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(1 -ýÑfbL�ÑfÍ¹��¤+Ñq)�ðW¬ 210023)

(2 -ýÑf�/'f)�Æz�Ñffb�¥ 230026)

(3 -ýÑfbÔ�L�fS��°-��¥ 230026)X� YORP (Yarkovsky-O’Keefe-Radzievskii-Paddack)H�/�L���¨�f���:6K�. Æ°����D¨Ià øÔ, YORPH�\(Ï§�, íö�ÂKH�
Æ>, ÙÙ�¥KÏYORPH�&e��'�ð¾. )(�L�IØpn�-òå��L�pn, ß¡��L��êl����, �(8Æ�0¡åÊKolmogorov-SmirnovÀ��+���Ñ0�L��;&�L�êl�����y', �+Ùú�(Ñ0�L��;&�L�-û~×YORPH�qÍÏ�êl��s7,¤; ú�7�ò«¢K0YORPËl ���Ñ0�L�, )(YORP:�0¡¹Õ�IØ¢KaöúË�[	!�, Ùú�*eï�¥�ÇIØpn¢K
YORPH��10�Ñ0�L�.s.Í êly', YORPH�, �L�: n�, ¹Õ: pn��, ß¡-þ�{÷: P185; �.�Æ�: A

1 ���L�\:*3ûb�����Yi, 
ÅÝX�*3û�Ë��-�s.áo, ��:;;'L��b�Æ��Ç����s.pn, /�v*3ûb�Æ���;�ó. qÍ�L������:6;��ì�L�ø�°��'L���D¨åÊ^��H�I[1]. 1��L�
Ä�hb(ù*3IIí���
�����ö�b�Í²�, (Ù*Í²�ù�L�§�À�é���\(��L�êl¶��Ñ�9Ø, ÙÍH�ð\YORP (Yarkovsky-O’Keefe-Radzievskii-

Paddack)H�, /�Í^��H�. YORPH�ù��:10 cm–15 km��L�¨�f��	>WqÍ[2–3]. é��º�v¤:�L��êl���

��uª°����Ä�, H�K¯æ��. ��D > 40 km��L�ú,&�å��[4]; Fù�D 6 40 km��L�, ×YORPH�qÍØ�Æ>[5], êl����Æ�K¯æ��	>Wî�.$vù���D 6 15 km��L�, êl����-X('Ïëêl(ω > 8 d−1)�bêl(ω 6

2 d−1)��L�[3, 6]. YORPH�ù�L��êl��\(�¥S°(vêl�����y'-.�Ç�L��êl����ïåÁÆYORPH����qÍ. 2008t, PravecI[3]ú�268�;&��k�L�(main belt/Mars crossing aster-

oids)��Kpn, ���vêl����, Ñ°bêl��L�`Ô�Ø, X(>W�“bêlÇi”

(the slow rotators excess). 2011t, HanušI[7]ú
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63w ) � f ¥ 5��221�1IØpnÍ��0��L�b¶, ß¡���vêlt����, Ñ°êlt���Ä¬��H°Æ>�ÌðÓ�, sêlt>��ZÆ(Ø¬�¹�(−90◦�90◦). Ù��výÁÆ�
YORPH����qÍ, FÇ»�Çêl�����êlt����e�vYORPH���L�7,pÏ��, Ǒ��e����L�«¢K0,Í°ùvêl����ÛL���vòØ�A�Å�. æ�¹b, �ÇIØpn�¥¢K�L��
YORPËl ��e�¥�ÁYORP�º_ósÍ�.

YORPH���ó��b��1901t[8], F1�ÂKpn��L�i�Âp�:O, �v\Þ�Ñ�*�ª. �02000t, Rubincam[9]úË�
YORPH���é���º, �×�YORPH��
��ú. 2007t, LowryI[10]�ÇIØpnÑ°(54509) YORP�L��êlh�(
­Ï�,ÆYORP�º��K��. 9nYORPH���º,

YORPH�ïå ��Ï��L��êl. ( �êl�\(�, YORPH���Û�L� ��Â[11]�hbi(Áû[12]�b¶ÍQ[13]åÊÌ�L�ûßb�[14]I, (ÂK
h°��º��L�hb“dS
”b¶y��b�[15]�;¨�L�
(6478) Gault�6ú°�$a>ùI[16]; (Ï�\(�, YORPH����L�Ûe^ï';têl�¶�, sûÚ�. F/, ÄÊ:bØ¡	~0à
YORPH�Ï�êl��L�. îM�¥K�YO-

RPËl ���Å	7��L�, ý�� �êl�¶�, �+:(54509) YORP[10]�(1620) Geogra-

phos[17]�(1862) Apollo[18–19]�(3103) Eger[20–21]�
(161989) Cacus[21]1� (25143) Itokawa[22]�(1019

55) Bennu[23].:0ÌYORPH���vî��û~àYO-

RPH�Ï�êl��	S, �[	ú(*eïå�ÇIØpn�¥¢KYORPËl ����L�, å¿)(Ñ0)S�Ü\(China Near Earth

Object Survey Telescope, CNEOST)Is§�Ü\ÛL�ù'ÂK�v. ,�,2���Hù�L�IØpn�(Asteroid Lightcurve Database, LCD-

B)-�L��Âpz�Z�eP6, �Çù�	7,êl���ß¡���, Ùú$*û~YORPH�Ï�êl��s7,¤; ,3��(YORP:�0¡�IØ¢Kaöù�L��	7,ZÛ�e[	, �È�0��*ï�ÇIØ�¥¢KYORPH���	S�h, (*eÛL�ù'ÂK��v; �Æ, ;Óv¨º�,��;��vÓ�.

2 �L�7,�e[	�L��êl��, b¶!�Iáo;�1�L��IØpnüú, YORPH���¥¢K_Æ�L��IØpnÆ�øs. LCDB�é/1
WarnerI[24]�ú, îM1Warner�PravecIº(�í�¤, ;�î�/GÆl�Ñh�Æ�L�IØøs�pn, �ì�L�êlh���{�Ýù�I�àUÍg����'�åÊIØ/EIáo. E,���v�åLCDB-GÆ��L�\:�Ë7,eU�.*b2021t6�, LCDB-òÏ�+�Ñ3.5��*3û�)S�øsáo. v-	eê
�á)ÂK�pn, 	eê�Y)�1}��pn, ü�LCDBGÆ�pn-	è��L��IØpn(Ï�N, êlh�Iáo�ïî�'�óX(�ï, E,��BLCDB-IØò¿�(ÏÄ÷Âp
U > 2; ·��L�Øná��êlh���IØpnó��ÖJ*h�, àdù�êlh�P >

20 h��L�, 0ú�Ü\(U*ÂK��IØpnàÕÝÁêlh��¾�, ,�v7,
�ìP

> 20 h��L�; �8P < 2.2 h��L�v��
�Ç0.2 km[25], d{���s§0úIf�Ü\ÂKý���P, �ÝIMý·�³��ájÔ, ü��ÇIØKÏ�0�êlh�ïî�', �7
��\:YORPH��	S[	�7,, E,�v_
�ìP < 2.2 h�D < 0.2 km��L�; �ö
YORPH�ù��D 6 15 km��L�	>WqÍ, àd	Ö��D 6 15 km��L�\:�v7,; æ�, �Q0;&�§�L�×YORPH�qÍ1, ,�v(nÝ	³�7,p�M��, T

1ù(161989) Cacus�YORPËl ���¡�A��V1978t�IØpn
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63w 0 �I: �L�YORPH��ï¢K�	S 5�d�;&�§��L�, sTd�hSJ�ta >

2.7 au��. ü
, ,�ú�å�4*�	aöù�Ë7,ÛL[	: (1)IØò¿(LCDB-(ÏÄ÷ÂpU > 2; (2) 2.2 6 P 6 20 h; (3) 0.2 6 D 6

15 km; (4) a < 2.7 au.��	á³4*�	aö��L��:Ñ0
�L�(near-Earth asteroid, NEA)�;&�L�
(main-belt asteroid, MBA)2 , �+�0��*1
846�Ñ0�L�Ä��7,Æ��*19454�;&�L�Ä��7,Æ. �ì����êl�����þ1�:.

þ 1 �L�����êl����.¢¹ãh846�NEAÄ��7,Æ,Ñ¹ãh9454�MBAÄ��7,Æ;$a¹¿h:�L�7,êlh��	Ö��, $a�¿h:�L�7,���	Ö��.

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.

2.1 Ñ0�L�êl�����Hù846*Ñ0�L�Ä���	7,ÆÛLêl�����ß¡�v. þ2:Ñ0�L��êl����, þ->:Ñ0�L�(ëêl�bêl:ßý	Æ>ZÆ, Ñ°vêl����Æ>O»��K¯æ��. )(8Æ�0¡(Kernel

Density Estimation, KDE)ÛL��, �Ç¤É�Á�0å8Æ�0¡���&½:3, v�(Ø¯÷�!�(gaussian mixture model, GMM)�0$*Ø¯8ð<�ù��êl���+�:3.26 d−1�9.10 d−1,$*ð<�Ý»'���&½(s9.10–

3.26 = 5.84 > 3), Î�n¤�Ñ0�L�êl��

��X(Ìðy�, ÙÆYORPH���º�K��, 
ÅÛ�en¤�PravecI[3]ùÑ0�L�êl�������Ó�, ��hÆ�YORPH�(Ñ0�L�êl�����-n��Í�Òr.:�û~àYORPH��Ï�êl�7,¤,Û�e��(YORPH�\(�, 
������Ñ0�L�êl�����y�. ,�å1 km\:Ñ0�L��	7,����r¹, �à	�:

(1)'�1 km�Ñ0�L�ïå�Çs§ã��0ú�Ü\·�Ø(Ï�IØpn, 	)�YORPH��¢K�v[26], ���1 km�Ñ0�L�ïý���©�÷¾�ñz¢Kpne¢KvYO-
2LCDB-��k�L��HungariaÏ�L��FloraÏ�L�I,G^�;&�L�
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63w ) � f ¥ 5�
RPH�,Å)(IØpn�:ð¾; (2)Ñ0�L�7,���-<:0.71 km,¥Ñ1 km,å1 km:�r¹	)��Çß¡��ÕeÔ�s§�Cs§�Ñ0�L�(YORPH�\(����y�. 9 nå�r¹�Ñ0�L��:2*P7,¤, �+:0.2 6 D 6 1 km (P7,¤1)�1 < D 6 15 km

(P7,¤2), vùP7,¤�êl��ÛLß¡��.

þ 2 Ñ0�L��êl����,ïÁHÌðÓ�. þ-Z¿:KDE¹Õ�ß�Ó�.

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.þ3-�+:P7,¤1�P7,¤2�êl����, v-ïå�0P7,¤1-'ÏÑ0�L�ZÆ(bêl:, ��(2–5 d−1�5–10 d−1����Ñ0�L��êl����HÑ<G���,,�Û�e)(Kolmogorov-SmirnovÀ�(Kol-

mogorov-Smirnov test, K-SÀ�)�+ÛL�Á. �G¾H0: P7,¤1(2–5 d−1�5–10 d−1�����L��êl��HG���. K-SÀ�(P7,¤1(2–5 d−1�5–10 d−1���Ùú�p<3�+:
0.95�0.68, G'�0.05�>W4s, sý(95%�ná4s
¥×��G¾H0 . ÙÆPravecI[3]�!ß�vÓ���, v!ßÓ�hÆYORPH���w�����L��êl��9ØÏÆvêl��às, àdÏÇ�ö���Æêl����H°Ñ<G����y�. P7,¤1(2–5 d−1�5–

10 d−1�êl��HG����y�, /PravecI[3]�!ß�vÓ���KÁn. d�, P7,¤1

(êl��'�5 d−1��L��pÆ�Ñ��Æ>�M, Ùïý/1�ÂK	éH�ü��(wS�à(,2.2��ÆÛL¨º). ù�P7,¤2�êl����, )(KDEÛLß���, �Ç¤É�Á�0Ævù��8Æ�0¡���&½:3, vÑ°X($*Ø¯Æ�8, �7�(GMM�0vð<ù��êl���+�:3.79 d−1�9.09 d−1,$*ð<�Ý»'���&½(s9.09–3.79 = 5.30

> 3), Î�n¤vH>WÌðy�, ÙhÆYORPH�ù��(1 < D 6 15 km��Ñ0�L���\(Æ>. v-P7,¤2(3–5 d−1�êl����ð<', ZÆÆ>, Ùïý�:Í	è�Ñ0�L�×YORPH�qÍ�(Ï�Ç�-, �öP7,¤2��L���øù�', 	)�s§ã��0úIf�Ü\(*eùvÛLß*ÂK. ü
,P7,¤2�ïý/*eû~àYORPH�Ï�êl�L���s7,¤.
3p<1/S�G¾:�ö,Ô��0�7,ÂßÓ���ï�Ó�ú°���, p<��, ÒÝ�G¾��11�E�.
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63w 0 �I: �L�YORPH��ï¢K�	S 5�ùÔP7,¤1�P7,¤2, Ñ°�bêl�Ñ0�L�`Ôý�Ø. (��0.2–1 km�Ñ0�L�-, bêl:���L�`Ô�:18%; �(��1–15 km�Ñ0�L�-, bêl:���L�`Ô�:8%, M�ÔÆ�Ø�10%, Ùïý	$*�à: (1)����×YORP

H�\(�Æ>, ��������Ñ0�L�Ï�:bêl¶��^;têl¶�; (2)0ú�Ü\ù������L��ÂKv
��, X(ÂK	éH�, ïýMN���Ñ0�L�(ëêl:ß�`Ô.

þ 3 æþ:��0.2–1 km�Ñ0�L��êl����,Z¿�::2–5 d−1�5–10 d−1���Ævù��sG<,GHG���; óþ:1–15 km�Ñ0�L��êl����,Z¿:KDE�ß�Ó�.

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−1 and 5–10 d−1 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.

2.2 ;&�L��êl�����7ù9454*;&�L�Ä��7,ÆÛLêl�����ß¡�v, ;&�L��7,pÏÔPravecI[3](2008t�ß¡7,i'�Ñ30
.þ4�¹þ>:�;&�L�7,�êl����Åµ�Ævù���K¯æ��ß�Åµ, f(x):ù���K¯æ��ýp[3].,�)(�K-SÀ�e�Á;&�L��êl����/&ïå(�K¯æ��ß�, vÙú�p<¥Ñ�ö, Ü��0.05, ÙhÆ(95%ná4s
&��;&I�L�êl��&��K¯æ���G¾, Û�Á�vêl����ïý×
YORPH�\(�qÍ. Îþ4ïå�0, ;&�L�(ëêl:�bêl:ß�`ÔÆ>Ø��K¯æ���ß�Ó�, X(Æ>“bêlÇi”, ÙÆé�ù;&�L���º�vÓ���. ;&�L�êl����ÆÑ0�L��êl����

	�':+, v(ëêl:�bêl:��L�`Ô�+:10.3%�13.5%, ��Ñ0�L�(ëêl:(`Ô21.4%)�bêl:(14.8%)ù��`Ô, ÙhÆYORPH�ù;&�L����\(1�Ñ0�L�. ;&�L�ëêl:7,�`ÔÔÑ0�L���11%, dYORPH�qÍ�1�, Øïý×ÂK	éH��qÍ, 9n�L�“�ó�”Ó���º, ëêl�����8��, 0úÂKùd{7,
���X(ÂK	éH�, ü�;&�L�(ëêl:7,`Ô��.:û~àYORPH�Ï�êl�7,¤, Û�e��;&�L�êl����ÆvhSJ�t
(s×*3í��î�)åÊ��'��sû. 9n
PravecIº�ß¡[27], (w	êlh�Âp�;&�L�-, ��'�3 km�7,�0Ì, Ù_/Mº�ß¡�!ß[3]Gå3–15 km�;&�L�:�vùa�;��à, îM;&�L��ß¡7,/
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63w ) � f ¥ 5��,�ù3 kmå��;&�L�U�ß¡�v, Û�Æ��'�3 km�;&�L����ÛLùÔ��. d��'��, �L��YORPH�Æí���¥øs. hSJ�t	é2.4 au�2.6 au\:7,¤�r¹, ��2.4 au��L�M�;&�&� §, �FloraÏ�L�, 2.6 au�/;&��&�-&��L¹. �ìãh�;&�L�×0*3í���3*
�4s. �;&�L�å
ð3*�r¹�:6*P7,¤, �h1�:.

þ 4 ;&�L��êl����,Z¿�::Ævøù���K¯æ��.

Fig. 4 The distribution of the spin rate of the MBAs. The dashed line shows the corresponding Maxwell distribution.h 1 ;&�L��6*P7,¤
Table 1 Six subsample groups of MBAs

Diameter/km

Subsample Axis/au

a 6 2.4 2.4 < a 6 2.6 a > 2.6

0.2 6 D < 3
Subsample Group 3 Subsample Group 5 Subsample Group 7

Number: 2924 Number: 1412 Number: 586

3 6 D 6 15
Subsample Group 4 Subsample Group 6 Subsample Group 8

Number: 1936 Number: 1301 Number: 1295

6*P7,¤�êl�����þ5�:, �+ù6*P7,¤ÛL8Æ�0¡, ån�vêl��ZÆ�y�. ùÔþ5-�Pþ(a)�(c)�(e)Ñ°P7,¤3�5�7h°úø����y�, ÙhÆ��(0.2–3 km�;&�L�(YORPH�\(��êl����ÆvhSJ�t�sûv
Æ
>; �7ùÔþ5-�Pþ(b)� (d)� (f)Ñ°P7,¤6�8h°úø����y�, sýê(bêl:	Æ>ZÆ, �P7,¤4�ÇKDEÑ°v	$*ð<, �Ç¤É�Á�0v��&½:3, v�(GMM�0Ù$*ð<ù��êl���+:
3.83 d−1�8.28 d−1,$*ð<�Ý»'���&½
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63w 0 �I: �L�YORPH��ï¢K�	S 5�
(s8.28–3.83 = 4.45 > 3),Î��Á�P7,¤4
Å(3–5 d−1�êl���h°úÆ>�ZÆy�,��(ëêl:_	ZÆ, Ùïý�:��:3–

15 km�;&�L�-, hSJ�t����L�×YORP\(Æ>, ü�v(ëêl:_Ñ��ZÆ. F;&�L��pnv
��, �¾�Çß¡��ÙúvÆhSJ�t�:Æn�øs'; ùÔþ5-æó$����¹þ, Ñ°����(P7,
¤3�5�7)�;&�L�(3–5 d−1�êl���	Æ>�ZÆy�, ÙÍ �Ǒ���Ï�YORPH�Ø�Æ>, ü������êl��Ø�Ï�vêl��h°ú>W�øs'. ÙÍ����L�êl���9Øw		é', Î�ü�����L�êl����w	>WZÆ�y', Ù(
FloraÏ-���)S�êl����
_�0��Á[28–29].

þ 5 ;&�L�6*P7,¤�êl�����¹þ.Z¿:KDE¹Õ�ß�Ó�.

Fig. 5 Histogram of the spin rate distribution for six subsample groups of the MBAs. The dashed line in the figure is the fitting

result of the KDE.

52-7



63w ) � f ¥ 5�Ît*;&�L�7,�êl����e�,

6*P7,¤(bêl:`Ô�', ÙÆPravecI[3]�0�“bêlÇi”��. =¡PravecI[3]¤:ÙÍ>W�“bêlÇi”��à�
�h�Z, Fïý1å�$*�àü�: (1)�L�«YORPH�Ï�êl�ÛeûÚ�Æ, YORPH�
�/�L�êl�����;�à , ûÚ��íö�¥Ñ�L��°�ö�, '�YORP��ö�, �ü��L�(bêl:ßÌÆ; (2)1�ÂK	éH�ü�:�ë�êl�î�, ����bêl:ß��L�(7,-`Ô�Ø. ùÔP7,¤4�6�8,Ñ°Ǒ�hSJ�t�� , v(bêl:��L�`Ô_(� , �+:9.2%�14.9%�21.1%,;��àïý/×0ú�Ü\ÂKý�qÍ, Ǒ�L�hSJ�t�� 0ú�Ü\ÂKý�Ø1, ëêl:-������L��¾«ÂK0.v-, P7,¤4(3–5 d−1êl���ëêl:��ZÆy�
ÅhÆvø��P7,¤6�P7,¤8×YORPH�\(�Æ>, _�:P7,¤4ïýØ	��¡	«Ï�ó�bêl:ß, �ö��(3–15 km�;&�L��Çs§ã��0ú�Ü\_�¹�·�Ø(ÏÄ÷Âp�IØò¿; =¡P7,¤3�5�7�7(3–5 d−1êl���	Æ>ZÆy�, F/v����, 
)��Çs§ã��0ú�Ü\ÛLß*ÂK, Îvëêl:��L�%Í:1�y�_ïå¨­úø�Óº. ü
,P7,¤4ïý/(;&�L�-û~àYORPH�Ï�êl��s�	S7,.d�, (�	P7,¤-Ñ°�*q��y�, s'�5 d−1�L��pÆ�	Æ>�M, îM�
ÆnvwS�à. 2000t, PravecI[25]ß¡Ñ°, �L��IØsG/E(êl��5–6 d−1�M��ë, IØ/E��pn�0�h�Âpná�î, Î�ü�	n��'�5 d−1êlh�pn��L�pî''Ï�.

3 �L�7,�Û�e[	�Ç�	aöåÊùêl�������, êýÙú×YORPH�qÍÔ�Æ>�ïýX(à
YORPH�Ï�êl�7,¤, ��P7,¤2�

P7,¤4, FàÕÙú*e10 yr�Çß*ÂKï�¥¢K0YORPH���	S. îMYORPH���¥¢K;�eê�IØpn, �ö�è��ØÆ�öǑKIpn/�¥¢KYORPH��Å�aö. �å����Ç0¡�¥¢KYORPH����IØö�è�eù�L�7,ZÛ�e[	.

3.1 IØ¢Kaö
2013t, RozitisI[30]Ùú��¥¢KÑ0�L�YORPËl ����IØö�è��¢Kaö0¡, sIØ¢K�aö:

∣

∣

∣

∣

dω

dt

∣

∣

∣

∣

>
8XπCP

T 2
CAM

, (1)v-, ω:�L��êlÒ��, t/åyr:UM�ö�; |dω
dt

|/YORPËl ���'�, UM:
rad · yr−2; TCAM/åyr:UM�IØö�è�,

CP/Ël¾�ûp, ,�Â�RozitisIº�å\[30], Ö<:0.025, X:(�L�
¢K0YORPH��ná4s, s¢K0êlh��9ØÏÅ{/$!h�KÏïî�X
. åIØ¢KaöÆ�L�êlh�às, F/�,e�å¹Õv
�(ë�êl(��2.2 h)��bêl('�20 h)��L�, à:d{�L��êlh�ïîøù�'. FǑ�ñz¢Kû¡�� åÊ�å÷¾pn, ïå�0Ù{�L��¾n�êlh�, å¢KaöÍw���Â��I. Î(1)�ïå�0IØ¢Kaö�Bù�L�YORPH��'�ÛL	H0¡. 2009t, RossiI[31]Ùú��L�YORPH��:�l�, ��L�b¶�íïÏI¾åÄ0�à Âp�:YORPàP,
∣

∣

∣

∣

dω

dt

∣

∣

∣

∣

=
G1

a2
√
1− e2ρD2

CY , (2)v-, G1/î
�*38p, �:6.4 × 1010 kg ·
km · s−2; ρ:�L��SÆ�, ß�ÖG<
2000 kg/m3, e:hSO��; CY/YORPàP, /�*àÏ²Âp. RozitisI[30]ú�(1)��(2)�)(�ya�¹Õ(Monte Carlo method) Ùú�0¡�¥¢KÑ0�L�YORPH���IØö�è��aö:
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TCAM 50 = 12.5(a2

√
1− e2ρD2)1/2 , (3)v-, TCAM 50/ù��*Ñ0�L�v��°50%�¢K�����IØö�è�, UM:yr. ,��Î�KpnúÑ, Ó�(1)��(2)�úË�*�ÇIØpn�¥¢KYORPH��[	!�. h2-�ú�Ù7�ò«¢K0YORPËl ���Ñ0�L��øspn.Ù7�Ñ0�L�ý( �êl, sYORPàP:
<. YORPàP�
��V�vb¶Êí

ïÏIíi�Âp, �¾n�, Fv
�v
qÍù�L�YORPH�:��0¡. :��}00¡¢KÑ0�L�YORPH���IØö�è�, ,�ú�Ù7�Ñ0�L�YORPàPÝù<�G<s ¯|CY| ≈ 0.006073, Ùú�Ñ0�L��YORPH�:�0�l�:

∣

∣

∣

∣

dω

dt

∣

∣

∣

∣

= 0.87× 10−2(a2
√
1− e2ρD2)−1 . (4)h 2 7�ú�IØK�YORPËl ���Ñ0�L�

Table 2 Seven NEAs with YORP rotational acceleration measured by lightcurve

Asteroid

YORP/

(108 rad·

d−2)

Semimajor

axis/au

Diameter

/km

Period

/h

Eccentricity

–

Obs. yrs.a

–

YORP coefficient

–

(1620) Geographos[17] 1.15± 0.15 1.245 2.56 5.223336(2) 0.336 1969—2020 (1.0± 0.1)× 10−2

(1862) Apollo[18–19] 5.3± 1.3 1.470 1.45 3.065448(3) 0.560 1980—2014 (1.9± 0.4)× 10−2

(3103) Eger[20–21] 1.1± 0.5 1.405 1.80 5.710156(7) 0.345 1987—2019 (7.8± 3.4)× 10−3

(25143) Itokawa[22] 3.54± 0.38 1.324 0.327 12.132371(6) 0.20 2000—2007 (7.6± 0.8)× 10−4

(54509) YORP[10] 349± 30 1.006 0.113 0.20283333(1) 0.230 2001—2005 (4.2± 0.4)× 10−3

(101955) Bennu[23] 363± 52 1.259 0.265 4.2960477(19) 0.204 1999—2018 (3.0± 0.5)× 10−4

(161989) Cacus[22] 1.9± 0.3 1.123 1.68 3.755067(2) 0.214 1978—2016 (4.5± 0.7)× 10−4

a “Obs. yrs.” gives the length of the total observation span.�öú�Ù7�Ñ0�L��YORPàPG<åÊYORPH��:�0�¹Õ, ,��ÇIØ¢KaöÙú�æ�*0¡¢KÑ0�L�YORPH���IØö�è��aö:

TCAM = 7.89(a2
√
1− e2ρD2)1/2 . (5):�
W�ïý��	Sî�, �XÖ<:1,s¢K0êlh��9ØÏ
��h�KÏïî.ùÔÙ7�Ñ0�L���EIØè��IØ¢KaöÙú��ºIØè�, Ñ°�L�(3103)

Eger��EIØö�è�N�(3)�0¡��ºIØö�è�; �7�Ñ0�L���EIØö�è�G¾0�(5)�0¡��ºIØö�è�. Æ��M��&��E¢Kpn�¢KÓ�, ����

((4)��(5)�Ä��[	!�ù�	7,ZÛ�e[	.

3.2 �L�YORPH��	S�L��IØpn¾åÛLæ=�ß¡, F	IØÍ�b¶!���L��,G	³��IØpn, Ù_/IØÍ�!��Å�aö. ��	7,Æ�L�b¶!�pn�(Database of Asteroid

Models from Inversion Techniques, DAMIT)4ùÔ[32], Ñ°Ñ0�L���	7,-d
ð7��L��, Å	16�Ñ0�L�w	b¶!�, Ù_hÆvY�L��IØpný^8�, 
³åÍ�úb¶!�, Æ�¥¢KYORPËl ������IØö�è�øî*Ü. Ù16��L�-,
4b¶pn*b2021t6�.
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63w ) � f ¥ 5�ê	(85990) 1999 JV6^�P7,¤1 (0.2 6 D 6

1 km, NEA), vYG^�P7,¤2 (1 < D 6

15 km, NEA). ,�æÆß¡�Ù23�Ñ0�L��ò	IØö�è�, s�L��,�!IØÂKÆ�Æ�!IØÂK�ö���, þ6U:�Ù23�Ñ0�L���EIØö�è��$ÍIØ¢Kaö�:+.9n,�Ùú�[	!�, d7�ò¢K0
YORPËl ����L��, �ú�*e10 yr�ïý¢K0YORPH��10�Ñ0�L��	S,�h3�:. v-, (1865) Cerberus� (2100) Ra-

Shalom�(3200) Phaethon�(85990) 1999 JV6�IØö�è�Gá³¢Kaö(3)�, F�*Ùún��YORPËl ��. (1865) Cerberus[20]�(2100)

Ra-Shalom[20–21]ò«n¤X(YORPH�, ĎurechI[20–21]Ùú�YORPËl ���¨P<, �+:0.8 × 10−8 rad/d2�1.25 × 10−8 rad/d2, M�1�IØpn��
ýÙúÆn�YORPËl ��, Æ�1�êlh�øù�', vêlh��KÏïî�'*ýÙúYORPËl �����<.�(3200) PhaethonhbX({W�;¨[33], �'(Ïi(1=[34], Ù� �êlh�Ø�, àÕn¤h��9Ø�h1YORPH�ü�. (85990)

1999 JV61�IØpnÍ��àÕ�03e�b¶!�, å�L�ÆItokawaø<, G:¥æ�Ì�L�, Ó�÷¾pnÙú�vYORPËl ���
P:8.5 × 10−8 rad/d2[35], :�n�vYORPËl ��, �����IØpn.

þ 6 $ÍIØ¢Kaö�ùÔþ.z��¹:7�ò¢K0YORPH��Ñ0�L�,ñb¹:16�	b¶!��Ñ0�L�.

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

axis/au

Diameter

/km

Period

/h

Eccentricity

–

Obs. yrs.

–

Pre.

yrs.a/yr

Database source

–

(1580) Betulia 2.197 4.20 6.13836 (1)[36] 0.487 1976—2015 46.5 LCDB, DAMIT

(1917) Cuyo 2.149 3.41 2.6897642 (4)[37] 0.506 1989—2017 54.3 LCDB, DAMIT

(6053) 1993 BW3 2.148 2.67 2.5737[38] 0.528 1995—2015 42.1 LCDB, DAMIT

(3200) Phaethon 1.271 5.80 3.603957 (1)[39] 0.890 1989—2019 27.8 LCDB, DAMIT

(3908) Nyx 1.928 1.04 4.42601[40] 0.459 1988—1997 13.6 DAMIT

(40267) 1999 GJ4 1.339 1.62 4.9582 (5)[41] 0.808 2010—2017 14.8 LCDB, DAMIT

(85990) 1999 JV6 1.008 0.25 6.536787 (7)[34] 0.312 2007—2016 1.96
LCDB, DAMIT,

CNEOST

(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)[20] 0.467 1980—2017 9.7 LCDB, DAMIT

(1685) Toro[21] 1.368 4.10 10.19782 (3)[21] 0.436 1972—2021 51.0
LCDB, DAMIT,

Yaoan

a “Pre. yrs.” denotes the minimum observation span that can sufficiently predict the detection.d�, (1917) Cuyo�(6053) 1993 BW3(10

yrÆ�IØö�è�ÍeN�IØ¢Kaö��B,F(1917) Cuyoò	�}�í¢�pn�÷¾pn[36],vÆ(6053) 1993 BW3ý«'Wð(European

Southern Observatory, ESO)�eÍ'yî�;��vî�, �ùvÛL÷¾�í¢�ÂK, Ó�IØpn	)�YORPH��¢K��v. Ù10�
YORP�	S(*e�Çs§ã��0úIf�Ü\Gï·�Ø(ÏØÆ�öǑ�KIpn, Ù�pn�«(�b¶!�����YORPËl ���KÏ. *e�ì�çíß*ÂKÙ��	Sv�vvYORPH�.d�, ,�ú�;&�L��Ñ0�L�w	ø�YORPàPG<�G¾, �(å[	!�¡��P7,¤4-�L��¥¢KYORPH����IØö�è�, Ñ°vG'�40 yr.P7,¤4-ò	b¶!���L�q352�, �ì�IØö�è�GÜN�[	!����IØö�è�, ��:�ǑKIpn, 
ý�¥(�YORPH��¢K�v. Ù�:;&�L�×YORPH�qÍ�1, îMÍàÕ�ÇIØ�¥¢KvYORPËl ��,

_/ÄÊ:b¡	�ÇIØ�¥¢K0×YORPH�Ï�êl��L��Í��àK�.

4 ÓºÆ¨º
(1),�vHùLCDBpn���L�ÛL��	, ù�	7,êl�����ß¡��Ó�hÆ: ù�Ñ0�L�, Ñ°vêl��(ëêl:�bêl:G	Æ>ZÆ, )(8Æ�0¡�ÁÑ0�L�êl����HÌðy�, /YORPH�qÍ�L�����¥Án. v-0.2–1 km�Ñ0�L�(2–5 d−1�5–10 d−1��HÑ<G����y�, �Á�PravecI[3]�!ß�v¨º, /��:ø��L��ö���Æ�Ó�; ��1–

15 km�Ñ0�L��êl����H°^8>W�Ìðy�, hÆYORPH�ù���'�Ñ0�L�_	Æ>qÍ; ù�;&�L�, vêl�����7O»��K¯æ��, FÆ>
��Ñ0�L�, 
ÅX(Æ>“bêlÇi”, ��(3–

5 d−1�êl��	Æ>ZÆy�. P7,¤3 (a

6 2.4 au�0.2 6 D < 3 km)�P7,¤5 (2.4 <

a 6 2.6 au�0.2 6 D < 3 km)�P7,¤7 (a >
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2.4 au�0.2 6 D < 3 km)�êl����ø<,hÆ;&�L��êl����ÆvhSJ�t�sûv
Æ>. P7,¤4 (a 6 2.4 au�3 6

D 6 15 km)�P7,¤6 (2.4 < a 6 2.6 au�3 6

D 6 15 km)�P7,¤8 (a > 2.6 au�3 6 D 6

15 km)�êl����Æ>ÆP7,¤3�P7,¤5�P7,¤7
�, ����;&�L�(3–

5 d−1�êl���h°úÆ>�ZÆy�, hÆ�L�êl����Æ���sû�Æ>, ����×YORPH�qÍ�Æ>.P7,¤1��L��êl��ïýÏ��
YORPH����qÍ, àYORPH�Ï�êl�'è��L�ïýòÏÛebêl:, �P7,¤2 (1 < D 6 15 km, Ñ0�L�)�P7,¤3 (a 6 2.4 au�0.2 6 D < 3 km)�P7,¤4

(a 6 2.4 au�3 6 D 6 15 km)�P7,¤5 (2.4

< a 6 2.6 au�0.2 6 D < 3 km)�P7,¤7 (a >

2.6 au�0.2 6 D < 3 km)�7, (3–5 d−1êl���	Æ>ZÆy�, Ù
ÅhÆv×YORPH�\(�Æ>, ���:�ì�YORPö�ïý��,Ø	���L�¡	«Ï�ó�bêl�:ß. �ö�Q0s§ã��0úIf�Ü\�ÂKý�,P7,¤2 (1 < D 6 15 km, Ñ0�L�)�P7,¤4 (a 6 2.4 au�3 6 D 6 15 km)ïý/*eû~àYORPÏ�êl��s�	7,.

(2)ú�7�ò¢K0YORPËl ���L���Kpn, úË�YORP:�0�¹Õ�IØ¢KaöÄ��[	!�. 9n[	!�, �Qs§ã��0úIf�Ü\�ÂKý�, ,�Ùú10��Ç*e10 yr�ß*ÂKïý�¥¢K0
YORPH���	S.å[	!�}6êÓ��7�Ñ0�L���Kpn, F�ì�êlh���(0.2–12.1 h���, ����', b¶!�î��'�eê
���L��{, w	���ãh'. ùd{Ñ0�L�YORP:��0¡�!ß�:ï`. 10�
YORP�	Sî�G:Ñ0�L�, ;&�L�×
YORPH�\(�1, �(IØpnÛL�¥¢KA�ð¾, �Ó�÷¾IpnÛL¢K�v. *eùYORPH��¥¢K��v��H	éÑ0

�L�. �Ç!�ù�L�ÛL[	�Ä0, 	)�*eùYORP�	SÛL�ù'ß*ÂK��v, _	©���YORP�º�ÂKÁnv0Ì
YORPH���vî�.�" �"+Ñq)�ðH���¡?��ù�à�ú��5ú®. Â��.
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A Detectable Candidate for the YORP Effect of Asteroids

TIAN Jun1,2 ZHAO Hai-bin1,2,3

(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)

(3 Center for Excellence in Comparative Planetology, Chinese Academy of Science, Hefei 230026)

ABSTRACT 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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