIMTEMNIENR

X R AMT R BTN AT B R AL T A MR, REF BT EFEAEIETT
T A2 FCAROUE I = B AE DL EC AR, |l AT B RS 5 AE A TR B W SO U AN |, AT B
FERE R R P A SRR 2R KA, #E G (transmission spectrum) BIE7R 147
JEAEETIR BRI K B o 7 VR TR S AT SR B O A R T R I R, P £
ST E R AR R A R, FRAT AT DUIRAS I AT A R R SO (emission
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spectrum) o 3 I G SRR A B A O AR B, FRATTAT LLAS BIAT B OIS B A
PR E R IR E E, BRATET LAXTAT R T RRE A 1 1 s i e B

GEAAT BRI AL S A 1 R RE AT AL 28 5, AR IR T R J8 335 e g
RIS KRR ESE ™ A GE I R B T AR B v i Bk
B AR RREA LA BN AR B REAR, ST R SRR, R /E AT
BRAIEBIONLE, 372 EH FIEsh BE AL EE M HOk B TR B e ™.
VERRL, B ot BT R AURT R AL SRS V2 MRS, B p i S AT R TR
RO S SR Z B R 5 R T A R — B R

5 dinw5REHE

TEAT SR RREA AL BT R g by, JRATIIE T-4T S 0 B R W AR TR, 4 5 0 0 e
HAEBIRT T, KRR IR, MRREAR IG5 (BT EEGS8) il
T (R FEHELE) Bk, STREMATEL, A TR REMGIHER™ . 7R KR
AT AR A AT LA IR0 () GE T HREAE 177 ELS 7T LA S SR ORI fif thy — S T, 76 s
16 TP A R 5 T v BN 2 BT, RCEFETS TR EITREN  Eaa . il
KBEARAL TV, FRATTTT LG 52 O B8 b AT R 0, TG — 2 52 4T 2 B BB b 4
R, TERRHIBFF AT, AADBETT LA — 5 56 347 B CREARALREAL, 405 7 2]
HoAth 77 T

JEAT ARG AL: AT RAT R CRE AR AR o, o ST S 28 A A0 B AT B
b, Tisehr BEAT RSB AAMASREES RN EEd e T, 5Lk, B
R BN EE T S AT R A AR R R B, BEE SR AR AR 1 RS BN,
MNATRI, WS AT E M (magnetorotational instability, MRI) 23Xz JF4T 2 5 1R AR A
WAL, BT R R RS, WAL RV T R 2R 2 Bl A vh AR R R L
m, XAEFTRETFREET . WRREIE RS [ AT R RRE, iR Y BE
FHagI, 1 BT ISR SR ™ . AITAE ALMA (F000045 5 b th 5 B 7 J5U4T B2 45 T R 40
(URHE, IR, #E4e, FeB AR ARG ™ 0 EAT R AR A T R LA A
GERIHE AR RAET PSR AT R R AL B 3 — B R BRI T T 2
1B

H L S R ARG 76 E AT OCRE AR R, ol R T A
1M, WK R, K2 EIF ST RN ERTEN 08My ~ 1IM, . s B
T RIS A S 00 25 SR AT B A (O ME R (. 7EGEit AEL R R 54T B RGN B — & 1
Mett. KR F M1 G AEREABARE KRERATEMS DG FRTE, KM
TR A 2 200 TR AT B FAT R ™ 18R R ST 2 B R AT R S AL
PB4 /N AT B R SR R U, o LR S B 1 Btk %2 3R % KB £
WU, TsehE b, RREMER X SRR S a Rk 2R,
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ITRSEENMEAER: HEMTEAEERKYINI ). MR IER, SEmiTE
IS, SEFE. B, EEATESEEVS, BT 7R AT B AR O Z B e
R, FORAER A PUEZ S AT B A 2 T 5 IPEheloR Bl s O 2 I H0E B BATTA] Redl
B RS, A AT RETE W AR B R R A AT R R AT 2 I A
AR 2 AR ENAT R, MW AR P 2 PR AT B AU BRI H. W 51 K1
T A BT AR INAT B ASARIRAR T IR - Z A 22 bR, 4947 B AE RV HIOT A RE KR 3
I &, LABOTEVE R 1 AR A, X R BRI T AR T — R T g2 ™. RN,
TE R I AT B, HeBFERSIE R, AR ERE R, X WMot 2 ik
B, @I KA, HE1EEAT B RGE BRI T, A B TIRATE G Hh 2
FEAT B TR ORI Ao

XUR S 7 fate R A 04T E R BURAEEE 5 A EA 2 50%. BRETAATE
RIFGEIE M RIMTET ™, XA o UR (R R RT R IS 2 I T ORI 2 R
A, AMTE I E] TR SR R AT B AT KSR R, RNATE, T
HoE BRI drie — B &SRR RE. BRBREE RN/ EEEFEL R RZRES, SHU
U2 B A 20 A1 2 B G R R AR AE AR A 4™, — e (AR R R T 0 4 B 180 - T S e b T i
R TRBYT EMF S RN AMTEREEERE BRI TR BT R RS
HITLAR™ ™. SR T REARTE R AT BB, IRATRT R IEE RS HA S5
i — PR,

R b 1) % e W AHESN AT BAE A GETH 0 1) 58 2 FORS AP, DA SO B B0 A B AT 2
e Flhn, BRI LAMOST (%X 5 847 2 0 F BAER T4, A152] 7T IAer
TESH, HFEERYITEDRIT K81 ER/MIBIER— HEE (Hoptunes) ™ .
P EAMRZEZUUTIARENR A, BomEeEFESEEEE, HARTERSTH
IEIREZR IR X G B AT KFEAR AT 78, KA B T 3RA1 1 F L nT RE T LB IE

b % v R R AMT I K ¥ 4% (Transiting Exoplanet Survey Telescope, TESS)™ )%
BEFEAS, DLR R B R AT R 4E PR (Characterizing Exoplanet Satellite, CHEOPS)™
FIHLEHR IS 2.0 (Planetary Transits and Oscillations of Stars 2.0, PLATO 2.0)"™ #1311
B 58 (James Webb Space Telescope, JWST)WH] TH %%, BATE RIS E A
ITEFA, DSLERHRATEREMNEESE, LT B RFEATEA SR 1)t — P K R
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Research Progress of the Planet Population Synthesis

LI Si-nan®®3,  JIA Shi’?3, YU Cong!

(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory for the Structure and Evolution
of Celestial Objects, Chinese Academy of Sciences, Kunming 650011, China; 4. School of Physics and
Astronomy, Sun Yat-sen University, Zhuhai 519082, China)

Abstract: Population synthesis, which is an important approach in astrophysics, has been
widely used in stellar physics. With the accumulation of observed planets, planet population
synthesis (PPS) is becoming crucial with the study of exoplanetary statistical characteriza-
tion. By using the simplified model of planet formation and evolution, PPS can theoretically
obtain the statistical results of planets simulating a large amount of initial conditions (prop-
erties of the parent protoplanetary disk) and boundary conditions (stellar cluster environ-
ment) simultaneously. The direct comparison of the results from PPS and the observations
is of great significance in constraining the theoretical models of planet formation and evo-
lution. We overview the models of planet population synthesis, present its main statistical
results (mass-distance distribution, radius-distance distribution, mass function, luminosity
distribution, mass-radius relationship) and the latest progress (discussions about atmospher-
ic evaporation effect, pebble accretion, planet occurrence rate and system architecture). We

also discuss the future perspectives of planet population synthesis.

Key words: planet population synthesis; planet formation theory; planet evolution theory
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