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ABSTRACT

We prs=nt the [t spac tromcopic data for a sample of the recently discorrered blu=
dotible periodic variables in the Magellamc Cliids The optical speckriim of thes= oh-
j=cts iz dominated by Balmer and Helium abectption ines and a conbimnim with a blue
or somebimes Hat slop=. Spectral classilication yield= B spectral types and himinesiby
clasze= mostly of bype [I1 Howerer, the HZ abeorphion line i= weaker than expected for
the spactral cla==ilication in most ohjecks. For o objecks, OGLEOSIGOONGG2ER02S
anpd OGLEOSIO5292-801T013 we obtainsd Hmeresolved spectroscopy, Opding radial
velodty varations consistent with lnarty, Phasing the shorb-t=rm phobometoic ran-
abiliby of these tro sysbems with their spectioecopic ephemeri=, we [ind that they can
b= inberpreted a= ellipscidal varabicns of the brighbsr component in a cloe= binary
syzbem. From the analy=i= of their shorb-t=rm hght ciirres and radial velodbies, we =5
timate that the cooler compopent coiild b= a B-&rp= dwarf. Chir [ndimgs suppork the
bypothesis that double periodic varables are close binary sreteme consisting of o
B-type sbam. The shorber periodicity in nomeclipsing syste ms shouild be the ellipscddal
variation of the more evobred component. Begarding the lbng-tetm periodidty, == lnd
their origin in or arciind the bhrghter skar, since the cedllabions virkially dizapp=ar ak
primary eclipse. Their arigin remaine tinknown, ak the pres=ot Hime. We report al=c the
ciscorrery of three [Fro of them aclipsimg ) hew doitble prrodic wanables in the L3O,
One of them shows a shotbening of the long-bstm period by about 20% in a cotple of
cycles, which coincides with an increazs of the masdmim cecllation bhghbness,

Eeay words:
binaries, shars: sarks fy pe, sbars: evolubion, sbars: mass-loss

1 DITTERESDUECSTICNT

A new type of vanable sars have besn p2cently disovered
in the hlagellanic Clouds [bl=nnickent =t al. 2003, hersafter
RIS ) based on an inspection of the OGLEIT photometric
database [Zebrun et al. 2001). Thess authors describe thirty
stars showing two kinds of photometdc periodic variabdl
ity: a shortterm cyclic wariability with typical amplitude
AT wo 0.05 mag and period H betwesn d and 18 days and
a mnusaidal, long-term cychc asllation with mwch larges
amplitude AT e 0.2 mag with perod Py in the rangsof 150
10 days, BIOS found that both periods seem to be cou-
pled through the melationship Py = 35.2{3) P. In general,

* E-madl: ¥nshhiclidsks s ofin de o],

the cshort term vanabdity &= reminiscent of those shoewn by
Algoliype binates, and LI035 have proposed that the long
term cecillation could anse in the precession of an =lliptical
disr fed by a RHochelobe filing companion in a low mass
ratio Algnl srstem.

We have started spactromopic obesrvadions samsd at
confirming the binary hypothesis and determine the spectral
types of the components of the double-periodic variables, In
thiz paper we present our firs results on vimu al spectro=co pr
of zmven double periodic variables obtained in Chile in the
spring of 2005,
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2 OESERVATIONIS

Spectiomopic obesrvations were conducted at COTIO, LG
and La Silla Observatory during year 2003, At CTIO we
umsd the 1.5m telemope with the Casegran Spectiograph
and the Loral 1K detsctor. Grating = 28 thed a 1595
degres and a sht width of 2 arceecond yielded a spectral
range of 3500-5300 4, and a resclution of 2 L. Warelangth
calibration functions with typical sandard deviation of 0.1
X were chtained with amund 30 He Az lines for the com
panson spectra. Observations of the standard star LT T 2415
weres ussd for flux calibrations At La Silla we ussd the ITTT
with the ERILI blue branch in medum dispersion grating
mode, with grating = 4. Thi inshrumental sstup aking with
a 1 arcmec git yislded a spectral rangs of 35005050 A and
a tesohution of 5 . The sandard stars EG?1 and LTTATT
wepe obeeyved with 5 arcsec slit, allowing fux calitcations
forscience spactra At LOD we used the Ivénés du Pont 2.5m
telescope with the blodular Spectrograph and the SiTel de.
tactor. The combination of grating = 800 blamad at 5000 A,
with a sht ;.'.':idth of 1.5 arcmec, :.':ieH%:I a spectral rangs of
4010-8050 A, and a remlution of 2.5 A, About 30 He- Ar.Fe
line= in the comparizon spectra yielded warelength calibra
tion functions with standard deviation of 02.03 1. The
targets are hsted in Table 1 and details of the obssrwvations
are @ven in Tahle 2.

3 RESULTS

Eefore giving the spectroscopic remlis we introduce three
newly discoverad douwble perodic vanables which ar=impor-
tant for the disussion of the phenomenon in Ssction J.

3.1 IMew double- periodic vanables found in the OGLE
photometnc databases

In the course of our semch for Be stars in the hiag
ellanic Clouds (Bennickent et al 2002, hemsafter RIIZ)
bamd on the OGLE catalogue |::i:'brun. =t al 2001,
we hawve discowvered cther three new doublepedodic wari
ables in the LA which were missed bey RIO3. They
are OGLEIS152283-8352002, OGLEISIS2TA5.8937251 and
CGIEASM0M0 73938391, Thes= dars are lited in Table 3
along with their arerage V' magnitude and colours and the
result of cur period finding analysis. We find short (A
and long [ FPa) photometric periods with values in the same
range as for ather dauble periodic variables, The light curves

far thess abjects ar= shovwn in Figs. 1.3, revmaling the long
term periodicity and the character of the short-term wari
ability,. Tvo stars are sclipang binades, CGLBEOS1ST20.E
G352002 and OGLEIS200J07-395383 9], showing fwo unsqual
minima in the shortterm hght curce. From the depth of
the minima we find that the cooler component has an effec-
tive temper ature roughly 30% the temperature of the hotte
component. This is tyvpical for the double periodic sclips
ing hinaries reported boy BIOS; in fact, analysing their light
curve minima we haove found temperstures foo the coolex
component betwesn S1% and 9% of the temperatuze of
the hotter component. Consistently, the zame light curves
revmal no mgnificant colour madulation durnng the crbital
cycle. In addition, we find that the short and longterm
pedods of CGEIEASOS2E3G552002 and COGLEISTEITSS
G937251 chomly follow the =mpirical r=laticnship dismovered
by B3, namely Py = 352(3)F,. The case of the aclipsing
GG IEAS2A00HT-8953859] is very interesting, since this sar
iz the anly double periodic vanable lageh deviating from
this relationship. The prsdicted valus 353 days, is too long
comparad with the observed vaheof 270 £ 20 days. In par-
ticular, this star presents a long-term light curve that it is
not shrictly sinummid al, but # shoaws tvo madma of differant
amplituds. Figurs J shews a moom ints the lang-term light
curve of this vadable and the phass curve obtainsd folding
the data with the 270 day periodicty. The anomaly amund
phase 1 is evident. The peculianty of this star is confirmed in
the RACHD database; the longterm modulation changed
hom a period of 30 days jclos to the predictsd value)
which was observed betwesn FID 28500 and 2450 000 to
a period neat to 270 days around FID 2150 500, whils the
madmum brightness of the med ulation increassd (Fig. 5).
This interesting result places securely strong constraintzon
the pomible modeks aimed to explain the long term variabdl
ity. For instance, any propossd mechanizm should be able to
ecplain: |::|.|| the smooth development of the cecllation am-
plitude (i) the time scale involesd in the phenomencn [if)
the fact that the period decresses while the amplitude of the
omillation incresses and |:'_.' the abrupt colour change be
fore HID 24 1% 330, The fact that the bng-term arnabdliy
in OFVs could be a not strctly periodic phenomenon was
racently poimted cut bo Blennickent =t al. iEEIII-:I}.

The larg= fraction of =clipsing hinaries |:E| CEma,
CFTEOS1T1A01-893837] was pmobably mmsclassifisd as
eclipsing binary in O3} found in the whole sample of 33
double periodic variables iz amazing. The probabdity of
identifying thiz kind of varnable ssemes to d 2pend on the ==
tem inclination, being larger for high inclination srstems.
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Figute 1. Long-tet m Hght cutve of OO0 LE O B0 3 G507 007 wnd
the et dniis f [totkom) und sssidunk kelded =#h the shoit-
buiim peiied (U

We mispect that many of the Type-3 stars reported bor BIG2
and not clamsifisd asdouble perodic vanables are the same
kind of gretem but smen st lower inclination. In thess cames
the ampliude of the short-term oscllation could be unde.
tected only by a projection factor. Thi & conmstent with
an interpretation as ellipscidal variations of a gravitation-
ally distorted star in & clome binary system. This view iz alzo
supportsd by the abesrvations discusssd in Ssction 5 4.

Figute 2, Long-team light cive of OG LEMIE 2700 -SKT201 alehy
wdith the tect sinie ft [bobtom) wnd tecdduak olded =#h the
shod +-bim patiod [up).

32 Spectrosmopy of 7 double periodic variables

The merage spectra of the s=ren douhble pedodic wari
ables obeerved spectmoscopically are shown in Fig 8. We
averaged 47 CJTIO spectra for OGLEAS 1955988917013, 8
COTIO spactra for OGLEIS1IA5352.8925558]1, 4 ITTT spec-
tra for OELEISI1IME42.TO02215 and 3 ITTT spectra for
=ach of the octhers The melative strength of Call 3933
and He, along with the pressnce of Hedd7l, miggestis a
E-type spectral classfication for most objectz Particu-
larky interesting i= the flattening of mome spectra, like
thome of OGLEQSI10912-THO2215, OGLEIGIS1TSS- TI23H58
and CGLEMS53843 7313019 and the wealkness of the HF
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abmiption line, sspecally in CESLEIOLS1TA5-TE251508 and
CGIEXS53845 T313019, the only two stars in the 5 AT in
our smmple.

The spectral classification of the stars obeer ved spactro-
scopically was derived considering both the BCD [BEarbier
Chalonge-Divan ] spectrophotometric system and the mes
sur=ment of the sguivalant width of mme slscted lines
(Cidelon 1932). The SO0 stellar classfication system, was
inttoduced by Barbier &z Chabonge (1941) and Chalonge &:
Drivan (1952). It is based on messurable quantities of the
Ealme: discontinuity (EDY). This system is ussful for stars
ranging from spactral type Cd to FY9 whers the ED iz largsr
than atout 0.005 dec. In the A 3500-9300% Temon two spec-
tmophotometric parameters are defined: D in dec and Ay,
thiz lest & commonly pressnted as the difference 5 -3700
L Dz a measure of the Balmer jump at 4 3700 L which
izsobtained by ecirapolating the Paschen continuum energy
digtribution in n.]c-g_.F.,_."E-, TE 1..".5'. display |:E|, 15 & refer anoe
flux distributicn of known temperature ). 4 gives the mean
spectral position of the BD. D is a shong indicator of the
effective photospheric temperature and A is r=lated to the
photospheric log o parameter. The BECD paameters hae
the advantage that they are not affsctsd sither by interst=llar
evtinction or by cicumstellar abeorphicn and)or smisson.
Theredore, the GO0 gretem is aleo mitable for the speciral
claz=tfication of objects with crcumstellar material, even for
those peculiar stars showing the Ef] phenomenon [Cidale,
Zorec, & Tringaniells 2001). From the chesrved (A, O BCD
paramsters we can determine the fundamental parameters
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of dars (Tarr, bgg, My, Max) and the spactral typs using
the calibrations of (A, D) given by Divan & Zorec [1932)
and Zorss |:1‘.?IE'E.:|. The advantages and uncertainbties of de
texmining fundamental patameters ate discusesd in Dhivan £
Zorec (1932) and Zorec & Bdot (1991).

Theremlizof the SO0 spectral classification aps shown
in Table 4. e confirm the Biype classification for all ob
jects MMost stars are clamsfisd az giants, coincading with
their pomtion above the main ssquancs |:=-=e Saction d). Only
the tvo objects in the SKIZ OGLEIQIS1TS5 7323158 and
CLEMIASI84E T313019, are spactmoacopically classified as
dwarfs Howewes these objects, along with OGLEDSJ10842-
TO12215, turned to be very hard to classify snce their spec-
tra display =ither a small Balmer dicontinuity or a small
S/1T ratic. These obijscts show a very peculiar flat contine
vum with wealk absorption lines, and their SO0 classific a
tion tumed fo be more uncertain.

When interpreting the fux diskibution and colur of
double perodic variables we should consider how binariby
[which is probed in Section 34) affects the BOD classifica
tion. We investigatsd the MLACHO short-term light curves
for thethres objscts showing peculiar flux dignbutions and
find no colour variation d udng the orbatal cycle. This is con-
sistent with our rem s of Section dindicating dward-likee mec-
ondaries. Hence the peculiar flux distribution in these ob
jects cannot be attributed to merging of sellar contimium
at diffarent temperstures Asmomdng that the Balmer jump
represents the contobution of a Gngle sar, we sstimate =1-
rasof A0 bhetween 001 and 0,02, The lamgest discr=pancies
comespond to spectra with Jow 5/1Tratio. The uncertainies
in AD yields ermoms between 500 0 and 1500 IO fox T3 40, o
0.5 for log g and e 0.5 for Al

The spectral fype of our smpls stars can ala be da
termined by measuring the lins squivalent widths, Thidelon
(1932) showed that the squivalent width of lines like HF, He I
447145, Mgl 4451.23, HeI 402819, S0 3358.02 and Hel
4143.78 are indicators of spectral type and hmincsity class
for the E-type dams. However, the solitions in many cases
ar= not unique, and differ=nt clas=tfications are mmetimes
possible for the swme set of parameters. In gen=1al, stars
with speciral fypes efther in the rang= BQ-E2 o1 E4ET hawe
similar Hel squivalent widths [E17). This fact, along with
the izmue that many veak lines were messured at the limmt of
cur ingrume=ntal rezchution, vieldad to consder this methad
as a Teferance, providing only aranges for the possible spec-
tral fype classification. Table § lists our mesurements of
ETV. Thes= values are consistent with the spectal types
derived from the 800 spectral classification.

A comparizon betwsen spectral types derived from the
ECD classfication and the lins spectral anah=is |:D:id-='lnm
1932 shows in genetal dimzepancies from 1 to 2 B sub
spectral types. In mome cases the sarliest speciral fypes co-
respond to the BOD system which is consistent with the fact
that (A, D) parameters are obtained from the comtimum
energy distribution onginating in atmespheric laorers desper
than thos= gving ris= to spectral lines.

Table 5 indicates the HF line iz vealer than scpected
forthe adopted spactral type in most systems [inchiding too
of the thres paculiar objects). We find the same be=havicus
for the H+ abmrption line. We dimuss the apparent filling
by emission in thess lines and the colour soces (mme helow)
in Saction d.4.

A comparison of (B — Vg values computed fom
DSLEII photometry [asuming uniform reddening for each
LEIZ and SRIZ OGLE fields, Udalsld ot. al. 1993, 19949)
with (B — Vo vahes obtainsd fom spectral data jusing
cokr-temperature calibeations Flover 1977) shows intrinsic
reddening for some of the objects listed in Table 4. Such red-
dening could be presumably due to crcumstellar emission
and /or to gravity darlening of the underlying star [Slette-
bl 1985 ). The major discrepancy _".|:E =V o, betwesn 0.25
and 0.45, comesponds to the objects with a psculiar flat

continuum and & weak 7 line atenrphion, CGLEBEISJ10942-
THI221S5, OELEMILS1T55 T3234538 and OGLEINSS3E45

73130149, OSLEISI1ILI0TO12558d shows an intrin=ic colox
[ ] L'.l:E —‘i'_:l.:.= 0.17 which 1= similar to thos= found for
Ee= stams in galactic clusters (Slettebak 1935) whils the rest
of the cbjscts have &[5 —V o < 003,

d.3 Search for vanability of the HF abscaption line in
G LEASGE0009 8355025 and OGLEQS195598-@91 7013

Equivalemt widths wers messurad by fitting the abesrption
line= with a gaws function and determining the area un-
der the fit. These measur=ments were comparsd with thos
obtained by directly evaluating the integral lux under the
[interpolated) linear comtimum along the line full width at
zera intenmty. The rem s wers consistent | but they shaved
a mean shift of the values obiained with the later method
by 404 A For G EQSIA0009-3855025, we nvestigated
there was some evidence for vadabiliy in the stre=ngth of
the HF abmorption line. The mean aquialent wid th for this
line and its standard dediation was4.3+ 33, 44 £+ 4.5 and
45 +0.3 X for the E=0, COTIO and L2330 runs respectively,
1evealing that the line was stable at the level of 10% during
a2-month imerval In any case, the line 35 much weaker than
expected o1 a BSIII star, by 22 28 i Fu OGLEDS19539%
917013, the comesponding figures were 4.3+ 0.7 and 3.7+
04 X for the CTIO and LD runs, respectively, indicating
a constancy of the line shrength at the 15% l=ve]l and alsc a
filling by emission by an amount similar to CGLEISMEO009
G35502 5.

34 Radial velocity anakysis

We mslactsd fvo objscts, OSLEISGA1009-3355025 and
CGIEQS195898 3917013, for a time rembred radial velociy
stud . For the timeseries obtained af OTIO and LOOD, we
normalized the spectza fitting the contimum with a kw or-
der polrnomial. Then we messured radial velbcties by co=s
conmelating every spectrum with a reference spectrum, ob
tainsd by averaging the begt quahlty spectra per run. For
that the IRAF task frc was used. At our resclution, the
merging of spectra with different radial velocities is not a
problem. The velocities of every spectrum were shifted to
an ateclute scale corracting by the velocities of every tem
plate. The template welocties were obtained bo fitting the
Ealmer lines with gauss functions and finding the central e
locty, Veary noisy spectra were discarded for further BV anal
veis, letting 145 spectra for OGLEISIS00098355025 and 102
spectra for OELEIS19539584917013 . Finally, the helocen-
trc correction was applied to =ach radial veleciy. Remlts
ar= given in Tables 8 and 7.
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Chr observations weps too spamss to meamch for period-
icitiesin our BV time series. However, we investigated if the
velcities vere conmistent with the idea that the short phote
metric periods reflactad the arbital motion in & binary star.
The r=sult of folding the FV data st for CGLEISME009
B355025 with its short photometric pedod isshovwn in Fig. 7.
The fit is ecocellemd when we use asfolding period twice the
short photometric period . This empirical remult sup ports, for
thiz obhject, the ssumption made by BI03 that B reflacts
the cxbital perdod in a binary star, and that the singles wawe
chatacter of the light cunoe in mme systems indicates that
the trus crbital pedod istwice By, The best snus fit vields
an ephemeriz i S0 = 2 457399 3083 + 0.0837 for the time
of passing through the mean from higher to kower BV, The
radial velocity halt amplitude is &' = 115 £ 8 km s~ and
the me=an velocty is v = 2% £ 4 km 5. We did the sam=
evercimes for CGLEIS1495895.691 113, whose short-term light
curve alm shows amingls wavre, The el of folding the YV
data with twice B isshown in Fig, 8. In this case the best =i
nus fit yields an ephemens HJ7Dq =2 4529012 4340 £0.1730,
a radial velocity half amplituds ¥ = 102 £ 27 km s™" and
a mean velocity 5 355 + 13 km s~ The high ~ wahes
found in both sysems are consistent with thenr positions in
the Magellanic Clouds (Welch =t al. 1991).

We analyzed how the shord-term photometdc variabil
ity ephemerns is 1elated to the spectromopic sphemens for
CGLEASMOINIAA555025 and CGLEAS19539384917015. To
thiz end, we fit the long-t=rm light curves obtained from
the OGLE databases with minus functions. The residuals
wers phassd with the spectroscopic sphemeris and the re-
sulfs are shown in Figs. 9 and 13, We find that the short-
term photometnc variability attains masdma and minima
approcdmately st phames 025 and 0.75. The dizcrepancy
of 005 cycles for OGLEIS1I953495.891 7013 could b= du= to

their lower precimion ephemens. The above finding is im-
portant since # reveals that the source of the allipscidal
variations iz the brighter component, the Etype sar whoss
FF radial welocity was measursd. The rotation of the dis
torted B-giant pmduces the short-term photometric wari
ability, the fvo madma will be squal snce the sydem is
seen broad-mide on at macdmum and minimum BV, How-
ever, the tvwo minima can vary in depth, since the cusp of
the first Lagrangian paint could be the coclest part of the
lab= |:'b:.' the wn-Zeipe] law) and give ris= to the desper
minimu m. Different minima are really obeerved in the ma
jonty of the dowbleperiodic variables, btut the tvo cams
under study, SGGLEQSI81009-8355025 and CGLEIS 195395
3917013, show minima of roughly squal depth. This could
indicate a kwer inclination for thess systems or an unde=r-
filling of the Roches Johe.

4 DISCTISIION
41 Double periodic variables as semi-detachsd binares

The working hypothesis cutlined by K0S mipgests that
these newly dimmoversd variables are semi-detached binaies
experdencing a process of mams transfer. This scenario
inchides the edstence of a gassous disc precesming in the
comoving system of rest. As we will shaw, this visw places
meere constraints on the nature of the hinary componsnts.
The mean density o g Cm_:_:l for a lobe-filling donor sar is
related to the orbital period F |:d ays) b

(1)
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[Eggleton 1933}, where ry is in units of the crbital mpara
tion and can b= appmosdmated, to better than 1% cver the
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whole Tange of mass ratios g |:.".]'r_-_.-.".J'|__:| A

_ 04873 (1)
u_ﬂgﬂ_:+]n|:1+gl_:} _.II

TL

{Eggleton 1933). Hence, Fo''? is a function of g only and
cver the range= 0.01 € g % 10, varies by less than 20% from
the value 0.37. In the following, the index 2 refers to the
donor star [the boghter, primary star) and 1 o the mass
gaining companion |the fainter, sscondany star ).

For pedods betvwesn 5 and 13 days, a5 are obzerved
in double periodic variables, we found average densties be-
tormen § 2 1077 and 4 % 107 gem ™, correspond ing to OU1
giants o1 O.E supsrgiants [Cox 2000).

In addition, to allow disc formation, the so called
circulanzation rad s Foyn should be larger than the radius
of the mas=gaining star. The crcularization radius for
Hoche lobe cverflow i= given bo:

Fare 2 A1 407

(Frank, Iing, & Faine 2002). For an orbital period of §
days this formula yislds & crcularization rad us betorssn 5
and 1.8 RS for 005 < ¢ < 10, The comesponding figures
for a binary with orbital period of 15 days are 11.5 and 3.7
FiZ respectively, Thersfors we conclude that if the hypoth-
eziz of disc formation is correct, the mass-gaining star could
be a dwarf or even a white dwarf with an accretion disc,
although an swobhoed star of spectral type moughly betwmen
ES and G5 would also fit insde its Roche obe and even al
lowr mome space for disc formation. We discard the massive
Xoray binary hypothesiz on the basis of laddng X-120; emis
sion. A cromchack of the targets in the 1TASA HEASARC
|:]1'H]:-:..- Jhemasare gefc nasa g/ | 1eveal only a couple of Jow
probability assocations with ROSAT, XRIL ar CHAITDERA
=) 1 (o

The obeervation of the colour-magnitude |:C-I-I_.| diagram
for the LAMT double perdodic variables reported bey RO33
along with the thr=e new objects reported earlier in thiz
AT |:F:ig. 11} shows that these systems have coliums and
magnitud s consstent with an svoboed | rather gant but not
supergiant, B A type star, The thres 5400 douhble periodic
blu= stars reported by BI0S oocupy bamically the same posi
tion r=garding the 5LNC main ssquence. Interestingly, thiz
iz conmistent with the expectation for the donor obtaned
through Eq.1 and with the 5D classification ghen in Ssc-
tion 32 for most objects studised spectroscopically in this
papeT.

We conchide that speciroscopy suppeorts, in princple,
the scenatio of memi-detached binaries for douhble pedodic
variables with the donor star as the poimary, boghter com-
pon=nt.

0.500 — 022 Thggl' F*° Ag i3

42 On the nature of the cooler component and system
parameters

In the cas= that the short term variabahity observed in the
light curves of double-periodic vanables ae the ellipscidal
variations of the brighter component, we could combine the
dynamical information obtaned from the radial velociy
analysis of CGLEOSIAI009.8555025 and CGLEIS195395
34917013 with the photometrnc amplitudes of is short-term
variations in order to gt constraint=s on the system inclina
tion and mass ratio.

An evpregion for the full amphtude of the =llipscidal
variations is given by

15 4+ u .
15 — 5w (4)

(Fuseell 1945 BloThntock et al. 1933 ), where § is the radial
fraction of the Hoche lobe which iz filled, 1 the systemic
inclinaticn angle, and f/a the ratio of the Foche Jobe radus
of the donor star to the distance betvemesn the stars. 7 and
u are the gravity-dartkening and limbdarkening coefbcient
respectioady,

Cn the other hand, the mass functicn can be written as:

Zimn [mag) 4 EiJ’:l:J?_.-u_:l: mnt i 14 7o

PR} Masn’i .
- = a (5

ImE  gll4g)®

where s and Afs are the radisl w=lacity half ampliuds
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and mess of the donor star, respectieely, We can combine
both squations in order to get an excpression for the mass
ratio eliminating mni. Usng F/a 4 0334 0.20bgg which
iz accurate to 2% in the rang= 0.3 = g < 20 |:P'm:_'..usl_1
1971 ) we get:

i14g7 (05 +020legg)™?  Zm¥ino .
Ve T PiIh 2133 (8)

where Ly iz in sclar mases, P in days 5 in kem s~ and
C iz a constant gven by:

_r 2 (15 —Su) 3fa
“= \ap 14 m)(18 +u) )
For OGLEISIA0009-8855025 and OCGLEIS195349%
B9170153 lmbdarlening cosfficents of 0.22 and 0.2]1 wen=
obtainad from Al-ITaimiy (1973), who provide & grid of limb
datkening cosficents, calculated from mode]l atmospheres,
as a function of effective temperature, wavelength and grao-
itie=. For the graqty- darkening coefBcient weuwesd the value
of 1, for a star whose sub-surface layers transfer energy
uniquely by radiation |:".'\:-II. Zeipe] 1924, but this parameter
coul be larger mven by 50% in highly distorted hot stars A1l
ing their Foche lobes in semi-detached binaries [ Djuraseic
et al 2003 ). The factor [ was sssumed 1. The full amplitude
of the allipecidal vanations were caloulated bor fitting a simues
function to the longterm residuals phased with the short
pericd. These amplitudes pesulted 0.120(1) and 0.072(2)
for the Lband light curves of OGLEISQAI009-3555025 and
CSGLEAS1955958917T013, respactively. T alss measursd
these amplitudes for the b —r BLACHD Light curves [fresly
available st hitp _.-v.‘v.‘v.ma-:h.-:-.m:mastﬂ .i:a_.-_;l, obtaining
0.122(1) and 0.123(2) for the b and r OSLEISIE0I0L

(T)

B355025 hght curves and 0.073(1) and 0030(1) dor the b
and r CSLEQAS195598.8917013 hght curves. The fact that
the amplitude of the short-term variability in thee gamx i=
practically independ ant of wavslangth suggests that the e
ondary star have a neglectable comribution to the srstem
light in a wide wavelength rangs. We thersfore azmme that
thess amplitudes correspond to the full light amplitude of
the primary and we havwe used these values a2 Zomoin Eq. 8.

Uzing Eq. 8 and asuming Ma =7 (), repr=sentative
fora BSII star, wefind g =0.35 £ 0.11 for OGLEISME0I04L
3355025 and g betwesn 0.55 and 180 for GGLEIS195395
3917013 with the meost lilely vahie o 0.9, The erors abowe
conmider onky the uncertainty in the more sen=itive parame.-
tex . Underestimating 7o by 50% decresses ¢ down to 0.7 in
CGLEASMO0093355025 and up t0 0.7 in CGLEIS1953495
3917013, wheress an uncertaindy of 20% in Ms yields to an
error of 13%in g. On the other hand, the underfilling of the
Foche lobe by 10% f = 0.9) increases the mass ratic by 38%.
The most Likelr inclination compatible with the quantrties
derived above i 57 for OGLEISIB1009-A355025 and 357 da
gree for OGLEAS 1955958917013, Cur agtimates above mg
gest that the second component should have a mass bet vmen
3-10 RIS foo OELEQSMEIMILE355025 and CGLEIS 195395
3917013, This should corr=spond to an early E-type star.
I the radial velocitie=s are not heavily contaminated by
an smimon murcs, and reflact the crbital meotion of the
brighter component, then the pombiliy of a white dward
secondary is eccluded by the dynamical solution in both
systems In addition, the almost ze=1o contribution to the
radiative flux of the sscondary star in both systems sheuld
indicate a dwarf rather a giant. The cocularzation radms
given by BEq.3 & 2.5 AD for OGELEQISIE0009-8855025 and
1% ARG for OELEIS19589884917013. This me=ans that dismc
formation by accretion of material fom the primary sar is
not posmible for mecond aries fitting the dynamical solution
|:‘l'_'.'pdi:a] radnus for emly Biype dwads are T4 RG) An
other cause besides emizsion from an accretion disc amound
the sscondary should be inwmled to explain the filling by
emission of the Balmer absorption linesin thess sstems.

Chur finding above comradicts the hypothesis outlined
bor BD33 that the long term photometrc varnabdity could he
due to precesmion of an elliptical accretion discin a bow mass
ratio semidetached binary. If disc preacesgon & ecch dad ax
an ecplanation, thers mus bte another conme for the long
term variability.

43 ©On the nature of the long-term variabaity and the
pulsation hypothess

Fig. 12 shows the light curves of OGLEISISTES-A353002
and OGIEAS200M07-393839]1 folded with their shortterm
perods The remarkable fact in thess figures iz the vanich-
ing of the longterm wariabdity dunng the main eclipss. A
similar behacour isobserved in all the eclipsing binares re-
ported by BI03E; the lbong-term osdllation always d map pear
at main minimum but & & present, sometimes with lower
amplitude in the sscondar minimum. This can anhy b= in-
terpreted if the main origin of the hng-term adations is
the brighter staz.

We have explored the possibiity that the photomet
1ic variability in the non-sclipsing DPF Ve could reflact a
b st phenomeanon in multipsrisdic pulsating stars. Thisidea
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arizes from the fact that the long-term periods are ales very
trpical o1 beat periods of non-radial gravity mode c=cl
lations in B-typ= stars the =0 called dowlr pulmting E
stars (hereafter SFEs, =.g. Waslkens 1991, De Cat & Asrts
2002). Moreover, D Oat ot al. [2000) have shown the cass
of HDY2257, a @ngle line B-fype binary with a crcular
orbit showing ellipsoidal variations and g-mode pulmticns
which are eagl mived up in =ngle-band photometry. Cn
the other hand, the posmtion of the targst arsin the colou-
magnitud e disgram (Fig. 11) & very smilar to thoss of a
sample of periodically vanable B-type supergiants found by
Waelkens =t al. [1993) from the HIPPARODS mission. The
pulzation hypothesiz &= particularly relevant now that pul
sating B stars haove besn found in the hlagellanic Clouds
(Tolaczlowsld et al. 2004).

We cannot dipsctly test the pressnce of very short pe-
riods in our sample of DFVs, dus to the sampling of the
OGS LE-BLACHO dat s, In the futurs we plan to do that | mon-
itorng our targets with higher fime remhution. At the me
ment, the IMTyquist frsquency isabout 0.5 ¢/d in most cases.
Heomravmr, v can ched: the prassncs of perisdicitiss larger
than 2 days For that we hawe prewithened the ight curves
shown in Fig, 12 with the binary sohition. The binary light
curve was obtained by fitting the data with a double =inu-
soid eochuid ing the main minimum. Besduals to this fit wens
analyzsd ssarching for mulipl penods. 1Mo trace of addi
tional periodicities were found apart from the fundamental
frsquency of the long-term oscillation. For that, and for the
following r=asons we believe that the pulsation hypothesis
bamd on SFEs or a-Cyg type pulmtions & incompatible
with the data: (i} The amplitude of the bngterm variations
ie almost constant in most casss this & oot the nmal cam
for st ats showing the phenomenon of beating of muliples o=
cillations. {ii) The amplitude of the bng-term variability is
rather large |:a'b-u-1.|i 02 mag) when comparsd with ampli
tude of SFEs (about 002 mag) or even with amplitudes of
a-Cyg typesupergiants (< 0.1 mag) and it i hard to image
haw a beaat of law ampliude aacillations could praducs the
obemrved large amplitude variabikity. (ifi) Thems & no color
dependence in the short-term wanability of DFVs, contrany
to the pulmtions ocbesrved in SFEs. |::"_.' The bng-term o=
cillations are red, contrary to the SPEs pulmtions which
are blue [v) The pericdogram of SPEs locks completely dif-
fer=nt ta the perodograms of DFVE; they clsark showr the
presence of mmltipls periods in the rangs of 1.3 days, and
no pres=nce of a bhng periodicity over 100 d ays Cn the con-
trary, perodograms of DFVE shows a srong minimum at
the long period findicating a fundamental frequency) and
no =videncs for muliple periods in the shert-period rangs,
eccapt the short-term pedodicity that always appears with
much less power than the longsr one (i) Concerning a-Cyg
type supergiants, 1ke thom found by Waslkens ot al. (1993),
they showr multiple periods, and thenr light curves ar= highby
imegular in shape, and inclhide the presenee of microvariabal
ity; they do not shaw the shictly periodic pattern of DP Ve
characterized by a mngls short pedod.

Although the above points agues against SFE=typ=
or a-Cyvg type pulsations, we cannot ecclude the presence
of very short puleations of a new nature in these objects,
and defer thiz question for future photometnc studies with
highat time resalution.
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44 On the importance of stellar winds and mass bes
1akes

It iz well known that early E-tvpe giants have =gpificant
mass loms tates due to radistively-drven winds (=g, Vink =t
al. 2001). In additicn, it has been shown that nearcritical ro-
tation could induce extreme mass lossin masswve stars even
far from the Eddington limit |Asrts et al 200d). Following
these mguments we haoe eplopsd the possbility that the
weakness of the HF line could be dus to mass lomss in some
of the DFVE

In the following, we asmme neglactabls the contrbu-
tion of the e luminous sar and any other light murce to
the overall ight of the system . Hence the derived parameters
refers to the primary, the more Juminous star. We calculated
the ¥ si1z1 from the full lin= widthsof the HaTJ471 and higIT
4431 lines. The results shown in Table 3 indicate that the
stars are rotating with higher velaotiss than thoss obtsne=d
by amsuming corotation with the binary system. The stellar
masses derived acconding to Aha |:Ta]:-]i: -1_:] and usng the
hlasder & Bleynet (1933, 1939) swlutionay tacks ae also
shown in Table 3 along with the gellar radius, cakulated
from the log g values The ma=s lom rates given in Table 3
are derived from Vink =t al (2001} sssuming Zroec = 1.0
and Zeppe = 0.1, The ¥ sin2i values indic ates that the stars
are rotating at alarge fraction of the critical velocity [Table
3, column 5). On the other hand, the stars are far from the
Eddington limit [Table 3, column 8). Applying the recips
given by Asrts ot oal |:IIIII-1;| for massloss rates of rotating
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massive stars, we found that the rotational contribution s to
the total mass los rates ame Jess than bg Al = 0.02 and
theredore neglectable for cur objects Hewever, locking in
the L valies of Table 3 we find that they are comparable to
the Al values observed in Be starsin the squatorial regions,
=0 the presence of a radiakivelly supported gassous envelo pe
around the primary & compatible with cur re=ult, and could
in pronciple excplain the wealkness of the HF hne by filling by
amizsion from an apticalls thin gas =nvelspe. This sanvelaps
should produce an emission line pattern with a stesp Balmer
decyement, which vould be obeerred as selective fllingup;
larger ameounts of emission should be obheerved in lower oxd ex
Ealmer lines, &= apparently occurs The comribution to the
continuum by an optically thin envelope could be neglec
tively small in optical waorslsngthe If this view is ues, fu-
ture observations of the Ha line o1 the IR continuum sheu ld
reveal ynambiguousl the emitting envels pe,

4.5 A link betveen bng-term vadabdity and Be starsd

In Section 4.2 we exchided the pommibility of an acecretion
disc around the smcondary star. However, the pomability of
A gameous snvelope around the primary, as memtionesd in Sec-
tion 4.4, and the vanishing of the long-term oscillation d uz-
ing the eclips= of the poimary, could indicate an origin in
a dizc-like envelops aound a Be-star primary. In ondes to
check thiz pommibility, we caloulated if there iz snough room
for a di=c around the primary star. Using classical formulas
far cloms hinary sretems |:e.g. Warner 1995), we sstimnasted
the fraction of the Roche lobe fillsd boy the brighter compo-
nent. From the walues of this fraction, gven in Table 5, we
conclude that most systems haove oom for a disc, but a vexy
=mall disc.

It = hard to m=late the long-term vanabadity with the
onesarmead cmillations obesrrad in B star discs. They hawve
quas-period hetwosen 2211 y=ars and oocurs in d sos eoctend-
ing to several stella radius |:i=.3_. Olkazaki 1997). Aleo the
colour of thess cmillations in Be dar discs are in g=n=zal
remarkably blue (blennickent et al 1997). Is then possble
that tid al forces acting on thiz disc could cause bng-term o=
cillations differ=nt in nature to the one-armed cecillationsT
An origin in a cool disclile emeelope could be consistent
with the 1ed colour obssrved in this variability.

5 COITCLUSIONS

Evidently, we don't have the complete solution for this vexy
intere=ting phenomenon at this moment. Cur findings sup-
port the thesiz that double pericdic vanables ae chome b
nary gystems consisting of B type primaries and sscondarss.

m identify the shorter pedodicity in non-sclipsing systems
a5 the ellipenidal vardation of the brighter component which
filk a conmdezable fracktion of thenm HKoche lobe. A betfer
clarification of the phenomencn nesds of further obserea
tions especally in the infrared in cader to r=veal the natune
of the conler companion and the pomible edstencs of a disc-
ik mnyveln pe in mome of the systems A ool gassous snve o pe
could explain the veakness of the absorption hnes and the
flattening of the continuum. Another problem which remains
to be zolved refers to the ongin of the long-term photo metric
perad in thess mretems. e have idantifisd the murc=if this

variability in or arcund the primary star. However | we dont
knenr if they imply a new land of stellar pulsation or some
kind of cscillation in a conl amitting =nvelspe around the
primary star. Further spsctoscopic studiss are necessary to
inmestigate the naturs of the long term vanation and the
peculiar intrinsc color excesees in order to understand how
thess binary systems evolve and how their evolution de pend
on mass, mass exchanges and chemical content. High time
remlution photometny = also desrable, Gnes # could pro
vide insgghts atout the pulmtion pooperties of thess stars

The main conchisons of the analyses reported in the
previous mections can be mmmarized as follows

# Spectra of 7 double periodic blue wmriables e consis
tent with BE-fype sas of luminosity class betwesn IV and
II.

# Hadial wwlocoty vanastions of the HF absorption hne
revmal the binary nature of OGLEISIS00LE355025 and
CGIEQS195895 3917013,

# In thess cases the short-term perodicties ar= consistent
with ellipscidal variations of the toighter component.

# The dynamical sclution and the analysis of the short
term light curve of these objects indicate a mass for the
cooler companion betwesn 3-10 A0S, =acluding the possi
hility for accretion disc formation. This means satly B-typ=
secondaries for thess systems

# Astudy oftherotational velociies of the brighter com-
ponents indicate motational velbcities larger than the e
pected for synchronization with the binary crbat.

# Estimates of the companion temperaturs based on the
light curve analyss indicate that they are ower by factors
15-049 than those of the hotter components This finding is
compatible with Btyvpe companions and with the abzence
of dgnificant colour variations during the crbdtal cycle.

# Th= latge fracton of schpsing binanes |:E| cases| jound
in the whole sample of 35 douhle periodic variables sug
gests that the probabiliy of identifying this kind of wanable
depends on the system inclination, being larger for high in-
clination systems.

# e suspect that many of the Typed stars (ie. thoms
showing long-term periodicities) reported by BIO2 and not
classifisd az doubls paricdic varables are the zame kind of
system but m==n at Jower inclination. This & consstent with
the inter pretation of the short-term photometric modulation
as ellipsoidal vadations of the brighter component.

# Wiz find the long-term variability practically dizappear
during the main eclipse in the eclipsing DFVE. This means
that th= ongin of the langterm ardakity iz in ar arcund
the primary stat.

# ITo known pulmtion mechanism can ecplain the long
texm variations, FHowever, the presence of very shozt pul
sations in the primary star cannot be discarded with the
pre==nt data

# Th= massloms rates for DFVe are comp arabls with thos
obeearyed in the squatordal regions of Be stars.

# The= orgn of the apparent filling of the absor ption lines
and flatness of some continuums could be due to free-foee
and fr=e- bound emisson from a cool drcumstella emcelope.
Further studies of thiz new class of variables and its r=lation
with other pedodic blue vardables are nesded to clanfy this
point.



Double-pericdic blue variables in the Magellanic Clouds 13

Tuble 3. ¥ xini teoed on the width of the Hel 4471 und Lig IT 4431 line und the stells mees, squokotiol sadiis, o
limit d=d the sadic bebrwsn the f okitbcnal tdul:ii:\. and the cithicl 1.11::*}' v ll-'|:| the iatic I' tekorean ih-j'u.hih.uuﬂ:\. zind
the Eddington himincatt and the mus los tade 37 b sudidion ditesh =inds, The tukic bebewsh the [imas s mdis

und thedt Fochs blbe vwolime fadiis is ako g,

akari Taind (km/dl et hete I (R3] RIBS) v/ T ar (vG “1) R/ERr
O LRSI T 2L S ey [afis] Ia .04 -10.7 (1 s]
OO LENN SSLI-T 313019 e | 4.1 .45 .04 -11.7 03
e L P WO T S T =40 T 15,4 1.3 0.0z -11.0 1.1
OGO LEMInRIT A0TnE] 140 n.a 121 [n "] .1 =112 a9
OO LEMIDNSE S9170 13 1320 oo T2 [0 "] .01 =112 a.x
OO LEMNI] Z10-T 01T Ed =00 T 2.2 1.00 0.0z =102 on
O LEL] LT T O 10 ey 19 222 Ia 3.11 =0 1.4
ACKITOW LELSGLEITIS Ll=nnickent K. E., Piskrzyasld G ., Gieren W, Szewezyk O

We acknowledge useful insights proevided by the refeges,
Conny Aerts, which helped to improve the shentific dis
cussion in this paper, especally concerning the hypothesiz
of stellar pulmitions RA admowladges support by Fonde
cyt grant 1030707, R, Wi&. and G.F aclnowlsdge sup
port from the Chilean FOITDAP Center for Astrophysics
LR, B, Sabogal acknowledges support by Programa
MEZE Educacidn Supsrior THIAZO20.

REFEREIFTES

Aerts O Lamers H. J. & L. .| Molenberghs G, 2004,
AR-A 418 A34

AllTaimiy H. WM., 1973, Apf=ES 53, 181

Barbisr 0., Thalonges D, 1941, Anap, 4, 30

Chalonge T, Divan L., 1952 AnAp, 15 201

Tidale L., Zomsc J., Tringaniello L., 2001, AfA | 383, 180

Thx oA I, 2000, Allen's Astrophysical Cuanbibies
Sprng=r, AP Prass

D Cat P, Asrts O, 2002, A4 393, 985

D= Tt P, A=rts O D= Ridder 1., Ialenberg L hissus
G, Decin L., 2000, AS-A4 355 1015

Dhdelon P, 1952 AS-AS 50, 199

Divan L, Zor=c J. 1932 ESA-SF, 177

Dhjurasenic &, RovithisLivaniou H., Rovithis P, Georn-
giades 1T, Erkapic 3., Pavevic B, 3303, AL-4 402 @87

Eggl=ton P. P., 1983, ApJ, 288, 3858

Flwer P. J., 1977, Af-A 54,31

Frank J., Ing A., Eain= T J., 2002, in Accretion Povex
in Asttoplysics Thid Edition, by Juhan Fiank, Andpsw
Idng, and Derek J. Raine. Cambridge University Press.

Iolaczlowsld, 2., Fignkla, A, Sosmynski, I., et al, in:
Variable Stare in the Local Group, LIAT Callaquinm 193,
Proocesdings of the confersnce held @11 July, 2005 at
Chrtchurch, IMew Zealand. Edited by Donald W, Kurtz
and Faren F. Pollad. ASP Chnference Procesdings, Val.
d410. San Francieoo: Astronomical Socety of the Pacfic,
200, p.225).

hlasder A, W=ynet G, 1933, ARAS 78, 411

hlasder A, Weynet G, 1939, AS-4 710, 155

cThntock J. E., Petro L. 0, Bemilard BE. A, Ricker
& R, 1983, Apd, 288, L27

Mennickent E. E., Starken O, Vogt 17., 1997, A4 208,
1187

1
2002, Al-A 393, 88T

Mennickemt FE. E. Pistrmasa & Diaz B, Giexen W
2003, Al-A 399, LAT

IMennickemt K. E., Ammann P, Pistroyned &, Gisren W
2004, in procesd ings of the workshop "The Light- Tim= Ef-
fect in Astrophyscs”, O, Sterken (sditor), ASP conference
Seres, 1L prem

Clleazald A, T, 1997, AR A 318 548

Paczyaidd B, 1971, ARALA 9 183

Fumsll H. IT., 1945, ApJ, 102, 1

Slttebal A, 1985, ApIS, 59 789

Udalsld A., Szymanski ., Fubiak b, Petrmynsd G.
Wozniak P., Zebmun IC., 19958, Aaca 48, 147

Udalsld A, Sossynsld I, Szsymansld B, Tuldak B
Pitrmyndad &, Wooniak P, Zebrun I, 1999 Aca 49,
2323

Vink J. 5., deToter A, LamersH. 3. G. L. KL, 2001, Af-4
@4, 574

won Zeipel H 1924, BOTRAS, 84, 702

Waellens O, 1991, AS-A 248, 453

Wasllens O, Aerts O Festens E.| Grenon hi., Eyer L.
1993, Af-A 330, 215

Warner B, 19495, Cataclymmic Variable Stars, Carmbrid g=
Astrophysical Sepies 28, Cambridge University Press

Wekh DL L. Cote P Fischer P hlates K. Mado= B F.
19491, A0, 101, 490

Zebrun I, et al., 2001, Aca, 51, 317

Zorec J., 1988, FhD Thesiz, Faris: Univerats V1L

Zotec J., Briot D, 1991, AS-A 245 150



