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n Car: the optical features at the 2003.5 low-excitation event
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Abstract. UBV andBVRphotometry ofp Car during the 2003.5 low-excitation event — the considered periastron passage of
a binary — is presented. The light and colour curves show a number of features, which were also seen at previous periastrc
passages: a light maximum of long duration with a superimposed flare-like event which is temporarily interrupted by an eclipse-
like dip, and a steep decline in tte— B color index. TheR brightness reached a minimum at the time of mid X-ray totality,
probably implying that the W emission line reached a minimum. The source of the optical flare-like event is probably not the
same as the one causing the the X-ray radiation. It is tempting to consider the epoctRahihienum and the mid- X ray
totality — which roughly coincides with thdBV minimum — as the central moment of the 2003.5 low-excitation event.
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1. Introduction (Menzies et al. 1989). As shown in Paper | ddr- B val-

ues forn Car are systematically too blue BY)"25, partly due

In a recent paper van Genderen et al. (2003, Paper ) discus[%e Iter transmission dierences with respect to the standa
the light peak that occurs at the low-excitation events — trchV system and by the presence of emission lines. The q
_S“pp"?ed periastron passages (PP) of a binary ins(dar .tion whether this is still the case awaits a comparison with 1
in particular those of 1987.0, 1992'.5 and 1998.0._For the MEsults of other observers. The observations were made \
pendent event of 2003.5, a campaign was organised to co &lect to two comparison stars -AHD 93010 {/ = 6.339
this passage in a more complete way than the previous onesBI_ ~0.019,U — B=—0.764) and B= HD 93502 {/ = 6'2211
the mean time, reports on the spectroscopic-, X-ray radiaticgm,_ V = (.).06’1,U _B= '_0.307), according to the se;quer;o

radio- and NIR campaigns revealed that the event happe %; comp. A, variable, comp. B, variable, comp. A, sky, ef
in the expected time interval as predicted by Damineli et g!]hé sky rﬁea’suremen{s Were; allways ma'de at t.he’sam'e |

(2000). . tion near HD 93010. EacbiBV measurement is the averag
We report here the photometridBY andBVR ) results of of three 10-s integrations (Allen 1989), and e&tt8 — V and

the 2003.5 PP. All observations will be presented in a data R- g 4t pointis the average of three or ftdBV sets relative
per (Sterken et al., in preparation).

to the comparison stars. The resulting average standard d¢
tion (o) amounts to 002, @"035 and 055 forV, B-V and
2. The observations U - B, respectively. The five data points in the very beginnii

(Fig. 1) show more scatter because the high voltage was lo
2.1. The UBV photometry than for the remaining measurements. A number of times t
data points were obtained in the same night, and some of tf

The observations were obtained with a private 32-thb T
. : . . measurements are so close that they became indistinguisk
Dall Kirkham cassegrain telescope situated in Rapaura

Marlborough, New Zealand (latitude41°). The telescope is In‘the figures.
equipped with a photoelectric photometer (EMI 9789QB pho-
tomultiplier) and a JohnsodBV filter system. The size of the 2.2. The BVR photometry

aperture used is 60 The photometric system was calibrate . .
before this series of observations using standard E region S%}Q?photometry was carrle_d out with an ST-237A CCD car
era (T1 TC-237 chip) operating at the prime focus of a 203-r
Send gfprint requests toA. M. van Genderen, f1.5 Schmidt camera located inna del Mar at latitude 3%.
e-mail:genderen@strw.leidenuniv.nl Comparison stars were HD 93408 € 7.316 B—V = 0.219)
* Research Director, Belgian Fund for Scientific Research. and HD 93737V = 6.048 B-V = 0.274). Because of the large
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Fig. 1. UBV (e) andBVR (o) light curves ofp Car around the 2003.5 ‘
PP. Arrows below th&/ curve indicate the start of the declineslin
andJ, respectively. Star symbols: dates of X-ray flares. Arrows below
the U curve: date X-ray decline, disappearance [NIlI] line, start and
end of X-ray totality. L
:E 0% ®e o 4+
. . . [ +*'$1§ ' W oy
field of view (413 x 54/8), both comparison stars amdCar B % o . 3&&’3 %W‘E%
could be imaged in the same frame. Typically, an observation | R " *
consisted of the sum of 15-20 individual exposures, and mag- [, , °
nitudes were derived through aperture photometry. Because the | *
L |

comparison stars did notftir greatly in color fromy Car, and
because both were within a half degree;d@ar, no extinction
corrections were attempted. Repeated observations showed
the standard deviations of iV andR measurements Werestart of X-ray decline, start and end of the X-ray total@pttom V

typically +0.07, +0.03 and-0.06 magnitudes respeciively. Thelight curve @) versus the 1998.9 light curve @) as shown in Fig. 2

large errors are to be ascribed to the short focal length of tfe,an Genderen et al. (2003). Thezeropoint has been shifted in
telescope which causes substantial undersampling, even thog@Br to match the/ scale  diaphragm is 22), the uppeiX-axis has
out of focus stellar images were used. The generally high Méen shifted by 5.5 yr.

midity owing to the proximity of the Pacific Ocean is also be-
lieved to contribute to these relatively large uncertainties.

On two occasions (JD 2452813 and JD 2452873) a lo®0-cm telescopes appeared tfel by @09 and 007, respec-
dispersion spectrum was observed throughRlfiéter. tively, those of the 20-cm telescope being fainter. The magni-
tudes of the latter were shifted in order to match those of the
32-cmtelescope. Arrows and stars indicate a number of epochs
related to important features in other wavelenghts (see caption).
Figure 1 shows thR, V, BandU light curves for the time inter- TheR light curve is clearly dferent from the three other ones:
val JD 2452 690-2890. Thé and B scales of the 32-cm andthe brightness declines after JD 2452750 until it reaches a

a
IEE;E Top light and colour curvese(UBV, o BVR). Vertical lines:

3. Discussion of the light and colour curves
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minimum (~JD 2452 850). This turns out to be roughly thébeen made by Feast et al. (2001) on account of their NIR
centre of the X-ray totality (Corcoran 2003). Thebright- sults.
ness is strongly influenced by the decreasingdrhission line, 2. U — B shows a sudden decline-JD 2452815) more
which contributed approximately 40% of the total signal of ther less simultaneously with the light maxima of the flare-lik
star at JD 2452813, see the substantial change of this line &gent (Fig. 2). The total decline i) (0"17) is about one-
tween June 1992 and May 1995 as observed by Damineli etsald-one-half times deeper thanBrandV. The decline in the
(1998). Figure 2 shows thé light and colour curves from the Geneva U] during the 1998.0 PP was even two times deey
UBV data set, and in addition thé — R colour curve. TheR  (0"12) than in the six other passbands @"06). Foru this
brightness decline is evident from the blueing tren¥ef R.  amounted to a factor of two as well. Before the decling inB,
The low-excitation events or PPs are often marked bytlag trend to become bluer ceased since about two months. |
long-term light maximum probably due to an S Dor-phasa!ggests that the obscuration of the hypothetical hot spot
(van Genderen et al. 2001), the same appears to be the &@gin by relatively transparent plasma that is able to abs
for the 2003.5 PP (Figs. 1 and 2). During the brightness riggalmer continuum radiation, e.g. by part of a stellar atm
theB -V became redder as it should for an S Dor-phase, as gi#here, or alternatively by the edge of the interface of the ¢
b — y did on its way to the 1998.0 PP (Sterken et al. 19994diging winds. This plasma is obviously not yet dense enougt
2001). In our view, the subsequent blueing, accompanying $iap the brightness rise W, Band everU until the eclipse-like
astonishing continuation of the brightening after the 1998.0 Feiip.
which has never been seen during previous PPs (Davidson etal3. The brightness decline i, B and U started about
1999; Sterken et al. 1999a,b; 2001), was due to some sort of twe weeks after the NIR decline (Whitelock et al. 200!
usual stellar process, that overwhelmed the typical S Dor-tyged about 10d after the disappearance of the N[II] hig
trends in light and colours. THe — B should show a reddeningexcitation line (Damineli et al. 2003), almost together with tl
also, but Fig. 2 indicates the reverse, presumably by an increblse B decline (see point 2.) and the start of the X-ray totali
of the Balmer continuum radiation of an extended hot plasnia, JD 245 2819.66, Corcoran 2003, private communicatio
surpassing the typical S Dor-type reddening, until a maximuhie depth of the eclipse-like event 8D0in V andB, and 0"17
negative value is reached during the PP. This behaviour is fwl-U.
lowed by a sudden steep reddening coinciding the start of the 4, After the minimum £JD 2 452 840), the brightness re
X-ray totality. The same has been witnessed for the equivavers (mostly inv), representing the egress without reachil
lent colour indices in other photometric systems during prevhe brightness attained just before the eclipse. We presume
ous PPs (van Genderen at al. 1999). In the course of the 5.8 recovery still represents the flare-like event, but weak
cycle, theU — B (and equivalent colour indices) recovers anHereafter, it seems to fade away.
reaches again a maximum negative value during the next PP. 5 The X-ray flares indicated by the star symbols below t
Smith et al. (2003) assume that the primary is the mahcurve in Fig. 1 (Corcoran 2003) have no counterparts in |
source of the UV radiation, that a shell-ejection occurs dupptical, suggesting that the X-ray source is not the source
ing the PPs and that its stellar wind shows a strong latituthe optical flare-like event (see discussion just above point !
dependency. This model is appealing in view of the observed S
Dor-phases during the PPs (see above) after which an ejection
ofasheHsoundS|ﬁau9bb.Funhentheshdbeﬁcﬁonsnﬂgpt
explain the sudden drop ld — B and its 5.5 yr periodicity, but
one should also expect a significant reddening iV, which - paper | had identified important commonalities of earlier lo
is not the case. How to explain with this model the *half-asyitiation events which were interpretable as periastron
cycle-out-of-phase” phenomenon_ln the near-UV discussed éé/ges in a binary system. These signatures found now co
van Genderen et al. (1999, 2001) is another problem. mation in the new data presented here as the appearance
Like during the other PPs discussed in Paper [}aflare- flare-like event during the 2003.5 PP. Two other anticipatic
like event occurred. It started at the X-ray decline, suggestingram that paper came true as well:
different origin for both sources (see also point 5. below). This a) The flare-like event appears on top of a long-durati
is the best recorded flare-like event to date. A few particulaight maximum, the first due to the creation of a hot spot
should be discussed. an interacting binary. An S Dor phase, tuned by tidal forces
1.B -V andU - B hardly changed during the event, whilgan approaching companion, is presumably the main underly
the one of 1998.0 recorded in the Geneva system, showed acagse of the long light maximum.
times larger rise in thelJ] passband (by"8) than in the six b) U — B reached the largest negative value just before |
other passbands-Q"'05) of that system (van Genderen et aktart of the X-ray totality, presumably due to the increasi
1999). The explanation is probably that this passband contaiBaJmer continuum radiation by hot plasma. This extremum
relative to the broaddd band of theUBV system, much more U — B is followed by a sudden and fast reddening. Since the
radiation from the Balmer continuum than radiation longwarcbvery ofU — B takes the complete 5.5yr cycle, the collapse
of the Balmer limit. We suggested that a hot spot could hawet only due to the short lasting eclipse by dense plasma or
been created in an interacting binary during the close encourilez, but presumably also by a large-scale change of exten
(van Genderen et al. 2001; Paper |). The same suggestion flasma structures.

Conclusions

Letter to the Editor
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From the somewhat convex shape of the three flare-like The interpretations of the discussed details of the multi-
events inVBU (see also point 2. in Sect. 3) we get theolor light curves remain partially speculative which is to some
impression that the obscuration (culminating in the eclipse-lilextend inherent to the complexity of teCar system. Only
dip) started already during the rise to maximum, thus more thie eventual combination of the wealth of data obtained by dif-
less simultaneously with the X-ray decline. This suggests tHatent groups might shed more light on the nature of the event
the same plasma complexes could have been responsibldtémif, and the data presented here will be a significant piece in
both obscuration phenomena, but that does not imply that thes puzzle. One should, however, take care when comparing
source of the optical flare and the X-ray radiation are the sa@red combining photometric data fromfiirent sources; Car
(see below). no doubt is the single mostficult star to unveil its true stan-

According to the minimum irR, we presume that thedd dardised magnitude and colours, and before uniting light- and
emission reached a minimum roughly at mid X-ray totalitgolour curves, one should be aware that systematffierdnces
(just like during the 1998.0 PP). It thus seems that the screenexgeeding D05 will occur in the visual magnitudes and colour
of high-energy photons is the main cause of the decrease ofitigices, even more so in the bands that inlude Hor a pro-

Ha emission from the outer layers and the wind of the primafgund discussion of these problems, we refer to Sterken (2000)
(see also Damineli et al. 1998). It is tempting to consider tlad Sterken et al. (1999a, 2001).

epoch of theR minimum (~JD 2452 850) and the mid-X-ray

:Eﬁteal(l:tgh t‘?’ ;I(r::o:ggg?z fl'?lengge\jvglgrs:)hgg?‘l/trgalEl;;nt’hzsti AcknowledgementsThis work has b_een_s_upported_ by “IUAP /B6”
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V maximum reported here, amounts to 2042 days (see Fig. @bmish Ministry for Foreign Policy, Europeantiairs, Science and
this is longer by about 3 weeks than the canonical period ansthnology, under contract BIL {2

illustrates that the creation of the flare-like event depends on
varying conditions near the central star.

We agree with studies based on observations at other walé
lengths, that a binary revolution as a major cause of the abgvgn, W. H. 1989, Southern Stars, 32, 159
features is hardly deniable, despite a number dialilties Corcoran, M. F. 2003, Website modified 16 September 2003
raised by some spectroscopic and theoretical consideratidgécoran, M. F., Ishibashi, K., et al. 2001a, ApJ, 547, 1034
Further, we argue that single unstable massive stars, like S [G@rcoran, M. F., Swank, J. H., et al. 2001b, ApJ, 562,1031
variables (LBVs), with periodic phenomena do not exist. Agamineli, A., Kaufer, A., Wolf, B., et al. 2000, ApJ, 528, L101

most their behaviour is quasi-periodic or cyclic (van Gender&gmineli, A., Leister, N., Levenhagen, R. 2003, IAUC, 8162
2001; Sterken 2003). Damineli, A., Stahl, O., Kaufer A., et al. 1998, A&AS, 133, 299

The light curve features of the flare-like event, such as t §V|dson, K., Gull, T. R., etal. 1999, AJ, 118, 1777

- . vidson, K., Smith, N., Gull, T. R., et al. 2001, AJ, 121, 1569
epochs of the extrema, in the NIR and the optical could Well, .t v W Whitelock P. A et al. 2001. MNRAS. 322 741

be diferent depending on the physics of the source (Fig. 34y Genderen, A. M. 2001, A&A, 366, 508

However, relative light-time féects between the NIR and theyan Genderen, A. M., de Groot, M., Sterken, C. 2001, ASP Conf. Ser.,

optical light should not be excluded. After all, the NIR radia- 233, 55

tion is more concentrated to the centre. Light-tinffeets lead- van Genderen, A. M., Sterken, C., Allen, W. H. 2003, A&A, 405, 1057

ing to smearing of optical light variations are probably small, (Paper I)

but certainly not nil, as explained in our earlier papers. van Genderen, A. M., Sterken, C., de Groot, M., Burki, G. 1999, A&A,
The optical flare-like event started when the X-ray radia- 343, 847 . . _

tion declined and the X-ray flares (epochs marked in Fig. wnélf‘:émﬁcoogzméi’ré' \?/:/2‘]1 Banfield, R. M., Laing, J. D. 1989,

ha\{e no coun_terparts in the optical, thus,_lt is not likely that ﬂgemith, N.. Davidson. K.. GL;", T R. . etal. 2003, ApJ, 586, 432

optical flare-like event and the X-ray radiation come from t

. terken, C. 2000, IBVS, 5000
same area. The X-ray source is thought to be due to shock&g, . c 2003 ASP Conf. Ser.. 292 437

gas forming an interface between two colliding winds (€.4erken, C., Freyhammer, L. M., Arentoft, T., van Genderen, A. M.
Corcoran et al. 2001a,b; Stevens & Pittard 1999). Itis conceiv- 1999a, A&A, 346, L33

able that the hot spot is created in the interbinary medium by gferken, C., van Genderen, A. M., de Groot, M., Burki, G. 1999b, ASP
increased mass flow from the primary, but by viewing the or- Conf. Ser., 179, 200

bit under an angle of 49Davidson et al. 2001) during the PPsSterken, C., Freyhammer, L. M., Arentoft, T, et al. 2001, ASP Conf.
it might appear to lie close to the X-ray source. Hot spot and Ser., 233,71

X-ray source may then be obscured more or less by the sapfvens, | R., Pittard, J. M. 1999, ASP Conf. Ser,, 179, 295
plasma clouds and more or less at similar epochs. Whitelock, P. A., Marang, F., Crause, L. 2003, IAUC, 8160
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