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6 Spae Researh Centre, Polish Aademy of Sienes, Bartyka 18A, Pl-00-716 Warsaw,Polandgalan�astri.uni.torun.pl(Conferense poster. Submitted on 14.03.2012; Aepted on 15.04.2012)Abstrat. A summary of our e�orts to study in more details one of the longest periodelipsing binaries V383 So is presented. Historial photometri observations as well asreent photometry and spetrosopy are used. Our results suggest that V383 So ould bea high-veloity bulge/bar system ontaining a post-AGB supergiant elipsed by a pulsatingM supergiant.Key words: stars: binaries: elipsing � stars: irumstellar matter � stars: mass-loss �stars: osillations � Galaxy: kinematis and dynamis1 A forgotten starV383 So was disovered as an elipsing binary by Henrietta Swope (1936).She observed three onseutive elipses at the beginning of the XXth entury.The orbital period of the system (13.35 yrs) is one of the longest known.Initially V383 So was lassi�ed as a ζAur type elipsing variable. Popper(1948) has estimated the spetral type of the primary as F0 Ia. Later theobjet was forgotten for deades.2 Reent photometry and spetrosopyWe ombined ASAS-3 V and I photometry (Pojma�nski 2004), overing thelast elipse of V383 So in 2007-2008 (Fig. 1), with arhival photometry ofthree minima observed before 1930 to obtain new ephemeris: JDmidecl =
2415482(±41) + 4875.9(±8.5) ×E. We were not able to phase the light urveorretly with this ephemeris beause the elipses duration and ontat mo-ments vary at di�erent epohs.Assuming that these hanges ould be aused by pulsations of one of theV383 So omponents we analyzed the low-amplitude brightness variationsbest visible in the ASAS-3 observations outside the elipse. Applying FastFourier Transformation to the ASAS-3 photometri data outside the elipsewe found a period of 198.d8 ± 4.8 for the low amplitude variations (Fig. 1).Bulgarian Astronomial Journal 18(2), 2012



V383 So 23
 9

 10

 11

 12

 13

V
, I V

I

 1

 2

 3

 3500  4000  4500  5000

V
-I

JD - 2450000

V-I

-0.2
-0.1
0.0
0.1

∆V

-0.1
0.0
0.1
0.2∆(

V
-I

)

-0.3
-0.2
-0.1

 0
 0.1
 0.2

0.0 0.5 1.0 1.5 2.0

∆I

Phase

P = 198.d8

Fig. 1. Left : The V and I band light urves as well as the V − I olor index observedaround the 2007-2008 elipse of V383 So. Right : The V -band (top), V − I (middle) and
I-band (bottom) light urves outside of elipse phased with a period Ppul = 198.d8. Theamplitude of the variations observed in I band appeared to be muh greater than in V .An ephemeris of seleted maxima from the V and I-band light urves ob-tained using a linear �t to the O−C residuals (JDmaxPul = 2452544.8(±2.9)+
198.8(±0.4) × Ep), perfetly oinides with the pulsations period alulatedusing the Fourier analysis.A low-resolution spetrum (LRS) of V383 So (R ≃ 1000) was obtainedat SAAO on 31 Otober 2009. The spetrum is dominated by early F typeabsorptions and a relatively weak Hα emission. Traes of moleular bands arewell visible in the red part. The best �t model spetrum was obtained for asuperposition of F0 I and M1 I spetra reddened by EB−V = 0.53.Two high resolution spetra (HRS) of V383 So (R=84000) were obtainedwith ESO HARPS spetrograph on 14 and 16 Otober 2009. Using the UVESlibrary of high-resolution spetra (Bagnulo et al. 2003) we found that theV383 So HRS falls somewhere in between A9 I and F2 I spetral lasses.Taking into aount the lose similarity with a spetrum of ε Aur (F0 II-III?,Hoard et al. 2010) obtained outside the elipse (ELODIE database, Moultakaet al. 2004) an F0 I spetral lass an be suggested for V383 So.The absorption spetrum of V383 So is dominated by sharp lines of neu-tral and one ionized metals. Among the most onspiuous and strongest arethe absorptions of Fe II, Ti II, Ba II, Sr II, Si II, et. The Balmer lines appearsimilar to that in the spetrum of a Be star. Hα presents as two emissionomponents divided by an absorption while in the Hβ pro�le in addition tothe same emission and absorption omponents wide absorption wings are wellvisible (Fig. 2).Simultaneously with the spetra of V383 So (l = 352.◦9723, b = −06.◦0999,
z ∼ 0.8 kp) we obtained a HARPS spetrum (Otober 15, 2009) of anothernearby, poorly studied, long-period (P ∼ 18 yrs) elipsing binary V381 So(∼A8 II, l = 354.◦2974, b = −03.◦8119, z ∼ 0.4 kp). Using the total equiva-lent width of the IS Na I D2 line (Fig. 2) and the alibration of Munari &Zwitter (1997) we estimated low limit reddening values EB−V about 0.43 and
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Fig. 2. Left : The Hα and Hβ lines in the spetrum of V383 So. Right : The region aroundNa I 5890 �A in the HARPS spetra of V383 So and V381 So. The large di�erene in theradial veloities of the stellar Na I omponents in the spetra of two nearby stars is evident.0.39 (giving distanes 7.8+1.9
−1.5 kp and 5.5+1.3

−1.1 kp) for V383 So and V381 Sorespetively.The measured radial veloities of both stars are high and very di�erent,
90 km s−1 for V383 So and −179 km s−1 for V381 So (Fig. 2). They annotbe aused by orbital motion in suh long-period systems but seem to be inagreement with the kinemati model of the Milky-Way enter, inonsistentwith purely irular motion. Using the model of Weiner & Sellwood (1999,see their Fig. 8) for the inner part of our Galaxy we estimated that V383 Sois plaed about 0.5 kp behind the galati enter and that V381 So is plaedabout 1 kp in front of it. Assuming a value of R0 = 8.0 kp (Sofue et al. 2009)for distane to the galati enter the orresponding distanes to V383 So andV381 So are 8.5±1 kp and 7±1 kp, respetively. Whih are onsistent withthe above values within the errors.3 Possible nature of V383 SoTo onstrut the Spetral Energy Distribution (SED) of V383 So shown inFig. 3 we used all photometri data available in the literature (Swope 1936,TYCHO-2, ASAS-3, 2-MASS, AKARI, IRAS). The observed SED an bereprodued by a superposition of a hot F0 I supergiant and a ool M typegiant/supergiant, with inlusion of a 500K blak-body to justify the exessin the range up to 18µm.Using our own, very simple omputer ode, we made an attempt to modelthe last elipse of V383 So, taking into aount pulsations of the ool star.The best results were obtained for elipses of a hot star (Rhot = 58R⊙,
Thot = 7500K) by a ool omponent (R̄cool = 208R⊙, Tcool = 2800K) whihhanges its V and I brightness with amplitudes of 3m.66 and 1m.75 respe-tively (Fig. 3).The observed properties of V383 So an be explained if we suppose that,most probably, the system is omposed of a post-AGB F0 supergiant, per-haps in the beginning of its PPN phase, and a ool M supergiant. A sys-tem similar to the non elipsing binary HD172481, whih onsists of an F-type post-AGB star and an M type, probably AGB, ompanion (Reyners &
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V−IFig. 3. Left : The dereddened SED of V383 So (points). The dashed line shows the F0 I typesupergiant from 1993 Kuruz Stellar Atmospheres Atlas (Kuruz 1993). The dot-dashedline marks the spetrum of SRb type pulsating star RXBoo. The doted line shows a blak-body with T=500K. The ontinuous line shows the sum of all 3 omponents appropriatelyresaled to �t to the SED of V383 So. Right : The syntheti V and I-band light urvesand the V − I olor index urve, obtained by modeling, are plotted for omparison to theobservational photometri data.Van Winkel 2001). Whitelok & Marang (2001) showed that the ool om-ponent in HD172481 is a Mira type variable with a pulsation period of 312d.As arguments in favor of the post-AGB nature of the F0 I omponentin V383 So an be onsidered: (i) the belonging to the Galaxy bulge/barstruture; (ii) the large radial veloity; (iii) the IR exess observed in the SED;(iv) existene of a very low exitation nebula around the system indiated byO I 6300�A emission in the HRS with an expanding veloity∼15 km s−1 (Ga lanet al. 2012).The hypothesis that the elipsing objet is a pulsating M type giant/super-giant is supported at least by: (i) traes of moleular absorption bands in theV383 So spetrum; (ii) reprodution of the observed SED by the superpo-sition a hot F0 I supergiant and a ool M type giant/supergiant; (iii) strongdependene of the elipse depth on the photometri band, whih shows thata ool, very bright objet dominates in the near IR; (iv) pulsations, with anamplitude dereasing towards the short wavelengths, whih ause hanges inthe phases of the elipse ontats; (v) the �attened "bottoms" of the pulsa-tion minima observed in the V band and reprodued by our model (ompareFigs. 1 and 3).AknowledgementsThis study was supported by MNiSW grant No N203 395534 and was �nanedto DG by the GEMINI-CONICYT Fund, alloated to the projet 32080008.WG gratefully aknowledges �nanial support for this work from the ChileanCenter for Astrophysis FONDAP 15010003, and from the BASAL Centro deAstro�sia y Tenologias A�nes (CATA) PFB-06/2007".
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