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:H� UHSRUW� RQ� DGGLWLRQDO� REVHUYDWLRQV� PDGH� DQG� DQDO\VLV�

IROORZLQJ� �:DUQHU� HW� DO��� ������� FRQWLQXLQJ� WKH� HIIRUW� WR�

SURYLGH�GDWD�SULRU�WR�IRU�1$6$¶V�/XF\�IO\�E\�PLVVLRQ�LQ������

0DUFK��7KH�DGGLWLRQDO�GDWD�OHG�WR�WKH�VDPH�SHULRG����������K��

EXW�WKH�IRUPDO�SUHFLVLRQ�ZDV�UHGXFHG�E\�KDOI�WR�������K��'DWD�

IRU� ����� 2FWREHU� ������ UHFHLYHG� DIWHU� VXEPLVVLRQ� RI� RXU�

SUHYLRXV�ZRUN�ILOOHG�LQ�WKH�PLVVLQJ�SDUW�RI�WKH�HYHQW��DQG�ZH�

ZHUH�DEOH�WR�UHILQH�WKH�GDWH�DQG�WLPH�IRU�WKH�VWDUW�DQG�PLQLPXP�

RI�WKH�HYHQW��2WKHU�REVHUYDWLRQV�LQ�ODWH������2FWREHU�WKURXJK�

�����-DQXDU\����ZHUH�HLWKHU�RXWVLGH�DQ�HYHQW�RU�FRYHUHG�RQO\�

SDUW�RI�RQH��$V�EHIRUH��ZH�RIIHU�QR�LQWHUSUHWDWLRQ�UHJDUGLQJ�WKH�

SDUDPHWHUV� RI� WKH� V\VWHP�EH\RQG� WKH� URWDWLRQ�RUELWDO� SHULRG��

:H� DOVR� UHSRUW� +�*� YDOXHV� RI� HPR�  � ������ �� ��������

GPR�  � ������ �� ������� 7KH� YDOXH� IRU�HPR� ZDV� FRQYHUWHG� WR��

H� ��������������7KH�03&�UHSRUWV�H� ������XVLQJ�G� �������

�

,Q������0DUFK��1$6$¶V�/XF\�PLVVLRQ�ZLOO�IO\�E\�WKH�-XSLWHU�WURMDQ�

����3DWURFOXV�DQG�LWV�PRRQ��0HQRHWLXV��0LVVLRQ�SODQQLQJ�UHTXLUHV�

KDYLQJ�DQ�DFFXUDWH�GHWHUPLQDWLRQ�RI�WKH�RUELWDO�SHULRG��WKH�URWDWLRQ�

SHULRG� RI� WKH� V\VWHP� �VOLJKWO\� GLIIHUHQW� LI� H[FOXGLQJ� HYHQWV� IURP�

DQDO\VLV��� DQG� WKH� RUELWDO� SDUDPHWHUV�� $� FDOO� ZDV� SXW� RXW� IRU�

SKRWRPHWULF�REVHUYDWLRQV�RI� WKH� V\VWHP�GXULQJ� WKH�PXWXDO�HYHQWV�

VHDVRQ�LQ�PLG������WR�PLG�������H�J���%LQ]HO���������7KH�WLPLQJ��

GHSWKV��DQG�VKDSHV�RI�WKH�HYHQWV�ZRXOG�SURYLGH�FULWLFDO�LQIRUPDWLRQ�

QHHGHG�IRU�PLVVLRQ�SODQQLQJ��

,Q�UHVSRQVH�WR�WKLV�FDOO��ZH�REVHUYHG�WKH�SDLU�IURP������6HSWHPEHU�

WR�PLG�2FWREHU��7KH�GHWDLOV�RI�RXU�REVHUYDWLRQV��GDWD�PHDVXUHPHQW��

DQG�DQDO\VLV�FDQ�EH�IRXQG�LQ�:DUQHU�HW�DO���������UHIHUHQFHG�IURP�

KHUH�RQ�DV�:($��DQG�DUH�QRW�UHSHDWHG�KHUH��

2XU� DGGLWLRQDO� REVHUYDWLRQV� FRYHU� WKH� SHULRG� IURP� ������

1RYHPEHU���WKURXJK������-DQXDU\�����7DEOH�,�JLYHV�WKH�GDWHV�DQG�

REVHUYHUV�IRU�WKH�QHZ�REVHUYDWLRQV��

2UELWDO�3HULRG�$QDO\VLV�

7KH�SKDVHG�SORW�LV�ILW�WR�WKH�DGRSWHG�SHULRG�RI�����������������K��

7KH�SHULRG�LV�WKH�VDPH�DV�LQ�:($��EXW�WKH�IRUPDO�SUHFLVLRQ�LV�KDOI�

WKDW�RI�WKH�SUHYLRXV�UHVXOW��$V�QRWHG�LQ�:($��WKLV�LV�WKH�IRUPDO�HUURU�

UHSRUWHG�E\�WKH�)$/&�DOJRULWKP��$�EHWWHU�HVWLPDWH�LV�WKH�HUURU�LQ�

WKH�SHULRG�WKDW�ZRXOG�VKLIW�WKH�GDWD�IURP�WKH�LQLWLDO�PDWFK�E\������WR�

�����SKDVH��WKH�ODWWHU�EHLQJ�WKH�VR�FDOOHG�2% rule���8VLQJ������SKDVH�

IRU� WKH� JDXJH�� D�PRUH� UHDVRQDEOH� HUURU� LV� ����� K��%UR]RYLF� HW� DO��

������� UHSRUWHG�����������������K�� VR�RXU� UHVXOW� DJUHHV�ZLWK� WKH�

PDUJLQ�RI�HUURUV��

*LYHQ� WKH� VKDSH� RI� WKH� OLJKWFXUYH� DQG� GHSWK� RI�PLQLPXPV� DORQJ�

ZLWK� WKH� NQRZQ� QDWXUH� RI� WKH� DVWHURLG�� QR� DWWHPSW� ZDV� PDGH� WR�

VHDUFK�IRU�VKRUWHU�RU�ORQJHU�DOLDV�SHULRGV��

�
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7DEOH�,��/LVW�RI�REVHUYHUV�DQG�GDWHV�RI�FRQWULEXWHG�GDWD��7KH�³7HO´�
FROXPQ�JLYHV�WKH�WHOHVFRSH�DSHUWXUH��LQ�PHWHUV��
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To save space and repetition, the legend, zero-point JD, and period 

are included in the common plot above, which applies to all but the 

two plots where the period was found when excluding events.�

$GGLWLRQDO�2EVHUYDWLRQV��8SGDWHG�1HZ�2XW�RI�(YHQWV�

7KH� VXSHULRU� HYHQW� RFFXUV�ZKHQ� WKH� VHFRQGDU\��0HQRHWLXV��goes 

behind the primary�� 3DWURFOXV�� 7KH� LQIHULRU� HYHQW� RFFXUV� ZKHQ�

0HQRHWLXV�passes in front RI�3DWURFOXV��7KH�GHSWK�RI�DERXW������PDJ�

IRU�WKH�LQIHULRU�HYHQW��WKH�VDPH�DV�LV�LQ�:($��OHDGV�WR�DQ�HVWLPDWHG�

HIIHFWLYH�GLDPHWHU�UDWLR�EHWZHHQ�0HQRHWLXV�DQG�3DWURFOXV�RI�DW�OHDVW�

����� �� ������ 7KLV� LV� FORVH� WR� WKH� ����� EDVHG� RQ� WKH� SXEOLVKHG�

HIIHFWLYH�GLDPHWHUV�RI�WKH�WZR�ERGLHV��/&'%��:DUQHU�HW�DO����������

The X-axis of the plots use light-time corrected JD, which is 

required for proper period analysis. The program reports the UTC 

and LTC UTC when clicking on a point in the plot. 

7KH�,QGLYLGXDO�(YHQWV�

)RU�HDFK�HYHQW��WKH�GDWH�DQG�W\SH�DUH�JLYHQ��8VH�7DEOH�,,�WR�LQWHUSUHW�

WKH� HYHQW� W\SHV��$Q� HYHQW� LQ� EROG� WH[W� LV� WKH� RQH� WKDW� FDXVHV� WKH�

JUHDWHVW�PDJQLWXGH�GURS��6LQFH�WKH�IXOO�LQGLYLGXDO�HYHQWV�ZHUH�QRW�

REVHUYHG�LQ�WKHLU�HQWLUHW\��RQO\�VRPH�RI�WKH�PXWXDO�FLUFXPVWDQFHV�

RI�DQ�HYHQW�ZHUH�FRYHUHG��

�����2FWREHU��������6XSHULRU���3(�32�3(��72��32�3(��32���7KH�

VWDUW�DQG�DSSDUHQW�PLQLPXP�RI�WKLV�HYHQW�ZHUH�REVHUYHG�E\�1DVWDVL�

�/�����%HFDXVH�RI�RFFDVLRQDO�SHULRGV�RI�GLPLQLVKHG�WUDQVSDUHQF\��

WKH�HVWLPDWH�IRU�WKH�VWDUW�WLPH�LV�PRUH�XQFHUWDLQ�WKDQ�LQ�RWKHU�FDVHV��

*HEDXHU� DQG� &ORXWLHU� SURYLGHG� DGGLWLRQDO� GDWD� DIWHU� :($�

SXEOLFDWLRQ�WKDW�FRPSOHWHG�WKH�DVFHQGLQJ�EUDQFK�RI�WKH�OLJKWFXUYH��

DOORZLQJ�XV�WR�ILQG�D�EHWWHU�HVWLPDWH�IRU�WKH�PLQLPXP�DQG�HYHQW�HQG��

)RU�WKH�VWDUW�RI�WKH�HYHQW��RXU�EHVW�HVWLPDWH�LV�RQ�2FW����DW�������87�

�������G�RQ�WKH�SORW���%UR]RYLF�DW�DO��SUHGLFWHG�������87��������G���

2XU� HVWLPDWH� IRU� WKH� WLPH� RI� PLQLPXP� LV� 2FW� ��� DW� ������ 87��

�������G�RQ� WKH�SORW���%UR]RYLF�HW� DO�� �������SUHGLFWHG�������87�

�������G���7KH�SUHGLFWHG�WLPH�RI�HYHQW�HQG�ZDV�2FW����DW�������87��

:H�HVWLPDWH�WKH�WLPH�WR�EH�������87��

�

����� 2FWREHU� ������ �6XSHULRU� �� 3(�� 32�3(�� 32��� 2YHUODSSLQJ�

REVHUYDWLRQV� ZHUH� PDGH� 1DVWDVL� DQG� 6LRXODV�� 2EVHUYDWLRQV� E\�

:DUQHU�ZHUH�SRVW�HYHQW��DV�VKRZQ�RQ�WKH�ULJKW�VLGH�RI�WKH�SORW��

�

7DEOH�,,��7KH�OHJHQG��-'�]HUR�SRLQW��DQG�GHULYHG�SHULRG�IRU�WKH�SKDVHG�SORW��7KH�UDZ�SORWV�DUH�EDVHG�RQ�D�VXEVHW�RI�WKH�IXOO�GDWD�VHW�DQG�
KDYH�WKHLU�RZQ�OHJHQGV��-'�]HUR�SRLQW��6HVVLRQ�QXPEHUV�DUH�PRVWO\��EXW�QRW�DOZD\V��LQ�GDWH�RUGHU��$�V\PERO�VL]H�FRORU�FRPELQDWLRQ�FDQ�
DSSHDU�PRUH�WKDQ�RQFH�GXH�WR�WKH�OLPLWHG�QXPEHU�RI�VROLG�FRORUV�DQG�V\PERO�VKDSHV��

6XSHULRU�(YHQWV�

PO Partial Occultation 

PE Partial Eclipse 

PO+PE Partial Occultation and Partial  

Eclipse with overlap 

PO_PE Partial Occultation and Partial Eclipse 

without overlap 

TO Total Occultation 

TE Total Eclipse 

 

,QIHULRU�(YHQWV�

PO Partial Occultation 

PE Partial Eclipse 

PO+PE Partial Occultation and Partial Eclipse 

with overlap 

PO_PE Partial Occultation and Partial Eclipse 

without overlap 

AO Annular Occultation 

AO+PE Annular Occultation and Partial Eclipse 

with overlap 

AE Annular Eclipse 

7DEOH� ,,,�� /LVW� RI� DEEUHYLDWLRQV� IRU� VXSHULRU� DQG� LQIHULRU�PXWXDO�
HYHQWV�DV�GHILQHG�E\�%UR]RYLF�HW�DO����������
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6LQFH� WKH� PLQLPXP� ZDV� ZHOO�FRYHUHG�� LW� ZDV� SRVVLEOH� WR� ILQG� D�

UHDVRQDEO\�DFFXUDWH�WLPH�RI�PLQLPXP�������2FW����DW�������87��

7KH�SUHGLFWLRQ�E\�%UR]RYLF�HW�DO���������ZDV�������87�RQ�WKH�VDPH�

GDWH��$V�QRWHG�LQ�:($��HVWLPDWLQJ�WKH�H[DFW�WLPH�RI�WKH�VWDUW�RU�HQG�

WLPH�IRU�DQ�HYHQW�ZDV�QRW�SRVVLEOH�EXW��LQVWHDG��RQO\�D�EHVW�JXHVV�

³IX]]\´�HVWLPDWH��2XU�HVWLPDWH�LV������2FW����DW�������87��

����� 2FWREHU� ������ �,QIHULRU� �� 3(�� 32�3(�� 32��� 2EVHUYDWLRQV�

ZHUH�PDGH�E\�:DUQHU��7KH�GDWD�FRYHUHG�WKH�HQG�RI�WKH�HYHQW��EXW�

PLVVHG�WKH�VWDUW��7KH�TXHVWLRQ�RI�ZKHWKHU�RU�QRW�WKH�PLQLPXP�ZDV�

FDXJKW�OHIW�URRP�IRU�GRXEW��

�

:H�WRRN�WKH�OLEHUW\�RI�XVLQJ�WKH�PDJQLWXGH�GURS�RI�����PDJ�WR�EH�

�����WLPHV�WKH�HVWLPDWHG�IXOO�GURS�RI�����PDJ�EDVHG�RQ�RXU�DQDO\VLV�

�VHH�7DEOH�,,,���)URP�WKH�SORW�DQG�%UR]RYLF�HW�DO���������WLPHV��WKH�

HYHQW�ZDV�HVWLPDWHG�WR�EH�DERXW�����PLQXWHV�ORQJ�DQG�VR�WKH�WLPH�

IURP�PLQLPXP�WR�HYHQW�HQG��DVVXPLQJ�D�V\PPHWULFDO�HYHQW��ZRXOG�

EH�����PLQXWHV��$VVXPLQJ�WKDW�WKH�ULVH�IURP�PLQLPXP�WR�RXU�ILUVW�

GDWD�SRLQW�ZRXOG�WDNH�DERXW����PLQXWHV��WKHQ�ZH�HVWLPDWH�WKH�WLPH�

RI�PLQLPXP�WR�EH������2FW����DW�������87��%UR]RYLF�HW�DO���������

SUHGLFWHG�D�WLPH�RI�������87��

�����1RYHPEHU�����,QIHULRU���3(��32B3(��32���2EVHUYDWLRQV�ZHUH�

PDGH�E\�:DUQHU��7KH�GDWD�DSSHDU�WR�EHJLQ�QHDU�HYHQW�VWDUW�DQG�RQO\�

SDUWLDOO\� FRYHU� WKH� PLQLPXP�� 8VLQJ� WKH� PHWKRG� E\� +HUW]VSUXQJ�

�������DV�GHVFULEHG�E\�+HQGHQ�DQG�.DLWFKXFN��������DQG�H[SODLQHG�

LQ� :($�� ZH� WULHG� WR� H[WUDSRODWH� D� WLPH� RI� PLQLPXP�� ZKLFK�

GHSHQGHG�RQ�ZKLFK�GDWD�SRLQW�DW�WKH�OHIW�VLGH�RI�WKH�SORW�ZH�FKRVH�

WR�EH�WKH�VWDUW�RI�WKH�HYHQW��ZH�XVHG�WKH�ILUVW��

7KLV� HYHQWXDOO\� OHG� WR� ����� 1RYHPEHU� ��� DW� ������ 87�� �� ���

PLQXWHV��7KH�PLG�WLPH�LV�RQO\�RQH�PLQXWH�DZD\�IURP�%UR]RYLF�HW�

DO����������

�

�����'HFHPEHU��������6XSHULRU���32���2EVHUYDWLRQV�ZHUH�PDGH�E\�

*HEDXHU�DQG�&ORXWLHU��,W�PD\�QRW�VHHP�WKDW�DQ\�SDUW�RI� WKH�HYHQW�

ZDV�FDSWXUHG��+RZHYHU��D�FORVH�LQVSHFWLRQ�RI�WKH�SKDVHG�SORW�VKRZV�

WKDW�WKH�OLJKWFXUYH�IDOOV�YHU\�EULHIO\�DW�WKH�HQG�RI�DQ�HYHQW�EHIRUH�

VORZLQJ� ULVLQJ� WR� D�PD[LPXP�KDOI�ZD\�EHWZHHQ� WKH� VXSHULRU� DQG�

LQIHULRU�HYHQWV��

�

7KH�GDWD�VHHP�WR�GR�VRPHWKLQJ�OLNH�WKDW��DQG�VR�ZH�WRRN�WKH�GDWD�

SRLQW� MXVW� EHIRUH� WKH� VPDOO� GLS� LQ� WKH� OLJKWFXUYH� WR� EH� WKH�

DSSUR[LPDWH�HQG�RI�WKH�HYHQW��(QG�����ZKLFK�ZDV������'HFHPEHU�

���DW�������87��2Q�WKH�RWKHU�KDQG��WKH�HVWLPDWHG�WLPH�RI�PLQLPXP�

LQ� WKDW� VPDOO� GLS� �(QG� ��� LV� ������ 87�� RU� �� PLQXWHV� DKHDG� RI�

%UR]RYLF�HW�DO��

�����-DQXDU\������6XSHULRU���32���2EVHUYDWLRQV�ZHUH�E\�*HEDXHU�

DQG�&ORXWLHU��8QIRUWXQDWHO\��WKHLU�REVHUYLQJ�UXQ�ZDV�KDPSHUHG�E\�

WKH� DOWLWXGH� DSSURDFKLQJ� WKH� SUHIHUUHG� PLQLPXP� RI� ���� DQG�

GHWHULRUDWLQJ�FRQGLWLRQV��6HVVLRQ����LV�EDVHG�RQ�WKH�ILUVW�WZR�RI�WKUHH�

VSOLWV�� WKH� PDMRULW\� RI� WKH� H[SRVXUHV� EHLQJ� ��� VHFRQGV�� ZLWK��

615�a�����%\�WKH�WLPH�RI�WKH�ODVW�RI�WKH�WKUHH�VSOLWV��615�a�����

�

�
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7KH� ³5DZ� ��1R�%LQQLQJ´� SORW� VKRZV� WKH� UDZ� GDWD� DV�PHDVXUHG��

)URP� WKLV�� LW¶V�KDUG� WR� VD\� LI� WKH�GDWD�ZHUH� VWHDGLO\� LQFUHDVLQJ�RU�

FRYHUHG�D�PLQLPXP�ZLWK�WKH�LQLWLDO�GDWD�EHLQJ�³EDG�´�7KH�GDWD�ZHUH�

VPRRWKHG� E\� ELQQLQJ� WKHP� �î���� PHDQLQJ� ILYH� VXFFHVVLYH� GDWD�

SRLQWV��HDFK�QR�PRUH�WKDQ����PLQXWHV�DIWHU�WKH�SUHYLRXV�RQH��ZHUH�

DYHUDJHG� DQG� XVHG� DV� D� VLQJOH� GDWD� SRLQW�� ,I� WZR� VXFFHVVLYH� GDWD�

SRLQWV�ZHUH�PRUH�WKDQ����PLQXWHV�DSDUW��D�QHZ�ELQ�ZDV�VWDUWHG��

7KH�UHVXOW�LV�VKRZQ�LQ�WKH�³5DZ����î�%LQQLQJ´�SORW��ZKLFK��VWDUWHG�

WR� VKRZ� D� WUHQG� WKDW� VWHDGLO\� JUHZ� EULJKWHU�� *RLQJ� EDFN� WR� WKH�

XQELQQHG� UDZ� SORW�� GDWD� SRLQWV� ZHUH� H[FOXGHG� WKDW�� VXEMHFWLYHO\��

VWUD\HG�WRR�IDU�IURP�WKH�WUHQG��7KH�UHVXOW�LV�VKRZQ�LQ�WKH�³6PRRWKHG�

���î�%LQQLQJ´�SORW��:KHQ�VDWLVILHG�� WKH�SORW�ZDV� UHVHW� WR�ZLWK�QR�

ELQQLQJ��DV�VKRZQ�LQ�³6PRRWKHG���1R�%LQQLQJ�´�

�

�

2Q�WKH�EURDG�DVVXPSWLRQ�WKDW�ZH�ZHUH�ZRUNLQJ�ZLWK�YDOLG�ILOWHUHG�

GDWD� VHW�� ZH� KRSHG� WR� XVH� WKH� +HUW]VSUXQJ� PHWKRG� WR� ILQG� D�

PLQLPXP��+RZHYHU��WKDW�PHWKRG�UHTXLUHV�D�PLQLPXP�RI�WKUHH�GDWD�

SRLQWV� RQ� HLWKHU� VLGH� RI� WKH� SURSRVHG� PLQLPXP�� 7KLV� FRQGLWLRQ�

FRXOG�QRW�EH�PHW��7KHUHIRUH��ZH�HVWLPDWHG�WKH�WLPH�RI�WKH�PLQLPXP�

EDVHG�RQ�WKH�HDUOLHVW�GDWD�SRLQW�WKDW�VHHPHG�FORVH�WR�WKH�WUHQG�OLQH��

7KLV� JDYH� ����� -DQXDU\� �� DW� ������ 87�� %UR]RYLF� HW� DO�� �������

SUHGLFWHG�WKH�PLQLPXP�WR�RFFXU�RQ������-DQXDU\���DW�������87��

7KH�GLIIHUHQFH�LV�DOPRVW�WZR�KRXUV��RU�DERXW�������GD\��

+RZHYHU��WKDW�WLPH�LV�DOPRVW�WKH�VDPH�DV�WKH�SUHGLFWHG�VWDUW�RI�WKH�

HYHQW�������-DQXDU\���DW���������7KH�GDWD�VKRXOG�EH�GHFUHDVLQJ�LQ�

EULJKWQHVV��EXW�WKH\�DUH�JRLQJ�LQ�WKH�RSSRVLWLRQ�GLUHFWLRQ��7KHUH¶V�

\HW� RQH� PRUH�� YHU\� LQWULJXLQJ� SUREOHP�� 7KDW� LV� GHWDLOHG� LQ� WKH�

³6TXDUH�3HJV�LQWR�D�5RXQG�+ROH´�VHFWLRQ�EHORZ��

3DUDPHWHUV� 7KLV�3DSHU� %UR]RYLF�HW�DO�� 'LIIHUHQFH�

Rotational Period with Events (h) 102.873 ± 0.006 102.876 ± 0.005 0.003 h 

Minimum Depth (Superior, mag) 0.79 ± 0.03 0.76 0.03 mag 

Maximum Depth (Inferior, mag) 0.60 ± 0.03 0.61 0.01 mag 

Effective Diameter Ratio (Menoetius/Patroclus) 0.86 ± 0.03 0.92 0.06 ± 0.06 

2EVHUYHG�(YHQWV� 7KLV�3DSHU� %UR]RYLF�HW�DO��� 87�%UR]RYLF�

� 87� 87� PLQXWHV�

Oct 10 – Superior (start) 22:50 23:08 -18 

                  (minimum – Oct 11) 01:56 01:45 +11 

                  (end – Oct 11) 04:35 04:18 +17 

Oct 23-24 – Superior (start) 19:21 19:22 -1 

                     (minimum) 22:39 22:37 +2 

Oct 25-26 – Inferior (minimum – see text) 02:34 02:18 +16 

                     (end) 04:57 04:55 +2 

Nov 12 – Inferior    (minimum – see text) 05:45-06:15 05:59 +1  

Dec 22-23 – Superior (end 1 – see text) 00:15 00:21 -6 

                     (end 2 – see text) 00:23 00:21 +1  

Jan 8-9 – Superior   (minimum) 00:34 00:59 -25 

7DEOH� ,9��$� OLVWLQJ�RI� WKH�REVHUYHG�HYHQWV��JLYLQJ� WKH�HVWLPDWHG�87� IURP� WKLV�SDSHU�� WKH�87�SUHGLFWHG�E\�%UR]RYLF�HW�DO�� ��������DQG� WKH�
GLIIHUHQFH�EHWZHHQ�RXU�HVWLPDWH� DQG�%UR]RYLF�HW� DO�� ��������7KH� UHVXOWV� IRU������2FWREHU�������DUH�EDVHG�DGGLWLRQDO�REVHUYDWLRQV� IURP�
*HEDXHU�DQG�&ORXWLHU��
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�����-DQXDU\�����,QIHULRU���32���%\�WKH�WLPH�:DUQHU�PDGH�WKHVH�

REVHUYDWLRQV�� 3DWURFOXV�ZDV� DERYH� WKH� ����PLQLPXP� DOWLWXGH� IRU�

RQO\�DERXW�WZR�KRXUV��7KHVH�ZRXOG�EH�WKH�ODVW�REVHUYDWLRQV�RI�WKH�

FDPSDLJQ��

�

7KH�WLPH�RI�WKH�DSSDUHQW�PLQLPXP�������-DQXDU\����DW�������87��

LV�DOPRVW�DQ�KRXU�EHIRUH�WKH�������SUHGLFWHG�E\�%UR]RYLF�HW�DO��7KH�

GDWD� OLNHO\� UHSUHVHQW� VRPH� VRUW� RI� ORFDO� PLQLPXP�� 2Q� WKH� RWKHU�

KDQG�� LI� SUHVXPLQJ� WKDW� WKH� GDWD� VKRZ� WKH� VWDUW� RI� WKH� HYHQW�� DQ�

HVWLPDWH�RI� WKH� VWDUW� WLPH� LV� DERXW������ -DQXDU\����DW�������87��

%UR]RYLF�HW�DO���������SUHGLFWHG�������87��

6TXDUH�3HJV�LQWR�D�5RXQG�+ROH�

�

$� PDJQLILHG� VHFWLRQ� RI� WKH� SKDVHG� SORW�� IRUFHG� WR� D� SHULRG� RI�

�������� K�� VKRZV� WKH� GDWD� IURP� ����� 'HFHPEHU� ��� DQG� �����

-DQXDU\����ERWK�REWDLQHG�E\�*HEDXHU�DQG�&ORXWLHU��6HYHUDO�WKLQJV�

VWDQG�RXW��:H¶OO�VDYH�WKH�PRVW�LQWHUHVWLQJ�RQH�IRU�ODVW��

$VVXPLQJ�WKDW�WKH�ORFDWLRQ�LQ�WKH�SKDVHG�SORW�IRU�WKHVH�WZR�GDWD�VHWV�

LV�FRUUHFW��ERWK�UHTXLUHG�D�QHDUO\������PDJ�]HUR�SRLQW�DGMXVWPHQW�WR�

JHW� DQ� DSSUR[LPDWH�PDWFK� WR� WKH� RWKHU� LQIHULRU� HYHQW�PLQLPXPV��

6HWWLQJ�WKH�]HUR�SRLQW�RIIVHWV�WR�����UDLVHG�WKH�-DQXDU\���GDWD�VXFK�

WKDW� LW� ZDV� ���� PDJ� EULJKWHU� WKDQ� DQ\� RWKHU� SDUW� RI� WKH� FXUYH���

*HEDXHU�DQG�&ORXWLHU�XVHG�DQ�65�ILOWHU��ZKLFK�PLJKW�KDYH�H[SODLQHG�

WKH� LVVXH�� EXW� WKH� PHDVXUHPHQWV� ZHUH� PDGH� XVLQJ� WKH� $7/$6�

UHIFDW���7RQU\�HW�DO���������U��PDJQLWXGHV��DV�ZHUH�DOO�RWKHUV���&OHDU�

DQG�65�ILOWHUV�DOLNH��6XFK�DQ�RIIVHW�VKRXOG�QRW�EH�UHTXLUHG�VLQFH�DOO�

WKH� RWKHU� VHVVLRQV� UHTXLUHG� QR� PRUH� WKDQ� ������ PDJ� ]HUR�SRLQW�

DGMXVWPHQW��

1R�DPRXQW�RI�RUELWDO�SHULRG� UHILQHPHQW� DQG�RU� ]HUR�SRLQW�RIIVHWV�

FRXOG�JHW�HLWKHU�RI�WKRVH�WZR�VHVVLRQV�WR�PDWFK�WKH�UHVW�RI�WKH�GDWD�

DW�WKH�LQIHULRU�HYHQW��(YHQ�LI�WKH�WZR�VHVVLRQV�DUH�QRW�LQFOXGHG��WKHUH�

ZDV�QR�VLQJOH�SHULRG�VROXWLRQ�WKDW�DOORZHG�DOO�WKH�LQIHULRU�HYHQWV�WR�

RYHUODS�SHUIHFWO\��7KH�GDWD�IRU�DOO�WKH�REVHUYHG�VXSHULRU�HYHQWV��ILW�

WLJKWO\�DERXW�WKH�VDPH�PLQLPXP��

1RZ�FRPHV�WKH�PRVW�FRQIXVLQJ�UHVXOW��7KH�-DQXDU\�����GDWD�DUH�IRU�

D�superior�HYHQW��7KLV�PHDQV�WKDW�WKH\�VKRXOG�EH�RQ�WKH�SKDVHG�SORW�

DW�DERXW�������,QVWHDG��WKH\�DUH�QHDU� WKH�LQIHULRU�HYHQW�SKDVH�QHDU�

������$JDLQ��QR�FRPELQDWLRQ�RI�UHDVRQDEOH�SHULRG�FKDQJHV�RU�]HUR�

SRLQW� DGMXVWPHQWV� FRXOG� UHVROYH� WKH� LVVXH�� :KDW¶V� MXVW� DV�

FRQIRXQGLQJ�LV�WKDW�WKH�87�WLPHV�RI�WKH�GDWD�SRLQWV�DUH�FORVH�WR�ZKDW�

WKH\�VKRXOG�EH�IRU�WKH�VXSHULRU�HYHQW��not�LQIHULRU��

$Q\�H[SODQDWLRQ�RI�WKHVH�LVVXHV��DVVXPLQJ�YDOLG�GDWD��LV�EH\RQG�WKH�

VFRSH�RI�WKLV�SDSHU��

+�*�3DUDPHWHUV�

7KH�FRPSOHWH�GDWD�VHW�FRYHUHG�SKDVH�DQJOHV�IURP�����WKH�PLQLPXP�

RYHU� WKH� UDQJH� RI� GDWHV�� WR� ����� 7KLV� DOORZHG� WU\LQJ� WR� ILQG� WKH�

DEVROXWH� PDJQLWXGH� �H�� DQG� SKDVH� VORSH� SDUDPHWHU� �*�� IRU� WKH�

DVWHURLG��

7KH� ³1R�+�*�&RUUHFWLRQV´� SORW� VKRZV� WKH� UDZ� GDWD� VHW� ZLWKRXW�

FRUUHFWLQJ� IRU� FKDQJLQJ� (DUWK�6XQ� GLVWDQFHV� DQG� SKDVH� DQJOH�� ,Q�

RWKHU�ZRUGV��WKHVH�DUH�WKH�UDZ�³VN\´��FDWDORJ��PDJQLWXGHV�SORWWHG�

DJDLQVW�-XOLDQ�'DWH��7KH�FXUYH�VKRZV�WKH�H[SHFWHG�EHKDYLRU�DV�WKH�

DVWHURLG�ZHQW�IURP�SHDN�EULJKWQHVV�QHDU�RU�DW�PLQLPXP�SKDVH�DQJOH�

�SUHVXPDEO\� DOVR� WKH� FORVHVW� (DUWK� DQG� 6XQ� GLVWDQFHV�� DQG�

GHVFHQGHG� GRZQ� DQG� WR� ULJKW� DV� WKH� GLVWDQFHV� DQG� SKDVH� DQJOH�

LQFUHDVHG��

�

�
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7KH� VWDQGDUG�PHWKRG� WR� ILQG� +� LV� WR� XVH� WKH�PHDQ� YDOXH� RI� WKH�

DPSOLWXGH�RI�WKH�OLJKWFXUYH�at the time of the observation��,Q�FDVHV�

ZKHUH� WKH� SHULRG� H[FHHGV� WKH�PD[LPXP� OHQJWK�RI� DQ\� REVHUYLQJ�

UXQ��WKHUH�DUH�VHYHUDO�PHWKRGV�WR�LQWHUSRODWH�WKDW�YDOXH�EDVHG�RQ�WKH�

SDUWLDO� DQG� IXOO�� SKDVHG� OLJKWFXUYH�� ,Q� WKLV� FDVH�� :DUQHU� MXVW�

³H\HEDOOHG´�YDOXHV�DIWHU�]RRPLQJ�WLJKW�RQ�WKH�FXUYH�DQG�IROORZLQJ�

WKH�FXUYH�DORQJ�WKH�ZD\��7KLV�LV�FUXGH��EXW�LW�ZDV�VXFFHVVIXO���this 

time��

7KH�+�*�SORW�VKRZV�WKH�GHULYHG�UHGXFHG�PDJQLWXGHV��L�H���WKH�UDZ�

VN\�PDJQLWXGHV�DVVXPLQJ�(DUWK�DQG�6XQ�GLVWDQFHV�RI���DX��DQG�WKH�

SKDVH� DQJOH�� ,W� VKRZV� D� WLJKW� ILW� WR� WKH� OLQH� WKDW� H[WUDSRODWHV� WR��

HPR� ���������������XVLQJ�GPR� ����������������7KH�ORZ�DOEHGR�LV�

FRQVLVWHQW�ZLWK�GDUNHU� DVWHURLGV�� H�J��� WD[RQRPLF� W\SH�&��ZKLFK� ��

DORQJ�ZLWK�3���LV�WKH�GRPLQDQW�W\SH�DPRQJ�WKH�-XSLWHU�7URMDQV��

%\�GHILQLWLRQ��H�LV�D�9�PDJQLWXGH��7R�JHW�WKLV�UHTXLUHG�XVLQJ�VRPH�

FRQYHUVLRQ�IRUPXODH�WKDW�VWDUWHG�ZLWK�9�5� �������&KDWHODLQ�HW�DO���

������DQG�%�9� �������&KDWHODLQ��������DQG�XVHG�WKHVH�LQ�IRUPXODH�

IURP�.RVWRY�DQG�%RQHY���������ZKR�FRQYHUWHG�griz�PDJQLWXGHV�WR�

%95,�EDVHG�RQ�IRUPXODH�IURP�6WHWVRQ���������7KH�QHW�UHVXOW�ZDV�D�

FRUUHFWLRQ�RI�������PDJ��ZKLFK�JLYHV�H� ��������������7KH�03&�

XVHV�H� �������G� �������1RWH�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�HPR�DQG�

H� LV� GHSHQGHQW� RQ� WKH� FRORU� LQGH[� RI� DQ� REMHFW� DQG� VR� LV� QRW� D�

FRQVWDQW��

5HPDUNV�

$OO�WKH�GDWD�XVHG�LQ�WKH�DQDO\VLV�ZLOO�EH�XSORDGHG�WR�WKH�$VWHURLG�

/LJKWFXUYH� 'DWD� ([FKDQJH� )RUPDW� �$/&'()�� ZHE� VLWH� DW�

https://alcdef.org�DIWHU�SXEOLFDWLRQ�RI�WKH�IROORZ�XS�SDSHU��

$FNQRZOHGJHPHQWV�

7KLV� UHVHDUFK� KDV� PDGH� XVH� RI� WKH� $VWURSK\VLFV� 'DWD� 6\VWHP��

IXQGHG� E\� 1$6$� XQGHU� &RRSHUDWLYH� $JUHHPHQW�

��166&��0������� 7KLV� ZRUN� KDV� PDGH� XVH� RI� 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\��:H�WKDQN�Minor Planet Bulletin�HGLWRU��

5LFKDUG�%LQ]HO��DQG�SURGXFHU��3HGUR�$��9DOGpV�6DGD��IRU�H[WHQGLQJ�

WKH�XVXDO�VXEPLVVLRQ�GHDGOLQH�IRU�WKLV�LVVXH�VR�WKDW�ZH�FRXOG�REVHUYH�

DQG� UHSRUW� RQ� DV�PDQ\� HYHQWV� DV� SRVVLEOH��:DUQHU� DQG� 6WHSKHQV�

WKDQN� WKH�3ODQHWDU\�6RFLHW\� IRU� ����� DQG� �����6KRHPDNHU�1(2�

JUDQWV�ZKLFK�KHOSHG�SXUFKDVH�VRPH�RI�WKH�HTXLSPHQW�XVHG�LQ�WKLV�

HIIRUW��,Q�DGGLWLRQ��:DUQHU�WKDQNV�5REHUW�'���³%RE´��6WHSKHQV��KLV�

ORQJ�WLPH� REVHUYLQJ� FRKRUW� DQG� RFFDVLRQDO� RQ�VLWH� PDLQWHQDQFH�

HQJLQHHU�� IRU� KLV� KHOS� WKURXJKRXW� WKH� \HDUV�� 7HGHVFR� WKDQNV� WKH�

:LOVRQ� 3LFOHU� )RXQGDWLRQ� IRU� WKHLU� VXSSRUW�� 'XUNHH� WKDQNV� WKH�

3ODQHWDU\� 6RFLHW\� IRU� WKH� 6KRHPDNHU� 1(2� JUDQW� LQ� ����� ZKLFK�

IXQGHG�WKH�FDPHUD�XVHG�LQ�WKHVH�REVHUYDWLRQV��

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

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

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

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

&KDWHODLQ��-�3���+HQU\��7�-���)UHQFK��/�0���:LQWHUV��-�*���7ULOOLQJ��

'�(����������³3KRWRPHWULF�FRORUV�RI� WKH�EULJKWHVW�PHPEHUV�RI� WKH�

-XSLWHU�/��7URMDQ�FORXG�´�Icarus���������������

&KDWHODLQ��-���������3K�'��7KHVLV�� �

http://scholarworks.gsu.edu/phy_astr_diss/95�

+HQGHQ��$�$���.DLWFKXFN��5�+����������Astronomical Photometry: 

A Text of and Handbook for the Advanced Amateur and 

Professional Astronomer��SS�����������:LOOPDQQ�%HOO��5LFKPRQG��

9$��86$��

+HUW]VSUXQJ��(�� ��������³2Q� WKH�FKDUDFWHU�RI� WKH�YDULDWLRQ�RI�6;�

$XULJDH�´�Bull. Astr. Inst. Netherlands�������������$YDLODEOH�IURP�

WKH�6$2�$VWURSK\VLFV�'DWD�6\VWHP��$'6���� �

https://articles.adsabs.harvard.edu/pdf/1928BAN.....4..178H�

.RVWRY��$���%RQHY����������³7UDQVIRUPDWLRQ�RI�3DQ�67$556��JUL�

WR� 6WHWVRQ� %95,� PDJQLWXGHV�� 3KRWRPHWU\� RI� VPDOO� ERGLHV�

REVHUYDWLRQV�´�Bulgarian Astronomical Journal������������� �

https://www.astro.bas.bg/AIJ/issues/n28/AKostov.pdf���RU�� �

https://arxiv.org/abs/1706.06147��

6WHWVRQ��3�%����������³+RPRJHQHRXV�3KRWRPHWU\�IRU�6WDU�&OXVWHUV�

DQG�5HVROYHG�*DOD[LHV��,,��3KRWRPHWULF�6WDQGDUG�6WDUV�´�Pub. Ast. 

Soc. Pacific (PSASP)���������������

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

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

$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� Astrophys. J.� �����

$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´�Icarus���������������8SGDWHG������$XJXVW��

https://www.minorplanet.info/php/lcdb.php 
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:���1DVWDVL��$���2H\��-���6WHSKHQV��5�'���7HGHVFR��'�*���GH�2OLYHLUD�

%DUUHWR�� &�+�� �������� ³&&'� 3KRWRPHWULF� 2EVHUYDWLRQV� RI� ����

3DWURFOXV�0HQRHWLXV�0XWXDO�(YHQWV�´�Minor Planet Bull.������������
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