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(1 !T�,lCXx� !T 100875)
(2 !TXx℄ !T 100044)C> �re)WwK/&[F��} 2.16 m _Bj�Z�� 6um, 78P �C/2009
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1 ?< �d'���{ 4+M4^Y1�V'<T6�Cd<��|1�%+Zi MIT

(Massachusetts Institute of Technology)  4+^Y | SMASS II (Small Main-belt

Asteroid Spectroscopic Survey II) EV;a<�| Bus-DeMeo 1�%�6 4+�%^YR,1n 24 J�0 [1]. Cd��l+M4^Y1�|Ri'<���j2Z`+l+T1'<;����MQ<P| ��xI�xl#�lr�FU�:[FU|^YR,xI�xG:[ [2].q+��l+^Y|1�xd�Gl+|�A7=�QGW|+�xdG^l+u 4+|Y��Cd1xZ% 4++Gu| “�l+”, �U#~qR�|l+_j�'�P=| �m 3 k$+~2Z|=\k$+~|AT�`:+ 1 tl+�!+
3200 r 4+ Phaethon, I_"`+ 1 t�l+ [3].P℄l+^YG^||��OW�>�d	-9�

(1) l+�s℄9mVT�EzX-�n�J℄l+�	{s℄9m�qM�HMQ�|l+u��ke+xda|s℄9mVT|dTY���z:+zi^�P℄|ZE0<�l+|I�'s℄9mVTQV��u$���x�P|:[2_�q�gl+�℄{s℄9m�F2( 2 �VT|R7l=+�A|� Jewitt |G^�n�l+M�HMQ�2��09:B|W�~=U#��T��&I�|p1 [4].
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2 X x C � 54 h
(2) l+��}0 4+��}0 4++ 4+|ZJ1��3xy�|xgd��$4+`[MQ��I5|4nZ�� 4+�!Z���l+�Gdq “�}0” �>=��}0 4+|x�b���Vb�i 1 t�;tbP4+|x�x;�dK|��A�>℄�B9 2008 K� 2 t�}0 4+$#xl+V|l#��� Chiron u Echeclus,jeI5&a7{ 4+Xa7{l+�!l+ 166P/NEAT |x/O?P�}0 4+�0�_I|�}0 4+�� Okyrhoe $�bx�Al+|�� [5].

(3) Oml+�Oml++1;� 4+mOmH|VT�q�4u�%t;�U[l+|��uR,�:[{ ;l+|x ��?PB+�e�MQQV�|e���Oml+|x?P�3�5g� 4+m|OmH�jezGhx|R,��; .W| 4+p1[���$xZ%�J℄l+|x�PK�B+x2H�uOml+�xG:[�jnOml+|�)*uxh;��OmH| 4+�A�dZ1x| 3 tOml+x��Oma
|HD�Cd:1x��g(%l+�℄s℄9m�I5�xI�4+��l	G�{�	?+x�Tn��)*�x�
0 4+|Oml+�je�Oml+$,�:[{_I|l+�+�HMQ�?P�|t;�3T|�+od|4 4+�CdV1x�;  4+|T1�lx4��(Z.+zp|g/ [6].z5ZE� 6 tl+|^Y5M41��( 6 tl++ 78P� C/2009 P1 � 49P �
C/2010 G2 � C/2010 S1 u C/2011 F1.l+ 49P u 78P |xP����+<P�����B+<P�I5�+J℄l+�J℄l+a	{s℄9m�GdI5|d�+s℄9mVT�!�}0 4++s℄9mVTuJ℄l+>.|i�T�Gd�( 2 tJ℄l+&u�}0 4+��L7�zus℄9mVT��L7�1�I5|^Yu 4+^Y�02.|�A7+zxgh|�!a 4 tl+�+/J℄l+�l=a	{�"R��jn�"R�i{V��Cd{%�_VTM43?ZE�Gd3x}3?G^�"R�VTul+d� 4+|Y��q5:Iae�n(%/J℄l+`u 4+{Y�jn�%/J℄l+xI�jn4+uMQ|k���+TJ℄l+�M!dCJ�n0[�E 4+R,|�l+�jeG^/J℄l+u 4+|Y�+xgh|�[ �/J℄l+;�I �G^l+^Y�0 Xl=q)I5�z5d Bus-DeMeo  4+^Y1�%GM[| 24 E 4+^Y.W;ain?��6z5Gyu|l+^Yu?��'<�y[(%l+dxxI|^Y�0�5M4MZ<|Q.�
2 �t �

2011 K 10 � 28 �9 29 �� 2012 K 1 � 3 �9 4 �� 4 �9 5 ��z5$qd(VvJ.%ZE�� 2.16 m (�i�Y+���m:^Ya�� 78P � C/2009 P1 �
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49P � C/2010 G2 � C/2010 S1 � C/2011 F1 � 6 tl+M4�^YZE�?q|^�+��*n 200 Å/mm |���^���5~�n 3′′, >)6Pn 6 000 Å, 6P+mn
2500∼8500 Å. _>�78P �:[ .ZE� 3f�49P �:[ .ZE� 2f�C/2010

G2 �:[ .ZE� 2 f�d�yQt9|l+^Y*��je 6 tl+TM4� 10fZE�l+|^YT1'<;����MQ<P �xI�xl#�lr�FU�:[FU|^YR,xI�xG:[�jndHi�Y|^YZEI�x��z5:xIZEM�|C.�( 6tl+> C/2009 P1<��n 8.5 mag,_| 5tl+<��qX� 12∼16

mag 2.�_lta�hX<�|l#�jez5yu|OW+l#|(�^Y�l+^Y|!ZJR52_�{�l+%�5:#^�!+\r(�MQ^3T(�^Y�jel+^Y>℄�l+%�|*�a��l�MQ^Y*��z5�M4^Y_ �):℄sMQ^Y�?Iyu*.xq|*��3?P�MQ|^Y+�G|�Gdd'�Zq|�%+?� 1∼2 t�MQ|+|^YinnU�?�|.W+�rz5ZE �(t+|VÆeuC.	�ZE |VÆeRxIZ:�Oq|�MQ|++ Hyades 64 (HD28099) u 16 Cyg B (HD186427).z5P�� He-Ar �|�Yin6P�.|.W�jnz579W�y��(�Y�:9Wj�$��.�X���:9WP�$��.+|^Y�:iq)u;a6�xI�q{_Hq`�je+P��$��.+|^Y�v{l+`�<}�je�\^iV>�i�Y9Nal+|��!i�l|-�d�/l+|�%C/�^�|�5>)�0 1 n��|ZEk�$'� 10 � 28 �Hq1}| .ZE�{Vb$'�p 1 �s)��#
Table 1 Records of observations

Target Visual Observational Air mass Heliocentric Geocentric

magnitude/mag time (UT) distance/au distance/au

C/2009 P1 8.5 11:00 1.52 1.73 1.98

I 16 Cyg B 6.25 11:15 1.07 / /

78P 12 14:00 1.31 2.10 1.24

78P 12.5 11:30 1.35 2.01 1.79

II C/2010 G2 12 14:00 1.37 2.46 1.81

Hyades 64 8.1 16:30 1.35 / /

49P 16 18:00 1.70 1.65 1.09

78P 12.5 11:30 1.35 2.01 1.80

C/2010 S1 15 12:30 1.27 6.86 6.77

III C/2010 G2 12 13:30 1.33 2.47 1.83

Hyades 64 8.1 15:30 1.19 / /

49P 16 18:00 1.70 1.66 1.08

C/2011 F1 15 21:30 1.18 4.54 4.49

I: 2011-10-28—29, Xj�/O�w��|%(
�s
OS~- 16 Cyg B;

II: 2012-01-03—04, Xj�/O�o 4.5′′, �� 40%. �s
OS~- Hyades 64;

III: 2012-01-04—05, Xj�/O�o 2.5′′, �� 40%. �s
OS~- Hyades 64.
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3 	(v! �z5$q Linux �X	| IRAF �3�^YZEY�M4_�dT$V�	�

(1) 1%��%�+5 CCD �4J�BG$'|^�s;|�4�z> ;\^�i�{�F|k ��ZEn% uF: �z5�P�%�;a�^Y_|� 1 <`+6(Z�41s�
(2) ℄WM� CCD LJ�B|�\$*:xI<iybtk�Z:�(U CCD P�yu|^Y^���1;:k��):ZiE�WM+d?.��ZEn% uF: �z5�P�WM�℄WM|iVz1n 3 J<M�3�6GxWM^�y5L� 1JWMv3 Flat.imh, z�6Ii spline3 
fUYJuM4aZ��d�den�Ws℄Gx|C.^���x℄�WM�
(3) Æ℄�L��z5ZEC.|\^iV>� CCD |"W�:x*8�[�L��;�| �F\^ .|P�!�l�1�[|t;�btF��I5��z5��|_L�:�|m���L�|R,z<��*re�R1e�qG"|�BR1��xI�u7x 1 pixel, g_Jm|*rZ�z	�z5xdae6I5℄s�u(Z<n6�z5bT�^Y|�_�
(4) Yq 1 p^Y�z5yu|�%^Y^�+ 2 p|�9W6_U�n 1 p^Y�z5NaP� l+��5|t;�v��l|l+^Y�aK-�|{[+m�IZ�.p�laK>=|�mp��dTBilrj^!i��%��+&W�/C.	|k=1*���l�=p�>�zW�/RxI��6"WV^�l�H�?	�`l=℄V^��jn^Y>�lV^T1�Gd9W�^Y>)|fyL?q 1 J�%�7�lV^|p��5NaI5|k�qJu|-&|℄*rH�l|V^�(U`yu�*re� -�Bt;Y�^�q[U|A;Yq�MQ+| 1p^Y (k9|℄V^) u He-Ar �|�Y ({9|℄V^)."'ZE �:[C.	|VÆezGEpZ:�jez59WM4kb�^?.�z5�qd(VvJ.%ZE��|Wk�^�;��$q;av3 baoextinct.datn.Wh�^?.�
(5) 6P�.�h�.�Y>v��u��k�?� Y'<�f,�|16P|Y��E�5$'(%Y��l|{j.�otn Pixel, z�ZiI4%Ju5.[Gx|Y��[ yu{j.4�6P4|�lY��Sg�{-Kik|�W}dÆ℄�5G(Ju�2��6C.	 (l�MQ+) ��[6P|�Y'��6I5|�%Y|{j.4�n6P�h!yu*re��6P|�lY��^ 1 `+M46P�.�|C.VT 1 p^Y^'��{j.+6P�aj.+

CCD |�� ADU (Analog/Digital Unit) 4 (���|?;U��\�;). _HC.|^Y^�A�9W5[|+��^Y|�>"W��6500∼8000 Å6P+mHi� _e�1�( _�15/C.VT%�|�1G:�!++^�b��mkbH $_>|> (T)1\�1!�T|�
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(6) aZ��l+|C.+��'�MQ+|C.+�Kezk�^Y$�Xje�Kzk�!z5GD.r|7+�>Y-��jexd6l+^Yu|+^YkiaZ�_�ZO|h%+66P 5 500 Å_ (�E^ V 6�|>)6P_) |$��n 1, ��-7^℄de_|$�4��xyuaZ�|^Y$�^�^ 2 +d 5 500 Å_$�in 1 M4aZ��yu|l+ C/2010 G2 |^Y��e�^�_HC.Y3�A�

_ 1 O67Q�/�~D/ 1 q`[_(�
Fig. 1 An example of a target’s one-dimension

spectra after wavelength calibrating

_ 2 O6b[	�{w~n- C/2010 G2 ~`[��f�_
Fig. 2 The relative intensity of comet C/2010

G2 after normalization

(7) yu��(�Y�qaZ�|l+^Y℄daZ�|�MQ+^Y�dCyu|'*Y`+z5q{1�|��(�Y�n�Qp�TY�-���dC[^ �q� 5���Wk�(Z<+z5|Y�_|d�Z<�̂ 3∼12+� 6tl+`TM4� 10fZE�yu|��(�Y�{j.n6P�aj.n��(�*�+mh 0.5∼1.5.(�7Bq� CCD �l<p| 4000∼8000 Å6P+m�v�mkb�T| _e�1�Ip[��u_+ 7 500 Å<P|Z_R1<��

_ 3 n- 49P ~��*�[ (2012 L 1 � 3 �)

Fig. 3 The relative reflectance spectrum of

comet 49P on 2012 Jan. 3

_ 4 n- 49P ~��*�[ (2012 L 1 � 4 �)

Fig. 4 The relative reflectance spectrum of

comet 49P on 2012 Jan. 4
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_ 5 n- 78P ~��*�[ (2011 L 10 � 28 �)

Fig. 5 The relative reflectance spectrum of

comet 78P on 2011 Oct. 28

_ 6 n- 78P ~��*�[ (2012 L 1 � 3 �)

Fig. 6 The relative reflectance spectrum of

comet 78P on 2012 Jan. 3

_ 7 n- 78P ~��*�[ (2012 L 1 � 4 �)

Fig. 7 The relative reflectance spectrum of

comet 78P on 2012 Jan. 4

_ 8 n- C/2009 P1 ~��*�[
(2011 L 10 � 28 �)

Fig. 8 The relative reflectance spectrum of

comet C/2009 P1 on 2011 Oct. 28

4 	(�� �yuLl+|��(�Y��z5��q “^Ye�” AM��"CLl+|^Y;a��{ Bus-DeMeo 1�%| 24 E 4+|^Y.W;a|^Ye��Zie�k �T�l+PEE�0d?P��VT| 1 p^Y^�>�4IZ�e� ('� 500 Å) q 1 J��Tq n J��z��z5�� 1 J n p|^Yz.�l+( n J�|;api(tl+�( n p^Yz.>|j.� Bus-DeMeo 1�%| 24 E 4+1�X�l��( n p^Yz.>x 1Jj.�(U�z579Wi[ 1tl+��{ 24 E 4+E�|^Ye��pEJ (�E J) e�d��`I?<=l+|^YR7'<?P{E� (�E �). �Fyl+|��(�Y�h�C�iMZ<|1�'<�R℄C{dCv�l+|^Y�0 [7].ve�z5yu^Ye�|�h&�
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_ 9 n- C/2010 G2 ~��*�[
(2012 L 1 � 3 �)

Fig. 9 The relative reflectance spectrum of

comet C/2010 G2 on 2012 Jan. 3

_ 10 n- C/2010 G2 ~��*�[
(2012 L 1 � 4 �)

Fig. 10 The relative reflectance spectrum of

comet C/2010 G2 on 2012 Jan. 4

_ 11 n- C/2010 S1 ~��*�[
(2012 L 1 � 4 �)

Fig. 11 The relative reflectance spectrum of

comet C/2010 S1 on 2012 Jan. 4

_ 12 n- C/2011 F1 ~��*�[
(2012 L 1 � 4 �)

Fig. 12 The relative reflectance spectrum of

comet C/2011 F1 on 2012 Jan. 4

dx =

√

√

√

√

n
∑

k=1

(Xk − Yk)2 ,&> dx +z5s1�^Y X u1�| Bus-DeMeo 1�% 4+^Y Y .|^Ye�� k 0'^Yz.>|�Jj.� n 0'^Yz.|j.`; (�&?+^Yz.|p;).^Ye�;4|k (o�s1�0l+^YuLE�0 4+^Y|�AV��^Ye�� 0<� 2 Y^Y|�0�?P�
Bus-DeMeo 1�%| 24 E 4+^Y.W;a|6P+mh 4500∼24500 Å, mB�hx2^u�a|<~6��!z5|ZE�#7IP�x2^6�|*��_�l<p|^Y+mn 4000∼8000 Å. �J+mqST=1�z57I$q 4500∼8000 Å|;aM4'<�
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Bus-DeMeo1�%|;a+4I 500 Åq 1J��� 4500∼8000 Å+mHx 8J��jez5�q spline3 
fUYI4n;�l+^YM4W�_�X� 4500∼8000 Å+mH4 500 Åq 1 J��(U�4tl+X+q 8 J�|;a��g
?��i&(f|Ri>�^Yz.|j.`; n = 8.0 2 n 6 tl+� 10 fZE>|;a��� Bus-DeMeo 1�%| 24 E 4+^Y|^Ye��V�%e�vPu�R<��"e�dP| 4 J�0�%v0> Type0'^Y�0� Distance 0'^Ye��l+=^��r>|;^0<�ZE .�p 2 H9�&5{A Bus-DeMeo ��}y 24 �6;9�&y�&��

Table 2 The spectral distance of comets’ spectra relative to 24 types of asteroids’

spectra via Bus-DeMeo taxonomy

Type Distance Type Distance Type Distance

O 0.314627875 A 0.756530237 A 0.213739327

49P B 0.350706573 49P Sv 0.774872248 78P Sv 0.359467801

(2012-01-03) C 0.360062633 (2012-01-04) L 0.801371325 (2011-10-28) L 0.379882745

Cb 0.365908595 D 0.830187931 Sa 0.384849971

A 0.137193768 Sv 0.061434925 Sa 0.124541198

78P Sv 0.15364677 78P L 0.062857378 C/2009 P1 Sr 0.142960519

(2012-01-03) L 0.162292729 (2012-01-04) S 0.08173402 (2011-10-28) R 0.14595996

S 0.191130139 D 0.088322421 V 0.150399169

K 0.048046228 T 0.055183784 Sv 0.14334162

C/2010 G2 Xe 0.066916665 C/2010 G2 D 0.082378699 C/2010 S1 L 0.161064645

(2012-01-03) T 0.078239632 (2012-01-04) Xe 0.08757197 (2012-01-04) S 0.184023966

Sq 0.084614656 K 0.091945908 D 0.193655932

Xe 0.077043429

C/2011 F1 K 0.092012445

(2012-01-04) T 0.101496256

Xk 0.119178396

5 �2Æ�$ �
SMASS g#M[| Bus-DeMeo  4+^Y1�%| 24 E^Y�02^ 13[1].Na SMASS g#M[| Bus-DeMeo  4+^Y1�%| 24 E^Y�0|;aWk4�q_>| 4500∼8000 Å+m�l|;4�z5�[�( 24 E^Y�0|��(�Y^�2^ 14∼17.v^ 14∼16 xdp[�[x^Y�0|Y3� 4500∼8000 Å+mHhhK1< �u_+ S- xu X- x|� J\�0�(Mz5WvT��0m���G�je℄�^Ye�a�z5WFy;a| K-S /KFg�M41��
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_ 13 Bus-DeMeo "6-`[3
'~ 24 F`[
2 [1]

Fig. 13 24 types of asteroids’ spectra via Bus-DeMeo taxonomy[1]

_ 14 Bus-DeMeo 3
'~ S- y��� S � Sa � Sq � Sr � Sv �`[
2
Fig. 14 S-complex of Bus-DeMeo taxonomy, including S, Sa, Sq, Sr, and Sv types!a�q)uZE |VbY3� 1 � 3 ��.N�'<K�7x 4.5′′, !z5|^Ya�5~�n 3′′, .N�k{�5~��Gd 3 �|;a'<K�x*�<��!

1 � 4 ��.N�'<p�n 2.5′′,  {�5~��Gd 1 � 4 ��|;ax*�<F��9|1��QVGq) 1 � 4 �;a|Fg�
5.1 ��G8 49P� 2012K 1 � 3 �u 1 � 4 �11M4�ZE�v{ZE _��<��yu|;a*�'<K (^ 3 u^ 4), t:�>1��Kzk�dT0��
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(1) 1 � 3 �|^Y;au 1 � 4 �|^Y;ay[|^Ye�R<k�Ki<kÆ
(2) 1 � 3 �u 1 � 4 �;ayu|^Ye�%�;4<k�<�k{ 0.1. u_+

1 � 4 ��d |^Ye�\z?P 1.

(3) [Z�;ayu|^Ye�R<��d?P| J^Ye�Kiz ���K+mH�d |^Ye���{_��| J^Ye�3x<�t*�z5zN06�V| 49P ;aqWk��[Y��q*�'�zzK�qWk;a"C^Ye��;4�zzk�je�Nax|;a�{%6 49P an1|~gZ� 4+�0>�

_ 15 Bus-DeMeo 3
'~ C- y��� C � Cb � Cg � Cgh � Ch �`[
2
Fig. 15 C-complex of Bus-DeMeo taxonomy, including C, Cb, Cg, Cgh, and Ch types

_ 16 Bus-DeMeo 3
'~ X- y��� X � Xc � Xe � Xk �`[
2
Fig. 16 X-complex of Bus-DeMeo taxonomy, including X, Xc, Xe, and Xk types
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5.2 ��G8 78P� 2011 K 10 � 28 �ZE� 1 f�� 2012 K 1 � 3 �u 1 � 4 �z11M4�ZE�yu� 3 ;a��'( 3 ;a��fpu� 2011K 10 � 28 �u 2012K 1 � 3�|;ay[|^Ye�R<�d 3 J�0btZ:� A-type �l|^Ye�d �_f+ Sv-type u L-type. 2012K 1 � 4 �|;a��' Sv-type �l|^Ye�d �_f+ L-type u S-type. q)uZE 1 � 4 �|Vbdp�;a*�'dF�jerV;a�1� Aq-4Qk� 1 � 4 �;a5[|^Ye�d |+ Sv 0�!�!a 2fZE|;a>� Sv 0|^Ye�+� 2  |�g�d |Ke:k�je�xdq)
78P l+|^Y�0?P Sv 0�

_ 17 Bus-DeMeo 3
'~ A � B � D � K � L � O � Q � R � T � V �`[
2
Fig. 17 A, B, D, K, L, O, Q, R, T, and V types of Bus-DeMeo taxonomyz��z5�pl+|��(�Y (^ 5∼7), #_Y3U`T<���|o*�_-�� 4 500 Å_��(�*WkÆn 0.8, dF_��(�*Wkn,k{ 1.2. �'

Bus-DeMeo 1�%�l| A-type (^ 17) � Sv-type (^ 14) u L-type (^ 17) |Y3��[U6P+mH (4500∼8000 Å), L-type �dF�|��(�*<n?P 1.2, Sv-type u
A-type xdju�g-��A�q)u 1 � 4 �|;a<p�z5G�qJ 1 � 4 �|��(�Y (^ 7), (JY�d�_e�n 0.8 fy�u 7 500 Åfye�judF�!
A-type d�_e��{ 0.75, � 7 000 Å_e�`ju�dF�7x Sv-type �d�_e�Æn 0.8, � 7 500 Åfye�judF�� 1 � 4 �|Y�-�8yydp�



12 X x C � 54 h�p K-S /KFg� K-S /K|"C-%n��q��Wk|-%��%|ZE;a+6�+6j\℄Zqn 0.5, z�6+6�|;a� 24 J Bus-DeMeo ^Yh K-S/K��P7n 0.05. yu|Fg>� H 0'1;|�Ak��� H = 0, 0<ZE|	� Bus-DeMeo :9|�0�(J6�x�A|1;Æ� H = 1, �0<ZE|	�
Bus-DeMeo :9|�0�(J6�{�A|1;� P 0<�T|A*� P � �?<T�.v7|A*�F�0 3 n 78P | 3 fZE;a� A-type � Sv-type u L-type | K-S /KFg�x2
K-S /KX0W6l+ 78P |^Y�0T�n Sv-type. 3 fZE;a| Sv-type �l|
H kn 0. dTu;a=�dp| 1 � 4 �� H = 0, P = 0.9652, Ez P <F�q9�
H :n 1, X8y(ZT��dC�_yL-9jB�z5�nl+ 78P |^Y�0?P Sv-type.p 3 78P y 3 x�s,�B A-type � Sv-type � L-type y K-S �=�


Table 3 The K-S test results between the three observational data of 78P and

A-type, Sv-type, and L-type

2011-10-28 2012-01-03 2012-01-04

Type H P Type H P Type H P

L 0 0.0696 L 0 0.1784 A 0 0.3226

Sv 0 0.1094 Sv 0 0.352 L 0 0.9256

A 0 0.3068 A 0 0.8602 Sv 0 0.9652

5.3 ��G8 C/2009 P1� 2011K 10 � 28 �ZE� 1 f�jn=l+��F�Gd^�*�'<p�\a^Ye�R<�d 3 t11n Sa-type � Sr-type u R-type.�pl+|��(�Y (^ 8), #Y�� 7 000 Å2d<����� 7 000 Å2�o{WÆ�z�,l	9�dF�|��(�*Æn 1.1. �' Bus-DeMeo1�%�l| Sa-

type � Sr-type (kn^ 14) u R-type (^ 17)|Y3��[U6P+mH (4500∼8000 Å),

Sa-type u R-type �dF�|��(�*�Ri� 1.2, gd�	9'<��7x Sr-type�dF�|��(�*Æn 1.1, gd�	9'<WÆ��p K-S /KFg (0 4), H kn 0, ?< C/2009 P1 |^Y;a�( 3 E�0�e6��x�A|1;�:i Sr-type �l| P <F��T|A*��<k�Na^Ye�R<� C/2009 P1 d?P Sa-type; NaY�-�1�� C/2009 P1 d?P Sr-type; Na K-S /K� C/2009 P1 d?P Sa-type u R-type. _yq)�9�z5xd1x�l+ C/2009 P1 |^Y�0d?P S- x�9{+ S- x>| Sa-type +
Sr-type, xI9WQ |ZE;a?IQp�?<�
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Table 4 The K-S test results between the observational data of C/2009 P1 and

Sa-type, R-type, and Sr-type

2011-10-28

Type H P

Sa 0 0.1662

R 0 0.1662

Sr 0 0.6382

5.4 ��G8 C/2010 G2� 2012 K 1 � 3 �u 1 � 4 �11M4�ZE� 2 V|;ayu|^Ye�R<:[� 1 � 3 �+ K-type R� 1, z�+ Xe-type � T-type; ! 1 � 4 �+ T-type R�
1, z�+ D-type � Xe-type u K-type. q)u 1 � 4 �|;a=�<p�Gdz5G�q) T-type.z5zN06�V| C/2010 G2 ;aqWk��"C^Ye�5R<�yud |
4 J^Ye�\f�l|+ T-type � K-type � Xe-type u D-type.�pl+|��(�Y (^ 9∼10), #Y�?P�7WÆ���a9< � 4 500

Å_��(�*Æn 0.9, 8 000 Å_��(�*Æn 1.15,g^ 10 � 6 000 Å_xZ<��Æ��' Bus-DeMeo1�%�l| K-type�T-type�D-type (kn^ 17)u Xe-type (^
16)|Y3��[U6P+mH (4500∼8000 Å), Xe-type Y�-�U “S” 3���K-typed�A�x<�	9�g� 6 000 Å_3x�Æ�k<�:8� T-type u D-type Y3?P�hdF�Gju|e��d� 6 000 Å_|�Æ�T�� T-type Q8yWn��p K-S/KFg (0 5), H kn 0,?< C/2010 G2|^Y;a� D-typeu T-type�e6��x�A|1;�:i T-type �l| P <F�u_+ 1 � 4 �|;a� P Fj 0.985 4, ?<�T|A*zk�dC�NaWk�|^Ye�R<�C/2010 G2 d?P T-type; NaY�-�1��
C/2010 G2 �zd?P T-type. Na K-S /K� C/2010 G2 � T-type x�A|1;�Ez�T|xI7<k�q9� H :n 1. _yq)�z5dC�nl+ C/2010 G2 |^Y�0?P T-type.p 5 C/2010 G2 y"x�s,�B D-type � T-type y K-S �=�

Table 5 The K-S test results between the two observational data of C/2010 G2 and

D-type, and T-type

2012-01-03 2012-01-04

Type H P Type H P

D 0 0.2314 D 0 0.7029

T 0 0.638 T 0 0.9854
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5.5 ��G8 C/2010 S1� 2012K 1 � 4 �M4�ZE�Na^Ye�R<�Rd 3 t|11n Sv-type �
L-type u S-type, g Sv-type �l|^Ye�x<�t*��pl+|��(�Y (^ 11), #Y���<WÆ�gu$R,�� 6 000 Å<PA�xZ_�Æ�-�dF_|��(�*,lRi 1.2, g�d�3x<�|	9o*��' Bus-DeMeo 1�%�l| Sv-type (^ 14) � L-type (^ 17) u S-type (^ 14) |Y3��[U6P+mH (4500∼8000 Å), I5|-��z��7+ S-type ^3|dF�j:u 1.2, L-type |dF�<n?P 1.2, 7x Sv-type |dF��lRi� 1.2, Sv-typed1bel+|Y�e�R,��p K-S /KFg (0 6), H kn 0, ?< C/2010 S1 |^Y;a� 3 E�0�e6��x�A|1;�:i Sv-type �l| P <F�?<�T|A*zk�dC�Na^Ye�R<� C/2010 S1 d?P Sv-type; NaY�-�1�� C/2010

S1 �zd?P Sv-type. Na K-S /K� C/2010 S1 � Sv-type x�A|1;�Ez�T|xI7<k�q9� H :n 1. _yq)�z5dC�nl+ C/2010 S1 |^Y�0?P Sv-type.p 6 C/2010 S1 y,�B S-type � L-type � Sv-type y K-S �=�

Table 6 The K-S test results between the observational data of C/2010 S1 and

S-type, L-type, and Sv-type

2012-01-04

Type H P

S 0 0.4154

L 0 0.5447

Sv 0 0.9112

5.6 ��G8 C/2011 F1� 2012 K 1 � 4 �M4�ZE�Na^Ye�R<�Rd 3 t|11n Xe-type �
K-type u T-type.�pl+|��(�Y (^ 12), #Y���zWÆ�� 6 000 Å<PxZ_<��Æ�-�dF_|��(�*Æn 1.1, g�d�3x<�|	9o*�(%R,P2d1�|l+ C/2010 G2 z���' Bus-DeMeo 1�%�l| Xe-type (^ 16) � K-typeu T-type (kn^ 17) |Y3��[U6P+mH (4500∼8000 Å), Xe-type Y�-�U
“S” 3���K-type d�A�x<�	9�g� 6 000 Å_3x�Æ�k<�:8�7x
T-type '<8y��p K-S /KFg (0 7), H n 0, ?< C/2011 F1 |^Y;a� T-type u Xe-type�e6��x�A|1;�:iI5�l| P �<F�?<�T|A*<k�dC�Na^Ye�R<�C/2011 F1 d?P Xe-type; NaY�-�1��C/2011

F1 d?P T-type. Na K-S /K� C/2010 F1 �( 2 E�0�x�A|1;�Ez�T|xI7<k�q9� H :n 1. _yq)�z5dC�nl+ C/2011 F1 |^Y�0
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Table 7 The K-S test results between the observational data of C/2011 F1 and

T-type, and Xe-type

2012-01-04

Type H P

T 0 0.638

Xe 0 0.638

6 F�Æ-$ �z5ZE� 6tl+|^Y�5Zi^Ye�|AM�T�( 6tl+|^Y�x| Bus-DeMeo 4+^Y1�>|E�'<?P�y[|F.+�l+ 78P|^Y�0?P Sv-type, l+ C/2009 P1|^Y�0?P S-x>| Sa-type� Sr-type, l+ C/2010

G2 |^Y�0?P T-type, l+ C/2010 S1 |^Y�0?P Sv-type, l+ C/2011 F1 |^Y�0?P T-type. l+ 49P jn;a*�'<K�{%y[<v|F.��{(%l+�z5xdkp>E�I5��l^Y�0|�% 4+xI�J��xY���4xxIXx�A7�	Z<xd"Cl+|�4x��"C_�l|^Y�0>|Z%n0 4+|x�DnI52.x|�Y7�X;�xQ |#�z5|Ri?<��q^Ye��v�^Y2.|�P7��Zi K-S /K�M4K/(Z-%+x4|�jn K-S /K0W^Ye�Gy[|F.�(Z�/OGW�$yz56�$q(Z-%�N0M4l+^Y1�TnxI�z5Ri|dkuo`+^YG:B|6P+m:V~�Bus-DeMeo  4+^Y1�%| 24 E^Y�0Wn|6P+m+hx2^u�a| 4500∼24500 Å, !z5Cd|;a7ImB_>Z=1 (4500∼8000 Å). (Z=1T[�|^YR,'<��"C^Ye� q�Xz��"CFg�x<k|�K�!gGdZi^YR,�UvT��jn Bus-DeMeo  4+^Y1�%>; GW|T�R,�� 10 000 Å�9 20 000 Å_��{s�xdn!|Ri���G9�z5Cd|^YZE:B|6P+m'<��GdK��M4�ARi �z5lRxI[ P�C.VT|�a^Y�?IQWv�!n1��qQGW|Z�+�z5xd�qCd|^YP��#�P�Q |l+^Y��uU%bV  ('�yuRi 30 tl+|^Y�g4tl+x 2 f�d�|ZE ),z5xdNa^Ye���l+^YM41��rz�WM4l+^Y1�xI:^Wq)_�>Y�Wq)_�\�1\Y�|K1�Gd�uy,|l+�z5�$q1,*QF|^�M4ZE�d�qI5|^Y�C�(�RidxZ�|n7�jn�(2d53x 1 Jzp|l+^Y1��℄�
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The Processing and Classification for the Spectra of

Six Comets

ZHAN Xiang1,2 CHEN Li1

(1 Department of Astronomy, Beijing Normal University, Beijing 100875)

(2 Beijing Planetarium, Beijing 100044)

ABSTRACT In order to explore the relationship between comets and asteroids, some

comets’ spectra are taken, and the spectra are compared with the spectral types of the

asteroids. The 2.16 m telescope in Xinglong observing station of NAOC (National Astro-

nomical Observatories) is used to observe the spectra of six comets: 78P, C/2009 P1, 49P,

C/2010 G2, C/2010 S1, and C/2011 F1. At the same time, the spectra of some sun-like

stars are also observed. Then the IRAF (Image Reduction and Analysis Facility) software is

used to reduce the data. The bias, the flat, and the cosmic ray are reduced from the images.

And the comets’ spectra are divided by the sun-like stars’ spectra to derive the relative re-

flectance. Then the images of the relative reflectance spectra of the six comet are drawn. In

addition, the spectra of the comets are compared to the 24 types in the Bus-DeMeo asteroid

spectral taxonomy. The spectral distance is calculated as well. According to the order of the

spectral distance, the details of the relative reflectance spectra, and the results of the K-S

test, the asteroid’s close to the comets’ have been finally determined. Here is the conclusion:
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the spectral type of comet 78P is close to Sv-type; the spectral type of comet C/2009 P1

is close to Sa-type or Sr-type of S-complex, the spectral type of comet C/2010 G2 is close

to T-type, the spectral type of comet C/ 2010 S1 is close to Sv-type, the spectral type of

comet C/2011 F1 is close to T-type. Because the comet 49P’s data has a very poor SNR

(Signal/Noise Ratio), the spectral type of comet 49P can’t be determined clearly.

Key words comets: individual, techniques: spectroscopic, methods: data analysis


