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(ULF�9��'RVH�

�����6DQ�0DWHR�%OYG��1(������

$OEXTXHUTXH��10�������

PS#HULFGRVH�FRP�

�5HFHLYHG�������-DQXDU\����

:H�SUHVHQW�OLJKWFXUYHV�DQG�V\QRGLF�URWDWLRQ�SHULRGV�IRU�

HLJKWHHQ� DVWHURLGV� LQFOXGLQJ� WKH� IDPLO\� SDUHQW� DVWHURLG�

�������:LWW��

:H�SUHVHQW�DVWHURLG�OLJKWFXUYHV�REWDLQHG�YLD�WKH�ZRUNIORZ�SURFHVV�

GHVFULEHG�E\�'RVH� �������DQG� ODWHU� LPSURYHG� �'RVH���������7KLV�

ZRUNIORZ� DSSOLHV� WR� HDFK� LPDJH� DQ� HQVHPEOH� RI� W\SLFDOO\� ������

QHDUE\� FRPSDULVRQ� �³FRPS´�� VWDUV� VHOHFWHG� IURP� WKH� $7/$6�

UHIFDW��FDWDORJ��7RQU\�HW�DO����������7KLV�DEXQGDQFH�RI�FRPS�VWDUV�

DQG�RXU�FXVWRP�GLDJQRVWLF�SORWV�DOORZ�IRU�UDSLG�LGHQWLILFDWLRQ�DQG�

UHPRYDO�RI�RXWOLHU��YDULDEOH��DQG�SRRUO\�PHDVXUHG�FRPS�VWDUV��

7KH�SURGXFW�RI�WKLV�FXVWRP�ZRUNIORZ�LV�RQH�QLJKW¶V�WLPH�VHULHV�RI�

DEVROXWH�6ORDQ� U¶� �65��PDJQLWXGHV� IRU� RQH� WDUJHW� DVWHURLG��7KHVH�

DEVROXWH�PDJQLWXGHV�DUH�FRUUHFWHG� IRU� LQVWUXPHQW� WUDQVIRUPV�� VN\�

H[WLQFWLRQ�� DQG� LPDJH�WR�LPDJH� �³FLUUXV´�� IOXFWXDWLRQV�� DQG� WKXV�

WKH\�UHSUHVHQW�DEVROXWH�PDJQLWXGHV�DW�WKH�WRS�RI�HDUWK¶V�DWPRVSKHUH��

7KHVH� PDJQLWXGHV� DUH� LPSRUWHG� GLUHFWO\� LQWR� MPO Canopus�

VRIWZDUH��:DUQHU��������ZKHUH�WKH\�DUH�DGMXVWHG�IRU�GLVWDQFH�DQG�

SKDVH�DQJOH�GHSHQGHQFH��PDWFKHG�ZLWK�WKHLU�FRUUHVSRQGLQJ�WLPH��ILW�

E\�)RXULHU�DQDO\VLV�LQFOXGLQJ�LGHQWLI\LQJ�DQ\�DOLDVHV��DQG�SORWWHG��

3KDVH�DQJOH� FRUUHFWLRQV� DUH�PDGH� E\� DSSO\LQJ� D�H-G�PRGHO� DQG�

ILQGLQJ� WKH�G� YDOXH� WKDW�PLQLPL]HV� EHVW�ILW�506�HUURU� DFURVV� DOO�

QLJKWV¶�GDWD� IRU� WKDW�DSSDULWLRQ��:KHQHYHU�ZH�FDQQRW�HVWLPDWH�G��

XVXDOO\�GXH�WR�D�QDUURZ�UDQJH�RI�SKDVH�DQJOHV��ZH�DSSO\�WKH�0LQRU�

3ODQHW� &HQWHU¶V� GHIDXOW� YDOXH� RI� ������ 1R� QLJKWO\� ]HUR�SRLQW�

DGMXVWPHQWV� �'HOWD�&RPSV� LQ�MPO Canopus��ZHUH�PDGH� WR� DQ\�

GDWD�SUHVHQWHG�KHUH��RWKHU�WKDQ�E\�HVWLPDWLQJ�G��

/LJKWFXUYH�5HVXOWV�

(LJKWHHQ� DVWHURLGV� ZHUH� REVHUYHG� IURP� 1HZ� 0H[LFR� 6NLHV�

REVHUYDWRU\� DW� ����� PHWHUV� HOHYDWLRQ� LQ� VRXWKHUQ� 1HZ� 0H[LFR�

�EHIRUH� 1RYHPEHU� ��� RU� IURP� +RZOLQJ� &R\RWH� 5HPRWH�

2EVHUYDWRULHV� DW� ����� PHWHUV� HOHYDWLRQ� LQ� ZHVWHUQ� 1HZ�0H[LFR�

�DIWHU� 1RYHPEHU� ���� ,PDJHV� ZHUH� DFTXLUHG� ZLWK�� D� �����P�

3ODQH:DYH� 27$� RQ� D� 3ODQH:DYH� /����� PRXQW� DQG� HTXDWRULDO�

ZHGJH��DQG�D�6%,*�$&����0�&026�FDPHUD�ILWWHG�ZLWK�D�6FKRWW�

**����OLJKW�\HOORZ�ILOWHU�DQG�FRROHG�WR�����&��EHIRUH�1RYHPEHU����

RU�����&��DIWHU�1RYHPEHU�����

7KLV� HTXLSPHQW�ZDV� RSHUDWHG� UHPRWHO\� YLD�ACP� VRIWZDUH� �'&���

'UHDPV���UXQQLQJ�RQH�QLJKW�SODQ�ILOHV�JHQHUDWHG�E\�S\WKRQ�VFULSWV�

�'RVH�� ������� ([SRVXUH� WLPHV� WDUJHWHG� ���� PLOOLPDJQLWXGHV�

XQFHUWDLQW\� LQ� DVWHURLG� LQVWUXPHQWDO� PDJQLWXGH�� VXEMHFW� WR� D�

PLQLPXP� H[SRVXUH� RI� ���� VHFRQGV� WR� HQVXUH� VXLWDEOH� FRPS�VWDU�

SKRWRPHWU\��DQG�WR�D�PD[LPXP�RI�����VHFRQGV��

),76�LPDJHV�ZHUH�FDOLEUDWHG�XVLQJ�WHPSHUDWXUH�PDWFKHG��H[SRVXUH�

PDWFKHG��PHGLDQ�DYHUDJHG�GDUN�LPDJHV�DQG�UHFHQW�IODW�LPDJHV�RI�D�

IOX[�DGMXVWDEOH�OLJKW�SDQHO��&DOLEUDWHG�LPDJHV�ZHUH�SODWH�VROYHG�E\�

TheSkyX��6RIWZDUH�%LVTXH���DQG�WDUJHW�DVWHURLGV�ZHUH�LGHQWLILHG�LQ�

Astrometrica �+HUEHUW�5DDE���$OO�SKRWRPHWULF�LPDJHV�ZHUH�YLVXDOO\�
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LQVSHFWHG��WKH�DXWKRU�H[FOXGHG�LPDJHV�ZLWK�LQDGHTXDWH�WUDFNLQJ�RU�

VHHLQJ� TXDOLW\�� GLJLWDO� DUWLIDFWV� FDXVHG� E\� FKDQJLQJ� &026� UHDG�

PRGH�� H[FHVVLYH� LQWHUIHUHQFH� E\� FORXG� RU�PRRQ�� RU� KDYLQJ� VWDUV��

VDWHOOLWH� WUDFNV�� FRVPLF� UD\� DUWLIDFWV�� UHVLGXDO� LPDJH� DUWLIDFWV�� RU�

RWKHU� DSSDUHQW� OLJKW� VRXUFHV� ZLWKLQ� ��� DUFVHFRQGV� RI� WKH� WDUJHW�

DVWHURLG¶V� VLJQDO� FHQWURLG�� ,PDJHV� SDVVLQJ� WKHVH� VFUHHQV� ZHUH�

VXEPLWWHG�WR�WKH�ZRUNIORZ��

7UDQVIRUPV�UHTXLUHG�E\�WKH�**����OLJKW�\HOORZ�ILOWHU�XVHG�KHUH�DUH�

PRGHVW� LQ� VL]H� DQG� HVVHQWLDOO\� OLQHDU� �ILUVW�RUGHU��� DQG� WKH\� \LHOG�

PDJQLWXGHV�LQ�WKH�VWDQGDUG�6ORDQ�U¶��65��SDVVEDQG��,Q�RXU�KDQGV��

XVLQJ� WKLV� ILOWHU� �UDWKHU� WKDQ� D� FOHDU� ILOWHU� RU� QR� ILOWHU�� LPSURYHV�

WUDQVIRUP�OLQHDULW\�DQG�QLJKW�WR�QLJKW�PDJQLWXGH�UHSURGXFLELOLW\�WR�

D�GHJUHH�RXWZHLJKLQJ�WKH�PLQRU�ORVV�RI�VLJQDO�WR�QRLVH�UDWLR�FDXVHG�

E\�a����ORVV�RI�PHDVXUHG�IOX[��

2XU�ZRUNIORZ� HPSOR\V� DV� FRPS� VWDUV� DOO�$7/$6� UHIFDW�� HQWULHV�

KDYLQJ��GLVWDQFH�RI�DW�OHDVW����DUFVHFRQGV�IURP�LPDJH�ERXQGDULHV�

DQG� IURP� RWKHU� FDWDORJXHG� IOX[� VRXUFHV�� QR� FDWDORJ�9$5,$%/(�

IODJ�� 65� PDJQLWXGH� ZLWKLQ� >���� ��@� RI� WKH� WDUJHW� DVWHURLG¶V� 65�

PDJQLWXGH�RQ�WKDW�QLJKW��H[FHSW�WKDW�YHU\�IDLQW�DVWHURLGV�XVHG�FRPS�

VWDUV� KDYLQJ�PDJQLWXGHV� LQ� WKH� UDQJH� ��� WR� ����� 6ORDQ� U¶�L¶� FRORU�

YDOXH� ZLWKLQ� >������ ����@�� DQG� DEVHQFH� RI� YDULDELOLW\� DV� VHHQ� LQ�

VHVVLRQ�SORWV�RI�HDFK�FRPS�VWDU¶V�LQVWUXPHQWDO�PDJQLWXGH�YV�WLPH��

,Q� WKLV� UHSRUW�� ³SHULRG´� GHQRWHV� DQ� DVWHURLG¶V� V\QRGLF� URWDWLRQ�

SHULRG��DQG�³PPDJ´�GHQRWHV�PLOOLPDJQLWXGHV��������PDJQLWXGH���,Q�

WKH� OLJKWFXUYHV� EHORZ��MPO Canopus Y��� VKRZV� ³65´� IRU� ERWK�

3DQ�67$556�DQG�6ORDQ�U¶�YDOXHV��

�����$HVFXODSLD��7KLV�7KHPLV�IDPLO\�DVWHURLG�ZDV�IRXQG�WR�KDYH�D�

V\QRGLF� URWDWLRQ� SHULRG� RI� ������� �� ������ K�� LQ� UHDVRQDEOH�

DJUHHPHQW�ZLWK�RQH�VXUYH\�UHVXOW���������K��:DV]F]DN�HW�DO���������

DQG�RQH�RWKHU�UHVXOW�ZLWK�OLJKWFXUYH��������K��3RODNLV���������DV�ZHOO�

DV� EHLQJ� FRQVLVWHQW� ZLWK� RQH� FRQVWUDLQW� UHVXOW� �!� ��� K�� %HKUHQG��

����ZHE���EXW�LQ�GLVDJUHHPHQW�ZLWK�RWKHU�SXEOLVKHG�UHVXOWV�������K��

0DOHV]HZVNL�DQG�&ODUN�������������K��%HKUHQG������ZHE��������K��

(KOHUW�DQG�.LQJHU\���������������K��+HVV�HW�DO����������

2XU� REVHUYDWLRQV� RYHU� �� FRQVHFXWLYH� QLJKWV� \LHOG� D� ELPRGDO�

OLJKWFXUYH� ZLWK� )RXULHU� ILW� 506� HUURU� RI� ���PPDJ�� 7KH� QDUURZ�

UDQJH�RI�RXU�SKDVH�DQJOHV�GRHV�QRW�DOORZ�IRU�HVWLPDWLQJ�RSWLPXP�G�

YDOXH��H-G�PRGHO���VR�ZH�DSSO\�WKH�03&�GHIDXOW�YDOXH�RI�������

�

2XU� SHULRG� VSHFWUXP¶V� GRPLQDQW� VLJQDOV� DSSHDU� DW� RXU� SHULRG�

HVWLPDWH�DQG�DW�WZLFH�WKDW�GXUDWLRQ��0LQRU�VLJQDOV�DSSHDU�QHDU�WKH�

UHSRUWHG� SHULRG� HVWLPDWHV� RI�0DOHV]HZVNL� DQG� &ODUN�� (KOHUW� DQG�

.LQJHU\��DQG�+HVV�HW�DO��

�

����� &RUYLQD�� 2EVHUYDWLRQV� GXULQJ� ��� QLJKWV� KDYH� \LHOGHG� RXU�

SHULRG� HVWLPDWH� RI� ������� �� ������ K� IRU� WKLV� .RURQLV�IDPLO\�

DVWHURLG��DJUHHLQJ�ZLWK�RQH�SXEOLVKHG�UHVXOW��������K��6OLYDQ��������

EXW�GLIIHULQJ�IURP�DQRWKHU��������K��3RODNLV���������2XU�506�HUURU�

LV����PPDJ��ZLWK�RXU�RSWLPXP�G�YDOXH�EHLQJ�QHDU�������

7KH�OLJKWFXUYH�LV�ELPRGDO�DQG�VKDSHV�RI�WKH���EULJKWQHVV�PD[LPD�

DUH� FRPSOH[�� LQ� RXU� KDQGV�� )RXULHU� ILWV� ZHUH� RIWHQ� XQUHDVRQDEO\�

SRRU�ZKHQ�DSSO\LQJ�D�ORZHU�ILW�RUGHU�RU�ZKHQ�DGRSWLQJ� WKH�03&�

GHIDXOW�G�YDOXH�RI�������

�

,Q�RXU�SHULRG�VSHFWUXP��GRPLQDQW�VLJQDOV�DSSHDU�DW�����������DQG�����

WLPHV�RXU�SHULRG�HVWLPDWH��/LWWOH�RU�QR�VLJQDO�DSSHDUV�QHDU�������K��

�

����� 'XQDQW�� %\� REVHUYLQJ� WKLV� RXWHU� PDLQ�EHOW� DVWHURLG� IRU� ���

QLJKWV� GXULQJ� ����¶V� XQXVXDOO\� IDYRUDEOH� RSSRVLWLRQ�� ZH� ILQG� D�

URWDWLRQ�SHULRG�RI�����������������K��:H�NQRZ�RI�QR�SUHYLRXVO\�
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SXEOLVKHG� SHULRG� RU� OLJKWFXUYH�� $� ELPRGDO� LQWHUSUHWDWLRQ� LV�

VXSSRUWHG�E\�WKH�OLJKWFXUYH¶V�ODUJH�DPSOLWXGH�DQG�E\�WKH�GLIIHULQJ�

VKDSHV�RI�DOWHUQDWLQJ�EULJKWQHVV�PD[LPD��506�HUURU�LV����PPDJ��

DQG�RSWLPXP�G�YDOXH�LV�QHDU�������

�

2XU�SHULRG�VSHFWUXP�LV�GRPLQDWHG�E\�VLJQDOV�DW�������DQG���WLPHV�RXU�

SURSRVHG�URWDWLRQ�SHULRG��5HODWLYH�ZHDNQHVV�RI�WKH�VLJQDO�QHDU�����

WLPHV�RXU�SURSRVHG�SHULRG�IXUWKHU�VXSSRUWV�D�ELPRGDO�VKDSH��

�

�����3XVKNLQ��)RU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG��ZH�UHSRUW�D�URWDWLRQ�

SHULRG�RI���������������K��LQ�DJUHHPHQW�ZLWK�RQH�SXEOLVKHG�VXUYH\�

HVWLPDWH��������K��:DV]F]DN�HW�DO����������7KH�DPSOLWXGH�RI������

PDJ� SHUVXDGHV� XV� WR� DGRSW� D� ELPRGDO� OLJKWFXUYH� LQWHUSUHWDWLRQ��

WKRXJK�WKH�IROGHG�OLJKWFXUYH¶V�WZR�KDOYHV�DUH�VLPLODU��2XU�)RXULHU�

ILW�506�HUURU�LV����PPDJ��DQG�RXU�EHVW�G�HVWLPDWH�ZDV�WKH�03&�

GHIDXOW�RI�������

�

7KH� SHULRG� VSHFWUXP¶V�PDMRU� VLJQDOV� DSSHDU� DW� ����� ��� ����� DQG���

WLPHV� RXU� SHULRG� HVWLPDWH�� FRQVLVWHQW� ZLWK� D� ELPRGDO� OLJKWFXUYH�

ZKRVH�KDOYHV�DUH�YHU\�VLPLODU�LQ�VKDSH��7KH�VHFRQGDU\�VLJQDO�QHDU�

�����K�LV�DQ�DOLDV�RI�RXU�HVWLPDWH�E\�����URWDWLRQ�SHU�GD\��

�

�����.HUFK��2XU�QHZ�SHULRG�HVWLPDWH�RI�����������������K�IRU�WKLV�

(RV�IDPLO\� DVWHURLG� PDWFKHV� DOO� WKUHH� SUHYLRXVO\� SXEOLVKHG�

HVWLPDWHV� ������� K�� .URW]� HW� DO��� ������ ����� K��<HK� HW� DO��� ������

��������K���XUHFK�HW�DO����������7KH�OLJKWFXUYH�LV�FOHDUO\�ELPRGDO�

LQ� VKDSH�� DQG� LW� UHPDLQHG� UHPDUNDEO\� FRQVLVWHQW� WKRXJK� RXU� ���

ZHHNV� RI� REVHUYDWLRQV� DQG� WKURXJK� D� YHU\� ZLGH� UDQJH� RI� SKDVH�

DQJOHV��2XU�506�HUURU� LV����PPDJ�DQG�ZDV�RSWLPL]HG�ZLWK�D�G�

YDOXH�RI�������

�

�����7FKDLNRYVN\��:H�REVHUYHG� WKLV�RXWHU�PDLQ�EHOW�DVWHURLG�IRU�

���QLJKWV�GXULQJ�LWV�IDYRUDEOH������RSSRVLWLRQ��DQG�ZH�SURSRVH�D�

URWDWLRQ�SHULRG�RI����������������K��LQ�DJUHHPHQW�ZLWK�RQH�VXUYH\�

HVWLPDWH����������K��3iO�HW�DO���������EXW�GLIIHULQJ�IURP�WZR�RWKHU�

SXEOLVKHG�HVWLPDWHV��������K��:DUQHU�������������K��:DUQHU���������

WKLV�ODVW�KDYLQJ�EHHQ�SUHVHQWHG�RQ�D�PRQRPRGDO�EDVLV�DQG�EHLQJ�LQ�

IDFW�FORVH�WR�KDOI�RXU�QHZ�HVWLPDWH��

'HVSLWH� RXU� OLJKWFXUYH¶V� PRGHVW� DPSOLWXGH�� ZH� IDYRU� D� ELPRGDO�

LQWHUSUHWDWLRQ� EHFDXVH� RI� GLIIHULQJ� VKDSHV� RI� WKH� GLPPLQJ� SKDVH�

VHJPHQWV�DV�ZHOO�DV�GLIIHULQJ�VKDSHV�RI�WKH�EULJKWQHVV�PLQLPD��2XU�

)RXULHU�ILW�506�HUURU�LV����PPDJ��DQG�DSSO\LQJ�D�G�YDOXH�RI������

UHVXOWHG� LQ�506�HUURU�DERXW�����RI� WKH�HUURU�REWDLQHG�ZKHQ� WKH�

03&�GHIDXOW�RI������ZDV�DSSOLHG��
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�

2XU�SHULRG� VSHFWUXP�KDV�PDMRU� VLJQDOV�RQO\�DW�������������� DQG���

WLPHV�RXU�SHULRG�HVWLPDWH��

�

�����:LWW��)RU�WKLV�SDUHQW�DVWHURLG�RI�WKH�:LWW�IDPLO\��ZH�FRQILUP�

SUHYLRXV�SHULRG�FRQVWUDLQWV�DQG�HVWLPDWHV��!������K��(UDVPXV�HW�DO���

����� DQG� (UDVPXV� HW� DO��� ������ ������� K�� %HKUHQG�� ����ZHE��

��������K��3LOFKHU��������ZLWK�RXU�QHZ�HVWLPDWH�RI����������������

K�� 7KH� OLJKWFXUYH¶V� DPSOLWXGH� LV� ODUJH�� DQG� LWV� VKDSH� LV� FOHDUO\�

ELPRGDO��2XU�506�HUURU�LV����PPDJ��DQG�RSWLPXP�G�YDOXH�LV�WKH�

03&�GHIDXOW�RI�������ZKLFK�ZH�DSSOLHG��

�

,Q�WKH�SHULRG�VSHFWUXP��PDMRU�VLJQDOV�DSSHDU�RQO\�DW�PXOWLSOHV�RI�ò�

RXU� SHULRG� HVWLPDWH�� DV� FRPPRQ� IRU� ELPRGDO� OLJKWFXUYHV� ZKRVH�

KDOYHV�DUH�VLPLODU��

�

����� 9LOKR�� 2XU� SHULRG� HVWLPDWH� RI� ������� �� ������ K� IRU� WKLV�

7KHPLV�IDPLO\�DVWHURLG�DJUHHV�ZLWK�RQH�SXEOLVKHG�VXUYH\�HVWLPDWH�

����������K���XUHFK�HW�DO���������EXW�GLIIHUV� IURP�DQRWKHU� UHSRUW�

������K��%HKUHQG������ZHE���2XU�)RXULHU�ILW�506�HUURU�LV����PPDJ��

DV�PLQLPL]HG�E\�RXU�*�HVWLPDWH�RI�������

�

7KH�SHULRG�VSHFWUXP�DSSHDUV�DV�H[SHFWHG�IRU�D�ELPRGDO�OLJKWFXUYH�

RI�KLJK�VLJQDO�WR�QRLVH�UDWLR�DQG�VLPLODU�KDOYHV��

�

�����:UHQ��:H� HVWLPDWH� WKH� URWDWLRQ� SHULRG� IRU� WKLV� (RV�IDPLO\�

DVWHURLG� WR� EH� ������ �� ������ K�� DJUHHLQJ� ZLWK� PRVW� ������� K��

%HKUHQG������ZHE��������K��&DUER�HW�DO���������������K��9LQVRQ�HW�

DO���������EXW�QRW�DOO�������K��%HKUHQG������ZHE��SXEOLVKHG�UHSRUWV��

7KH�OLJKWFXUYH�DSSHDUV�WR�EH�ELPRGDO�LQ�VKDSH��WKRXJK�RXU�GDWD�GR�

QRW� VWULFWO\� UXOH�RXW�D�PRQRPRGDO� VROXWLRQ��2XU�506�HUURU� LV����

PPDJ��DQG�WKH�03&�GHIDXOW�G�YDOXH�RI������ZDV�FORVH�WR�RSWLPXP��
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�

2QH�VLJQDO�DW�RXU�SHULRG�HVWLPDWH�GRPLQDWHV�WKH�SHULRG�VSHFWUXP��

ZLWK� VHFRQGDU\� VLJQDOV� DSSHDULQJ� DW� ���� WLPHV� �PRQRPRGDO�

VROXWLRQ��DQG�DW�����WLPHV�RXU�HVWLPDWH��

�

�����(OOLQJWRQ��)RU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG��ZH�UHSRUW�D�SHULRG�

RI���������������K��DJUHHLQJ�ZLWK�RQH�VXUYH\�UHSRUW����������K��3iO�

HW� DO��� ������ EXW� GLIIHULQJ� IURP� DOO� RWKHU� NQRZQ� UHSRUWV� ������ K��

:DUQHU�� ����ZHE�� ������ K�� %HKUHQG�� ����ZHE�� ����� K�� 0HQNH��

������� 2XU� OLJKWFXUYH� VKDSH� LV� DW\SLFDO�� DQG� LWV� PRGDOLW\� LV�

DPELJXRXV��506�HUURU�LV����PPDJ��DQG�EHFDXVH�LW�ZDV�LQVHQVLWLYH�

WR�WKH�*�YDOXH�DSSOLHG��ZH�DGRSWHG�WKH�03&�HVWLPDWH�RI�������

�

7KH� SHULRG� VSHFWUXP� LV� GRPLQDWHG� E\� RQH� VLJQDO� DW� RXU� SHULRG�

HVWLPDWH��7KH�SUHYLRXVO\�UHSRUWHG�HVWPDWH�RI�������K�LV�DQ�DOLDV�RI�

RXU�VROXWLRQ�E\�ò�SHULRG�SHU�GD\��

�

�����6PROHQVN��:H�ILQG�D�URWDWLRQ�SHULRG�RI���������������K�IRU�

WKLV� 7KHPLV�IDPLO\� DVWHURLG�� DJUHHLQJ� ZLWK� SUHYLRXVO\� UHSRUWHG�

VXUYH\�UHVXOWV� �������K�DQG�������K��:DV]F]DN�HW�DO����������2XU�

)RXULHU�ILW�506�HUURU�LV����PPDJ��DQG�DSSO\LQJ�D�G�YDOXH��H-G��RI�

����� PDUNHGO\� GHFUHDVHG� WKH� HUURU� UHODWLYH� WR� WKDW� XVLQJ�03&¶V�

GHIDXOW�YDOXH�RI�������

�

'HVSLWH� WKH� VHFRQGDU\�DOLDVLQJ� W\SLFDO�RI� IDVW� URWDWRUV�� WKH�SHULRG�

VSHFWUXP�LV�GRPLQDWHG�E\�RQH�VLJQDO�DW�RXU�SHULRG�HVWLPDWH��

�

�����3HWUD�3HSL��)URP����QLJKWV�RI�REVHUYDWLRQV�RI�WKLV�(XQRPLD�

IDPLO\� DVWHURLG�� ZH� REWDLQ� D� KLJK�DPSOLWXGH�� FOHDUO\� ELPRGDO�

OLJKWFXUYH�DQG�D�SHULRG�HVWLPDWH�RI��������K���������K��DJUHHLQJ�

ZLWK� RQH� SUHYLRXV� UHSRUW� ������� K�� %HKUHQG�� ����ZHE�� EXW�

GLVDJUHHLQJ�ZLWK� WZR� RWKHUV� ������� K�� 6WHSKHQV�� ������ ������� K��

+DQXã�HW�DO����������2XU�506�HUURU�LV���PPDJ��DQG�DSSO\LQJ�D�G�

YDOXH� RI� ����� PRGHVWO\� GHFUHDVHG� WKH� HUURU� UHODWLYH� WR� DSSO\LQJ�

03&¶V�GHIDXOW�YDOXH�RI�������
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2XU�OLJKWFXUYH�LV�PLVVLQJ�GDWD�DW�ERWK�EULJKWQHVV�PLQLPD��DQG�WKLV�

LV�GXH�WR�WZR�XQIRUWXQDWH��IRU�REVHUYHUV��SURSHUWLHV�RI�WKLV�SHULRG��

����WKH�QHDUQHVV�WR����K�PHDQV�WKDW�RQH¶V�REVHUYDWLRQV�DGYDQFH�LQ�

SKDVH� YHU\� OLWWOH� IURP�QLJKW� WR� QLJKW�� VR� WKDW� IXOO� SKDVH� FRYHUDJH�

UHTXLUHV�D�FDPSDLJQ�RI�DW� OHDVW����GD\V��DQG�PRUH�VXEWO\�� ���� WKH�

SHULRG¶V�H[DFW�GLIIHUHQFH�IURP����K�FDXVHV�ORVV�RI�REVHUYLQJ�QLJKWV�

QHDU�IXOO�PRRQV�WR�UHSHDW�LQ�SKDVH�HYHU\�WZR�OXQDU�F\FOHV��7KLV�ODWWHU�

PHDQV�WKDW��IRU�DQ\�VLQJOH�RSSRVLWLRQ�RI�WKLV�DVWHURLG��WZR�VSDQV�RI�

SKDVHV�� VHSDUDWHG� E\� DERXW� ����� ZLOO� DOZD\V� EH� PLVVLQJ� IURP� D�

SKDVHG�OLJKWFXUYH��QR�PDWWHU�KRZ�PDQ\�ZHHNV�ORQJ�WKH�REVHUYLQJ�

FDPSDLJQ�RU�KRZ�PDQ\�KRXUV�ORQJ�WKH�QLJKWO\�REVHUYLQJ�VHVVLRQV��

$V�WKLV�HIIHFW�LV�OXQDU�UDWKHU�WKDQ�VLGHUHDO��UHVXOWLQJ�SKDVH�FRYHUDJH�

JDSV�FDQQRW�EH�UHPHGLHG�E\�FRRSHUDWLYH�REVHUYLQJ�IURP�PXOWLSOH�

ORQJLWXGHV��7KDW�LV��VLQJOH�RSSRVLWLRQ�OLJKWFXUYHV�RI��������3HWUD�

3HSL�EXLOW�IURP�WHUUHVWULDO�REVHUYDWLRQV�ZLOO�SUREDEO\�DOZD\V�FRQWDLQ�

SKDVH�FRYHUDJH�JDSV�YHU\�PXFK�OLNH�WKRVH�ZH�GLVSOD\�EHORZ��7KHVH�

JDSV�ZRXOG�EH�PLQLPL]HG�E\�REVHUYLQJ�FORVHU�WR�WKH�PRRQ�QHDU�IXOO�

PRRQV�� WKH� OLJKWFXUYH¶V� KLJK� DPSOLWXGH� PLJKW� KHOS� PDNH� WKDW�

SRVVLEOH��

�

'HVSLWH�JDSV�LQ�SKDVH�FRYHUDJH��RXU�SHULRG�VSHFWUXP�LV�HVVHQWLDOO\�

XQDPELJXRXV��7KH�SUHYLRXVO\�UHSRUWHG�HVWLPDWHV�QHDU����K�DSSHDU�

DV� D� VWURQJ� VHFRQGDU\� VLJQDO�� EXW� FRUUHVSRQGLQJ� OLJKWFXUYHV� DUH�

WHWUDPRGDO�LQ�VKDSH��

�

�����&KDRNXDQJSLX��:H�ILQG�D�URWDWLRQ�SHULRG�RI����������������K�

IRU� WKLV� ,WKD�IDPLO\�DVWHURLG�� LQ�DJUHHPHQW�ZLWK�RQH�VXUYH\� UHVXOW�

���������K���XUHFK�HW�DO����������7KH�OLJKWFXUYH�DPSOLWXGH�LV�ODUJH�

HQRXJK� WR� IDYRU�ELPRGDO� LQWHUSUHWDWLRQ�� UHVXOWLQJ� LQ�RXU�HVWLPDWH��

$SSO\LQJ�G�YDOXH�RI������JDYH�WKH�EHVW�ILW��\LHOGLQJ�DQ�506�HUURU�

RI����PPDJ��

�

�

�����0DWV��)RU� WKLV� DVWHURLG�� FRPPRQO\� DVVLJQHG� WR� WKH�1\VD�RU�

+HUWKD�IDPLO\��WKUHH�QLJKWV�RI�REVHUYDWLRQV�VXIILFHG�WR�HVWLPDWH�LWV�

URWDWLRQ�SHULRG�DV���������������K��LQ�DJUHHPHQW�ZLWK�RQH�NQRZQ�

SXEOLVKHG� UHSRUW� ������� K�� (UDVPXV� HW� DO��� ������� 7KH� SHULRG�

VSHFWUXP�DQG�WKH�OLJKWFXUYH¶V�ODUJH�DPSOLWXGH�WRJHWKHU�VXSSRUW�RXU�

ELPRGDO�LQWHUSUHWDWLRQ��$�*�YDOXH�RI�����PRGHVWO\�LPSURYHG�WKH�ILW�

UHODWLYH�WR�WKH�03&�GHIDXOW�*�RI�������\LHOGLQJ�RXU�506�HUURU�RI����

PPDJ��

�

7KH�SHULRG�VSHFWUXP�LV�GRPLQDWHG�E\�VLJQDOV�DW�PXOWLSOHV�RI�ò�RXU�

SHULRG�HVWLPDWH��DV�H[SHFWHG�IURP�WKH�OLJKWFXUYH�VKDSH��
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�

�����/DXSKHLP��)RXU�QLJKWV�RI�REVHUYDWLRQV�VXIILFHG�WR�GHWHUPLQH�

WKH�SHULRG�RI� WKLV�RXWHU�PDLQ�EHOW� DVWHURLG�DV���������������K�� LQ�

DJUHHPHQW�ZLWK�RQH�VXUYH\�UHSRUW��������K��:DV]F]DN�HW�DO����������

$SSO\LQJ�*�YDOXH�RI�����PRGHVWO\�LPSURYHG�WKH�)RXULHU�ILW�UHODWLYH�

WR�WKH�03&�GHIDXOW�*�RI�������\LHOGLQJ�RXU�506�HUURU�RI����PPDJ��

�

7KH�SHULRG�VSHFWUXP�LV�GRPLQDWHG�E\�D�VLJQDO�DW�RXU�SHULRG�HVWLPDWH��

ZLWK�D�VWURQJ�VHFRQGDU\�VLJQDO�DW�WZLFH�RXU�HVWLPDWH��

�

������������:6���7KUHH�HVWLPDWHV�KDYH�UHFHQWO\�EHHQ�SXEOLVKHG�IRU�

WKH� URWDWLRQ� SHULRG� RI� WKLV�0LWLGLND�IDPLO\� DVWHURLG�� DQG� DOO� WKUHH�

GLIIHU� ��������K��%HKUHQG������ZHE�����K��0DUFKLQL�HW�DO���������

������� K��1RVFKHVH� HW� DO��� ������� )URP���� QLJKWV� RI� REVHUYDWLRQ�

VSDQQLQJ����FDOHQGDU�QLJKWV����SHULRG�GXUDWLRQV���ZH�ILQG�D�SHULRG�

RI����������������K��UHPDUNDEO\�GLVDJUHHLQJ�ZLWK�DOO�WKUHH�SUHYLRXV�

UHSRUWV��2XU� SKDVH� FRYHUDJH� LV� TXLWH� QHDUO\� FRPSOHWH�� \LHOGLQJ� D�

OLJKWFXUYH�WKDW�LV�FOHDUO\�ELPRGDO�LQ�VKDSH��$GRSWLQJ�D�G�YDOXH�RI�

�����VWURQJO\�UHGXFHG�WKH�ILW�506�HUURU�UHODWLYH�WR�WKH�03&�GHIDXOW�

RI�������UHVXOWLQJ�LQ�DQ�506�HUURU�RI����PPDJ��

�

�

������ 6DYDQRY�� )RU� WKLV� UHODWLYHO\� IDLQW� (RV�IDPLO\� DVWHURLG��ZH�

HVWLPDWH� WKH� SHULRG� WR� EH� ������ �� ������ K�� DJUHHLQJ� ZLWK� ERWK�

SXEOLVKHG�VXUYH\�UHVXOWV��������K��:DV]F]DN�HW�DO�����������������

K���XUHFK�HW�DO����������2XU�OLJKWFXUYH�LV�FOHDUO\�ELPRGDO�LQ�VKDSH��

7KH�RSWLPXP�*�YDOXH�LV�������\LHOGLQJ�D�506�HUURU�RI����PPDJ��

�
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�

�������� ����� ;4��� )URP� ��� QLJKWV¶� REVHUYDWLRQV� RI� WKLV� LQQHU�

PDLQ�EHOW�DVWHURLG��ZH�HVWLPDWH�D�URWDWLRQ�SHULRG�RI�������K�������K��

:H� NQRZ�RI� QR� SUHYLRXV� UHSRUWV� RI� SHULRG� RU� OLJKWFXUYH� IRU� WKLV�

DVWHURLG��7KH� OLJKWFXUYH�VKDSH� LV�XQXVXDO��ZLWK�VLPLODU�EULJKWQHVV�

PD[LPD�EXW�ZLWK�PLQLPD�GLIIHULQJ�E\�KDOI�D�PDJQLWXGH��:H�GHWHFW�

QR�HIIHFW�RI�SUHFHVVLRQ��³WXPEOLQJ´��RQ�WKH�OLJKWFXUYH��G�YDOXH�RI�

�����RSWLPL]HG�WKH�506�HUURU��ZKLFK�LV����PPDJ��

�

�

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�WKDQNV�DOO�FRQWULEXWRUV�WR�WKH�$7/$6�SDSHU��7RQU\�HW�

DO���������IRU�SURYLGLQJ�RSHQO\�DQG�ZLWKRXW�FRVW�WKH�$7/$6�UHIFDW��

FDWDORJ��2XU�ZRUN�DOVR�PDNHV�H[WHQVLYH�XVH�RI�WKH�S\WKRQ�ODQJXDJH�

LQWHUSUHWHU� DQG� RI� VHYHUDO� VXSSRUWLQJ� SDFNDJHV� �QRWDEO\�� DVWURS\��

FFGSURF�� HSKHP��PDWSORWOLE�� SDQGDV�� SKRWXWLOV�� UHTXHVWV�� VN\ILHOG��

DQG�VWDWVPRGHOV���DOO�PDGH�DYDLODEOH�RSHQO\�DQG�ZLWKRXW�FRVW��

5HIHUHQFHV�

%HKUHQG��5�� �����ZHE�� ����ZHE�� ����ZHE�� ����ZHE�� ����ZHE��

����ZHE������ZHE���2EVHUYDWRLUH�GH�*HQqYH�ZHE�VLWH��� �

http://obswww.unige.ch/~behrend/page_cou.html 

&DUER��/���*UHHQ��'���.UDJK��.���.URW]��-���0HLHUV��$���3DWLQR��%���

3OLJJH�� =��� 6KDIIHU��1���'LWWHRQ��5�� �������� ³$VWHURLG�/LJKWFXUYH�

$QDO\VLV�DW� WKH�2DNOH\�6RXWKHUQ�6N\�2EVHUYDWRU\�������2FWREHU�

WKUX������0DUFK�´�Minor Planet Bull���������������

'RVH�� (�9�� �������� ³$� 1HZ� 3KRWRPHWULF� :RUNIORZ� DQG�

/LJKWFXUYHV�RI�)LIWHHQ�$VWHURLGV�´�Minor Planet Bull���������������

'RVH�� (�9�� �������� ³/LJKWFXUYHV� RI� 1LQHWHHQ� $VWHURLGV�´�Minor 

Planet Bull�������������

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

 1027 Aesculapia 2024 10/08-10/15 10.4,8.4 46 0 19.605 0.014 0.24 0.04 THM 

 1442 Corvina 2024 11/19-12/29 6.1,18.1 44 0 77.985 0.028 0.15 0.03 KOR 

 1962 Dunant 2024 11/16-12/30 18.4,24.0 17 0 156.345 0.056 1.28 0.08 MB-O 

 2208 Pushkin 2024 11/14-12/01 6.8,1.1 72 -1 8.412 0.001 0.41 0.04 MB-O 

 2216 Kerch 2024 06/16-11/12 *14.8,20.6 304 5 9.465 0.001 0.34 0.05 EOS 

 2266 Tchaikovsky 2024 10/16-12/21 *15.7,9.6 66 -4 75.985 0.011 0.19 0.05 MB-O 

 2732 Witt 2024 07/28-10/22 *11.1,18.9 332 -1 12.625 0.001 0.67 0.04 WIT 

 2803 Vilho 2024 10/27-12/09 *14.7,3.6 69 1 10.372 0.001 0.58 0.08 THM 

 3062 Wren 2024-5 11/14-01/02 *12.7,7.8 83 -7 7.096 0.001 0.22 0.04 EOS 

 3156 Ellington 2024-5 12/22-01/02 16.9,13.8 120 20 9.818 0.003 0.14 0.03 MB-O 

 3213 Smolensk 2024 11/15-12/03 *3.1,4.4 60 0 3.565 0.001 0.24 0.06 THM 

 3492 Petra-Pepi 2024 06/01-10/25 *21.8,22.9 303 4 23.608 0.002 0.77 0.10 EUN 

 4566 Chaokuangpiu 2024 10/10-10/27 15.5,8.1 46 8 16.379 0.002 0.59 0.06 ITH 

 5934 Mats 2024 10/22-10/25 1.6,2.7 29 -2 5.184 0.001 0.70 0.04 NYS 

 7167 Laupheim 2024 10/21-10/26 4.4,5.5 24 8 7.045 0.002 0.36 0.05 MB-O 

 8823 1987 WS3 2024 11/19-12/20 11.1,23.9 43 4 82.395 0.028 0.25 0.04 MIT 

 13488 Savanov 2024 10/29-11/25 *10.3,1.2 60 1 5.679 0.001 0.33 0.08 EOS 

 25450 1999 XQ7 2024 10/01-11/03 21.9,4.8 43 4 297.800 0.400 0.88 0.12 MB-I 

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�
UHDFKHG� DQ� H[WUHPD� GXULQJ� WKH� SHULRG�� /3$%� DQG� %3$%� DUH� WKH� DSSUR[LPDWH� SKDVH� DQJOH� ELVHFWRU� ORQJLWXGH�ODWLWXGH� DW� PLG�GDWH� UDQJH�
�VHH�+DUULV���������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU����������
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�XUHFK�� -��� +DQXã�� -��� $Ot�/DJRD�� 9�� �������� ³$VWHURLG� PRGHOV�

UHFRQVWUXFWHG� IURP� WKH� /RZHOO� 3KRWRPHWULF� 'DWDEDVH� DQG�:,6(�

GDWD�´�Astron. Astrophys.������$����

�XUHFK�� -��� +DQXã�� -��� 9DQþR�� 5�� �������� ³,QYHUVLRQ� RI� DVWHURLG�

SKRWRPHWU\� IURP� Gaia� '5�� DQG� WKH� /RZHOO� 2EVHUYDWRU\�

SKRWRPHWULF�GDWDEDVH�´�Astron. Astrophys.������$���

�XUHFK�� -��� 7RQU\�� -��� (UDVPXV�� 1��� 'HQQHDX�� /��� +HLQ]H�� $�1���

)OHZHOOLQJ��+���9DQþR��5����������³$VWHURLG�PRGHOV�UHFRQVWUXFWHG�

IURP�$7/$6�SKRWRPHWU\�´�Astron. Astrophys.������$����

(KOHUW�� 6��� .LQJHU\�� $�� �������� ³1HZ� /LJKWFXUYHV� RI� �����

$HVFXODSLD�DQG������-LWND�´�Minor Planet Bull�����������

(UDVPXV�� 1��� 0F1HLOO�� $��� 0RPPHUW�� 0��� 7ULOOLQJ�� '�(���

6LFNDIRRVH�� $�$��� YDQ� *HQG�� &�� �������� ³7D[RQRP\� DQG� /LJKW�

FXUYH� 'DWD� RI� ����� 6HUHQGLSLWRXVO\� 2EVHUYHG� 0DLQ�EHOW�

$VWHURLGV�´�Astrophys. J. Suppl. Series����������

(UDVPXV�� 1��� 0F1HLOO�� $��� 0RPPHUW�� 0��� 7ULOOLQJ�� '�(���

6LFNDIRRVH�� $�$��� 3DWHUVRQ�� .�� �������� ³$� 7D[RQRPLF� 6WXG\� RI�

$VWHURLG�)DPLOLHV�IURP�.071(7�6$$2�0XOWLEDQG�3KRWRPHWU\�´�

Astrophys. J. Suppl. Series����������

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���

6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��

-�/�� �������� ³,QYHVWLJDWLQJ� 7D[RQRPLF� 'LYHUVLW\� ZLWKLQ� $VWHURLG�

)DPLOLHV� WKURXJK� $7/$6�'XDO�EDQG� 3KRWRPHWU\�´�Astrophys. J. 

Suppl. Series����������

+DQXã�� -��� %URå�� 0��� �XUHFK�� -��� :DUQHU�� %�'��� %ULQVILHOG�� -���

'XUNHH��5���+LJJLQV��'���.RII��5�$���2H\��-���3LOFKHU��)���6WHSKHQV��

5��� 6WUDEOD�� /�3��� 8OLVVH�� 4��� *LUHOOL�� 5�� �������� ³$Q� DQLVRWURSLF�

GLVWULEXWLRQ�RI�VSLQ�YHFWRUV�LQ�DVWHURLG�IDPLOLHV�´�Astron. Astrophys.�

�����$�����

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�Icarus �������������
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