
����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

$�/,*+7&859(�$1$/<6,6�)25�1,1(�0$,1�%(/7��

$1'�21(�0$56�&5266,1*�$67(52,'6�

0LODJURV�&ROD]R�
$VWURQRPLFDO�2EVHUYDWRU\�,QVWLWXWH��)DFXOW\�RI�3K\VLFV��

$GDP�0LFNLHZLF]�8QLYHUVLW\��
XO��6áRQHF]QD������������3R]QD���3RODQG�

*UXSR�GH�2EVHUYDGRUHV�GH�5RWDFLRQHV�GH�$VWHURLGHV��*25$���
$5*(17,1$�

PLOLULWD�FROD]RYLQRYR#JPDLO�FRP�

9tFWRU�$PHORWWL�
2EVHUYDWRULR�$VWURQyPLFR�1DRV��*25$�1$2��
2EVHUYDWRULR�$VWURQyPLFR�1DRV����*25$�1$���

$OWD�*UDFLD��&yUGRED���$5*(17,1$��

$OGR�:LOEHUJHU�
2EVHUYDWRULR�/RV�&DEH]RQHV��03&�;����
6DQWD�5RVD��/D�3DPSD���$5*(17,1$��

5D~O�0HOLD�
2EVHUYDWRULR�GH�5D~O�0HOLD�&DUORV�3D]��*25$�50&��

&DUORV�3D]��&yUGRED���$5*(17,1$��

$ULHO�6WHFKLQD�
2EVHUYDWRULR�GH�$ULHO�6WHFKLQD����*25$�2$6��
2EVHUYDWRULR�GH�$ULHO�6WHFKLQD����*25$�2$���

5HFRQTXLVWD��6DQWD�)H���$5*(17,1$��

'DPLiQ�6FRWWD�
2EVHUYDWRULR�GH�'DPLiQ�6FRWWD����*25$�2'6��
2EVHUYDWRULR�GH�'DPLiQ�6FRWWD����*25$�2'���
6DQ�&DUORV�&HQWUR��6DQWD�)H���$5*(17,1$��

1pVWRU�6XiUH]�
2EVHUYDWRULR�$QWDUHV��03&�;����

3LODU��%XHQRV�$LUHV���$5*(17,1$��

&DUORV�$PEURVLRQL�
2EVHUYDWRULR�$VWURQyPLFR�GH�&DUORV�$PEURVLRQL����*25$�2&���

&DxXHODV��%XHQRV�$LUHV���$5*(17,1$��

0DUFRV�$Q]ROD�
2EVHUYDWRULR�$VWURQyPLFR�9XHOWD�SRU�HO�8QLYHUVR��*25$�20$��

&yUGRED��&yUGRED���$5*(17,1$��

(PLOLR�3ULPXFFL�
2EVHUYDWRULR�3XH\UUHGyQ��03&�;����
3LODU��%XHQRV�$LUHV���$5*(17,1$��

)UDQFLVFR�6DQWRV�
2EVHUYDWRULR�$VWURQyPLFR�*LRUGDQR�%UXQR��03&�*����

3LFRQFLOOR��&yUGRED���(63$f$��

0DULR�0RUDOHV�
2EVHUYDWRULR�GH�6HQFHOOHV��03&�.����

6HQFHOOHV��0DOORUFD���,VODV�%DOHDUHV���(63$f$��

$OEHUWR�*DUFtD�
2EVHUYDWRULR�5tR�&RILR��03&�=����

5REOHGR�GH�&KDYHOD��0DGULG���(63$f$��

%UXQR�0RQWHOHRQH�
2VVHUYDWRULR�$VWURQRPLFR�³/D�0DFFKLQD�GHO�7HPSR´��03&�0����

$UGRUH�0DULQD��5HJJLR�&DODEULD���,7$/,$��

0DWtDV�0DUWLQL�
2EVHUYDWRULR�$VWURQyPLFR�$ILFLRQDGR�2PHJD��*25$�2$2��

&yUGRED��&yUGRED���$5*(17,1$��

&DUORV�&ROD]R�
2EVHUYDWRULR�$VWURQyPLFR�(O�*DWR�*ULV��03&�,����

7DQWL��&yUGRED���$5*(17,1$��

�5HFHLYHG�������-DQXDU\������5HYLVHG�������)HEUXDU\�����

6\QRGLF�URWDWLRQ�SHULRGV�DQG�DPSOLWXGHV�DUH�UHSRUWHG�IRU��
����+LOGD������3HUVHYHUDQWLD�������1DQQD�������3LFFROR��
����� 8PWDWD�� ����� :LOOLDPV�� ����� 6ZRSH�� �����
0RQURH�������*HUKDUGPXOOHU�������6FKPHHU�������&XULH�

7KH�SHULRGV�DQG�DPSOLWXGHV�RI�DVWHURLG�OLJKWFXUYHV�SUHVHQWHG�LQ�WKLV�
SDSHU�DUH�WKH�SURGXFW�RI�FROODERUDWLYH�ZRUN�E\�WKH�*25$��*UXSR�
GH� 2EVHUYDGRUHV� GH� 5RWDFLRQHV� GH� $VWHURLGHV�� JURXS�� ,Q� DOO� WKH�
VWXGLHV�� ZH� KDYH� DSSOLHG� UHODWLYH� SKRWRPHWU\� DVVLJQLQJ� 9�
PDJQLWXGHV�WR�WKH�FDOLEUDWLRQ�VWDUV��

7KH� LPDJH� DFTXLVLWLRQ� ZDV� SHUIRUPHG� ZLWKRXW� ILOWHUV� DQG� ZLWK�
H[SRVXUH�WLPHV�RI�D�IHZ�PLQXWHV��$OO�LPDJHV�XVHG�ZHUH�FRUUHFWHG�
XVLQJ�GDUN�IUDPHV�DQG��LQ�VRPH�FDVHV��ELDV�DQG�IODW�ILHOG�FRUUHFWLRQV�
ZHUH�DOVR�XVHG��3KRWRPHWU\�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ�
FotoDif� VRIWZDUH� DQG� IRU� WKH� DQDO\VLV�� ZH� HPSOR\HG� Periodos�
VRIWZDUH��0D]]RQH���������

%HORZ�� ZH� SUHVHQW� WKH� UHVXOWV� IRU� HDFK� DVWHURLG� VWXGLHG�� 7KH�
OLJKWFXUYH�ILJXUHV�FRQWDLQ�WKH�IROORZLQJ�LQIRUPDWLRQ��WKH�HVWLPDWHG�
SHULRG�DQG�SHULRG�HUURU�DQG�WKH�HVWLPDWHG�DPSOLWXGH�DQG�DPSOLWXGH�
HUURU��,Q�WKH�UHIHUHQFH�ER[HV��WKH�FROXPQV�UHSUHVHQW��UHVSHFWLYHO\��
WKH�PDUNHU��REVHUYDWRU\�03&�FRGH��RU� �� IDLOLQJ� WKDW� �� WKH�*25$�
LQWHUQDO�FRGH��VHVVLRQ�GDWH��VHVVLRQ�RIIVHW��DQG�VHYHUDO�GDWD�SRLQWV��

7DUJHWV� ZHUH� VHOHFWHG� EDVHG� RQ� WKH� IROORZLQJ� FULWHULD�� ��� WKRVH�
DVWHURLGV� ZLWK� PDJQLWXGHV� DFFHVVLEOH� WR� WKH� HTXLSPHQW� RI� DOO�
SDUWLFLSDQWV�� ��� WKRVH�ZLWK� IDYRUDEOH�REVHUYDWLRQ� FRQGLWLRQV� IURP�
$UJHQWLQD� RU� 6SDLQ� RU� ,WDO\�� L�H�� ZLWK� QHJDWLYH� RU� SRVLWLYH�
GHFOLQDWLRQV� /�� UHVSHFWLYHO\�� DQG� ��� REMHFWV� ZLWK� IHZ� SHULRGV�
UHSRUWHG�LQ�WKH�OLWHUDWXUH�DQG�RU�ZLWK�/LJKWFXUYH�'DWDEDVH��/&'%��
�:DUQHU�HW�DO���������TXDOLW\�FRGHV��8��RI�OHVV�WKDQ����

,Q�WKLV�ZRUN��ZH�SUHVHQW�PHDVXUHPHQWV�RI�SHULRGV�FRUUHVSRQGLQJ�WR�
DVWHURLGV� SUHYLRXVO\� DQDO\]HG� E\� RXU� WHDP�� 7KHVH� OLJKWFXUYHV�
GLVSOD\� LPSURYHG� UHVXOWV�DQG�DUH�SDUW�RI�D�QHZ�ORQJ�WHUP�SURMHFW�
WKDW�ZH�DUH�LQLWLDWLQJ��

����+LOGD��+LOGD�LV�DQ�RXWHU�PDLQ�EHOW�DVWHURLG��GLVFRYHUHG�LQ������
E\�-��3DOLVD��&ODVVLILHG�DV�D�3�W\SH�DVWHURLG�DFFRUGLQJ�WR�WKH�7KROHQ�
WD[RQRP\��LW�LV�WKH�SDUHQW�ERG\�RI�WKH�+LOGD�IDPLO\��1HVYRUQ\�HW�DO���
�������7KH�GLDPHWHU�� GHULYHG� IURP� ,5$6�REVHUYDWLRQV�� LV� �������
NP��6KHYFKHQNR�HW�DO���������PHDVXUHG�D�URWDWLRQ�SHULRG�RI��������
���������K��2XU�PHDVXUHPHQW�RI�WKH�SHULRG��3� ���������������K��
ZLWK�ûP� �������������PDJ��DJUHHV�ZHOO�ZLWK�WKH�YDOXH�UHSRUWHG�E\�
WKH�SUHYLRXV�DXWKRUV��
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����3HUVHYHUDQWLD��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������
E\�-��3DOLVD��&ODVVLILHG�DV�DQ�6�W\SH�DVWHURLG�DFFRUGLQJ�WR�WKH�7KROHQ�
WD[RQRP\��LW�LV�D�PHPEHU�RI�WKH�.RURQLV�IDPLO\��1HVYRUQ\�HW�DO���
�������7KH�GLDPHWHU�LV��������NP��7KH�UHSRUWHG�URWDWLRQ�SHULRG�IRU�
WKLV�DVWHURLG�LV�������K��%HKUHQG������ZHE���2XU�PHDVXUHPHQW�RI�
WKH�SHULRG��3� ���������������K��ZLWK�ûP� �������������PDJ��DJUHHV�
ZHOO�ZLWK�WKH�YDOXH�UHSRUWHG�E\�WKH�SUHYLRXV�DXWKRU��

�

�����1DQQD��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������E\�0��
:ROI��ZLWK�D�GLDPHWHU�RI�������NP��7KH�UHSRUWHG�URWDWLRQ�SHULRG�IRU�
�����1DQQD�LV�3� ��������������K��:DUQHU���������+RZHYHU�� WKH�
VDPH�DXWKRU�SUHYLRXVO\�PHDVXUHG�D�ORQJHU�SHULRG��3� ��������������
K��:DUQHU���������,Q�WKLV�ZRUN��ZH�SURSRVH�DQ�HYHQ�ORQJHU�SHULRG�
RI�3� ������������K�ZLWK�ûP� �������������PDJ��

�

�����3LFFROR��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������E\�(��
'HOSRUWH�� ,W� LV� FODVVLILHG� DV� DQ� ;�W\SH� DVWHURLG� DFFRUGLQJ� WR� WKH�
7KROHQ�WD[RQRP\��7KH�GLDPHWHU�LV�������NP��7KH�UHSRUWHG�URWDWLRQ�
SHULRG�IRU�WKLV�DVWHURLG�LV�������K��%LQ]HO���������:H�PHDVXUHG�D�
SHULRG�RI�3� ����������������K��ZLWK�ûP� �������������PDJ��

�

�����8PWDWD��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������E\�&��
-DFNVRQ�� ZLWK� D� GLDPHWHU� RI� ������� NP�� $Q� LQWLDO� HVWLPDWH� RI�
URWDWLRQ� SHULRG�ZDV� UHSRUWHG� DV� 3�  � ��� K� �%LQ]HO�� ������� ,Q� WKLV�
ZRUN��ZH�SURSRVH�D�FRQVLGHUDEO\� ORQJHU�SHULRG�RI�3� ���������K�
ZLWK�ûP� �������������PDJ��

�

�����:LOOLDPV��:LOOLDPV�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�D�GLDPHWHU�RI�
������NP��GLVFRYHUHG�LQ������E\�WKH�*RHWKH�/LQN�2EVHUYDWRU\��$�
SUHYLRXVO\�UHSRUWHG�URWDWLRQ�SHULRG�IRU�WKLV�DVWHURLG�LV�3� �������K�
��XUHFK�HW�DO����������2XU�REVHUYDWLRQV�DOVR�VXSSRUW�WKH�ORQJ�SHULRG�
FRQFOXVLRQ�� \LHOGLQJ� D� VLPLODU� YDOXH� RI� 3�  � ����� �� ���� K� ZLWK��
ûP� �������������PDJ��

�

�����6ZRSH��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������DW�WKH�
*RHWKH� /LQN� 2EVHUYDWRU\�� ,W� LV� FODVVLILHG� DV� D� 9�W\SH� DVWHURLG�
DFFRUGLQJ� WR� WKH�7KROHQ� WD[RQRP\��ZLWK�D�GLDPHWHU�RI�������NP��
,QWHUHVWLQJO\��ZH�FRXOG�QRW�ILQG�D�UHSRUWHG�URWDWLRQ�SHULRG�IRU�WKLV�
REMHFW� LQ� WKH� OLWHUDWXUH�� %DVHG� RQ� RXU� REVHUYDWLRQV� DQG� WKRURXJK�
DQDO\VLV�� ZH� SURSRVH� D� SHULRG� RI� 3�  � ������ �� ������ K� DQG��
ûP� �������������PDJ��
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�����0RQURH��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������E\�
&�� -DFNVRQ�� ,W� LV� FODVVLILHG� DV� D�&�W\SH� DVWHURLG� DFFRUGLQJ� WR� WKH�
7KROHQ�WD[RQRP\��ZLWK�D�GLDPHWHU�RI��������NP��)RU�WKLV�DVWHURLG��
ZH�FRXOG�QRW�ILQG�DQ\�SXEOLVKHG�URWDWLRQ�SHULRGV�LQ�WKH�OLWHUDWXUH��,Q�
WKLV� ZRUN�� ZH� SURSRVH� D� SHULRG� RI� 3�  � ����� �� ���� K� ZLWK��
ûP� �������������PDJ��

�

����� *HUKDUGPXOOHU�� 7KLV� PDLQ�EHOW� DVWHURLG� ZDV� GLVFRYHUHG� LQ�
����� E\� 1�6�� &KHUQ\NK�� ,W� LV� D� PHPEHU� RI� WKH� )ORUD� IDPLO\�
�1HVYRUQ\�HW�DO����������ZLWK�D�GLDPHWHU�RI�������NP��$�UHYLHZ�RI�
WKH� OLWHUDWXUH� UHYHDOHG� QR� SXEOLVKHG� URWDWLRQ� SHULRGV� IRU� WKLV�
DVWHURLG��,Q�WKLV�ZRUN��ZH�SURSRVH�D�ORQJ�SHULRG�RI�3� ���������K�
ZLWK�ûP� �������������PDJ��

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

 153 Hilda              24/09/12-24/10/02    3.8,8.5    340    8     5.948   0.006  0.04  0.01  HIL  

 975 Perseverantia      24/09/20-24/10/01    3.5,7.7    349   -2     7.225   0.025  0.24  0.03  KOR  

1203 Nanna              24/08/29-24/09/16   11.9,04.5   358    6    54.6     0.2    0.28  0.01  MB-O 

1366 Piccolo            24/09/16-24/09/30    6.9,01.7     7   -4    16.154   0.015  0.22  0.02  MB-O 

1397 Umtata             24/08/12-24/09/08   *3.6,12.4   324   -5   241       3      0.34  0.03  MB-M 

1763 Williams           24/08/06-24/08/29    1.0,15.2   315    2    87.5     0.4    0.56  0.04  MB-I 

2168 Swope              24/09/02-24/09/08    4.4,02.4   346    4     7.350   0.035  0.75  0.05  MB-I 

3768 Monroe             24/08/28-24/09/14   *4.7,04.9   343   -5    56.7     0.2    0.38  0.03  MB-O 

6164 Gerhardmuller      24/07/18-24/09/06  *13.7,17.4   316   -5   361       3      0.36  0.04  FLO  

6601 Schmeer            24/08/25-24/08/30    9.0,11.9   320   -3     2.667   0.026  0.14  0.04  MB-I 

7000 Curie              24/08/27-24/10/04  *16.9,13.5   355  -14   805      20      0.29  0.03  MB-I 

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[WUHPXP� 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����������0%�,��PDLQ�EHOW�LQQHU��0%�0��PDLQ�EHOW�PLGGOH��0%�2��PDLQ�
EHOW�RXWHU��)/2����)ORUD��.25������.RURQLV��+,/������+LOGD��

2EVHUYDWRU\�������������������������������������������������������������������������������7HOHVFRSH�������������������������������������������������������������������&DPHUD���������������������������������������������

G05 Obs.Astr.Giordano Bruno               SCT (D=203mm; f=6.3)               CCD Atik 420 m 

I19 Obs.Astr.El Gato Gris                 SCT (D=355mm; f=10.6)              CCD SBIG STF-8300M 

K14 Obs.Astr.de Sencelles                 Newtonian (D=250mm; f=4.0)         CCD SBIG ST-7XME 

M24 Oss.Astr.La Macchina del Tempo        RCT (D250mm; f=8.0)                CMOS ZWO ASI 1600MM 

X12 Obs.Astr.Los Cabezones                Newtonian (D=200mm; f=5.0)         CMOS QHY 174M 

X38 Observatorio Pueyrredón               Newtonian (D=300mm; f=4.5)         CCD Apogee U8300 

X39 Obs.Astr.Antares                      Newtonian (D=250mm; f=4.72)        CCD QHY9 Mono 

Z03 Obs.Astr.Río Cofio                    SCT (D=254mm; f=6.3)               CCD SBIG ST-8XME 

NAO Obs.Astr.Naos                         Newtonian (D=250mm; f=4.0)         CMOS QHY 163M 

NA2 Obs.Astr.Naos 2                       Newtonian (D=200mm; f=5.0)         CMOS ZWO ASI 174 

OAO Obs.Astr.Aficionado Omega             Newtonian (D=150mm; f=5.0)         CMOS QHY 174M 

OAS Obs.Astr.de Ariel Stechina 1          Newtonian (D=254mm; f=4.7)         CCD SBIG STF-402 

OA2 Obs.Astr.de Ariel Stechina 2          Newtonian (D=305mm; f=5.0)         CMOS QHY 174M 

ODS Obs.Astr.de Damián Scotta 1           Newtonian (D=300mm; f=4.0)         CMOS QHY 174M 

OD2 Obs.Astr.de Damián Scotta 2           Newtonian (D=250mm; f=4.0)         CCD SBIG STF-8300M 

OC2 Obs.Astr.de Carlos Ambrosioni         SCT (D=279mm; f=6.7)               CCD SBIG ST8XME 

OMA Obs.Astr.Vuelta por el Universo       Newtonian (D=150mm; f=5.0)         CMOS POA Neptune-M 

RMC Obs.Astr.de Raúl Melia Carlos Paz     Newtonian (D=254mm; f=4.7)         CMOS QHY 174M 

7DEOH�,,��/LVW�RI�REVHUYDWRULHV�DQG�HTXLSPHQW��
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�����6FKPHHU��6FKPHHU�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�D�GLDPHWHU�RI�
������ NP�� GLVFRYHUHG� LQ� ����� E\� 6�� 8HGD� DQG� +�� .DQHGD�� 1R�
SXEOLVKHG� URWDWLRQ� SHULRGV� IRU� WKLV� DVWHURLG� ZHUH� IRXQG� LQ� WKH�
OLWHUDWXUH��,Q�WKLV�ZRUN��ZH�SURSRVH�D�VKRUW�SHULRG�RI�3� ���������
������K�ZLWK�ûP� �������������PDJ��

�

�����&XULH��&XULH�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�D�GLDPHWHU�RI�������
NP��GLVFRYHUHG�LQ������E\�)��5LJDX[��)RU�WKLV�DVWHURLG��ZH�FRXOGQ¶W�
ILQG� SXEOLVKHG� SHULRGV� LQ� WKH� OLWHUDWXUH� HLWKHU�� ,Q� WKLV� ZRUN�� ZH�
SURSRVH�D�ORQJ�SHULRG�RI�3� ����������K�ZLWK�ûP� �������������PDJ��

�

$FNQRZOHGJHPHQWV�

:H�ZDQW�WR�WKDQN�-XOLR�&DVWHOODQR�DV�ZH�XVHG�KLV�FotoDif�SURJUDP�
IRU� SUHOLPLQDU\� DQDO\VHV�� )HUQDQGR� 0D]]RQH� IRU� KLV� Periodos�
SURJUDP��ZKLFK�ZDV�XVHG�LQ�ILQDO�DQDO\VHV��DQG�0DWtDV�0DUWLQL�IRU�
KLV�&DOFXODGRU0'(BY����XVHG�IRU�JHQHUDWLQJ�HSKHPHULGHV�XVHG�LQ�
WKH�SODQQLQJ�VWDJH�RI�WKH�REVHUYDWLRQV��7KLV�UHVHDUFK�KDV�PDGH�XVH�
RI� WKH� 6PDOO� %RGLHV� 'DWD� )HUUHW� �https://sbnapps.psi.edu/ferret/���
VXSSRUWHG�E\�WKH�1$6$�3ODQHWDU\�6\VWHP��7KLV�UHVHDUFK�KDV�PDGH�
XVH� RI� GDWD� DQG�RU� VHUYLFHV� SURYLGHG� E\� WKH� ,QWHUQDWLRQDO�
$VWURQRPLFDO�8QLRQ
V�0LQRU�3ODQHW�&HQWHU��

5HIHUHQFHV�

%HKUHQG��5�������ZHE���2EVHUYDWRLUH�GH�*HQHYH�ZHEVLWH��� �
http://obswww.unige.ch/~behrend/page5cou.html�

%LQ]HO�� 5�3�� �������� ³$� SKRWRHOHFWULF� VXUYH\� RI� ���� DVWHURLGV�´�
Icarus��������������

�XUHFK�� -��� +DQXã�� -��� $OL�/DJRD�� 9�� �������� ³$VWHURLG� PRGHOV�
UHFRQVWUXFWHG� IURP� WKH� /RZHOO� 3KRWRPHWULF� 'DWDEDVH� DQG�:,6(�
GDWD�´�Astronomy & Astrophysics������$����

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