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JHRII#ILUVW�OLJKW�V\VWHPV�FRP�

�5HFHLYHG�������2FWREHU������5HYLVHG�������1RYHPEHU�����

:H�SUHVHQW�OLJKWFXUYHV�DQG�V\QRGLF�URWDWLRQ�SHULRGV�IRU�

WZHQW\�WZR�DVWHURLGV��

3KRWRPHWULF�REVHUYDWLRQ�RI�WKHVH�PLQRU�SODQHWV�ZDV�FRQGXFWHG�IURP�

����� 2FWREHU� WKURXJK� ����� 2FWREHU� DW� 'LPHQVLRQ� 3RLQW�

2EVHUYDWRU\��03&�9����ORFDWHG�QHDU�0D\KLOO��10��

,PDJHV�ZHUH�DFTXLUHG�XVLQJ�3ODQH:DYH�,QVWUXPHQWV������P� f�����

DQG������P�f�����&RUUHFWHG�'DOO�.LUNKDP�WHOHVFRSHV�RQ�3ODQH:DYH�

,QVWUXPHQWV�/�����DQG�/�����PRXQWV��,PDJH�DFTXLVLWLRQ�ZDV�ZLWK�

D� )LQJHU� /DNHV� ,QVWUXPHQWDWLRQ� .HSOHU� ./���� EDFN�LOOXPLQDWHG�

&026�FDPHUD��7KH�HTXLSPHQW�ZDV�RSHUDWHG�UHPRWHO\�XVLQJ�ACP 

Expert��'HQQ\��������DQG�MaximDL��*HRUJH���������

7DUJHW�VHOHFWLRQ�DQG�SODQQLQJ�ZDV�SHUIRUPHG�XVLQJ�WKH�DXWKRUV�RZQ�

3\WKRQ�VFULSWV��2UELWDO�HOHPHQWV��HSKHPHULV�DQG�RWKHU�LQIRUPDWLRQ�

ZHUH� REWDLQHG� IURP� WKH� 0LQRU� 3ODQHW� &HQWHU� �03&��

�http://www.minorplanet.net),� WKH� -3/� 6RODU� 6\VWHP� '\QDPLFV�

�http://ssd.jpl.nasa.gov��DQG�WKH�/RZHOO�2EVHUYDWRU\�0LQRU�3ODQHW�

6HUYLFHV� �http://asteroid.lowell.edu�� ZHEVLWHV� DQG� WKH� /&'%�

GDWDEDVH��:DUQHU�HW�DO����������

,PDJHV�ZHUH�PDGH�XQJXLGHG�LQ�+'5�PRGH��HLWKHU�XQILOWHUHG�RU�ZLWK�

D� \HOORZ� ORQJ�SDVV� EOXH�EORFNLQJ� ILOWHU�� XWLOL]LQJ� FDPHUD� LQWHUQDO�

VWDFNLQJ�HYHU\����VHFRQGV��([SRVXUH�GXUDWLRQ�YDULHG�EDVHG�RQ�WKH�

WDUJHW� EULJKWQHVV� DQG� DSSDUHQW� PRWLRQ� EXW� ZDV� W\SLFDOO\� ����

VHFRQGV��

,PDJH�FDOLEUDWLRQ��SODWH�VROYLQJ��PHDVXUHPHQW�DQG�SHULRG�DQDO\VLV�

ZHUH� SHUIRUPHG� XVLQJ� Tycho-Tracker� 9��� �3DUURWW�� �������

&RPSDULVRQ�VWDUV�RI�QHDU�VRODU�FRORU�ZHUH�FKRVHQ�IURP�WKH�$7/$6�

UHIFDW��VWDU�FDWDORJ�XVLQJ�6ORDQ�U��PDJQLWXGHV��7RQU\�HW�DO���������

XVLQJ�WKH�FRPSDULVRQ�VWDU�VHOHFWLRQ�IHDWXUH�RI�Tycho-Tracker��

�����6LWDUVNL�LV�D�PLGGOH�PDLQ�EHOW�DVWHURLG�WKDW�LV�D�PHPEHU�RI�WKH�

0HU[LD�G\QDPLFDO�IDPLO\��,W�ZDV�GLVFRYHUHG�LQ������E\�YDQ�+RXWHQ�

DQG� YDQ� +RXWHQ�*URHQHYHOG� DW� 3DORPDU� RQ� SODWHV� WDNHQ� E\� 7��

*HKUHOV��,W�LV�QDPHG�LQ�KRQRU�RI�*U]HJRU]�6LWDUVNL��DQ�DVWURQRPHU�

DW�WKH�3ROLVK�$FDGHP\�RI�6FLHQFHV��:H�REVHUYHG�6LWDUVNL�RQ�IRXU�

QLJKWV� LQ������6HSWHPEHU�DQG�2FWREHU�UHVXOWLQJ�LQ�D� WRWDO�RI�����

WRWDO�REVHUYDWLRQV��

:H�IRXQG�RQH�SULRU� URWDWLRQ�SHULRG� UHSRUW� IURP�:DUHOO� �������RI�

����� KRXUV�� $QDO\VLV� RI� RXU� GDWD� UHVXOWHG� LQ� D� EHVW�ILW� SHULRG� RI��

������ �� ������ KRXUV�ZLWK� DQ� DPSOLWXGH� RI� ��������� �������PDJ�

UHVXOWLQJ�LQ�D�W\SLFDO�ELPRGDO�OLJKWFXUYH��GLVDJUHHLQJ�ZLWK�:DUHOO��

�

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

 2042 Sitarski 2024 09/25-10/09  *1.6, 4.3 7 0 8.377 0.004 0.17 0.01 MERXIA 

 2460 Mitlincoln 2024 09/12-09/12   4.2, 4.4 358 0 2.992 0.011 0.17 0.02 MB-I 

 2935 Naerum 2024 04/30-07/11   9.5,24.1 231 17 450.8 0.2 0.55 0.02 MB-M 

 3654 AAS 2024 09/09-09/10  12.9,13.6 5 1 3.545 0.002 0.15 0.02 MB-I 

 3869 Norton 2024 08/15-08/19   8.9,10.8 340 6 7.606 0.003 0.15 0.02 MB-I 

 3895 Earhart 2024 07/12-07/16   8.8,10.0 305 16 3.565 0.002 0.51 0.03 MB-I 

 4222 Nancita 2023 11/15-11/17  10.0, 8.7 64 -2 3.873 0.002 0.56 0.03 MC 

 4706 Dennisreuter 2024 09/25-09/28   4.6, 6.1 13 -1 3.685 0.003 0.10 0.02 MB-M 

 5725 Nordlingen 2024 04/29-05/09   4.9, 7.4 216 9 3.412 0.002 0.15 0.02 MB-I 

 6026 Xenophanes 2024 09/09-09/11   7.4, 8.2 8 1 4.106 0.002 0.44 0.03 MB-O 

 7079 Baghdad 2024 07/17-08/21  *6.7,13.2 312 7 2.860 0.003 0.06 0.01 MC 

 8356 Wadhwa 2023 09/24-10/15   7.6,20.7 351 1 3.080 0.002 0.29 0.02 MB-I 

 9436 Shudo 2024 04/26-05/02  11.7,14.5 197 5 3.779 0.002 0.14 0.01 NYSA 

 13713 1998 QN30 2024 10/05-10/11   8.5, 4.8 25 -1 6.312 0.004 0.87 0.03 MB-I 

 16693 Moseley 2024 09/08-10/14 *12.3,12.8 2 16 71.72 0.07 1.06 0.5 EUNOMIA 

 17133 1999 JC81 2024 06/06–06/10  11.8,10.9 261 19 6.694 0.002 0.27 0.02 MB-M 

 22074 2000 AB113 2024 10/13-10/14   8.5, 8.8 37 -13 3.806 0.004 0.37 0.03 EOS 

 37163 Huachucaclub 2024 08/20-09/07   9.5,16.9 314 6 6.811 0.007 1.01 0.05 MB-I 

 37187 2000 WP60 2024 05/07-06/30  *7.0,21.5 249 11 580.1 1.0 0.23 0.03 MB-M 

 69894 1998 SD125 2024 10/05-10/10   3.6, 5.6 26 -1 3.725 0.002 0.52 0.05 EOS 

 86608 2000 EK85 2024 05/08-05/13  13.2,13.9 234 15 3.534 0.007 0.10 0.01 MC 

 93636 2000 UF81 2024 03/30-06/03   8.5,23.7 189 16 12.791 0.004 0.32 0.02 MB-M 
 

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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�����0LWOLQFROQ�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������

E\�/�*��7DII�DQG�'��%HDWW\�DW�6RFRUUR��,W�LV�QDPHG�DIWHU�WKH�0,7�

/LQFROQ�/DERUDWRU\��:H�REVHUYHG�LW�RQ�RQH�QLJKW�LQ������6HSWHPEHU�

UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

$�VHDUFK�RI�WKH�/&'%�VKRZHG�VL[�SULRU�UHSRUWHG�SHULRGV�������K�E\�

:DUQHU� �������� ������ E\� %HKUHQG� �����ZHE��� ������ E\�:DUQHU�

���������������E\�.U\V]F]\QVND�HW�DO�����������������E\�%HQLVKHN�

������� DQG� ������� E\� 0DQQXFFL� �������� $QDO\VLV� RI� RXU� GDWD�

UHVXOWHG� LQ� D� ELPRGDO� OLJKWFXUYH�ZLWK� D� EHVW� ILW� RI� ��������������

KRXUV�DQG�DQ�DPSOLWXGH�RI�����������������PDJ��LQ�FORVH�DJUHHPHQW�

ZLWK�%HQLVKHN�DQG�0DQQXFFL��

�

�����1DHUXP�LV�D�PLGGOH�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�

5�0��:HVW�DW�/D�6LOOD��:H�REVHUYHG�LW�RQ����QLJKWV�LQ������$SULO�

WKURXJK�-XO\�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

1R�SULRU�SHULRG�UHSRUWV�ZHUH�IRXQG�LQ�WKH�/&'%��$QDO\VLV�RI�RXU�

GDWD�UHVXOWHG�LQ�D�EHVW�ILW�RI�������������KRXUV�ZLWK�DQ�DPSOLWXGH�RI�

��������������PDJ��7KH�SHULRG�VSHFWUXP�VKRZV�VSLNHV�DW�����DQG�

����KRXUV��:H�DGRSWHG�WKH�ODWWHU�YDOXH�ZKLFK�JDYH�D�ELPRGDO�UHVXOW��

&RYHUDJH�LV�LQFRPSOHWH�VR�WKLV�UHVXOW�FRXOG�EH�ZURQJ��

�

�

�����$$6� LV� D�PDLQ�EHOW� DVWHURLG�GLVFRYHUHG� LQ������E\�*RHWKH�

/LQN�2EVHUYDWRU\� LQ�%URRNO\Q��:H� REVHUYHG� LW� RQ� WZR� QLJKWV� LQ�

�����6HSWHPEHU�UHVXOWLQJ�LQ�����REVHUYDWLRQV��

:H�IRXQG�QR�SULRU�UHSRUWV�RI�D�URWDWLRQ�SHULRG��$QDO\VLV�RI�RXU�GDWD�

UHVXOWHG�LQ�D�EHVW�ILW�SHULRG�RI���������������K�ZLWK�DQ�DPSOLWXGH�RI�

����������������PDJ��

�

�����1RUWRQ�LV�D�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�%RZHOO�

DW� )ODJVWDII��:H�REVHUYHG�1RUWRQ� RQ� ILYH� QLJKWV� LQ� �����$XJXVW�

UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H�IRXQG�WZR�SULRU�UHSRUWV��3iO�HW��DO���������UHSRUWHG���������K�

DQG�%HQLVKHN��������UHSRUWHG�������K��$QDO\VLV�RI�RXU�GDWD�UHVXOWHG�

LQ�D�EHVW�ILW�RI���������������K�ZLWK�DQ�DPSOLWXGH�RI�����������������

PDJ��LQ�DJUHHPHQW�ZLWK�%HQLVKHN��

�

�����(DUKDUW�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�

&�� 6KRHPDNHU� DW� 3DORPDU�� 7KH� /&'%� VKRZV� WHQ� SULRU� URWDWLRQ�

SHULRG�UHSRUWV�DQG�DQ�XQFHUWDLQW\�VFRUH�8�RI���ZLWK�SHULRG��������

KRXUV��:H�REVHUYHG�LW�RQ�ILYH�QLJKWV�LQ������-XO\�UHVXOWLQJ�LQ�D�WRWDO�

RI�����REVHUYDWLRQV��

$QDO\VLV�RI�RXU�GDWD�UHVXOWHG�LQ�D�EHVW�ILW�SHULRG�RI���������������K�

ZLWK�DQ�DPSOLWXGH�RI���������������PDJ��LQ�FORVH�DJUHHPHQW�ZLWK�

SULRU�UHSRUWV��
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�����1DQFLWD�LV�D�0DUV�FURVVLQJ�DVWHURLG�GLVFRYHUHG�LQ������E\�(��

+HOLQ� DW� 3DORPDU�� 7KHUH�ZHUH� WZR� SULRU� UHSRUWV� LQ� WKH� /&'%� RI�

��������������E\�+LJJLQV�HW�DO���������DQG�������������������E\�

�XUHFK� HW� DO�� �������� :H� REVHUYHG� RQ� WKUHH� QLJKWV� LQ� �����

1RYHPEHU�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

$QDO\VLV�RI�WKH�GDWD�UHVXOWHG�LQ�D�EHVW�ILW�RI��������������KRXUV�ZLWK�

DQ�DPSOLWXGH�RI��������������PDJ�LQ�FORVH�DJUHHPHQW�ZLWK�WKH�SULRU�

UHSRUWV��

�

�����'HQQLVUHXWHU�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�E\�5��

5DMDPRKDQ�DW�.DYDOXU�LQ�������,W�LV�QDPHG�IRU�'HQQLV�&��5HXWHU��D�

SK\VLFDO� FKHPLVW� DW� WKH� *RGGDUG� 6SDFH� )OLJKW� &HQWHU�� ZKR�

GHYHORSHG�LQVWUXPHQWDWLRQ�DQG�WHFKQLTXHV�WR�PHDVXUH�WKH�VSHFWUD�RI�

FRPHWV�DQG�SODQHWDU\�ERGLHV��:H�REVHUYHG�LW�RQ�IRXU�QLJKWV�LQ������

6HSWHPEHU�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

7KH�/&'%�VKRZV�D�SHULRG�RI�������ZLWK�D�XQFHUWDLQW\�VFRUH�8�RI�

���:DV]F]DN�HW��DO���������UHSRUWHG�������K�DQG�)RUQDV�HW�DO���������

UHSRUWHG� ������ K��$� ILIWK� RUGHU� )RXULHU� ILW� RI� RXU� GDWD� UHVXOWHG� D�

SHULRG�RI���������������K�ZLWK�DQ�DPSOLWXGH�RI������������PDJ��LQ�

FORVH�DJUHHPHQW�ZLWK�)RUQDV��

�

�����1RUGOLQJHQ�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������

E\�&��6KRHPDNHU� DW�3DORPDU��:H�REVHUYHG� LW� RQ� VHYHQ�QLJKWV� LQ�

�����$SULO�DQG�0D\�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H�ZHUH�XQDEOH� WR�ILQG�DQ\�SULRU�SHULRG�UHSRUWV��$QDO\VLV�RI�RXU�

GDWD�UHVXOWHG�LQ�D�EHVW�ILW�RI���������������KRXUV�ZLWK�DQ�DPSOLWXGH�

RI�������������PDJ��

�

�����;HQRSKDQHV�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������

E\�(�:��(OVW� DW� /D� 6LOOD��:H� REVHUYHG� LW� RQ� WZR� QLJKWV� LQ� �����

6HSWHPEHU�IRU�D�WRWDO�RI�����REVHUYDWLRQV��

:H�IRXQG�WKUHH�SULRU�UHSRUWV�LQ�WKH�/&'%��7ZR�E\�:DV]F]DN�HW�DO��

�������RI�������K�DQG�������K�DORQJ�ZLWK�RQH� IURP�+DQXã�HW�DO��

�������RI���������7KH�/&'%�TXDOLW\�VFRUH�8�ZDV����$QDO\VLV�RI�RXU�

GDWD�UHVXOWHG� LQ�D�FOHDU�ELPRGDO� OLJKWFXUYH�ZLWK�EHVW� ILW�SHULRG�RI�

��������������K�ZLWK�DQ�DPSOLWXGH�RI�����������������PDJ��FORVH�

WR�WKH�VHFRQG�UHSRUW�IURP�:DV]F]DN�HW�DO��

�
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�����%DJKGDG�LV�D�0DUV�FURVVHU�GLVFRYHUHG�LQ������E\�(��(OVW�DQG�

9��,YDQRYD�DW�6PRO\DQ��:H�REVHUYHG�LV�RQ�VL[�QLJKWV�LQ������-XO\�

DQG�$XJXVW�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H�ZHUH�XQDEOH�WR�ILQG�DQ\�SULRU�URWDWLRQ�SHULRG�UHSRUWV��$QDO\VLV�

RI�RXU�GDWD�UHVXOWHG�LQ�D�EHVW�ILW�RI��������������K�ZLWK�DQ�DPSOLWXGH�

RI��������������PDJ��

�

�����:DGZKD�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�

&��6KRHPDNHU�DQG�(��6KRHPDNHU�DW�3DORPDU��,W�LV�QDPHG�LQ�KRQRU�

RI� 'U��0HHQDNVKL�:DGKZD�� ZKR� LV� FXUUHQWO\� WKH� GLUHFWRU� RI� WKH�

$UL]RQD�6WDWH�8QLYHUVLW\�6FKRRO�RI�(DUWK�DQG�6SDFH�([SORUDWLRQ��

:H� REVHUYHG� :DGKZD� RQ� WZR� QLJKWV� LQ� ����� 6HSWHPEHU� DQG�

2FWREHU�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H� IRXQG� WKUHH� SULRU� UHSRUWV� IRU�:DGKZD�� ���������������� E\�

3UDYHF� HW� DO�� �����ZHE��� ���������� E\� %XFKKHLP� ������� DQG�

�������������� E\� 3UDYHF� HW� DO�� �����ZHE���$QDO\VLV� RI� RXU� GDWD�

UHVXOWHG�LQ�D�EHVW�ILW�RI���������������KRXUV�ZLWK�DQ�DPSOLWXGH�RI�

������������PDJ��VOLJKWO\�ORQJHU�WKDQ�WKH�SULRU�UHSRUWV��

�

�����6KXGR�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�7��

.RED\DVKL�DW�2L]XPL��,W�LV�D�PHPEHU�RI�WKH�1\VD�IDPLO\��,W�LV�QDPHG�

IRU� D� SULYDWH� ER\V¶� MXQLRU� DQG� VHQLRU� KLJK� VFKRRO� LQ� +LURVKLPD��

-DSDQ��:H�REVHUYHG�LW�RQ�VL[�QLJKWV�LQ������$SULO�DQG�0D\�UHVXOWLQJ�

LQ�D�WRWDO�RI�����REVHUYDWLRQV��

$� VHDUFK� RI� WKH� /&'%� GLG� QRW� UHYHDO� DQ\� UHSRUWV� RI� D� V\QRGLF�

SHULRG��$QDO\VLV�RI�RXU�GDWD�UHVXOWHG�LQ�D�EHVW�ILW�RI���������������

KRXUV�ZLWK�DQ�DPSOLWXGH�RI�������������PDJ��'XH�WR�WKH�UHODWLYHO\�

VKRUW�SHULRG�VHYHUDO�QLJKWV�FRYHUHG�FRPSOHWH�RU�QHDUO\�F\FOHV��7KH�

SHULRG�VSHFWUXP�LV�XQDPELJXRXV��ZLWK�QR�RWKHU�PHDQLQJIXO�VLJQDOV��

�

�

�����������41���LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG��:H�REVHUYHG�LW�RQ�

VL[�QLJKWV�LQ������2FWREHU�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H�IRXQG�RQH�SULRU�UHSRUW�E\�:DV]F]DN�HW�DO���������RI�������KRXUV��

7KH� /&'%� OLVWV� WKH� TXDOLW\� VFRUH� 8� DV� ��� $QDO\VLV� RI� RXU� GDWD�

UHVXOWHG� LQ� D� EHVW� ILW� SHULRG� RI� ������ �� ������� KRXUV� ZLWK� DQ�

DPSOLWXGH� RI� ������ �� ������� PDJ�� LQ� FORVH� DJUHHPHQW� ZLWK�

:DV]F]DN� HW� DO�� 7KH� VPDOO� JDS� DW� SKDVH� ����ZDV� FDXVHG� E\� GDWD�

SRLQWV�UHPRYHG�GXH�WR�FRQWDPLQDWLRQ�E\�D�EDFNJURXQG�VWDU��,I�QRW�

IRU�WKDW��WKH�FRYHUDJH�ZRXOG�EH�FRPSOHWH��

�

������ 0RVHOH\� LV� D� PLGGOH� PDLQ�EHOW� DVWHURLG� RI� WKH� (XQRPLD�

IDPLO\��,W�ZDV�GLVFRYHUHG�LQ������E\�'�-��$VKHU�DW�6LGLQJ�6SULQJ��,W�

LV� QDPHG� IRU� 7HUHQFH� -�&�$��0RVHOH\�� HGLWRU� RI� 6WDUGXVW�� DQG� D�

IRXQGLQJ�PHPEHU�RI�WKH�,ULVK�)HGHUDWLRQ�RI�$VWURQRPLFDO�6RFLHWLHV��

:H�REVHUYHG�0RVHOH\�RQ�VHYHQWHHQ�QLJKWV�LQ������6HSWHPEHU�DQG�

2FWREHU�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H� IRXQG� QR� SULRU� URWDWLRQ� SHULRG� UHSRUWV�� $QDO\VLV� RI� RXU� GDWD�

UHVXOWHG�LQ�D�EHVW�ILW�RI��������������KRXUV��6LQFH�ZH�ZHUH�XQDEOH�WR�

REVHUYH�D�FOHDU�PLQLPXP��WKH�DPSOLWXGH�LV�XQFHUWDLQ��EXW�DSSHDUV�WR�

H[FHHG� ��PDJQLWXGH� DQG� LV� OLNHO\� EHWZHHQ� �� DQG� ����PDJQLWXGH��

&RYHUDJH� LV� LQFRPSOHWH� VR� WKLV� UHVXOW� FRXOG� EH� ZURQJ�� )XUWKHU�

REVHUYDWLRQV�DUH�QHHGHG��
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�

������ ����� -&��� LV� D� PLGGOH� PDLQ�EHOW� DVWHURLG� GLVFRYHUHG� E\�

/,1($5�DW�6RFRUUR��:H�REVHUYHG�LW�RQ�HLJKW�QLJKWV�LQ������-XQH��

UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

$�VHDUFK�RI�WKH�$/&'()�UHYHDOHG�RQH�UHSRUW�E\�3iO�HW�DO���������RI�

�����������������KRXUV�ZLWK�DQ�DPSOLWXGH�RI�������������PDJQLWXGH�

EDVHG�RQ�GDWD�H[WUDFWHG�IURP�7(66�REVHUYDWLRQV��$QDO\VLV�RI�RXU�

GDWD�UHVXOWLQJ�LQ�D�EHVW�ILW�RI���������������KRXUV�ZLWK�DQ�DPSOLWXGH�

RI���������������PDJ��GLVDJUHHLQJ�ZLWK�3iO�HW�DO��

�

3iO� HW� DO�� SURYLGHG� GDWD� WR� WKH� $/&'()� GDWDEDVH� ZKLFK� ZH�

GRZQORDGHG� DQG� DQDO\]HG� WR� WU\� WR� XQGHUVWDQG� WKH� GLVFUHSDQFLHV�

ZLWK�RXU�UHVXOWV��

7KHUH�DUH�D�VPDOO�QXPEHU�RI�VLJQLILFDQW�RXWOLHUV�LQ�WKH�3iO�HW�DO��GDWD�

DV� VKRZQ� LQ� WKH�SORWV�EHORZ�� ,QFOXGLQJ� WKHVH�RXWOLHUV� UHVXOWV� LQ�D�

VSHFWUXP�ZLWK�VHYHUDO�SHDNV��RQH�SHDN� LV�QHDU� WKH� UHSRUWHG�������

KRXUV��6XSSUHVVLQJ�WKHVH�RXWOLHUV�UHVXOWV�LQ�D�VSHFWUXP�ZLWK�D�SHDN�

DW������KRXUV��LQ�FORVH�DJUHHPHQW�ZLWK�RXU�UHVXOW��EXW�ZLWK�D�PXFK�

ORZHU� DPSOLWXGH��7KH� OLJKWFXUYH� VKDSH� LV� DOVR� GLIIHUHQW� IURP�RXU�

UHVXOW��:H�DUH�XQDEOH�WR�H[SODLQ�WKHVH�GLVFUHSDQFLHV��

�

�

�

�

�����������$%����LV�DQ�RXWHU�PDLQ�EHOW�DVWHURLG�WKDW�LV�D�PHPEHU�

RI�WKH�(RV�IDPLO\��,W�ZDV�GLVFRYHUHG�LQ������E\�/,1($5�DW�6RFRUUR��

:H�REVHUYHG� LW�RQ� WZR�QLJKWV� LQ������2FWREHU� IRU�D� WRWDO�RI�����

REVHUYDWLRQV��

:H�IRXQG�RQH�SULRU�UHSRUW�IURP��XUHFK�HW�DO���������RI�������KRXUV�

ZLWK�D�TXDOLW\�VFRUH�8�RI����$QDO\VLV�RI�RXU�GDWD�UHVXOWHG�LQ�D�EHVW�

ILW�RI���������������KRXUV�ZLWK�DQ�DPSOLWXGH�RI����������������PDJ��

LQ�FORVH�DJUHHPHQW�ZLWK��XUHFK�HW�DO��

�
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������+XDFKXFDFOXE��DQ�LQQHU�PDLQ�EHOW�DVWHURLG��ZDV�GLVFRYHUHG�

E\�0HGNHII� DQG� +HDO\� DW� -XQN� %RQG�2EVHUYDWRU\� LQ� ������ ,W� LV�

QDPHG�DIWHU�WKH�+XDFKXFD�$VWURQRP\�&OXE�RI�6LHUUD�9LVWD��$=��:H�

REVHUYHG�LW�RQ����QLJKWV�LQ������$XJXVW�DQG�6HSWHPEHU�UHVXOWLQJ�LQ�

D�WRWDO�RI�����REVHUYDWLRQV��

:DV]F]DN� HW�� DO�� ������� UHSRUWHG� D� SHULRG� RI� ������ KRXUV� DQG� DQ�

DPSOLWXGH� RI� ���� PDJ�� 7KH� /&'%� VKRZV� D� TXDOLW\� VFRUH� RI� ���

$QDO\VLV�RI�RXU�REVHUYDWLRQV�UHVXOWHG�LQ�D�EHVW�ILW�RI���������������

KRXUV� ZLWK� DQ� DPSOLWXGH� RI� ����� �� ����� PDJ�� ORQJHU� WKDQ� WKH�

:DV]F]DFN�HW�DO��UHSRUW��

�

������ �����:3��� LV� D� PLGGOH� PDLQ�EHOW� DVWHURLG� GLVFRYHUHG� LQ�

�����E\�/,1($5�DW�6RFRUUR��:H�REVHUYHG�LW�RQ����QLJKWV�LQ������

0D\�WKURXJK�-XO\�UHVXOWLQJ�LQ�D�WRWDO�RI������REVHUYDWLRQV��

:H�ZHUH�XQDEOH�WR�ILQG�DQ\�SULRU�URWDWLRQ�SHULRG�UHSRUWV��$QDO\VLV�

RI� RXU� GDWD� UHVXOWHG� LQ� D� EHVW� ILW� RI� ������ �� ���� KRXUV� ZLWK� DQ�

DPSOLWXGH� RI� ������ �� ������ PDJ�� 7KH� OLJKWFXUYH� VKRZV� VLJQV�

LQGLFDWLQJ�LW�PD\�EH�WXPEOLQJ��

�

�����������6'����LV�DQ�RXWHU�PDLQ�EHOW�DVWHURLG�WKDW�LV�D�PHPEHU�

RI�WKH�(RV�IDPLO\��,W�ZDV�GLVFRYHUHG�LQ������E\�/,1($5�DW�6RFRUUR��

:H�REVHUYHG�LW�RQ�VL[�QLJKWV�LQ������2FWREHU�UHVXOWLQJ�LQ�D�WRWDO�RI�

����REVHUYDWLRQV��

:H� IRXQG� QR� SULRU� URWDWLRQ� SHULRG� UHSRUWV�� $QDO\VLV� RI� RXU� GDWD�

UHVXOWLQJ� LQ� D� EHVW� ILW� SHULRG� RI� ������ �� ������ KRXUV� ZLWK� DQ�

DPSOLWXGH�RI���������������PDJ��

�

������ ����� (.��� LV� D� 0DUV� FURVVLQJ� DVWHURLG� GLVFRYHUHG� E\�

/,1($5�DW�6RFRUUR��:H�REVHUYHG�LW�RQ�IRXU�QLJKWV� LQ������0D\�

UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H� IRXQG� QR� SULRU� URWDWLRQ� SHULRG� UHSRUWV�� $QDO\VLV� RI� RXU� GDWD�

UHVXOWHG�LQ�D�EHVW�ILW�RI���������������KRXUV�ZLWK�DQ�DPSOLWXGH�RI�

�������������PDJ��

�

������ ����� 8)��� LV� D� PLGGOH� PDLQ�EHOW� DVWHURLG� GLVFRYHUHG� E\�

/,1($5� DW� 6RFRUUR�� :H� REVHUYHG� LW� RQ� WZHOYH� QLJKWV� LQ� �����

0DUFK��$SULO�DQG�0D\�UHVXOWLQJ�LQ�D�WRWDO�RI�����REVHUYDWLRQV��

:H� IRXQG� QR� SULRU� URWDWLRQ� SHULRG� UHSRUWV�� $QDO\VLV� RI� RXU� GDWD�

UHVXOWHG� LQ� D� EHVW� ILW� SHULRG� RI� ������� �� ������ KRXUV� ZLWK� DQ�

DPSOLWXGH�RI�������������PDJ��

7KH� SHULRG� VSHFWUXP� FRQWDLQV� DOLDVHV� DW� RQH�KDOI� WKH� SURSRVHG�

SHULRG��:KLOH�WKHUH�LV�D�VPDOO�JDS�LQ�WKH�OLJKWFXUYH��JLYHQ�WKH�ODUJH�

QXPEHU�RI�F\FOHV�FRYHUHG��DQG�WKH�UHODWLYHO\�SRRU�ILW�IRU�WKH�DOLDVHV��

ZH�DUH�FRQILGHQW�WKDW�WKLV�ELPRGDO�OLJKWFXUYH�LV�WKH�FRUUHFW�SHULRG��

�
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$FNQRZOHGJHPHQWV�

7KH�DXWKRU�JUDWHIXOO\�DFNQRZOHGJHV�WKH�JHQHURVLW\�RI�'U��5LFKDUG�

3RVW� IRU� RQJRLQJ� XVH� RI� RQH� RI� KLV� GRPHV� WR� KRXVH� WKH� DXWKRU¶V�

WHOHVFRSH��

7KH�DXWKRU�WKDQNV�%ULDQ�:DUQHU��7RP�3RODNLV��0LNH�:LOHV�DQG�(ULF�

'RVH�IRU�WKHLU�DGYLFH�DQG�JXLGDQFH�WKDW�KDV�LPSURYHG�WKH�UHVXOWV�RI�

WKLV�UHVHDUFK��

7KLV�UHVHDUFK�XVHG�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�

$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� IXQGHG� WKURXJK� 1$6$� JUDQWV�

11��$5��*�� ��166&��.������ DQG� ��166&��.������ 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\��

)XQGLQJ� IRU� 3'6� REVHUYDWLRQV�� DQDO\VLV�� DQG� SXEOLFDWLRQ� ZDV�

SURYLGHG�E\�1$6$�JUDQW�11;��$3��*��

:RUN�RQ� WKH�DVWHURLG� OLJKWFXUYH�GDWDEDVH� �/&'%��ZDV� IXQGHG� LQ�

SDUW� E\� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� JUDQWV� $67��������� DQG�

$67����������

'DWD� IURP� WKH� 03&¶V� GDWDEDVH� LV� PDGH� IUHHO\� DYDLODEOH� WR� WKH�

SXEOLF��)XQGLQJ�IRU�WKLV�GDWD�DQG�WKH�03&¶V�RSHUDWLRQV�FRPHV�IURP�

D� 1$6$� 3'&2� JUDQW� ���166&��0������� DGPLQLVWHUHG� YLD� D�

8QLYHUVLW\�RI�0DU\ODQG���6$2�VXEDZDUG���������=����������7KH�

03&
V�FRPSXWLQJ�HTXLSPHQW�LV�IXQGHG�LQ�SDUW�E\�WKH�DERYH�DZDUG��

DQG�LQ�SDUW�E\�IXQGLQJ�IURP�WKH�7DPNLQ�)RXQGDWLRQ��

7KLV�UHVHDUFK�XVHG�GDWD�IRXQG�RQ�WKH�-3/�6RODU�6\VWHP�'\QDPLFV�

:HEVLWH�� 7KH� -3/� 6RODU� 6\VWHP� '\QDPLF� JURXS¶V� HSKHPHULV�

GHYHORSPHQW�� PDLQWHQDQFH�� DQG� LPSURYHPHQW� WHVW� DUH� SDUW� RI�

1$6$¶V� $GYDQFHG� 0XOWL�0LVVLRQ� 2SHUDWLRQV� 6\VWHP�� ZKLFK� LV�

IXQGHG�E\�1$6$¶V�6FLHQFH�0LVVLRQ�'LUHFWRUDWH��3ODQHWDU\�6FLHQFH�

'LYLVLRQ��

5HIHUHQFHV�

%HKUHQG��5�������ZHE���2EVHUYDWRLUH�GH�*HQHYH�ZHE�VLWH�   

http://obswww.unige.ch/~behrend/page_cou.html�

%HQLVKHN��9�� �������� ³/LJKWFXUYHV� DQG�6\QRGLF�5RWDWLRQ�3HULRGV�

IRU� 6HYHQ� $VWHURLGV�� ����� $SULO�-XO\�´�Minor Planet Bull.� �����

���������

%HQLVKHN��9����������³&&'�3KRWRPHWU\�RI����$VWHURLGV�DW�6RVSRW�

$VWURQRPLFDO� 2EVHUYDWRU\�� ����� -XO\������ 6HSWHPEHU�´� Minor 

Planet Bull. �����������

%XFKKHLP�� 5�� �������� ³/LJKWFXUYHV� RI� $VWHURLGV� ���� $SROORQLD��

����%HQGD�DQG������:DGKZD�´�Minor Planet Bull.������������

'HQQ\��5����������ACP Expert�VRIWZDUH��YHUVLRQ������'&���'UHDPV��

https://acpx.dc3.com�

�XUHFK�� -��� +DQXã�� -��� $OL�/DJRD�� 9�� �������� ³$VWHURLG� PRGHOV�

UHFRQVWUXFWHG� IURP� WKH� /RZHOO� 3KRWRPHWULF� 'DWDEDVH� DQG�:,6(�

GDWD�´�Astron. Astrophys.������LG��$����

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

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

IURP�$7/$6�SKRWRPHWU\�´�Astro. Astrophys.������LG��$����

)RUQDV��*���)RUQDV��$���0DV��9����������³1LQH�0DLQ�%HOW�$VWHURLGV��

2QH� 1HDU� (DUWK�� DQG� 7ZR� 3RWHQWLDOO\� +D]DUGRXV� $VWHURLG�

/LJKWFXUYHV�´�Minor Planet Bull.��������������

*HRUJH�� '��� 6KDUUDWW�� *��� %HQVRQ�� (��� %URZQH�� +��� %URZQH�� 3���

&UHHU\��&���%ROWZRRG��3���0XVVDU��5���:DULQJ�� -���/DZUHQFH��2���

5RELFKDXG��$����������Maxim DL�VRIWZDUH�Y������� �

https://diffractionlimited.com/�

+DQXã�� -����XUHFK�� -���2V]NLHZLF]��'�$���%HKUHQG��5���&DUU\��%���

'HOER�� %��� $GDP�� 2��� $IRQLQD�� 9��� $QTXHWLQ�� 5��� $QWRQLQL�� 3���

$XGHMHDQ��0���$XUDUG��3���%DFKVFKPLGW��0���%DGXHO��%���%DUERWLQ��

(��� %DUUR\�� 3��� %DXGRXLQ�� 3��� %HUDUG�� /��� %HUJHU�� 1��� DQG� ����

FROOHDJXHV� �������� ³1HZ� DQG�8SGDWHG�&RQYH[�6KDSH�0RGHOV� RI�

$VWHURLGV� %DVHG� RQ� 2SWLFDO� 'DWD� IURP� D� /DUJH� &ROODERUDWLRQ�

1HWZRUN�´�Astronomy & Astrophysics������$�����

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

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

����*\SWLV�´�Icarus��������������

+LJJLQV��'���3UDYHF��3���.XVQLUDN��3���5HGG\��9���'\YLJ��5����������

³$VWHURLG� OLJKWFXUYH� DQDO\VLV� DW� +XQWHUV� +LOO� 2EVHUYDWRU\� DQG�

FROODERUDWLQJ� VWDWLRQV� �� VXPPHU� �������´�Minor Planet Bull.������

�������

.U\V]F]\QVND�� $��� &RODV�� )��� +LUVFK�� 5��� ,YDQRYD�� 9���

$SRVWRORYVND�� *��� %LONLQD�� %��� 9HOLFKNR�� )�3��� .ZLDWNRZVNL�� 7���

.DQNLHZLF]�� 3��� 9DFKLHU�� )��� 8POHQVNL�� 9��� 0LFKDORZVNL�� 7���

0DUFLQLDN��$���0DXU\��$���.DPLQVNL��.���)DJDV��0���'LPLWURY��:���

%RUF]\N��:���6RENRZLDN��/���������³'R�6OLYDQ�VWDWHV�H[LVW�LQ�WKH�

)ORUD� IDPLO\"� ,��3KRWRPHWULF�VXUYH\�RI� WKH�)ORUD� UHJLRQ�´�Astron. 

Astrophys.������LG��$����

0DQQXFFL�� 0�� �������� ³5RWDWLRQDO� 3HULRG� 'HWHUPLQDWLRQ� IRU�

$VWHURLGV� �����0LWOLQFROQ� ����� $LWNHQ� DQG� �������� ����� (.�´�

Minor Planet Bull.����������

3iO��$���6D]NiWD��5���.LVV��&���%yGL��$���%RJQiU��=���.DOXS��&���.LVV��

/���0DUWRQ��*���0ROQiU��/���3ODFK\��(���6iUQHF]N\��.���6]DEy��*���

6]DEy��5�� �������� ³6RODU� 6\VWHP�2EMHFWV�2EVHUYHG�ZLWK�7(66� ��

)LUVW�'DWD�5HOHDVH��%ULJKW�0DLQ�EHOW�DQG�7URMDQ�$VWHURLGV�IURP�WKH�

6RXWKHUQ�6XUYH\�´�Ap. J. Suppl. Ser.������LG������ �

axXiv:2001.05822�

3DUURWW��'����������7\FKR�7UDFNHU�VRIWZDUH�Y������ �

http://www.tycho-tracker.com�

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE������ZHE���� �

http://www.asu.cas.cz/~ppravec/neo.htm�

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

6PDUWW��6���6WDOGHU��%���:HLODQG��+���:ROI��&����������³7KH�$7/$6�

$OO�6N\�6WHOODU�5HIHUHQFH�&DWDORJ�´�Ap. J.������LG�������

:DUHOO�� -�� �������� ³/LJKWFXUYH� 2EVHUYDWLRQV� RI� 1LQH� 0DLQ�EHOW�

$VWHURLGV��Minor Planet Bull.��������������

:DUQHU��%�'����������³$VWHURLG�3KRWRPHWU\�DW� WKH�3DOPHU�'LYLGH�

2EVHUYDWRU\�� 5HVXOWV� IRU� ����� &HYHQROD� DQG� ����� 0LWOLQFROQ�´�

Minor Planet Bull.������������

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

OLJKWFXUYH�GDWDEDVH�´�Icarus���������������8SGDWHG������$SULO�����

https://minorplanet.info/php/lcdb.php 
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:DUQHU��%�'����������³8SRQ�)XUWKHU�5HYLHZ��9,��$Q�([DPLQDWLRQ�

RI� 3UHYLRXV� /LJKWFXUYH� $QDO\VLV� IURP� WKH� 3DOPHU� 'LYLGH�

2EVHUYDWRU\�´�Minor Planet Bull.�������������

:DV]F]DN�� $��� &KDQJ�� &��.��� 2IHN�� (�2��� /DKHU�� 5��� 0DVFL�� )���

/HYLWDQ�� '��� 6XUDFH�� -��� &KHQJ�� <��&��� ,S��:��+��� .LQRVKLWD�� '���

+HORX�� *��� 3ULQFH�� 7�$��� .XONDUQL�� 6�� �������� ³$VWHURLG� /LJKW�

&XUYHV� IURP� WKH� 3DORPDU� 7UDQVLHQW� )DFWRU\� 6XUYH\�� 5RWDWLRQ�

3HULRGV�DQG�3KDVH�)XQFWLRQV�IURP�6SDUVH�3KRWRPHWU\�´�Astron. J��

�����$����

�

�

�

$�1(:�6$7(//,7(�2)���������������<(���
'(7(&7('�%<�67(//$5�2&&8/7$7,21�

'DYLG�*DXOW�

���%RRNHU�5RDG��

+DZNHVEXU\�+HLJKWV�������$8675$/,$�

GMJDXOW��#JPDLO�FRP��

3HWHU�1RVZRUWK\��'DYH�+HUDOG�

7UDQV�7DVPDQ�2FFXOWDWLRQ�$OOLDQFH��772$��

�5HFHLYHG�������$XJXVW�����

7ZR� REVHUYHUV� LQ� $XVWUDOLD�� DW� WZR� VHSDUDWH� VLWHV��

REVHUYHG� ��������������<(���RFFXOW�7<&������������

DQ� ��WK�PDJQLWXGH� VWDU�� RQ� �����0D\� �������87��7KH�

PLQRU�SODQHW�ZDV�QLQH�PDJQLWXGHV� IDLQWHU� WKDQ� WKH� VWDU��

$Q� RFFXOWDWLRQ� DW� ERWK� VLWHV� ZDV� QRW� H[SHFWHG� WR� EH�

REVHUYHG�GXH�WR�WKH�VPDOO�GLDPHWHU�RI�WKH�DVWHURLG�DQG�WKH�

FURVV�SDWK�VSDFLQJ�RI�WKH�WZR�VLWHV�EHLQJ�PXFK�ODUJHU�WKDQ�

WKH� DVWHURLG�� +RZHYHU�� ERWK� VLWHV� GHWHFWHG� D� FOHDU�

RFFXOWDWLRQ�WKDW�UHDFKHG�WKH�OLPLW�RI���PDJQLWXGHV�IDLQWHU�

WKDQ� WKH� VWDU� IRU� ERWK� UHFRUGLQJV�� :H� REVHUYHG� FKRUG�

OHQJWKV�DFURVV�RQH�ERG\�RI�����NP�DQG�WKH�VHFRQG�ERG\�

RI�����NP��ZLWK�D�PLG�FKRUG�VHSDUDWLRQ�RI������NP��:H�

UXOH� RXW� WKH� SRVVLELOLW\� WKDW� WKH� WZR� RFFXOWDWLRQV� ZHUH�

FDXVHG�E\�D�GRXEOH�VWDU��RU�D�KLJKO\�HORQJDWH�REMHFW�OLNH�

����(URV�RU�����.OHRSDWUD��
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