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3+2720(75<�2)�1($6���������������(.����
$1'���������������7%���

/XFDV�-��+XWWRQ�
'HSDUWPHQW�RI�6SDFH�6WXGLHV�

-��'��2GHJDUG�6FKRRO�RI�$HURVSDFH�6FLHQFH�
8QLYHUVLW\�RI�1RUWK�'DNRWD�
OXFDV�KXWWRQ#XQG�HGX�

6KHUU\�)LHEHU�%H\HU�
'HSDUWPHQW�RI�6SDFH�6WXGLHV�

-��'��2GHJDUG�6FKRRO�RI�$HURVSDFH�6FLHQFH�
8QLYHUVLW\�RI�1RUWK�'DNRWD�

VILHEHU#VSDFH�HGX�

7\OHU�5��/LQGHU�
3ODQHWDU\�6FLHQFH�,QVWLWXWH�

WOLQGHU#SVL�HGX�

'DQLHO�(��5HLFKDUW��-RVKXD�%��+DLVOLS��
9ODGLPLU�9��.RXSULDQRY��-XVWLQ�3��0RRUH�

6N\QHW�5RERWLF�7HOHVFRSH�1HWZRUN�
8QLYHUVLW\�RI�1RUWK�&DUROLQD�
����3KLOOLSV�+DOO��&%�������

&KDSHO�+LOO��1&�86$�

�5HFHLYHG�������1RYHPEHU����

1HDU�(DUWK�DVWHURLGV���������������(.���DQG����������
�����7%���ZHUH�REVHUYHG�RYHU� ILYH�QLJKWV� LQ�)HEUXDU\�
�����DQG�IRXU�QLJKWV�LQ�0DUFK�������UHVSHFWLYHO\��XVLQJ�
WKH� 3URPSW� �� WHOHVFRSH� DW� WKH� &HUUR� 7ROROR� ,QWHU�
$PHULFDQ� 2EVHUYDWRU\�� 7KH� URWDWLRQDO� SHULRG� IRU�
��������� ����� (.��� LV� ������ �� ������ KRXUV� DQG� WKH�
OLJKWFXUYH� DPSOLWXGH� LV� ����� �� ����� PDJQLWXGH�� 7KH�
URWDWLRQDO� SHULRG� IRU� ��������� ����� LV� ������ �� ������
KRXUV� DQG� WKH� DPSOLWXGH� LV� ����� �� ����� PDJQLWXGH�� $�
VHDUFK�RI�WKH�$VWHURLG�/LJKWFXUYH�'DWDEDVH�SURYLGHG�QR�
SUHYLRXVO\�SXEOLVKHG�UHVXOWV�IRU�HLWKHU�1($��

2EVHUYDWLRQV�

/,1($5�DW�6RFRUUR�GLVFRYHUHG�1($���������������(.���RQ������
0DUFK�����DQG�1($���������������7%���RQ������2FWREHU�����:H�
REWDLQHG�&&'�SKRWRPHWULF�REVHUYDWLRQV�GXULQJ�WKH�FORVH�DSSURDFK�
RI���������������(.���RQ������)HEUXDU\��������DQG�GXULQJ�FORVH�
DSSURDFK�RI���������������7%���RQ������0DUFK��������1HLWKHU�RI�
WKHVH� 1($V� KDYH� SXEOLVKHG� SKRWRPHWULF� GDWD� LQ� WKH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH��:DUQHU�HW�DO����������

2EVHUYDWLRQV� ZHUH� FROOHFWHG� IURP� 3URPSW� �� DW� WKH� &HUUR� 7ROROR�
,QWHU�$PHULFDQ�2EVHUYDWRU\��&7,2���03&��FRGH�������3URPSW���LV�
D� ���P� I��� 3ODQHZDYH� 5LWFKH\�&KUpWLHQ� RQ� D� 3ODQHZDYH� +5����
ZLWK�D�)/,������P�����î�����FDPHUD�� ,PDJHV�ZHUH� WDNHQ�XVLQJ�
WKH�EURDGEDQG�&OHDU�ILOWHU�DQG�ELQQHG��î���7KH�H[SRVXUH�WLPHV�IRU�
��������������(.���ZHUH�������VHFRQGV��DQG���������������7%���
H[SRVXUH� WLPHV�ZHUH� ������ VHFRQGV�� 7KH� REVHUYLQJ� FDGHQFH�ZDV�
VHSDUDWHG�E\�WKH�UHDG�RXW�WLPH�RI�WKH�&&'��$�WRWDO�RI�������VFLHQFH�
LPDJHV� RI� ��������� �����(.���ZHUH� DFTXLUHG�� DQG�ZH� LQFOXGHG�
������ LQ� RXU� DQDO\VLV�� 6LPLODUO\�� IRU� ��������� ����� 7%���� ZH�
REWDLQHG�D�WRWDO�RI�������VFLHQFH�IUDPHV�DQG�LQFOXGHG�������LPDJHV�
LQ�RXU� DQDO\VLV��$� WRWDO�RI����� LPDJHV�ZHUH�H[FOXGHG�GXH� WR� VWDU�
FRQWDPLQDWLRQ�� ZLQG� RU� PHULGLDQ� IOLS�LQGXFHG� WUDLOV�� DQG�
LQWHUPLWWHQW�FORXGV��)ODW��ELDV��DQG�GDUN�IUDPHV�ZHUH�REWDLQHG�HDFK�
QLJKW�XQGHU�VLPLODU�RSHUDWLQJ�FRQGLWLRQV�DV�WKH�VFLHQFH�IUDPHV��7KH�
GDUN�IUDPH�H[SRVXUHV�ZHUH����VHFRQGV�DQG�WDNHQ�VHWV�RI�WHQ�XVLQJ�
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WKH�&OHDU�ILOWHU�ZLWK�D�GDUN�VFDOH�FRUUHFWLRQ�DSSOLHG�WKDW�PDWFKHG�WKH�
H[SRVXUH�OHQJWK��%LDV�IUDPHV�ZHUH�����VHFRQG�H[SRVXUHV�DQG�WDNHQ�
LQ�D�VHW�RI�WHQ��'DZQ�IODWV�ZHUH�DFTXLUHG�LQ�WKH�&OHDU�ILOWHU�DQG�LQ�D�
VHW� RI� WHQ�� 7KH� WRWDO� WLPH� LPDJLQJ� ��������� ����� (.��� DQG�
��������������7%���ZDV�a��DQG�a��KRXUV��UHVSHFWLYHO\��

'DWD�&DOLEUDWLRQ�$QDO\VLV�

7KH�VFLHQFH�IUDPHV�ZHUH�ELDV���GDUN���DQG�IODW�ILHOG�FDOLEUDWHG�XVLQJ�
WKH� AstroImageJ LPDJH� UHGXFWLRQ� VRIWZDUH� DFFRUGLQJ� WR� WKH�
VWDQGDUG�&&'�FDOLEUDWLRQ�HTXDWLRQ��+RZHOO���������)ROORZLQJ�GDWD�
FDOLEUDWLRQ�� WKH� LPDJHV� ZHUH� LPSRUWHG� WR� MPO Canopus� DQG� D�
SKRWRPHWULF� DQDO\VLV� RI� WKH� GDWD� ZDV� SHUIRUPHG�� (DFK� QLJKW�
FRQWDLQV�PXOWLSOH� VHVVLRQV�GXH� WR� WKH� DVWHURLG¶V�YHORFLW\�ZLWK� WKH�
WHOHVFRSH¶V�ILHOG�RI�YLHZ�UDSLGO\�FKDQJLQJ�DORQJ�ZLWK�WKH�DVWHURLG�
FURVVLQJ� WKH� PHULGLDQ�� 7KH� MPO Canopus� Light Curve Wizard 

FRPELQHG�HDFK�QLJKW¶V� VHJPHQWV�FRQVLVWLQJ�RI����VHVVLRQV�DFURVV�
ILYH�QLJKWV�IRU���������������(.���DQG���VHVVLRQV�VSDQQLQJ�IRXU�
QLJKWV�IRU���������������7%����

,Q�JHQHUDO��HDFK�LPDJH¶V�DQDO\VLV�LQYROYHG�WKH�VHOHFWLRQ�RI�ILYH�VWDUV�
�QRQ�YDULDEOH��IRU�PDJQLWXGH�VWDQGDUGV��MPO Canopus SHUIRUPV�D�
OHDVW�VTXDUHV� DQDO\VLV� WR� GHWHUPLQH� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
PDJQLWXGH� DQG� WKH� ORJ� RI� WKH� WRWDO� FRXQWV�� )RU� WKH� EDFNJURXQG�
FRUUHFWLRQ��D��î��SL[HO�FLUFXODU�DSHUWXUH�ZDV�XWLOL]HG�WR�GHWHUPLQH�
FRXQWV�RI�WKH�&RPS6WDUV�%DFNJURXQG��)RU�HDFK�1($�%DFNJURXQG��
D� �î��SL[HO� FLUFXODU� DSHUWXUH� ZDV� GHHPHG� WKH� EHVW� VL]H� IRU� ERWK�
WDUJHWV��7KH�GDWD�ZHUH�OLJKW�WLPH�FRUUHFWHG�XVLQJ�WKH�-'�DW�WKH�VWDUW�
RI�HDFK�H[SRVXUH��

:H�SORWWHG�DOO�VHJPHQWV�RI�XVDEOH�GDWD�DV�OLJKWFXUYHV��KRZHYHU��WKH�
UDSLG� PRWLRQ� RI� WKH� REVHUYHG� 1($V� UHVXOWHG� LQ� WKH� VN\� DQG�
EDFNJURXQG�FRPS�VWDUV�FKDQJLQJ�LQ�HDFK�VHVVLRQ��7KLV�LQWURGXFHG�
VRPH� XQFHUWDLQW\� LQ� WKH�PDJQLWXGHV� RI� WKH� FRPSDULVRQ� VWDUV�� 7R�
FRUUHFW� WKLV�� ZH� XVHG� WKH� GHOWDFRPS� IXQFWLRQ� WR� DGMXVW� WKH�
PDJQLWXGHV�DQG�EULQJ�WKHP�LQWR�DJUHHPHQW�ZLWK�WKH�PDJQLWXGHV�RI�
RXU�ILUVW�GDWD�VHW�IRU�ERWK�DVWHURLGV��

5HVXOWV�

��������������(.����:H�SURGXFHG�D�FRPSRVLWH�OLJKWFXUYH��)LJ������
DQG�OHDVW�VTXDUHV�ILW�WKH�OLJKWFXUYH�ZLWK�D�)RXULHU�VHULHV�LQFOXGLQJ�
ILYH�KDUPRQLFV��$�SKDVH�DQJOH�FKDQJH�RI�������UHVXOWHG�LQ�D�VOLJKW�
SHULRGLF�VKDSH�FKDQJH��ZKLFK�FDQ�EH�REVHUYHG�E\�WKH�PLVDOLJQPHQW�
RI�VHVVLRQ���ZLWK�VHVVLRQ�����

:H�FDOFXODWHG�WKH�URWDWLRQDO�SHULRG�DW���������������KRXUV�ZLWK�DQ�
DPSOLWXGH�RI� ������������PDJQLWXGH��7KHUH� DUH� WZR�PD[LPD� DQG�
PLQLPD�SUHVHQW�SHU�URWDWLRQ��

�

)LJ�����1($���������������(.���URWDWLRQDO�SHULRG�RI���������������
KRXUV�ZLWK�DQ�DPSOLWXGH�RI�������������PDJQLWXGH��

��������������7%����:H�SURGXFHG�D�FRPSRVLWH�OLJKWFXUYH��)LJ������
DQG�OHDVW�VTXDUHV�ILW�WKH�OLJKWFXUYH�ZLWK�D�)RXULHU�VHULHV�LQFOXGLQJ�
ILYH�KDUPRQLFV��

7KH� FDOFXODWHG� URWDWLRQDO� SHULRG� LV� ������ �� ������ KRXUV� ZLWK� DQ�
DPSOLWXGH�RI� ������������PDJQLWXGH��7KHUH� DUH� WZR�PD[LPD� DQG�
PLQLPD�SUHVHQW�SHU�URWDWLRQ��

�

)LJ�����1($���������������7%���URWDWLRQDO�SHULRG�RI���������������
KRXUV�ZLWK�DQ�DPSOLWXGH�RI�������������PDJ��

$FNQRZOHGJHPHQWV�

7KH�6N\QHW�5RERWLF�1HWZRUN�LV�6XSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�
)RXQGDWLRQ�� 1RUWK� &DUROLQD� 6SDFH� *UDQW�� DQG� WKH� 0RXQW� &XED�
$VWURQRPLFDO�)RXQGDWLRQ��

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

187026 2005 EK70 2024 02/25-02/29 28.4-43.6 143 -17 6.966 0.001 0.20 0.02 NEA 

152787 1999 TB10 2024 03/25-03/28 45.3-44.6 158 2 2.876 0.001 0.29 0.05 NEA 

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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+RZHOO�� 6�%�� �������� +DQGERRN� RI� &&'� $VWURQRP\� ��QG� HG����
&DPEULGJH�8QLYHUVLW\�3UHVV��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
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/,*+7&859(6�2)�1($5�($57+�$67(52,'6��
�����21�������0.�$1'������67����
$6�2%6(59('�)520�75$33,67�

(OLVDEHWD�3HWUHVFX�
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�

8QLYHUVLW\�RI�/LqJH�
$OOpH�GX���$R�W����������/LqJH��%(/*,80�

2EVHUYDWRLUH�5R\DO�GH�%HOJLTXH��
$Y��&LUFXODLUH���������8FFOH��%(/*,80�

HOLVDEHWD�SHWUHVFX#XOLHJH�EH�

0DULQ�)HUUDLV�
)ORULGD�6SDFH�,QVWLWXWH��8QLYHUVLW\�RI�&HQWUDO�)ORULGD��

2UODQGR��)ORULGD��86$�

(PPDQXsO�-HKLQ�
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�
8QLYHUVLW\�RI�/LqJH��/LqJH��%(/*,80�

0DWKLHX�9DQGHU�'RQFNW��
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�
8QLYHUVLW\�RI�/LqJH��/LqJH��%(/*,80�

g]JXU�.DUDWHNLQ�
2EVHUYDWRLUH�5R\DO�GH�%HOJLTXH��8FFOH��%(/*,80�

=RXKDLU�%HQNKDOGRXQ�
2XNDwPHGHQ�2EVHUYDWRU\��+LJK�(QHUJ\�3K\VLFV�DQG�$VWURSK\VLFV�
/DERUDWRU\��)DFXOW\�RI�6FLHQFHV�6HPODOLD��&DGL�$\\DG�8QLYHUVLW\��

0DUUDNHFK��0252&&2�

�5HFHLYHG�������'HFHPEHU�����

:H�UHSRUW�SKRWRPHWULF�REVHUYDWLRQV�RI� WKUHH�QHDU�(DUWK�
DVWHURLGV�� ����� 21�� ����� 0.�� DQG� ����� 67���� 7KH�
REVHUYDWLRQV�ZHUH�SHUIRUPHG�EHWZHHQ�-XQH�DQG�2FWREHU�
����� GXULQJ� WKHLU� FORVH� DSSURDFKHV� WR� (DUWK� XVLQJ� WKH�
75$33,67� QHWZRUN�� $SSO\LQJ� OLJKWFXUYH� DQDO\VLV�� ZH�
GHWHUPLQHG� WKDW� WKH� URWDWLRQ� SHULRG� DQG� DPSOLWXGH� RI��
�����21�DUH�P� �����������������K�DQG�A� �������������
PDJ�� )RU� ����� 0.� ZH� IRXQG� WZR� SRVVLEOH� URWDWLRQ�
SHULRGV�� ,Q� WKH� ILUVW� FDVH�P1�  � ��������� �������K�ZLWK��
A1 ������PDJ���������DQG�P2� �����������������K�ZLWK��
A2� ������PDJ���������,Q�WKH�VHFRQG�FDVH�P1� ����������
�������K�ZLWK�A1� �������PDJ��DQG�P2� �����������������
K� ZLWK� A2�  � ������ PDJ�� )RU� ����� 67��� ZH� REWDLQ��
P�  � ����� �� ����� K� DQG� A � ����� �� ����� PDJ�� $OO�
PHDVXUHPHQWV� KDYH� EHHQ� VXEPLWWHG� WR� WKH� $/&'()�
GDWDEDVH��

�

7KH�WHOHVFRSHV�XVHG�WR�REWDLQ�WKH�OLJKWFXUYHV�RI������21�������0.�
DQG������67����DUH�WKH�75$33,67�WZLQV������P�5LWFKH\�&KUpWLHQ�
WHOHVFRSHV�RSHUDWHG�XQGHU�WKH�&20(7$�WHDP�RI�WKH�8QLYHUVLW\�RI�
/LqJH��-HKLQ�HW�DO����������75$33,67�1RUWK��71��03&�FRGH�=����
LV�ORFDWHG�LQ�0RURFFR���2XNDwPHGHQ��DQG�75$33,67�6RXWK��76��
03&�FRGH�,����LV�ORFDWHG�LQ�&KLOH���/D�6LOOD��7KH�71�FDPHUD�LV�DQ�
$QGRU�,.21/�%(;��''�������DUVHF�SL[HO��DQG�WKH�76�FDPHUD�LV�D�
)/,�3UR/LQH������%%�������DUFVHF�SL[HO���

$OO� LPDJHV� UHFRUGHG� ZHUH� UHGXFHG� E\� XVLQJ� VWDQGDUG� LPDJH�
FDOLEUDWLRQ�ZLWK�PXOWLSOH� GDUNV�� ELDV� DQG� IODW� IUDPHV� WDNHQ� HYHU\�
QLJKW�RQWR�WKH�WZLOLJKW�VN\��)RU�FUHDWLQJ�FDOLEUDWLRQ�IUDPHV�WKDW�DUH�
WHPSHUDWXUH�PDWFKHG�� H[SRVXUH� DQG� ILOWHU�PDWFKHG�� DQG� DSSO\LQJ�
WKHP��ZH�XVHG�WKH�LQWHUQDO�SLSHOLQH�RI�75$33,67��Triton. $OO�WKH�
LPDJHV� WKDW�ZHUH�DIIHFWHG�E\�ZHDWKHU�FRQGLWLRQV�RU�KDG�DQ\�OLJKW�
VRXUFH�LQWHUIHUHQFH�ZLWKLQ����SL[HOV�ZLWK�WKH�DVWHURLG�GXH�WR�WKHLU�
PRYHPHQW�ZLWKLQ�WKH�VWDU�ILHOGV��ZHUH�H[FOXGHG��

)RU�WKH�]HUR�SRLQW�FDOLEUDWLRQ�DQG�OLJKWFXUYH�FRQVWUXFWLRQ��ZH�XVHG�
Photometry Pipeline� �0RPPHUW�� ������� 7KH� GLIIHUHQWLDO�
SKRWRPHWU\� DQG� PDJQLWXGH� FDOLEUDWLRQ� ZDV� GRQH� ZLWK� WKH�
3DQ67$566�'5��FDWDORJ�ZLWK�DSSUR[LPDWHO\�����VRODU�UHIHUHQFH�
VWDUV�SHU�LPDJH��

�����21�ZDV�GLVFRYHUHG�RQ������-XO\����E\�WKH�$7/$6�QHWZRUN�
ORFDWHG�LQ�0DXQD�/RD��+DZDLL��ZLWK�D�PHDVXUHG�DEVROXWH�PDJQLWXGH�
RI�H� �������+HUPDQ�HW�DO����������7KH�DVWHURLG�KDV�EHHQ�FDWHJRUL]HG�
DV�D�3+$�GXH�WR�LWV�DEVROXWH�PDJQLWXGH�WKDW�ZRXOG�WUDQVODWH�WR�DQ�
DSSUR[LPDWH�VL]H�RI�����P��DQG�LWV�02,'�RI�������DX��-3/������D���
7ZR�PRQWKV�DIWHU�LWV�GLVFRYHU\�������21�KDG�D�FORVH�DSSURDFK�WR�
(DUWK�RQ�6HSWHPEHU����DURXQG�������87�ZLWK�D�PLQLPXP�GLVWDQFH�
RI��������DX�RU�WZR�DQG�D�KDOI�/'��-3/������D���2EVHUYDWLRQV�E\�
WKH�*ROGVWRQH�6RODU�6\VWHP�5DGDU�RQ�6HSWHPEHU����UHYHDOHG�WKDW�
WKH�DVWHURLG�LV�D�FRQWDFW�ELQDU\��1$6$�-3/�&DOWHFK������D���

'XULQJ�WKLV�FORVH�DSSURDFK��ZH�VXFFHVVIXOO\�REVHUYHG�WKH�DVWHURLG�
IRU�D� WRWDO�RI����QLJKWV��XVLQJ�ERWK�71�DQG�76��7KH�DVWHURLG�ZDV�
REVHUYHG�ZLWK�76�XVLQJ�D�5F�ILOWHU�DQG�ELQQLQJ��î��IRU�PDQ\�KRXUV�
HDFK�QLJKW�EHWZHHQ�6HSWHPEHU����DQG�2FWREHU����7KH�GDWD�FRQVLVWV�
RI������SKRWRPHWULF�LPDJHV��IRU�D�WRWDO�RI������KRXUV�VSUHDG�GXULQJ�
�� QLJKWV�� 7KH� H[SRVXUH� WLPH�ZDV� DGMXVWHG� HDFK� QLJKW� LQ� RUGHU� WR�
REWDLQ�WKH�EHVW�615�DQG�DYRLG�WUDLOV�RQ�VHYHUDO�SL[HOV��7KH�DVWHURLG�
ZDV�WRR�ORZ�RQ�WKH�KRUL]RQ�WR�EH�REVHUYHG�ZLWK�71�GXULQJ�LWV�FORVHVW�
DSSURDFK�EXW�ZH�PDQDJHG�WR�JHW�GDWD�IRU�WZR�QLJKWV�RQ�6HSWHPEHU�
���DQG�2FWREHU�����ZKHQ�WKH�DVWHURLG�ZDV�IDLQWHU�ZLWK�V� �������DOVR�
XVLQJ�ELQQLQJ��î���


