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�5HFHLYHG�������'HFHPEHU������5HYLVHG�������-DQXDU\����

:H� SUHVHQW� WKUHH� UDZ� OLJKWFXUYHV� RI� 7URMDQ� ELQDU\��

����3DWURFOXV�RQ������2FWREHU�������DQG����GXULQJ�PXWXDO�

HYHQWV�RI�WKH�ELQDU\�V\VWHP��

7KH�/XF\�0LVVLRQ�LV�D�1$6$�'LVFRYHU\�FODVV�PLVVLRQ�VHW�WR�SUREH�

WKH� 7URMDQ� DVWHURLGV� DURXQG� WKH� /�� DQG� /�� SRLQWV� RI� -XSLWHU�

�/HYLQVRQ�HW�DO�������D���1DPHG�DIWHU�D�SULPLWLYH�Australopithecus�

KXPDQ� IRVVLO�� /XF\� V\PEROL]HV� WKH� FDOO� WR� XQGHUVWDQGLQJ� WKH�

HYROXWLRQ�RI�WKH�6RODU�6\VWHP��/XF\�ZDV�ODXQFKHG�RQ������2FWREHU�

���DQG�ZLOO�GR�D� VHULHV�RI� IO\E\V�QHDU� WKH� IROORZLQJ�HLJKW�7URMDQ�

DVWHURLGV� XQWLO� ������ ������ 'RQDOGMRKDQVRQ�� ����� (XU\EDWHV� ��

4XHWD�� ������ 3RO\PHOH�� ������ /HXFXV�� ������ 2UXV�� DQG��

����3DWURFOXV���0HQRHWLXV��7KH�PLVVLRQ�ZLOO�H[DPLQH�WKH�JHRORJ\�

RI� WKH� VXUIDFH�� EXON� SURSHUWLHV� �VXFK� DV� EXON� GHQVLW\��� DQG� DQ\�

SRWHQWLDO� VDWHOOLWHV� DQG�RU� ULQJV� DVVRFLDWHG� ZLWK� HDFK� DVWHURLG�

�/HYLQVRQ�HW�DO�������E���

3DWURFOXV��RIILFLDOO\�WLWOHG�����3DWURFOXV��LV�D�&�W\SH�ELQDU\�7URMDQ�

DVWHURLG� �6PLWK� HW� DO��� ������� 3UHYLRXV� REVHUYDWLRQV� KDYH�

GHWHUPLQHG�WKDW�3DWURFOXV�KDV�D�VHPLPDMRU�D[LV�RI�������$8�DQG�DQ�

RUELWDO� SHULRG� RI� ������ \HDUV� �-3/�� ������� ,WV� URWDWLRQ� SHULRG� LV�

QRWDEO\� ORQJ� DW� ������� �� ����� KRXUV� �0XHOOHU� HW� DO��� ��������

���� 3DWURFOXV� LV� D� ELQDU\� V\VWHP� FRQVLVWLQJ� RI� 3DWURFOXV� DQG� LWV�

FRPSDQLRQ�0HQRHWLXV��ZKLFK�LV�VLPLODU�LQ�VL]H�DQG�VHSDUDWHG�IURP�

WKH�PDLQ�ERG\�E\�D�GLVWDQFH�RI�������NP��7KHVH�DVWHURLGV�DUH�WLGDOO\�

ORFNHG�VXFK�WKDW�WKHLU�RUELWDO�SHULRG�DURXQG�HDFK�RWKHU�LV�DOVR�������

KRXUV� �%UR]RYLü� HW� DO��� ������� 7KH� ELQDU\� QDWXUH� RI� WKH� V\VWHP�

DOORZV�IRU�PXWXDO�HYHQWV�VXFK�DV�WUDQVLWV�DQG�RFFXOWDWLRQV�WR�RFFXU��

7KHVH� HYHQWV� FDQ� SURYLGH� PRUH� LQIRUPDWLRQ� RQ� 3DWURFOXV¶V�

FKDUDFWHULVWLFV�� LQFOXGLQJ� LWV� VKDSH� DQG� VXUIDFH� IHDWXUHV�� ZKLFK�

FXUUHQWO\� ODFN� WKRURXJK� GRFXPHQWDWLRQ�� 2EVHUYLQJ� WKHVH�

FKDUDFWHULVWLFV� ZLOO� SURYLGH� LQVLJKW� LQWR� WKH� JUDYLW\� ILHOG�

VXUURXQGLQJ� 3DWURFOXV�� LPSDFWLQJ� KRZ� UHVHDUFK� HQGHDYRUV�

LQFOXGLQJ�1$6$¶V�/XF\�PLVVLRQ�ZLOO�DSSURDFK�IO\E\�REVHUYDWLRQV��

,PDJHV�ZHUH�WDNHQ�XVLQJ�WZR�GLIIHUHQW�WHOHVFRSHV��$OO�LPDJHV�ZHUH�

WDNHQ� DW� 6LGLQJ� 6SULQJ� 2EVHUYDWRU\� �03&� 4���� LQ� 1HZ� 6RXWK�

:DOHV��$XVWUDOLD��7KH�LPDJHV�IURP�2FWREHU���ZHUH�WDNHQ�XVLQJ�D�

�����P�I�����UHIOHFWRU�WHOHVFRSH�ZLWK�D�)/,�3/����(�&&'�FDPHUD�

ZLWK�DQ�DUUD\�RI�����î�����SL[HOV��L7HOHVFRSH������D���7KH�LPDJHV�

IURP�2FWREHU���DQG����ZHUH�WDNHQ�XVLQJ�D������P�I�����&RUUHFWHG�

'DOO�.LUNKDP�WHOHVFRSH�ZLWK�D�0RUDYLDQ�*��������&&'�FDPHUD�

ZLWK�DQ�DUUD\�RI������[������SL[HOV��L7HOHVFRSH������E���$OO�LPDJHV�

ZHUH�WDNHQ�WKURXJK�DQ�$VWURGRQ�(�6HULHV�/XPLQDQFH�ILOWHU�ZLWK�DQ�

H[SRVXUH�WLPH�RI�����VHFRQGV��

2Q� ����� 2FWREHU� ��� D� VHULHV� RI� VRIWZDUH� DQG� HTXLSPHQW� LVVXHV�

VHYHUHO\�LPSDFWHG�WKH�LPDJHV�WDNHQ��$IWHU�WKH�ILUVW�QLQH�LPDJHV��D�

VRIWZDUH�JOLWFK�FDXVHG�WKH�IROORZLQJ����LPDJHV�WR�EH�PLVODEHOHG�DQG�

SUHYHQWHG�XV�IURP�DFFHVVLQJ�WKHP��DFFHVV�ZDV�UHVWRUHG�GD\V�ODWHU���

$GGLWLRQDOO\��VWDUWLQJ�ZLWK�WKH���WK�LPDJH��DOO�VXEVHTXHQW�LPDJHV�LQ�

WKH�ILUVW�VHTXHQFH�ZHUH�YHU\�RXW�RI�IRFXV��6RPHWLPH�ODWHU��DQRWKHU�

VRIWZDUH�JOLWFK�FDXVHG�DOO�RI�WKH�LPDJHV�WDNHQ�WR�EH�ODEHOHG�XQGHU�

DQRWKHU� L7HOHVFRSH� XVHUQDPH�� RQFH� DJDLQ� SUHYHQWLQJ� DFFHVV� WR�

DFTXLUH�WKHP��UHVWRUHG�ODWHU���$IWHU�WKH�UHTXLVLWH�PHULGLDQ�IOLS��WKH�

LPDJHV�ZHUH�LQ�IRFXV�XQWLO�WKH���WK�IUDPH��ZKHUH�WKH�WHOHVFRSH�RQFH�

DJDLQ�ORVW�IRFXV�IRU�WKH�ODVW����RGG�LPDJHV�RI�WKH�QLJKW��$IWHU�WKLV��

WKH�L7HOHVFRSH�ZHEVLWH�UHSHDWHGO\�UHYRNHG�DFFHVV�WR�WKH�WHOHVFRSH�

DQG�WKHQ�UHVWDUWHG�LWVHOI�XQWLO�WKH�REVHUYDWRU\�FORVHG�DW�������87&��

SUHYHQWLQJ�IXUWKHU�LPDJLQJ��

2Q������2FWREHU���� WKH�ZHDWKHU� FRQGLWLRQV�ZHUH� FOHDU� DQG� WKHUH�

ZHUH�QR�REVWUXFWLRQV��DQG����LPDJHV�ZHUH�WDNHQ������3DWURFOXV�VHW�

EHORZ�WKH�KRUL]RQ�DW�DSSUR[LPDWHO\�������87&��VR�QR�PRUH�LPDJHV�

ZHUH�WDNHQ�DIWHU�WKLV�WLPH��

����� 2FWREHU� ��� ZDV� WKH� ILQDO� QLJKW� IRU� REVHUYDWLRQV� E\� WKLV�

FDPSDLJQ�� 7KH�ZHDWKHU� FRQGLWLRQV�ZHUH� DOVR� FOHDU�ZLWK� QR�PDLQ�

REVWUXFWLRQV������3DWURFOXV�GLSSHG�EHORZ�WKH� WHOHVFRSH¶V�YLHZLQJ�

UDQJH� DV� WKH� HYHQW� ZDV� EHJLQQLQJ�� VR� WKH� ��� LPDJHV� ZHUH� WDNHQ�

EHIRUH�LW�EHJDQ���

L7HOHVFRSH� DXWRPDWLFDOO\� FDOLEUDWHV� WKH� LPDJHV� SURGXFHG� ZLWK� D�

VWDQGDUG�ELDV��GDUN��DQG� IODW� ILHOG�FDOLEUDWLRQ�SURFHGXUH��$SHUWXUH�

SKRWRPHWU\�ZDV�FRQGXFWHG�XVLQJ�WKH�5�PDJQLWXGHV�RI�VHYHUDO�VWDUV�

LQ�WKH�$7/$6�FDWDORJ��7RQU\�HW�DO����������WKH�0326&��FDWDORJXH�

�:DUQHU�� ������� RU� WKH� $3$66� FDWDORJ� �+HQGHQ� HW� DO��� ������ LQ�

MPO Canopus �:DUQHU���������6RPH�RI�WKH�LPDJHV�FROOHFWHG�ZHUH�

RXW�RI�IRFXV��VR�REVHUYLQJ�GDWD�ZHUH�VSOLW�LQWR�YDULRXV�JURXSV�EDVHG�

RQ�ZKHWKHU�WKH�LPDJHV�ZHUH�LQ�IRFXV�RU�EHIRUH�DIWHU�D�PHULGLDQ�IOLS��

ZLWK� DSHUWXUH� VL]HV� DGMXVWHG� DFFRUGLQJO\�� ,Q�MPO Canopus�� ZH�

FKRVH�ILYH�NQRZQ�QRQ�YDULDEOH�FRPSDULVRQ�VWDUV�WR�GHWHUPLQH�WKH�

EULJKWQHVV� RI� WKH� DVWHURLG��MPO Canopus� DXWRPDWLFDOO\� F\FOHG�

WKURXJK�HDFK�LPDJH�DQG�GHWHUPLQHG�WKH�PDJQLWXGH�RI�����3DWURFOXV�

EDVHG�RQ�WKH�PDJQLWXGHV�RI�WKH�FRPSDULVRQ�VWDUV��7KLV�SURFHVV�ZDV�

UHSHDWHG�VHYHUDO� WLPHV�RQ� WKH�YDULRXV�VHWV�RI� LQ�IRFXV�DQG�RXW�RI�

IRFXV� LPDJHV� LQ� RUGHU� WR� DFKLHYH� WKH� OLJKWFXUYHV� EHORZ�� )RU� WKH�

2FWREHU� �� VHVVLRQ� ZLWK� VRPH� RXW�RI�IRFXV� LPDJHV�� WKH� VDPH�

FRPSDULVRQ�VWDUV�ZHUH�XVHG�WKURXJKRXW�WKH�SKRWRPHWU\�DQDO\VLV�IRU�

DOO�LPDJHV��

)LJ����LV�D�UDZ�OLJKWFXUYH�FUHDWHG�XVLQJ�REVHUYDWLRQV�IURP�2FWREHU�

��� 7KHVH� WRRN� SODFH� RYHU� WKH� FRXUVH� RI� DSSUR[LPDWHO\� ���� KRXUV�

VWDUWLQJ� DW� ������ 87&� DQG� HQGLQJ� DW� ������ 87&� ZKHQ� WKH�

REVHUYDWRU\�FORVHG�IRU�WKH�QLJKW��6RPH�RI�WKH�LPDJHV�IURP�WKH�HQG�

RI� WKH�QLJKW�ZHUH�GLVFDUGHG�GXH� WR�EHLQJ�KLJKO\�RXW�RI� IRFXV�DQG�

EHFDXVH� WKH\� ZHUH� WDNHQ� DIWHU� WKH� SDUWLDO� RFFXOWDWLRQ�HFOLSVH� KDG�

HQGHG��(DFK�VHVVLRQ�RI�GDWD�LQGLFDWHG�RQ�)LJ����FRUUHVSRQGV�WR�WKH�

ILUVW� LPDJHV� WKDW� ZHUH� LQ� IRFXV� �VHVVLRQ� ����� WKHQ� D� VHTXHQFH� RI�

LPDJHV� WKDW� ZHUH� RXW� RI� IRFXV� �VHVVLRQ� ����� WKHQ� D� VHTXHQFH� RI�

LPDJHV�WKDW�ZHUH�LQ�IRFXV��VHVVLRQ������WKHQ�LQ�IRFXV�LPDJHV�DIWHU�D�

PHULGLDQ�IOLS��VHVVLRQ������DQG�ILQDOO\�LPDJHV�WKDW�ZHUH�RXW�RI�IRFXV�

�VHVVLRQ������

7KH� WKUHH� YHUWLFDO� OLQHV� SUHVHQW� LQ� )LJ�� �� FRUUHVSRQG� WR� WKH�

EHJLQQLQJ��SHDN��DQG�HQG�WLPHV�RI�WKH�VXSHULRU�HYHQW�DV�SUHGLFWHG�E\�

%UR]RYLü�HW�DO���������DQG�OLVWHG�LQ�7DEOH�,��,QWHUHVWLQJO\��WKHVH�OLQHV�

GR� QRW� DOLJQ� ZLWK� WKH� EHJLQQLQJ�� SHDN�� DQG� HQG� RI� WKH� HYHQW�

DFFRUGLQJ� WR� WKH� LPDJHV� WDNHQ�� :H� DUH� FRQILGHQW� LQ� RXU� WLPH�

FDOFXODWLRQV�DQG�SODFHPHQW�RI�WKHVH�OLQHV��VR�LW�LV�XQFOHDU�ZK\�WKLV�

GLVFUHSDQF\�H[LVWV��,W�FRXOG�SRWHQWLDOO\�EH�WKH�UHVXOW�RI�DQ�XQNQRZQ�

DVSHFW� RI� WKH� ELQDU\� DVWHURLG� V\VWHP�� EXW� PRUH� REVHUYDWLRQV� DUH�

QHHGHG�WR�FRQILUP�WKLV��

�
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7DEOH� ,�� (YHQW� WLPHV� �LQ� 87&�� IRU� WKH� REVHUYDWLRQV� LQ� WKLV� SDSHU�
�%UR]RYLü�HW�DO����������

�

)LJ�����5DZ�OLJKWFXUYH�RI�����3DWURFOXV�RQ������2FW����IRU�VXSHULRU�
HYHQW��

2EVHUYDWLRQV�UHVXOWLQJ�LQ�WKH�OLJKWFXUYH�VKRZQ�LQ�)LJ����ZHUH�GRQH�

RQ������2FWREHU����'DWD�ZHUH�FROOHFWHG�RYHU�D�SHULRG�RI�����KRXUV��

IURP�������WR�������87&��7KRXJK�WKH�HYHQW�ZDV�SURMHFWHG�WR�SHDN�

DW�������87&��7DEOH�,���ZH�ZHUH�XQDEOH�WR�REVHUYH�����3DWURFOXV�

SDVW�������87&�GXH�WR�LW�EHLQJ�RXW�RI�WKH�WHOHVFRSH¶V�YLHZLQJ�UDQJH��

7KH� UDZ� OLJKWFXUYH� IURP� WKH� HYHQW� RQ�2FWREHU� �� DOLJQV�ZLWK� WKH�

WLPHOLQH�SURYLGHG�E\�%UR]RYLü�HW�DO����������7KH�YHUWLFDO�OLQH�LQ�WKH�

SORW�UHSUHVHQWV�WKH�SUHGLFWHG�VWDUW�WLPH�IRU�WKH�HYHQW��7R�WKH�OHIW�RI�

WKLV� YHUWLFDO� OLQH�� WKH� EULJKWQHVV� GRHV� QRW� DSSHDU� WR� IOXFWXDWH�

LPPHQVHO\��+RZHYHU�� WKH� EULJKWQHVV� GURSV� VLJQLILFDQWO\� DIWHU� WKH�

SUHGLFWHG�VWDUW�WLPH�IRU�WKH�HYHQW��IXUWKHU�UHLQIRUFLQJ�WKH�DFFXUDF\�

RI� WKH�HYHQW� WLPLQJ�JLYHQ�E\�%UR]RYLü� HW� DO��7KLV�ZDV�D� VXSHULRU�

HYHQW�� DQG� WKH� OLJKWFXUYH� FDSWXUHG� IURP� RXU� REVHUYDWLRQV�

GHPRQVWUDWHV�D�FRPELQDWLRQ�RI�DQ�RFFXOWDWLRQ�DQG�HFOLSVH��

�

)LJ�����5DZ�OLJKWFXUYH�RI�����3DWURFOXV�RQ������2FW����IRU�VXSHULRU�
HYHQW��

7KH�OLJKWFXUYH�VKRZQ�LQ�)LJ����LV�IURP�REVHUYDWLRQV�WDNHQ�RQ������

2FWREHU�����%UR]RYLü�HW�DO���������SUHGLFWHG�WKH�FRPELQHG�LQIHULRU�

HFOLSVH�DQG�RFFXOWDWLRQ�HYHQW�WR�VWDUW�DW�������87&��7DEOH�,���7KH�

YHUWLFDO�OLQH�UHSUHVHQWV�ZKHQ�WKH�HYHQW�ZDV�VXSSRVHG�WR�VWDUW��7KH�

OLQH�LV�RQ�WKH�IDU�ULJKW�GXH�WR�WKH�HYHQW�VWDUWLQJ�MXVW�EHIRUH�3DWURFOXV�

ZHQW�EHORZ�WKH�WHOHVFRSH
V�REVHUYLQJ�FDSDELOLWLHV��

$OO� GDWD�ZLOO� EH� ORDGHG� LQWR� WKH�$VWHURLG�/LJKWFXUYH�3KRWRPHWU\�

'DWDEDVH��$/&'()��:DUQHU�HW�DO���������IROORZLQJ�SXEOLFDWLRQ��

�

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

 617 Patroclus 2024 10/02 4.1 5 -16.2  

 617 Patroclus 2024 10/06 4.3 4.9 -16 

 617 Patroclus 2024 10/21 6.4 4.7 -15.3  

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�HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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)LJ�����5DZ�OLJKWFXUYH�RI�����3DWURFOXV�RQ������2FW�����IRU�LQIHULRU�
HYHQW��

$FNQRZOHGJHPHQWV�

)XQGLQJ�IRU�L7HOHVFRSH�REVHUYDWLRQV�RI�����3DWURFOXV�GHVFULEHG�LQ�

WKLV� SDSHU� ZDV� SURYLGHG� E\� 1$6$� JUDQW� 110��$$��&� DQG�

JUDFLRXVO\�GLUHFWHG�WR�WKLV�SURMHFW�E\�'U��5LFKDUG�3��%LQ]HO��0,7���

5HIHUHQFHV�

%UR]RYLü��0���-DFREVRQ��5�$���3DUN��5�6���'HVFDPSV��3���%HUWKLHU��

-���3LQLOOD�$ORQVR��1���3RSHVFX��0���/LFDQGUR��-����������³2UELW�RI�

WKH� 3DWURFOXV�0HQRHWLXV� %LQDU\� 6\VWHP� DQG� 3UHGLFWLRQV� IRU� WKH�

���������� 0XWXDO� (YHQWV� 6HDVRQ�´� Astron. J.� ����� ����� ��� SS���

'2,�������������������DG�I�H��

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

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

����*\SWLV�´�Icarus �������������

+HQGHQ��$�$���:HOFKH��'�/���7HUUHOO��'���/HYLQH��6�(����������³7KH�

$$962� 3KRWRPHWULF� $OO�6N\� 6XUYH\� �$3$66��´�Bulletin of the 

American Astronomical Society����������

L7HOHVFRSH������D���³7HOHVFRSH�����6XSSRUW�´�� �

https://support.itelescope.net/support/solutions/articles/ 

231917-telescope-30�

L7HOHVFRSH������E���³7HOHVFRSH�����6XSSRUW�´�� �

https://support.itelescope.net/support/solutions/articles/ 

231919-telescope-32�

-3/���������³6PDOO�%RG\�'DWDEDVH�/RRNXS�´�� �

https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html�

/HYLQVRQ��+�)���0DUFKL��6���1ROO��.���2ONLQ��&���6WDWOHU��7�6���7KH�

/XF\�6FLHQFH�7HDP������D���³1$6$¶V�/XF\�0LVVLRQ�WR�WKH�7URMDQ�

$VWHURLGV�´�IEEE Aerospace Conference��������SS�������� �

https://ieeexplore.ieee.org/abstract/document/9438453�

/HYLQVRQ��+�)���2ONLQ��&�%���1ROO��.�6���0DUFKL��6���%HOO�,,,��-�)���

%LHUKDXV�� (��� %RWWNH�� :��� %ULWW�� '��� %URZQ�� 0��� %XLH�� 0���

&KULVWHQVHQ��3���(PHU\��-���+DPLOWRQ��9�(���+RZHWW��&���0RWWROD��6���

3lW]ROG�� 0��� 5HXWHU�� '��� 6WDWOHU�� 7�6��� 6WHUQ�� 6�$��� 6XQVKLQH�� -���

:HDYHU�� +��� :RQJ�� ,�� �����E��� ³/XF\� 0LVVLRQ� WR� WKH� 7URMDQ�

$VWHURLGV�� 6FLHQFH� *RDOV�´� Planetary Science Journal� ��� ������

https://doi.org/10.3847/PSJ/abf840�

0XHOOHU��0���0DUFKLV��)���(PHU\��-�3���+DUULV��$�:���0RWWROD��6���

+HVWURIIHU�� '��� %HUWKHLU�� -��� GL� 0DUWLQR�� 0�� �������� ³(FOLSVLQJ�

ELQDU\� 7URMDQ� DVWHURLG� 3DWURFOXV�� 7KHUPDO� LQHUWLD� IURP� 6SLW]HU�

REVHUYDWLRQV�´�Icarus���������������

6PLWK�� '�:��� -RKQVRQ�� 3�(��� 6KRUWKLOO�� 5�:�� ��������

³6SHFWURSKRWRPHWU\�RI�-���-���DQG�)RXU�7URMDQ�$VWHURLGV�IURP������

WR������P�´�Icarus �������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI�&����������³7KH�

$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� The Astrophysical 
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