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Table 1 Part of the stellar parameters in the
Kepler DR25

Teff

Mass

Star

Type Kepid K lgg Mo radius/Ro Kmag
1435229 3927 4.774 0.467  0.465 14.586
5123323 4191 4.654 0.593 0.6 14.833
11342883 4298 4.805 0.464 0.447 13.343
9787380 4437 4.681 0.551 0.562 13.397

K 5287944 4493 4.689 0.58 0.57 12.344
5440787 4530 4.689 0.548 0.554 13.24
11028278 4729 4.769 0.566 0.514 13.735
8776258 4755 4.718 0.541 0.533 13.45
5687809 4807 4.719 0.614 0.568 14.908
8880808 4994 4.617 0.81 0.724 14.527
5270719 5074 4.474 0.809 0.863 14.836
1161345 5296 4.576 0.911 0.815 11.631
3096946 5344 4.417 0.876 0.959 14.106
5563980 5421 4.525 0.736 0.776 13.438
10515282 5633 4.312 0.905 1.1 13.191

¢ 1161137 5782 4.076 1.078 1.574 12.479
10006971 5823 4.042 1.011 1.586 13.22
8733356 5853 4.529 0.99 0.895 14.835
11091454 5912 4.51 0.965 0.904 14.474
9290949 5971 4.333 0.973 1.113 14.463
3216708 6029 4.32 0.903 1.089 14.841
7207570 6263 4.46 1.068 1.009 14.552
4365363 6331 4.328 1.025 1.152 13.778
6949314 6453 4.443 1.076 1.033 14.419
9757312 6545 4.194 1.246 1.476 11.702

F 4568094 6816 4.338 1.277 1.262 14.225
5369419 6971 4.206 1.097 1.368 12.973
8093177 7108 4.11 1.218 1.61 12.083
7007103 7171 4.121 1.646 1.848 11.237
8316195 7230 4.216 1.432 1.543 12.766
12166194 7334 4.01 1.605 2.076 10.766
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Fig.4 Estimated distribution of the total planetary occurrence rates around F, G, K-type stars by IDEM
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Fig.5 Estimated distribution of planetary occurrence rates around F-type stars by IDEM
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Fig.6 Estimated distribution of planetary occurrence rates around G-type stars by IDEM
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Fig.10 Estimated distribution of planetary occurrence rates around G-type stars by ML

Neell
1.00x10°

0.75% 3.16x10"

1.00x10"

3.16x10?

1.00x102

10.26% 19.14% 11.95% 15.97% 10.64% 11.72% 19.29% 11.87%

0.77% 7.80% 857% 841% 1261% 7.93% 15.16% 13.59% 17.74% 16.62%

3.16x10°

1.00x10

Planet Radius/ ReB

3.16x10°

1.00x10*

3.16x10+

1.00x10°

4

Bl 11 MLASSAS S KA AL A B i 43 A

10 40 100 400
Period / d

Fig.11 Estimated distribution of planetary occurrence rates around K-type stars by ML

12-12



64 %

K REE: FE T Kepler Q1-Q17HuE X 2K BHANME & 14T B A R &

11

4 T

A iE i X Kepler MM B4 CfAN T E S
DR25 ¥ B A 1 B FE A AT 0 38 20 By, 34 HRE 2
(1) 1% 28 S B AR AT 43 25, [ I FH 7 o A [ )
D5, S RIMEE TERL, GR, KAUE R A B K &
AMT AR, BF T IE G E S R — R
EAHEVCES, HAESW A HBE A E R A RO R T
B, HE BT R AE R R R RS, 6T A
FEl1-20 Re, $U3E JHIH /N T-400 A RAMT 2, K2
L L 1 2E et i T P AU 1E 2 R

i T H 7 R AMT B LI AR 1 R BR 1%, Kepler
A FH (10 2 B2 U0 B AR B A [ RO B AR BE R A
WA RAMT A, RIS ASF A A2 10 RAMT
A, Kepler 4RI 202 2 AN [F] 1. 8 i K47 2 1 A
W1 S 30 R 5 v 2 A WA 23 (8] (R SRS <
15), FARBEAL T [F] — P& Xk P 38 1 47 2 AR
RORSEMIF R, (X —3Eal 1, BATTE T St —
DX 35 P SR A RE X AT S8 1 XA e on e, FFSRFIER
13 S50 (R B (1 AR R 1101,

X FIDEM, Jf i 2 A 4T R AAAE TREAR
LR LI, A RS S S e LR A, 25
RO R BLZAT . 245 M LU i 188 5 1 R L I (A
SCAT0)BE T N FF RCE R FEAS. RS X IR (147 22
FEAREORIAG 28018 A A 01 PO A A 2 1% X 38
AT A BRI AT S 10 T 1-20 Rey M
/NF400 A EEARAT B AE i nipey = 1.16 & 0.03,
X5 AR B 2 BT — Se i Tt 4516128

S5 T, AR P 4N DL 30 E 2 ) A AL AR
TR, AR BRI R AR A UK TH R AT B FEAR S
B LA RCTE B RE A B BRI 6 T A ke R A B
HASA T i 18 B 04T B FEAR, T 2 3 I A
AN100% 2 215 529 4 HHKeplerPORTsHE 7> 3K 15
Xof o R S 8 BRI R B3 MLAH ELIDEMAEL A 4t
THIEA, 1ZAR RO R K AT B (T A R 9 s i R
EAS IR DX IR BT ST 5 A AR 1 A 5
AFRAAT BAEAR A S, 3 — D PR AR
XA SR . Al S I F1-20 Res A
HI/NT400 dFREARAT B AR Ry, = 0.90 + 0.02.

12-13

ZhuZ5 28145 1) [RDRE ) T 20 453 Rl A AT 2 26 il 3R
np = 1.23 & 0.06, A SCfili 525 AR i /) ) Ji PRI
TXIDR 25 1H B AT T A 1%, 7%
FE T H B FE AR ) Kepler 6 B LA K 3 THI 5 77 in 3% 5
lg gft) B il b, A &40 BE 1% B 56 Bl K 3900~
7600 K, 1S AR FFRE R S 2. [FFR
LR JE BRI RO AT 22 A R A T A 2R R 1)
A, FIRKAE R BT 50E S T Z19%, X5
PR AR R [ DT RRAS K.

fERIMTEM R, EHAEMEANERITE
SRR OE AR R —. HRTME— AN LR AT
R HER, P FRATT R ey A T 2RORPHE 2 s
N AT B AR R IR AT E R AT B KOR T
%l (Closeby Habitable Exoplanet Survey, CHES) Fft
ST A 2 X HE 52 T K BH &R I (BE 25 K FH R 2
10 pe) 2K BH BUIE B 1 B s N 2 AT &,
BLREE B bR A2 R A &, 7E 1005505 41 1)
F. G. KIEE B S ER2. 08 B 51 NS A
7B BT R, 15 8% T P F 60—
400 d. FREVEE1-2 Re M Keplerik 2 RIMTE, 1E
F. G. KAYTE R B AT B A e 43 i 280,051 +
0.008. 0.068 =+ 0.009410.344 + 0.085. 7£4 %R ¥
3900-7600 KIF. G. KHUIE 2 JE 1) B E 2
17 B i B4R AR B2 90.064 + 0.007. BrysonZg 3]
1% HKeplerfE A G, KA Bl A& 57 B JE 4 W H
0.5-1.5 Re (147 B 1 A4 3 7E0.3710 57 %10.6075 92
2] AT AR KR 1E 2 B B A AT 2 AR R
FH0.344, FEHEZETCHEA.

AT B AR R Al B 45 R 5 Pk B AT B AN E
BREARXRE R, AL T Keplerss [A] B izt
B UL B 1 e B RAMT BAE N REAR. — 7T,
TESSYE NKeplerfT: 55 1 5 4k %, H 20184 & 4 7t
7% DLk EL 48 W #5000 % i & &R A/MT Bk iE H
b, BRI F20265 & 54 (IPLATO (PLAnetary
Transits and Oscillations) ¥ 1% 28 5 2 18 2 1) 1%
BIG, FHE g ESOKBHE R BN S A AT
BB RIMTREAERFEARRY B 215 3 5
(2 BRAT B 40 AT .

Ty 7, EERE LS TR R B 247 A



64 % N

X Rk

1

(RO 10 e PR 3% B AN 81 L A 30 Ko R 1) AR A
TR, X T 2803 0 b B R AMT A, s
WIRT1 yri RAMT &, Kepler [A] Bz 5 %) H I
AU, AT DLUE I S T VEREAT A5, AR X
S B AT SR A R AR T I R A 2 2 KRR
W R AL IR T R R R (A d v, W] ASE
Gy PRI B AR BRI R TN R AMT A, RIS
FEAENE A BN (BB 25, W] 90 e A AT 22 1
FEASE L. 2 Bl R ST BRI 5 5 1 &5 4 (B ey
PRMIER KN RIMT BRI J1E 5% ) B AT g
B M SO AT R A R A B A R

& Xk
[1] Cumming A, Butler R P, Marcy G W, et al. PASP, 2008,
120: 531
[2] Mayor M, Marmier M, Lovis C, et al. arXiv:1109.2497
[3] Santerne A, Moutou C, Tsantaki M, et al. A&A, 2016,
587: A64
[4] Fernandes R B, Mulders G D, Pascucci I, et al. ApJ,
2019, 874: 81
[5] Bryan M L, Knutson H A, Howard A W, et al. ApJ, 2016,
821: 89
[6] Ida S, Lin D N C. ApJ, 2008, 685: 584
[7] Hansen B M S, Murray N. ApJ, 2012, 751: 158
[8] Chiang E, Laughlin G. MNRAS, 2013, 431: 3444
[9] Howard A W, Marcy G W, Johnson J A, et al. Science,
2010, 330: 653
[10] Howard A W, Marcy G W, Bryson S T, et al. ApJS, 2012,
201: 15
[11] Hirano T, Dai F, Gandolfi D, et al. AJ, 2018, 155: 127
[12] Santos N C, Israelian G, Mayor M, et al. A&A, 2003,
398: 363
[13] Ran I W, Lee B C, Kim K M, et al. Journal of The Ko-

rean Astronomical Society, 2008, 41: 59

12-14

(14]
[15]

(23]
[24]
[25]
[26]
[27]
(28]
[29]

(30]

(31]
(32]

(33]

(34]
(35]

Wolszczan A, Frail D A. Nature, 1992, 355: 145

Furlan E, Ciardi D R, Everett M E, et al. AJ, 2017, 153:
71

Bouma L G, Masuda K, Winn J N. AJ, 2018, 155: 244
Kraus A L, Ireland M J, Huber D, et al. AJ, 2016, 152:
8

Moe M, Kratter K M, Badenes C. ApJ, 2019, 875: 61
Santos N C, Israelian G, Mayor M. A&A, 2001, 373: 1019
Fischer D A, Valenti J. ApJ, 2005, 622: 1102

Sousa S G, Santos N C, Mayor M, et al. A&A, 2008, 487:
373

Buchhave L A, Latham D W, Johansen A, et al. Nature,
2012, 486: 375

Andrews S M, Rosenfeld K A, Kraus A L, et al. ApJ,
2013, 771: 129

Ansdell M, Williams J P, van der Marel N, et al. ApJ,
2016, 828: 46

Nielsen E L, De Rosa R J, Macintosh B, et al. AJ, 2019,
158: 13

Johnson J A, Aller K M, Howard A W, et al. PASP, 2010,
122: 905

Mulders G D, Pascucci I, Apai D. ApJ, 2015, 798: 112
Zhu W, Dong S B. ARA&A, 2021, 59: 291

Hsu D C, Ford E B, Ragozzine D, et al. AJ, 2018, 155:
205

Hsu D C, Ford E B, Ragozzine D, et al. AJ, 2019, 158:
109

Habets G M H J, Heintze J R W. A&AS, 1981, 46: 193
Burke C J, Christiansen J L, Mullally F, et al. ApJ, 2015,
809: 8

Burke C J, Catanzarite J. Planet Detection Metrics: Per-
Target Detection Contours for Data Release 25: KSCI-
19111-002. Moffett Field: NASA Ames Research Center,
2017: 19

Ji JH, Li HT, Zhang J B, et al. RAA, 2022, 22: 072003
Bryson S, Kunimoto M, Kopparapu R K, et al. AJ, 2021,
161: 36



64 & K A JE T Kepler Q1-Q17H X FAR FHALE R (4T B A iR A4 55 134

Estimations of Planetary Occurrence Rates for Solar-type Stars
with Data Release 25 from Kepler Q1-Q17 Observations

ZHANG Qing-xin’?3  BAO Chun-hui®*?  JI Jiang-hui'??3

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Sciences, University of Science and Technology of China, Hefei 230026)
(8 CAS Key Laboratory of Planetary Sciences, Chinese Academy of Sciences, Nanjing 210023)

Asstract The detection of exoplanets in the past three decades has revealed the fact that planets
are ubiquitous in the universe. In order to deeply study the ubiquity of habitable planets, on one hand,
we need to understand the characteristics of habitable planets; on the other hand, we can analyze the
the distribution characteristics of exoplanets have been found, and the probability of occurrence of such
planets around stars is calculated. Among the exoplanets that have been found so far, most of them are
discovered by the transit method. For example, the number of the planets detected by the Kepler space
telescope is 2344. Kepler telescope officially retired in 2018, and the Kepler team released the final version
of Kepler Data Release (DR25), including a total of 198709 stars observed quarterly Q1-Q17. Here we
analyze the Kepler data by using two different methods, Inverse Detection Efficiency Method (IDEM) and
Maximum Likelihood Analysis (ML), to estimate planet occurrence rates in the space of the parameters
of radius and orbital period. At the same time, the samples were classified according to the spectral types
of stars, and the planet occurrence rates around F, G and K Kepler stars as well as its overall formation
rate were estimated respectively. We estimate the planetary occurrence rates for planets among radius
range of 1-20 Rg and orbital period range of 0.4-400 days by IDEM and ML, for which around F stars are
0.36+0.02 and 0.47+£0.02. The rates around G stars by IDEM and ML are 1.62+£0.05 and 1.2340.04. The
rates around K stars by IDEM and ML are 2.61 + 0.12 and 2.73 £ 0.13. And the overall occurrence rate
of such planets around F, G, K stars by IDEM and ML are 1.16 4+ 0.03 and 0.90 4 0.02. According to our
estimation, we further show the results for the planet occurrence rates around stars with different spectral
types by different methods, and discuss the reliability of the results in comparison with the previous
studies.

Key words planets and satellites: general, transiting exoplanet, planetary occurrence rate, habitable
planet, Kepler space telescope
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