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3KOR[�&RWWDJH��:DQWDJH�5RDG�

*UHDW�6KHIIRUG��%HUNVKLUH��5*����'$�

8QLWHG�.LQJGRP�

SHWHU#ELUWZKLVWOH�RUJ�XN�

�5HFHLYHG�������-XO\����

/LJKWFXUYHV� DQG� DPSOLWXGHV� IRU� VHYHQ� QHDU�(DUWK�

DVWHURLGV� REVHUYHG� IURP� *UHDW� 6KHIIRUG� 2EVHUYDWRU\�

GXULQJ�FORVH�DSSURDFKHV�EHWZHHQ������$SULO�DQG�-XQH�DUH�

UHSRUWHG�� )RXU� DUH� VXSHUIDVW� URWDWRUV� ZLWK� SHULRGV��

3�����PLQXWH��7KH�HIIHFWV�RI�OLJKWFXUYH�VPRRWKLQJ�GXH�WR�

DQ�LQDSSURSULDWHO\�FKRVHQ�H[SRVXUH�OHQJWK�DUH�PRGHOOHG�

IRU������-/��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�

DSSURDFKHV� WR�(DUWK� EHWZHHQ� �����$SULO� DQG� -XQH�ZHUH�PDGH� DW�

*UHDW� 6KHIIRUG� 2EVHUYDWRU\� XVLQJ� D� �����P� 6FKPLGW�&DVVHJUDLQ�

DQG�$SRJHH�$OWD�8����&&'�FDPHUD��$OO�REVHUYDWLRQV�ZHUH�PDGH�

XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�UHGXFHU�DW�

f����7KH��.î�.�����PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�

LPDJH� VFDOH� RI� ����� DUF� VHFRQGV�SL[HO�� $OO� WKH� LPDJHV� ZHUH�

FDOLEUDWHG�ZLWK�GDUN�DQG�IODW�IUDPHV�DQG�Astrometrica��5DDE��������

ZDV� XVHG� WR�PHDVXUH� SKRWRPHWU\� XVLQJ�$3$66� -RKQVRQ�9� EDQG�

GDWD� IURP� WKH� 8&$&�� FDWDORJXH� �=DFKDULDV� HW� DO��� �������MPO 

Canopus �:DUQHU�� ������� LQFRUSRUDWLQJ� WKH� )RXULHU� DOJRULWKP�

GHYHORSHG�E\�+DUULV� �+DUULV�HW�DO���������ZDV�XVHG� IRU� OLJKWFXUYH�

DQDO\VLV��

1R�SUHYLRXVO\�UHSRUWHG�UHVXOWV�IRU�DQ\�RI�WKH�REMHFWV�UHSRUWHG�KHUH�

KDYH� EHHQ� IRXQG� LQ� WKH� $VWHURLG� /LJKWFXUYH� 'DWDEDVH� �/&'%��

�:DUQHU� HW� DO��� ������� IURP� VHDUFKHV� YLD� WKH� $VWURSK\VLFV� 'DWD�

6\VWHP� �$'6�� ������� RU� IURP� ZLGHU� VHDUFKHV� XQOHVV� RWKHUZLVH�

QRWHG��$OO� VL]H� HVWLPDWHV� DUH� FDOFXODWHG� XVLQJ�H� YDOXHV� IURP� WKH�

6PDOO�%RG\� 'DWDEDVH� /RRNXS� �-3/� ����E��� XVLQJ� DQ� DVVXPHG�

DOEHGR�IRU�1($V�RI������/&'%�UHDGPH�SGI�ILOH��DQG�DUH�WKHUHIRUH�

XQFHUWDLQ�DQG�RIIHUHG�IRU�UHODWLYH�FRPSDULVRQ�RQO\��

����� *<��� :LWK� H�  � ����� DQG� D� 0LQLPXP� 2UELW� ,QWHUVHFWLRQ�

'LVWDQFH��02,'��IURP�(DUWK�RI��������DX� �����/XQDU�'LVWDQFHV�

�/'���WKLV�$SROOR�LV�FODVVLILHG�E\�WKH�0LQRU�3ODQHW�&HQWHU�DV�D�3+$��

D� SRWHQWLDOO\� KD]DUGRXV� DVWHURLG�� ZLWK� DQ� HVWLPDWHG� GLDPHWHU� RI��

a���� P�� ,W� ZDV� D� PDJ� ��� GLVFRYHU\� IURP� WKH� $7/$6�+.2��

+DOHDNDOD� VLWH� RQ� ����� $SU� �� �6HUUDQR� HW� DO��� ������ DQG� ZDV�

REVHUYHG�RYHU�WKH�QH[W�WKUHH�QLJKWV��IDGLQJ�IURP�PDJ�������WR�������

GXULQJ� WKDW� WLPH�� ,QLWLDO�PHDVXUHPHQW� RI� WKH� ����� XVDEOH� LPDJHV�

REWDLQHG� VKRZHG� YDULDWLRQ� RYHU� VHYHUDO� KRXUV�� 7KH� LPDJHV� ZHUH�

WKHQ�VWDFNHG�XVLQJ�Astrometrica� WR�SURGXFH�����GDWD�SRLQWV��ZLWK�

HDFK� PHDVXUHPHQW� W\SLFDOO\� FRPELQLQJ� ��� LPDJHV�� $� SHULRG�

VSHFWUXP�IURP�FRQWLQXRXV�REVHUYDWLRQ�RI�����K�RQ�$SU��������K�RQ�

$SU� �� DQG� ���� K� RQ� $SU� �� LQGLFDWHG� WKH� OLJKWFXUYH� LV� SUREDEO\�

ELPRGDO�ZLWK�D�SHULRG�RI������K�ZLWK�WKH�GDWD�SRLQWV�FRYHULQJ�DOPRVW�

WKH�HQWLUH�OLJKWFXUYH��$�TXDGULPRGDO�VROXWLRQ�DW������K�DOVR�ILWV�WKH�

GDWD� EXW� ZLWK� WKH� OLPLWHG� FRYHUDJH�� LV� UHMHFWHG� LQ� IDYRXU� RI� WKH�

VKRUWHU�SHULRG��7KH�ORQJHVW�HIIHFWLYH�H[SRVXUH��'W���IURP�VWDUW�RI�WKH�
ILUVW� WR� WKH� HQG� RI� WKH� ODVW� H[SRVXUH� LQ� DQ\� RQH� VWDFN� ZDV� �����

PLQXWHV�DQG�VR�'W��P� ��������LQGLFDWLQJ�WKDW�OLJKWFXUYH�VPRRWKLQJ�
GXH�WR�WKH�VWDFNLQJ�SURFHVV�LV�QHJOLJLEOH��3UDYHF�HW�DO����������

�

�

�����+$��7KLV�$WHQ��ZLWK� DQ� HVWLPDWHG� GLDPHWHU� RI� a���P��ZDV�

GLVFRYHUHG�E\�WKH�=7)�WHDP�DW�3DORPDU�RQ������$SU�������87&��

MXVW� WKUHH�KRXUV�EHIRUH�D�FORVH�DSSURDFK� WR�ZLWKLQ���/'�RI�(DUWK�

�%DFFL�HW�DO�������D���,W�ZDV�REVHUYHG�IRU�����K�VWDUWLQJ�DW������$SU�

������87&�DQG�LQLWLDO���V�H[SRVXUHV�GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�

YDULDELOLW\�EHWZHHQ�FRQVHFXWLYH�LPDJHV��:LWK�WKH�DSSDUHQW�PRWLRQ�

RI����DUFVHF�PLQ��H[SRVXUHV�ZHUH�WKHQ�OHQJWKHQHG�WR����V�DQG�����

XVDEOH� LPDJHV� REWDLQHG�� $OWKRXJK� UHODWLYHO\� IDLQW� DW� PDJ� �����

FRQGLWLRQV�ZHUH�JRRG�DQG� WKH� UHVXOWLQJ� OLJKWFXUYH� UHYHDOV�D� ODUJH�

DPSOLWXGH� DQG� URWDWLRQ� SHULRG� RI� ��� PLQXWHV�� PHDQLQJ� WKDW� ���

UHYROXWLRQV�RFFXUUHG�GXULQJ�WKH�REVHUYLQJ�VHVVLRQ��

�
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�����+&��7KLV�ZDV�D�GLVFRYHU\�PDGH�RQ������$SU�������87&�E\�

WKH������P�6FKPLGW� DW� WKH�7RN\R�.LVR� VWDWLRQ�� DERXW� HLJKW�KRXUV�

DIWHU� DQ� DSSURDFK� WR� �� /'� RI� (DUWK� �%DFFL� HW� DO��� ����E���:LWK��

H� �������LWV�HVWLPDWHG�GLDPHWHU�LV�a���P��2EVHUYDWLRQV�ZHUH�PDGH�

RQ������$SU�������87&�IRU����PLQ�ZKHQ�LWV�VN\�PRWLRQ�ZDV����

DUFVHF�PLQ� DQG� DJDLQ� RQ� $SU� ������ 87&� IRU� ��� PLQ� ZKHQ� VN\�

PRWLRQ� KDG� GHFHOHUDWHG� WR� ��� DUFVHF�PLQ�� $OWKRXJK� IDGLQJ� DV� LW�

UHFHGHG� IURP� (DUWK�� WKH� ���� PDJ� GHFUHDVH� LQ� EULJKWQHVV� GXH� WR�

FKDQJLQJ�JHRPHWU\�ZDV�SDUWLDOO\�RIIVHW�E\�WKH�H[SHFWHG�a����PDJ�

EULJKWHQLQJ�GXH�WR� WKH�SKDVH�DQJOH�UHGXFLQJ�IURP����� WR������2Q�

ERWK� QLJKWV�� LW� ZDV� UHODWLYHO\� IDLQW�� ZLWK� VLJQLILFDQW� QRLVH� LQ� WKH�

PHDVXUHPHQWV�� EXW�� HVSHFLDOO\� RQ� WKH� ILUVW� GDWH�� YHU\� VKRUW�WHUP�

PDJQLWXGH� YDULDWLRQV� ZHUH� REYLRXV�� ([SRVXUHV� ZHUH� OLPLWHG� WR�

EHWZHHQ� ���� V� RQ� WKH� ILUVW� GDWH� DQG� �� V� RQ� WKH� ODVW�� ,QGHSHQGHQW�

SHULRG�VSHFWUD�IURP�WKH� WZR�GDWHV�DUH�JLYHQ�KHUH�� WRJHWKHU�ZLWK�D�

VROXWLRQ�FRPELQLQJ�GDWD�IURP�ERWK�GDWHV��VKRZLQJ�WKDW�YHU\�VLPLODU�

SHULRGLFLWLHV�DUH�GHWHFWHG�LQ�WKH�GDWD�IURP�WKH�WZR�QLJKWV��

�

$OWKRXJK�WKH�OLJKWFXUYHV�DUH�YHU\�QRLV\��DV�H[SHFWHG�WKH�DPSOLWXGH�

LV�VHHQ�WR�GHFUHDVH�DV�WKH�SKDVH�DQJOH�UHGXFHG��7KH�OLJKWFXUYH�IURP�

WKH�FRPELQHG�QLJKWV�LQGLFDWHV�WKDW�WKH�SHULRG�LV����VHFRQGV�DQG�WKDW�

���DQG����UHYROXWLRQV��UHVSHFWLYHO\��ZRXOG�KDYH�RFFXUUHG�GXULQJ�WKH�

SHULRGV�RI�REVHUYDWLRQ�RQ�WKH�WZR�QLJKWV��

�

�

�
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����� -/�� $QRWKHU� $SROOR�� LW� ZDV� GLVFRYHUHG� DW� PDJ� ���� E\� WKH�

&DWDOLQD�6N\�6XUYH\�RQ������0D\����0HOQLNRY�HW�DO�������D��MXVW�D�

IHZ�KRXUV�SDVW�LWV�FORVHVW�DSSURDFK�WR���/'��:LWK�H� ��������LW�KDV�

DQ�HVWLPDWHG�VL]H�RI�a���P��(YHQ�WKRXJK�UHFHGLQJ�IURP�(DUWK��ZLWK�

LQFUHDVLQJ�HORQJDWLRQ�IURP�WKH�6XQ�DQG�GHFUHDVLQJ�SKDVH�DQJOH��LWV�

PDJQLWXGH�SHDNHG�DERXW�����PDJV�EULJKWHU�WZR�GD\V�DIWHU�GLVFRYHU\��

,W�ZDV�REVHUYHG�IRU�����PLQXWHV�VWDUWLQJ�RQ������0D\������87&�WR�

PHDVXUH�DVWURPHWU\�DQG�ZLWK�PRWLRQ�RI����DUFVHF�PLQ�����XVDEOH�

LPDJHV� ZHUH� REWDLQHG� ZLWK� �� V� H[SRVXUHV�� ,PDJHV� ZHUH� YLVXDOO\�

FKHFNHG� IRU� DQ\� UDSLG� FKDQJH� LQ� EULJKWQHVV� EXW� QRWKLQJ� ZDV�

REYLRXV��([SRVXUHV�ZHUH�WKHQ�LQFUHDVHG�LPPHGLDWHO\�DIWHUZDUGV�WR�

�������� V�� IRU� DQ� H[WHQGHG� UXQ� RI� ���� K� WR� JDWKHU� LPDJHV� IRU�

SKRWRPHWU\��:KHQ�ERWK�VHW�RI�LPDJHV�ZHUH�PHDVXUHG�LW�ZDV�REYLRXV�

WKDW�WKH�URWDWLRQ�SHULRG�ZDV�DFWXDOO\�YHU\�VKRUW��7KH�OLQHDUO\�VFDOHG�

SHULRG� VSHFWUXP� VSDQQLQJ� ��� V� WR� ����PLQXWHV� LQGLFDWHV� WKH� EHVW�

ILWWLQJ�VROXWLRQ�KDV�D�URWDWLRQ�SHULRG�RI�P� �������K�����V���

�

7KLV�UHVXOW�LPSOLHV�WKH�H[SRVXUH�OHQJWK��'W��GXULQJ�WKH�SKRWRPHWU\�
UXQ� ZDV� ORQJ� HQRXJK� WR� FDXVH� VLJQLILFDQW� OLJKWFXUYH� VPRRWKLQJ��

ZKHUH� 'W�3� UHDFKHG� ������� 7KH� QH[W� QLJKW� SURYLGHG� DQRWKHU�
RSSRUWXQLW\�WR�REVHUYH������-/�DQG�WKLV�WLPH�H[SRVXUH�OHQJWK�ZDV�

VHW�DW���V��ZKHUH�'W�3� �������ZDV�FKRVHQ�DV�D�JRRG�FRPSURPLVH�

EHWZHHQ� PD[LPLVLQJ� VLJQDO� WR� QRLVH� UDWLR� �DW�'W�3�  � ������� DQG�
PLQLPLVLQJ� OLJKWFXUYH� VPRRWKLQJ� �3UDYHF� HW� DO��� ������� 7KH�

UHVXOWLQJ�OLJKWFXUYHV��IURP�H[SRVXUH�OHQJWKV�RI���V��WKHQ���������V��

ERWK�IURP������0D\�����������87&��DQG�ILQDOO\���V�IURP������0D\�

����������87&�� VKRZ� WKH� HIIHFWV� RI� OLJKWFXUYH� VPRRWKLQJ� RQ� WKH�

VKDSH�RI� WKH� OLJKWFXUYH�GXH� WR� WKH�GLIIHUHQW�H[SRVXUH� OHQJWKV�� WKH�

URWDWLRQ� SHULRG� LWVHOI� EHLQJ� VHFXUH� LQ� HDFK� DQDO\VLV�� 7KUHH�

LQGHSHQGHQW� SKDVHG� UHGXFWLRQV� DUH� JLYHQ�� WKH� ILUVW��ZLWK�'W� ��� V�
VKRZV� D� VPDOO� PLQLPXP� RFFXUULQJ� DW� SKDVH�  � ����� DQG� D� WKLUG�

PD[LPXP�DW�SKDVH� ������LQ�ZKDW�ZRXOG�RWKHUZLVH�EH�D�ELPRGDO�

OLJKWFXUYH��ZLWK�DPSOLWXGH�������

�

7KH�VHFRQG�VHW�RI�REVHUYDWLRQV��ZLWK�'W� ���������V�ZDV�VWDUWHG�E\�
FKDQFH�DERXW�����PLQXWHV� ������URWDWLRQV�ODWHU�WKDQ�WKH�VWDUW�RI�WKH�

ILUVW�OLJKWFXUYH��VR�WKH�PDLQ�IHDWXUHV�DUH�VLPLODUO\�SRVLWLRQHG�LQ�WKH�

WZR�SKDVHG�GLDJUDPV��7KHUH�LV�QR�GLS�DW�WKH�HTXLYDOHQW�SRLQW�LQ�WKH�

VHFRQG�OLJKWFXUYH��DW�SKDVH� �������LQGHHG�WKH�)RXULHU�FXUYH�VKRZV�

D�VPDOO�KXPS�LQ�WKH�RYHUDOO�GHVFHQW�EHWZHHQ�SKDVH������DQG�������

7KH�DPSOLWXGH�LV�DOVR�VLJQLILFDQWO\�VPDOOHU�DW�������

�

7KH�WKLUG�SKDVHG�SORW��FHQWUHG�RQ������0D\������87&��ZLWK�'W� ��
��V�DQG�ZLWK�D�GLIIHUHQW�]HUR�SRLQW�IRU�WKH�SKDVHG�FXUYH��GRHV�DJDLQ�

VKRZ� WKH� VPDOO�PLQLPXP�� WKLV� WLPH� DW� SKDVH�  � ����� DQG� D� VPDOO�

LQFUHDVH�LQ�RYHUDOO�DPSOLWXGH�IURP�WKH�SUHYLRXV�OLJKWFXUYH��DW�������
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7R�PRGHO�WKH�HIIHFWV�RI�OLJKWFXUYH�VPRRWKLQJ��WKH�IDFWRUV�f� ± f��WKDW�

ZRXOG�EH�H[SHFWHG�WR�UHGXFH�WKH�ILUVW�ILYH�)RXULHU�FRHIILFLHQWV�RI�WKH�

WUXH�OLJKWFXUYH�IRU�WKH�UDQJH�RI�H[SRVXUHV�XVHG�ZHUH�FDOFXODWHG�DQG�

DUH�OLVWHG�LQ�7DEOH�,��WRJHWKHU�ZLWK�WKH�FRUUHVSRQGLQJ�IUDFWLRQ�RI�WKH�

URWDWLRQ�SHULRG��

�

,W�FDQ�EH�VHHQ�WKDW�WKH�IDFWRUV�IRU�'W� ������DQG����V�DUH�VLJQLILFDQW��
H�J��� IRU� WKH�QRUPDOO\�GRPLQDQW��QG� KDUPRQLF� LWV� VWUHQJWK�ZLOO� EH�

DOPRVW�KDOYHG��WKH��UG�KDUPRQLF�UHGXFHG�WR�OHVV�WKDQ�����RI�LWV�WUXH�

VWUHQJWK�DQG�IRU�WKH��WK�DQG��WK�KDUPRQLFV��WKH�IDFWRUV�DUH�QHJDWLYH��

LQGLFDWLQJ�WKDW�WKHLU�FRQWULEXWLRQ�WR�WKH�VPRRWKHG�OLJKWFXUYH�ZLOO�EH�

LQ�WKH�RSSRVLWH�VHQVH�RI�WKHLU�WUXH�YDOXH��

7DNLQJ� WKH� REVHUYHG� 'W�  � �� V� FXUYH� DV� WKH� OHDVW� DIIHFWHG� E\�
VPRRWKLQJ��LWV�FDOFXODWHG�)RXULHU�FRHIILFLHQWV�ZHUH�DGMXVWHG�E\���f�

WR�DSSUR[LPDWH�WKH�WUXH�FRHIILFLHQWV�EHIRUH�VPRRWKLQJ��7KHVH�ZHUH�

WKHQ�UHGXFHG�XVLQJ�WKH�IDFWRUV�fQ�IRU�YDOXHV�RI�'W� ������DQG������V�

RQ� WKH� ILUVW� QLJKW� DQG� 'W�  � �� V� RQ� WKH� VHFRQG� QLJKW� WR� SURGXFH�

HVWLPDWHV�RI�WKH�VPRRWKLQJ�RI�WKH�'W� ���V�FXUYH�GXH�WR�WKH�ORQJHU�
H[SRVXUH�WLPHV��7KH�³&DOFXODWHG�VPRRWKLQJ´�SKDVHG�SORW�IRU�0D\�

����� 87&� VKRZV� )RXULHU� FXUYHV� WDNHQ� GLUHFWO\� IURP� WKH� MPO 

Canopus�UHGXFWLRQV�RI�WKH�'W� ���V�PHDVXUHPHQWV��WKLQ�EODFN�OLQH��

DQG�'W�  � ����� ±� ��� V� �GDVKHG� UHG� OLQH��� 7ZR� DOPRVW� FRLQFLGHQW�

WKLFNHU�EOXH�OLQHV�DUH�FDOFXODWHG�IURP�WKH�'W� ���V�FXUYH�E\�DSSO\LQJ�

WKH�IDFWRUV�IRU�'W� ������DQG������V�DV�GHVFULEHG�DERYH��VLPXODWLQJ�

KRZ�WKH�'W� ���V�FXUYH�ZRXOG�DSSHDU�LI� WKH�ORQJHU�H[SRVXUHV�KDG�
EHHQ�XVHG��

�

7KH� FDOFXODWHG� FXUYH� UHSUHVHQWV� WKH� REVHUYHG� OLJKWFXUYH� IRU�'W�  �
��������V�ZHOO��LQFOXGLQJ�WKH�GLVDSSHDUDQFH�RI�WKH�VPDOO�PLQLPXP�

DW� SKDVH�  � ����� DQG� D� UHGXFWLRQ� LQ� DPSOLWXGH� WR� ������$� VLPLODU�

SKDVHG� GLDJUDP� IRU� 0D\� ����� 87&� VKRZV� WKH� HTXLYDOHQW�

FRPSDULVRQ�RI�WKH�REVHUYHG�FXUYHV�IRU�'W� ���V��WKLQ�EODFN�OLQH��DQG�
��V��GRWWHG�UHG�OLQH��WRJHWKHU�ZLWK�D�WKLFN�EOXH�OLQH�FDOFXODWHG�IURP�

WKH�'W� ���V�FXUYH�E\�DSSO\LQJ�WKH�IDFWRUV�IRU�'W� ���V��

�

7KH�'W� ���V�IHDWXUH�DW�SKDVH� ������LV�HYLGHQW�LQ�WKH�FDOFXODWHG�FXUYH�
EXW�UHGXFHG�LQ�VFDOH��$V�H[SHFWHG��WKH�FDOFXODWHG�RYHUDOO�DPSOLWXGH�

LV� UHGXFHG�GXH� WR� VPRRWKLQJ�� WR������� WKRXJK�QRW�DV�PXFK�DV� WKH�

REVHUYHG�DPSOLWXGH�RI������IRU�WKH�'W� ���V�FXUYH��+RZHYHU��RQ�WKDW�
VHFRQG�QLJKW�������-/�ZDV�DW�SKDVH�DQJOH�a� ��������DQG�WKHUHIRUH�

WKH� DPSOLWXGH� REVHUYHG� RQ� WKDW� GDWH� ZRXOG� EH� H[SHFWHG� WR� EH�

VRPHZKDW�VPDOOHU�WKDQ�WKH�SUHYLRXV�QLJKW��ZKHQ�a� ��������

8VLQJ� WKH� PHDVXUHPHQWV� IURP� ERWK� QLJKWV�� WKH� SHULRG� LV� IXUWKHU�

UHILQHG�� WKRXJK� WKH� OLJKWFXUYH� VKDSH� KDV� H[WUD� VFDWWHU� GXH� WR� WKH�

GLIIHUHQW� GHJUHHV� RI� OLJKWFXUYH� VPRRWKLQJ�� 6PDOO� ]HUR�SRLQW�

DGMXVWPHQWV� ZLWK� DQ� 506� RI� ����� ZHUH� DSSOLHG� WR� WKH� ���MPO 

Canopus�VHVVLRQV��IRU�HDFK�WLPH�WKH�WHOHVFRSH�ZDV�UHSRVLWLRQHG���WR�

UHGXFH�WKH�RYHUDOO�VFDWWHU��

'W� 'W�3� f�� f�� f�� f�� f��

 4 0.077 0.99 0.96 0.91 0.85 0.77 

 8 0.155 0.96 0.85 0.68 0.48 0.27 

14.3 0.277 0.88 0.57 0.19 -0.10 -0.21 

15 0.290 0.87 0.53 0.14 -0.13 -0.22 

7DEOH� ,�� )DFWRUV� fQ� UHGXFLQJ� WKH� VWUHQJWK� RI� WKH� ILUVW� ILYH�
KDUPRQLFV�LQ�WKH�OLJKWFXUYH�RI������-/�IRU�H[SRVXUH�OHQJWK�YDOXHV�

RI�'W��VHFRQGV��DQG�URWDWLRQ�SHULRG�RI�������V���VHH�3UDYHF�HW�DO���
�������
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�

�����..���7KLV�$SROOR�ZDV�DQRWKHU�GLVFRYHU\�PDGH�E\�WKH������P�

6FKPLGW� DW� WKH� 7RN\R�.LVR� VWDWLRQ�� ILUVW� GHWHFWHG� RQ� ����� 0D\�

������87&�DW�PDJ�����DQG�OHVV�WKDQ�IRXU�KRXUV�DIWHU�DQ�DSSURDFK�

WR�ZLWK� ����/'�RI�(DUWK� �0HOQLNRY� HW� DO��� ����E��� 3UH�GLVFRYHU\�

DVWURPHWU\�ZDV� UHSRUWHG� IURP� WKH�&DWDOLQD� 6N\� 6XUYH\� IURP� ����

GD\V�EHIRUH�DQG�RUELW�VROXWLRQV�IURP�6HQWU\��-3/�����D��OLVW������

..�� DV� D� YLUWXDO� LPSDFWRU� ZLWK� WKH� HDUOLHVW� SRVVLEOH� LPSDFW�

SUHGLFWHG� IRU�0D\� �����ZLWK� D� SUREDELOLW\� RI� �� LQ� ������� ,W�ZDV�

REVHUYHG�IURP�*UHDW�6KHIIRUG�RQ������0D\�������87&�DQG������

-XQH������87&��RQ�ERWK�RFFDVLRQV� IRU� MXVW�RYHU�RQH�KRXU�DQG�RQ�

ERWK� QLJKWV� ODUJH� DPSOLWXGH� PDJQLWXGH� YDULDWLRQV� ZHUH� DSSDUHQW�

RYHU�D�WLPHVFDOH�RI�D�IHZ�PLQXWHV��,W�KDG�IDGHG�E\�DERXW�����PDJ�RQ�

WKH�VHFRQG�QLJKW�DV� LW� UHFHGHG�IURP�(DUWK�EXW�RQ�ERWK�QLJKWV�ZDV�

YLVLEOH�RQ�DOO�LPDJHV��ZKHUH�H[SRVXUHV�UDQJHG�IURP���WR����VHFRQGV��

7KH�SHULRG�VSHFWUXP�VKRZV�WKH�EHVW�ILW�VROXWLRQ�KDV�D�SHULRG�RI�MXVW�

XQGHU���PLQXWHV�DQG�WKH�OLJKWFXUYH�LQGLFDWHV�DQ�DPSOLWXGH�RI�QHDUO\�

��PDJQLWXGH��$ERXW����URWDWLRQV�RFFXUUHG�GXULQJ�WKH�ILUVW�SHULRG�RI�

REVHUYDWLRQ�DQG����URWDWLRQV�GXULQJ�WKH�VHFRQG��$VVXPLQJ�D�SKDVH�

UHODWLRQ� VORSH� SDUDPHWHU� G�  � ������ WKH� DEVROXWH� PDJQLWXGH� �H��

GHULYHG�IURP�WKH�VROXWLRQ�LV��������������ZKLFK�LPSOLHV�D�GLDPHWHU�

DERXW�����ODUJHU�WKDQ�WKH�a���P�GLDPHWHU�LQIHUUHG�IURP�WKH�YDOXH�

RI�H� ��������������JLYHQ�LQ�WKH�6PDOO�%RG\�'DWDEDVH�/RRNXS��-3/�

����E���

�

�

����� 03�� 7KLV� $WHQ� ZDV� GLVFRYHUHG� DW� PDJ� ��� DW� WKH� $7/$6�

0DXQD�/RD�IDFLOLW\�RQ������-XQH�����%DFFL�HW�DO�������F���,W�ZDV�

REVHUYHG�RQ������-XQH����DQG�-XQH����DQG�ZDV�VHHQ�WR�VKRZ�ODUJH�

PDJQLWXGH�YDULDWLRQV�LQ���V�RI�VHFRQGV�EXW�ZDV�WRR�IDLQW�IRU�UHOLDEOH�

SKRWRPHWU\��:KHQ������03�ZDV�QH[W�REVHUYHG��RQ������-XQH�����

LW�ZDV�ZLWKLQ�����PDJV�RI�LWV�SHDN�EULJKWQHVV�IRU�WKH�DSSDULWLRQ�DW�

PDJ������

�

0LG�� 3WV�� 6SDQ� � �

WLPH� 'W� )OGV� �K�� 3HULRG�K�� 3�(� 5RWQV� $PS�

4.92 4 72/1 0.12 0.01437 0.00003 8 0.32 

4.99 15 630/9 3.34 0.0143456 0.0000007 232 0.17 

5.98 8 362/5 1.56 0.014348 0.000001 108 0.21 

7DEOH�,,��'HWDLOV�RI�SHULRGV�RI�REVHUYDWLRQ�RI������-/��ZKHUH�0LG�

WLPH�LV�WKH�GD\�LQ������0D\��87&���'W� LV� WKH�ORQJHVW�H[SRVXUH�
XWLOL]HG��VHFRQGV���3WV�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�XVHG�LQ�WKH�
UHGXFWLRQ�� )OGV� LV� WKH� QXPEHU� RI� WLPHV� WKH� WHOHVFRSH� ZDV�
UHSRVLWLRQHG�WR�GLIIHUHQW�ILHOGV��6SDQ�LV�WKH�WLPH�IURP�ILUVW�WR�ODVW�
PHDVXUHPHQW�XVHG��5RWQV�LV�WKH�QXPEHU�RI�URWDWLRQV�FRPSOHWHG�
GXULQJ�WKH�6SDQ�DQG�$PS�LV�WKH�$PSOLWXGH�IURP�WKH�)RXULHU�FXUYH�
GHULYHG IURP WKH REVHUYDWLRQV
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$�VHW�RI���DQG���VHFRQG�H[SRVXUHV�ZHUH�REWDLQHG�RYHU�D�SHULRG�RI�

���� K� DQG� WKH� DQDO\VLV� RI� WKH� ���� XVDEOH� LPDJHV� VKRZV� D� ODUJH�

DPSOLWXGH�DV\PPHWULFDO�ELPRGDO� OLJKWFXUYH�ZLWK�D�SHULRG�RI������

VHFRQGV�� LQGLFDWLQJ� WKDW� ���� URWDWLRQV� RFFXUUHG� GXULQJ� LPDJH�

FDSWXUH��$ERXW� ����RI� WKH� LPDJHV�ZHUH� IURP��� V� H[SRVXUHV�� WKH�

UHPDLQGHU���V��7KH���DQG���V�H[SRVXUH�OHQJWKV�DV�D�IUDFWLRQ�RI�WKH�

SHULRG� DUH� ������ DQG� ������� UHVSHFWLYHO\�� DQG� WKHUHIRUH� QR�

VLJQLILFDQW� VPRRWKLQJ� RI� WKH� OLJKWFXUYH� VKDSH� LV� WR� EH� H[SHFWHG�

�3UDYHF� HW� DO��� ������� 7KH� �� V� H[SRVXUH� OHQJWK� LV� OLNHO\� WR� KDYH�

FDXVHG�WKH�REVHUYHG�DPSOLWXGH�WR�EH�a�����PDJV�OHVV�WKDQ�WKH�UHDO�

DPSOLWXGH�DQG�WKH���V�H[SRVXUH�OHQJWK�HTXLYDOHQWO\�a�����PDJV�OHVV��

ERWK�UHGXFWLRQV�EHLQJ�VPDOOHU�WKDQ�WKH�OLNHO\�HUURU�LQ�DPSOLWXGH�RI�

�����GXH�WR�PHDVXUHPHQW�XQFHUWDLQW\��

�����03�ZDV�DOVR�REVHUYHG�E\�5DGDU�IURP�*ROGVWRQH�RQ������-XQH�

����%HQQHU���������ZKHUH�LW� LV�QRWHG�WKDW�7��/LVWHU�KDG�UHSRUWHG�D�

URWDWLRQ�SHULRG�RI����V��RU�SRVVLEOH����V��DQG�D�OLJKWFXUYH�DPSOLWXGH�

RI�����PDJQLWXGHV��7KHVH� ILJXUHV�DUH� LQ�JRRG�DJUHHPHQW�ZLWK� WKH�

UHVXOWV� GHWHUPLQHG� LQ� WKLV� SDSHU�� 7KH� 5DGDU� UHVXOW� LQFOXGHV� WKH�

VWDWHPHQW�� ³If we adopt the preliminary period of 28 seconds 

reported by T. Lister, then the bandwidth of ~300 Hz places a lower 

bound on the maximum pole-on extent of 23 meters (or double that 

if the period is 56 seconds).´�7DNLQJ�WKH����V�SHULRG�GHULYHG�LQ�WKLV�

SDSHU� DQG� D� YDOXH� RI�H�  � ������ �� ����� �-3/�� ����E��� WKH� VL]H�

HVWLPDWH�RI����P�LPSOLHV�DQ�DOEHGR�RI�������������IRU������03��

�����01��� 7KH� 3DQ�67$556� �� WHDP� GLVFRYHUHG� WKLV�$SROOR� DW�

PDJ�����DOPRVW�H[DFWO\�RQH�ZHHN�EHIRUH�LW�SDVVHG�(DUWK�DW�����/'�

�:DLQVFRDW�HW�DO����������:LWK�H� �������LWV�GLDPHWHU�LV�a���P��,W�

ZDV�IROORZHG�GXULQJ�LWV�DSSURDFK�RQ������-XQH����IRU����PLQXWHV��

ZKHQ� LW�ZDV�PDJ������ DW� D� UDQJH�RI� ����/'�� DQG�PRYLQJ� DW� ����

DUFVHF�PLQ��([SRVXUHV�ZHUH�OLPLWHG�WR�����V�RU�OHVV�WR�NHHS�WUDLOLQJ�

RI�WKH�REMHFW�ZLWKLQ�WKH�PHDVXUHPHQW�DQQXOXV�RI�Astrometrica���

�

�

$OWKRXJK� UHODWLYHO\� IDLQW�� LW� ZDV� VKRZLQJ� REYLRXV� YDULDWLRQV� LQ�

EULJKWQHVV� EHWZHHQ� FRQVHFXWLYH� LPDJHV� WDNHQ� ZLWK� D� FDGHQFH� RI��

����V�DQG�D�SHULRG�VSHFWUXP�LQGLFDWHV� WKH�EHVW� ILW� WR� WKH�GDWD� LV�D�

VROXWLRQ�ZLWK� D� SHULRG� RI� ��� V�� 7KH� RYHUDOO� 506� UHVLGXDO� RI� WKH�

OLJKWFXUYH� LV� ���� PDJ�� FRQWULEXWLQJ� WR� DQRWKHU� UDWKHU� QRLV\�

OLJKWFXUYH��

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�JUDWHIXOO\�DFNQRZOHGJHV�D�*HQH�6KRHPDNHU�1(2�*UDQW�

IURP� WKH� 3ODQHWDU\� 6RFLHW\� ������� DQG� D� 5LGOH\� *UDQW� IURP� WKH�

%ULWLVK�$VWURQRPLFDO�$VVRFLDWLRQ���������ERWK�RI�ZKLFK�IDFLOLWDWHG�

XSJUDGHV�WR�REVHUYDWRU\�HTXLSPHQW�XVHG�LQ�WKLV�VWXG\��

� �����PP��GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(� +�

2022 GY2 04/07-04/10 37.4-28.7 181 2 9.26 0.01 0.6 0.1 21.69 

2022 HA 04/18-04/19 42.5-47.5 198 20 0.31732 0.00008 1.3 0.2 24.39 

2022 HC 04/19-04/21 34.3-9.9 203 9 0.0141989 0.0000002 0.3 0.3 25.10 

2022 JL 05/04-05/06 28.2-17.3 223 12 0.0143465 0.0000001 0.32* 0.08* 23.38 

2022 KK5 05/31-06/02 43.9-45.0 255 22 0.083063 0.000002 1.0 0.3 25.09 

2022 MP 06/25-06/25 38.4-38.3 261 15 0.0156778 0.0000009 0.8 0.2 23.97 

2022 MN1 06/27-06/27 71.9-73.0 248 24 0.015032 0.000009 0.8 0.3 27.30 

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����������$PSOLWXGH�HUURU��$�(���LV�FDOFXODWHG�DV����
��OLJKWFXUYH�506�UHVLGXDO���+�LV�WKH�DEVROXWH�PDJQLWXGH�DW���DX�IURP�
6XQ�DQG�(DUWK�WDNHQ�IURP�WKH�6PDOO�%RG\�'DWDEDVH�/RRNXS��-3/������E���1RWH��
�9DOXHV�DUH�WDNHQ�IURP�WKH�OLJKWFXUYH�IURP������0D\�
����������87&��ZLWK�PLQLPDO�OLJKWFXUYH�VPRRWKLQJ���

� �,QWHJUDWLRQ�7LPHV�

1DPH� �������0LQ�0D[� ���LQWJ�3G� �����D�E� ���3WV������)OGV�

2022 GY2 621� 0.019 1.3 154 27  

2022 HA 9.6-10.1 0.009 1.7 585 13  

2022 HC 2-8 0.157 1.2 469 9  

2022 JL 4-15 0.290 1.2 1064 15  

2022 KK5 8-16 0.054 1.5 348 6  

2022 MP 6,8 0.142 1.4 573 7  

2022 MN1 3.1,3.2 0.059 1.3 264 5  

7DEOH�,9��$QFLOODU\�LQIRUPDWLRQ��OLVWLQJ�WKH�LQWHJUDWLRQ�WLPHV�XVHG�
�VHFRQGV���WKH�IUDFWLRQ�RI�WKH�SHULRG�UHSUHVHQWHG�E\�WKH�ORQJHVW�
LQWHJUDWLRQ� WLPH� �3UDYHF�HW�DO���������� WKH�FDOFXODWHG�PLQLPXP�
HORQJDWLRQ�RI�WKH�DVWHURLG��.ZLDWNRZVNL�HW�DO����������WKH�QXPEHU�
RI�GDWD�SRLQWV�XVHG�LQ�WKH�DQDO\VLV�DQG�WKH�QXPEHU�RI�WLPHV�WKH�
WHOHVFRSH�ZDV�UHSRVLWLRQHG�WR�GLIIHUHQW�ILHOGV��1RWH���� �/RQJHVW�
HODSVHG�LQWHJUDWLRQ�WLPH�IRU�VWDFNHG�LPDJHV��VWDUW�RI�ILUVW�WR�HQG�
RI�ODVW�H[SRVXUH�XVHG��
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