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Fig.1 Distribution of diameter and rotation rate of asteroids. The red dots represent the sample set composed of 846 NEAs,
and the black dots represent the sample set composed of 9454 MBAs; the two dotted lines indicate the selection range of the

sample period, and the two solid lines indicate the selection range of the sample diameter.
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Fig.2 The distribution of the spin rate of NEAs shows a bimodal structure. The dashed line in the figure is the fitting result of
the KDE.
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Fig.3 The left panel shows the distribution of the spin rate of NEAs with a diameter of 0.2-1 km. The dashed line represents

the appropriate average value in the 2-5 d~! and 5-10 d~' ranges, all of which are uniformly distributed; The right panel shows
the distribution of the spin rate of NEAs with a diameter of 1-15 km, and the dashed line shows the fitting result of the KDE.
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Fig.4 The distribution of the spin rate of the MBAs. The dashed line shows the corresponding Maxwell distribution.
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W ;| RYORPHE B I L1 K A, 4y
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CpA& JiE 55 K5 X # L, A L2 HRozitis% N1 T
YEBOL HUE ~0.025, X NFE/NMT R EHRIIEYORP
RUSLIR B AT, RV 5 % ) 1 0 e A e 20
J2 PR U S B R 25 B XA AR G A 5
TR A RMTER, (B2 —BORIZ TR HAE R
PR H (/N T-2.2 h) FIZEM8 [ (K T-20 h) I/MT
B, RUONBRZMT R B B 8 R R E xRk, B
B 45 T 2 DA 55 (R 186 m DA% i DA T8 B4, mTT A
B /NMT BRI 00 B 3, 2RI
PR —E S % E . NQ)R T LAE B3 HR
26 B SR /NMT B Y ORPALUS () K /N BEAT 4 2l
it. 20094, RossiZEBULAH T /MTEYORP RN )
SR, KB /AMT BT RAN B wfE LLYPAG 1 [
£ KL NYORPIH T,

dw G1
S WO 2
‘ dt ‘ a2y/1 — e2pD? Y @

Hor, Gi B IER KA $, 4864 x 1010 kg-
km-s™2 pH/NT R MK EE, 4 — WY E
2000 kg/m?, e NFLIE RO, CyZ£YORPH T, /&
AN TEMNBH. RozitisZEBOVEE T (1) 2 A1(2) XA
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Teamso = 12.5(a*>V1 —e2pD*)V2 | (3)
Hodt Toam_so X T — AN /MT 2 HESI50%
(PRI 5 75 L 1) 6 AR I (8] 8 B3, B Ayyr. AR
T O S0 0 1 A, &5 (1) AR (2) Rt v — N il
B AR F 4 H AR MY ORPRU S (¥ i ik i 1. %2
FRBI T I ER I Y ORP Ji 4% sk B 1)
Hi/NAT R A O H .
X TR M NT AR IR 5, RIYORPIA
FONIE{E. YORPRH F [ 1E 486 T 2L MR A #4

PRSI B S5, IR, (B IE A
XF/AMTEYORPRM SR L ) flivt. A 7 B ar s flivt
PRI Hh /T LY ORP LS BT 75 J6 AR I RIS, A
HEF X TG NMT Y ORP R 1 48 %65 (1) 28
HI|Cy| =~ 0.006073, 4 T i /MT 2 TYORPAK
o7 B ik B A =

d
‘d—: = 0.87 x 102(a®>V1 — e2pD?) 1. (4)

£ 2 THETATMNEYORPHEAEMEEHIEH/NTE
Table 2 Seven NEAs with YORP rotational acceleration measured by lightcurve

YORP

. s / Semimajor Diameter Period Eccentricity Obs. yrs.* YORP coefficient
Asteroid (10° rad- )
L axis/au /km /h - - -

d™)
(1620) Geographos!'” 1.154+0.15  1.245 2.56 5.223336(2) 0.336  1969—2020 (1.0 £0.1) x 1072
(1862) Apollo!*® 19 53+ 1.3 1.470 1.45 3.065448(3) 0.560  1980—2014 (1.9+£0.4) x 1072
(3103) Eger20-21 1.1+0.5 1.405 1.80 5.710156(7) 0.345  1987—2019 (7.8 £3.4) x 1073
(25143) Ttokawal??  3.54 £0.38  1.324 0.327  12.132371(6) 0.20 2000—2007 (7.6 +0.8) x 10~*
(54509) YORPI 349 + 30 1.006 0.113  0.20283333(1)  0.230 20012005 (4.2 40.4) x 1073
(101955) Bennu®®) 363 + 52 1.259 0.265  4.2960477(19)  0.204 19992018 (3.0 +0.5) x 107*
(161989) Cacus®?  1.9+0.3 1.123 1.68 3.755067(2) 0.214 19782016 (4.5+£0.7) x 10~*

& “Obs. yrs.” gives the length of the total observation span.

(7] I 25 XX TR /T 2 Y ORP A 7 ¥ {E
LAY ORP RN Y58 BEAt 505 1%, A Sl 6244
WAL T 5 — DGR N T 2 YORP
RSUNE I 75 D' AR I )5 B2 4 2 -

Toan = 7.89(a®V1 — e2pD?)V/2, (5)

N T AN AT RE I g AR B AR, X EUE 1,
RIVERIN 21 5 e o S A = AN /N T JE SR iR 22
XT LG X 7T /N B ) S bR O AR B DG AR R
M2 AE 5 I B Y R B R, R IL/MT 2(3103)
Eger ) S BR 6 A8 i (8] 5 FEAR T (3) Al v A B8 6
A I [ 5 B 0 70 b /N T B () S B 6 AR B[R] 5
FE AR T (5) AT R AR B [R]85 . J
U B ST A S PR AR DN B BRI S5 R, R SO AL

AR K 2021426 H .
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FH (4) ZXAN(5) LR 1) 575 12 A5 28 o) A7) e Ao A figadt —
Wik,
IMTEY ORPHRFIEM

MT B BDCRR R DT ER MGt (B
AR S TR () /INMT B — A R 88 1) )6 AR
o, 1Kt AR S AR A ) AR . TR
A5 /MT B ICARBIAE i & (Database of Asteroid
Models from Inversion Techniques, DAMIT)*%}
L2 BT b /N AT B2 R 3 A A T B L R T
INT BN, A 168 /M7 B B A TR, X
R HH AR /MMT BB F s # AR >, AR U
SRR, 5 B BARIY ORP e hinik £ fir
B G AR I () B8 R A 2 KO, IX 1651/ MT B,
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MR A SC 2 IR 0k BB, BRI O AR 3
YORP R IR FE 1) /MTEAE, FIH T ARK10 yrA
A RER I Y ORP RN, [ 10T 1 /N AT 2 5% 34 14K,
i F3fron. Hd, (1865) Cerberus. (2100) Ra-
Shalom. (3200) Phaethon. (85990) 1999 JV6[#]Jt
AR I T 5 52 250l )R R 2 A1 (3) 2K, B AR 25 Hh i
Y ORP i Nk /5. (1865) Cerberus29#1(2100)

Ra-Shalom!2° 21 S #iALEE Y ORP XN, Durech
SER02U8 W T YORP JE 6 i B2 1 #E 2 48, 49
N0.8 x 1078 rad/d?f11.25 x 1078 rad/d?, Fi# H
TG HE B AN B4 H HE B Y ORP Jie % i
FE, JG& BT B AR OR, e B R A
HRE R AR RS Y ORP e Inid B (1 it A
1M (3200) Phaethon# fi 7776 2 ¥ B G 5103 -k
o 5 M VA B X 23 B B R LR AR AL, TGk
Ff A 3 1) 25048 52 4 ERY ORPAUR T 8. (85990)
1999 JV6 i T 63 B dl 15 8> Jo ik A3 B RS 1 %
WAL, 1% /MT 2 STtokawa Bl 21 REfl A /)N
TR, &aEiL8dngs 7 IYORP ek inid B i)
FFRA8.5 x 1078 rad/d235), 4 T e HYORPIjiE
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Fig.6 Comparison chart of two light-curve detection conditions. The hollow dots are 7 NEAs that have been detected to have
the YORP effect, and the diamond-shaped dots are 16 NEAs with shape models.
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Table 3 Ten NEAs that may directly detect YORP rotation acceleration in the future

Asteroid Semimajor Diameter Period Eccentricity ~ Obs. yrs. Pre.  Database source
axis/au /km /h - - yrs.?/yr -

(1580) Betulia 2.197 4.20 6.13836 (1) 0.487  1976—2015 46.5 LCDB, DAMIT
(1917) Cuyo 2.149 341 2.6897642 (4)B7 0.506 19892017 54.3 LCDB, DAMIT
(6053) 1993 BW3  2.148 2.67 2.5737038] 0.528 19952015 42.1 LCDB, DAMIT
(3200) Phaethon  1.271 580  3.603957 (1) 0.890 19892019 27.8 LCDB, DAMIT
(3908) Nyx 1.928 1.04 4.426014% 0.459 19881997 13.6 DAMIT
(40267) 1999 GJ4  1.339 1.62 4.9582 (5)11 0.808  2010—2017 14.8 LCDB, DAMIT
(85990) 1999 JV6  1.008 0.25  6.536787 (7)1 0.312 20072016 1.96 Ixjizi?Eiszzfrr’
(2100) Ra-Shalom  0.832 2.78  19.8200 (3)20-21 0.437 1978—2016 11.5 LCDB, DAMIT
(1865) Cerberus 1.080 1.61  6.803286 (5)2% 0.467 19802017 9.7 LCDB, DAMIT
(1685) Torol?! 1.368 410 10.19782 (3)2V 0.436 19722021 51.0 LCHDE?;EZihdrr’

& “Pre. yrs.” denotes the minimum observation span that can sufficiently predict the detection.

I Ak, (1917) Cuyof(6053) 1993 BW37E10
yr i ) D' A B[] 255 AT W AR T 0l 2 R 2 A1 ) 2
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P60 H5(6053) 1993 BW3## X & (European
Southern Observatory, ESO)#I| X\ & K5 H 1) 3 %
WEIE B bR, K X kAT B Ik AT AM I, 25 A
J6ARH A HF]TY ORP N (1 BRI FIHIE 723X 1055
YORPR i A 75 A SR ik 2K 4 11 4% 1 Hh 3 e 2 2
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FE BB SR FRATT 2 24k 42 R B R 0k 428 s i A
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A TRAR AL (/N AT L FE3520, & AT 6 AR I A 5
JEE S AR T R A B i 5 (PO AR RIS, HE R
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A Detectable Candidate for the YORP Effect of Asteroids

TIAN Jun'?  ZHAO Hai-bin"??3

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

Asstract The YORP (Yarkovsky-O’Keefe-Radzievskii-Paddack) effect is one of the mechanisms of
the long-term dynamical evolution of asteroids. Compared with factors such as collision and gravitational
perturbation, the YORP is of small magnitude, and the short-time scale observation effect is inconspicuous,
which brings great difficulties to the direct measurement of the YORP. From the Asteroid Lightcurve
Database, asteroids having a high confidence rotation period were selected for this study. Two subsample
groups for identifying potential asteroids slowed by the YORP effect are provided by using the kernel
density estimation method and the Kolmogorov-Smirnov test to analyze the rotation rate distribution
characteristics of near-Earth asteroids and main belt asteroids; A screening model is proposed based on
the light-curve data of seven YORP asteroids with YORP rotation acceleration, combined with the YORP
intensity estimation method and the detection conditions of the YORP effect. Finally, ten candidates that
can directly detect the YORP effect through light-curve data in the future are listed based on the screening
model.

Key words spin characteristics, YORP effect, minor planets, asteroids: general, methods: data analysis,
statistical
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