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The bright star � Aur (7 Aur, HD 31964, HR 1605; Vmax = 3m:0; F0Ia+?) is an unusualelipsing binary with a very long orbital period of 27.1 years (see Guinan & Dewarf 2002for a reent review). Its primary elipse started in the summer 2009 and has naturallyattrated the interest of many astronomers all over the world. The aim of this paper isto present our analysis of an extensive olletion of arhival and new photometry, andradial veloities (RVs), and provide a new, more preise ephemeris and orbital solutionfor the predition of the urrent and future primary elipses and a (not yet observed)seondary elipse. Just prior to submission of this paper, Stefanik et al. (2010; hereafterST) published their analysis of a omparable dataset for this same star. ST presented anew orbital solution and improved ephemeris for the binary but beause the data anal-ysis approah presented here is signi�antly di�erent and may provide a more aurateephemeris, we have proeeded to publish our results also.We ompiled and digitized a large olletion of RVs from the literature, inluding ST'sdataset of 515 RVs obtained at the Harvard-Smithsonian Center for Astrophysis (CfA).These data were augmented by our new series of eletroni spetra from the DominionAstrophysial Observatory (DAO) and the Ond�rejov Observatory. Altogether, these RVsspan an interval of 110 years. These RV observations are summarized in Table 1 andare plotted vs. time in Figure 11. We also olleted and digitized light urves from allsix previously observed elipses. Additionally, for the 2010 elipse, we used standardphotoeletri V photometry obtained by PC, HB, DR, DS and MW at Hvar Observatory,CCD V -band photometry obtained by ML at the Hrade Kr�alov�e Observatory, and visualobservations by PD redued to Johnson V magnitude. These observations are listed inTable 2 and the individual elipses are plotted in Figure 22.1RVs obtained during primary elipse were not used in our solution beause they are known to deviate from purelyorbital motion. These elipse RVs are not inluded in Table 1 or Figure 1.2Some observations were not inluded beause of their large satter and/or unsuÆient overage of a partiular elipse.We have also omitted extended datasets outside elipse. These omitted data do not appear in either Table 2 or Figure 2.
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Table 1. Journal of available RVs.from years observatory No. referene1899{1932 Yerkes 298 Frost et al. (1929)1901{1913 Postdam 173 Ludendor� (1924)1928{1958 Mt.Wilson 53 Struve et al. (1958)*1970{1971 Haute Provene 18 Castelli (1977)1989{2009 CfA 515 Stefanik et al. (2010)1994{2009 DAO 99 this paper**2006{2009 Ond�rejov 109 this paper*** RVs omputed from the mean of 6 lines | Fe II 4123, Mg II 4481, Fe II 4508, Fe II 4515, Fe II 4576 and Fe II 4629 �A.** RVs omputed from the mean of 5 lines | Si II 6347, Si II 6371, Fe II 6417, Fe II 6433 and Fe II 6456 �A.

Table 2. Journal of photometri observations during primary elipses.mid-elipse observer passband* No. referene1848 J.F.J.Shmidt pv 39 Ludendor� (1912)1875 J.F.J.Shmidt pv 69 Ludendor� (1912)1902 J.Plassmann pv 29 Ludendor� (1903)1902 F.Shwab pv 38 Ludendor� (1903)1929 C.M.Hu�er & J.Stebbins pe 98 Hu�er (1932)1956 K.Gyldenkerne V 131 Gyldenkerne (1970)1956 G.Larsson-Leander V 106 Larsson-Leander (1959)1983 J.L.Hopkins V 130 Shmidtke (1985)1983 S.Ingvarsson V 119 Shmidtke (1985)2010 Hvar Obs. V 100 this paper2010 M.Lehk�y V 21 this paper2010 P.Dubovsk�y pv(V ) 28 this paper* Abbreviations `pv' and `pe' stand for photovisual and photoeletri, respetively.
Here we provide more details of the new datasets. The DAO CCD spetra were ob-tained by SY and PDB and have a linear dispersion of 10 �A mm�1 . The Ond�rejov CCDspetra were obtained by PH, P�S, M�S, MW and a few other observers and have a dis-persion of 17 �A mm�1 . Both the DAO and Ond�rejov datasets over the spetral regionaround 6300{6700 �A. Their initial redutions were arried by SY and M�S in IRAF. Re-ti�ation and RV measurements of the spetra were arried out by PC using the SPEFO(Horn et al. 1996, �Skoda 1996) program's apability to ompare diret and inverted linepro�les. The zero point of the RV sale was determined by measurement of seleted tel-luri lines (Horn et al. 1996). The Hvar dataset is atually UBV photometry arefullyredued to the standard system (Harmane, Horn and Juza 1994). The Hrade Kr�alov�eCCD BV RI photometry was obtained with a 2.8/29 Pentaon auto lens and SBIG ST-5CCCD amera. The visual estimates by PD, redued to Johnson V -band magnitude sale,were arried out using a modi�ed version of Argelander's method developed by S. Otero(�Ste et al. 2003). It is based on a one vision and alibration tehnique used to min-imize the e�ets of extintion and olour di�erenes. We are making all new RVs andphotometri datasets available with the eletroni version of this paper3; the remainingRV and photometri data are already aessible from the eletroni version of ST.35937-t1.txt { t5.txt
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Figure 1. RVs used in the orbital solution and the derived PHOEBE �t (urve). The vertial linesdenote individual elipses (during whih RVs were not used in the solution). Plotted RVs are orretedfor their individual  veloities.
We used two independent programs, PHOEBE 0.31 (Pr�sa & Zwitter 2005) and FOTEL(Hadrava 2004), to derive new orbital solutions and formal light-urve solutions. All datasets were assigned weights inversely proportional to the squares of their rms errors derivedfrom preliminary solutions. In FOTEL, we allowed alulations of individual systemi ()veloities for individual spetrographs. Sine PHOEBE an treat only a single RV set,we used RVs with individual  veloities subtrated. It turned out that the rms errorsper observation for the RV sets in Table 1 were between 4 and 6 km s�1. This indiatesthat the satter is dominated by the intrinsi variations of the F star beause the atualmeasurement errors are typially less than 1 km s�1. The RV solutions were used to derivethe orbital eentriity (e), longitude of periastron (!) and RV semiamplitude of a primaryK1, and the resulting values were then held �xed in the light-urve (LC) solutions. Thisis beause the photometri data used only overs orbital phases near primary elipse and,therefore, these data do not onstrain the eentri orbit. LC solutions were used to derivean improved ephemeris, assuming a mass ratio �xed at unity, and inlination �xed at 87Æ.The derived photometri period was held �xed again for the �nal iteration of the orbitalsolution, evaluated using the unonstrained system option in PHOEBE.The �nal photometri ephemerides (based exlusively on the LC solutions) are:Tprim:min: = HJD (2455402.8 � 1.0) + (9890d:26 � 0d:62) � E (PHOEBE) ,Tprim:min: = HJD (2455403.7 � 1.1) + (9890d:98 � 0d:50) � E (FOTEL) .The epoh of primary minimum was allowed to vary independently for both the RVand LC solutions. We strongly prefer the more aurate value from photometry. Forinstane, the epoh of the primary minimum from the �nal RV solution in FOTEL atHJD 2455347 di�ers signi�antly from the above ephemerides. ST arrived at the sameonlusions from their orbital solution; they obtained the epoh of the primary minimumat JD 2455136 (ompared to their photometri minimum at JD 2455413). ST suggestedthat the gravitating ompanion responsible for the orbital motion need not be the sameas the extended gaseous struture responsible for the elipses. However, they also notedthat intrinsi radial veloity variations in the F supergiant's atmosphere might bias theorbital solution, thereby aounting for the disrepany between the photometri and RVsolutions. We arried out an orbital solution in whih the epoh of photometri mid-elipse was held �xed and found that the resulting rms error was virtually idential tothat of a solution onverged with the epoh free to vary. This result strongly suggeststhat the disrepany is due to intrinsi RV variations of the F supergiant and not due toasymmetry in the ompanion's struture.
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Figure 2. Light urves from the last 6 elipses, the urrent 2010 elipse, and the PHOEBE �t (solidurve) are shown. Eah measurement set is orreted to its individual 'zero level' magnitude.Mid-elipse epohs have been entered using the new ephemeris and have been plotted on the samemagnitude sale to failitate visual omparison.
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Table 3. New RV and LC solutions ompared to those of Wright and Stefanik.

element PHOEBE FOTEL Wright StefanikTperiastron 2454596 � 23* 2454622 � 97* 2453130 � 280*# 2454515 � 80*#Tprim:min: 2455402.8 � 1.0 2455403.7 � 1.1 2455323# 2455413.8 � 4.8Tse:min: 2451681 � 120*+ 2451610 � 180*+ { {P (d) 9890.26 � 0.62 9890.98 � 0.50 9890 (assumed) 9896.0 � 1.6e 0.256 � 0.012 0.249 � 0.015 0.200 � 0.034 0.227 � 0.011! (Æ) 41.2 � 3.1 43.3 � 4.0 346�11 39.2 � 3.4K1 (km s�1) 14.40 � 0.38 14.30 � 0.25 15.00 � 0.58 13.84 � 0.23* Errors from RV solutions. + Errors are semianalytial estimates. # Epohs realulated for the authors' original periods.
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Figure 4. A phase plot of all photometri obser-vations used in the ephemeris alulation. Eahmeasurement set has been orreted for individ-ual 'zero level' magnitude.

We present our orbital solutions in Table 3, along with those of Wright (1970) andST. A phase plot, using our new ephemeris from PHOEBE, of all RVs and photometry isshown in Figure 3. Note that our new solutions, obtained with two independent programs,agree within their respetive errors. Our ephemerides predit the next primary mid-elipsewill our on July 25-26, 2010, and the next seondary mid-elipse in 2027. The previousseondary elipse should have ourred in 2000. When ompared to Wright, we obtaina signi�antly di�erent orientation of the orbit in spae (longitude of periastron !), ahigher eentriity (e), and a di�erent epoh of the primary minimum. Our results aremuh loser to the ST solution, but we still disagree with ST by more than the estimatederrors. At the request of the referee, we mention that the resulting relative photometriradii from the LC solutions were 0.045 and 0.216 from PHOEBE, and 0.058 and 0.218from FOTEL. We aution the reader, however, not to give these values muh weight sineneither program an treat disks; both assume two stellar bodies.Two important onlusions about � Aur, whih disagree with the generally aeptedmodel, follow from our study:1. Inspetion of Figs. 2 and 3 shows that the idea of a entral brightening insidethe elipse, interpreted as evidene of a hole in the disk (see, e.g., Carroll et al. 1991),should be reonsidered. Note that the `at' part of eah reorded elipse is di�erent andwhat is seen are most probably the physial light variations, similar to the out-of-elipse
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variability. Of ourse, the �nal onlusion will ome from a detailed analysis of olourhanges and other types of observations and from the photometry seured this summer.2. The right panel of Figure 3 shows that laims of variability in the width and durationof individual observed elipses, whih have been used to infer a deline in the primary'sradius over time (Saito 1986), are not supported by the data. It is apparent that theyli but irregular physial light variations a�eted the di�erent elipses di�erently. Itwill be diÆult to obtain a `pure' elipsing light urve without a better understandingand quantitative desription of these light hanges.Aknowledgements. We aknowledge the use of the programs PHOEBE and FOTELmade available by their authors Drs. Andrej Pr�sa and Petr Hadrava. We pro�ted from theuse of the bibliography maintained by the NASA/ADS system and the CDS in Strasbourg.We would like to express our admire and gratitude to our predeessors who arefullyaumulated a large body of observational data used in this study. Our speial thanks goto Mr. Je� Hopkins for his observations and the reation of the web page with detailedand updated information on � Aur (www.hposoft.om/Campaign09.html). Drs. A. Kawkaand P. Mayer and students E. Arazimov�a, B. Ku�erov�a and J. Polster obtained a fewOnd�rejov spetra. ML aknowledges the use of a telesope with a CCD amera of theHrade Kr�alov�e Observatory and Astronomial Soiety of Hrade Kr�alov�e and the help ofDr. M. Bro�z with the redutions. Our thanks are also due to Dr. Martin �Sol for his helpwith a translation of papers written in German. The Czeh authors were supported by thegrants 205/06/0304, 205/08/H005, and P209/10/0715 of the Czeh Siene Foundationand also from the researh programs AV0Z10030501 and MSM0021620860.
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