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�5HFHLYHG�������-XO\����

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� IRXU� +LOGD� DVWHURLGV�
ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�
EHWZHHQ� �����0DUFK� DQG�0D\��2I� WKRVH�� �����'HYLQH�
DQG������'DLWDUDERFKL�KDG�GLVWLQFW�VHFRQGDU\�SHULRGV��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�IRXU�+LOGD�DVWHURLG�ZHUH�FDUULHG�
RXW�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������0DUFK�
0D\�DV�SDUW�RI�DQ�RQJRLQJ�VWXG\�RI�WKH�IDPLO\�JURXS�WKDW�LV�ORFDWHG�
EHWZHHQ� WKH� RXWHU�PDLQ�EHOW� DQG� -XSLWHU� 7URMDQV� LQ� D� ���� RUELWDO�
UHVRQDQFH� ZLWK� -XSLWHU�� 7KH� JRDO� LV� WR� GHWHUPLQH� WKH� VSLQ� UDWH�
VWDWLVWLFV� RI� WKH�+LOGDV� DQG� WR� ILQG� SROH� DQG� VKDSH�PRGHOV�ZKHQ�
SRVVLEOH��:H�DOVR�ORRN�WR�H[DPLQH�WKH�GHJUHH�RI�LQIOXHQFH�WKDW�WKH�
<253� �<DUNRYVN\�2
.HHIH�5DG]LHYVNLL�3DGGDFN�� HIIHFW�
�5XELQFDP��������KDV�RQ�GLVWDQW�REMHFWV�DQG�WR�FRPSDUH�WKH�VSLQ�
UDWH� GLVWULEXWLRQ� DJDLQVW� WKH� -XSLWHU� 7URMDQV�� ZKLFK� FDQ� SURYLGH�
HYLGHQFH� WKDW� WKH� +LOGDV� DUH� PRUH� ³FRPHW�OLNH´� WKDQ� PDLQ�EHOW�
DVWHURLGV��

7HOHVFRSHV� &DPHUDV
0.30-m f/6.3 Schmidt-Cass FLI Microline 1001E

0.35-m f/9.1 Schmidt-Cass FLI Proline 1001E 

0.35-m f/11  Schmidt-Cass SBIG STL-1001E 

0.40-m f/10  Schmidt-Cass  

0.50-m f/8.1 Ritchey-Chrétien  

7DEOH�,��/LVW�RI�DYDLODEOH�WHOHVFRSHV�DQG�&&'�FDPHUDV�DW�&6���7KH�
H[DFW�FRPELQDWLRQ� IRU�HDFK� WHOHVFRSH�FDPHUD�SDLU�FDQ�YDU\�GXH� WR�
PDLQWHQDQFH�RU�VSHFLILF�QHHGV��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�DUH�DYDLODEOH�WR�
PDNH�REVHUYDWLRQV��$OO�WKH�FDPHUDV�XVH�&&'�FKLSV�IURP�WKH�.$)�
����� EOXH�HQKDQFHG� IDPLO\� DQG� VR� KDYH� HVVHQWLDOO\� WKH� VDPH�
UHVSRQVH��7KH�SL[HO�VFDOHV�UDQJHG�IURP�����������DUFVHF�SL[HO��$OO�
OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�RU�ZLWK�D�FOHDU�ILOWHU��HYHQ�
WKRXJK� WKH� ODWWHU� FDQ� UHVXOW� LQ� D� �������� PDJQLWXGH� ORVV�� 7KH�
H[SRVXUHV�YDULHG�GHSHQGLQJ�RQ�WKH�DVWHURLG¶V�EULJKWQHVV��

7R� UHGXFH� WKH�QXPEHU�RI� WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�
]HUR�SRLQWV��WKH�$7/$6�FDWDORJ�U���65��PDJQLWXGHV��7RQU\�HW�DO���
������DUH�XVHG��7KRVH�DGMXVWPHQWV�DUH�XVXDOO\�d�������PDJ��7KH�
UDUH� JUHDWHU� FRUUHFWLRQV� PD\� KDYH� EHHQ� UHODWHG� LQ� SDUW� WR� XVLQJ�
XQILOWHUHG�REVHUYDWLRQV��SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��DQG�
QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��$QRWKHU�FDXVH�PD\�EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�
XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�
WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�
RI�G�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�
EH�PDGH�DW�D�VLQJOH� IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�

YDULDWLRQV� SUHVXPDEO\� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ� DQG�RU�
DOEHGR�YDULDWLRQV��7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�������WR�
������,I�WKH�SORW�LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�
WKH�DPSOLWXGH�RI� WKH�)RXULHU�PRGHO�FXUYH�DQG�not necessarily the 

adopted amplitude for the lightcurve��

)RU� EUHYLW\�� RQO\� VRPH� RI� WKH� SUHYLRXV� UHVXOWV� DUH� UHIHUHQFHG��$�
PRUH�FRPSOHWH�OLVWLQJ�LV�LQ�WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��:DUQHU�
HW�DO��������³/&'%´�IURP�KHUH�RQ���

�����$NVQHV��'DKOJUHQ�HW�DO���������UHSRUWHG�D�SHULRG�RI�������K�
DQG�DPSOLWXGH�RI������PDJ��)URP�REVHUYDWLRQV�LQ�������ZH��:DUQHU�
DQG� 6WHSKHQV�� ������ IRXQG� D� VLPLODU� SHULRG� RI� ������� K� DQG� DQ�
LGHQWLFDO� DPSOLWXGH�� 2XU� ����� UHVXOWV� DUH� FRQVLVWHQW� ZLWK� WKH�
SUHYLRXV�UHVXOWV��:H�QRWH�WKH�XQXVXDO�VKDSH�RI�WKH�OLJKWFXUYH��

�

����� 'HYLQH�� 2XU� SUHYLRXV� UHVXOWV� LQFOXGH� 6WHSKHQV� ��������
������ K���:DUQHU� HW� DO�� ������� ����� K��� DQG�:DUQHU� HW� DO�� �������
�������K���,Q�YHU\�VKDUS�FRQWUDVW��3iO�HW�DO���������UHSRUWHG�D�SHULRG�
RI� �������� K� XVLQJ� GDWD� IURP� 7(66�� 5HYLHZLQJ� WKHLU� IUHTXHQF\�
VSHFWUXP�� WKHUH� ZHUH� PXFK� OHVV� SURPLQHQW� VROXWLRQV� DW� ������ K��
������K��DQG�������K�� WKH� ODVW�EHLQJ�VRPHZKDW�FORVH� WR�RXU������
UHVXOW��

2XU������REVHUYDWLRQV�XQH[SHFWHGO\�VKRZHG�D�SULPDU\�SHULRG�RI�
������K�DQG�D�VHFRQGDU\�SHULRG�RI��������K�WKDW�ZHUH�IRXQG�ZLWK�
WKH�GXDO�SHULRG�VHDUFK�LQ�MPO Canopus��7KRVH�WZR�SHULRGV�GR�QRW�
KDYH�D�VLPSOH�LQWHJHU�UDWLR��ZKLFK�KHOSV�UHPRYH�WKH�SRVVLELOLW\��EXW�
QRW� FRPSOHWHO\�� WKDW� WKH\� DUH� KDUPRQLFDOO\� UHODWHG�� 2Q� WKH� RWKHU�
KDQG��WKH�3iO�HW�DO��DQG�RXU�SULPDU\�SHULRG�KDYH�D�FORVH�WR������UDWLR�
���������� $OORZLQJ� IRU� XQFHUWDLQWLHV� LQ� RQH� RU� ERWK� SHULRGV�� LW¶V�
SRVVLEOH�WKDW�WZR�DUH�KDUPRQLFDOO\�WLHG�WR�RQH�DQRWKHU��
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*LYHQ�WKH�VKDSH�RI�WKH�3��OLJKWFXUYH��LW�VHHPV�XQOLNHO\�WKDW�LW�LV�GXH�
WR� D� VDWHOOLWH�� ,QVWHDG�� LW� PD\� EH� RQH� RI� WKH� E\SURGXFWV� RI�MPO 

Canopus� GRLQJ� ZKDW� LW� not� GHVLJQHG� WR� GR�� ILQG� WKH� SHULRGV� RI�
URWDWLRQ�DQG�SUHFHVVLRQ�RI�D�WXPEOLQJ�DVWHURLG��7KH�PRVW�RSWLPLVWLF�
HVWLPDWH�RI� WKH� WXPEOLQJ�GDPSLQJ� WLPH�IRU� WKH�DVWHURLG� �����*\U��
UHTXLUHV�D�SHULRG�RI�����K��3UDYHF�HW�DO����������������ZKLFK�LV�FORVH�
WR�WKH�SHULRG�IURP�3iO�HW�DO����������)XWXUH�REVHUYDWLRQV�DUH�KLJKO\�
UHFRPPHQGHG��

�����'DLWDUDERFKL��2XU�SUHYLRXV�UHVXOW�RI�P� ������K��:DUQHU�HW�DO���
������ZDV�WKH�RQO\�RQH�OLVWHG�LQ� WKH�/&'%��7KH�UHVXOWV�IURP�WKH�
�����GDWD�DUH�GUDPDWLFDOO\�GLIIHUHQW�� WKH�PRVW�VLJQLILFDQW�EHLQJ�D�
PXFK�ORQJHU�GRPLQDWH�SHULRG�DQG�ILQGLQJ�D�VHFRQGDU\�SHULRG��

�

�

$V� ZLWK� ����� 'HYLQH�� WKHUH� ZHUH� WZR� GLVWLQFW� SHULRGV� H[WUDFWHG�
IURP�WKH�GDWD��WKH�SHULRGV�GRQ¶W�KDYH�D�VLPSOH�LQWHJUDO�UDWLR��DQG�WKH�
VHFRQGDU\�SHULRG�LV�XQOLNHO\�GXH�WR�D�VDWHOOLWH��³0RUH�'DWD�´�

$� VLGH� QRWH�� WKH� GDWD� IURP� WKH� ILUVW� QLJKW�� 0DUFK� ���� ZHUH�
LQH[SOLFDEO\� ���� PDJ� WRR� EULJKW� HYHQ� DIWHU� FRQILUPLQJ� WKDW� 65�
PDJQLWXGHV�ZHUH�EHLQJ�XVHG�DQG� WKH�DVWHURLG�FRUUHFWO\� LGHQWLILHG��
$V�D�UHVXOW��WKH�GDWD�ZHUH�QRW�XVHG�LQ�SHULRG�DQDO\VLV�VLQFH�WKH\�ZHUH�
DQ� REYLRXV� RXWOLHU� FRPSDUHG� WR� WKH� UHVW� RI� WKH� GDWD� VHW�� HYHQ� LI�
FRQVLGHULQJ�WKH�SRVVLELOLW\�RI�WXPEOLQJ��

�����.HQHNH��3iO�HW�DO���������IRXQG�D�SHULRG�RI���������K��,Q�RXU�
SUHYLRXV�ZRUN��:DUQHU�DQG�6WHSKHQV���������ZH�IRXQG�D�SHULRG�RI�
������ K� EDVHG� RQ� ����� REVHUYDWLRQV� DQG�� DIWHU� UHPHDVXULQJ� WKH�
RULJLQDO� LPDJHV�IURP�������D�UHYLVHG�SHULRG�RI������K��,QVWHDG�RI�
RXU������GDWD�DQDO\VLV�UHPRYLQJ�DPELJXLWLHV�LW�RQO\�DGGHG�WR�WKHP��

7KH�SHULRG�VSHFWUXP�LQGLFDWHV�VHYHUDO�SRVVLEOH�VROXWLRQV��LQFOXGLQJ�
VRPH�FORVH� WR� WKRVH� LQ�:DUQHU�DQG�6WHSKHQV���������1RQH�RI� WKH�
IRXU�SHULRGV�JLYHQ�KHUH�KDV�D�VLPSOH�LQWHJHU�SHULRG�UDWLR�ZLWK�WKH�
RWKHU�WKUHH��

�

�

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�
$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR�
VHDUFK�IRU�QHDU�HDUWK�DVWHURLGV�WKURXJK�1$6$�JUDQWV�11��$5��*��
��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�
VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�
$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�
FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��
WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�
,QVWLWXWH�� DQG� WKH� 6RXWK� $IULFDQ� $VWURQRPLFDO� 2EVHUYDWRU\�� 7KH�
DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�WKH�
3ODQHWDU\�6RFLHW\���������������7KHVH�ZHUH�XVHG�WR�SXUFKDVH�VRPH�
RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK��
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5HIHUHQFHV�

'DKOJUHQ��0���/DKXOOD��-�)���/DJHUNYLVW��&��,���/DJHUURV��-���0RWWROD��
6��� (ULNVRQ��$���*RQDQR�%HXUHU��0���'L�0DUWLQR��0�� �������� ³$�
6WXG\�RI�+LOGD�$VWHURLGV��9��/LJKWFXUYHV�RI����+LOGD�$VWHURLGV�´�
Icarus���������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�Icarus��������������

3iO��$���6]DNiWV��5���.LVV��&���%yGL��$���%RJQiU��=���.DOXS��&���.LVV��
/�/���0DUWRQ��*���0ROQiU�� /��� 3ODFK\�� (��� 6iUQHF]N\��.��� 6]DEy��
*�0��� 6]DEy�� 5�� �������� ³6RODU� 6\VWHP� 2EMHFWV� 2EVHUYHG� ZLWK�
7(66���)LUVW�'DWD�5HOHDVH��%ULJKW�0DLQ�EHOW�DQG�7URMDQ�$VWHURLGV�
IURP�WKH�6RXWKHUQ�6XUYH\�´�Ap. J. Suppl Ser�������LG������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0���*DOiG��$���%URZQ��3���'HJUDII��'�5���/DPEHUW��-�9���&RRQH\��
:�5��� )RJOLD�� 6�� �������� ³7XPEOLQJ� DVWHURLGV�´� Icarus������ ����
�����

3UDYHF�� 3��� 6FKHLULFK�� 3��� 'XUHFK�� -��� 3ROORFN�� -��� .XVQLUDN�� 3���
+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���
0DQIURLG��-���2SLWRP��&���*LOORQ��0���&RODV��)���2H\��-���9UDVWLO��-���
5HLFKDUW��'��� ,YDUVHQ��.���+DLVOLS�� -���/D&OX\]H��$�� �������� ³7KH�
WXPEOLQJ�VWDWH�RI���������$SRSKLV�´�Icarus�������������

�

5XELQFDP��'�3����������³5HODWLYH�6SLQ�XS�DQG�6SLQ�GRZQ�RI�6PDOO�
$VWHURLGV�´�Icarus������������

6WHSKHQV��5�'����������³$VWHURLGV�2EVHUYHG�IURP�&6��������-XO\���
6HSWHPEHU�´�Minor Planet Bull.������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�
$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� Astrophys. J.� �����
$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� Icarus� ����� ��������� 8SGDWHG� ����� 'HF��
http://www.minorplanet.info/lightcurvedatabase.html 

:DUQHU�� %�'��� 6WHSKHQV�� 5�'��� &ROH\�� '�5�� �������� ³/LJKWFXUYH�
$QDO\VLV�RI�+LOGD�$VWHURLGV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��
�����2FWREHU���'HFHPEHU�´�Minor Planet Bull.��������������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³/LJKWFXUYH� $QDO\VLV� RI�
+LOGD� $VWHURLGV� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�� �����
-DQXDU\���0DUFK�´�Minor Planet Bull.��������������

:DUQHU��%�'���6WHSKHQV��5�'���&ROH\��'�5����������³2Q�&RQILUPHG�
DQG� 6XVSHFWHG� %LQDU\� $VWHURLGV� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP�
6WXGLHV�´�Minor Planet Bull.��������������

�

1XPEHU� 1DPH� �����PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(��

 2067 Aksnes 04/05-04/18 15.2,16.3 137 0 17.647 0.003 0.21 0.02 

 3561 Devine 04/05-04/28 3.5,8.3 189 11 39.16 0.02 0.21 0.02  

       16.038 0.005 0.09 0.01 

 8551 Daitarabochi 03/30-04/25 4.1,8.9 179 12 57.48 0.03 0.52 0.02  

       22.08 0.01 0.19 0.02  

 8743 Keneke 05/04-05/31 8.1,13.3 201 16 32.18 0.02 0.14 0.02 

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��7KH�DVWHULVN�LQGLFDWHV�
WKDW�WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPXP�RYHU�WKH�VSDQ�RI�WKH�REVHUYDWLRQV��/3$%�DQG�%3$%�DUH�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�
DQG�ODWLWXGH��VHH�+DUULV�HW�DO�����������


