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The very e

entri
 and massive binary � Carinae shows at ea
h periastron passage alight peak (0:m1{0:m2) in the opti
al as well as in the near-infrared. Thereafter, a shortlasting e
lipse-like dip o

urs, followed by a so-
alled `egress-maximum' that subsequentlyfades away (see Fig. 1). Van Genderen et al. (2006, 2007) suggested that the peaks maywell be the result of an enhan
ement of the deformation by tidal for
es on the primary, andthat the egress-maximum is the 
ontinuation of the peak (after interruption by the dip,whi
h has another 
ause) until it disappears some months after the periastron passage.
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Figure 1. V light 
urves of the events of 2003.5 (�; magnitudes on the right, JD axis at the top) and1981.3 (squares; magnitude s
ale on the left, JD axis at the bottom). Verti
al dash-dotted line:periastron passages. The dotted lines are spline �ts. Based on Fig. 1 of van Genderen et al. (2006).
The �rst aim of this paper is to provide additional support for these two suggestions.Therefore, the literature on photometri
ally well-observed e

entri
 deta
hed binaries wassurveyed. Among the dozens of suitable e

entri
 binaries, �ve show a 
lear bump, in theliterature 
alled the periastron e�e
t (Table 1). One of these is BPCru = WRA977, aB-type hypergiant with an X-ray pulsar (GX301-2), in whi
h the e�e
t was �rst noti
edby Pakull (1982). The se
ond purpose of this note is to supplement Pakull's light 
urvewith more photometri
 eviden
e.It should be noted that e

entri
 deta
hed binaries are important for the study of theinternal stru
ture of stars. Tidal distortion depends on the internal stru
ture (though
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modi�ed by stellar rotation), i.e. the density 
on
entration. The more evolved a star is,the larger the e�e
t of the tidal pull during the periastron passages will be. Due to tidaldistortion { together with rotational 
attening { these binaries show an apsidal motion,mostly in advan
e of the orbital motion. General Relativity also predi
ts a 
ertain amountof se
ular apsidal motion, usually of a mu
h smaller, though often non-negligible quantity.Apart from the observable periastron e�e
t in the light 
urves, the periodi
 variabilityof the tidal pull 
an also modulate the pulsational behaviour when one of the 
omponentsis a pulsating star. Examples are the � Cep primaries of Spi
a (� Vir = HD116658,Dukes 1974; Smith 1985; Claret & Gim�enez 1993) and � S
o (= HD142669, Chapellier &Valtier 1992). The SDor-phases of � Car (whi
h are a kind of slow pulsation) appear torea
h maximum light during most of the periastron passages (van Genderen et al. 2001;Whitelo
k et al. 2004), and the quasi-period of the � Cyg-type variations of the primaryof BPCru (van Genderen & Sterken 1996) is about a quarter of the orbital revolution(Kaper et al. 2006). Something similar seems to be the 
ase for the e

entri
 X-ray binaryVelaX-1 (= HD77581, Quaintrell et al. 2003).Sin
e the intrinsi
 variations of the hypergiant primary of BPCru are relatively strong(showing a quasi-period of 11:d9, van Genderen & Sterken 1996), the light 
urve is foldedwith the binary period. We used the data sets of Bord et al. (1976, UBV ), Hammers
hlag-Hensberge et al. (1976, uvby) and van Genderen (1977, V BLUW , also used by Pakull1982), and a new larger V BLUW data set (63 nightly averages). The latter was obtainedin 1976, 1977 and 1978 (van Genderen & Sterken 1996). However, we 
ould not get holdof the three other data sets used by Pakull (1982).As three di�erent photometri
 systems are involved, the VUBV and y(uvby) light 
urveswere mat
hed with the VV BLUW light 
urve by shifting them along the magnitude s
ale,until a good �t was obtained. Then, the data points of the two �rst mentioned photo-metri
 systems were transformed to the relative magnitude s
ale of the VV BLUW system.The 
omparison star is HD109164 (B2 II). Averages in ten phase-bins were 
omputed,yielding an average mean error of 0:m007. Phases were 
omputed with the ephemeris JD0= 2443 451.55 + 41:d498, where the period is from Kaper et al. (2006) and the zero pointfor the periastron is taken from Watson et al. (1984). This 
hoi
e is justi�ed be
ause ofthe 
lose proximity of JD0 to all the data sets used by Pakull (1982), and to the new onein this paper.Fig. 2 shows the phase diagram based on 169 nightly averages. The periastron e�e
t{ a small modulation (� 3%) of the opti
al brightness around phase zero { is obvious asin the 
ase of the Pakull (1982) 
urve, though obtained from a di�erent 
ombination ofdata sets. The amplitude of the periastron e�e
t is of the order of 0:m03, and the durationof the e�e
t is about 6 days (� 0:15� P ).Table 1 lists six e

entri
 binaries (in
luding � Car and BPCru), and gives the spe
traltypes, masses, e

entri
ities (e), orbital periods (P ), the amplitude of the periastron e�e
tin magnitudes, and its duration in phase units (4�). The six binaries are listed in order ofin
reasing e

entri
ity. It should be noted that spe
tral types, masses and e

entri
ity of� Car are un
ertain and based on 
urrent estimates (Davidson 1999; Cor
oran et al. 2001).The period, �rst dis
overed by Damineli (1996), is an average from various authors. Thestellar parameters of the four other binaries are taken from the 
ompilations by Claret& Gim�enez (1993) and Claret & Willems (2002), in
luding the referen
es to the originalpapers.To illustrate the subtle 
hara
ter of the periastron e�e
t, we show in Figs. 3 and 4two examples of phase diagrams. The V 380 Cyg 
ase (based on data from Guinan et al.2000) shows a periastron e�e
t near phase 0.15. For V 346 Cen (extra
ted from Gim�enez



IBVS 5782 3

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
phase

2.92

2.90

2.88

2.86
∆V

Figure 2. The di�erential orbital phase-diagram of BPCru = WRA977. Phase 0.0 
orresponds to theperiastron passage, and P = 41:d498.
et al. 1986), the periastron e�e
t is visible as a point-like maximum near phase �0:2.These authors point to \a persistent, though small, dis
repan
y between the predi
tedand observed light 
urves around periastron" that 
annot be removed by 
hanging themodel parameters. Their Figure 5d 
learly illustrates the very small amplitude of theasso
iated 
olour variations, and impli
itly underlines the fa
t that only high-quality andhomogeneous data sets 
an reveal the presen
e of a periastron e�e
t. The diÆ
ulty ofdete
tion is emphasised by the 
ounter example of � Ari { one of the most e

entri
orbits (e � 0:9, as for � Car) known among spe
tros
opi
 binaries { where Lovell andHall (1971) found a very weak (0:m01) e�e
t, though Ogata (1973) subsequently reportsno photometri
 eviden
e supporting an appre
iable periastron e�e
t.
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Figure 3. Phase diagram of V380 Cyg (based on di�erential V data from Guinan et al. (2000).
The 4� of � Car and BPCru are un
ertain be
ause the e�e
t o

urs on top of 
y
li
,or quasi-periodi
 light os
illations. It should be noted that in most 
ases a small partof the periastron e�e
t 
an be attributed to re
e
tion and/or ellipti
ity (distortion byrotation). Furthermore, the amplitude of the periastron e�e
t possibly depends on theviewing angle to the tidally distorted star, thus on how mu
h of the distortion is seen.It is perhaps not surprising that � Car shows the strongest periastron e�e
t, amongst
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Figure 4. Phase diagram of V 346 Cen (di�erential B, extra
ted from Gim�enez et al. (1986).
Table 1: The six e

entri
 binaries showing the periastron e�e
tObje
t Sp M1 +M2 e P peri.e�. 4� Ref. l.
.(M�) (d) (mag)V 380 Cyg B1.5II{III 14.3 + 8.0 0.23 12.4 0.03 0.15 1(= HD187879) + B2VV346 Cen B0.5-1V 11.8 + 8.4 0.29 6.3 0.03 0.2 2(= HD101837) + B0.5-1VV1647 Sgr A1V + A2V 2.2 + 2.0 0.41 3.3 0.015 0.1 3(= HD163708)V 560 Car O3V + O8V 45 + 20 0.46 6.08 0.02 0.15 4(= HD93205)BPCru B1.5Ia+ + NS 43 + 1.85 0.46 41.5 0.03 0.15 5(=WRA977)� Car B + O 80 + 30 0.9 2023 0.1{0.2 0.1 6(= HD93308)

Referen
es light 
urve: 1. Guinan et al. (2000); 2. Gim�enez et al. (1986);3. Clausen et al. (1977); 4. Antokhina et al. (2000), van Genderen (2003);5. Pakull (1982), this paper; 6. van Genderen et al. (2006).
others be
ause of its extreme e

entri
ity and its highly evolved state. There are spe
-tros
opi
 indi
ations for a shell eje
tion, or at least a mass-eje
tion event during the2003.5 periastron passage (Stahl et al. 2005). Cor
oran et al. (2001), moreover, neededa substantial in
rease of the mass-loss rate to properly explain the X-ray light 
urve ofthe 1997.9 periastron passage. It is quite well thinkable that � Car's primary ex
eedsits Ro
he Lobe during the periastron passage, enabling an in
rease of mass 
ow into thesystem.The e
lipse-like dip interrupting the periastron e�e
t of � Car appears to be a shortintermezzo and we spe
ulate that it is due to some obs
uration pro
ess of the emittingmaterial asso
iated with the se
ondary (van Genderen et al. 2006). A similar type of at-tenuation pro
ess was suggested earlier by Whitelo
k and Laney (1999) as an explanationfor the dip. In the light of the eviden
e o�ered by the examples in Table 1, it seems tobe justi�ed to assume that in the 
ase of � Car, the egress-maximum is also part of theperiastron e�e
t that �nally fades away after a 
ouple of months.
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We 
on
lude that � Car's opti
al and near-infrared `light peak' around the perias-tron passages are in various respe
ts similar to the periastron e�e
ts exhibited by othere

entri
 binaries, and therefore may well have the same physi
al 
ause.A
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