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$QDO\VLV� RI� &&'� SKRWRPHWULF� REVHUYDWLRQV� RI� VHYHQ�
DVWHURLGV�IURP������0DUFK�WR�-XQH�DW�WKH�&HQWHU�IRU�6RODU�
6\VWHP�6WXGLHV�LQGLFDWH�WKDW��E\�YLUWXH�RI�D�VXVSHFWHG�RU�
GLVWLQFW� VHFRQG� SHULRG�� WKH\� DUH� HLWKHU� VXVSHFWHG� RU�
FRQILUPHG�ELQDU\�DVWHURLGV��

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� ILYH� QHDU�(DUWK� DQG� WZR� LQQHU�
PDLQ�EHOW� DVWHURLGV� ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP�
6WXGLHV�IURP������0DUFK�WR�-XQH��(DFK�RQH�LV�FRQVLGHUHG�WR�EH�D�
VXVSHFWHG�RU�FRQILUPHG�ELQDU\�DVWHURLG��7KLV�LV�EDVHG�RQ�WKHUH�EHLQJ�
D�VXIILFLHQWO\�GLVWLQFW�VHFRQGDU\�SHULRG��HYHQ�LI�LW�PLJKW�EH�D�VLPSOH�
KDUPRQLF�RI�WKH�SULPDU\�SHULRG��

7KH�REVHUYDWLRQV�ZHUH�PDGH�ZLWK�D������P�6FKPLGW�&DVVHJUDLQ�DQG�
HLWKHU�DQ�)/,�3UROLQH�RU�0LFUROLQH�&&'�FDPHUD�DV�ZHOO�DV�D������P�
6FKPLGW�&DVVHJUDLQ�ZLWK�)/,�3UROLQH�&&'�FDPHUD��$OO�FDPHUDV�XVH�
D�.$)�����(�FKLS��ZKLFK� KDV� D� SL[HO� DUUD\� RI� ����î����î��P��
7KH� ILHOG�RI�YLHZ�DQG� LPDJH� VFDOH�ZHUH�DERXW���î��� DUFPLQXWHV�
DQG�����DUFVHF�SL[HO�� UHVSHFWLYHO\�� IRU� WKH������P� WHOHVFRSHV��7KH�
����P�YDOXHV�ZHUH���î���DUFPLQXWHV�DQG�����DUFVHF�SL[HO���

$OO� OLJKWFXUYH� REVHUYDWLRQV�ZHUH� XQILOWHUHG� RU�ZLWK� D� FOHDU� ILOWHU��
HYHQ� WKRXJK� WKH� FOHDU� ILOWHU� FDQ� FDXVH� D� �������� PDJ� ORVV�� 7KH�
H[SRVXUHV� YDULHG� GHSHQGLQJ� RQ� WKH� DVWHURLG¶V� EULJKWQHVV� DQG� VN\�
PRWLRQ�� :KHWKHU� JXLGLQJ� RQ� D� ILHOG� VWDU� RU� QRW�� VRPHWLPHV� WKH�
DVWHURLG�ZDV�WUDLOHG�RQ�WKH�LPDJH��

0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�MPO Canopus�� 7KH�&RPS�6WDU�
6HOHFWRU�XWLOLW\�LQ�MPO Canopus�IRXQG�XS�WR�ILYH�FRPSDULVRQ�VWDUV�
RI� QHDU� VRODU�FRORU� IRU� GLIIHUHQWLDO� SKRWRPHWU\�� 7R� UHGXFH� WKH�
QXPEHU� RI� DGMXVWHG� QLJKWO\� ]HUR� SRLQWV� DQG� WKHLU� DPRXQWV�� WKH�
DQDO\VLV�RI� WKH�GDWD�XVHG� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV�
�7RQU\� HW� DO��� ������� 7KH� UDUH� ]HUR�SRLQW� DGMXVWPHQWV� RI��
t�������PDJ�PD\�EH�UHODWHG�WR�XVLQJ�XQILOWHUHG�FOHDU�REVHUYDWLRQV��
SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��QRW�FRUUHFWLQJ�IRU�VHFRQG�
RUGHU�H[WLQFWLRQ��RU�VHOHFWLQJ�D�FRPS�VWDU�WKDW�LV�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�� FRUUHFWHG� DOO� WKH� REVHUYDWLRQV� WR�
DSSHDU� WKDW� WKH\�ZHUH�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�
DQJOH��SUHVXPDEO\�OHDYLQJ�DQ\�YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�
URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��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��

5HIHUHQFHV� WR� SUHYLRXV� ZRUNV� ZHUH� WDNHQ� IURP� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��:DUQHU�HW�DO����������NQRZQ�DV�³/&'%´�IURP�
KHUH�RQ��6LQFH�PRVW�OLVWHG�URWDWLRQ�SHULRGV�IRU�WKH�SULPDU\�ZHUH�YHU\�
VLPLODU��RQO\�D�IHZ�RI�WKH�/&'%�UHIHUHQFHV�KDYH�EHHQ�XVHG��

�����7DQJVKDQ��:H�REVHUYHG� WKLV� LQQHU�PDLQ�EHOW� DVWHURLG� WZLFH�
EHIRUH� �:DUQHU�� ������ 6WHSKHQV� DQG� :DUQHU�� ������� %HKUHQG�
�����ZHE��IRXQG�D�SHULRG�RI�������K��ZKLFK�LV�LQ�JRRG�DJUHHPHQW�
ZLWK�RXU�HDUOLHU�UHVXOWV�RI�������K�DQG�������K��UHVSHFWLYHO\��

�

�

7KH� ����� REVHUYDWLRQV� OHG� WR� D� GRPLQDQW� SHULRG� RI� ������� K�� LQ�
NHHSLQJ�ZLWK�WKH�SUHYLRXV�UHVXOWV��+RZHYHU��XQOLNH�SUHYLRXV�\HDUV��
WKH\� DOVR� DSSHDUHG� WR� LQFOXGH� D� VHFRQGDU\� SHULRG�� 7KLV� ZDV�
H[WUDFWHG�XVLQJ�WKH�GXDO�SHULRG�VHDUFK�RI�MPO Canopus�DQG�IRXQG�
WR�EH�D�ELPRGDO�OLJKWFXUYH�ZLWK�D�SHULRG�������K�DQG�DPSOLWXGH�RI�
�����PDJ��7KLV�LV�ZLWKLQ�WKH�W\SLFDO�UDQJH�RI�IRU�WKH�RUELWDO�SHULRG�
RI�WKH�VDWHOOLWH�LQ�VPDOO�DVWHURLG�ELQDULHV��3UDYHF�HW�DO����������

7KHUH�ZHUH� QR�PXWXDO� HYHQWV� �RFFXOWDWLRQ�HFOLSVHV�� VR� LW�ZDV� QRW�
SRVVLEOH� WR� GHWHUPLQH� WKH� UDWLR� RI� WKH� HIIHFWLYH� GLDPHWHUV� RI� WKH�
VDWHOOLWH� YHUVXV� WKH� SULPDU\� �'V�'S��� +RZHYHU�� WKH� ����� PDJ�
DPSOLWXGH�LQGLFDWHV�D�QHDUO\�VSKHURLGDO�REMHFW��D�F� �������ZLWK�LWV�
URWDWLRQ�SHULRG�WLGDOO\�ORFNHG�WR�WKH�RUELWDO�SHULRG��

������� ����� +(�� 7KH� HVWLPDWHG� GLDPHWHU� RI� WKLV� 1($� LV��
���� NP� �0DLQ]HU� HW� DO��� ������� %DVHG� RQ� REVHUYDWLRQV� LQ� ������
3UDYHF� HW� DO�� �����ZHE�� IRXQG� VHYHUDO� V\QRGLF� SHULRGV� DV� WKH�
YLHZLQJ�DVSHFW�FKDQJHG��7KH�DYHUDJH�SHULRG�ZDV�DERXW������K�ZLWK�
DPSOLWXGHV�A�d� �����PDJ��2EVHUYDWLRQV�PDGH� E\�*DIWRQ\XN� DQG�
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.UXJO\���������OHG�WR�SHULRG�RI�������K��RU�KDOI�WKDW�RI�WKH�3UDYHF�HW�
DO�������ZHE��SHULRG��:ROWHUV�HW�DO���������DOVR�REVHUYHG�LQ������
�ODWH� 6HSWHPEHU�� DQG� IRXQG� D� VLPLODU� KDOI�SHULRG�� ������ K�� 7KH�
DPSOLWXGH�RI�WKHLU�OLJKWFXUYH�ZDV������PDJ��0DQ\�RWKHU�UHSRUWV�LQ�
WKH�/&'%�DOVR� LQGLFDWH�D�SHULRG�QHDU�����K�� LQFOXGLQJ�RXUV� IURP�
REVHUYDWLRQV�LQ�������:DUQHU�DQG�6WHSKHQV���������

:KHQ� ORZ� OLJKWFXUYH� DPSOLWXGHV� DUH� LQYROYHG��A� �� ����PDJ� DQG�
HVSHFLDOO\�A��������PDJ��LW�VKRXOG�QRW�EH�DVVXPHG�WKDW�D�OLJKWFXUYH�
ZLOO�EH�ELPRGDO��L�H���WZR�PLQ�PD[�SDLUV�SHU�URWDWLRQ��+DUULV�HW�DO���
�������(YHQ�ZLWK�WKH�ODUJHU�DPSOLWXGH�IURP�:ROWHUV�HW�DO����������
WKH�WUXH�SHULRG�RI�WKH�DVWHURLG�ZDV�DW�OHDVW�VRPHZKDW�DPELJXRXV��

�

�

2XU� ����� REVHUYDWLRQV� DOVR� SURGXFHG� D� ORZ� DPSOLWXGH� SULPDU\�
OLJKWFXUYH�������PDJ���8VLQJ�D�OLEHUDO�LQWHUSUHWDWLRQ��RXU�OLJKWFXUYH�
LV� ELPRGDO� WKDW� LV� DV\PPHWULFDO� �PLQLPXPV� DW� DERXW� ���� DQG� ����
URWDWLRQ�SKDVH���(YHQ�VR��ZH�IRXQG�WKDW�ORRNLQJ�IRU�DQG�ILQGLQJ�D�
VHFRQGDU\�SHULRG�SURGXFHG�D�PXFK�³FOHDQHU´�SULPDU\�OLJKWFXUYH��

7KH�VHFRQGDU\�OLJKWFXUYH�LV�QRWLFHDEO\�DV\PPHWULFDO��ZKLFK�FDVWV�
VRPH�GRXEW�DERXW�WKH�VROXWLRQ�VLQFH�RQH�H[SODQDWLRQ�ZRXOG�EH�DQ�
XQXVXDOO\� HFFHQWULF� RUELW� IRU� D� VDWHOOLWH�� +RZHYHU�� WKH� DVVXPHG�
RUELWDO� SHULRG� LV� LQ� NHHSLQJ� ZLWK� WKRVH� RI� RWKHU� VPDOO� ELQDU\�
DVWHURLGV��3UDYHF�HW�DO����������$V�ZLWK������7DQJVKDQ�DERYH��WKH�
ORZ� DPSOLWXGH� RI� WKH� VHFRQGDU\� OLJKWFXUYH� FRXOG� LPSO\� D� QHDUO\�
VSKHURLGDO�VDWHOOLWH�DQG��DV�ZLWK�DOO�RWKHU�DVWHURLGV�LQFOXGHG�KHUH��ZH�
KLJKO\�UHFRPPHQG�IROORZ�XS�REVHUYDWLRQV�LQ�WKH�IXWXUH��

������������/;��7KH�V\QRGLF�URWDWLRQ�SHULRG�IRU�WKH�SULPDU\�RI�WKLV�
1($�LV�ZHOO�HVWDEOLVKHG�DW�DERXW������K��H�J���:DUQHU���������

�

�

�

2XU������REVHUYDWLRQV�FOHDUO\�LQGLFDWHG�D�VHFRQGDU\�SHULRG�LQ�WKH�
GDWD� �³1R6XE´� SORW��� 1R� OLVWLQJ� LQ� WKH� /&'%� LQGLFDWHG� WKDW� WKH�
DVWHURLG�LV�ELQDU\�DQG�D�FKHFN�ZLWK�WKH�-RKQVWRQ�ELQDULHV�ZHE�VLWH�
�-RKQVWRQ�� ����ZHE�� VHHPHG� WR� FRQILUP� WKDW� RXUV� DUH� WKH� ILUVW�
REVHUYDWLRQV�WR�FRQILUP�WKDW�WKH�DVWHURLG�LV�ELQDU\��

,W�WRRN�DOPRVW�D�IRUWQLJKW�WR�REWDLQ�WKH�QHFHVVDU\�GDWD�WR�HVWDEOLVK�
WKDW�WKH�DVWHURLG�LV�ELQDU\�ZLWK�DQ�RUELWDO�SHULRG�RI�������K��,W�VHHPV�
WR�EH�FRPSULVHG�RI�WZR�QHDUO\�HTXDO�VL]HG�ERGLHV��DV�LQGLFDWHG�E\�
WKH�WZR�PXWXDO�HYHQWV�GLIIHULQJ�E\�RQO\������PDJ�DPSOLWXGH��7KH�
OHVVHU�DPSOLWXGH�RI������PDJ�JLYHV�DQ�HIIHFWLYH�VHFRQGDU\�SULPDU\�
GLDPHWHU�UDWLR�RI�'V�'S�t��������������
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�����$PIRUWDV��7KH�RQO\�SUHYLRXV�SHULRG�OLVWHG�LQ�WKH�/&'%�ZDV�
RXUV� �6WHSKHQV� DQG� :DUQHU�� ������� ZKLFK� ZDV� ������ K� ZLWK� D�
OLJKWFXUYH�DPSOLWXGH�RI������PDJ��2XU������REVHUYDWLRQV�ZHUH�RI�
VLPLODU�TXDOLW\��HUURU�EDUV�QHDU�WKH�DPSOLWXGH�RI�WKH�OLJKWFXUYH��2XU�
DQDO\VLV�IRXQG�D�GRPLQDQW�SHULRG�RI�������K��VLJQLILFDQWO\�GLIIHUHQW�
IURP�WKH�SUHYLRXV�UHVXOW��DV�ZHOO�DV�D�VHFRQGDU\�SHULRG��

�

�

7KH�VLJQDO�IRU�WKH�VHFRQGDU\�SHULRG�LV�VRPHZKDW�ZHDN��7KH�JUHDWHVW�
FRQFHUQ� LV� WKDW�P2:P1�  � ������ RU� QHDUO\� DQ� LQWHJUDO� UDWLR��7KLV� LV�
IROORZHG�E\�WKH�GLVWLQFW�DV\PPHWU\�RI�WKH�SULPDU\�OLJKWFXUYH��7KH�
WUXH� QDWXUH� RI� WKLV� DVWHURLG� PD\� EH� IRXQG� RQO\� ZLWK� DGGLWLRQDO�
REVHUYDWLRQV�DW�IXWXUH�DSSDULWLRQV�DW�XVHIXOO\�GLIIHUHQW�SKDVH�DQJOH�
ELVHFWRU�ORQJLWXGHV�DQG�RU�SKDVH�DQJOHV��

�������������.9���7KLV� LV�D�NQRZQ�ELQDU\�GLVFRYHUHG�DW�&6��LQ�
������:DUQHU�HW�DO�������D������E��3UDYHF�HW�DO�������ZHE���

�

�

2XU� ����� REVHUYDWLRQV� LQGLFDWHG�'V�'S�t� ����� �� ����� EDVHG� RQ�
HYHQW�DPSOLWXGHV�RI������DQG������PDJ��,Q�������WKH\�ZHUH������DQG�
�����PDJ��JLYLQJ�'V�'S�t�������������DQG�LQGLFDWLQJ�D�VLJQLILFDQWO\�
GLIIHUHQW� YLHZLQJ� DVSHFW� RI� WKH� ELQDU\� RUELW�� 7KH� RUELWDO� SHULRGV�
GHULYHG� IURP�GDWD� DQDO\VLV� LQ� ����� DQG� ����� DUH� VWDWLVWLFDOO\� WKH�
VDPH��7KH�FKDQJHV�LQ�WKH�HYHQWV�VKRXOG�SURYH�XVHIXO�IRU�PRGHOLQJ�
WKH�V\VWHP�DW�VRPH�SRLQW��

��������������;-���9DGXYHVFX�HW�DO���������UHSRUWHG�D�YHU\�VKRUW�
SHULRG� RI� ������ K� ������ PLQ��� .HHSLQJ� WKLV� PLQG�� RXU� LQLWLDO�
H[SRVXUHV�ZHUH�NHSW�VKRUW�WR�DYRLG�ZKDW�FDQ�EH�FDOOHG�³URWDWLRQDO�
VPHDULQJ�´�DV�H[SODLQHG�E\�3UDYHF�HW�DO����������,Q�VKRUW��H[SRVXUHV�
PXVW�EH�QR�ORQJHU�WKDQ�������
�P��WKH�URWDWLRQDO�SHULRG���2WKHUZLVH��
OLJKWFXUYH�IHDWXUHV�ZLOO�EOHQG�LQWR�RQH�DQRWKHU�DQG�VR�PDNH�LW�KDUG��
LI�QRW�LPSRVVLEOH��WR�ILQG�WKH�WUXH�SHULRG��

�

�
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,W�EHFDPH�FOHDU�DIWHU�WKH�ILUVW�VHVVLRQ�WKDW�D�YHU\�VKRUW�SHULRG�ZDV�
XQOLNHO\�DQG�VR�H[SRVXUH�WLPHV�ZHUH�LQFUHDVHG��$V�PRUH�GDWD�ZHUH�
REWDLQHG�� LW� ZDV� DSSDUHQW� WKDW� WKH� SHULRG� ZDV� WHQV� RI� KRXUV��
)XUWKHUPRUH�� WKH� JURZLQJ� OLJKWFXUYH� VKRZHG� GLVWLQFW� VLJQV� RI� D�
VHFRQG�SHULRG��³1R6XE´�SORW���

2XU�ILQDO�GDWD�VHW�FRYHUHG�QLQH�RXW�RI�WHQ�QLJKWV�IURP������-XQH����
WR�����'XDO�SHULRG�DQDO\VLV�RI�WKH�GDWD�ZLWK�MPO Canopus�IRXQG�D�
SULPDU\� SHULRG� RI� P1�  � ������ K� DQG� D� VWURQJ�� EXW� DPELJXRXV��
VHFRQGDU\� SHULRG� �³3�� SHULRG� VSHFWUXP´��� :H� KDYH� DGRSWHG��
P2�  � ������ K� EHFDXVH� ��� LW� LV� OLNHO\�� EXW� QRW� FHUWDLQ�� WKDW� WKH�
OLJKWFXUYH� VKRXOG�EH�ELPRGDO� �+DUULV� HW� DO��� ������ DQG���� D� VSOLW�
KDOYHV�SORW��+DUULV�HW�DO���������VKRZV�D�GLVWLQFW�DV\PPHWU\�RI�WKH�
KDOYHV� DW� WKH� DGRSWHG� SHULRG� DQG� WRR� PXFK� V\PPHWU\� IRU� WKH�
GRXEOHG�SHULRG��

$V�WR�WKH�SK\VLFDO�FDXVH�RI�WKH�VHFRQG�SHULRG��RQH�SRVVLELOLW\�LV�WKDW�
WKH�DVWHURLG�LV�D�very wide binary��:DUQHU�DQG�6WHSKHQV��������DQG�
UHIHUHQFHV� WKHUHLQ���7KLV� LV�D� V\VWHP�ZKHUH� WKH�SULPDU\�KDV� VSXQ�
GRZQ�WR�D�ORQJ�SHULRG�DV�WKH�VHFRQGDU\�³VWROH´�URWDWLRQDO�DQJXODU�
PRPHQWXP��FRQYHUWLQJ�LW�WR�RUELWDO�DQJXODU�PRPHQWXP�WR�PLJUDWH�
RXWZDUG�� �$QJXODU� PRPHQWXP� LV� FRQVHUYHG��� 8VXDOO\�� WKH�
VHFRQGDU\�SHULRG�LV�LQ�WKH�UDQJH�RI�����KRXUV��EXW�LW�FDQ�EH�PXFK�
ORQJHU��7KH�WZR�SHULRGV�KHUH�DUH�ZLWKLQ�WKH�UDQJHV�VHHQ�VR�IDU� LQ�
YHU\�ZLGH�ELQDU\�FDQGLGDWHV��

��������������9<����2XU�SUHYLRXV�REVHUYDWLRQV�LQ�������:DUQHU��
������ZHUH�VSOLW�LQWR�WZR�VHWV��RQH�FHQWHUHG�RQ�HDUO\�$SULO�DQG�WKH�
RWKHU� RQ� HDUO\� -XQH�� 7KH� ILUVW� VHW� JDYH� D� V\QRGLF� SHULRG��
P� ��������K�DQG�DPSOLWXGH������PDJ�DW�SKDVH�D�SKDVH�DQJOH�RI������
7KH� VHFRQG� VHW�� DW� SKDVH� DQJOH� ����� KDG� D� ORQJHU� VLGHUDO� SHULRG�
��������K��DQG�VPDOOHU�DPSOLWXGH�������PDJ���7KHUH�ZHUH�QR�VLJQV�
RI� D� VDWHOOLWH�� 0RQWHLUR� HW� DO�� ������� IRXQG� ������� K� EDVHG� RQ�
REVHUYDWLRQV�LQ�������

7KH�GHFUHDVH�LQ�DPSOLWXGH�LQ������DV�WKH�SKDVH�DQJOH�GHFUHDVHG�LV�
H[SHFWHG�EHKDYLRU��=DSSDOD�HW�DO����������,Q�WKH�PHDQWLPH��WKH�SKDVH�
DQJOH� ELVHFWRU� ORQJLWXGH� �+DUULV� HW� DO��� ������ LQ� ����� ZDV�
decreasing�DV�WKH�DVWHURLG�DSSURDFKHG�RSSRVLWLRQ��PLQLPXP�SKDVH�
DQJOH��� WKLV� LPSOLHV� D� UHWURJUDGH� URWDWLRQ� IRU� WKH� DVWHURLG� �$ODQ�
+DUULV��private communications���

7KH�P1�OLJKWFXUYH�ZDV�PDGH�FRQVLGHUDEO\�EHWWHU��ORZHU�506��E\�
ILQGLQJ�DQG�VXEWUDFWLQJ�D�VHFRQG�SHULRG��$V�ZLWK������$PIRUWDV��LI�
WKH�VHFRQGDU\�OLJKWFXUYH�ZDV�PRUH�FHUWDLQ��DQG�ORQJHU�LQ�WKLV�FDVH���
LW�ZRXOG�ORRN�VLPLODU�WR�RQH�RI�D�VDWHOOLWH�GLVSOD\LQJ�PXWXDO�HYHQWV��
+RZHYHU��DOVR�DV�ZLWK������$PIRUWDV��WKH�VHFRQGDU\�SHULRG�LV�YHU\�
FORVH�WR�D�����UDWLR�ZLWK�WKH�SULPDU\�SHULRG��2EVHUYDWLRQV�DW�IXWXUH�
DSSDULWLRQV�DUH�QHHGHG�WR�GHILQH�WKH�WUXH�QDWXUH�RI�WKH�DVWHURLG��

�

�

$FNQRZOHGJHPHQWV�

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��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\��
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7KLV�SDSHU�PDGH�XVH�RI�WKH�VHUYLFHV�SURYLGHG�E\�WKH�6$2�1$6$�
$VWURSK\VLFV�'DWD�6\VWHP��ZKLFK�LV�RSHUDWHG�E\�WKH�6PLWKVRQLDQ�
$VWURSK\VLFDO�2EVHUYDWRU\� XQGHU�1$6$�&RRSHUDWLYH�$JUHHPHQW�
��166&���0������
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*DIWRQ\XN�� 1�0��� .UXJO\�� <X�1�� �������� Astronomical School 
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HDUWK� REMHFWV� REWDLQHG� E\� WKH� ,03$&721�SURMHFW�´�Plan. Space 

Sci.�������������

3UDYHF�� 3��� +HUJHQURWKHU�� &��� :KLWHOH\�� 5��� 6DURXQRYD�� /���
.XVQLUDN�� 3�� �������� ³)DVW� 5RWDWLQJ� $VWHURLGV� ����� 7<��� �����
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3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE������ZHE��� �
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3UDYHF��3���)DWND��3���9RNURXKOLFN\��'���6FKHHUHV��'�-���.XVQLUDN��
3���+RUQRFK��.���*DODG��$���9UDVWLO��-���3UD\��'�3���.UXJO\��<X�1���
*DIWRQ\XN�� 1�0��� ,QDVDULG]H�� 5�<D��� $\YD]LDQ�� 9�5���
.YDUDWVNKHOLD�� 2�,��� =KX]KXQDG]H�� 9�7��� +XVDULN�� 0��� &RRQH\��
:�5��� *URVV�� -��� 7HUUHOO�� '��� 9LOiJL�� -�� .RUQRV�� /��� *DMGRV�� 6���
%XUNKRQRY��2���(KJDPEHUGLHY��6K�$���'RQFKHY��=���%RULVRY��*���
%RQHY�� 7��� 5XP\DQWVHY�� 9�9��� 0RORWRY�� ,�(�� �������� ³$VWHURLG�
FOXVWHUV�VLPLODU�WR�DVWHURLG�SDLUV�´�Icarus���������������

6WHSKHQV�� 5�'��� :DUQHU�� %�'�� �������� ³0DLQ�EHOW� $VWHURLGV�
2EVHUYHG�IURP�&6��������$SULO�WR�-XQH�´�Minor Planet Bull.�����
���������

6WHSKHQV�� 5�'��� :DUQHU�� %�'�� �������� ³0DLQ�EHOW� $VWHURLGV�
2EVHUYHG�IURP�&6��������-XO\�WR�6HSWHPEHU�´�Minor Planet Bull.�
�����������

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

9DGXYHVFX��2���0DFLDV��$�$���7XGRU��9���3UHGDWX��0���*DOiG��$���
*DMGRã��â���9LOiJL��-���6WHYDQFH��+�)���(UUPDQQ��5���8QGD�6DQ]DQD��
(��� &KDU�� )��� DQG� ��� FRDXWKRUV�� �������� ³7KH� (8521($5�
/LJKWFXUYH� 6XUYH\� RI� 1HDU� (DUWK� $VWHURLGV�´� Earth, Moon, and 

Planets��������������

:DUQHU��%�'����������³/LJKWFXUYH�DQDO\VLV�IRU�QXPEHUHG�DVWHURLGV�
������������������������������DQG������´�Minor Planet Bull������
�������

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

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU� 'LYLGH� 6WDWLRQ�� ����� 0DUFK� �� -XQH�´�Minor Planet 

Bull���������������

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU�'LYLGH�6WDWLRQ�������$SULO� WKUX�-XQH�´�Minor Planet 

Bull���������������

1XPEHU� 1DPH� �����PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�'U�

 2778 Tangshan 03/30-04/09 9.5,13.4 176 5 3.4607 0.0002 0.30 0.01 MB-I 

       27.75 0.03 0.09 0.01 UD 

 6455 1992 HE 04/06-04/25 19.8,28.6 178 21 2.7346 0.0003 0.06 0.01 NEA 

       17.58 0.01 0.06 0.01 UD 

 7889 1994 LX 06/01-06/13 44.6,42.5 222 48 2.74001 0.00007 0.33 0.02 NEA 

       45.13 0.08 0.15 0.01 0.33 

 9509 Amfortas 05/27-06/08 14.8,20.1 225 7 3.849 0.001 0.10 0.01 MB-I 

       11.67 0.02 0.13 0.02 UD 

 85628 1998 KV2 03/30-04/21 31.9,16.4 211 19 2.8231 0.0002 0.15 0.02 NEA 

       21.16 0.02 0.09 0.01 0.22 

377732 2005 XJ8 06/24-06/29 34.3,16.3 301 8 42.89 0.03 0.90 0.03 NEA  

       9.396 0.004 0.19 0.03 UD 

475665 2006 VY13 04/29-05/02 17.6,15.3 234 9 17.52 0.01 0.94 0.03 NEA 

       5.95 0.01 0.15 0.02 UD 

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��7KH�ILUVW�OLQH�IRU�DQ�DVWHURLG�JLYHV�WKH�SULPDU\�RU�GRPLQDQW�SHULRG��7KH�VHFRQG�OLQH�JLYHV�WKH�VHFRQGDU\�

SHULRG��7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��/3$%�DQG�%3$%�DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�
ORQJLWXGH� DQG� ODWLWXGH� �VHH�+DUULV� HW� DO��������� )RU� WKH�*US�'U� FROXPQ�� WKH� ILUVW� OLQH� JLYHV� WKH� JURXS�IDPLO\��0%�,�� LQQHU�PDLQ�EHOW�� 3+2��
3KRFDHD��1($��QHDU�(DUWK�DVWHURLG��7KH�FRGH�³8'´�RQ�WKH�VHFRQG�OLQH�LQ�WKH�*US�'U�FROXPQ�PHDQV�³XQGHWHUPLQHG�´�SULPDULO\�EHFDXVH�WKHUH�
ZHUH�QR�PXWXDO�HYHQWV��2WKHUZLVH��WKH�YDOXH�LV�WKH�UDWLR�RI�WKH�VHFRQGDU\�WR�SULPDU\�HIIHFWLYH�GLDPHWHUV��



� ����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

:DUQHU�� %�'��� 6WHSKHQV��5�'�� �������� ³$QRWKHU�7ULR� RI� 3RVVLEOH�
9HU\�:LGH�%LQDULHV�´�Minor Planet Bull.��������������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³1HDU�(DUWK� $VWHURLG�
/LJKWFXUYH�$QDO\VLV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�������
6HSWHPEHU��������-DQXDU\�´�Minor Planet Bull���������������

:DUQHU��%�'���6WHSKHQV��5�'���+DUULV��$�:�������D���CBET�������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'��� +DUULV�� $�:�� �����E��� ³%LQDU\�
$VWHURLGV� DW� WKH�&HQWHU� IRU�6RODU� 6\VWHP�6WXGLHV�´�Minor Planet 

Bull���������������

:ROWHUV�� 6�'��� *UHHQ�� 6�)��� 0F%ULGH�� 1��� 'DYLHV�� -�.�� ��������
³2SWLFDO� DQG� WKHUPDO� LQIUDUHG� REVHUYDWLRQV� RI� VL[� QHDU�(DUWK�
DVWHURLGV�LQ������´�Icarus��������������

=DSSDOD��9���&HOOLQL��$���%DUXFFL��$�0���)XOFKLJQRQL��0���/XSLVKNR��
'�(�� �������� ³$Q� DQOD\VLV� RI� WKH� DPSOLWXGH�SKDVH� UHODWLRQVKLS�
DPRQJ�DVWHURLGV�´�Astron. Astrophys����������������
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�

�

/,*+7&859(6�)25��

7+5((�.2521,6�)$0,/<�$67(52,'6��

)520�7+(�81,21�&2//(*(�2%6(59$725<�

)�3��:LONLQ��=��$O0DVVUL��3��%RZOHV��0��3DUJLHOOR��-��6LQGRQL�
'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\��8QLRQ�&ROOHJH�

����8QLRQ�6W���6FKHQHFWDG\��1<�������
ZLONLQI#XQLRQ�HGX�

�5HFHLYHG�������-XQH����

:H�SUHVHQW�OLJKWFXUYHV�IRU�.RURQLV�IDPLO\�DVWHURLGV�������
,GD�� ������)ORUHQWLQD��DQG� �������/X[HPERXUJ��$OO�KDG�
SHULRGV� FRQVLVWHQW� ZLWK� SUHYLRXVO\� UHSRUWHG� YDOXHV� DQG�
VKRZHG�FODVVLF�GRXEO\�SHULRGLF�OLJKWFXUYHV����

$W�WKH�8QLRQ�&ROOHJH�2EVHUYDWRU\�ZH�KDYH�XQGHUWDNHQ�D�SURJUDP�
WR� REVHUYH� URWDWLRQ� OLJKWFXUYHV� RI� .RURQLV� IDPLO\� DVWHURLGV� LQ�
VXSSRUW�RI�GHWHUPLQLQJ�VSLQ�YHFWRUV�DQG�VKDSH�PRGHOV��.DDVDODLQHQ�
HW�DO���������6OLYDQ�HW�DO����������0HPEHUV�RI�WKLV�IDPLO\��QDPHG�IRU�
LWV�ORZHVW�QXPEHUHG�PHPEHU�������.RURQLV��DUH�EHOLHYHG�WR�VKDUH�D�
FRPPRQ�SURJHQLWRU�ZKLFK�ZDV�EURNHQ�XS�LQ�D�FROOLVLRQ�ORQJ�DJR��
WKXV��WKH\�VKDUH�VLPLODU�RUELWV�LQ�WKH�RXWHU�DVWHURLG�EHOW�DQG�VLPLODU�
6�W\SH� VSHFWUDO� FKDUDFWHULVWLFV�� /RQJ�WHUP� LQWHUDFWLRQ� ZLWK� VRODU�
UDGLDWLRQ� YLD� WKH� <253� HIIHFW� KDV� PRGLILHG� PHPEHUV
� VSLQ�
SURSHUWLHV� �6OLYDQ�� ������ 9RNURXKOLFN\� HW� DO��� ������� DQG�
GHWHUPLQDWLRQ� RI� VSLQ� YHFWRUV� IRU� D� VXIILFLHQWO\� ODUJH� VDPSOH� RI�
.RURQLV�PHPEHUV�PD\�VKHG�OLJKW�RQ�<253�GULYHQ�HYROXWLRQ�LQ�WKH�
VRODU�V\VWHP��

:H�KDYH�REWDLQHG� OLJKWFXUYHV� IRU� WKUHH�.RURQLV�)DPLO\�DVWHURLGV�
XVLQJ� REVHUYDWLRQV� DW� WKH� 8QLRQ� &ROOHJH� 2EVHUYDWRU\� GXULQJ��
�����������7KLV� UHSUHVHQWV� WKH� ILUVW�SXEOLVKHG�DVWHURLG�GDWD� IURP�
WKH�8QLRQ�&ROOHJH�2EVHUYDWRU\��7DUJHW�VHOHFWLRQ�DQG�HSKHPHULGHV�
ZHUH� EDVHG� XSRQ� WKH�.RURQLV� IDPLO\� DVWHURLGV�ZHE� WRRO� �6OLYDQ��
�������7KH� WKUHH� VHOHFWHG�REMHFWV� IRU�RXU� ILUVW� VWXG\�ZHUH�FKRVHQ�
EHFDXVH�WKH\�KDYH�ZHOO�HVWDEOLVKHG�VKRUW�SHULRGV�DQG�ODUJH�HQRXJK�
DPSOLWXGHV��$OO�REVHUYDWLRQV�ZHUH�FRQGXFWHG�DW�WKH������P�2SWLFDO�
*XLGDQFH�6\VWHPV�I�����5LWFKH\�&KUpWLHQ�WHOHVFRSH�XVLQJ�DQ�6%,*�
67;/� ������ &&'� FDPHUD�� FRROHG� WR� ����&�� ZLWK� DQ� $VWURGRQ�
%HVVHO�5�ILOWHU��7KH�GHWHFWRU�KDV������î�������PP�VTXDUH�SL[HOV��
:LWK��î��ELQQLQJ��WKH�SL[HO�VFDOH�LV������

�SL[�DQG�WKH�ILHOG�RI�YLHZ�
LV���
î��
��

%LDV��GDUN��IODW�ILHOG�FRUUHFWLRQV�DQG�VXEVHTXHQW�SKRWRPHWU\�ZHUH�
SHUIRUPHG� LQ� AstroImageJ� VRIWZDUH� �&ROOLQV� HW� DO��� ������� :H�
FRUUHFWHG�IRU�OLJKW�WUDYHO�WLPH�IRU�DOO�WKUHH�WDUJHWV�XVLQJ�HSKHPHULGHV�
IURP�WKH�1$6$�+RUL]RQV�ZHEVLWH��

������,GD�KDV�WKH�GLVWLQFWLRQ�LQ�WKDW�LW�LV�RQO\�WKH�VHFRQG�DVWHURLG�WR�
KDYH�EHHQ�SKRWRJUDSKHG�DW�FORVH� UDQJH�E\�D� VSDFHFUDIW��2Q������
$XJ����1$6$
V�*DOLOHR�IOHZ�E\�,GD�DW�D�GLVWDQFH�RI�URXJKO\�������
PLOHV�RQ�LWV�ZD\�WR�-XSLWHU��,WV�VLGHUHDO�SHULRG�ZDV�GHWHUPLQHG�WR�EH�
��������� �� ��������� K� �%LQ]HO� HW� DO��� ������ XVLQJ� SUH�*DOLOHR�
REVHUYDWLRQV��%HFDXVH�WKH�SUH�HQFRXQWHU�DQDO\VLV�ZDV�EDVHG�XSRQ���
\HDUV� RI� REVHUYDWLRQV� DQG� WKH� IO\E\� H[WHQGHG� WKLV� E\� RQO\� WKUHH�
PRQWKV�� WKH� *DOLOHR� VSDFHFUDIW� WUDMHFWRU\� ZDV� QRW� ZHOO�VXLWHG� WR�

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

 243 Ida             2019 9/18  6.9      338  0  4.67 0.04 0.76 0.04 KOR 

 321 Florentina      2019 10/24-11/4      19.1,17.0   86   2  2.8708 0.0003 0.35 0.03 KOR 

 2713 Luxembourg      2018 12/05-12/11      5.6,7.9    59   2  3.581 0.002 0.53 0.05 KOR 

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�
DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��


