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/LJKWFXUYHV�DQG�DPSOLWXGHV� IRU�VL[�QHDU�(DUWK�DVWHURLGV�
REVHUYHG�IURP�*UHDW�6KHIIRUG�2EVHUYDWRU\�GXULQJ�FORVH�
DSSURDFKHV�LQ�-XQH������DQG�2FWREHU�WR�'HFHPEHU������
DUH�UHSRUWHG��$OO�DUH�VPDOO�REMHFWV�ZLWK�URWDWLRQ�SHULRGV���
KRXU�RU�VKRUWHU�DQG�IRXU�DUH�LGHQWLILHG�DV�KDYLQJ�WXPEOLQJ�
URWDWLRQ��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�
DSSURDFKHV�WR�(DUWK�LQ�-XQH������DQG�2FWREHU�WR�'HFHPEHU������
ZHUH�PDGH�DW�*UHDW�6KHIIRUG�2EVHUYDWRU\�XVLQJ�D������P�6FKPLGW�
&DVVHJUDLQ�DQG�$SRJHH�$OWD�8����&&'�FDPHUD��$OO�REVHUYDWLRQV�
ZHUH�PDGH�XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�
UHGXFHU� DW� I���� 7KH� �.î�.�� ���PLFURQ� &&'� ZDV� ELQQHG� �î��
UHVXOWLQJ�LQ�DQ�LPDJH�VFDOH�RI������DUFVHF�SL[��$OO�WKH�LPDJHV�ZHUH�
FDOLEUDWHG�ZLWK�GDUN�DQG�IODW�IUDPHV�DQG�Astrometrica��5DDE��������
ZDV� XVHG� WR�PHDVXUH� SKRWRPHWU\� XVLQJ�$3$66� -RKQVRQ�9� EDQG�
GDWD�IURP�WKH�8&$&��FDWDORJXH��=DFKDULDV�HW�DO���������DQG�*�EDQG�
GDWD� IURP� WKH� *DLD� '5�� DQG� '5�� FDWDORJXHV�� MPO Canopus 

�:DUQHU���������LQFRUSRUDWLQJ�WKH�)RXULHU�DOJRULWKP�GHYHORSHG�E\�
+DUULV��+DUULV�HW�DO���������ZDV�XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

1R� SUHYLRXVO\� UHSRUWHG� UHVXOWV� KDYH� EHHQ� IRXQG� LQ� WKH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH��/&'%���:DUQHU�HW�DO����������IURP�VHDUFKHV�
YLD� WKH� $VWURSK\VLFV� 'DWD� 6\VWHP� �$'6�� ������ RU� IURP� ZLGHU�
VHDUFKHV�XQOHVV�RWKHUZLVH�QRWHG��$OO�VL]H�HVWLPDWHV�DUH�FDOFXODWHG�
XVLQJ� +� YDOXHV� IURP� WKH� 6PDOO�%RG\� 'DWDEDVH� /RRNXS� �-3/��
����E��� XVLQJ� DQ� DVVXPHG� DOEHGR� IRU� 1($V� RI� ���� �/&'%�
UHDGPH�SGI�ILOH��DQG�DUH�WKHUHIRUH�XQFHUWDLQ�DQG�RIIHUHG�IRU�UHODWLYH�
FRPSDULVRQ�RQO\��

����� 08�� 7KH� &DWDOLQD� 6N\� 6XUYH\� GLVFRYHUHG� WKLV� $SROOR��
�H = 24.6, D ~36 m��RQ������-XQ������87&��*DMGRV�HW�DO���������
DQG�LW�PDGH�DQ�DSSURDFK�WR�����/XQDU�'LVWDQFHV��/'��IURP�(DUWK�RQ�
�����-XQ������87&��,W�ZDV�REVHUYHG�IRU�����K�VWDUWLQJ�RQ������-XQ�
������87&�DQG�WKHQ�DJDLQ�IRU�����K�D�GD\�ODWHU��VWDUWLQJ�RQ������-XQ�
������87&��

�

�
7KH�YLHZLQJ�JHRPHWU\�FKDQJHG�DSSUHFLDEO\�EHWZHHQ�WKH�WZR�QLJKWV��
ZLWK�WKH�GLVWDQFH�GHFUHDVLQJ�IURP�����WR�����/'��WKH�DSSDUHQW�VSHHG�
WULSOLQJ�WR�����DUFVHF�PLQ�DQG�SKDVH�DQJOH�LQFUHDVLQJ�IURP�����WR�
����������08�ZDV�DERXW�KDOI�D�PDJQLWXGH�EULJKWHU�RQ�WKH�VHFRQG�
GDWH� EXW� ZLWK� VKRUWHU� H[SRVXUH� WLPHV� WKH� 615� LPSURYHG� RQO\�
VOLJKWO\�� ,QGHSHQGHQW�SHULRG�VSHFWUXP�SORWV� IURP�WKH���QLJKWV�DUH�
JLYHQ�DQG�VKRZ�YHU\�VLPLODU�PLQLPD��ZLWK�WKH�EHVW�ILW�DW�a����K��EXW�
ZLWK�D�UHODWHG�PLQLPD�DW�a�����K�DQG�DQRWKHU�SDLU�RI�PLQLPD�DW�a����
K� DQG� a����� K�� $� EHVW�ILW� SKDVHG� OLJKWFXUYH� FRPELQLQJ�
PHDVXUHPHQWV� IURP� ERWK� QLJKWV� LV� ODEHOOHG� 3$5� DQG� JLYHV� D�
ELPRGDO� OLJKWFXUYH�ZLWK�SHULRG�RI�����������������K��EXW�ZLWK�D�
ODUJH� DPRXQW� RI� VFDWWHU�� 7KH�MPO Canopus� 'XDO� 3HULRG� 6HDUFK�
IXQFWLRQ�ZDV�XVHG�WR�LQYHVWLJDWH�SRVVLEOH�WXPEOLQJ��RU�QRQ�SULQFLSDO�
D[LV�URWDWLRQ��13$5��VROXWLRQV�VXJJHVWHG�E\�WKH������K�DQG�����K�
PLQLPD� LQ� WKH� SHULRG� VSHFWUXP�� 8VLQJ� WKH� EHWWHU�TXDOLW\� VHFRQG�
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QLJKW�� WKH� EHVW�ILW�13$5� VROXWLRQ� JLYHV� SHULRGV� RI� 3�� � ��������
������K�DQG�3�� ���������������K��7KHVH�OLJKWFXUYHV�DUH�ODEHOOHG�3��
DQG�3��EXW�WKHUH�DUH�RWKHU�SRVVLEOH�VROXWLRQV�ZLWK�SRRUHU�ILWV��:LWK�
WKH� VSDQ� RI� REVHUYDWLRQV� RQ� HDFK� QLJKW� EHLQJ� �� �K�� QRW� HQRXJK�
URWDWLRQV� DUH� FRYHUHG� WR� GHWHUPLQH� D� UHOLDEOH� VROXWLRQ� DQG� LW� LV�
H[SHFWHG�WKDW�LW�PD\�EH�UDWHG�DV�3$5� ����RQ�WKH�VFDOH�GHILQHG�LQ�
3UDYHF� HW� DO�� ������� ZKHUH� 13$� URWDWLRQ� LV� GHWHFWHG� EDVHG� RQ�
GHYLDWLRQV�IURP�D�VLQJOH�SHULRG�EXW�WKH�VHFRQG�SHULRG�LV�QRW�UHVROYHG�
�3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���

�����75���7KH�$7/$6�IDFLOLW\�RQ�0DXQD�/RD�GLVFRYHUHG�WKLV�VPDOO�
$WHQ��H = 26.9, D ~13 m��RQ������2FW�����87&��,W�PDGH�D�YHU\�
FORVH�SDVV�WR�(DUWK��WR�����/XQDU�'LVWDQFHV��/'��RQ������2FW������
87&��%X]]L�HW�DO����������2EVHUYDWLRQV�ZHUH�PDGH�IRU���K�RYHU�D�
SHULRG� RI� ���� K� VWDUWLQJ� DW� ����� 2FW� ����� 87&� ZLWK� ����
PHDVXUHPHQWV�EHLQJ�REWDLQHG��$SSDUHQW�VSHHG�LQFUHDVHG�IURP�����
WR�����DUFVHF�PLQ�DQG�H[SRVXUHV�ZHUH�UHGXFHG�IURP�����WR�����V�WR�
UHGXFH�LPDJH�WUDLOLQJ��7KH�SHULRG�VSHFWUXP�IURP�DQ�LQLWLDO�DQDO\VLV�
LQGLFDWHV�WKH�EHVW�ILW�VROXWLRQ�KDV�D�SHULRG�RI���������������������
K� �a���� PLQ�� DQG� ODUJH� ���� PDJ� DPSOLWXGH�� EXW� WKH� UHVXOWLQJ�
OLJKWFXUYH� ODEHOOHG� 3$5� VKRZV� VWURQJ� LQGLFDWLRQV� RI� WXPEOLQJ�
�13$��URWDWLRQ��

�

8VLQJ� WKH�MPO Canopus�'XDO�3HULRG�6HDUFK�IXQFWLRQ� WR� ILQG�DQ�
13$5�VROXWLRQ�LV�QRW�HQWLUHO\�VDWLVIDFWRU\��EXW�WKH�EHVW�ILW�SHULRGV�
3��DQG�3��DUH��

3�� ���������������������K��a����PLQ���DPSOLWXGH����� �
3�� ���������������������K��a����PLQ���DPSOLWXGH�����

/LJKWFXUYHV� IRU� WKLV� 13$5� VROXWLRQ� DUH� ODEHOOHG� 3�� DQG� 3���
+RZHYHU��RWKHU�VROXWLRQV�IRU�WKH�VHFRQGDU\�SHULRG�FDQ�EH�UHVROYHG��
EXW�WKHVH�DOO�DSSHDU�WR�EH�OLQHDU�FRPELQDWLRQV�RI�WKH�IUHTXHQFLHV�RI�
WKH�EHVW�ILW�3��DQG�3��SHULRGV��H�J���

3�� ���������������������K��a���VHF���DPSOLWXGH����� �
3�� ���������������������K��a����PLQ���DPSOLWXGH����� �
3�� ���������������������K��a����PLQ���DPSOLWXGH�����

DUH�OLQHDU�FRPELQDWLRQV�RI�WKH�IUHTXHQFHV�RI�3��DQG�3���ZKHUH��

��3������3�� ���3�� �
��3������3�� ���3�� �
��3������3�� ���3��

,W� LV� H[SHFWHG� WKDW� ����� 75��PD\� EH� UDWHG� DV� 3$5�  � ��� �13$�
URWDWLRQ� UHOLDEO\� GHWHFWHG� ZLWK� WKH� WZR� SHULRGV� UHVROYHG�� $Q�
DPELJXLW\� RI� WKH� SHULRGV� VROXWLRQ�PD\� EH� WROHUDWHG� SURYLGHG� WKH�
UHVXOWLQJ�VSHFWUXP�RI�IUHTXHQFLHV�ZLWK�VLJQLILFDQW�VLJQDO�LV�WKH�VDPH�
IRU�WKH�GLIIHUHQW�VROXWLRQV����3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���

7KH�13$5� VROXWLRQ� LQGLFDWHV� WKH� IXOO� DPSOLWXGH� RI� WKH� WXPEOLQJ�
URWDWLRQ�LV�����PDJ��'XULQJ�WKH���K�LW�ZDV�DFWLYHO\�REVHUYHG�������
75��FRPSOHWHG����URWDWLRQV�RI�WKH�3��SHULRG�DQG����URWDWLRQV�RI�WKH�
3��SHULRG��

�

�

�
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�����8*��7KH�=7)�FROODERUDWLRQ�GLVFRYHUHG�WKLV�$SROOR��H = 26.9, 

D ~12 m��XVLQJ�WKH�3DORPDU�����P�6FKPLGW�RQ������2FW������87&�
�%DFFL�HW�DO����������OHVV�WKDQ���K�DIWHU�LW�KDG�SDVVHG�(DUWK�DW�����/'��
,W�ZDV�DFWLYHO\�REVHUYHG�IRU�����K�RYHU�D�SHULRG�RI�����K�VWDUWLQJ�DW�
����� 2FW� ������ 87&�� $SSDUHQW� VSHHG� GHFUHDVHG� IURP� ��� WR� ���
DUFVHF�PLQ�DQG�H[SRVXUHV�ZHUH�UHVWULFWHG�WR�QR�PRUH�WKDQ�����V�WR�
OLPLW� LPDJH� WUDLOLQJ�� ,QLWLDO� H[DPLQDWLRQ� RI� WKH� SHULRG� VSHFWUXP�
VKRZV�D�VLJQLILFDQW�VROXWLRQ�DW������K��ZLWK�UHODWHG�PLQLPD�DW�LQWHJHU�
PXOWLSOHV�RI�KDOI�WKDW�YDOXH��$OVR�SUHVHQW�DUH�D�VHW�RI�ZHDN�PLQLPD�
DW�LQWHJHU�PXOWLSOHV�RI�����K��7XPEOLQJ�ZDV�DJDLQ�VXVSHFWHG�DQG�WKH�
EHVW�ILW� 13$5� VROXWLRQ� LVRODWHG� XVLQJ� WKH� MPO Canopus� 'XDO�
3HULRG�6HDUFK�IXQFWLRQ�LV��

3�� �����������������K��DPSOLWXGH����� �
3�� �����������������K��DPSOLWXGH�����

7KH�FRUUHVSRQGLQJ�OLJKWFXUYHV�DUH�ODEHOOHG�3��DQG�3���1RWH�WKDW�WKH�
SHULRGV� DUH� QHDUO\� EXW� QRW� H[DFWO\� LQ� ���� FRPPHQVXUDELOLW\��
����������������� �������DQG�GXH�WR�WKH�����K�VSDQ�RI�REVHUYDWLRQV�
FRYHULQJ����RI� WKH�3�� URWDWLRQ�SHULRGV� DQG����RI� WKH�3�� URWDWLRQ�
SHULRGV�� WKH�13$5� VROXWLRQ� LV� H[SHFWHG� WR� EH� UHDVRQDEO\� VHFXUH��
ZLWK�D�UDWLQJ�RI�3$5� �����13$�URWDWLRQ�UHOLDEO\�GHWHFWHG�ZLWK�WKH�
WZR�SHULRGV�UHVROYHG����3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���

�

�

�

�����9+���7KLV�$SROOR��H = 26.6, D ~14 m��ZDV�D�3DQ�67$556�
��GLVFRYHU\�IURP������1RY������87&��+HRJQHU�HW�DO���������ZKLFK�
PDGH�DQ�DSSURDFK� WR�����/'�QLQH�GD\V� ODWHU�RQ������1RY�������
87&��,W�ZDV�REVHUYHG�RQ�LWV�ILQDO�DSSURDFK�IRU�����K�VWDUWLQJ�DW������
1RY�������87&�ZKHQ� LW�ZDV� DW� ����/'� IURP�(DUWK�� UHDFKLQJ� DQ�
DSSDUHQW�VSHHG�RI�����DUFVHF�PLQ�DQG�H[SRVXUHV�ZHUH�UHGXFHG�IURP�
���� WR�����V�GXULQJ� WKH�VHVVLRQ��$�SHULRG�VSHFWUXP�VKRZV�D�ZHOO�
GHILQHG�VHW�RI�UHODWHG�PLQLPD��DOO�EHLQJ�LQWHJHU�PXOWLSOHV�RI��������
K� DQG� D� OLJKWFXUYH� RI� WKH� EHVW�ILW� SHULRG� RI� ���������� ��������K�
�a����PLQ��LV�JLYHQ�������9+��FRPSOHWHG����URWDWLRQV�GXULQJ�WKH�
WLPH�LW�ZDV�XQGHU�REVHUYDWLRQ��

�

�
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�����:/�� 7KH�$7/$6� WHOHVFRSH� DW�0DXQD� /RD� GLVFRYHUHG� WKLV�
$SROOR��H = 25.8, D ~21 m��RQ������1RY������87&��*DOOL�HW�DO���
������VRPH����K�DIWHU�LW�KDG�SDVVHG�(DUWK�DW���/'��,W�ZDV�REVHUYHG�
IRU�����K�VWDUWLQJ�RQ������1RY�������87&�DQG�DJDLQ� IRU����PLQ�
VWDUWLQJ� ����� 1RY� ������ 87&�� &RPELQLQJ� ERWK� VHWV� RI�
PHDVXUHPHQWV�LQGLFDWHV�D�EHVW�ILW�VROXWLRQ�DW�����������������K�ZLWK�
DQ�DPSOLWXGH�RI�����EXW��ZLWK� WKH� OLPLWHG�FRYHUDJH�VSDQQLQJ�RQO\�
����URWDWLRQV�RQ�WKH�ILUVW�GDWH�DQG�����URWDWLRQV�RQ�WKH�VHFRQG��WKLV�
UHVXOW�LV�QHFHVVDULO\�VRPHZKDW�XQFHUWDLQ��

�

�

�����<&��$QRWKHU�GLVFRYHU\�RI� DQ�$SROOR� �H = 27.3, D ~10 m��
IURP�WKH�$7/$6�0DXQD�/RD�VLWH��.DPHO�HW�DO����������WKLV�LV�OLVWHG�
DV� D� YLUWXDO� LPSDFWRU� E\� 6HQWU\� �-3/�� ����D�� ZLWK� D� VLQJOH� ORZ�
SUREDELOLW\�HYHQW�LQ�WKH�\HDU�������,W�PDGH�DQ�DSSURDFK�WR�ZLWKLQ�
����/'�RI�(DUWK�RQ������'HF������87&�DQG�ZDV�REVHUYHG�IRU�����K�
VWDUWLQJ������'HF�������87&��$�OLQHDUO\�SORWWHG�SHULRG�VSHFWUXP�
VKRZV�VHYHUDO�LQGHSHQGHQW�VHWV�RI�HTXDOO\�VSDFHG�PLQLPD�LQGLFDWLQJ�
WKDW�WXPEOLQJ�URWDWLRQ�LV�OLNHO\��7KH�WZR�VWURQJHVW�VHWV�DUH�DW�LQWHJHU�
PXOWLSOHV�RI���������K�DQG���������K��ZLWK�D�ZHDNHU�VHW�DW�PXOWLSOHV�
RI� �������� K�� 7KH� MPO Canopus� 'XDO� 3HULRG� 6HDUFK� IXQFWLRQ�
ORFDWHG�WKH�EHVW�ILW�SDLU�RI�13$5�SHULRGV�WR�EH��

3�� �������������������K��a����PLQ���DPSOLWXGH����� �
3�� �������������������K��a����PLQ���DPSOLWXGH�����

7KH�UHVXOWLQJ�OLJKWFXUYHV�DUH�ELPRGDO�DQG�DUH�JLYHQ�KHUH�ODEHOOHG�
3�� DQG�3���$�ZHDNHU�13$5�VROXWLRQ�KDV� WKH� VDPH�GRPLQDQW�3��
SHULRG�ZLWK�D�VHFRQG�SHULRG��3�� �����������������K��a����PLQ��DQG�
LW�LV�QRWHG�WKDW�WKH�IUHTXHQF\�RI�WKH�3��SHULRG�LV�D�OLQHDU�FRPELQDWLRQ�
RI� WKH� IUHTXHQFLHV� RI� 3�� DQG� 3��� ZKHUH�� ��3�� ±� ��3�� §� ��3���
,W� LV� QRW� SRVVLEOH� WR� GHWHUPLQH� ZKHWKHU� WKH� PDLQ� DSSDUHQW�

IUHTXHQFLHV�DUH�WKH�UHDO�IUHTXHQFLHV�RI�URWDWLRQ�DQG�SUHFHVVLRQ�IRU�
WKH�WXPEOHU�RU�MXVW�OLQHDU�FRPELQDWLRQV�RI�WKHP��1HYHUWKHOHVV��LW�LV�
H[SHFWHG�WKDW������<&�PD\�EH�UDWHG�DV�3$5� �����13$�URWDWLRQ�
UHOLDEO\�GHWHFWHG�ZLWK�WKH�WZR�SHULRGV�UHVROYHG��$Q�DPELJXLW\�RI�WKH�
SHULRGV�VROXWLRQ�PD\�EH�WROHUDWHG�SURYLGHG�WKH�UHVXOWLQJ�VSHFWUXP�
RI�IUHTXHQFLHV�ZLWK�VLJQLILFDQW�VLJQDO�LV�WKH�VDPH�IRU�WKH�GLIIHUHQW�
VROXWLRQV��3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���

7KH�13$5� VROXWLRQ� LQGLFDWHV� WKH� IXOO� DPSOLWXGH� RI� WKH� WXPEOLQJ�
URWDWLRQ� LV� ���� PDJ�� ����� <&� FRPSOHWHG� ��� URWDWLRQV� RI� WKH� 3��
SHULRG� DQG� ��� RI� WKH� 3�� SHULRG� GXULQJ� WKH� ���� K� LW� ZDV� XQGHU�
REVHUYDWLRQ��

�

�

�
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$FNQRZOHGJHPHQWV�

7KH� DXWKRU� ZRXOG� OLNH� WR� WKDQN� 'U�� 3HWU� 3UDYHF�� $VWURQRPLFDO�
,QVWLWXWH��&]HFK�5HSXEOLF�IRU�KLV�RQJRLQJ�KHOS�DQG�VXSSRUW�ZLWK�WKH�
DQDO\VLV� RI� WXPEOLQJ� DVWHURLGV�� 7KH� DXWKRU� DOVR� JUDWHIXOO\�
DFNQRZOHGJHV�D�*HQH�6KRHPDNHU�1(2�*UDQW� IURP�WKH�3ODQHWDU\�
6RFLHW\��������DQG�D�5LGOH\�*UDQW�IURP�WKH�%ULWLVK�$VWURQRPLFDO�
$VVRFLDWLRQ� �������� ERWK� RI� ZKLFK� IDFLOLWDWHG� XSJUDGHV� WR�
REVHUYDWRU\�HTXLSPHQW�XVHG�LQ�WKLV�VWXG\�� �
7KLV�ZRUN�KDV�PDGH�XVH�RI�GDWD�IURP�WKH�(XURSHDQ�6SDFH�$JHQF\�
�(6$��PLVVLRQ�*DLD� �https://www.cosmos.esa.int/gaia���SURFHVVHG�
E\� WKH� *DLD� 'DWD� 3URFHVVLQJ� DQG� $QDO\VLV� &RQVRUWLXP� �'3$&��
https://www.cosmos.esa.int/web/gaia/dpac/consortium��� )XQGLQJ�
IRU� WKH� '3$&� KDV� EHHQ� SURYLGHG� E\� QDWLRQDO� LQVWLWXWLRQV�� LQ�
SDUWLFXODU� WKH� LQVWLWXWLRQV� SDUWLFLSDWLQJ� LQ� WKH� *DLD� 0XOWLODWHUDO�
$JUHHPHQW��

5HIHUHQFHV�

$'6���������$VWURSK\VLFV�'DWD�6\VWHP�� �
https://ui.adsabs.harvard.edu/�

%DFFL�� 3��� 0DHVWULSLHUL�� 0��� 3HWWDULQ�� (��� ,NDUL�� <��� 8UEDQLN��0���
7LZDUL��6���<H��4��=���=�7�)��&ROODERUDWLRQ��'XHY��'�$���+HORX��*���
/LQ��+��:���0DKDEDO��$�$���0DVFL��)�-���3ULQFH��7�$���%LUWZKLVWOH��
3��DQG����FROOHDJXHV���������³�����8*´�03(&������8������
https://minorplanetcenter.net/mpec/K24/K24U32.html�

%X]]L��/���3HWWDULQ��(���,YDQRY��$���%DUFRY��$���,YDQRY��9���/\VHQNR��
9��� <DNRYHQNR�� 1��� ,YDQRYD�� 1��� *RUEXQRY�� 1��� .XUEDWRY�� *���
6KFKXNLQ��3���5RVKFKXSNR��9���)HOEHU��7���%LUWZKLVWOH��3���.RUOHYLF��
.�� DQG� ��� FROOHDJXHV� �������� ³����� 75�´� 03(&� �����7������
https://minorplanetcenter.net/mpec/K24/K24TH4.html�

*DMGRV�� 6���9LODJL�� -��� 6FRWWL�� -�9��� 5RJHUV�� -�(���<RXQJ�� -���+LOO��
5�(��� %HVKRUH�� (�&��� %RDWWLQL�� $��� *DUUDGG�� *�-��� *LEEV�� $�5���
*UDXHU�� $�'��� .RZDOVNL�� 5�$��� /DUVRQ�� 6�0��� 0F1DXJKW�� 5�+���
'XULJ��'�7��DQG����FROOHDJXHV� �������� ³�����08´�03(&������
0����https://minorplanetcenter.net/mpec/K09/K09M19.html�

*DOOL��*���%X]]L��/���%UHVVDQ��)���3HWWDULQ��(���,NDUL��<���,YDQRY��$���
%DUFRY��$���,YDQRY��9���/\VHQNR��9���<DNRYHQNR��1���,YDQRYD��1���
.XUEDWRY��*���2]KHUHG��$���5RVKFKXSNR��9���8UEDQLN��0��DQG����
FROOHDJXHV���������³�����:/´�03(&������:���� �
https://minorplanetcenter.net/mpec/K24/K24W43.html�

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

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ��0���6FDOWULWL��)���=DSSDOD��9���6FKREHU��+�-���'HEHKRJQH��
+���=HLJOHU��.����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�$VWHURLGV����
�������������DQG�����´�Icarus��������������

+HRJQHU��&���/XGZLJ��)���+DUWPDQQ��0���6WHFNOXP��%���%DFFL��3���
0DHVWULSLHUL��0���9DOHV�� -���%X]]L��/��� 3LWWLFKRYD�� -���+HUPDQ�� -���
/RZH��7���0LQJXH]��3���6FKXOW]��$���6PLWK��,���&KDPEHUV��.��DQG����
FROOHDJXHV���������³�����9+�´�03(&������9���� �
https://minorplanetcenter.net/mpec/K24/K24V75.html�

-3/������D���6HQWU\��(DUWK�,PSDFW�0RQLWRULQJ�� �
https://cneos.jpl.nasa.gov/sentry/�

-3/������E���6PDOO�%RG\�'DWDEDVH�/RRNXS�� �
https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html�

.DPHO��7�0���+HODOL��0�<���$EGHOD]L]��$�0���:LJJLQV��3���&URPHU��
'��� +XJ�� *��� *RRGLQ�� '��� 9DOHQWLQH�� 5��� /HVVLJ�� 3��� ,NDUL�� <���
'XSRX\��3���/DERUGH��-���,YDQRY��$���%DUFRY��$���,YDQRY��9��DQG����
FROOHDJXHV���������³�����<&´�03(&������<������
https://minorplanetcenter.net/mpec/K24/K24Y16.html�

� ,QWHJUDWLRQ� 0D[�� 0LQ�

1XPEHU� 1DPH� WLPHV� LQWJ�3G� D�E� 3WV� )OGV� �

   2009 MU 2,6 0.003 1.3* 1643 24 

   2024 TR4 0.8-3.1 0.0401 2.1* 372 17 

   2024 UG 2.5-8.2 0.0111 1.9 987 17 

   2024 VH1 2-4.4 0.027 1.1* 1366 29 

   2024 WL 3.5-20 0.005 1.6 711 10 

   2024 YC 4-6 0.0531 2.0 582 5 

7DEOH� ,��$QFLOODU\� LQIRUPDWLRQ�� OLVWLQJ�WKH� LQWHJUDWLRQ�WLPHV�XVHG�
�VHFRQGV���WKH�IUDFWLRQ�RI�WKH�SHULRG�UHSUHVHQWHG�E\�WKH�ORQJHVW�
LQWHJUDWLRQ� WLPH� �3UDYHF�HW� DO��� ������� WKH�FDOFXODWHG�PLQLPXP�
HORQJDWLRQ�RI�WKH�DVWHURLG��=DSSDOD�HW�DO����������WKH�QXPEHU�RI�
GDWD� SRLQWV� XVHG� LQ� WKH� DQDO\VLV� DQG� WKH� QXPEHU� RI� WLPHV� WKH�
WHOHVFRSH�ZDV� UHSRVLWLRQHG� WR�GLIIHUHQW� ILHOGV��1RWH�� 
�  �9DOXH�
XQFHUWDLQ��EDVHG�RQ�SKDVH�DQJOH�!�������� �&DOFXODWHG�XVLQJ�WKH�
VKRUWHU�RI�WKH�13$5�SHULRGV��

1XPEHU� � 1DPH� \\\\�PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(� 3$5� +�

  2009 MU 2009 06/23-06/24 78.6,82.2 -121 25 0.499 0.002 0.6 0.3 -2 24.6 

       0.666 0.003 0.5 0.3 

  2024 TR4 2024 10/06-10/06 67.8,61.8 38 21 0.031645 0.000003 1.4 0.5 -3 26.9 

       0.021327 0.000003 0.9 0.5 

  2024 UG 2024 10/21-10/22 20.3,16.0 21 5 0.2932 0.0002 0.8 0.3 -3 26.9 

       0.1994 0.0002 0.3 0.3 

  2024 VH1 2024 11/11-11/11 47.6,54.5 47 26 0.04490 0.00001 0.3 0.2  26.6 

  2024 WL 2024 11/20-11/22 *20.6,5.6 54 -1 1.0974 0.0003 0.7 0.2  25.8 

  2024 YC 2024 12/21-12/21 9.2,10.1 87 4 0.03150 0.00001 0.5 0.3 -3 27.3 

       0.05056 0.00004 0.4 0.3   

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����������$PSOLWXGH�HUURU��$�(���LV�FDOFXODWHG�DV�√��î��OLJKWFXUYH�506�UHVLGXDO���3$5�LV�WKH�H[SHFWHG�3ULQFLSDO�$[LV�5RWDWLRQ�
TXDOLW\�GHWHFWLRQ�FRGH��3UDYHF�HW�DO���������DQG�+�LV�WKH�DEVROXWH�PDJQLWXGH�DW���DX�IURP�6XQ�DQG�(DUWK�WDNHQ�IURP�WKH�6PDOO�%RG\�'DWDEDVH�
/RRNXS��-3/������E���



����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

3UDYHF�� 3��� +HUJHQURWKHU�� &��� :KLWHOH\�� 5��� 6DURXQRYD�� /���
.XVQLUDN��3���:ROI��0����������³)DVW�5RWDWLQJ�$VWHURLGV������7<���
�����6)����DQG������:%��´�Icarus���������������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0��� *DOiG�� $�� DQG� �� FROOHDJXHV�� �������� ³7XPEOLQJ� $VWHURLGV�´�
Icarus ��������������

5DDE��+�� ��������$VWURPHWULFD� VRIWZDUH�� YHUVLRQV� ����������� DQG�
������������http://www.astrometrica.at/ 

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� Icarus� ����� ��������� 8SGDWHG� ����� 2FW��
https://www.minorplanet.info/php/lcdb.php�

:DUQHU��%�'����������032�6RIWZDUH��&DQRSXV�YHUVLRQ������������
%GZ�3XEOLVKLQJ��&RORUDGR�6SULQJV��&2��

=DFKDULDV��1���)LQFK��&�7���*LUDUG��7�0���+HQGHQ��$���%DUWOHWW��
-�/���0RQHW��'�*���=DFKDULDV��0�,����������³7KH�)RXUWK�86�1DYDO�
2EVHUYDWRU\�&&'�$VWURJUDSK�&DWDORJ��8&$&���´�The 

Astronomical Journal�������������

=DSSDOD��9���&HOOLQL��$���%DUXFFL��$�0���)XOFKLJQRQL��0���
/XSLVKNR��'�(����������³$Q�DQDO\VLV�RI�WKH�DPSOLWXGH�SKDVH�
UHODWLRQVKLS�DPRQJ�DVWHURLGV�´�Astron. Astrophys����������������
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/,*7+&859(6�$1'�&2/256�2)�),9(�60$//��

1($5�($57+�$67(52,'6�������6<��������78���

�����7.��������7;���������8)��

-HDQ�%DSWLVWH�.LNZD\D�(OXR�
9DWLFDQ�2EVHUYDWRU\�

9�������9DWLFDQ�&LW\�RI�6WDWH��
MENLNZD\D#DUL]RQD�HGX��MENLNZD\D#JPDLO�FRP��

&DUO�:��+HUJHQURWKHU�
$VFHQGLQJ�1RGH�7HFKQRORJLHV��//&�

7XFVRQ��$UL]RQD��86$�

�5HFHLYHG�������-DQXDU\����

6HSWHPEHU� ����� DQG� 2FWREHU� ����� REVHUYDWLRQ�
FDPSDLJQV� UHVXOWHG� LQ� SKRWRPHWULF� REVHUYDWLRQV� RI� ILYH�
VPDOO�QHDU�(DUWK�DVWHURLGV��/LJKWFXUYHV�RI�WKUHH�DVWHURLGV�
������6<��������78��DQG������7.���FOHDUO\� LQGLFDWHG�
UDSLG�URWDWLRQ��DQG�WKRVH�RI�WZR�RWKHUV�������7;����DQG�
�����8)��� UHPDLQHG� LQFRQFOXVLYH��&RORU� LQGLFHV� RI� DOO�
ILYH�DVWHURLGV�ZHUH�FRPSXWHG�DQG�ZHUH�XVHG�WR�SURGXFH�
WZR�FRORU�SORWV�WR�GHWHUPLQH�WKH�WD[RQRP\�FODVV�RI�HDFK�
RI� WKHP�� DQG� LQ� DGGLWLRQ� WR� FRPSXWH� WKHLU� UHODWLYH�
UHIOHFWDQFH�� ZKLFK� ZDV� FRPSDUHG� WR� DVWHURLG� VSHFWUD�
�IURP� 60$66� DQG� 60$66,,�� WR� UHILQH� WKH� SULPDU\�
WD[RQRP\�FODVVLILFDWLRQ��

:H� FROOHFWHG� GDWD� ZLWK� WKH� 9DWLFDQ� $GYDQFHG� 7HFKQRORJ\�
7HOHVFRSH��9$77���WKH�9DWLFDQ�2EVHUYDWRU\¶V�WHOHVFRSH�ZLWK�03&�
FRGH�����ORFDWHG�RQ�0RXQW�*UDKDP�LQ�VRXWKHDVWHUQ�$UL]RQD��9$77�
LV�DQ�I�����WHOHVFRSH�ZLWK�D�SULPDU\�PLUURU�RI�����P�LQ�GLDPHWHU�DQG�
D������P�I�����VHFRQGDU\�PLUURU��7KH�LQVWUXPHQW�XVHG�ZDV�D�&&'�
FDPHUD� FDOOHG�9$77�N�ZLWK� WKH� UHVROXWLRQ� RI� ����î����� SL[HOV�
DQG�D�SL[HO�VL]H�RI���î����P��*LYHQ�WKH�QRUPDO�UHDGRXW�WLPH�RI����
VHFRQGV��ZH�FKRVH�WR�ELQ�WKH�LPDJHV�WZR�E\�WZR�WR�UHGXFH�WKLV�WR����
VHFRQGV�� \LHOGLQJ� D� SODWH� VFDOH� RI� ������ DUFVHF�SL[HO�� 9$77�N�
FRYHUV�WKH�YLVLEOH�VSHFWUXP�JRLQJ�IURP�����QP�WR������QP�ZLWK�D�
PD[LPXP�TXDQWXP�HIILFLHQF\�DW�����QP��

)RU�HDFK�REVHUYLQJ�UXQ��DIWHU�FROOHFWLQJ�VFLHQWLILF�GDWD�ZH�FRUUHFWHG�
WKH�LPDJHV�ZLWK�PDVWHU�ELDV��DQG�PDVWHU�IODW��:KLOH�WKH�PDVWHU�ELDV�
LV�JHQHUDWHG�IURP�WZR�KXQGUHG�ELDV�LPDJHV�XVLQJ�FFGSURF��LPUHG��
FFGUHG��DQG�]HURFRPELQH�,5$)�SDFNDJHV��WKH�PDVWHU�IODW�IRU�%��9��
5��DQG�,�LV�PDGH�IURP�ILIWHHQ�LPDJHV�RQ�HDFK�ILOWHU�WKURXJK�LPUHG��
FFGUHG��DQG�IODWFRPELQH�,5$)�SDFNDJHV��7RG\��������+HUJHQURWKHU�
HW�DO���������.LNZD\D�(OXR�HW�DO���������������.LNZD\D�(OXR�DQG�
+HUJHQURWKHU���������:H�WUDFNHG�HDFK�DVWHURLG�IROORZLQJ�LWV�QRQ�
VLGHUHDO�UDWH��+HUJHQURWKHU�HW�DO����������&RQVHTXHQWO\��VWDUV�LQ�WKH�
ILHOG� DSSHDUHG� VPHDUHG� DQG� FRXOG� QRW� EH� XVHG� IRU� SKRWRPHWU\��
,QVWHDG��IRU�HDFK�QLJKW�ZH�REVHUYHG�D�FHUWDLQ�QXPEHU�RI�VWDQGDUG�
VWDUV�LQ�GLIIHUHQW�DLUPDVVHV��IURP�����WR������WR�FRPSXWH�D�]HUR�SRLQW�
DQG�DQ�H[WLQFWLRQ�FRHIILFLHQW�LQ�HDFK�ILOWHU�WR�DSSO\�WR�WKH�DVWHURLG�
DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD��REMHFW��LQ�0DJ�� ��]HUR�SRLQW�
�LQ�0DJ����REVHUYHG�REMHFW��LQ�0DJ�����2EMHFW�DLUPDVV�
�H[WLQFWLRQ�
FRHIILFLHQW���+HUJHQURWKHU�HW�DO���������.LNZD\D�(OXR�HW�DO���������
������.LNZD\D�(OXR� DQG�+HUJHQURWKHU�� �������:H� VHW� D� FLUFXODU�
ULQJ� ZLWK� D� ���SL[HO� UDGLXV�� DQG� D� ZLGWK� RI� WHQ� SL[HOV� IRU� WKH�
EDFNJURXQG�WR�PHDVXUH�WKH�VN\��:H�WRRN�WZLFH�WKH�):+0�DV�WKH�
DSHUWXUH�WR�PHDVXUH�WKH�DVWHURLG��


