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0DULQD�6N\�2EVHUYDWRU\��1HUSLR��=����

3�2��%R[�������������6]F]HFLQ��3RODQG�

DD#DDUPLQVNL�FRP�SO�

�5HFHLYHG�������-XQH������5HYLVHG�������-XO\����

3KRWRPHWULF�REVHUYDWLRQV�ZHUH�FRQGXFWHG�RI�IRXU�PDLQ�

EHOW� DVWHURLGV�� 7KH� UHVXOWV� RI� OLJKWFXUYH� DQDO\VLV� JDYH�

V\QRGLF� URWDWLRQ� SHULRGV� DQG� DPSOLWXGHV� VKRZQ� LQ� WKH�

WDEOH�EHORZ��

,� UHSRUW� OLJKWFXUYH� DQG� SHULRG� RI� URWDWLRQ� RI� DVWHURLGV� VWXGLHG� LQ�

����� )HEUXDU\� ZLWK� 0DULQD� 6N\� 2EVHUYDWRU\� ���LQFK� URERWLF�

WHOHVFRSH� �0DULQD� 6N\�� ������� $OO� LPDJHV� ZHUH� WDNHQ� ZLWK� D�

3ODQHZDYH� &'.� ������P� f����� WHOHVFRSH� DQG� )LQJHU� /DNH�

,QVWUXPHQWV�3UROLQH�������&&'�FDPHUD�XVLQJ�6ORDQ� U� ILOWHU��7KH�

LPDJHV� ZHUH� ELQQHG� DW� �î�� \LHOGLQJ� DQ� LPDJH� VFDOH� RI� �����

DUFVHF�SL[HO�DQG�WKH�ILHOG�RI�YLHZ����î����DUFPLQ��

7KH� H[SRVXUH� WLPH� RI� HDFK� LPDJH� ZDV� ���� VHFRQGV�� 7R� UHPRYH�

5HVLGXDO�%XON�,PDJH��5%,���WKH�15,�SUH�IODVK�ZDV�DSSOLHG�EHIRUH�

HDFK�H[SRVXUH�� ,PDJHV�ZHUH�FDOLEUDWHG�ZLWK�ELDV��GDUN�IRU� ����&��

DQG�VN\�IODW�IUDPHV��

$VWURPHWULF�SODWH�VROYLQJ�RI�DFTXLUHG�LPDJHV�ZDV�DFKLHYHG�XVLQJ�

PinPoint� �'&��'UHDPV�� ������ ZLWK� VWDU� SRVLWLRQV� IURP�$7/$6�

FDWDORJXH� �7RQU\� HW� DO��� ������� ,Q� SKRWRPHWU\� DQDO\VLV�� D� FRXSOH�

GR]HQ�RI�FDUHIXOO\�VHOHFWHG�FRPSDULVRQ�VWDUV�VRXUFHG�IURP�$7/$6�

FDWDORJXH�ZHUH�XVHG�KDYLQJ�6/2$1�U�PDJQLWXGHV�LQ�UDQJH����������

%�9�FRORU�LQGH[�LQ�UDQJH�������������DQG�615�XVXDOO\�EHWZHHQ����

DQG������

Tycho Tracker�VRIWZDUH��3DUURW��������DQG�Photometric Workflow�

�'RVH��������������ZHUH�XVHG�IRU�GDWD�SURFHVVLQJ�DQG�SKRWRPHWULF�

DQDO\VLV��

�������0HUPDQ������++���7KLV�9HVWD�IDPLO\�������DVWHURLG�ZDV�

GLVFRYHUHG�DW�1DXFKQ\M�RQ������$SULO����E\�1��6��&KHUQ\NK��7KH�

GHWHUPLQHG�RUELW��03&��������KDV�D�VHPL�PDMRU�D[LV�RI�����������

DX��HFFHQWULFLW\�RI������������DQG�LQFOLQDWLRQ�RI���������GHJUHHV��

$FFRUGLQJ�WR�-3/�6PDOO�%RG\�'DWDEDVH��-3/���������WKH�DVWHURLG�

GLDPHWHU�LV�������NP��DEVROXWH�PDJQLWXGH�H� ��������DQG�JHRPHWULF�

DOEHGR� ������� 7KH� DVWHURLG� VN\�PRWLRQ� GXULQJ� LPDJLQJ�ZDV� �����

DUFVHF�PLQXWH��

�

2EVHUYDWLRQV�ZHUH�PDGH�RQ������)HEUXDU\�������7KH�QXPEHU�RI�

LPDJHV�WDNHQ�GXULQJ�ILUVW��VHFRQG�DQG�WKLUG�QLJKW�UHVSHFWLYHO\�XVHG�

LQ�DQDO\VLV�ZHUH���������DQG������

7KH� WKUHH� REVHUYDWLRQDO� QLJKWV� DOORZHG� HVWDEOLVKLQJ� IRU� DVWHURLG�

�������0HUPDQ�D�6ORDQ�U�PDJQLWXGH�UDQJH���������������DQG�D�EL�

PRGDO�SHULRG�RI�URWDWLRQ�RI�����������������K�WKDW�LV�LQ�DJUHHPHQW�

ZLWK�SHULRG�RI���������K�FDOFXODWHG�E\���XUHFK�HW��DO����������

7KH� SHULRGRJUDP� VKRZV� WKDW� D� VLQJOH�PRGH� OLJKWFXUYH� URWDWLRQDO�

SHULRG�RI�����������������K��EHLQJ�H[DFWO\�KDOI�RI�D�EL�PRGDO�SHULRG��

JLYHV�DQ�HTXDOO\�JRRG�PDWFK��7KH�DPSOLWXGH�DQG�VKDSH�RI�ERWK�SDUWV�

RI�EL�PRGDO�OLJKWFXUYH�DUH�YHU\�VLPLODU��ZKLFK�DOORZV�WKH�SRVVLELOLW\�

RI�D�VLQJOH�PRGH�VROXWLRQ��+RZHYHU��JLYHQ� WKH�DPSOLWXGH�RI������

PDJ�DQG�ORZ�SKDVH�DQJOH��WKH�WUXH�VROXWLRQ�LV�DOPRVW�FHUWDLQ�WR�EH�

QHDU�����K��+DUULV�HW�DO����������

�

�

������� (VDNL� ����� -(�� 7KLV� 9HVWD� IDPLO\� ������ DVWHURLG� ZDV�

GLVFRYHUHG� DW� .LWDPL� RQ� ����� 0D\� ��� E\� .�� (QGDWH� DQG� .��

:DWDQDEH�� 7KH� GHWHUPLQHG� RUELW� �03&�� ������ KDV� D� VHPL�PDMRU�

D[LV�RI�����������DX��HFFHQWULFLW\�RI������������DQG�LQFOLQDWLRQ�RI�

��������GHJUHHV��$FFRUGLQJ�WR�WKH�-3/�6PDOO�%RG\�'DWDEDVH��-3/��

�������WKH�GLDPHWHU�LV�������NP��DEVROXWH�PDJQLWXGH�H� ��������DQG�

WKH�JHRPHWULF�DOEHGR�LV��������$VWHURLG�VSHHG�GXULQJ�LPDJLQJ�ZDV�

�����DUFVHF�PLQXWH��7KH�URWDWLRQDO�SHULRG�IRU�WKLV�ERG\�KDV�QRW�EHHQ�

IRXQG�LQ�SUHYLRXVO\�SXEOLVKHG�GDWD��:DUQHU�HW�DO����������

,�UHSRUW�OLJKWFXUYH�DQG�SHULRG�RI�URWDWLRQ�RI�DVWHURLG��������(VDNL�

DV�VWXGLHG�RQ������)HEUXDU\���������DQG�����7KH�QXPEHU�RI�LPDJHV�

WDNHQ�DQG�XVHG�LQ�WKH�DQDO\VLV�IRU�WKH�WKUHH�QLJKWV�ZHUH�����������

DQG� ����� UHVSHFWLYHO\�� 7KH� WKUHH� REVHUYDWLRQDO� QLJKWV� DOORZHG�

HVWDEOLVKLQJ�D�SHULRG�RI�URWDWLRQ�RI�����������������K�DQG�6ORDQ�U�

PDJQLWXGH�UDQJH����������������
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�������� ����� :'�� 7KLV� PDLQ�EHOW� �/&'%� RUELWDO� JURXS� ������

DVWHURLG�ZDV�GLVFRYHUHG�DW�.L\RVDWR�RQ������1RY����E\�6��2WRPR��

7KH� GHWHUPLQHG� RUELW� �03&�� ������ KDV� D� VHPL�PDMRU� D[LV� RI�

���������� DX�� HFFHQWULFLW\� RI� ����������� DQG� LQFOLQDWLRQ� RI�

��������� GHJUHHV�� $FFRUGLQJ� WR� WKH� -3/� 6PDOO�%RG\� 'DWDEDVH�

�-3/��������� WKH�GLDPHWHU� LV�������NP�� WKH�DEVROXWH�PDJQLWXGH� LV��

H�  � ������� DQG� WKH� JHRPHWULF� DOEHGR�  � ������� 7KH� VN\� PRWLRQ�

GXULQJ�LPDJLQJ�ZDV������DUFVHF�PLQXWH��

7KH�URWDWLRQDO�SHULRG�IRU�WKLV�ERG\�KDV�QRW�EHHQ�IRXQG�LQ�SUHYLRXVO\�

SXEOLVKHG�GDWD��:DUQHU�HW�DO����������,�UHSRUW�D�OLJKWFXUYH�DQG�SHULRG�

RI� URWDWLRQ� IRU� WKH�DVWHURLG�DV�VWXGLHG�RQ������)HEUXDU\������7KH�

QXPEHU�RI� LPDJHV� WDNHQ�DQG�XVHG� LQ�DQDO\VLV� IRU� WKH� WKUHH�QLJKWV�

ZHUH����������DQG������UHVSHFWLYHO\��$QDO\VLV�RI�WKH�GDWD�IRXQG�D�

SHULRG�RI�URWDWLRQ�RI�����������������K�DQG�6ORDQ�U�PDJQLWXGH�UDQJH�

���������������

�

�

�������������;2�����7KLV� LQQHU�PDLQ�EHOW� �/&'%�RUELWDO�JURXS�

������DVWHURLG�ZDV�GLVFRYHUHG�DW�6RFRUUR�RQ������'HFHPEHU����E\�

/,1($5��7KH�GHWHUPLQHG�RUELW��03&��������KDV�D�VHPL�PDMRU�D[LV�

RI� ���������� DX�� HFFHQWULFLW\� RI� ����������� DQG� LQFOLQDWLRQ� RI�

�������� GHJUHHV�� $FFRUGLQJ� WR� -3/� 6PDOO�%RG\� 'DWDEDVH� �-3/��

������� WKH�GLDPHWHU� LV� ������NP�� DEVROXWH�PDJQLWXGH�H� � �������

JHRPHWULF�DOEHGR��������7KH�VN\�PRWLRQ�GXULQJ�LPDJLQJ�ZDV������

DUFVHF�PLQXWH��

7KH�URWDWLRQDO�SHULRG�IRU�WKLV�ERG\�KDV�QRW�EHHQ�IRXQG�LQ�SUHYLRXVO\�

SXEOLVKHG�GDWD��:DUQHU�HW�DO����������,�UHSRUW�OLJKWFXUYH�DQG�SHULRG�

RI�URWDWLRQ�EDVHG�RQ�GDWD�REWDLQHG�RQ������)HEUXDU\���DQG����'XULQJ�

WKH�ILUVW�DQG�VHFRQG�QLJKW������DQG����LPDJHV�ZHUH�WDNHQ��ZKLOH�����

DQG����REVHUYDWLRQV��UHVSHFWLYHO\��ZHUH�XVHG�LQ�DQDO\VLV��

7KH� WZR� REVHUYDWLRQDO� QLJKWV� DOORZHG� HVWDEOLVKLQJ� D� SHULRG� RI�

URWDWLRQ�RI�����������������K�DQG�6ORDQ�U�PDJQLWXGH�UDQJH�������

�������

�

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

 5456 Merman 2022 02/09-02/11 5.30,5.39 141 10 5.8482 0.0007 0.52 0.03 401

 6920 Esaki 2022 02/20-02/28 6.01,5.52 157 9 3.0695 0.0007 0.27 0.03 401

 13078 1991 WD 2022 02/06-02/08 10.12,9.99 142 16 7.0945 0.0007 0.16 0.03 MB-M 

 49937 1999 XO180 2022 02/02-02/03 8.88,8.85 135 14 2.9488 0.0007 0.10 0.03 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�HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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$FNQRZOHGJPHQWV�

0DULQD�6N\�2EVHUYDWRU\�XVHV��ZLWK� WKDQNV�� WKH�7RS����$VWHURLGV�

ZHEVLWH� DQG� DVVRFLDWHG� GDWDEDVH� �.OXZDN�� ������ DV� DVWHURLG�

HSKHPHULV�JHQHUDWRU�GXULQJ�SODQQLQJ�DQG�REVHUYLQJ��

5HIHUHQFHV�

'&��'UHDPV����������3LQ3RLQW�$VWURPHWULF�(QJLQH�� �

http://pinpoint.dc3.com�

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

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

'RVH��(�9�� ��������³03�����3KRWRPHWULF�:RUNIORZ´�UHSRVLWRU\��

https://github.com/edose/mp2021�

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

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

IURP�$7/$6�SKRWRPHWU\�´�Astronomy & Astrophysics������$����

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

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

����*\SWLV�´�Icarus��������������

+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���

9LODJL��-���*DMGRV��6���&DUERJQDQL��$���+RUQRFK��.���.XVQLUDN��3���

&RRQH\�� :�5��� *URVV�� -��� 7HUUHOO�� '��� +LJJLQV�� '��� %RZHOO�� (���

.RHKQ��%�:����������³2Q�WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�RQ�

DQ�DVWHURLG�OLJKWFXUYH�´�Icarus�������������

-3/�6PDOO�%RG\�'DWDEDVH���������� �

https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=49937�

.OXZDN��7����������³7RS����$VWHURLGV�IRU�.���/XVRZNR�3ODWDQXV�

2EVHUYDWRU\�´�https://platanus.pl/services�

0DULQD�6N\�2EVHUYDWRU\��,$8�FRGH�=������������ �

http://marinasky.org�

03&�2EMHFWV���������� �

https://minorplanetcenter.net/db_search/show_object?object_id=

49937�

3DUURW��'����������7\FKR�7UDFNHU�VRIWZDUH�� �

https://www.tycho-tracker.com�

7RQU\��-�/���'HQQHDX��/���+HLQ]H��$�1���6WDOGHU��%���6PLWK��.�:���

6PDUWW�� 6�-��� 6WXEEV�� &�:��� :HLODQG�� +�-��� 5HVW�� $�� ��������

³$7/$6�� $� +LJK�FDGHQFH� $OO�VN\� 6XUYH\� 6\VWHP�´�PASP� �����

��������

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

/LJKWFXUYH�'DWDEDVH�´� Icarus������ ���������8SGDWHG� ������ 6HS�  

http://www.minorplanet.info/lightcurvedatabase.html 
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7RP�3RODNLV�

&RPPDQG�0RGXOH�2EVHUYDWRU\��

����:��$ODPHGD�'U��

7HPSH��$=�������

WSRODNLV#FR[�QHW�

�5HFHLYHG�������-XQH�����

3KRWRPHWULF�PHDVXUHPHQWV� RI�&&'�REVHUYDWLRQV� RQ� ���

PDLQ�EHOW�DVWHURLGV�ZHUH�PDGH�IURP������$SULO�WKURXJK�

0D\�� 3KDVHG� OLJKWFXUYHV� ZHUH� FUHDWHG� IRU� WZHOYH�

DVWHURLGV��ZKLOH� IRXU�GLG�QRW�\LHOG�SHULRG�VROXWLRQV��$OO�

WKH�GDWD�KDYH�EHHQ�VXEPLWWHG�WR�WKH�$/&'()�GDWDEDVH��

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� ��� PDLQ�EHOW� DVWHURLGV� ZHUH�

SHUIRUPHG� DW� &RPPDQG� 0RGXOH� 2EVHUYDWRU\� �03&� 9���� LQ�

7HPSH��$=��,PDJHV�ZHUH�WDNHQ�XVLQJ�D������P�f�����0RGLILHG�'DOO�

.LUNKDP�WHOHVFRSH��6%,*�67;/������&&'�FDPHUD��DQG�D�µFOHDU¶�

JODVV�ILOWHU��([SRVXUH� WLPH�IRU�DOO� WKH� LPDJHV�ZDV���PLQXWHV��7KH�

LPDJH�VFDOH�DIWHU��î��ELQQLQJ�ZDV������DUFVHF�SL[HO��7DEOH�,�VKRZV�

WKH�REVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��$OO�RI�WKH�LPDJHV�IRU�WKHVH�

DVWHURLGV�ZHUH�REWDLQHG�EHWZHHQ������$SULO�DQG�0D\��

,PDJHV�ZHUH�FDOLEUDWHG�XVLQJ�D�GR]HQ�ELDV��GDUN��DQG�IODW�IUDPHV��

)ODW�ILHOG� LPDJHV� ZHUH� PDGH� XVLQJ� DQ� HOHFWUROXPLQHVFHQW� SDQHO��

,PDJH�FDOLEUDWLRQ�DQG�DOLJQPHQW�ZDV�SHUIRUPHG�XVLQJ�MaxIm DL�

VRIWZDUH��

'DWD�UHGXFWLRQ�DQG�SHULRG�DQDO\VLV�ZHUH�GRQH�XVLQJ�MPO Canopus�

�:DUQHU���������7KH����î����ILHOG�RI�WKH�&&'�W\SLFDOO\�HQDEOHV�WKH�

XVH�RI�WKH�VDPH�ILHOG�FHQWHU�IRU�WKUHH�FRQVHFXWLYH�QLJKWV��,Q�WKHVH�

ILHOGV�� WKH� DVWHURLG� DQG� WKUHH� WR� ILYH� FRPSDULVRQ� VWDUV� ZHUH�

PHDVXUHG��&RPSDULVRQ�VWDUV�ZHUH� VHOHFWHG�ZLWK�FRORUV�ZLWKLQ� WKH�

UDQJH� RI� ���� �� %�9� �� ����� WR� FRUUHVSRQG� ZLWK� FRORU� UDQJHV� RI�

DVWHURLGV�� ,Q� RUGHU� WR� UHGXFH� WKH� LQWHUQDO� VFDWWHU� LQ� WKH� GDWD�� WKH�

EULJKWHVW�VWDUV�RI�DSSURSULDWH�FRORU�WKDW�KDG�SHDN�$'8�FRXQWV�EHORZ�

WKH� UDQJH�ZKHUH� FKLS� UHVSRQVH�EHFRPHV� QRQOLQHDU�ZHUH� VHOHFWHG��

MPO Canopus�SORWV�LQVWUXPHQWDO�YV��FDWDORJ�PDJQLWXGHV�IRU�VRODU�

FRORUHG�VWDUV��ZKLFK� LV�XVHIXO� IRU�VHOHFWLQJ�FRPS�VWDUV�RI�VXLWDEOH�

FRORU�DQG�EULJKWQHVV��

6LQFH� WKH� VHQVLWLYLW\� RI� WKH�.$)������ FKLS� SHDNV� LQ� WKH� UHG�� WKH�

FOHDU�ILOWHUHG� LPDJHV�ZHUH� UHGXFHG� WR� 6ORDQ� U�� WR�PLQLPL]H� HUURU�

ZLWK� UHVSHFW� WR� D� FRORU� WHUP�� &RPSDULVRQ� VWDU� PDJQLWXGHV� ZHUH�

REWDLQHG� IURP� WKH�$7/$6�FDWDORJ� �7RQU\�HW� DO��� �������ZKLFK� LV�

LQFRUSRUDWHG� GLUHFWO\� LQWR� MPO Canopus�� 7KH� $7/$6� FDWDORJ�

GHULYHV�6ORDQ�griz�PDJQLWXGHV�XVLQJ�D�QXPEHU�RI�DYDLODEOH�FDWDORJV��

7KH�FRQVLVWHQF\�RI� WKH�$7/$6�FRPS�VWDU�PDJQLWXGHV�DQG�FRORU�

LQGLFHV�XVXDOO\�DOORZHG�WKH�VHSDUDWH�QLJKWO\�UXQV�WR�EH�OLQNHG�ZLWK�

QR�]HUR�SRLQW� VKLIWV� DQG�RFFDVLRQDOO\�RQO\�D� IHZ�KXQGUHGWKV�RI� D�

PDJQLWXGH��

$� ��SL[HO� ���� DUFVHF�� GLDPHWHU�PHDVXULQJ� DSHUWXUH�ZDV� XVHG� IRU�

DVWHURLGV�DQG�FRPS�VWDUV��,W�ZDV�W\SLFDOO\�QHFHVVDU\�WR�HPSOR\�VWDU�

VXEWUDFWLRQ�WR�UHPRYH�FRQWDPLQDWLRQ�E\�ILHOG�VWDUV��)RU�WKH�DVWHURLGV�

GHVFULEHG�KHUH��,�QRWH�WKH�506�VFDWWHU�RQ�WKH�SKDVHG�OLJKWFXUYHV��

ZKLFK�JLYHV�DQ�LQGLFDWLRQ�RI�WKH�RYHUDOO�GDWD�TXDOLW\�LQFOXGLQJ�HUURUV�

IURP�WKH�FDOLEUDWLRQ�RI�WKH�IUDPHV��PHDVXUHPHQW�RI�WKH�FRPS�VWDUV��

WKH�DVWHURLG�LWVHOI��DQG�WKH�SHULRG�ILW��3HULRG�GHWHUPLQDWLRQ�ZDV�GRQH�

XVLQJ� WKH�MPO Canopus� )RXULHU�W\SH� )$/&� ILWWLQJ�PHWKRG� �FI��

+DUULV�HW�DO����������3KDVHG�OLJKWFXUYHV�VKRZ�WKH�PD[LPXP�DW�SKDVH�

]HUR��0DJQLWXGHV� LQ� WKHVH�SORWV�DUH�DSSDUHQW�DQG�VFDOHG�E\�MPO 


