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ABSTRACT

The long-period (P = 27.1 years) peculiar eclipsing biraAur, which has recently completed its 2 year-long primarypse, has
perplexed astronomers for over a century. The eclipsesafieen the transit of a huge, cool and opaque, disk acrossateedf the
FOlab star. One of the principal problems with understagdimis binary is that the very small parallax pf= (1.53 + 1.29) mas,
implying a distance range af ~ (0.4 — 4.0) kpc, returned by a revised reduction of tHeppar cos satellite observations, is
SO uncertain that it precludes a trustworthy estimate oflih@nosities and masses of the binary components. A relidlstance
determination would help solve the nature of this binary distinguish between competing models.

A new approach is discussed here: we estimate the distarcAuo from the calibration of reddening and interstellar-rioead gas
absorption in the direction of tt]e system. The distanceAar is estimated from its measur&gB — V) and the strength of the diffuse
interstellar band (DIB) 6613.58. Spectroscopy andBV photometry of several B- and A-type stats1® of £ Aur) were carried out.
The distances of the reference stars were estimated frdver eiteasured or spectroscopic parallaxes. ]’he range andest of the
reference stars is from®to 3.0 kpc. We find reasonably tight relations am&tg — V), EW, andl; (6613A feature) with distance.
From these calibrations, a distancedof (1.5+ 0.5) kpc is indicated foe Aur. If £ Aur is indeed at (or near) this distance, its inferred
absolute visual magnitude &fly ~ (-9.1 + 1.1) mag for the F-supergiant indicates that it is a very yodagrinous and massive
star. Noteworthy, the high luminosity inferred here is vaibve the maximum value ®fly ~ —6™2 expected for (less-massive) post
asymptotic giant branch (AGB) supergiant stars (van Wih2k®3). Thus, based on the circumstantial evidence, thieehighass
model appears to best explain the properties of this mysteinary system.

As a by-product of this study, our spectroscopy led to thdriigthat two of the stars used in the distance calibratiols3#617 and
HD 31894, are newly discovered spectroscopic binariesHin@2328 is a new radial-velocity variable.
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1. Introduction Table 1. Various determinations of the parallaxsoAur. Trigonometric

& Aur (7 Aur, HR 1605, HD 31964) is a bright/(~ 3™0) single- parallaxes are quoted unless specified otherwise.
line eclipsing binary with so far the longest known orbital p

riod of 27.1 years (9898) (Ludendorff 1903; Stefanik et al. Source p (mas) Notes
2010; Chadima et al. 2010). The duration of the eclipse i®atm Ad & Jov (1917 11-22 1
2 years and its last eclipse terminated by the end of August 20 Adgm: & ng Elgﬂg 60 2
For the first time, interferometric observations carrietiduring Strand (1959) &84 3
the recent eclipse (see Kloppenborg et al. 2010) “imaged” th Strand (1959) 1 4
dark, flattened disk component transiting the F-supergitant van de Kamp & Lippincott (1968) 42 5

Two principal models of the system have been considered, vande Kamp (1978) 1.20.08 4
often referred to as the high- and low-mass models (Guinan  Heintz & Cantor (1994) 22 6
& DeWarf 2002, and references therein). Although they dif- E:;?;fnir?gné%%%?gg)?) 11%?1?%2 ?f
fer quite substantially from each other, the distances fiblat van Leeuwen (2007a.b) 153129 8

low from the rather uncertaibli ppar cos parallax quoted in
Table 1 do not allow to distinguish between the models from ) _
mainly luminosity considerations. In Table 1 we also summ&lotes. 1... spectroscopic parallax; 2... by Jewdokimow at Yeries;
59 nights, Yerkes 1926-58; 4... comparing the semi-majis foom
Send offprint requests to: Edward F. Guinan the astrometric and spectroscopic solutions; 5...174 abSproul in
e-mail:: Edward.Guinan@villanova.edu 1938-56; 6... an extended series of the Sproul 363 night sneaer
* Based on new spectral and photometric observations frotdthg 44 years; 7... originaHi ppar cos parallax; 8... revised reduction of
Ondfejov and Tautenburg Observatories, the Four Collegmatic Hi ppar cos parallaxes.
Photoelectric Telescope and from the EBAppar cos satellite

Article published by EDP Sciencey, to be cited as Rfip/7dx.doi.0ra/10.105170004-636 1720111856 ]



http://publications.edpsciences.org/
http://dx.doi.org/10.1051/0004-6361/201118567

Table 2. Equatorial coordinates and spectral typessoAur and the Table 3. A comparison of thé=(B—V) andE(V—K) reddening for our
calibration stars in its neighbourhood. calibration stars in the neighbourhoodsofur. See the text for details.

Star E(B-V) E(V-K) E(V-K)/E(B-V)

Star @ (J2000.0) 6 (J2000.0) Sp.type Note
HD 31617 0.25 0.63 2.52
e Aur 5'01M5813245 434923/9059 FOla HD 31894 0.27 0.74 2.74
HD 31617 459"21524899 431924'1690 B2V 1 HD 32328 0.06 0.19 3.17
HD 31894 301M3429127 432608/6252 B2IV-V 2 HD 277197 0.26 0.73 2.82
HD 32328 304"3273112 434339'5641 B8V 1 BD+43°1168 0.90 2.46 2.74
HD 277197 $01M115460 433441/915 B3V 3

BD+431168 #02"12374 4351'42'35 B9lab

2.5
Notes. 1... newly discovered SB1; 2... newly discovered SB2; Be. t

spectral class estimated by us.

2
HD 32328

BD+43 1168

rize several other attempts to derive the parallax éfur. The
true nature of this unusual eclipsing binary remains a guirel
spite of many attempts to explain its properties. As notedipr
ously, one of the principal problems is that the very smatt pa i
allax returned by thédi ppar cos satellite is so uncertain that HD 31894
it precludes a trustworthy estimate of the luminosities tnd
masses of the binary components. A reliable distance determ
nation would help solve the nature of this binary and distisly
between the competing models that explain this extraorgina
binary system. 162.5 163 163.5

According to the high-mass model, first considered by A [deg]
Kuiper et al. (1937) and later developed by Carroll et al9)9
the F-supergiant component is a normal high mass/high lurfig. 1. Reddenind=(B - V) computed from IR emission faxtragalac-
nosity Pop. | supergiant and its mysterious cool diskstar) tic sources as a function of galacti_c co_ordinates. The data ta&sn
companion is either a very young, high mass object that has §em Schlegel etal. (1998). Our calibration stars anklr are denoted

creted gas from the F-supergiant or a pre-Main Sequence SthFrosses. The values B{B — V) range from 0.65 to 1.22 for the po-
with cirgumstell ar materi alp 9 P q é's)[}tél’ons of the calibration stars (note that theserateE(B — V) for the

| . . __stars themselves). The cloud visible in the north-eastcte is the
n the low mass model, first suggested by Eggleton & P””gi%bular region TGU H1105 (Dobashi et al. 2005).
(1985) and by Lambert & Sawyer (1986) and recently advocated
by Hoard et al. (2010), the F-supergiant is a post-Asymptoti
Giant Branch (AGB) star, of low to moderate mass (initial magated at positions, where the dust thermal emission (summed
~ 1 -7 Mg; final (current) mass 1.0 My). In this model, the along the line of sight) is indeed comparable (see Fig. 1).
large, cool disk binary component resulted from the recapt c Using the data from the 2MASS catalogue, it is possible to
ture of gas from a prior large mass-loss / transfer phase finem calculate the rati&(V —K)/E(B-V) for all calibration stars (see
F-supergiant. Table 3). Comparison of these data with the values derived by
Koornneef (1983) also clearly shows that the extinctiorheke

) ) ) stars is normal (cf. Table 4 of Johnson 1965).
2. A methodology of the distance calibration Using the measured parallaxes or spectroscopically esti-
We initially selected three stars close in the skyetoAur, Mated distances to these stars, we attempted to derive tlge in
HD 31617, HD 31894, and HD 277197, because they all haggndent:allbratlon re!atlong. (1) the distancel as afunctlorl of
similarly small space motions and reddening values Aar it- e strength of the diffuse interstellar band (DIB) at 6653,
self. We thought that these stars, together withur, could be @nd (2) the distance as a function of theE(B-V) redden-
the brighter members of a young stellar association. Evengh  I"9: The idea is to use these calibrations for a new estinfate o
this could be the case, the errors in their proper motions alft¢ distance t@ Aur. It is worth noting that a smooth depen-

spectroscopic distance estimates preclude drawing defioii- dence of the reddening on the distance in the region néar
nection. But if this were the case, this would imply a diseatec @S already been found by McCuskey (1949), based on photo-
& Aur of about 1.1 kpc (see Table 10). graphic spectra and magnitudes. There are several studhes o

We decided to try an alternative approach to the problem. §iength and shape of the DIB at 6643n the recent literature
the premise that the interstellar medium in the directionatir  (cf., €.9. Jenniskens & Desert 1994; Galazutdinov et al8200
has similar properties as in the surrounding directionghiwia Hobbs et al. 2009; McCall et al. 2010) but we were unable to
few degrees aroundAur) as projected onto the sky, we selectefind any published callbratlon of_thls feature vs. distahtenari
several stars closer than o & Aur in the sky (and accessible€t al. (2008) found a tight relation between the EW of another
to the telescopes available to us) and obtained their spaott DIB at 8620.4A and E(B-V) and another, though a less per-
UBV photometry. The list of these stars is in Table 2. fect such relation was also published for the DIB at 5788.5

Infrared data fronl RBE/ COBE (Schlegel et al. 1998) con- by McCall et al. (2010). The latter authors also found a very
firm that our assumption is valid — the calibration stars are |good correlation between the EWs of 6613.6 and 6196.0 DIBs.

€ Aur 1.5

B, [deg]
E®B-V)

HD 31617

0.5



Unfortunately, none of these additional DIBs are coveredioy Given the values of, and evolutionary tracks in the HR
spectra. The limited spectral resolution of our spectraimgnyy  diagram [T, logL) for all calibration stars, we can easily take
that our EWs only represent a lower limit to the true EW of ththe luminosities lod- or bolometric magnitudellpo = Mpolo —
6613 DIB but in the light of the above-mentioned studies we db5 logL and determine the (spectroscopic) distances and their
believe that with a homogeneous series of the spectra taiten wincertainties.

the same instrument a calibration of the 6613 DIB vs. digtanc In case the calibration star is a binary (as HD 31894) we can

within a limited area in the sky should be feasible. use the secondary as an independent check, with the mass rati
Details of all spectral observations, their reduction arigiferred from the RV curve being a strong additional coristra
radial-velocity (RV hereafter) measurements can be foortde For the B9lab supegiant BB43°1168, we adopted the

online Appendix A, while the photoelectrldBV observations unreddenedB&-V)o index from the Johnson (1958) study. To
and their reductions are described in the online Appendix B. obtain the dereddena magnitudes of all considered stars, we

For each of the calibration stars we proceed as followssti) irdopted the formula from chapter 15 of Cox (2000)

ing the observed spectra, we derilig;, logg by matching the _
synthetic spectra; (ii) using a modern stellar-evolutiode, we Vo=V -E(B-V)(330+028@B~V)o+004E(B-V)). (1)

determine the corresponding masgs and luminosityL which  rpig \way, our distance scale can contain a small systenTatic e

enables us to compute the distance. We now describe the-progg it should be internally consistent for all considereatst

dure in more details. . _ In the following sections, we first discuss the new observa-
One of us, JN, has developed a program, which derives #ighs and our detailed analyses of the individual calilraitars,

optimal values of the effective temperatuFg;, logarithm of then we establish thd(EW), d(l¢) and d(E(B - V)) calibra-

the gravitational acceleration lgg projected rotational veloc- tions, we derive appropriate 6628line strengths and a range

ity vsir_li_and_ RV via interpolation in a grid of synthetic spectrg; E(B-V) values fore Aur and finally apply them te Aur.
and minimalization of the sum of squares@#C between the

observed and interpolated synthetic spectrum. For maltps-

tems ofN components, it also derives the_ relative luminosities &, The B type binary HD 31894

the components, preserving the constramtﬂﬁ‘}gg Li=1.1For B

practical applications, we used the grid of recent elalearayn- HD 31894 (BD+431164, HIP 23375) was classified B2IV-V by

thetic spectra published by Lanz & Hubeny (2007) (Bstar griyalborn (1971). Danziger et al. (1967) included HD 31894 in

hereafter). We assumed a (fixed) value of metallidity: 0.04 their study of stars in the neighbourhood of the hydrogeorpo

corresponding to massive and consequently young stars. star HD 30353 in an eﬁort to denve the dlsta}nce toit. Theyst
Realistic uncertainties of the best-fit effective tempenes ied the RVs and equivalent widths of the interstellar Na |l and

are of the orderTer ~ 1000K for hot stars (withTer > also interstellar polarization as a function of the distarfeor

20000 K) and down to 100K for cooler starfef < 10000K). D 31894, they obtainefi(B—V) = 0727 and adopted the dis-

: : - tance modulusn— M = 10.8, but from their mean curve through
For\l,sgg\ive tyF():;C3||ydhE|i_Ve an;n;egtamty%g?aktl)tolgg ~ O_'5' the dependence of interstellar polarization on the digtanod-
We also adopted Lanz & Hubeny (2007) bolometric coyys the modulus of HD 31894 should be less than 9, while from
rections BC, interpolating for the optimal values ©f; and

logg. Their BCs have a zero point defined by adopting tthelrmean curve distance vs. equivalent width of the sodiym

- d D lines, the modulus should be about 9.3.
BC, = —0M07. Following Torres (2010), we therefore adopte : : -
the observed Johnson V magnitude of the Stn = —26776 The absolute visual magnitude of HD 31894 was estimated

; from the measured equivalent width of the khe in two stud-
=003 and the distance modul¥s — Myo = ~317572. FOr @ jos- petrie & Lee (1966) obtainddy = —1"7 while Walborn
comparison with evolutionary rﬂodels, it is therefore neaeg (1971) foundMly = —2™9. Carnochan (1986) studied the inter-
to adoptMpoi, = Mye + BCo = 47742, stellar 22004 feature for a number of stars including HD 31894,

To obtain reasonable estimates of the masses and bolom HBpting the followingUBV values from Deutschman et al
magnitudes of the calibration stars, we used the stellalugon (1976): '

moduleMESAst ar by Paxton et al. (2011 We took the op-
timal values ofTer and logg (with their uncertainties) from vV = 8741,B-V =0704,U-B=-0"66, andE(B-V) = 0"28.
the modelling of synthetic spectra and we searched for the co To derive the fundamental properties of HD 31894 more pre-
responding initial massn, (range of masses) of the star forcisely, we began observing the star spectroscopically thi¢h
which evolutionary tracks are compatible with the paramseteOndfejov 2-m telescope and photometrically with the (65-
(log Tes, logg) inferred above. We assumed initial helium aburreflector at Hvar and later also with the 0.75-m Four-College
danceY = 0.320, metallicityZ = 0.040, and the mixing-length Automatic Photoelectric Telescope (APT). One echelletspec
parameter = 2.0. gram was kindly obtained and preliminarily reduced for us by
As we shall see later, we usually obtain the values ofjleg Dr. Holger Lehmann with the Tautenburg Observatory 2-m re-
4.0to 45 which correspond to stars located at the main sBector on JD 2455670.3.
quence. Note that main-sequence stars are neither verijigens  To our surprise, already the first spectrum showed that the
to the value ofe nor to the selected wind scheme. The majdbject isa double-lined spectroscopic binaayd the second
source of uncertainty im, is thus the uncertainty of the effec-spectrum revealed a RV separation of 300 kthtsetween the
tive temperaturd q. B2 primary and a secondary of some later B spectral subclass.

1 By the relative luminosity we understand as usually therati 3.1. The orbital period and orbital solution
Li/ it Ly (j = 1.N) of the luminosities of individual components ) _
measured in physical units (outside the eclipses for thipsioh sys- After accumulating some 12 spectra, we were able to find out
tems). that the correct orbital period must be slightly longer tHan

2 The latest release 3918 from April 2012. days. It also turned out that the orbit has a high eccentridie



Table4. Orbital solution for HD 31894 derived iRHOEBE. The epochs
are in RJD = HJD - 2400000. .
200 | %
Element Unit Value with error /
P (d) 11.0459+0.0051 T 100}
Tperiastr (RJD)  55601.864-0.022 g J
Tsuperc. (RJD)  55601.431:0.022 < R . | "o O
e 0.6183+0.0089 2 of * § St
w ©) 154.10+0.73 g o o\\\m\%m
asini (Ro) 39.68+0.39 R R
% (kms™?) -1.82+0.47 -100 |- Ly
K1 (kms?) 85.6+1.5 ‘e
K1/Kz 0.5879+0.0093 T S S S S
K, (km st 145.6+2.6 0.6 -05 04 -03 02 01 00 01 02 03 04 05 0.6
My sin®i (Mo) 4.33+0.13 orbital phase
M, sin®i (Mo) 2.55+0.08
x? 37.60
No. of RVs 19+19
200 |
Table 5. Orbital solution for the old DAO spectra of HD 31894 de- E 0
rived in PHOEBE. All elements, besides the epoch and systemic veloc¥
ity, were kept fixed from the solution for the new data — seeldfdb > ol . .
The epochs are in RID = HID - 2400000.
Element Unit Value with error -100 -
P (d) 11.0459 fixed e
Tperiatc (RJD)  31743.22:0.10 0.6 -05 04 03 02 01 00 01 02 03 04 05 0.6
Y (kms™) -8.8+3.9 orbital phase
x° 1.842
No. of RVs 4 Fig. 2. Orbital radial-velocity curves of HD 31894 for the orbitadnnd

of 1190459. Phase zero corresponds to the superior conjundtioper
panel:RV curves of the primary (filled circles) and secondary (open
circles) and théHOEBE solution calculated curve8ottom panelThe
RV curve based on the old DAO RVs.
then used the prograPHOEBE (PrSa & Zwitter 2005, 2006) to
derive the orbital solution which is presented in Table 4.

Dr. Alan H. Batten kindly found and communicated to us thifom the new spectra only — cf. Table 4 — and on the following
mid-exposure times of the old DAO spectrograms, for whieh tlephemeris
RVs were derived by Petrie & Pearce (1961). We calculated the
corresponding heliocentric Julian dates and reproducetRe¥s T . — HJID 2455601431+ 1190459% E @)
also in Table A.2. supefcon; '

Keeping the orbital elements fixed from the solution for our
new RVs, we derived a separate solution for the old RVs, deri.2. Properties of the binary system and its components
ing only the epoch of periastron and the systemic velocite T
result is in Table 5 and the corresponding RV curve is shown
the lower panel of Fig. 2. Assuming that 2159, 2160 or 2161 gt oI luti d that i ‘b d
bital cycles elapsed between the old and new periastrorhep uqurJlelso u 'ﬁn atr: at sonlu(aj assumptons mlus d :‘ga €.
we obtain the following possible values of the orbital pdrio evsrt' eless, t eblo servational data we accumulate W
1190508, 110456, and 190405, respectively It is seen that af- to obtain reasonable estimates.

ter another season of observations, the accuracy of theabrbi_. Inls%iye OI a "Im(ijtfﬁ number ?;(g\é%ill_able spectrs, (\j/ve ten-
period derived from the new data would be sufficient to diseri ‘2HVElY diS€ntangied tnem, using program (Hadrava

; . 95,1997, 2004b, 2005). It converged to a solution closiety
inate safely between the above three possible values ofrthe . g
bital period. It is not clear, however, how significant théed llar to that of Table 4 and provided the disentangled speaitra

; ; ; th binary components. For the final disentangling, we t#ept
ence in the systemic velocity between the old and new RVs Is; . i . .
It is conceivable that some of the old RVs are actually sljghtorb'tal elements of Table 4 fixed and obtained the disenéahgl

affected by the blending of the spectral lines of the primergt SPectra in thg following three spo)ectral regions: 6327 — 6422

secondary. For the purpose of this study, lvave notombined 6422 — 6645, and 6630 — 675@.. For the second region con-

the old and new RVs to obtain a joint orbital solution. All subtaining Hr, we also allowed KOREL to disentagle and remove

sequent discussion will be based on the orbital elemenigeder the telluric lines.

Comparing the disentagled spectra of the primary and sec-
3 Note that propagating the errors of both epochs does alter tandary normalized to the joint continuum of both stars wjth-s

quoted period values only on the fourth decimal digit. thetic spectra from the Bstar grid using the program by JBk, di

ur photometric observations safely excluded the podyibil
binary eclipses. This means that we are not able to obtain




Table 6. Dereddened magnitudes of both binary components based on 1.0
the PHCEBE fit. See the text for detalils.

Star E(B-V) EWU-B) Vo (B-V), (U-B) 100 | |
prim.  0.268 0.196  7.854 -0.233  -0.874
sec.  0.270 0.198  9.443 -0.183  -0.685

0.99 -

relative flux

0.98 -

cussed above, we obtained tloemally best fit for the following
values:

097 Lt .
Ter = 23490 K, logg = 4.30,vsini =74.4km s, L; = 0.809, 6320 6330 6340 63
and
Ter = 17810K, logg = 4.52,vsini =26.9 kms?, L, =0.191

for the primary and secondary, respectively. A comparisbn o
the disentangled spectra with the interpolated synthetasas
shown in Fig. 3 for the primary and in Fig. 4 for the secondary.
The value of logy of 4.5 [cgs] is too high even for the zero-age &
main sequences stars. We verified that fixing ¢pg 4.25 for
both stars increases tyé of the fit by only 2 per cent, leading
to lower Teg of 22800 and 17000 K for the binary components.
This confirms our estimate of typical uncertainties mergbn
earlier.

In the next step we used the stellar-evolution module
MESAst ar by Paxton et al. (2011) to reproduce the observed .| . ‘ ‘ ‘ ‘ ‘ ‘ ‘
Ter and logg of the HD 31894 primary. Using the mass ratio 6480 6500 6520 6540 6560 6580 6600 6620
from our orbital solution, we then estimated the range ofseas wavelength (A)
for the secondary and calculated also its evolution to s@e ho

Il L Il L Il L Il L Il L Il L Il L Il L
50 6360 6370 6380 6390 6400 6410 6420 6430
wavelength (A)

1.1

relative f’

consistent the model and observed properties of the segonda | o1 [ ‘ ‘ ‘ ‘ ‘ ‘ ]
will be for the same evolutionary age as for the primary. The 0.99
evolutionary tracks are shown in Fig. 5. ’
We again usedPHOEBE and, keeping the orbital elements 097
fixed at the values of Table 4 but setting: 50:0, we included 0.95
our UBV photometry and tuned the radii within reasonable lim< 093
its to obtain the relative luminosity of the primaty = 0.81 § 0.91
in the V band. The fit withPHOEBE led to the followingUBV 5§ (49
maghnitudes at maximum light 087
Vii2 =8n:'499,Bl+2 =8n:'543, anoU1+2 =7"898. 0.85
Using these values and the relative luminosities in allglpass- 0.83
bands derived witfPHOEBE (0.81, 0.82, and 0.84 iW, B, and 0.81 ‘ ‘ ‘ ‘ ‘ ‘ ‘
U, respectively), we obtained théBV magnitudes of both stars, 6650 6660 6670 6680 6690 6700 6710 6720 6730
and their standard dereddening led to the values presemted i wavelength (4)
'Ilz'%k?lg.& For illustration, the/-band light curve is shown in Fig. 3. A comparison of the disentangled line spectrum of the HD 3189

. rimary with a synthetic spectrum interpolated from theaBsfrid for
For the adopted range of effective temperatures of the p%e;ﬁ = 2y3490 K, |};gg = 4,3% [cgs] and/ gini =74.4 km st gthree

mary from 23000 to 24000 K and of the secondary: 17008@pectral segments containing stronger stellar lines) izaaks, dots de-
18000 K, and estimating the range of bolometric magnitudgste the observed spectrum, while the synthetic spectiftedtior the
from the evolutionary calculations, one gets the rangelssfb- systemic velocity of-2 km s, are shown as thin lines. A relative lu-
solute visual magnitudes fror2™23 to —2"55 for the primary, minosity of the primary of; = 0.809 was adopted for the comparison.
and from-0"70 to—-1"32 for the secondary. Combined with the
dereddene®y magnitudes from Table 6 this gives the range o
distances 1037-1202 pc for the primary, and 1066-1420 pc TThe B star HD 31617

the secondary. Weighting more the values for the primary, we relatively little studied B star HD 31617 (BD+48147,
adoptd = 1150+ 150 pc for the distance of the HD 31894 biHIP 23186) is another object close #0Aur in the sky. It was

nary. classified as B2IV by Hiltner (1956), who also obtained the fo
The radii we used ifPHOEBE to fit the relative luminosities lowing UBV values

in theV band are V =7"42, B-V=0"00, U-B=-0"77,
Ry =5.14R, andR; = 3.12R.. while Bouigue (1959) obtained
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Fig. 4. A comparison of the disentangled line spectrum of the HD 3189 orbital phase

secondary with a synthetic spectrum interpolated from thaiBgrid Fig. 6. Orbital V-band light curve of HD 31894 for the orbital period

.= = ini = 1
for Ter = 17810 K, logg = 4.52 [cgs] and/ sini = 26.9 km s”in three of 1190459, based on a slightly more accurate APT individual olaser

spectral segments containing stronger stellar lines. keaks, dots de- . - .
; ; . tions. Phase zero corresponds to the superior conjundti@PHOEBE
note the observed spectrum, while the synthetic spectiftedtifior the solution, shown as a solid line, clearly exhibits the praneftects

systemic velocity of-2 km s, are shown as thin lines. A relative lumi- th iast
nosity of the secondary af, = 0.191 was adopted for the comparison.near € periastron passage.

sured distance to HD 31617 is available. However, Danziger
V = 7735, andB-V= 0700 et al. (1967) studied several stars near the hydrogen-gaor s
as a mean of 3 individual observations. Plaskett & Pearcgl()19 HD 30353 in an effort to derive its distance modulus via po-
obtained 4 RVs at the Dominion Astrophysical Observatotgrization mesurements by Hiltner and via the strength ef th
(DAO) in 1924-1929 with a mean value of +3.5 km*tand a Na | interstellar line. For HD 31617, they obtained a modwiiis
range over 10 km=. The new reduction of theii ppar cos 9.6 mag from polarimetry, and 10.0 mag from the strengthef th
data by van Leeuwen (2007a,b) resulted in a negative valagerstellar lines, which implies distances of 832 and 10660
of the parallax. Therefore, no reliable trigonometricaitga- respectively. Savage et al. (1985) investigated excesavigdt



Table 7. Orbital solution for HD 31617 derived iIROTEL. The epochs Table 8. Radiative parameters and projected rotational velocitidDf

are in RID = HJID - 2400000 and the rms is the standard error 0f32328 resulting from the fit of the three Ondfejov spectrttie high-

observation of unit weight. estS/N by interpolated synthetic spectra. Individual spectraideati-
fied by their reduced Julian dates.

Element Unit Value with error

P (d) 59.2+2.5 RJD (T}z‘; {3351’ (l‘(’rﬁ'g'l)

Toeriastr (RJID) 56015.39:0.50

Tsuperc. (RJID) 56028.45 56011.4508 12891 4.426 44.2

e 0.759+0.043 56013.4003 12882 4.349 43.8

w ©) 295+12 56015.2794 12861 4.278 434

¥ (kms?1)  -4.79+0.81

Ky (km s 16.9+4.9

f(M) (Mo) 0.00815

rms (km s1) 0.680 ] ) ]

No. of RVs 10 We disentangled the spetrum of the primary with KOREL
and the comparison with the Bstar grid returned the follgwin
values:

Ter = 24519K, logg = 3.863 [cgs], and sini = 32.3km s?.

A comparison of the disentangled spectrum with the syntheti
20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ oneisin Fig. C.1in Appendix C. Evolutionary tracks bradkgt
the above values are shown in Fig. C.4 in Appendix C. They im-
ply the mass of the HD 31617 primary in the range of 9.5 to
10 |- 41 15M,, the bolometric magnitude betwee™36 and-7"36
and the absolute visual magnitude betwe@i06 and—4"88.
Together withVy = 661 (see table 9) this implies a distance in
1 therange from 540 to 1990 pc.

RV (km s-1)
=)
T
[

5. The B star HD 32328

Also rather neglected, HD 32328 (BD+4377, HIP 23603) is
another object close te Aur in the sky. It was classified as
20 L~ . ‘ ‘ ‘ ‘ ‘ w B8V in an objective prism survey by Duflot et al. (1957) and
0200 02 04 06 08 10 12 jg5 only measured RV = +21 knr5also comes from such a
orbital phase survey (Fehrenbach et al. 1996). It has a rather accuragé-par
lax of 0700612+0700159 from theHi ppar cos mission (van

Fig. 7. Orbital radial-velocity curves of HD 316_17 for t_he o_rbitarind Leeuwen 2007a,b). Deutschman et al. (1976) obtained the fol
of 59!2. Phase zero corresponds to the superior conjunction. lowing standardJBV values

V=777, B-V=-0"04, U-B=-0735,

let extinction for a number of B stars and did not find any faerivedE(B—V) =0™0 and estimated a distance of 336 pc. For
HD 31617. comparison, the measuredppar cos parallax implies arange
We obtained 13 individual standatdBV observations at of distances from 130 to 207 pc.
Hvar. The star was also used as a check star for observafions o We obtained 10 red Ondfejov spectra and 10 individiBy
HD 31894 at Villanova and 3WBV observations were securedgbservations at Hvar. The Hvar photometry agrees well vt t
There are also 9H,, observations secured by the ppar cos by Deutschman et al. (1976) (see Table 9) and our value of the
satellite (Perryman & ESA 1997). None of these datasets shegddening isE(B-V) =07056. The dereddened colours indicate
any significant light variability of this star. The mean stard a normal main-sequence object between B7 and BS8.
Hvar values are in Table 9. Radial-velocity measurements of the sharp &bsorption
We succeded to secure 10 red Ondfejov spectra. The Bdfe in our spectra (see Table A.4) show small variationh wit
measurements of four good and sharp linesSPEFO soon a full range of 8 km st and a possible timescale of 6.8 days.
showed that the object is another single-line spectrosdoipi This means that also this object could be a single-line spect
nary, for which we tentatively estimate an orbital perio@bdut scopic binary seen nearly pole-on (unless the componersaaas
60 d and a highly eccentric orbit. We use the inverse squareapé strongly peculiar), but it is also conceivable that & i®tat-
the rms errors of the mean RV of the four measured lines (Hing star with uneven brightness distribution or even an uals
He | 6678A and the C I doublet at 6578 & 658/2) for each pulsating star. The time distribution of our spectral, adl &g
measured spectrum to derive the weights of individual mephotometric, observations is unsufficient to test such Hygses,
RVs. Our RV measurements, together with the low rms errdnswever. We can only state that no trace of a secondary sipectr
(mostly below 0.5 km ') are reproduced in detail in Table A.3.is visible, therefore a comparison of the observed and syicth
We also tabulate there the old DAO RVs, for which we derivespectra seems justified.
the heliocentric Julian dates. Regrettably, their phasgidu- Since HD 32328 is cooler than the lowgyg; limit of the B
tion does not allow to improve the value of the orbital periogtar grid of synthetic spectra by Lanz & Hubeny (2007), we had
A preliminary orbital solution derived with the progréf®@TEL  to interpolate in the grid of synthetic spectra from the PORXL
(Hadrava 1990, 2004a) are presented in Table 7. database (Palacios et al. 2010), based on Kurucz’'s modwsis. F




the comparison we selected three spectra with the higyést 1.6
The results are summarized in Table 8 and characterize the un | 5|

certainty of the fit. The comparison of model fits with thege¢h 1:4 Wm
spectra is shown in Fig. C.2 in Appendix C. Note that without ~ _+ BD+43 1168 1
- +

12k DIB 6613 ]
11 F .

being able to apply KOREL in this case, we could not remove
the telluric lines from the observed spectra.

The corresponding evolutionary tracks are shown in Fig. C.5
in Appendix C. They imply a mass between 3.4 andM:5
Mpo = —0™49 to —1M98, My = 0M31to-1mM38, which with
Vo =7M475 (Table 9) implies a distance between 270 and 540 pc.
In contrast to it, the range of the distance following dilect
from the Hi ppar cos parallax is (175 45) pc. The question
is whether HD 32328 is not indeed a binary composed from
two similarly bright stars observed pole-on. In any casepae 00 6500 e 6700
the lower limit of theHi ppar cos measurements and the up-
per limit of the spectroscopic distance as the range of plessi

distances to HD 32328. Fig.8. A comparison of the Ondfejov red spectrum of BD$4B68
taken on HJD 2456008.3159 with a spectrum of another B9lab st
o Cyg, taken with the same instrumentation and kindly put atdisr
6. The B star HD 277197 posal by Dr. M. Kraus. Note the strong 6613.86nterstellar line in

HD 277197 (BD+481161;V=9"5) is a little studied B star. It t_he spectrum c_)f BD+£43168 and its faint it profile, obviously partly
is classified as B1 IV by Bouigue (1959) and B5 by McCuskelf!éd by emission.

(1959) but no MKK classification was published. The oBlyV

photometry was published by Bouigue (1959), who obtained while Fernie (1983) obtained

— ogm _\/=—
V = 951, andB-V= +0706. o » V=98, B-V=0795 U-B=0m2
We secured three red spectra of it with the Onfejov 2-m o ,
reflector and 31 individuaUBV observations during 2011 and@S @ mean of 3 individual observations. _
2012 at Hvar. The mean of UBV observations secured at Hvar is
Since the clouds interrupted the exposure of the first sp&¢=9"395+0mM006,B-V=0"918+0"007,U — B=0"276+07004 .

trum, it has aS/N = 42 only. However, the remaining two arérne ghove three determinationsdBV magnitudes differ a bit
well exposed and permit a comparlsonow!th the synthetic-spgfore than what one would expect. In Figure 8 we reproduce
tra. The mean RV of the fdland Het 6678A lines from all three g part of the better exposed spectrum of the star. From a com-
spectrais-3.4+ 0.7 km s1, rather similar to botls Aur and the parison with a spectrum of another B9lab starCyg taken
HD 31894 binary. When comparing the second and third specfiiah the same instrumentation, one can suspect the presénce
to the synthetic spectra from the B star grid of Lanz & Hubeny weak emission in the &line of BD+431168. From anal-
(2007) (see Fig. C.3 in Appendix C), we found that the bessfit hgy with other emission-line stars, a slight secular valigitof
obtained for BD+43°1168 cannot therefore be excluded.

Ter = 17750 K, logg = 4.459 [cgs], and sini = 44.7 km s!. Acc'ording to Johnson (1958), the intrinsic coloqrs.ofa_BBIa

. ] ) supergiant ar8-V = +0"02 andU - B = —0"52. This implies

The differential HvarUBV photometry did not reveal any g(B-V) = 0790 for Hiltner's and our Hvar values, ari{B—V)
variability during two seasons. We therefore derived re- gmo3 for the values published by Fernie. From this, one then
bust mean values from all 31 individual observations to optains the derredenéd, magnitude from formula (1) to be
tain V = 97495:0.003, B-V = 07063£0.002, andU-B = gm39 and 637, repectively. The absolute visual magnitude of a

—07547+0.003.. B9lab supergiant is expected to b6™2 (Cox 2000) to—6™4
A standard dereddening gives (Straizys & Kuriliene 1981), which with the above estimated
(B—V)o = -0M97, U-B)o =-0"737, and EB-V) = 0™260. Yo range implies a distance to BD+43.68 between 3.27 and
) ) ' 3.61 kpc.

Both the derredened magnitudes andThe deduced from the _ o
observed spectra agree with a spectral type near B3. Our measured value of EW(6613) = 0.23D020A is in

Evolutionary tracks modelling the results of the comparisd@?©0d agreement with a published value of 0/&2(Bromage &
of the observed and synthetic spectra are shown in Fig. C.6\gndy 1973).
Appendix C and imply a mass of 5.5 to 6V, Myo between
—2"49 and-3"50, My between-0"92 and-1"81 and forVy = . . .
8M649 the spectroscopic distance from 820 to 1230 pc. 8. Inferred calibration relations

We plot the distance calibrations based on the data forreaidn
. o stars in the neighbourhood efAur in the sky (see Table 10)

7. The field star BD+43 1168 in Fig. 9. One can see that all three calibratia&W), d(l.).
The B9 lab supergiant BD+43168 (ADS 3605E) is the closestd(E(B - V)) are well-defined and they are consistent with each
to & Aur in the sky from the stars considered here. The spegther:
tral classification was derived by Morgan et al. (1955), wiiti

RV= —22 km st was measured by Miinch (1957). TV d(EW) = (1474+ 0.028)x 10°EW, 3)
photometry was derived by Hiltner (1956) as d(le) = (-2.027+0.171)x 10* (1 - 1), 4)
V =97M39, B-V=0792, U-B=0720, d(E(B-V)) = (3.888+ 0.089)x 1C°E(B—- V). (5)



Table 9. UBV photometry of calibration stars and their dereddened galue

9. Measured and deduced properties of & Aur

It is not quite straightforward to derive a reliable reddwnof

& Aur since its brightness and colours undergo cyclic physi-
cal variations on a time scale of some 50 to 120 days (cf., e.qg.
Chadima et al. 2011). An inspection of the existing 107 indi-
vidual Hvar standard/BV observations secured prior and after
the recent eclipse of Aur shows that the observe®l-V is in

the range between™81 and 0'57. Since the true nature of the
physical variations is not known, we consider the mean value
of B-V= 0"54 as well as both extremes. There is also some
uncertainty regarding the effective temperature of éhtsur F
primary. From a rather detailed line-profile modelling, Bett

et al. (2005) derived 7000K, while Sadakane et al. (2010) and
Chadima et al. (2011) arrived at 8000 K. Modelling the energy
distribution, Hoard et al. (2010) used 7750K for the F priynar
Using again the calibration between the effective tempieeat
and intrinsicB—V colour, one arrives aB- V), between +316

and +0730 for the calibration by Flower (1996), while Johnson
(1958) gives B-V)o = +0.23 for FOI stars. So the total range
of E(B-V) to be considered as appropriate foAur is 0725

to 0™4. 1t should be noted that a small contribution to the ob-
served reddening could arise from circumbinary dust. Herev
the large grain size indicated by the models (cf., e.g. BR@aj)

and lack of variations in the diffuse interstellar band gadé that
this contribution is probably insignificant.

We measured the (oaquivalent width (EW) and central inten-
sity (I¢) of the 6613.56A diffuse interstellar line in a represen-
tative selection of the Ondfejov spectra secured from 2006
2012, including the spectra taken during the 2009-201 pseli
Both these measured quantities are plotted vs. time in Eig. 1
One can see that there is no noticeable difference in thegttre
of the line between the eclipse and out-of-eclipse datas ifldli-
cates in our opinion that the line is of truly interstellast partly
circumstellar origin and can be used as a distance indicator

Star \ B-V Uu-B Vo (B-V)o (U-B)o
(mag.) (mag.) (mag.) (mag) (mag) (mag.)
HD 31617 7.4220.004 +0.0020.002 -0.748:0.002 6.612 -0.249 -0.933
HD 32328 7.65#£0.004 -0.0470.003 -0.343:t0.002 7.475 -0.103 -0.383
HD 277197 9.498%0.003 +0.0630.002 -0.54#0.003 8.649 -0.197 -0.737
BD+431168 9.3950.006 +0.91&80.007 +0.2760.004 6.425 +0.02 -0.56
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In Fig. 9 we can see that all three distance calibrations are
consistent and put Aur very clearly at a distance larger than
about 900 pc. Considering the calibration results, we edém
the most probable distanced4d\ur to be about (150@ 500) pc.

Its uncertainty is mostly caused by the dispersioh @ahdE(B-
V) observed foe Aur .

Stencel et al. (2008) derived the angular diameter of the F
primary ofe Aur out of eclipse to be between 2.16 and 2.38 mas.
For the distance of (1509500) pc this implies the F star radius
of 232 to 51R,. The corresponding range of absolute visual
magnitudes ot Aur is thenMy = -7m9to — 10™2 mag. This
seems to speak in favour of the high-mass modetfaur and

Also note that these calibrations amet dependent on any identifies its primary as a relatively young object.
outliers. For example, if we drop the most distant star (BB+4 Indeed, the evolutionary tracks computed byMESAst ar
1168) and extrapolate linearly from the remaining data weld/o module show that the allowed range of masses is 20 tM50
obtain equivalent results for the distances in the 1000 2@ (see Fig. 11). We assumed initial helium abunda¥ice 0.320

range.

and metallicityZ = 0.040, the mixing-length parameter= 2.0,



Table 10. Estimated distances, strength of the 661356terstellar line and th&(B-V) reddening for all calibration stars.

Distance =~ EW 6613A I, 6613A E(B-V)  Object
(pc)
0 0 1 0 zero distance
335+ 205 0.0290.003 0.97780.0023 0.056 HD 32328
1030t 210 0.07%0.011 0.92290.0036 0.260 HD 277197
1035420 0.0680.003 0.94620.0021 0.252 HD 31617
1150+ 150 0.0820.003 0.93860.0014 0.268 HD 31894
? 0.1310.002 0.90120.0009 0.25-0.44 & Aur
3440t 170 0.23@0.020 0.847+0.021 0.90 BD+43 1168
by approximately 6 %. In this model, the star has evolved away
from the main sequence and is in the evolutionary stage wieen t
018 |- ] central hydrogen abundance dropped to zero and the stag-cons
guently moves to lower effective temperatures. For thevi20
2 "0 . iy star, the star has already ignited the helium in the coreatdte
b . . ° . change inl¢; is much slower than for the 3@, model. For this
= o4 g 4, ¢ . o0 iy reason, we consider the lower mass of\29 as more probable
e % . . o ° o’ than the higher one. Note that the total mass loss is not impor
B * L tant yet (less than 1 % of the initial mass) and the selected wi
parametrisation thus does not affect results significantly
o | This is to be compared to the previous results of van Winckel
oos | | (2003) who estimated the maximum luminosity for post-AGB
N supergiants, i.e. stars withitial masses lower than 7 Mg, to
54000 54200 54400 54600 54800 55000 55200 55400 55600 55800 s6000 se200  Pe logL/Lo ~ 4.4 (Mpo = —6™2 mag) which is well below the
RID value estimated in this work. We thus conclude that the lewer
005 mass model of Aur does not fulfill observational constraints.
Formally, it is also possible to reproduce the observedprop
094 i erties ofe Aur assuming that it is a pre-main sequence star with
093 | . mass from 30 to 70/, but this interpretation seems improbable
o9z | i since the evolution is so fast that the changes should beigeen
2 the recorded history of the star, which is not the case (d., e
T T e o *° .28 1 Johnstonetal 2012).
R . o JO% If the high-mass model is confirmed, the future works should
S osf S e et . clarify whether the dark disk around the secondary could be
T sl ] formed by a strong wind from the F-supergiant primary. Since
the current wind of the F supergiant appears too weak to sus-
o 1 tain such a disk, one viable possibility is that prior to baatg
086 - y an F supergiant, the star could have undergone a luminoes blu
Y SR variable (LBV) phase, in which a carbon rich super-wind was a

5
54000 54200 54400 54600 54800 55000 55200 55400 55600 55800 56000 56200

RID creted by the secondary star. Note that the revision of ther

distance can have far reaching consequences also on soemne oth
results. For instance, the energy distributions derive¢ibgrd

et al. (2010) and Hoard et al. (2012) need to be reconsidesed (
Flso pointed to us by Bennett 2012, priv.com.).

Fig. 10. Time pIot§ of the equivalent width (EW) and central inteysit

(I of the 6613.56A diffuse interstellar line measured on a represent

tive sample of the Ondfejov CCD spectra over the time imtiefrnom

2006 to 2012. No significant change during the 2009-2011 g§im

eclipse (RJD 55050 to 55800) is observed, which corrobstéiecon- 10, Prospects for future work

clusion that the line is of a truly interstellar (not partiynacumstellar)

origin. Note also that Aur is catalogued as a little studied multiple star
system (ADS 3605 ABCDE). The components ADS 3605B, C,
and D are relatively faint and are located at 23, 45, and 45karc

from ADS 3605A =< Aur and have th& magnitudes of +170,

scheme for the wind by Reimers (1975) in the red giant brangiilmz6 and +170. respectivelv (Aitken & Doolittle 1932
(RGB) and by Bldcker (1995) in the AGB phase, reSpECtive%ecéus,es Aur lies véry CIF())se to t%e(galactic plane£ +1.18°), )

with the efficiencies; = 1.0. We usedZ = 0.04 for consis- ;o possible that at least one or all of these putative faimapo-
tency with all investigated calibration (supposedly yolisigrs nents are field stars. For example ADS 3605C = BDO'#486C

since the true evolutionary stage ©fur is still not clear. We | -~ publishe®—V= +1m83 (Lutz & Lutz 1977), which in-

have verified, however, that the inferred mass rasgeot Sen- yicqtes that it may be a dM foreground <tdt.would be im-
sitive to the selected value of metallicity. Even with solar-like

valuesZ = 0.016- 0.020 andY = 0.28, the evolutionary tracks 4 The differentialUBV observations of this star secured at Hvar (12
are not significantly different, only the timescale is praded individual observations in 5 nights) gié = (10"927+07090), B-V=

10
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Fig. 11. Evolutionary tracks computed far Aur in the HR diagram.
We show the evolution from the zero-age main sequence. Tinénbs
correspond to the observed effective temperatures, radiiaminosi-
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Table A.1. Journal of spectral observationssoAur and the calibration Table A.2. Individual RVs of HD 31894 for the primary from the old
stars in its neighbourhood. photographic spectra and the RVs of the primary and secgridam
the new electronic spectra measured via Gaussian fits. Toeed he-
liocentric Julian dates RID = HJID - 2400000 are tabulated.

Star  No. of. Time interval
spectra (RJID)
RJD RV, RV, Obs.
g Aur 280 54049.4-55913.3 (kms?1) (kms?)
HD 31617 10 55959.4-56043.3

HD 31894 19 55578.4-55692.3 26276.9788 -44.0 - DAO
HD 32328 10 55960.3-56043.3 31749.0048 13.0 —  DAO
HD 277197 3 55821.4-55837.5 34297.9639 -5.0 — DAO
BD+43°1168 2 55976.4-56008.3 34735.7704 1.0 - DAO
55578.4268 19.6 -35.9 OND
55602.3073 -116.2 191.4 OND
55618.3613 31.1 -46.1 OND
Appendix A: Details of spectroscopic 05618.4995 28.7 -484  OND
observations and their analyses 55619.5146 29.8 651 OND
y 55622.4573 22.3 -47.5 OND
With one exception, all spectra used in this study were setiar gggéi-gigg 'gg-i gg-g 8“8
the coudé focus of the Ondfejov 2.0-m reflector and a 702-mm 55635'2864 -131'6 513'9 OND
focal Iength camera with a SITe_—005 8&020(30 CCD detec- 55642 2977 347 685 OND
tor covering the wavelength region 6260—-6760The spectra 55642.4187 375 -68.4 OND
have a linear dispersion 172mm~! and a 2—pixel resolution 55644.3406 30.1 -53.6 OND
R~ 12600 ¢ 11-12 km st per pixel). With one exception, their 55651.2891 26.0 -44.3 OND
S/N is at least 100 or better. The journal of observations of all 55661.3810 17.3 -34.3  OND
stars is in Table A.1. . 55662.3785 21.4 -52.7 OND
For HD 31894, one echelle spectrogram (4700 — 7885 55670.3250 -13.8 229 TLS
. . . . 55671.3145 +6.3 -16.9 OND

2-pixel resolution of 63000) was kindly obtained for us by
) 55672.2947 +13.4 -34.2 OND
Dr. Holger Lehmann with the Tautenburg Observatory 2-m re- 55692.3364 147 257 OND

flector on JD 2455670.3. Dr. Lehmann also kindly carried out
the initial reductions of that spectrogram (bias subtoactflat-
fielding, order merging and wavelength calibration) in IRAF
Similar initial reductions of all Ondrejov spectrogramere car- Table A.3. Individual DAO and OndFejov RV of HD 31617. The RVs
ried out by M5, also n IRAF. The flnal reductions and RV meag the Ondrejov CCD spectra were measuregREFOand each value
surements were carried out by PH in the prog@PEFO, writ-

L is the mean of the RVs of the following four IinesuH6562.817A,
ten by the late Dr. J.Horn and further developed by DEKRdda .| 675 1514, C 11 6578.052A, and C 11 6582.8824. The reduced

and Mr. J. Krpata (Horn et al. 1996koda 1996). I'SPEFO,  heliocentric Julian dates RID = HJD - 2400000 are tabulated.
one derives the RVs via sliding the direct and flipped image of

line profile until a perfect match is obtained. We also meadur RID RV

a selection of good telluric lines to use them to a fine coiwact (kms?) (km r;?)s
of the RV zero point for each spectrogram. After these cerrec
tions, the final RVs for HD 31894 were derived via a Gaussian 24064.9953 4.80 -
fit of the Hel 6678A line profile by PM. All individual RVs of 25614.8008 3.40 -
HD 31894 are in Table A.2. 25621.6945 8.30 B
25642.7182 -2.40 -
) 55959.4293 12.64 0.23
Appendix B: Photometry 55970.5035 -0.88 0.34
The calibrated HvatUBV observations of Aur and all calibra- ggggg:g%g; _1;2% 8’_%
tion stars were obtained differentially relative to the gamison 56009.3183  -15.14 0.47
star A Aur, used as the primary comparion by most observers 56012.3213 -15.29 0.30
of £ Aur. HR 1644 served as the check star. All observations 56013.3368 -14.86 0.19
were carefully reduced to the standard Johnson system wia no 56015.3163 6.50 0.42
linear transformation formulae (Harmanec et al. 1994) utlieg 56041.3434 -5.57 0.12
latest rel.17 of the progratEC22.5 The more recent versions 56043.3126 -3.60 0.33

of HEC22 allow monitoring and modelling the variations of the
atmospheric extinction during observing nights. The folltg
mean Hvar all-sky values for Aur were added to the respective
magnitude differences var-comp and check-comp:

V = 4706, B-V=07"619, U-B=0M™43. The Villanova APT differential UBV observations of
HD 31894 were secured relative to HR 1644 and reduced via

® The whole package containing the progre#eC22 and other pro- a standard APT pipeline. The standard Hvar all-sky values fo
grams for complete photometric reductions, sorting antiieiry the HR 1644

data, together with a very detailed User manual, is freebilable at
http://astro.troja.mff.cuni.cz/ftp/hec/PHOT V =6M224, B-V=0M51, U-B=0m"334.




Table A.4. Individual Ondfejov RVs of HD 32328 measured3SREFC
on the sharp core of &d The reduced heliocentric Julian dates R
HJD - 2400000 are tabulated.

RJD RV
(km st
55960.3317 10.68
55970.2849 7.73
56008.4007 12.02
56009.2846 9.18

56011.4508 12.24
56012.4020 14.91
56013.4003 14.28
56015.2794 10.85
56041.3848 13.05
56043.3463 13.54

Table B.1. Journal ofUBV observations ot Aur and the calibratic
stars in its neighbourhood.

Star  No. of. Time interval Note
obs. (RJD)
& Aur 334 45307.5-56015.3 1
HD 31617 13 56001.3-56015.3 1
HD 31894 87 55574.3-55858.7 1
120 55629.7-55665.6 2
HD 32328 10 56001.3-56015.3 1
HD 277197 31 55791.6-56015.3 1
BD+43°1168 9 56001.3-56013.3 1

Notes. 1...Hvar; 2... Villanova APT

were added to the magnitude differences var-comp. The &
of photometric observations is in Table B.1.

Appendix C: Model fits

Here, we present a comparison of the disentangled spe
of HD 31617 and the observed spectra of HD 32328
HD 277197 with the best-fit interpolated synthetic spect
Figs. C.1, C.2 and C.3, respectively. For the same stars|sa
show the evolutionary tracks calculated in such a way to €
Ter and logg deduced from the observed spectra — see Figs
C.5 and C.6, respectively.
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Fig. C.1. A comparison of the disentangled red spectrum of HD 31617
(black lines) with the model spectrum (red lines).
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