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)UDQFLV�3��:LONLQ��(GXDUGR�&DVWUR��

$ELJDLO�5DPVH\��*ODXN�+L]PR�

'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\��8QLRQ�&ROOHJH�

����8QLRQ�6W���6FKHQHFWDG\��1<�������86$�

ZLONLQI#XQLRQ�HGX�

�5HFHLYHG�������1RYHPEHU�����5HYLVHG�������1RYHPEHU�����

:H�SUHVHQW�OLJKWFXUYHV�RI�PXWXDO�HYHQWV�RI�WKH�/��ELQDU\�

7URMDQ� ������ 3DWURFOXV� DQG� LWV� FRPSDQLRQ� 0HQRHWLXV�

GXULQJ� ����� 6HS�2FW�� $� WRWDO� RI� QLQH� HYHQWV� ZHUH�

REVHUYHG� XVLQJ� IRXU� WHOHVFRSHV�� ZLWK� WZR� DGGLWLRQDO�

EDVHOLQH�REVHUYDWLRQV��

1$6$
V�/XF\�0LVVLRQ�ZLOO�H[SORUH�7URMDQ�DVWHURLGV�LQ�ERWK�WKH�/��

DQG�/��FDPSV�LQ���������DQG�������UHVSHFWLYHO\��7KH�VFLHQFH�JRDOV�

LQFOXGH� GHWHUPLQDWLRQV� RI� PDVV�� YROXPH�� GHQVLW\� DQG� VXUIDFH�

FRPSRVLWLRQ��DV�ZHOO�DV�WKH�VHDUFK�IRU�ULQJV�DQG�DGGLWLRQDO�VDWHOOLWHV�

�/HYLVRQ� HW� DO��� ������� 7KH� K\SRWKHVLV� WKDW� DQ\� RULJLQDO� 7URMDQ�

REMHFWV�KDYH�EHHQ�ORVW�GXULQJ�DQ�HDUO\�SHULRG�RI�SODQHW�PLJUDWLRQ��

DQG� ODWHU� FDSWXUH� RI� REMHFWV� IURP� WKH� RXWHU� SURWRSODQHWDU\� GLVN�

UHSRSXODWHG� WKH� 7URMDQ� VZDUPV�ZLOO� EH� WHVWHG� �0RUELGHOOL� HW� DO���

������ 1HVYRUQê� HW� DO��� ������� ������ 3DWURFOXV� DQG� LWV� VDWHOOLWH�

0HQRHWLXV�IRUP�D�ELQDU\�RI�VLPLODU�VL]HV�WKDW�H[KLELW�PXWXDO�HYHQWV�

REVHUYDEOH� IURP� (DUWK� LQ� WZR� VHDVRQV� SHU� ��� \U� RUELWDO� SHULRG��

3UHFLVH� RUELWDO� SUHGLFWLRQV� IRU� WKH� ORFDWLRQV� RI� 3DWURFOXV� DQG�

0HQRHWLXV� DUH� UHTXLUHG� IRU� DFFXUDWH� SRLQWLQJ� RI� WKH� FDPHUD� DQG�

RWKHU�LQWUXPHQWV�RI�WKH�/XF\�VSDFHFUDIW�ZKHQ�LW�UHDFKHV�WKH�SDLU�LQ�

0DUFK�������DQG�RXU�REVHUYDWLRQV�ZHUH�SHUIRUPHG�LQ�UHVSRQVH�WR�

WKH� FDOO� E\� %LQ]HO� ������� WR� DVVLVW� LQ� WKLV� HIIRUW�� 3UHGLFWHG� VWDUW��

PD[LPXP��DQG�HQG�WLPHV�ZHUH�PDGH�DYDLODEOH�E\�%UR]RYLü�HW�DO��

�������� ZKR� SURYLGHG� WDEOHV� RI� �� LQIHULRU� DQG� �� VXSHULRU� HYHQWV�

ZKLFK�RFFXU�LQ�DOWHUQDWLRQ�DERXW���GD\V�DSDUW��)RU�FRQYHQLHQFH��ZH�

KDYH�ODEHOHG�WKHVH�HYHQWV�,���6��WKURXJK�,���6��LQ�7DEOH�,�DV�ZHOO�DV�

LQ�RXU�OLJKWFXUYH�OHJHQGV��

�

2EVHUYDWLRQV� ZHUH� FRQGXFWHG� DW� UHPRWH� WHOHVFRSHV� RQ� WZR�

QHWZRUNV�� L7HOHVFRSH�QHW� DQG� 7HOHVFRSH�/LYH�� DV� ZHOO� DV� DW� WKH�

8QLRQ�&ROOHJH�2EVHUYDWRU\��7HOHVFRSHV�DQG�FDPHUDV�DUH�GHVFULEHG�

LQ� 7DEOH� ,,�� )LOWHUV� DQG� WHOHVFRSHV� XVHG� IRU� LQGLYLGXDO� QLJKWV� DUH�

JLYHQ� LQ� WKH� ILJXUH� OHJHQGV��$OO� LPDJHV�ZHUH� SURFHVVHG� IRU� ELDV��

GDUN�� DQG� IODW� ILHOG� FRUUHFWLRQV�� :H� H[WUDFWHG� SKRWRPHWULF�

PHDVXUHPHQWV�IURP�WKH�LPDJHV�XVLQJ�AstroImageJ��&ROOLQV�HW�DO���

�������

7R�YLVXDOL]H�WKH�RYHUDOO�FRYHUDJH�DW�WKH�VDPH�WLPH�DQG�PDJQLWXGH�

VFDOH��ZH�KDYH� VXEWUDFWHG� WKH�SUHGLFWHG�PD[LPXP�HYHQW� WLPH� IRU�

HDFK� REVHUYDWLRQ� DQG� SODFHG� WKHP� LQ� D� VXPPDU\� ILJXUH�� XVLQJ�

DUELWUDU\� YHUWLFDO� RIIVHWV� IRU� YLVLELOLW\�� 7KH� WLPLQJ� SUHGLFWLRQV� RI�

%UR]RYLü�HW�DO���������ZHUH�JLYHQ�LQ�87&��³(DUWK�FHQWULF´���VR�we 

have not applied any light-time corrections��$OO�RI�RXU�REVHUYDWLRQV�

DUH� SDUWLDO� GXH� WR� FORXGV� GXULQJ� UHVHUYHG� IXOO� REVHUYDWLRQV��

+RZHYHU��IRU�HYHQW�6���D�JDSSHG�IXOO��ZH�REWDLQ�DQ�HYHQW�GXUDWLRQ�

RI������K�ZKLFK�H[FHHGV�WKH�SUHGLFWHG�GXUDWLRQ�E\�a��PLQXWHV��)URP�

HYHQW�6���DQ�LQJUHVV�PD[LPXP��ZH�REWDLQ�D�GHSWK�RI�������PDJ��

)XUWKHU� DQDO\VLV� RI� RXU� UHVXOWV�ZLOO� EH� GRQH� LQ� FRPELQDWLRQ�ZLWK�

DGGLWLRQDO� REVHUYDWLRQV� FRQWULEXWHG� E\� RWKHU� REVHUYHUV� WR� REWDLQ�

XSGDWHG� VROXWLRQV� IRU� WKH� V\VWHP�SK\VLFDO� SDUDPHWHUV� WR� DVVLVW� LQ�

/XF\�0LVVLRQ�SODQQLQJ��%LQ]HO���������

(YHQW� � 6WDUW�'DWH��87&������������6WDUW����������������(YHQW�0D[���������������6WRS��� ������(YHQWV� � ����������������2EVHUYDWLRQ�FRYHUDJH�

I1  2024 09 21      16:04  18:45       21:48 PO, PO+PE, PE   ITO 

S1  2024 09 23      19:17 21:51      24:51  PO, PO+PE, TO, PO+PE, PE Post-B 

I2  2024 09 25      23:02       01:41     04:26  PO, PO+PE, PE   Egr 

S2  2024 09 28      02:15       04:50     07:30  PO, PO+PE, TO, PO+PE, PO Gapped-F 

I3  2024 09 30      06:00       08:38        11:09  PO, PO+PE, AO+PE, PO+PE, PO  Ing 

S3  2024 10 02      09:14       11:50      14:22  PO, PO+PE, TO, PO+PE, PO  Egr 

I4  2024 10 04      12:58       15:30      18:07  PO, PO+PE, AO+PE, PO+PE, PO  - 

S4  2024 10 06      16:12       18:48      21:20  PO, PO+PE, TO, PO+PE, PO  - 

I5  2024 10 08      19:57       22:26      25:05  PO, PO+PE, AO+PE, PO+PE, PO  - 

S5  2024 10 10      23:08       01:45      04:18  PE, PO+PE, TO, PO+PE, PO  ITO+B 

I6  2024 10 13      02:45       05:24        08:03  PE, PO+PE, PO   Ing 

S6  2024 10 15      05:52       08:42      11:16  PE, PO+PE, PO   - 

I7  2024 10 17      09:29       12:22      15:01  PE, PO+PE, PO   - 

S7  2024 10 19      12:37       15:40     18:14  PE, PO+PE, PO  Ing+Max 

I8  2024 10 21      16:14       19:20      21:58  PE, PO+PE, PO   Pre-B 

S8  2024 10 23      19:22       22:37     25:11  PE, PO+PE, PO   Egr 

7DEOH�,��0XWXDO�(YHQWV�6HDVRQ�������7KH�ILUVW�FROXPQ�LQGLFDWHV�LQIHULRU��,��RU�VXSHULRU��6��HYHQW�DQG�VHTXHQFH�QXPEHU��&ROXPQV�����JLYH�WKH�
SUHGLFWLRQV� RI� %UR]RYLü� HW� DO�� �������� ,Q� FROXPQ� ��� SRVVLEOH� HYHQWV� LQFOXGH�� 32��3DUWLDO� 2FFXOWDWLRQ�� 3(��3DUWLDO� (FOLSVH�� 32�3(��3DUWLDO�
2FXOWDWLRQ� DQG� 3DUWLDO� (FOLSVH� ZLWK� RYHUODS�� 72��7RWDO� 2FFXOWDWLRQ�� $2��$QQXODU� 2FFXOWDWLRQ�� &ROXPQ� �� 2EVHUYDWLRQ� &RYHUDJH� LQFOXGHV�
%��%DVHOLQH��,QJ��,QJUHVV��(JU��(JUHVV��)��)XOO��,72��,Q�7UDQVLW�2QO\��
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$FNQRZOHGJHPHQWV�

7KH�UHPRWH�REVHUYDWLRQV�ZHUH�IXQGHG�E\�WKH�8QLRQ�&ROOHJH�)DFXOW\�

5HVHDUFK�)XQG�JUDQW�WR�)3:��:H�DUH�JUDWHIXO�WR�L7HOHVFRSH�QHW�IRU�

D�IUHH�RQH�KRXU�REVHUYDWLRQ�QHDU�IXOO�PRRQ��

5HIHUHQFHV�

%LQ]HO�� 5�3�� �������� ³&DOO� IRU�2EVHUYDWLRQV� RI� WKH� 3DWURFOXV� DQG�

0HQRHWLXV�0XWXDO�(YHQWV��6XSSRUW�IRU�WKH�1$6$�/XF\�0LVVLRQ�WR�

WKH�7URMDQ�$VWHURLGV�´�Minor Planet Bull.����������

%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��

&ROOLQV��.�$���.LHONRSI��-�)���6WDVVXQ��.�*���+HVVPDQ��)�9����������

³$VWUR,PDJH-�� ,PDJH� 3URFHVVLQJ� DQG� 3KRWRPHWULF� ([WUDFWLRQ� IRU�

8OWUD�SUHFLVH�$VWURQRPLFDO�/LJKW�&XUYHV�´�Astron. J.�������������

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

%LHUKDXV��(���%LQ]HO��5���%RWWNH��:���%ULWW��'���%URZQ��0���%XLH��

0��� &KULVWHQVHQ�� 3��� (PHU\�� -��� *UXQG\�� :��� +DPLOWRQ�� 9�(���

+RZHWW�� &��� 0RWWROD�� 6��� 3lW]ROG�� 0��� 5HXWHU�� '��� 6SHQFHU�� -���

6WDWOHU��7�6���6WHUQ��6�$���6XQVKLQH��-���:HDYHU��+���:RQJ��,����������

³/XF\�0LVVLRQ�WR�WKH�7URMDQ�$VWHURLGV��6FLHQFH�*RDOV�´�Planetary 

Science J�����������SS��

0RUELGHOOL�� $��� /HYLVRQ�� +�)��� 7VLJDQLV�� .��� *RPHV�� 5�� ��������

³&KDRWLF� FDSWXUH� RI� -XSLWHU
V� 7URMDQ� DVWHURLGV� LQ� WKH� HDUO\� 6RODU�

6\VWHP�´�Nature���������������

1HVYRUQê��'���9RNURXKOLFNê��'���0RUELGHOOL��$���������³&DSWXUH�RI�

7URMDQV�E\�-XPSLQJ�-XSLWHU�´�Astrophys. J.�����������SS��

�

1DPH� � 6LWH� 7HOHVFRSH� &DPHUD� � �����$UUD\� ����� )LOWHU� )29��������6FDOH����SL[��

UCO  Schenectady, NY 0.50-m f/8.1 SBIG STXL-11002    2004×1336×9�m    Clear 30×20 0.93  

T30  Coonabarabran, Aus   0.50-m f/6.8 ML16200      3072×2048×9�m    R 28×42 0.81  

T32  Coonabarabran, Aus 0.43-m f/6.8 Moravian G4-16000    4096×4096×9�m    Lum 43×43 0.64  

CHI-1  Rio Hurtado, Chile   0.61-m f/6.8 QHY 600M Pro         9576×6382×3.8�m  r’ 31×21 0.395 

7DEOH�,,��7HOHVFRSHV�DQG�&DPHUDV��)LOWHUV��R��&RXVLQV�R��r’��6ORDQ�r’��/XP��/XPLQDQFH��&OHDU��&OHDU�XY�EORFN��


