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LQVWUXPHQW� �$2�� 63+(5(� DW� WKH� 9/7�� ,W� DLPHG� PDLQO\� DW�

UHFRQVWUXFWLQJ�WKH��'�VKDSH��DQG�WKHUHIRUH�GHQVLW\�RI�WKRVH�ERGLHV�
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,Q�WKH�OLJKWFXUYHV�EHORZ�WKH�5F�PDJQLWXGH�LV�SORWWHG�DV�D�IXQFWLRQ�
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IURP�ZKLFK�DUH�FRPSXWHG�WKH�UHVLGXDOV�VKRZQ�LQ�WKH�ERWWRP�SDQHO��

7KH�UHSRUWHG�DPSOLWXGH�LV�IURP�WKH�)RXULHU�PRGHO�FXUYH��)RU�DOO�RXU�

WDUJHWV�� WKH� GHULYHG� V\QRGLF� SHULRGV� DJUHHG� ZLWK� SUHYLRXVO\�

SXEOLVKHG�UHVXOWV�IRXQG�LQ�WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��/&'%��
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UHVXOWLQJ�LQ�WKH�ODUJH�REVHUYHG�DPSOLWXGH�RI�WKH�OLJKWFXUYH�RI�a�����

PDJ�ZKLOH�LW�ZDV�LQ�HTXDWRU�RQ�YLHZLQJ�FRQILJXUDWLRQ��
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���3V\FKH�LV�D�YHU\�LQWHUHVWLQJ�REMHFW�WKDW�ZLOO�EH�H[SORUHG�LQ�VLWX�

E\� D�1$6$� VSDFH�PLVVLRQ� LQ� ����� �(ONLQV�7DQWRQ� HW� DO��� �������

3V\FKH�KDV� DQ�0�W\SH�FODVVLILFDWLRQ�� IHDWXUHV�PHWDO�DW� LWV� VXUIDFH�

DQG�LV�RQH�RI�WKH�GHQVHVW�ODUJH�DVWHURLGV�NQRZQ��)HUUDLV�HW�DO����������

:H�REVHUYHG� LW� LQ������ZKLOH� LW�ZDV�YLHZHG� IURP� LWV�QRUWK�SROH��

7KLV�H[SODLQV�WKH�VPDOO�DPSOLWXGH�RI�WKH�OLJKWFXUYH�WKDW�VKRZV�RQO\�

RQH�PD[LPXP��
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���0HOSRPHQH� LV�DQ�6�W\SH�DVWHURLG�DQG� LV�DQRWKHU�H[DPSOH�RI�D�

UHODWLYHO\�ODUJH�DPSOLWXGH�ZLWK�a����PDJ��
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���0DVVDOLD��:H�REVHUYHG�WKLV�6�W\SH�DVWHURLG�LQ������DQG�WKHQ�IRU�

DQRWKHU�QLJKW�LQ�������,WV�URWDWLRQ�SHULRG�LV�YHU\�FORVH�WR���K��PDNLQJ�

LW� FKDOOHQJLQJ� WR� FRYHU� WKH� ZKROH� URWDWLRQ� ZLWK� GDWD� IURP�

FRQVHFXWLYH�QLJKWV��,Q�WKLV�FRQWH[W��WKH�FRPELQDWLRQ�RI�REVHUYDWLRQV�

IURP�ERWK�71�DQG�76�ZDV�KLJKO\�EHQHILFLDO��
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NP��EXW�ZDV�YLVLWHG�E\�WKH�(6$�5RVHWWD�VSDFH�PLVVLRQ�GXULQJ�LWV�

MRXUQH\� WR� FRPHW� ��3�&�*� �6LHUNV� HW� DO��� �������:H� FRYHUHG� WKH�

URWDWLRQ�RQ������6HS�����XVLQJ�ERWK�71�DQG�76��

�

��� .DOOLRSH� LV� D� GHQVH� 0�W\SH� DVWHURLG� ZLWK� D� SUREDEO\�

GLIIHUHQWLDWHG� LQWHULRU� �)HUUDLV� HW� DO��� ������ DQG� D� UHODWLYHO\� ODUJH�

FRPSDQLRQ����NP� LQ�GLDPHWHU�QDPHG�/LQXV��2XU�REVHUYDWLRQV� LQ�

����� ZHUH� DOPRVW� SROH�RQ� ZKLFK� H[SODLQV� WKH� SUDFWLFDOO\� IODW�

OLJKWFXUYH��
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UHVXOWHG�LQ�OLJKWFXUYHV�RI�PRGHVW�DPSOLWXGHV�IHDWXULQJ�PDQ\�EXPSV�

IRU�ERWK�RXU������DQG������REVHUYDWLRQV��

�

�
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VPDOOHVW� DVWHURLG� LQ� RXU� VDPSOH�� ,WV� VKDSH� LV� LUUHJXODU�� DQG� RXU�

OLJKWFXUYH�VKRZV�DQ�DPSOLWXGH�RI������PDJ��
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���6\OYLD�LV�D�ODUJH�DVWHURLG�ORFDWHG�LQ�WKH�RXWHU�UHJLRQ�RI�WKH�PDLQ�

EHOW� DQG� WKH� ILUVW� WULSOH� DVWHURLG� WR� EH� GLVFRYHUHG� �0DUFKLV� HW� DO���

�������6\OYLD�LV�D�UHODWLYHO\�IDVW�URWDWRU�DQG�KDV�DQ�HORQJDWHG�VKDSH�

DV� VKRZQ� E\� RXU� OLJKWFXUYH� ZLWK� D� SHULRG� RI� ������� K� DQG� DQ�

DPSOLWXGH�RI�a�����PDJ��
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���7KLVEH� LV� D�&�W\SH� DVWHURLG� WKDW�ZH� REVHUYHG� GXULQJ� LWV� �����

DSSDULWLRQ��
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���� $UWHPLV� LV� D� &�W\SH� DVWHURLG� ZLWK� D� SHULRG� RI� a��� K�� :H�

DFTXLUHG����VHULHV�RI�REVHUYDWLRQV�EHWZHHQ������-DQ�����DQG������

)HE����ZLWK�71�DQG�76�WR�IXOO\�FRYHU�LWV�URWDWLRQDO�OLJKWFXUYH����

�

����1HPHVLV�LV�D�&�W\SH�DVWHURLG�DQG�D�VORZ�URWDWRU��6FDOWULWL�HW�DO��

�������PHDVXUHG�D�URWDWLRQ�SHULRG�RI�P� ����K�DQG�3LOFKHU��������

PHDVXUHG�D�YDOXH�GRXEOH�RI�WKDW��ZLWK�P� ��������������K��5HFHQWO\��

&ROD]R�HW�DO���������SXEOLVKHG�WKH�SHULRG�P� ����������������K��:H�

REVHUYHG�1HPHVLV� LQ� ����� )HE�� DQG�0DU��ZLWK� 71� DQG�76��2XU�

DQDO\VLV�\LHOGV�D�SHULRG�P = ���������������K�WKDW�FORVHO\�DJUHHV�

ZLWK�WKDW�RI�&ROD]R�HW�DO����������,W�PXVW�EH�QRWHG�WKDW�RXU�GDWD�DQG�

WKH�VKDSH�PRGHO�RI�9HUQD]]D�HW�DO���������IDYRXU�WKH�VKRUWHU�SHULRG�

RI�a��K�EXW�WKH�GRXEOH�SHULRG�VWLOO�FDQQRW�EH�FRPSOHWHO\�UXOHG�RXW��

)LQDOO\��ZH�DFTXLUHG�%95,�VHTXHQFHV�GXULQJ�ILYH�GLIIHUHQW�QLJKWV�

WR� PHDVXUH� 1HPHVLV¶� FRORUV�� 7KH� REWDLQHG� FRORU� ]v��Æ��� DUH���

%9� ����������������95� ����������������9,� ����������������
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����$GHRQD� LV� D� &�W\SH� DVWHURLG� WKDW�ZH� REVHUYHG� LQ� ������ 7KH�

OLJKWFXUYH�DPSOLWXGH�LV�VPDOO��������PDJ��EXW�$GHRQD�ZDV�EULJKW�DW�

WKDW�WLPH�ZLWK�9�a������UHVXOWLQJ�LQ�JRRG�TXDOLW\�GDWD��
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����/DPEHUWD��7KH�OLJKWFXUYH�RI�WKLV�&�W\SH�DVWHURLG�ZDV�FRYHUHG�
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����� REVHUYDWLRQV� RI� WKLV� IDVFLQDWLQJ� 0�W\SH�� GRJ�ERQH� VKDSHG�

DVWHURLG�ZLWK�WZR�PRRQV��VHH�H�J���0DUFKLV�HW�DO����������
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����%DPEHUJD�LV�D�ODUJH�&�W\SH�DVWHURLG�ZLWK�D�UHJXODU�DQG�VSKHULFDO�

VKDSH��,W�UHVXOWV�LQ�VPDOO�EULJKWQHVV�FKDQJHV�GXULQJ�LWV�URWDWLRQ�DQG�

PDNHV�PRUH�FKDOOHQJLQJ�WKH�VKDSH�DQG�VSLQ�D[LV�GHWHUPLQDWLRQ��7R�

KHOS�FRQVWUDLQ�WKHVH�SDUDPHWHUV��ZH�UHJXODUO\�REVHUYHG�%DPEHUJD�

GXULQJ�WZR�PRQWKV�LQ�������IURP�)HE�����WR�$SU������DQG�LQ�)HE��

������ ,Q� WRWDO�ZH� DFTXLUHG�PRUH� WKDQ� ������ GDWD� SRLQWV��$� VSLQ�

VROXWLRQ� ZDV� IRXQG� E\� SAGE� DQG� SUHVHQWHG� LQ� 9HUQD]]D� HW� DO��

��������

�
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����(OHRQRUD�LV�D�VWRQ\�DVWHURLG�WKDW�ZH�REVHUYHG�LQ������ZLWK�71��

:KLOH�WKH�ILUVW�IRXU�REVHUYDWLRQV�ZHUH�WDNHQ�ZLWKLQ�QLQH�GD\V�����

GD\V�VHSDUDWH�WKHP�IURP�WKH�ODVW�RQH�RQ�0D\�����7KH�VRODU�SKDVH�

DQJOH�LQFUHDVHG�IURP����WR����GHJUHHV�DQG�WKH�VKDSH�RI�WKH�ODVW�FXUYH�

KDV�VOLJKWO\�FKDQJHG��

�

����+HGZLJ��7KUHH�VHULHV�RI�GDWD�ZHUH�REWDLQHG�IRU�WKLV�ORQJ�SHULRG�

DVWHURLG� LQ� ����� UHVXOWLQJ� LQ� DQ� LQFRPSOHWH� OLJKWFXUYH�� 7KH� SORW�

EHORZ�VKRZV�WKH�DEVROXWH�PDJQLWXGH�+��
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���� 6FKHLOD� ZDV� REVHUYHG� GXULQJ� WZR� QLJKWV� LQ� ����� DQG� PRUH�

GHQVHO\�GXULQJ�LWV������DSSDULWLRQ��7KH�WZR�OLJKWFXUYHV�VKRZ�VPDOO�

DPSOLWXGHV�RI�������DQG�������PDJ��UHVSHFWLYHO\��
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����,QWHUDPQLD�LV�WKH�ILIWK�ODUJHVW�PDLQ�EHOW�DVWHURLG�ZLWK�D�GLDPHWHU�

RI�����NP�DQG�D� UHJXODU�VKDSH��:H�REVHUYHG�,QWHUDPQLD� LQ������

DQG������DQG�REWDLQHG�GHQVH�OLJKWFXUYHV�ZLWK�DPSOLWXGHV�RI�������

DQG�������PDJ��UHVSHFWLYHO\��$�VKDSH�PRGHO�DQG�VSLQ�VWDWH�VROXWLRQ�

DUH�SUHVHQWHG�LQ�+DQXã�HW�DO����������
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RI� /LqJH�� LQ� FROODERUDWLRQ� ZLWK� WKH� &DGL� $\\DG� 8QLYHUVLW\� RI�
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$VVRFLDWH��7KH�ZHEVLWH�RI�WKH�75$33,67�SURMHFW�FDQ�EH�YLVLWHG�DW�
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1XPEHU� 1DPH� \\\\�PP�GG� 3WV� 3KDVH� /3$%� %3$%� 3HULRG��K�� 3�(�� $PS� $�(�� �

 7 Iris 2020 06/26-07/10 1010  1.1, 6.1 277 2.3  7.1385 0.0015 0.21 0.01  

 13 Egeria 2019 08/20 1340    9.5 337 -20  7.07 0.02 0.30 0.01  

 15 Eunomia 2019 06/13-06/20 2681 21.0,19.8 316  3  6.083 0.001 0.46 0.04  

 16 Psyche 2018 08/27-09/01 1028 18.0,17.7 239  3  4.1962 0.0004 0.07 0.01  

 18 Melpomene 2019 08/17-08/30 1934 22.4,25.7 284  7 11.571 0.003 0.32 0.01  

 20 Massalia 2017 11/10-12/09 3228 15.8, 5.0  84 -1  8.0979 0.0005 0.25 0.01  

 20 Massalia 2019 03/14 1185   21.9 235  0  8.0979 0.0005 0.22 0.02  

 21 Lutetia 2019 09/11 2177    9.6   3 -4  8.16 0.05 0.16 0.01  

 22 Kalliope 2018 02/08-03/13 1391 10.0, 8.6 190 14  4.1485 0.0008 0.03 0.01  

 24 Themis 2017 09/21-11/08 3264 *9.6, 7.1  27  0  8.3741 0.0002 0.12 0.01  

 24 Themis 2019 01/17-01/28 2099  1.4, 6.0 113  1  8.3740 0.0010 0.10 0.01  

 30 Urania 2020 05/07-05/28  944 22.0,22.9 167 -2 13.693 0.002 0.26 0.01  

 45 Eugenia 2018 03/07 1155    5.3 177  4  5.65 0.05 0.16 0.01  

 51 Nemausa 2019 10/23-11/14 1478 23.4,22.7 319  5  7.7843 0.0005 0.20 0.01  

 52 Europa 2019 08/27  635   11.1   5 -7  5.58 0.05 0.12 0.01  

 87 Sylvia 2019 10/03-11/09 1557 15.1,15.2  11 26  5.1837 0.0002 0.32 0.01  

 88 Thisbe 2019 10/25-11/24 1966 13.5,2.4  66  4  6.0411 0.0004 0.12 0.01  

 105 Artemis 2020 01/11-02/01 5893 11.7,15.0 106  -27 37.05 0.02 0.12 0.02  

 128 Nemesis 2021 02/18-03/30 5529 18.8,17.1 235  3 38.904 0.006 0.17 0.01  

 145 Adeona 2019 02/14-03/24 2272 17.0,25.0 116 11 15.0826 0.0007 0.06 0.01  

 187 Lamberta 2018 05/17-05/18 2415 15.2,15.6 337 -9 10.66 0.01 0.33 0.01  

 216 Kleopatra 2021 03/26-03/31 1763 16.0,15.5 247  6  5.385 0.001 0.11 0.01  

 324 Bamberga 2019 02/20-03/18 10393 12.5,19.9 123  4 29.4192 0.0008 0.08 0.01  

 324 Bamberga 2020 02/18-02/27 5043 10.7, 8.4 185 -7 29.423 0.002 0.08 0.01  

 354 Eleonora 2020 05/01-05/27 2167 12.2,18.0 205 22  4.2275 0.0015 0.11 0.01  

 476 Hedwig 2017 06/19-07/12 1132 *6.1, 5.2 280 -2 27.246 0.005 0.19 0.01  

 596 Scheila 2017 06/02-06/03 1342  1.8, 2.3 249  0 15.81 0.06 0.06 0.01  

 596 Scheila 2019 11/09-11/20 2837  6.9, 3.5  68 -2 15.8569 0.0013 0.07 0.01  

 704 Interamnia 2018 12/02-12/03 1395 14.8,14.7 114 -2  8.7116 0.0002 0.04 0.01  

 704 Interamnia 2019 01/16-02/01 2112  2.1, 7.0 114 -6  8.7116 0.0002 0.04 0.01  
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