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4 Y ���� Centaurs  �K\J+Z5&^NQ�l 385WLl_�.vA�ap Centaurs �~lV\!%�0I�~H)X3$\!%�pÆ/�y�Tegler _ [3] p 22� Centaurs(�\LOO/"@* Centaurs�~\'~��sbb�'~�)+�@E(�$F}x�Uy\$�+ls?uFVo� Bauer_ [4] Wp 24 � Centaurs (�\z!��y}uu V − R 3 R − I H a OW8s�\z!�� Peixinho _ [5] J/p 15 � Centaurs �~lV!%�\�y�uu B − V H
V − R � B − V H R − I A8s�\!%��s:A_V V − R H R − I lVOWz!�\h�
5<u[x-b(alVnÆ+OWz!��[�J���:} Centaurs�~\��7.W�=\/A}OWD��Z��5<K
*
8* Centaurs �~HZ)X3$lV\!%�eC�uu B − V 3 B −R H)X��3 e lVOWz!��s:A_VZ6�~H)X3$lV!%�\h�� Doressoundiram _ [6] *!=LO{v�yb�!%��5<p 9 � Centaurs \�yuu B − V H e OWd[s�\z!��s B − R H e lV\z!�)�{,��W�b}�f<_p�r(�$\ Centaurs (� (39 �) pÆ�~lV (B − V �
V − R � R − I � B − R) 0I�~H)X3$ (a � e � i) lV\z!�LO�j�b~��+o�p0X�jg-\gh�sb�0>yW�r(�$\f�r�z!�\s�Aj��u�
����)\����J�!=b��r$F\ Centaurs (��uu�\z!��
2 TBDrf<�`Æ
$�nL [7](Planet Data System) }p�FD�%\>���j Cen-

taurs (��H* 7 �D�("E�
\ Centaurs lS�ZF Centaurs \)X3$	�NE�Æ
}� 1(Minor Planet Center), s�("[�
\ Centaurs \)X3$�NEP^RpÆ#� (Jet Propulsion Laboratory, JPL) \�FD$�� 2(JPL Small-Body

Database Browser).pE Centaurs~s$\	m�f<-H*uW4A.j~s$\ Centaurs$��b�~s$$��NE0Xbw},F\$�3W^�\Wy$��Z}\,� Centaurs@E�rM$6s[Vr�~s$\$��N+K\$6��46)[V\g-����LV6[\$��Yw\�7Lf<�j�NE+K\$6��\$�)+:}��\g-�pEOWr�~s$6)q\ Centaurs, f<�Z$�\L[�
�Zi9��\$�
x-_<6[\$�i9zKEz9+r�[�Z��$��Centaurs ~s$\$��NE0rFK
(1) Tegler _ [3]; (2) “ESO Large Program on Centaurs and TNOs”[5];

(3) “Meudon Multicolor Survey (2MS)”[6]; (4) Wy$��
MBOSS-Colors 3(Minor Bodies

in the Outer Solar System: Magnitudes and Colors); (5) Planetary Data System: TNO and

Centaur Colors[7].f<J/i9\o{O
84�HV\ Centaurs �~s$\i9�?zZ�[V
1http://www.cfa.harvard.edu/iau/lists/Centaurs.html
2http://ssd.jpl.nasa.gov/sbdb.cgi#top
3http://www.eso.org/∼ohainaut/MBOSS/
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B − V � V − R � R − I 0I B − R \i9zZ�%7W 0.01 ∼ 0.14 � 0.01 ∼ 0.1 �
0.01 ∼ 0.21 3 0.01 ∼ 0.16 bN�iVI�b"@$�\i9	W�0e�\zZI�7Lf<u[$�\uj�d[�Æ\ (\" 1).� 1 Centaurs RAk�

Table 1 Centaurs data sample

Object B − V B − R V − R R − I HR
∗

i(˚) e a(AU) Ref.

2060 Chiron 1977 UB 0.68 ± 0.04 1.04 ± 0.04 0.36 ± 0.02 0.33 ± 0.03 6.11 ± 0.05 6.9 0.379 13.704 b

5145 Pholus 1992 AD 1.30 ± 0.10 2.09 ± 0.10 0.79 ± 0.03 0.82 ± 0.05 7.17 ± 0.06 24.7 0.572 20.318 b

7066 Nessus 1993 HA2 1.09 ± 0.04 1.87 ± 0.06 0.78 ± 0.05 0.69 ± 0.07 9.00 ± 0.07 15.6 0.518 24.643 b

8405 Asbolus 1995 GO 0.74 ± 0.04 1.25 ± 0.06 0.51 ± 0.05 0.51 ± 0.04 9.04 ± 0.06 17.6 0.621 18.108 b

10199 Chariklo 1997 CU26 0.80 ± 0.05 1.29 ± 0.05 0.49 ± 0.02 0.52 ± 0.01 6.58 ± 0.01 23.4 0.171 15.778 b

10370 Hylonome 1995 DW2 0.77 ± 0.08 1.15 ± 0.10 0.38 ± 0.06 0.50 ± 0.19 9.30 ± 0.14 4.1 0.246 25.064 [6]&b

29981 1999 TD10 0.72 ± 0.02 1.23 ± 0.03 0.51 ± 0.02 0.46 ± 0.03 8.70 ± 0.04 6.0 0.875 98.152 [7]&b

31824 Elatus 1999 UG5 1.05 ± 0.02 1.69 ± 0.03 0.64 ± 0.02 0.63 ± 0.04 10.46 ± 0.12 5.2 0.384 11.763 [6]&b

32532 Thereus 2001 PT13 0.71 ± 0.01 1.18 ± 0.01 0.47 ± 0.01 0.49 ± 0.04 9.37 ± 0.04 20.3 0.198 10.651 [3]&b

33128 1998 BU48 1.01 ± 0.04 1.65 ± 0.05 0.64 ± 0.03 0.64 ± 0.10 6.86 ± 0.14 14.3 0.384 33.158 [6]&b

42355 Typhon 2002 CR46 0.74 ± 0.02 1.26 ± 0.02 0.52 ± 0.01 0.48 ± 0.06 6.98 ± 0.05 2.4 0.534 37.612 [3]&b

44594 1999 OX3 1.11 ± 0.05 1.87 ± 0.09 0.76 ± 0.08 0.63 ± 0.07 6.85 ± 0.08 2.6 0.457 32.484 [6]&b

49036 Pelion 1998 QM107 0.75 ± 0.08 1.31 ± 0.12 0.56 ± 0.09 0.58 ± 0.21 10.19 ± 0.11 9.3 0.138 20.076 b

52872 Okyrhoe 1998 SG35 0.74 ± 0.07 1.23 ± 0.09 0.49 ± 0.06 0.47 ± 0.07 10.73 ± 0.08 15.7 0.306 8.353 b

52975 Cyllarus 1998 TF35 1.17 ± 0.05 1.88 ± 0.06 0.71 ± 0.04 0.67 ± 0.09 8.64 ± 0.10 12.6 0.380 26.178 [6]& b

54598 Bienor 2000 QC243 0.67 ± 0.03 1.11 ± 0.04 0.44 ± 0.03 0.40 ± 0.08 7.72 ± 0.08 20.7 0.199 16.544 [6]& b

55576 Amycus 2002 GB10 1.09 ± 0.05 1.77 ± 0.05 0.70 ± 0.03 0.76 ± 0.04 7.43 ± 0.03 13.3 0.393 25.064 [5]

60558 Echeclus 2000 EC98 0.85 ± 0.08 1.32 ± 0.11 0.47 ± 0.08 0.49 ± 0.10 9.76 ± 0.08 4.3 0.458 10.751 b

63252 2001 BL41 0.70 ± 0.01 1.21 ± 0.03 0.51 ± 0.03 0.38 ± 0.16 11.28 ± 0.06 12.5 0.295 9.730 [3]& b

73480 2002 PN34 0.76 ± 0.01 1.28 ± 0.02 0.52 ± 0.02 —— 8.51 ± 0.03 16.6 0.573 31.254 [3]& b

83982 Crantor 2002 GO9 1.10 ± 0.02 1.86 ± 0.02 0.76 ± 0.01 0.71 ± 0.05 8.44 ± 0.03 12.8 0.277 19.459 [3]&[5]

87555 2000 QB243 0.77 ± 0.05 1.07 ± 0.10 0.38 ± 0.05 0.52 ± 0.08 8.16 ± 0.06 6.8 0.565 35.193 [5]&[7]

88269 2001 KF77 1.08 ± 0.04 1.81 ± 0.04 0.73 ± 0.01 —— 10.04 ± 0.02 4.4 0.241 26.053 [3]& b

95626 2002 GZ32 0.61 ± 0.01 1.03 ± 0.04 0.42 ± 0.04 0.54 ± 0.07 6.60 ± 0.13 15.0 0.220 23.065 [3]& b

119315 2001 SQ73 0.67 ± 0.02 1.13 ± 0.02 0.46 ± 0.01 —— 8.89 ± 0.03 17.4 0.177 17.476 [3]& b

120061 2003 CO1 0.74 ± 0.03 1.24 ± 0.04 0.49 ± 0.02 —— 9.21 ± 0.04 19.7 0.474 20.765 [3]& b

121725 1999 XX143 1.28 ± 0.11 1.86 ± 0.07 0.65 ± 0.07 1.12 ± 0.06 8.39 ± 0.04 6.8 0.465 17.916 [5]

1994 TA 1.26 ± 0.14 1.93 ± 0.16 0.67 ± 0.08 0.74 ± 0.21 11.42 ± 0.13 5.4 0.303 16.759 b

2000 FZ53 0.61 ± 0.03 1.17 ± 0.05 0.56 ± 0.04 0.24 ± 0.10 11.11 ± 0.14 34.9 0.478 23.757 [3]&b

C/NEAT 2001 M10 0.66 ± 0.10 1.17 ± 0.10 0.51 ± 0.03 0.51 ± 0.03 —— 27.9 0.802 26.759 [7]

2001 XZ255 1.17 ± 0.02 1.91 ± 0.07 0.75 ± 0.07 —— 10.80 ± 0.08 2.6 0.036 15.902 [3]&b

2002 CB249 —— —— 0.63 ± 0.08 0.25 ± 0.08 10.16 ± 0.09 14.0 0.511 28.421 [5]

2002 DH5 0.66 ± 0.07 1.05 ± 0.08 0.47 ± 0.05 0.27 ± 0.08 9.76 ± 0.10 22.5 0.365 21.980 [5]

P/LONEOS 2004 A1 —— —— 0.32 ± 0.03 —— —— 10.6 0.308 7.897 [7]

166P/NEAT 2001 T4 0.87 ± 0.03 1.60 ± 0.04 0.73 ± 0.03 0.71 ± 0.03 —— 15.4 0.382 13.838 [7]

167P/CINEOS 2004 PY42 0.80 ± 0.03 1.29 ± 0.10 0.49 ± 0.10 0.42 ± 0.08 —— 19.1 0.274 16.275 [7]

29P/S-W 1927 V1 0.78 ± 0.03 1.28 ± 0.04 0.50 ± 0.03 0.52 ± 0.03 —— 9.4 0.045 5.989 [7]

39P/Oterma 1943 G1 0.74 ± 0.07 1.19 ± 0.09 0.45 ± 0.05 0.59 ± 0.10 —— 1.9 0.246 7.251 [7]

P/LINEAR 2000 B4 —— —— 0.45 ± 0.03 0.45 ± 0.03 —— 15.9 0.621 18.027 [7]

∗ R *n�q�`
b: http://www.eso.org/∼ohainaut/MBOSS/
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3.1 Centaurs %MtQ-^
3.1.1 Centaurs ~s$z!��jNO 1 �0�F Centaurs~s$lV�Ad`\y�z!��[*p,/f)�y
Centaurs ~s$\z!��f<2=+Rt8_Mz! [8] Z#{v�p Centaurs ~s$lV0I�~H)X3$lV\!%�pÆ�j�b�Z#{v+o�A�#\?Q��6W�(�$\f�r*J�Fd[�	\g-�$�lV\!%Aj@+Rt8_Mz!n$IZs�)U SL (Significance Level) �9)�b�\s�)U SL �sT�(�(�lV+OW!%� (H0) [T\�3�@ SL q�9)(�(�lV!%�\Aj�f<3` Efron _ [9] 4'f\No!�
 SL > 95% — d[UÆ\�Æ�h@
H0 [T
 SL > 97.5% — UÆ\�Æ�h@ H0 [T
 SL > 99% — ~;UÆ\�Æ�h@ H0 [T�

P 1 Centaurs �u&nX^#pP	 (a) B − V J V − R ^#pP� (b) V − R J R − I ^#pP�
(c) B − V J R − I ^#pP� (d) B − R J R − I ^#pP

Fig. 1 Color-color diagrams of Centaurs. (a) B − V vs. V − R, (b) V − R vs. R − I, (c) B − V vs. R − I,

(d) B − R vs. R − I
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1pk�40TFu$�i9QED(�$�clV\9q
�$�i9pz!n$IZZ#g-\:}|8�)*�bA�JUy+�n\g-�7L�f<!=
~A� [9](bootstrap) p;�$�cWZ�
\i9zZI2GDj 1 000 M��> 1 000 �(��pb�(��%O/z!n$ ρ,jU	q�[��\g-�f<Np Centaurs�~s$lV!%�\Z#g- (" 2)uu�B−V H V −R (O
1(a)) � V − R H R − I (O 1(b)) � B − V H R − I (O 1(c)) � B − R H R − I (O
1(d)) lV	OW8s�\z!� (ρ > 0.6, SL > 99.99%). Wbl_� Peixinho _ [5] 0I Doressoundiram _ [6] huu* B − V H V − R � R − I OWs�z!�s:A_V V − R H R − I OWz!�\h�� Peixinho _ [5] pE V − R H R − I lV:As�Fs�z!b,u�i�[+v,��=7.Uy Centaurs "?g|�~\
>�sb�:} Centaurs �~\7.W�=\/A}OWD��Z�� Doressoundiram _ [6]cpZ2=w)8�\(��*@*5<\g-+����Æ\�f<2=*�r\$�(��vLOZ#uu V − R H R − I *OWs�\z!��)bf<\S* B − RH R − I \z!�Z#�uu6<lV*OW8s�\z!��NO 1 }*�0�F0�4#~s$lVOWd`\z!��S�z!!n5YOW95�b�J���:}
Centaurs �~
>\�)7.+OW@!\�Z��sD��=Y{\7.pE+K�~\
>OWD�q�\9%�� 2 ) Centaurs NuR&UK*J(:c3=j

Table 2 Spearman rank correlation test for the color indexes of Centaurs

Variables n Without error bars With error bars

ρ SL(%) ρ+σ
−σ SL(%)

B − V vs. V − R 36 0.72 > 99.99 0.71+0.05
−0.04 > 99.99

V − R vs. R − I 33 0.63 > 99.99 0.62+0.03
−0.04

> 99.99

B − V vs. R − I 31 0.82 > 99.99 0.77+0.05
−0.05 > 99.99

B − R vs. R − I 31 0.76 > 99.99 0.74+0.05
−0.04

> 99.99�� n $�K�q�Q0^&�q^�&
3.1.2 Centaurs \'~�WLl_�.vAsp Centaurs \'~�S0�y3h@� Boehnhardt _ [10] 3
Hainaut _ [11] p Centaurs \'~��F*f�\No� Peixinho _ [12] �j*T
4A.j B − V 3 V − R \ Centaurs, ofb�FDW SL [ 99.5% \)Ur�@(�+K B − R �~\oD�>\� Tegler _ [3] Wp 22 � Centaurs \~s$pÆZ#<uu� Centaurs �~\+'��oA+V 1/1000 \�J�@E(�+lUy\�u[ Centaurs ?u\'~�|�@EZ�NE(�+K�~\oD� Peixinho _ [5] 3
Doressoundiram _ [6] 2=�\\~s$$��J/ B − V H V − R \~s$!nO�p,/hÆ*'~�\OW�f<=�r\$�(�pÆ* Centaurs '~�Z#�NO 1(a) } B − V H V − R\!nO|�0�deJa�FaEO�ra\ Centaurs ?u�~�saEOB�a\
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Centaurs?u:~�(a	A8`\�H��b}Vm�Wb(��~lV\/lFD�[*�o$a"� Centaurs (�~s$\�,f��f<p��~s$\(��%�FZz9\LOo{O (O 2), uu Centaurs (�}~s$ B − R 3 B − V \�,W}VOWVo�

P 2 Centaurs �u&^NQp}P
Fig. 2 Histograms of the color indexes of Centaurs[*J��F�S�n\N��f<2= dip Z# [13] p Centaurs \~s$pÆ�j� Dip Z#�,�Z#$�(����
K,�'��,\(��D\Z#{v�2=LZ#{v�0N%�~s$\$�(����%�
EZ�
�D\,0��p��~s$\ dip Z#g-x" 3. pE 36 � Centaurs \ B −R O/[V\ dip LO)[

0.081, (�$� B −R �NEK,(��D\�J��E 4% 
spE B − V (36 �) �
V −R (39�) 0I R−I (33�), Z�
�,�NE+K(��D\�J��%[ 70%�
54%3 4%, 	+V 95%\s�)U�@L�0u[�Centaurs (�$� B−R+��
K,�~'�\(��D (SL > 95%), Centaurs ?u:��'~)+�@E(�$�\m�sUy\Z}VFuVo
 R − I �,\Vo�@Ef<(�$�\m�Uy\�Z(�$��NEK,(��D (SL > 95%) 
pE B − V , ZLOo{O}OWVo�



390 H c � � 51 �b�,�NE+K(��D\ SL [ 70%, �)2jp,/\#h
spE V − R, 6\LOo{O+OWVo�b�,dZ6~s$H}�Z�NE+K(��D\ SL o[
54%, 7L+w1nf V − R ���NEK,(��D�� 3 Centaurs NuR& dip =j

Table 3 Dip test for the color indexes of Centaurs

Color index Dip statistic P

B − R 0.081 0.04

B − V 0.062 0.30

V − R 0.058 0.46

R − I 0.042 0.96x-$�+��NEK,'��,\(��D�G9�pOW,� (Er�) /jq_"E+K�,\�Di%���7L�[*_V B−R\/jq�L Centaurs:��'~\/jc�f<!= Wilcoxon Z# [14] �_�:��(~95�s�\�jc�f<vp2=
~A��p;�$�cWZ�
\i9zZI2GDj 1 000 M��> 1 000��(��O/;�(�}�:��(~95�s�\�jc�NO 3(a) }�0�F�
B − R 95�s�\�jc (B − R)cut = 1.4 Fu\TM�r�7Lu[ B − R \�jc9[ 1.4 �B�

P 3  �:6�le^
4>k�.p}P	 (B − R)cut � (B − V )cut �&]\�Æ �:6^�le
Fig. 3 Histograms of the probability density distribution of the critical points for color differences.

(B − R)cut and (B − V )cut are the critical points for color differences, respectivelyLS�NO 2(b) }�0�F B −V }V*Fu@s\Vob�A'��1ppZpÆ dip Z#)+`.iBZ�
+K\(�(��D�S B − V �
+K(��D\�3vA 70%, [Lf<*=�#K� B −R \{v�_ B − V \�jc�NO 3(b) �0�F B − V 95�s�\�jcFuW (B − V )cut = 0.9 K�bHO 2(b) \VocF�,y�7Lu[z B − V �
+K\(��D�[Z�jc9W 0.9 �B�



4 Y ���� Centaurs  �K\J+Z5&^NQ�l 391

3.1.3 ~s$\�,Z#[*S�*ib,�FD\"?g|�>I
>G{�>y Centaurs �~\�,'2+�[,�Qx� Centaurs oD?uF'~��b��~95�J�@E Centaurs]NE��>\958]\�*�Jy;*�VF^\��3 (E) �uDg\)U+K�x-p Centaurs oD�~s$\�,pÆ�j�g6Z)X�V�,f���0�[f<p Centaurs oD\]N@w�um�V@w\��)U3pZ"?�>g|\:}A4uj3*i�[L�f<2= K-S Z# [15] p Centaurs ~s$\�,pÆ�j�@~s$\LOo{O (O 2) �0�F�F_$6V\ Centaurs \ B −R �B −V � V −R I R− I q	?uF�+�,@d�7Lf<2= K-S v�Z#b�~s$���6�+�,�L_ B−R ≥ 1.4�B−R < 1.4�B−V ≥ 0.9�B−V < 0.9�V −RI R− I \qpÆ�+�,Z#� @" 4 �0�F�p�~s$pÆ K-S Z#4[\ P q	QE 0.05. ,��*� P qQE 0.05, Lu[:A��\�@�� H0 T� (H0 [~s$�,�6�+�,); P qQE 0.1, Lu[:At5�@�� H0 T��7L�u[W α = 0.05 \s�)Ur��#~s$q	�6�+�,��+�,\	q Mµ �f�,\az�L�3=j�Q\q
!�S9 σ �f�,\ “O”“ ”. g6 Mµ 3 σ �0Qy�F CentaursoDW�~�\�?zZ (W [Mµ − 2σ, Mµ + 2σ] zZI\�3[ 95.4%; W [Mµ − 3σ,

Mµ + 3σ] zZI\�3[ 99.7%). 7L σ \Q�y;* Centaurs oD�~s$�?zZ\Q��~s$ B − R ≥ 1.4 \(�w)[ 13, σ [ 0.13; ~s$ B − R < 1.4 \(�w)[ 23, σ [ 0.09. b*@ Centaurs oD}?u�~\oD�~�,d[H}�s?u:~\oD�~�,d[u}�"??u�~\ Centaurs �J�@EZ"?@(7�ÆEZ�\�uDg4y�s"??u:~\ Centaurs�J@EZ"?�Æ:~\AGgE�@��Uy:?\g- [11−12]. �~oD\�~�,H}�J�@E(7�Æg\95d�Ea�uDg)UzT4y�s:~oD\�~�,u}�J�Z"?�Æ\AGg\�>��#0I�,f�95dQ�E�y;*�V��)U@E�Vaz\+KsA49%�� 4 Centaurs NuR& K-S =j?7 (α = 0.05)

Table 4 The results of K-S test for the color indexes of Centaurs (α = 0.05)

Color index NC K-S statistic P Mµ σ

B − R ≥ 1.4 13 0.21 0.58 1.83 0.13

B − R < 1.4 23 0.13 0.79 1.19 0.09

B − V ≥ 0.9 12 0.22 0.56 1.14 0.09

B − V < 0.9 24 0.14 0.72 0.73 0.07

V − R 39 0.19 0.08 0.56 0.13

R − I 33 0.14 0.55 0.55 0.18�� NC ��7b 1 -I^^�u&^�&
3.2 1MtQn4"�Q%2Gf-^[*>y Centaurs\�~�,��HZ)X3$A!%�f<vp2=+Rt8_
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V − R 3 R − I H)Xca i �)X��3 e 3)X�<� a lV��OWz!��[*n�g-\�Æ��f<vp2=+
1i93
1i9(�{�pÆZ#�j�@" 5 \g-��wuu B − V H i (ρ = −0.37, SL = 97.25%) � V − R H a (ρ = 0.30,

SL = 93.74%) OW{z!��spEZ6~s$H)X3$lV\!n�^uu6<�Az!�� � 5 ) Centaurs NuRo5#�R&UK*J(:c3=j
Table 5 Spearman rank correlation test for the color indexes vs. orbital parameters

Variables N Without error bars With error bars

ρ SL(%) ρ+σ
−σ

SL(%)

B − R vs. i 36 -0.26 87.51 −0.25+0.02
−0.01

84.07

B − R vs. e 36 0.08 44.83 0.10+0.01
−0.01 41.58

B − R vs. a 36 0.05 24.67 0.07+0.01
−0.02

31.15

B − V vs. i 36 -0.37 97.25 −0.36+0.03
−0.02 97.23

B − V vs. e 36 0.07 19.55 0.07+0.01
−0.01

19.82

B − V vs. a 36 0.06 25.20 0.07+0.01
−0.01

29.65

V − R vs. i 39 -0.09 41.77 −0.09+0.01
−0.01 40.39

V − R vs. e 39 0.18 72.90 0.15+0.02
−0.01

62.63

V − R vs. a 39 0.30 93.74 0.27+0.02
−0.01 90.00

R − I vs. i 33 -0.22 79.16 −0.22+0.01
−0.01

78.06

R − I vs. e 33 0.002 0.70 0.002+0.001
−0.001 0.75

R − I vs. a 33 0.07 29.07 0.07+0.01
−0.01

28.52�� N �q�|#[$^&�q^�&NLO��`�$�(�w)+Q�Z�JOW\z!�):A82aDuF��Ng��aj��b�FD\Ug
<�"?/A0I4K\�V@w_�67.\:}�JUypED,7.\:}h�+J8@saDuF��OW{z!���1�~s$H)X3$lV�JOWD�!n�Ng$�aj
1�dQ)Xca\ Centaurs2`��Ju��r\Q	��V@w!)X�?�dQ�Ns�[Z"?g|VY��c�E
>�~\ Centaurs; sd�)Xca\ Centaurs �c�E�BZL��>\:~�K(�)X�<��\ Centaurs �erE:&nI0�Q	d[Tx���V@w:}dQ�S�E?u�~
s)X�<�Q\ Centaurs, Q	zp���:&zpO��1�BZL�\:~"?�
4 @HqVH�b��F_.j~s$\ 39 � Centaurs pÆd[�y\LO�j�[Fxrg6


(1)J/p Centaurs�~s$lV\!%�Z#�uu B−V H V −R (ρ = 0.71+0.05
−0.04,

SL > 99.99%) � B − V H R − I (ρ = 0.77+0.05
−0.05, SL > 99.99%) lV	OW8s�\z!��bH Peixinho _ [5] 3 Doressoundiram _ [6] \g6�,y\�LS�f<Auu
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V −RH R−I (ρ = 0.62+0.03
−0.04, SL > 99.99%)�B−R H R−I (ρ = 0.74+0.05

−0.04, SL > 99.99%)lV*OW`z!��
(2) J/p Centaurs ~s$pÆ dip Z#�uu Centaurs �A:��'~�
!=

Wilcoxon Z#�_V:��'~ (B − R) \�jcW 1.4 �B�
(3)J/p B−R ≥ 1.4�B−R < 1.4�B−V ≥ 0.9�B−V < 0.9�V −RI R− I\qpÆ K-SZ#�uu6<	?u�+�,�)bf<Auu~s$ B−R ≥ 1.4\(�w)[ 13, σ [ 0.13; ~s$ B −R < 1.4 \(�w)[ 23, σ [ 0.09. b*@ CentaursoD}?u�~\oD�~�,d[H}�s?u:~\oD�~�,d[u}��~oD\�~�,H}�J�@E(7�Æg\95d�Ea�uDg)UzT4y�s:~oD\�~�,u}�J�@EZ"?�Æ\AGg\�>��#0I�,f�95dQ�E�y;*�V��)U@E�Vaz\+KsA49%�
(4)J/p Centaurs~s$H)X3$V\!%��j�wuu B−V H i (ρ = −0.37,

SL = 97.25%) 3 V − R H a (ρ = 0.30, SL = 93.74%) OW{!%��spEZ6~s$H)X3$lV\!n�^uu6<lVOWz!��s% Centaurs)XW 106 ∼ 107 yr\
VCjI�+df\�Sx-6)m
X (rX) )X3$H~s$\!n�zp�*�)X�df\�x-b~��J�B��]�LÆ
��~s$I)X3$\$��+o�Q Centaurs (�$��!=�r��\$���	pÆ�#LO��j�E�CWd<
VCjIuu Centaurs "?g|
>H4K\�V@wlV\g$��=�ve ��V�'�
\  3iB
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Color-Orbital Parameter Relations of Centaurs
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(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT In order to research the statistical characters and physical significance of the

color indexes and orbital parameters of Centaurs, we analyse the correlations of color-color

and color-orbital parameter by using statistical methods according to the known color in-

dexes of 39 Centaurs and their respective orbital parameters. We find that the correlations

of B − V vs. V − R, V − R vs. R − I, B − V vs. R − I and B − R vs. R − I are all

strong. Centaurs show distinct red-blue double colors. The cut-off point of B − R is about

1.4. The distributions of the color indexes of Centaurs follow normal distribution. Further

more, we find that the color distribution of blue Centaurs is more concentrated than that of

red ones. The aggregation of the colors of blue Centaurs may be due to the small differences

in ice mantles or cometary activities. While the dispersion of the colors of red Centaurs may

result from the large differences in the composition, proportion and distribution of organic

matters on their surfaces. For the correlations between colors and orbital parameters, we

find weak correlations of B − V vs. orbital inclination i and V − R vs. orbital semi-major

axis a. It may indicate that Centaurs with larger i or smaller a, which means more collisions

and changes in environment, tend to form blue surfaces. In contrast, Centaurs with smaller

i or larger a, which means less collisions and changes in environment, tend to keep their

original red surfaces. There is no evidence for other correlations between colors and orbital

parameters.

Key words asteroids: Centaurs, celestial mechanics, methods: statistical


