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5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

������0RXQW�-RKQVRQ�&W���5DQFKR�&XFDPRQJD��&$�������86$�
UVWHSKHQV#IR[DQGVWHSKHQV�FRP�

'DQLHO�5��&ROH\�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

&RURQD��&$�

%ULDQ�'��:DUQHU�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

(DWRQ��&2�

�5HFHLYHG�������-XO\����

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����PDLQ�EHOW�DVWHURLGV�
ZHUH� REWDLQHG� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�
�&6��� IURP� ����� $SULO�-XQH�� 2QH� UHYLVHG� SHULRG� IURP�
REVHUYDWLRQV�REWDLQHG�LQ������LV�DOVR�UHSRUWHG��

7KH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� KDV� QLQH� WHOHVFRSHV�
ZKLFK�DUH�QRUPDOO\�XVHG� LQ�SURJUDP�DVWHURLG� IDPLO\�VWXGLHV��7KH�
IRFXV�LV�RQ�QHDU�(DUWK�DVWHURLGV��-RYLDQ�7URMDQV�DQG�+LOGDV��:KHQ�
LW�LV�QRW�WKH�VHDVRQ�WR�VWXG\�D�IDPLO\��RU�ZKHQ�D�QHDUO\�IXOO�PRRQ�LV�
WRR�FORVH�WR�WKH�IDPLO\�WDUJHWV�EHLQJ�VWXGLHG��WDUJHWV�RI�RSSRUWXQLW\�
DPRQJVW�WKH�PDLQ�EHOW�IDPLOLHV�ZHUH�VHOHFWHG��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�ZHUH�XVHG�WR�PDNH�
WKH� REVHUYDWLRQV�� ,PDJHV� ZHUH� XQELQQHG� ZLWK� QR� ILOWHU� DQG� KDG�
PDVWHU� IODWV� DQG� GDUNV� DSSOLHG�� 7KH� H[SRVXUHV� GHSHQGHG� XSRQ�
YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�
0RRQ�LOOXPLQDWLRQ��

7HOHVFRSH� &DPHUD
0.30-m f/6.3 Schmidt-

Cass 

FLI Microline 

1001E 

0.35-m f/9.1 Schmidt-

Cass 

FLI Microline 

1001E 

0.35-m f/9.1 Schmidt-

Cass 

FLI Microline 

1001E 

0.35-m f/9.1 Schmidt-

Cass 

FLI Microline 

1001E 

0.40-m f/10 Schmidt-Cass FLI Proline 1001E 

0.40-m f/10 Schmidt-Cass FLI Proline 1001E 

0.50-m F8.1 R-C FLI Proline 1001E 

7DEOH�,��/LVW�RI�&6��WHOHVFRSH�&&'�FDPHUD��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�
XVLQJ� MPO Canopus� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�
)RXULHU�DQDO\VLV�DOJRULWKP��)$/&��GHYHORSHG�E\�+DUULV��+DUULV�HW�
DO����������7KH�&RPS�6WDU�6HOHFWRU�IHDWXUH�LQ�MPO Canopus�ZDV�
XVHG�WR�OLPLW�WKH�FRPSDULVRQ�VWDUV�WR�QHDU�VRODU�FRORU��1LJKW�WR�QLJKW�
FDOLEUDWLRQ� ZDV� GRQH� XVLQJ� ILHOG� VWDUV� IURP� WKH� $7/$6� FDWDORJ�
�7RQU\� HW� DO��� �������ZKLFK� KDV� 6ORDQ�griz�PDJQLWXGHV� WKDW�ZHUH�
GHULYHG�IURP�WKH�*$,$�DQG�3DQ�67$55�FDWDORJV�DQG�DUH�³QDWLYH´�
PDJQLWXGHV�RI�WKH�FDWDORJ��7KRVH�DGMXVWPHQWV�DUH�XVXDOO\���������
PDJ��7KH�UDUH�JUHDWHU�FRUUHFWLRQV�PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�
XVLQJ� XQILOWHUHG� REVHUYDWLRQV�� SRRU� FHQWURLGLQJ� RI� WKH� UHIHUHQFH�
VWDUV��DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��

7KH� <�D[LV� YDOXHV� DUH� $7/$6� 65� ³VN\´� PDJQLWXGHV�� 7KH� WZR�
YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�RI�G�
XVHG� WR� QRUPDOL]H� WKH� GDWD� WR� WKH� FRPSDULVRQ� VWDUV� XVHG� LQ� WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�

EH�PDGH�DW�D�VLQJOH� IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�
YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��
7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�������WR�������,I� WKH�SORW�
LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�
WKH�)RXULHU�PRGHO�FXUYH�DQG�not necessarily the adopted amplitude 

for the lightcurve��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�
PD\� EH� UHIHUHQFHG�� $� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO����������

���� $DVH�� 5RWDWLRQDO� SHULRGV� IRU� WKLV� PHPEHU� RI� WKH� )ORUD�
G\QDPLFDO� IDPLO\� KDYH� EHHQ� REVHUYHG� VHYHUDO� WLPHV� LQ� WKH� SDVW��
.U\V]F]\�VND� HW� DO�� �������� 3LOFKHU� �������� %HKUHQG� �����ZHE���
DQG�(UDVPXV� HW� DO�� ������� DOO� UHSRUWHG� SHULRGV� QHDU� ����� K�� 7KLV�
\HDU¶V�UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�ILQGLQJV��

�

�

%HFDXVH� RI� WKH� DYDLODELOLW\� RI� WKH� 3LOFKHU� GDWD� RQ� WKH� $VWHURLG�
/LJKWFXUYH�'DWD�([FKDQJH�)RUPDW�GDWDEDVH��$/&'()��������ZHE�
VLWH��ZH�DWWHPSWHG� WR�FUHDWH�D�SROH�VKDSH�PRGHO��:H�DGGHG� WKHVH�
WZR�GHQVH�GDWD�VHWV�WR�DGGLWLRQDO�VSDUVH�GDWD�IURP�WKH�$VW'\6���VLWH�
�$VW'\6���� ������� :H� ZHUH� DEOH� WR� XVH� VSDUVH� GDWD� IURP� WKH�
$7/$6�� =ZLFN\� 7UDQVLHQW� )DFWRU\�� DQG� 8612� VXUYH\V�� 7KH�
IROORZLQJ�SORWV�VKRZ�WKH�3$%�ORQJLWXGH��ODWLWXGH�DQG�SKDVH�DQJOH�
GLVWULEXWLRQV��*UHHQ�GRWV�UHSUHVHQW�WKH�WKUHH�GHQVH�GDWDVHWV��DQG�UHG�
GRWV�UHSUHVHQW�VSDUVH�GDWD�IURP�WKH�WKUHH�VXUYH\V��
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7KH�GDWD�ZHUH�FRPELQHG�XVLQJ�MPO LCInvert��%GZ�3XEOLVKLQJ���
7KLV� :LQGRZV�EDVHG� SURJUDP� LQFRUSRUDWHV� WKH� DOJRULWKPV�
GHYHORSHG�E\�.DDVDODLQHQ�DQG�7RUSSD��������DQG�.DDVDODLQHQ�HW�
DO�� ������� DQG� FRQYHUWHG� E\� -RVHI� 'XUHFK� IURP� WKH� RULJLQDO�
)2575$1�WR�&��$�SHULRG�VHDUFK�ZDV�PDGH�RYHU�D�VXIILFLHQWO\�ZLGH�
UDQJH�WR�DVVXUH�ILQGLQJ�D�JOREDO�PLQLPXP�LQ�F��YDOXHV��7KH�VSDUVH�
GDWD�ZHUH�ZHLJKWHG�EHWZHHQ�����DQG������

�

$V�LV�RIWHQ�WKH�FDVH��WKH�SROH�PRGHO�VKRZHG�WZR�SRVVLEOH�VROXWLRQV�
���q� DSDUW�� �O�� E�� P��  � ���q�� ���q�� �������� K�� DQG� �O�� E�� P��  ��
����q�����q����������K���%RWK�VROXWLRQV�DUH�YHU\�FORVH�WR�WKH�VRXWK�
HFOLSWLF� SROH� LQGLFDWLQJ� WKH� URWDWLRQ� LV� UHWURJUDGH�� EXW� PDNHV� WKH�
ORQJLWXGH�RI�WKH�VSLQ�D[LV�KDUG�WR�ILQG�ZLWK�FHUWDLQW\��2XU�SUHIHUUHG�
VROXWLRQ�LV�WKH����q�����q��SROH�SRVLWLRQ��

�

7KH�WZR�SROH�VROXWLRQV�FUHDWHG�VLPLODU�PRGHOV��ERWK�ZLWK�D�E�UDWLRV�
RI�����DQG�D�F�UDWLRV�RI�����RU������

�
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7R� WHVW� WKH� PRGHO�� WKH� GHQVH� GDWDVHWV� ZHUH� SORWWHG� DJDLQVW� WKH�
SUHGLFWHG�OLJKWFXUYH�IRU�HDFK�GDWDVHW��(DFK�SORW�UHVXOWHG�LQ�D�YHU\�
JRRG�PDWFK��JLYLQJ�FRQILGHQFH�LQ�WKH�SROH�VKDSH�PRGHO�UHVXOW��

�

�

7R�IXUWKHU�UHILQH�WKH�PRGHO��WKH�QH[W�IDYRUDEOH�RSSRVLWLRQ�LV�LQ������
'HFHPEHU��

�����'HULFH��7KLV�PHPEHU�RI�WKH�)ORUD�G\QDPLFDO�IDPLO\�KDV�EHHQ�
REVHUYHG�PDQ\� WLPHV� LQ� WKH� SDVW� E\� WKH� 3KRWRPHWULF� 6XUYH\� IRU�
$V\QFKURQRXV�%LQDU\�$VWHURLGV��3UDYHF�HW�DO�������ZHE������ZHE��
����ZHE������ZHE��DV�D�µ3ULPH�6XVSHFW¶�RI�EHLQJ�D�ELQDU\�DVWHURLG��
HDFK� WLPH� ILQGLQJ�D�SHULRG�QHDU�������K��:H�REVHUYHG� LW� LQ������
�6WHSKHQV� DQG�:DUQHU�� ������ ILQGLQJ� D� SHULRG� RI� ������� K�ZLWK�
VOLJKW� GHYLDWLRQV� IURP� WKH� OLJKWFXUYH�� EXW� QR� LQGLFDWLRQ� RI� D�
VHFRQGDU\�SHULRG��2XU� UHVXOW� WKLV�\HDU� LV� LQ�JRRG�DJUHHPHQW�ZLWK�
WKRVH�SULRU�UHVXOWV��7KH�VSDUVHU�GDWD�VHW�WKLV�\HDU�DOVR�GLG�QRW�VKRZ�
DQ\�LQGLFDWLRQ�RI�D�VHFRQGDU\�IUHTXHQF\��

�

�����'ZRUQLN��6HYHUDO�SHULRGV�DUH�UHSRUWHG�LQ�WKH�/&'%�IRU�WKLV�
PHPEHU� RI� WKH� +XQJDULD� G\QDPLFDO� IDPLO\� :DUQHU� ������� DQG�
UHIHUHQFHV�WKHUHLQ��DQG�6NLII�HW�DO�������D��UHSRUW�PDQ\�SHULRGV�QHDU�
����K�ZLWK�DQ�DPSOLWXGH�UDUHO\�H[FHHGLQJ������K��2XU�UHVXOW�WKLV�\HDU�
LV�D�OLWWOH�IDVWHU�WKDQ�WKRVH�SULRU�UHVXOWV��EXW�WKH�ORZ�DPSOLWXGH�DQG�
SUR[LPLW\�WR�WKH�JDODFWLF�EXOJH�PDNHV�WKH�UHVXOW�OHVV�FHUWDLQ��

�

�����+XEEOH��:H� ILUVW� REVHUYHG� WKLV� RXWHU�0DLQ�EHOW� DVWHURLG� LQ�
������REWDLQLQJ�D�YHU\�QRLV\�GDWDVHW�ZKHUH� WKH�HUURU�EDUV�PHW�RU�
H[FHHGHG� WKH�DPSOLWXGH�RI� WKH� OLJKWFXUYH�� WKH�GHULYHG�SHULRG�ZDV�
������K��3RODNLV��������UHSRUWHG�D�SHULRG�RI�������K�XVLQJ�D�PXFK�
KLJKHU�TXDOLW\�GDWD�VHW��7KLV�SURPSWHG�XV�WR�UHYLVLW�RXU�ZRUN�E\�ILUVW�
UHPHDVXULQJ�WKH�LPDJHV�DQG�XVLQJ�65��6ORDQ�U���PDJQLWXGHV�IURP�
WKH�$7/$6�FDWDORJ��7RQU\�HW�DO����������7KLV�JDYH�D�VLJQLILFDQWO\�
FOHDQHU�GDWD�VHW�ZLWK�QLJKWO\�]HUR�SRLQW�VKLIWV�OHVV�WKDQ������PDJ��
2XU�UHYLVHG�SHULRG�RI������K�LV�QHDUO\�GRXEOH�WKDW�IRXQG�E\�3RODNLV��
*LYHQ�RXU�VSDUVH�GDWDVHW��WKH�WZR�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW��
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�����*HQLFKHVN��7KLV�PHPEHU�RI�WKH�%DSWLVWLQD�G\QDPLFDO�IDPLO\�
KDV�EHHQ�REVHUYHG�WKUHH�WLPHV�LQ�WKH�SDVW��%HKUHQG������ZHE��DQG�
:DUQHU� �����F��IRXQG�SHULRGV�QHDU�������K��8VLQJ�GDWD� IURP�WKH�
3DORPDU� 7UDQVLHQW� )DFWRU\� 6XUYH\�� :DV]F]DN� HW� DO�� ������� DOVR�
IRXQG� D� SHULRG� QHDU� ������ K�� 2XU� UHVXOW� WKLV� \HDU� LV� LQ� JRRG�
DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

�����'RPH\NR��7KLV� LQQHU�0DLQ�EHOW� DVWHURLG�KDV�EHHQ�REVHUYHG�
WZLFH�LQ�WKH�SDVW��$OPHLGD�HW�DO���������UHSRUWHG�D�SHULRG�RI������K��
3RODNLV��������IRXQG�D�SHULRG�RI��������2XU�UHVXOW�WKLV�\HDU�ZDV�D�
IXOO�PRRQ�SURMHFW��DQG�EHFDXVH�WKH�SHULRG�LV�FRPPHQVXUDWH�ZLWK�DQ�
(DUWK�GD\��FRXOG�QRW�FRPSOHWHO\�FRYHU�WKH�OLJKWFXUYH��6WLOO��LW�LV�LQ�
JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

�����&DUORVSRUWHU��&DUERJQDQL��������UHSRUWHG�D�SHULRG�RI�������K�
IRU� WKLV�PHPEHU� RI� WKH�%DSWLVWLQD� G\QDPLFDO� IDPLO\��7KDW� SHULRG�
ZDV�GHULYHG�IURP�WZR�VHWV�RI�REVHUYDWLRQV��WZR�PRQWKV�DSDUW��7KH�
ILUVW� VHW� ZDV� D� VLQJOH� QLJKW�� DQG� WKH� VHFRQG� VHW� RQ� WKUHH� QLJKWV�
VSDQQLQJ� WZR� ZHHNV�� 7KDW� VHFRQG� VHW� KDG� D� QLJKW� LQ� ZKLFK� WKH�
PDJQLWXGH�RI�WKH�DVWHURLG�GURSSHG��WKHQ�URVH������PDJQLWXGH�RYHU�
WKH�FRXUVH�RI����PLQXWHV��:KLOH�LW�LV�SRVVLEOH�WKDW�ZDV�FDXVHG�E\�D�
PXWXDO�HYHQW��LW�VHHPV�XQOLNHO\�DQG�ZDV�QRW�UHSHDWHG�RQ�DQ\�RI�WKH�
RWKHU� WKUHH� QLJKWV�� ,W� LV� PRUH� OLNHO\� WKH� GURS� ZDV� FDXVHG� E\� DQ�
REVHUYDWLRQDO� HIIHFW�� 7KH� HDUOLHU� VLQJOH� QLJKW� RI� REVHUYDWLRQV� D�
PRQWK�HDUOLHU�ZDV�FOHDQHU�DQG�VHHPV�WR�KDYH�DQ�DPSOLWXGH�RI�DERXW�
�����PDJ��

2XU� REVHUYDWLRQV� WKLV� \HDU� RFFXUUHG� QHDU� D� IXOO� PRRQ� ZKHQ� WKH�
DVWHURLG�ZDV� DOVR� QHDU� WKH� JDODFWLF� EXOJH��7KDW� KDPSHUHG� JHWWLQJ�
KLJK�TXDOLW\�GDWD�SRLQWV��&RPSRXQGLQJ�WKH�VLWXDWLRQ��WKH�OLJKWFXUYH�
ZDV�DOVR�YHU\�ORZ�DPSOLWXGH��$�SHULRG�VHDUFK�VXJJHVWHG�D�QXPEHU�
RI� SRVVLELOLWLHV��ZLWK� WKH� VWURQJHVW� EHLQJ� EHWZHHQ� �� DQG� �� KRXUV��
:LWK� DQ� DPSOLWXGH� RI� RQO\� �����PDJ�� WKHUH� LV� QR� DVVXUDQFH� RI� D�
ELPRGDO� OLJKWFXUYH� �+DUULV� HW� DO��� ������� +RZHYHU�� JLYHQ�
&DUERJQDQL¶V�ILUVW�VHVVLRQ��LW�LV�OLNHO\�WKH�WUXH�SHULRG�LV�OHVV�WKDQ���
KRXUV��

�
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�����<DURQLND��7KHUH�DUH�RQO\�WZR�SULRU�SHULRGV�LQ�WKH�/&'%�IRU�
WKLV� LQQHU�0DLQ�EHOW�DVWHURLG��'LWWHRQ��������UHSRUWHG�D�SHULRG�RI�
����� K��$OVR�� XVLQJ� GDWD� IURP� WKH�$7/$6� VXUYH\���XUHFK� HW� DO��
������� FUHDWHG� D� SROH�VKDSH� PRGHO� ZLWK� D� VLGHUDO� SHULRG� RI��
��������K��2XU� UHVXOWV� WKLV�\HDU� LV� LQ�JRRG�DJUHHPHQW�ZLWK� WKRVH�
SULRU�UHVXOWV��

�

����� .XPRQ�� 7KLV� PHPEHU� RI� WKH� (XQRPLD� IDPLO\� �1HVYRUQ\��
������ 1HVYRUQ\� HW� DO��� ������ ZDV� REVHUYHG� RQFH� EHIRUH�� &ODUN�
�������UHSRUWHG�D�SHULRG�RI������K��EXW�FRPPHQWHG�WKDW�WKH�VFDWWHU�
LQ�WKH�GDWD�SUHFOXGHG�DQ\�UHDVRQDEOH�SHULRG�GHWHUPLQDWLRQ��

�

2XU�REVHUYDWLRQV�LPPHGLDWHO\�VXJJHVWHG�D�ORQJ�SHULRG��7KH�LQLWLDO�
DQDO\VLV�VKRZHG�WKDW�WKH�VROXWLRQ�ZDV�GRPLQDWHG�E\�D�SHULRG�QHDU�
���KRXUV��+RZHYHU��RXU�GDWD�VKRZHG�YHU\�GLVWLQFWLYH�VLJQV�RI�EHLQJ�

LQ�D�WXPEOLQJ�VWDWH��³1R6XE´�SORW���7KHUH�ZHUH�VLJQV�RI�D�VHFRQG�
SHULRG��RQH�WKDW�ZDV�XQOLNHO\�GXH�WR�D�VDWHOOLWH��

�

�

$�GXDO�SHULRG�VHDUFK�ZDV�GRQH�XVLQJ�MPO Canopus��ZKLFK�LV�QRW�
HTXLSSHG�WR�ZRUN�ZLWK�WXPEOLQJ�DVWHURLGV��7KLV�UHVXOWHG�LQ�D�SUHWW\�
JRRG� ILW� WR�D�SHULRG�RI�������K� �³3�´��� FORVH� WR� WKH� VLQJOH�SHULRG�
VROXWLRQ��,W�LV�KLJKO\�XQOLNHO\�WKDW�WKH�VHFRQGDU\�SHULRG�OLJKWFXUYH�
QHDU����K��³3�´��KDV�D�SK\VLFDO�FDXVH��RWKHU�WKDQ�WKH�DVWHURLG�EHLQJ�
D�WXPEOHU��

����� :LOOLDPFRRNH�� 7KLV� PHPEHU� RI� WKH� (XQRPLD� G\QDPLFDO�
IDPLO\� KDV� EHHQ� REVHUYHG� WKUHH� WLPHV� LQ� WKH� SDVW��0DFLDV� �������
IRXQG�D�SHULRG�RI������K��EXW�LW�ZDV�D�TXDGULPRGDO�OLJKWFXUYH�ZLWK�
DQ�DPSOLWXGH�RI������PDJ��:LWK�DQ�DPSOLWXGH�RI�RQO\������PDJ���
WKHUH�LV�QR�DVVXUDQFH�RI�D�ELPRGDO�OLJKWFXUYH��+DUULV�HW�DO����������

,Q������-XO\��ZH�IRXQG�D�SHULRG�RI������K�ZLWK�DQ�DPSOLWXGH�RI������
PDJ���6WHSKHQV��������7KH������0DFLDV�SHULRG�LV�D�����DOLDV�RI�WKH�
����� K� SHULRG� ZH� IRXQG� LQ� ������ $OVR� LQ� ����� -XO\�� %HKUHQG�
�����ZHE��UHSRUWHG�D�SHULRG�RI��������K��7KDW�OLJKWFXUYH�KDG�VL[�
H[WUHPD�DQG�LV�D�����DOLDV�RI�RXU�SHULRG��

2XU�SHULRG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�RXU�SULRU�UHVXOW��ZLWK�
WKH� ORZHVW� DPSOLWXGH� VHHQ� WR� GDWH�� 7KH� SHULRG� VSHFWUXP� VKRZV�
SRVVLEOH�VROXWLRQV�QHDU�����K������K��DQG�����K��DQG�ZLWK�VXFK�D�ORZ�
DPSOLWXGH�� VLQJOH� PRGDO�� ELPRGDO�� WULPRGDO�� DQG� TXDGULPRGDO�
OLJKWFXUYHV�DUH�DOO�SRVVLEOH��:H�WULHG�UHSKDVLQJ�WKH�OLJKWFXUYH�WR�WKH�
�����K�0DFLDV�SHULRG��DQG�H[FOXGHG� LW� DV�D�SRVVLELOLW\��7KH�����K�
SHULRG�SURGXFHG�D�ELPRGDO�OLJKWFXUYH��2XU������GDWD�FRXOG�QRW�EH�
SKDVHG� WR� WKDW� SHULRG�� %\� WKH� SURFHVV� RI� HOLPLQDWLRQ�� D� ������ K�
SHULRG�ZDV�WKH�RQO\�SHULRG�WKDW�FRXOG�EH�SKDVHG�WR�ERWK�RXU������
DQG������GDWD��
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�

����� (OVW�� 7KHUH� LV� RQO\� RQH� SUHYLRXVO\� UHSRUWHG� SHULRG� LQ� WKH�
/&'%�IRU�WKLV�9HVWRLG��3UDYHF�HW�DO�������ZHE��UHSRUWHG�D�SHULRG�
RI� ������� K�� 2XU� UHVXOW� WKLV� \HDU� LV� LQ� JRRG� DJUHHPHQW� ZLWK� WKH�
3UDYHF�HW�DO��SHULRG��

�

�����+DOZHDYHU��7ZR�URWDWLRQDO�SHULRGV�ZHUH�IRXQG�LQ�WKH�/&'%�
IRU� WKLV� 0DUV�FURVVHU�� :DUQHU� �����E�� UHSRUWHG� D� SHULRG� RI��
�������K��8VLQJ�GDWD�IURP�WKH�7(66�VSDFHFUDIW��3iO�HW�DO�� �������
IRXQG�D�SHULRG�RI���������K��7KLV�\HDU¶V�UHVXOW�LV�LQ�JRRG�DJUHHPHQW�
ZLWK�WKRVH�SULRU�ILQGLQJV��

�

%HFDXVH�RI�RXU�SUHYLRXV�GDWD�IURP�������WKH�DYDLODELOLW\�RI�WKH�3iO�
HW�DO��GDWD��DQG�RWKHU�XQSXEOLVKHG�GDWD�IURP�+RSNLQV�RQ�WKH�$VWHURLG�
/LJKWFXUYH�'DWD�([FKDQJH�)RUPDW�GDWDEDVH��$/&'()��������ZHE�
VLWH�� ZH� DWWHPSWHG� WR� FUHDWH� D� SROH�VKDSH� PRGHO�� :H� DGGHG�
DGGLWLRQDO� VSDUVH�GDWD� IURP� WKH�$VW'\6��� VLWH� �$VW'\6�����������
:H�ZHUH�DEOH�WR�XVH�VSDUVH�GDWD�IURP�$7/$6��=ZLFN\�7UDQVLHQW�
)DFWRU\�DQG�WKH�&DWDOLQD�6N\�6XUYH\��7KH�IROORZLQJ�SORWV�VKRZ�WKH�
3$%�ORQJLWXGH��ODWLWXGH�DQG�SKDVH�DQJOH�GLVWULEXWLRQV��*UHHQ�GRWV�
UHSUHVHQW�WKH�WKUHH�GHQVH�GDWDVHWV��DQG�UHG�GRWV�UHSUHVHQW�VSDUVH�GDWD�
IURP� WKH� WKUHH� VXUYH\V�� 7KH� 3iO� HW� DO�� GDWD� LV� ORFDWHG� DW��
�3$%/� ����q��3$%%� ����q��3KDVH� ����q���

�
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�

7KH�GDWD�ZHUH� FRPELQHG�XVLQJ�MPO LCInvert� �%GZ�3XEOLVKLQJ��
GHVFULEHG�LQ�WKH�����$DVH�VHFWLRQ�RI�WKLV�DUWLFOH��2QO\�WZR�XQLTXH�
SHULRGV�EHORZ�WKH�����F��OLQH�ZDV�IRXQG��

�

2QO\�RQH�XQLTXH�VROXWLRQ�ZDV�IRXQG�����q�����q���,W�ZDV�ZLWKLQ����
GHJUHHV� RI� WKH� VRXWK� HFOLSWLF� SROH�� LQGLFDWLQJ� WKH� URWDWLRQ� LV�
UHWURJUDGH��EXW�EHFDXVH�RI�LWV�SUR[LPLW\�WR�WKH�SROH��WKH�ORQJLWXGH�
FDQ�EH�DPELJXRXV��

�

7KH�UHVXOWLQJ�PRGHO�SUHVHQWV�DQ�HORQJDWHG�ERG\��7KLV�LV�H[SHFWHG�
JLYHQ�WKDW�DOO�RI�WKH�DPSOLWXGHV�UHSRUWHG�LQ�WKH�/&'%�DUH�EHWZHHQ�
�����DQG������PDJ��

�
7R� WHVW� WKH�PRGHO�� WKHVH� GHQVH� GDWDVHWV� ZHUH� SORWWHG� DJDLQVW� WKH�
SUHGLFWHG�OLJKWFXUYH�IRU�HDFK�GDWDVHW��(DFK�SORW�IRU�WKH�����q�����q��
SROH�SRVLWLRQ�UHVXOWHG�LQ�D�JRRG�PDWFK��(YHQ�WKH�3iO�HW�DO�GDWD�IURP�
WKH�7(66� VSDFHFUDIW��ZKLFK� KDG� DQ� H[SHFWHG� QXPEHU� RI� RXWOLHUV��
ZDV� D� JRRG� PDWFK� WR� WKH� SUHGLFWHG� OLJKWFXUYH� JLYLQJ� KLJK�
FRQILGHQFH�LQ�WKH�SROH�VKDSH�PRGHO�UHVXOW��7KH������-DQ��SORW�ZDV�
D� VLQJOH� QLJKW�� XQSXEOLVKHG� OLJKWFXUYH� IRXQG� LQ� WKH� $VWHURLG�
/LJKWFXUYH�'DWD�([FKDQJH�)RUPDW�GDWDEDVH��

�
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�

,W� ZLOO� EH� VHYHUDO� \HDUV� EHIRUH� LWV� QH[W� IDYRUDEOH� RSSRVLWLRQ� IRU�
QRUWKHUQ�KHPLVSKHUH�REVHUYHUV��

�����.HUYLQ��7KLV�+XQJDULD�PHPEHU�KDV�EHHQ�REVHUYHG�QXPHURXV�
WLPHV� LQ� WKH� SDVW�� 3UDYHF� HW� DO�� �����ZHE�� IRXQG� D� SHULRG� RI��
�������K��:H�REVHUYHG�WKH�DVWHURLG�ILYH�WLPHV�EHIRUH�DV�SDUW�RI�WKH�
FRQWLQXLQJ� SURJUDP� RQ� WKH� +XQJDULD� DVWHURLGV�� $OO� UHVXOWV� ZHUH�
FORVH� WR������K��7KH������GDWD�SURGXFHG�D�SHULRG�RI� �������K� LI�
DVVXPLQJ�D�PRQRPRGDO�OLJKWFXUYH��

+RZHYHU�� JLYHQ� WKH� ORZ� DPSOLWXGH� RI� RQO\� ����� PDJ�� WKH� WUXH�
OLJKWFXUYH� PLJKW� EH� ELPRGDO� RU� HYHQ� PXOWLPRGDO� �+DUULV� HW� DO���
������� 7KH� PD[LPXP� DPSOLWXGH� IRXQG� LQ� WKH� /&'%� LV� RQO\��
����� PDJ�� ZKLFK� FDQ� VWLOO� PDNH� WKH� PRGDOLW\� RI� WKH� OLJKWFXUYH�
XQFHUWDLQ��

:H�SUHVHQW�DQ�DOWHUQDWH�SHULRG�RI�������K�ZLWK�D�ELPRGDO�OLJKWFXUYH��
+RZHYHU�� WKH�VR�FDOOHG�Split Halves�SORW� �VHH�+DUULV�HW�DO���������
VKRZV�WKDW�WKH�WZR�KDOYHV�RI�WKH�OLJKWFXUYH�DUH�HVVHQWLDOO\�LGHQWLFDO��
ZKLFK� VLJQLILFDQWO\� UHGXFHV� WKH� OLNHOLKRRG� RI� WKH� ORQJHU� SHULRG�
EHLQJ�WKH�FRUUHFW�VROXWLRQ��

�

�

�

�
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�����.UDQMF��7KLV�LQQHU�0DLQ�%HOW�DVWHURLG�KDV�EHHQ�REVHUYHG�IRXU�
WLPHV�LQ�WKH�SDVW��$V�SDUW�RI�D�FDPSDLJQ�IRU�WKH�3KRWRPHWULF�6XUYH\�
RI�$V\QFKURQRXV�%LQDU\�$VWHURLGV��3UDYHF�HW�DO����������2H\�HW�DO��
�������REVHUYHG�LW�RYHU�WZR�PRQWKV�ILQGLQJ�D�SHULRG�RI�����������
��������K��7KH\�GHWHFWHG�D�VLQJOH�PXWXDO�HYHQW�VSDQQLQJ�D�GR]HQ�
GDWD�SRLQWV�RYHU�������K��1R�RWKHU�PXWXDO�HYHQW�ZDV�HYHU�GHWHFWHG�
LQ�DQ\�RWKHU�GDWDVHWV��

$ERXW�WKH�VDPH�WLPH��:DUQHU��������REVHUYHG�LW�ILQGLQJ�D�SHULRG�RI�
������K��0RUH�UHFHQWO\��WKH�3KRWRPHWULF�6XUYH\�RI�$V\QFKURQRXV�
%LQDU\�$VWHURLGV�REVHUYHG�LW�DJDLQ��3UDYHF�HW�DO�������ZHE��ILQGLQJ�
D�SHULRG�RI��������K��2XU�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�
WKRVH�SULRU�UHVXOWV��

�

�����,G]HUGD��7KLV�PHPEHU�RI�WKH�9HVWD�G\QDPLFDO�IDPLO\�KDV�EHHQ�
REVHUYHG�WZLFH�E\�VXUYH\V�LQ�WKH�SDVW��8VLQJ�GDWD�IURP�WKH�$VWHURLG�
7HUUHVWULDO�LPSDFW�/DVW�$OHUW�6\VWHP��$7/$6��VXUYH\��(UDVPXV�HW�
DO�� ������� IRXQG� D� SHULRG� RI� ������ K��:LWK� GDWD� IURP� WKH� 7(66�
VSDFHFUDIW��3iO�HW�DO���������IRXQG�D�SHULRG�RI���������K��2XU�UHVXOW�
WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�VXUYH\�UHVXOWV��

�

������������7*����7KLV�0DUV�FURVVHU�KDV�EHHQ�REVHUYHG�WZLFH�LQ�
WKH�SDVW��+LJJLQV�HW�DO���������UHSRUWHG�D�SHULRG�RI��������K��8VLQJ�
GDWD�IURP�WKH�3DORPDU�7UDQVLHQW�)DFWRU\�6XUYH\��:DV]F]DN�HW�DO��
�������IRXQG�D�SHULRG�QHDU�������K��2XU�SHULRG�WKLV�\HDU�LV�LQ�JRRG�
DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

������ 6KHDUHU�� 8VLQJ� GDWD� IURP� WKH� 3DORPDU� 7UDQVLHQW� )DFWRU\�
6XUYH\��:DV]F]DN�HW�DO���������UHSRUWHG�D�SHULRG�RI�������K��2XU�
SHULRG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKDW�SULRU�UHVXOW��

�

������ 9HQNDWDFKDODP�� 8VLQJ� GDWD� IURP� WKH� 3DORPDU� 7UDQVLHQW�
)DFWRU\� 6XUYH\�� :DV]F]DN� HW� DO�� ������� UHSRUWHG� D� SHULRG� RI��
������K��2XU�SHULRG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKDW�SULRU�
UHVXOW��

�
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�������������57�����7KLV�0DUV�FURVVHU�ZDV�REVHUYHG�DW�/RZHOO�LQ�
�����DQG�������6NLII�HW�DO�������E���ERWK�WLPHV�ILQGLQJ�D�SHULRG�QHDU�
�����K�DQG�DQ�DPSOLWXGH�RYHU�����PDJ��7KH�SHULRG�ZH�IRXQG�WKLV�
\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

�������������;7�����8VLQJ�GDWD�IURP�WKH�7(66�VSDFHFUDIW��3iO�HW�
DO�� ������� SUHYLRXVO\� UHSRUWHG� D� SHULRG� RI� �������� K� IRU� WKLV�
9HVWRLG��2XU�SHULRG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKDW�SULRU�
UHVXOW��

�

�������� ����� -1���� 7KLV� PHPEHU� RI� WKH� +XQJDULD� G\QDPLFDO�
IDPLO\�KDV�EHHQ�REVHUYHG�VHYHUDO�WLPHV�LQ�WKH�SDVW��:DUQHU������D��
�������%HQLVKHN���������6NLII�HW�DO�������E���DQG�3iO�HW�DO���������
DOO� IRXQG�SHULRGV�QHDU�����K��7KH�SHULRG�ZH�IRXQG� WKLV�\HDU� LV� LQ�
JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

������ +LGHWDNDVDWR�� 7KHUH� DUH� QR� HQWULHV� LQ� WKH� /&'%� IRU� WKLV�
G\QDPLFDO� PHPEHU� RI� WKH� 3KRFDHD� IDPLO\� �1HVYRUQ\�� ������
1HVYRUQ\�HW�DO����������:H�REVHUYHG�LW� LQ������0DUFK�DQG�$SULO��
,QLWLDO�REVHUYDWLRQV�SRLQWHG� WRZDUGV�D� ORQJ�SHULRG��EXW�D�GHFLVLYH�
ZREEOH�VXJJHVWLYH�RI�D�WXPEOLQJ�VWDWH�ZDV�TXLFNO\�DSSDUHQW��7KDW�
LV� QRW� D� VXUSULVH� JLYHQ� LWV� ORQJ� SHULRG� DQG� WKDW� WKH� DVWHURLG� LV�
WXPEOLQJ��ZKLFK�LV�OLNHO\�JLYHQ�WKH�GDPSLQJ�WLPH�LV�EHWZHHQ�������
*\��3UDYHF�HW�DO����������������

7KH� LQLWLDO�DQDO\VLV�VKRZHG�WKDW� WKH�VROXWLRQ�ZDV�GRPLQDWHG�E\�D�
SHULRG�QHDU����KRXUV��³1R6XE´���EXW�WKHUH�ZHUH�VLJQV�RI�D�VHFRQG�
SHULRG��RQH�WKDW�ZDV�XQOLNHO\�GXH�WR�D�VDWHOOLWH��

�

�

7KH� WXPEOLQJ� IUHTXHQFLHV�FDQQRW�EH�FRQILUPHG� IURP�RXU�GDWD� VHW�
DORQH�� EXW�ZH� DWWHPSWHG� WR� VROYH� IRU� WKH� GRPLQDQW� SHULRG� RI� WKH�
VROXWLRQ�XVLQJ�MPO Canopus��ZKLFK�LV�QRW�HTXLSSHG�WR�ZRUN�ZLWK�
WXPEOLQJ� DVWHURLGV�� 7KH� SORW� ODEHOHG� ³3�´� LV� WKH� GRPLQDQW�
IUHTXHQF\��DIWHU�VXEWUDFWLQJ�D�VHFRQGDU\�IUHTXHQF\�RI�������K��

�
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7KH� FOHDQXS� RQ� 3�� LV� QRWHZRUWK\� ZLWK� 3�� EHLQJ� UHDVRQDEOH�
FRPSDUHG�WR�3���7KHUH
V�D�OLPLW�WR�WKH�GLIIHUHQFH�LQ�SHULRGV�EDVHG�
RQ� WKH� DPSOLWXGH�� $V� D� UXOH� RI� WKXPE�� WKH� URWDWLRQ� DQG� ZREEOH�
IUHTXHQFLHV�FDQQRW�EH�VHSDUDWHG�E\�PRUH�WKDQ�D�IDFWRU�RI�DERXW�WKH�
LQYHUVH� DPSOLWXGH� RI� YDULDWLRQ� �$ODQ� +DUULV�� private 

communication���7KXV��IRU�VRPHWKLQJ�YDU\LQJ�E\�����PDJ���WKH�WZR�
SHULRGV�PXVW�EH�ZLWKLQ������RI�HDFK�RWKHU��6R��WKH�WZR�SHULRGV�DUH�
SODXVLEOH��7KH�LQDELOLW\�IRU�MPO Canopus�WR�ZRUN�DFFXUDWHO\�ZLWK�
WXPEOLQJ� DVWHURLGV� FRXOG� ZHOO� EH� WKH� UHDVRQ� IRU� WKH� VKDSH� DQG�
DPSOLWXGH�RI�WKH�3��OLJKWFXUYH��

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LQFOXGHV�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\��

7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�
WKH�3ODQHWDU\�6RFLHW\� ��������������7KHVH�ZHUH�XVHG� WR�SXUFKDVH�
VRPH�RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK��

5HIHUHQFHV�

$VW'\V�����������$VWHURLGV���'\QDPLF�ZHE�VLWH�� �
https://newton.spacedys.com/astdys/�

$/&'()� �������� $VWHURLG� /LJKWFXUYH� 'DWD� ([FKDQJH� )RUPDW�
GDWDEDVH� http://www.alcdef.org/�

$OPHLGD�� 5��� $QJHOL�� &�$��� 'XIIDUG�� 5��� /D]]DUR�� '�� ��������
³5RWDWLRQ�SHULRGV�IRU�VPDOO�PDLQ�EHOW�DVWHURLGV�´�Astron. Astrophys. 

��������������

1XPEHU� 1DPH� �����PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(��
 864 Aase 04/14-04/15 7.8,7.3 219 6 3.240 0.002 0.34 0.05 

 1806 Derice 06/28-07/01 24.3,24.1 341 4 3.226 0.002 0.16 0.02 

 2048 Dwornik 06/06-06/09 24.8,24.3 277 33 3.64 0.01 0.08 0.01 

 2069 Hubble 2005 01/17-02/04 7.3,13.5 104 10 87.3 0.1 0.34 0.03 

 2093 Genichesk 04/20-04/25 11.2,13.8 192 6 11.017 0.005 0.19 0.02 

 2784 Domeyko 05/15-05/18 22.4,23.3 192 9 6.004 0.002 0.48 0.05 

 2858 Carlosporter 06/06-06/09 *14.1,15.5 190 7 3.250 0.004 0.05 0.02 

 3470 Yaronika 06/15-06/20 26.5,27.3 213 -1 6.626 0.002 1.01 1.02 

 3569 Kumon 05/08-05/20 *8.2,8.0 234 17 T57.36 0.06 0.35 0.01 

       46.84 0.007 0.36 0.05 

 3894 Williamcooke 05/22-05/26 10.1,9.3 255 17 4.173 0.002 0.07 0.01 

 3936 Elst 06/20-06/27 *24.0,22.2 271 6 6.646 0.002 0.19 0.02 

 5720 Halweaver 04/18-04/18 35.4 154 26 3.8852 0.0006 1.03 0.01 

 6384 Kervin  2022 03/24-04/02 *19.9,19.8 187 35 A3.6192 0.0008 0.10 0.01 

       7.236 0.002 0.09 0.01 

 7516 Kranjc 06/15-06/19 23.8,25.2 227 10 3.969 0.002 0.24 0.01 

 9698 Idzerda 04/21-05/07 12.7,19.0 189 -2 5.4753 0.0003 0.44 0.02 

 9992 1997 TG19 04/20-04/23 8.8,10.8 198 1 5.741 0.002 0.42 0.02 

 11450 Shearer 05/23-05/26 8.4,9.3 235 11 5.4239 0.0006 0.91 0.01 

 16214 Venkatachalam 05/27-06/05 5.7,8.5 244 9 6.263 0.001 0.40 0.02 

 24029 1999 RT198 04/27-05/01 10.5,12.3 196 1 5.4908 0.0006 0.81 0.01 

 27262 1999 XT184 04/09-04/10 0.7,1.2 198 1 5.736 0.002 0.20 0.02 

 29606 1998 QN94 05/02-05/21 25.9,30.1 192 26 2.8965 0.0001 0.17 0.01 

 42811 1999 JN81 06/21-06/25 27.0,27.2 277 35 3.902 0.002 0.16 0.02 

49699  Hidetakasato 04/27-05/06 *7.7,8.1 218 10 T68.33 0.06 0.52 0.50 

       52.91 0.11 0.17 0.03 

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7'RPLQDQW�SHULRG�IRU�D�WXPEOLQJ�DVWHURLG��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��
,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�
ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�HW�DO����������,I�PRUH�WKDQ�RQH�OLQH�IRU�DQ�DVWHURLG��WKH�ILUVW�OLQH�JLYHV�WKH�GRPLQDQW�VROXWLRQ�
DQG�KDV�D�7�VXSHUVFULSW��6XEVHTXHQW�OLQHV�DUH�DGGLWLRQDO��QRW�DOWHUQDWH��SHULRGV��6HH�WKH�WH[W�IRU�PRUH�GHWDLOV��

1XPEHU� 1DPH� O� E� 3HULRG� O� E� 3HULRG� D�E�UDWLR� D�F�UDWLR�

 864 Aase 64 -77 3.23256 246 -66 3.23256 1.3 1.3 

 5720 Halweaver 172 –80 3.88715    1.6 1.8 

7DEOH�,,,��5HVXOWV�RI�3ROH�6KDSH�PRGHOLQJ��7KH�SUHIHUUHG�VROXWLRQ�LV�OLVWHG�ILUVW�LQ�EROG�WH[W��)RU�WKH�UDWLRV��F� ������
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%HKUHQG�� 5�� �����ZHE�� ����ZHE�� ����ZHE�� 2EVHUYDWRLUH� GH�
*HQHYH�ZHE�VLWH�� �
http://obswww.unige.ch/~behrend/page_cou.html��

%HQLVKHN�� 9�� �������� ³/LJKWFXUYH� DQG� 5RWDWLRQ� 3HULRG�
'HWHUPLQDWLRQV�IRU����$VWHURLGV�´�Minor Planet Bull.������������

&DUERJQDQL��$����������³$VWHURLGV�/LJKWFXUYHV�DW�2DYGD�������-XQH�
�������0DUFK�´�Minor Planet Bull.����������

&ODUN�� 0�� �������� ³$VWHURLG� 3KRWRPHWU\� IURP� WKH� 3UHVWRQ� *RWW�
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0DVVLPLOLDQR�0DQQXFFL��1LFR�0RQWLJLDQL�
$VVRFLD]LRQH�$VWURILOL�)LRUHQWLQL�

2VVHUYDWRULR�$VWURQRPLFR�0DUJKHULWD�+DFN��$����
)ORUHQFH��,7$/<�

LQIR#DVWURILOLILRUHQWLQL�LW�

'DYLGH�*DEHOOLQL��)DELR�0RUWDUL�
2VVHUYDWRULR�$VWURQRPLFR�+\SDWLD��/����

5LPLQL��,7$/<�

�5HFHLYHG�������-XQH�����

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� WKUHH� PDLQ�EHOW�
DVWHURLGV�ZHUH�PDGH�EHWZHHQ������-DQXDU\�DQG�0DUFK�LQ�
RUGHU� WR�PHDVXUH� WKHLU� URWDWLRQ�SHULRGV� DQG�GHILQH� WKHLU�
WD[RQRPLF�FODVV��7KH�REVHUYDWLRQV�XVHG�LQVWUXPHQWDWLRQ�
DYDLODEOH�DW�RXU�WZR�REVHUYDWRULHV��

&&'�SKRWRPHWULF� REVHUYDWLRQV� RI� WKUHH�PDLQ�EHOW� DVWHURLGV�ZHUH�
FDUULHG� RXW� LQ� ����� -DQXDU\� DQG� 0DUFK� DW� WKH� 2VVHUYDWRULR�
$VWURQRPLFR� 0DUJKHULWD� +DFN� �$���� DQG� 2VVHUYDWRULR�
$VWURQRPLFR� +\SDWLD� �/����� 7KH� 2VVHUYDWRULR� $VWURQRPLFR�
0DUJKHULWD� +DFN� LV� HTXLSSHG� ZLWK� D� �����P� f������ 6FKPLGW�
&DVVHJUDLQ� WHOHVFRSH�� DQ� 6%,*� 67��� ;0(� &&'� FDPHUD�� DQG�
-RKQVRQ�&RXVLQV� %95F� SKRWRPHWULF� ILOWHUV�� 7KH� SL[HO� VFDOH� ZDV��
��DUFVHF�ZKHQ�ELQQHG�DW��î��SL[HOV��7KH�2VVHUYDWRULR�$VWURQRPLFR�
+\SDWLD�LV�HTXLSSHG�ZLWK�D������P�f�����5LWFKH\�&KUHWLHQ�WHOHVFRSH�
DQG� D�0RUDYLDQ�*�������&&'�FDPHUD� KDYLQJ� WKH� SL[HO� VFDOH� RI�
����� DUFVHF� DW� �î�� ELQQLQJ�� DQG� 5F� SKRWRPHWULF� ILOWHU�� 'DWD�
SURFHVVLQJ�DQG�DQDO\VLV�ZHUH�GRQH�ZLWK�MPO Canopus� �:DUQHU��
�������$OO� LPDJHV�ZHUH�FDOLEUDWHG�ZLWK�GDUN�DQG�IODW�ILHOG�IUDPHV�
XVLQJ�Astroart� 6.0�� DQG�MaximDL�� 7DEOH� ,� VKRZV� WKH� REVHUYLQJ�
FLUFXPVWDQFHV�DQG�UHVXOWV��

����6XHYLD�ZDV�GLVFRYHUHG�DW�+HLGHOEHUJ�RQ������0D\���E\�0�)��
:ROI��,W�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�D�VHPL�PDMRU�D[LV�RI�������DX��
HFFHQWULFLW\��������LQFOLQDWLRQ������GHJ��DQG�RUELWDO�SHULRG�RI������
\HDUV��,WV�DEVROXWH�PDJQLWXGH�LV�H� �������-3/��������03&���������

,Q�WKLV�FDVH��RXU�REVHUYDWLRQV�ZHUH�FRQGXFWHG�LQ�WZR�VWHSV��7KH�ILUVW�
VWHS�FRQVLVWHG� LQ�FROOHFWLQJ�����GDWD�SRLQWV�GXULQJ� WZR�QLJKWV�RQ�
�����)HE����DQG�����7KH�SHULRG�DQDO\VLV�VKRZV�D�ELPRGDO�VROXWLRQ�
IRU� D� URWDWLRQDO� SHULRG� P�  � ������ �� ������ K� ZLWK� DQ� DPSOLWXGH��
A�  � ����� �� ����� PDJ�� 7KH� VSOLW�KDOYHV� SORW� OHW� XV� UHVROYH� WKH�
SRWHQWLDO�DPELJXLW\�EHWZHHQ�PRQRPRGDO�DQG�ELPRGDO�VROXWLRQ�E\�
VKRZLQJ� WKDW� WKH� WZR� KDOYHV� RI� WKH� ������ K� VROXWLRQ� DUH� QRW�
VXSHULPSRVDEOH�� 7KLV� PDNHV� WKH� ELPRGDO� VROXWLRQ� PXFK� PRUH�
SUREDEOH��$V�D�IXUWKHU�FKHFN��ZH�FRQVXOWHG�WKH�DVWHURLG�OLJKWFXUYH�
GDWDEDVH��/&'%��:DUQHU�HW�DO���������DQG�IRXQG�WKUHH�SUHYLRXVO\�
UHSRUWHG� SHULRGV�� %DUXFFL� HW� DO�� ������� ������ K��� )DXYDXG� DQG�
)DXYDXG��������������K���DQG�0DUWLNDLQHQ�HW�DO����������������K���
7KH� SHULRG�ZH� IRXQG� VHHPV� WR� EH� LQ� JRRG� DJUHHPHQW�ZLWK� WKRVH�
SUHYLRXV�UHVXOWV��

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

 417 Suevia 02/22 192 3.37 152 -6 7.034 0.002 0.12 0.014 MBA  

 554 Peraga 01/13 391 6.53 103 1 13.715 0.002 0.18 0.01 MBA  

 747 Winchester 03/01 513 5.46 168 14 9.418 0.002 0.13 0.016 MBA 

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��3WV�LV�WKH�QXPEHU�RI�GDWD�SRLQWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��/3$%�DQG�
%3$%� DUH� WKH� DSSUR[LPDWH� SKDVH� DQJOH� ELVHFWRU� ORQJLWXGH� DQG� ODWLWXGH� DW� PLG�GDWH� UDQJH� �VHH� +DUULV� et al.�� ������� *US� LV� WKH� DVWHURLG�
IDPLO\�JURXS��:DUQHU�et al.���������


