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Abstract. Multi-colour photometry (Walraven system) of fiveTable 1. Aperture used (Ap, in arcsec) and the average standard de-
super- and hypergiants in the LMC, viz. R 74, R 78, HD 34664iation () per data point (in units of 0.001 log intensity) for the five
R84 and R 116, is searched for variability and periods, aRtPgramme stars. In the text we refer to Ap = 11.6, 16.5 and 21.5 as
discussed. Apart from R 84, of which the claimed variability iPertures no. 3, 4 and 5, respectively

the past must be due to a number of faint field stars at the edge

of the apertures, all are variable. Star Ap V. V-B B-U U-W B-L
R 74 and HD 34664 are weak-active LBVs with superinR 74 165 3 3 4 8 4
posed microvariations. HD 34664 is the second known B[e] sRAr'8 165 4 4 5 10 5
which is also an LBV. The first reported one is R 4 in the SM¢1D 34664  16.5 4 4 6 11 6
This could alter some views on the evolutionary history of B[] 84 116 7 > 4 14 6
stars and LBVs. ;22 éé Z 675 12 g
R 78 is ana Cyg variable, but presumably no LBV. R 116R 116 165 3 3 3 5 3

appears to be a close counterpart of the galactic ex-/dorma#it
LBV ¢! Sco, also showing an intricateCyg-type multi-period
microvariability.

Key words: stars: individual: R116 = HDE 269700; R 74 =2. Observations and reductions

HDE 268339, R 78 - HDE 269059; R84 = HDE 269227 S 24y fjye objects were observed with the 90-cm Dutch telescope
= HD 34664 — galaxies: Magellanic Clouds equipped with the simultaneodsBLUW photometer, at the
ESO, Chile. Further particulars on the observing procedure can
be found in the previous papers of this series. Observations
1. Introduction were made for R 74 and R 78 from 1988 to 1990, for HD 34664

. . . = S22 from 1982 to 1986 (scattered observations) and from
This seventeenth paper on the photometric variability Gy9 1957 1 1990, for R 84 from 1988 to 1991 and for R 116 from
variables needs no extensive introduction considering the 2539 t0 1990. The effective wavelengths and the band widths of

tention we paid to the one in paper fifteen of this series (V"EWe five channels are given by de Ruyter & L{b (1986). The

Genderen et 4 199Ba). In the Qiscussiqn of paper sixteen (%%'ﬁd (38313) contains the Balmer limit, th&’ band (36233)
_Genderen et al 1998b) we paid attent_lon to various COMPEGhtains the Balmer jump and lies largely atits short-wavelength
ing models on the instability af Cyg variables, including the side, while thd/?” band (3235?\) lies in the Balmer continuum.

important, but small subclass of S Dor variables, or Lumin01,|.<1‘,]e photometric data in thé BLUW system are given in log
Blue Variables (LBVS). intensity scale

In the present paper we discis8 LUW photometry (Wal- Table[1 lists the programme stars as observed in the

raven sys'gem) of five otherCyg yariables: all emission-line SU-v BLUW system, the aperture used and average standard devi-

E§r3|ants inthe L:\/IC(;';\ mong Wg:Ch two Lfg/\f ' one(.\jex-/dobrmargtion () per datapoint relative to the common comparison star
hi ,hol_r:(e lnc_)rma a Cyg variable (non- ) and an o JeCl D 33486 (B9, 79), all inlog intensity scale. Average mean

which likely is constant. errors are of course smaller, in these cases by about a factor two

Send offprint requests té.M. van Genderen to thrge. o . _
* Based on observations obtained at the European Southern Obser-Since R84 lies in a very crowded field (the OB associa-
vatory at La Silla, Chile tion LH39, Sect. 3.4), the star was observed with three different

** Belgian Fund for Scientific Research (FWO) apertures. Even with the smallest one, the photometry appeared
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Table 2. The average photometric parameters of the common comparison star and the five programme stars (in log intensity scale for the
V BLUW system and in magnitudes for the transfornie@V parameters [with subscripf]). IV is the number of measurements

Sp \%4 V-B B-U U-W B-L %} (B-V); N

HD 33486 BOV -0.390 -0.010 0.330 0.078 0.112 7.86 -0.04
R74 HDE 268939 BI& -1.668 0.041 -0.036 0.074 -0.009 11.05 0.09 76
R78 HDE 269050 BOfa -1.923 -0.012 -0.052 -0.003 -0.022 11.69 -0.04 83
S22 HD 34664 Ble]0-05 -1.980 0.104 0.084 0.047 0.095 11.83 0.25 152
R84 HDE269227 WN$ -2.082 0.052 -0.045 -0.010 -0.017 12.09 0.12 46
-2.032 0.060 -0.040 -0.018 -0.014 11.97 0.14 37
-1.970 0.056 -0.035 -0.020 -0.013 11.81 0.13 30
R116 HDE269700 B1.5laéq -1.475 0.017 -0.043 0.021 -0.015 10.57 0.03 90

Notes:' Photometric parameters for the three apertures used sepaiatély(no. 3),16.”5 (no. 4) and21.”5 (no. 5), respectively
2 Feast et al[{1960)

3 Zickgraf et al.[[19964a)

4 Crowther et al.[(1995)

to be contaminated by faint cluster members. In Sect. 3.¥the -
and B will be corrected for these stars. oy / \ R74
Table[2 lists the photometric results for the common com- | |
parison star and the five programme stars. The photometric pa- | &~ \\ Y \ TN ~ N
rameters/ and B — V of the U BV system (with subscript J) / \ \ ,// to
were transformed with the aid of formulae given by Pel(1987), | Y / \
see van Genderen et &l. (1992). The average photometric pg, |
rameters of R84 are listed for the three apertures separat%IMLB)_ i
including the faint cluster members. 0.05"** . . . RN
The differential intensities and colours relative to the com- g6l Y e T -
parison star will be published in aforthcoming paperinthe Jougg.,) |- ¥ . . o
nal of Astronomical Data, together with data for othe€Cyg  gqa| ™ ®t — - — - — s — - -~ == 7]
variables (including LBVSs). 043} |
ABUF g -
037 et . <
036~ Nt ©
3. The light- and colour curves, the period analysis AUW) -

All figures depicting thé” BLUW light- and colour curves are 0014, : : < Ay

in log intensity scale and the error bars represent twice the mean 0 .
error. The curves sketched have the purpose to help the eye see 7800 7900 JD-2440000

the variations clearly. Due to the stochastic-noise Compon%ﬁ]t. 1. A portion of the light- and colour curves of R 74 relative to the

and the nUMErous gaps in the curves, even polynomial fits, gﬁ%]parison star itog intensity scale. Bright and blue are up
not always ideal; since they cannot make allowance for the fact

that most data points should lie within their errors from the

polynomial curve. This is clearly demonstrated by a number 8finduleak (1984) who suggested B1.5 based on UV resonance
such fits by van Genderen et al. (1998b), especially Figs. 3lifes. Feast et al. (1960) kept it “neutral” at B le.

and 9. Fig[d shows a representative part of the light- and colour
curves with four consecutive cycles with a time scale of about
40d. Often, the colour8” — B andB — U tend to be redder at
phases different from the light minima, which is together with
R 74 was suspected to be photometrically variable and to betha relative large amplitudes (alsolin— W, viz. ~ 005, thus,
LBV candidate by Stahl et al. {1984) based on a compilation about half of the amplitude i), abnormal for ordinarg Cyg
photometric parameters from the literature between 1969 aratiables.

1984. The maximum light amplitude amounted t®28. This Fig.[2 shows a peculiar cycle of R 74 in the five passbands.
amplitude, confirmed by the photometry of the present papEridently, the light behaviour between 558Gnd 32004 is

is higher than for normale Cyg variables of the same specstrongly wavelength dependent, pointing ata complicated depth
tral type (see Fig.13 in van Genderen etlal. 1992). Stahldspendent oscillation pattern of a star with extended outer lay-
al. (1985) classified the star as late B, in contrast with Shoreefs.

3.1. R74 = HDE 26893®B le
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B 7 Fig. 3. Characteristic portion of the light variations of R 78 relative to
-1.341— \B/\\/ — the comparison star
-1.36 -
AL . ~ 3.2. R78 =HDE 269050 la
.21 o R 78 was suspected to be photometrically variable by Stahl et
B 7 al. (1984) based on a compilation of photometric parameters
q23-aul b = from the literature between 1960 and 1983. The maximum light
—0.95 — amplitude amounted td"9, which is twice the amplitude ex-
AW - L ) _ hibited by our data set during the two years of monitoring. It
0971 /4 _| appears that this large range is only based on the observation by
oo L \ B Ardeberg et al.[(1972)/; = 11.54, made somewhere between
1968 and 1971), while the other observations from the literature
099 . hover around/; = 11.69 with a maximum light amplitude of
097 ‘\ . 0m08, which equals the one in our data set. If one would be
I~ u tempted to consider the value of Ardeberg etlal. (1972) as an
-0.99 — outlier, then, there is still the remark by Feast et/al. (1960) that:
- \ - “V andB of R 78 show extreme ranges df 05 and 014, re-
101 \ v spectively”. It is a pity that no further details are presented on
| these observations.

| Fig[3 shows a characteristic portion of the light curve (with-
out colour curves because of their small ranges). The light vari-
ations look erratic with a total amplitude of*08 and a time
Fig. 2. The five light curves of a peculiar cycle of R 74 in 1990 relativgcale of a few days. Considering this maximum light amplitude
to the comparison star. Bright is up (MLA = 0.032 in log intensity scale, see Fig. 13 in van Gen-
deren et al. 1992), the star is a normal early tyg@yg variable

A Fourier analysis in the frequency domain 0-0.07td and no (weak-active) LBV.

yields a best period: 42.1d. The phase diagrams for 42.1 du%ﬁr;;hﬁoz?ig?insaﬁ;::i:Ihtg(:relzlguh(tar?g;\(/jé;)/rxn\gi?lsocf()rﬂgdzrg ztj
the colour curvesB — U and B — L are not in phase with : |

; ) The amplitude spectrum shows a concentration of highest peaks
j[hat of the “ghj[ curve- they are reddest halfway the desceqﬁpthe domain 0.25-0.29 cd. The four highest peaks of this
ing branch. This period is too long for an early B-typeCyg

. L . . group correspond witl® = 3.6—3.86 d.
';ypeL\//eLxrlable. '2 Tédw?]iiﬁﬁgt[)istgzeov:gd_ﬁ;b)etter azs%mm% The suspected high MLA for R 78(0™ 2, see the beginning
o8 © ) J ) of this section) is forx Cyg variables of this early spectral type

(derived frgm the't\./vo-cqlourdlagrams) and adlstanc_e mo.dmclyjﬁen an indication that the star also belongs to the LBV class
18.6 (see its position with respect to tie= constant lines in

the theoretical HR-diagram, Fig. 8 in van Genderen & Sterké%ee Fig. 1.3 nvan Genderen etal. 1992). The_ I_ack_ of significant
1996) colour variations does not favour such a classification, although,

Itis not impossible that a longer oscillation, responsiblefthe high temperature( 26 000K) could also be the reason.

) : : i further fi f of lative high ligh li i
the @25 light range, is present in our data set. It could th(%mqe urther Im proot of a re'atlve igh light amplitude is
acking, we consider R 78 tentatively as a non-LBV.
represent an S Dor cycle of the order of a year or so. However,
due to our short time sequence of 2y, this is uncertain. Nev-

ertheless, from the evidences presented by other photome3ig. HD 34664 = S 228[e]0-0.5

characteristics together with the speptroscopic consideratio]qﬁ) 34664 is one of the few luminous stars which are supposed

we ckoncltgde that R 74 must be considered as an LBV, aIbe'ttoarepresent edge-on cases of B[e] supergiants for which a two-

weak-active one. component stellar wind model has been suggested (Zickgraf
et al. 1985, 1986, 1996a). Friedjung & Muratorio (1980) were

160 8200
JD-2440000
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Fig. 4. Light and colour curves of HD 34664 = S 22 relative to the o ':\\ W2
comparison star in the time interval 1982-1987. Bright and blue are-0.02- e T R
up. The dashed line in thB — U curve illustrates the long-term trend 72100 72'40 74'30 * 74'70
due to the decrease of the brightnesgimThe dates mark the beginning JD-2440000
of the year

Fig. 5. A portion of the light- and colour curves of HD 34664 = S 22
relative to the comparison star in 1988. Bright and blue are up
the first who suggested the presence of such a disk-like struc-
ture around HD 34664. Far UV spectroscopy was used to try to
unravel the complex gaseous environment of HD 34664 (Besrder of a week or so (see Fig. 8 in van Genderen & Sterken
sammar et dl. 1983; Muratorio & Friedjung 1988). The last meh996).
tioned authors also found spectroscopic similarities with LBVs, The amplitudes of the colour variations are also deviating:
especially withn Car. It has an almost pure emission spectrunelatively large, and ilB — U andU — W nearly as large as in
in the optical and the UV spectrum appears to be crowded with The colours in most of the cycles tend to become redder in
Fell absorption components. the maxima, while normally one expects them to become bluer.
Zickgraf et al.’s [(1986) compilation of photometric datd&’he same type of deviating correlation shows the weak-active
from literature between 1957 and 1984, show variations upli8V R 74 discussed in Sect. 3.1.
0™13, but no long-term variations (years). Smaller light varia- The spectral classification and the temperature determina-
tions during short monitoring runs (weeks) were consideredtien of HD 34664 are very controversial. Muratorio & Fried-
not real, which was likely a too pessimistic point of view, aging (1988) suggestétlg = 15 000 K which implicates & B4-
will be shown below. type star. Zickgraf et al[ (1986, 1996a) classified the star as
Fig[4 shows the very first portion of the light- and colouB0-0.5, implicatingl.¢ ~ 24 000 K, while the physics of the
curves for the interval end of 1982 — early 1987 Virthe star disk wind suggests a late-B type, or early-A type star, implicat-
shows microvariations up td"d (0.04log intensity scale). The ing Te¢ ~ 11 000 K. The photometric characteristics discussed
curves sketched here and there are only a help for the eye. @ibeve fit the latter temperature much better.
prising is a long-term reddening in all colours, especially in Fig[4 shows the light- and colour curves of HD 34664 of
B — U amounting to 0'1 indicated by the straight line. the complete data set 1982—1990, but now based on averages
Figs[® and 6 show two typical portions of the light- andf sub-sets. The use of it is two-fold: it illustrates the relatively
colour curves in 1988 and in the interval 1989-1990, respdarge size of the colour variation just mentioned with respect
tively, (Fig.[§ withoutU — W). Individual cycles show a largeto that inV (defined as a “standard deviation” and represented
variety, which is normal forx Cyg variables. The maximum by the bars) and it shows a surprising long-term cycle. (No bar
light amplitude (0*14) is relatively high as well as the intrinsichas been given to the data point of the sub-set JD 244 7609—
spread in the colour curves with respect to similar variables &b 244 7611, because of its low number of observations (6)).
the same spectral type (B0-0.5), see Fig. 13 in van Genderekwtently, the average size of the oscillations in each sub-set
al.[1992). Also the time scale of the cycles (40 d-50d) is tatid not change significantly during this long-term cycle.
long, which would be normal for late B-types. If the spectral The amplitude of this cycle amounting to 7y, is very small:
type would be correct, one would expect a time scale in thenounting to @04 inV/, exhibiting a reddening in all colours at
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Fig. 6. A portion of the light- and colour curves of HD 34664 = S 22 relative to the comparison star in 1989-1990. Bright and blue are up

lightmaximum: @01inV — B,0"02inB—L,0"11inB—U that HD 34664 could be related to the LBVs were already made
and 0025 inU — W. The reverse is the case when the star turby Muratorio & Friedjung[(1988). See Sect. 4.3 for a discussion
fainter, with the exception o — L, where a reddening trendon this double membership.

persists. A period search of th& data was carried out using Fourier

Photometric variations by more than one magnitude in tlamalysis in the frequency domain 0-0.05 ¢doften thel” data
optical, happening somewhere between 1983 and 1990 wemze corrected for the contribution of the long-term SD phase
claimed by Shorel (1990, 1992) based on IUE FES measuf€ig.[7). The amplitude spectrum shows a dominant peak at
ments. Probably there is something wrong with these opti€éaD2117 cd! corresponding taP = 47.2d and amplituded
data, since according to our photometric runs 1982-1983 an@"0088. Prewhitening with this frequency did not reveal any
1986-1990 such a large excursion did not occur, unless it hamnificant secondary frequencies. The phase diagram of the
pened accidentally in a gap between our sub-sets and thatoiour curvel — B shows a small intrinsic scatter and a clear
lasted much shorter than 2. significant phase dependency in the sense the brighter the star,

Further, he claimed that in April 1990 the far UV brightthe redder the colour (by more thaf@L). This is abnormal for
ness (<1600,&) dropped by a factor of two compared to 1983w Cyg-type microvariations of normal Cyg variables and of
and he suggested that this was due to the increase of ma&ys near minimum light, but normal for the so-called “100-
loss rate somewhere between 1983 and 1990. This suggestiotype microvariations of LBVs near maximum light and of
was substantiated by the optical linear spectropolarimetry Wich the temperatures lie between say 10 000 K and 15000 K
Schulte-Ladbeck & Claytori (1993), who found an increasdan Genderen et al. 1997b). It should be noted that the latter
polarization in November 1991 compared to that in late 198%ype of microvariation can have a time scale as low-as0 d.

The above mentioned drop in the far-UV by a factor of tw@/Ne showed above that the quasi-period for HD 34664 amounts
is substantiated by the drop in our near-UV passbands, althotig47.2 d). These two types of microvariations must be caused by
not so muchx~ 10%. The total continuum changes from minidifferent instability mechanisms. The above mentioned colour
mum to maximum light amounted to (negative means brightéehaviour supports the stellar temperature of Muratorio & Fried-
positive means fainter): iti: -0204, in B: -0°03, in L (Balmer jung (1988) ¢ 15 000 K).
limit): -0™01, in U (Balmer jump): 0'08 and inI/ (Balmer The intrinsic scatter ilB — U andU — W is considerable
continuum): 0*11. and more than twice that il — B, indicating that there is a

Considering all the evidence discussed above, we concligimng intrinsic noise in the UV radiation (up t&'0). That is
that HD 34664 is not only a B[e] star, but also a very weak-actitkee reason why no phase dependent behaviour was detectable
LBV, showing an S Dor (SD) phase between 1982 and 1980the phase diagrams of these colour indices.

(during such a phase, radius and temperature slowly vary while
the luminosity often stays more or less constant). Suggestions
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160~ N Fig. 8. The brightness of R 84 relative to the comparison star as mea-
A(V-B) I~ L sured with the smallest aperture (no. 3). Brightis up. The bars represent
0.11 —W— standard deviations. The arrow at the left indicates the relative bright-
012+ . — ness transformed from the genuine brightn&§s{12.10) determined
ABL - by Heydari-Malayeri et al. 1997
-0.02 - [ -

-0.01 ) N edge of the aperture. In addition, the size of the aperture in-
AB-U)- N fluences the number of stars included. Therefore, the reported
028 . variability may be at least partly spurious, a concern also ex-

-0.27 - pressed by HM.
-0.26 — Tabld lists the average standard deviations which appear to
-0.25 — increase with increasing aperture, especiallyinApparently,
0.24 - relatively bright cluster members are situated close to the edge
AU-W)- . of the larger apertures. Tallé 2 lists the average photometric
0.04 . - parameters of R 84 for each aperture separately. As expected,
-0.03 - . i the brightnessl(;) increases with increasing aperture, viz. from
| I | 12709t0 1181, i.e. by 0'3. Theinfluence on the colourindices
6000 7000 8000 ; : .
JD-2440000 is much smaller because there is not much difference between

the colours of R 84 and the cluster stars.

Fig. 7. Light- and colour curves of HD 34664 = S 22 relative to the - ; ; ;
comparison star for the total time interval 1982—1990, but now bas, Fig [8 shows the nightly averages as a function of Julian date

d .
on averages of sub-sets of observations. The “error” bars represen%ﬂethe smallest aperture (no. 3) in_y (ma@e in 1990-1991). The
“standard deviation” caused by the microvariations. The dates m&}@'S represent the standard deviation which are smaller than for

the beginning of the year the larger apertures. The average brightness for the large aper-
tures nos. 4 and 5 is 0.05 and 0.11 Iig intensity scale, or
0m12 and 0'3) higher, respectively). The genuine undisturbed

3.4. R84 = HDE 26922AVN9 brightness of R 84 (including the red companion) as determined

. i HM on the CCD frames appeared to be equal at three occa-
R 84 is a most spectacular emission-line star (Stahl et al. 19%%3”5 (in 1988, 1990 and 1991), viz, = 12.10 and is indicated

and the central and reddest star of the LMC OB-associatil%nFi by the horizontal arrow
LH 39 (Heydari-Malayeri et al. 1997, hereafter called HM). The g.aby ) . . .

: The observed scatter showed by our data points, including
spectrum also shows features of a late type supergiant com%gn—

ion, spectroscopically detected by Cowley & Hutchirigs (197 ose made with apertures nos. 4 and 5, is most likely caused

o ; faint stars near the edge of the apertures. One would be
R84 has been reclassified by Crowther etlal. (1995) fr(ln){mpted to conclude from Figl 8 that e.g. the wavy pattern be-

(L)és/eg::vcl\(l)?dﬁcr)l V\t/(')\'g’ ag%ﬁgﬁ;iﬁi%vgggicaqk g))rodrc;rgi? eenJD 244 8170 and JD 244 8220 represents a stellar variabil-
gloe.g. M ity with a time scale of- 20 d and an amplitude ef 003 log

ing to our nomenclature: an ex-/dormant LBV (Sterken et al: . . )
o L ) Intensity scale (or 0°08). However, a time scale of this order
1997). After all, it is unknown whether the star will ever returty. . :
) . . is quite unlikely for such a hot star. Thus, we conclude that R 84

to the active state if it was an LBV in the past.

: o s constant in the interval 1988-1991.
Some spectroscopic variability has been reported by StahW&m order to find the genuine values 6, and B, (and

al. (1985). The IR fluxes are dominated by an M-type supergia(r}}_V)J) and to compare them with those of HM, we subtracted

(M4 according to Stahl et &l. 1985, M2 Ib according to HM) P N .
- : . . from each of the three “aperture averages” all field stars present

However, it is uncertain whether it physically belongs to R 8 . . .

(HM) In the apertures. HM give a list of tHé; and B; magnitudes

A photometric variability for R84 up t0'88, has been and with the aid of their Fig. 2, it was quite easy to find corrected

claimed by Stahl et al| (1985) based on a compilation of ph‘o/‘-] and(B — V), values for R84. The resultis as follows:
tometry from literature between 1960 and 1984. Therefore, th@gerture no. 3: 12.18 and 0.14,

argued that the star is likely closely related to LBVs. Accordir@Perture no. 4: 12.08 and 0.06,

to a deconvolutioned® image of the field using NTT+SUSI by @perture no. 5: 12.08.

HM, roughly 30 fainter cluster membersi®—19™), lie within No proper(B — V') ; could be derived, because ®y has

11" from R 84. Thus, aperture photometry, even with the smalbleen given for the relatively bright star no. 34. The average
est diaphragm, will always be hampered by stars lying near timagnitude for R 84/, = 12.11 compares very well with that of
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HM: 12.10, and the average colduB — V') ; =0.09 is somewhat of the spectral similarities. Like R 116} Sco was brighter in
too blue compared to that of HM: 0.16. the past (and better documented) by not less @Hararound
1750 (Sterken et al. 1997). Gradualy, Sco became fainter,
and at times with fluctuations, until 1900 when it reached the
3.5. R116 = HDE 269 70@1.5laeq present day magnitude. Since 1982 the star was photometrically
R116 is an emission-line star and according to Code @onitored in various photometric systems until 1995, revealing
Houck (1958) as luminous as the galactic hypergi@nBco amongst others a multi-periodic character (Sterken et all 1997)
(B1.5Ia™), but slightly cooler and therefore they classified With a strong stochastic noise component. Periods (a few weeks)
asB2Iat. Appenzeller & Wolf (1970) remarked that the forand amplitudes are comparable to those of R116. The mean
reddening corrected UV spectrum@f Sco is almost identical photometric parameters of R 116 are, apart from a difference in
to the IUE spectrum of R 116 (of which the interstellar reddemterstellar reddening, very close to those& bfSco.
ing is small) and both have also nearly identical luminosities The period search of tHé data of R 116 was carried out us-
(Sect. 4.5). According to Sterken & WoIf(1978) the mass losse®) Fourier analysis in the frequency domain 0-0.10'cd’he
are nearly identical as well. Also Hutchings (1980) made a studynplitude spectrum of R 116 is much less convincing than that
of the stellar winds of some Magellanic Cloud objects includingf ¢! Sco (Figs. 3 and 4 in Sterken etal. 1097) where at least two
R 116. significant periods could be identified: 26 d and 32d and some
The photometric compilation of Thackeray (1974) revealasthers which were also present in the spectroscopic variations
that R 116 was brighter in the 19th century4y0™5 and grad- investigated by Rivinius et al._(1997). The amplitude spectrum
ually became fainter during the first half of the 20th centurgf R 116 shows several peaks with amplitudes 0005 with
The photometry by Code & Houck (1958), presumably madeore or less equal significance. The relative low numbers of
in 1955, fits in the gradual declin®y = 10.23 andB — V) ;= observations (compared to that {gr Sco) will be partially re-
-0.03, butis not listed in Thackeray's (1974) Table 4. After 196¢honsible for this unsatisfactory solution. Yet, it is noteworthy
and up to 1990 the star stayed apparently stable, at least wfitht there are a few striking coincidences with the peaks in the
respect to long-term variations: the brightness hovered aroundplitude spectrum of! Sco (Figs. 3 and 4 in Sterken et al.
V; =10.55. This conclusion is based on the photometry by Feag97), although most of them are only local peaks. Four peaks
et al. (1960), Mendoza (1970), Appenzeller (1972), Ardebeod R 116 lie at frequencies (with the corresponding frequencies
etal. (1972), van Genderen et al. (1982), Stahl et al. (1985) asfd;! Sco bracketed): 0.031 (0.031f5), 0.037 (0.038, a local
the present paper. peak), 0.046 (0.046, a local peak) and 0.063 (0.0625, a local
Fig[9 shows the light- and colour curves for our complefeeak). The last mentioned frequency of R 1#615.9 d) also
data set (with omission of th€ — W curve). The time scale corresponds with the dtemission variability off! Sco which
of the microvariations is of the order of a few weeks and thies between 14d and 16 d (Rivinius etlal. 1097).
maximum light amplitude amounts t&'Q1. Both are typical for The three other peaks of R116 at 0.005, 0.011 and
an early B-type hypergiant/Cyg variable (see Fig. 13 in van0.014 cd !, corresponding with 200d, 90d and 71d, cannot
Genderen et al. 1992 and Fig. 8 in van Genderen and Sterkandly be considered as realistic, in view of the fact that our
1996). The size of the intrinsic variations in the colour indicasbservations only comprise two runs of 160d and 100d, re-
is also normal. spectively, and 110 d apart (Fig. 9).
A comparison of the photometric characteristics and vari- We conclude that R 116 looks also in photometric sense
ability of R 116 with those of* Sco is of high interest in view similar to¢* Sco, an ex-/dormant LBV (Sterken et/al. 1997).
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4. Discussion and conclusions strong increase of the mass loss was reported by Shore| (1990)

in April 1990 (near the end of our photometric run at the right

We have investigated the photometric characteristics of fiv? Fig.[7, at~ JD 2447990) compared to 1981 (a year ahead

LMC super-/hypergiants. All are emission-line ob!ects. R 7%ur photometric run at the left of Fig. 4). The precise amount
and HD 34664 are, at least at present, low-amplitude LBVS . ; .

X . IS"'unknown, as well as if any effect on the optical light should
(thus, showing very low-amplitude S Dor phases or cycles), f Lot

which we introduce the name “weak—ac_tive" LBVs (ampli_tudes The weakness of the SD activity and the peculiar charac-
<8:‘zg)’”25 Xgpcosfdstg trr1e tstrong—actlve LBVS (ampl'tUdet%ristics of the microvariations, make HD 34664 comparable to
>0, 1IKE ar, or, efc.). the weak-active LBVs and emission-line supergiants R 74 and

CR 73{;&@;?%??2'%ikr]e?n;‘nB;/)’(_%zz’ngg?SL'gg :ngoérg I ose mentioned in Sect. 4.1. It should be noted that two of them
o ~Yd ' y R 99 and R 123) presumably possess a gaseous disk also (Stahl

is likely constant, at least within the interval 1988—-1991. & Wolf 1987).
HD 34664 appears to be the second BJe] star which is also
4.1. R74 =HDE 268939 an LBV. The first one is R 4 in the SMC (Zickgraf etlal. 1996b).
C . L It,is noteworthy that this B[e]/LBV star possesses an A-type
The quasi-period of the microvariations amounts to 42.0d a(‘:]gmpanion). These two B[e]/LBV stars seem to disprove the

is too long for an early B-typa Cyg variable. A mid-B spectral :
type would fit much better. The maximum light amplitude O?oncept that Ble] stars cannot be post-RSG stars because of

the microvariations is too large for a normaCyg variable and their high angular momentum (which is expected to get lost in

. : . . .the RSG phase, while LBVs are supposed to be post-RSG stars
the colour behaviour (often red in the maxima and blue in the . . .
minima) is also abnormal. The presence of a weak-active S ecause of theirabundances and cwcumstellqr shells. According
; ‘ 0 Zickgraf et al.[(1996b) the B[e]/LBV star in R4 could be
cycle is not excluded.

All these peculiarities suggest that R 74 is likely an LB\ post-RSG star because of its low mass. It is assumed _that
albeit a weak-active one. There are a number of photom%}g’t rotation makes from a B-type star a Ble] star by creating

fc s wi ., K9 (OIgeiNS) and R123 (@ pecty ST W SStilon s consecent o s ve
(van Genderen et al. 1998a), R 85 (B5 lae) (van Genderen e 9 P : ’

c%ée of evolved massive stars also seen as obstructing LBV-
1998b) and HD 34664 (Sect. 4.3 of the present paper). 9

instability (Conti 1997).
Obviously, HD 34664 and R4 demonstrate that some of
4.2. R78 = HDE 269050 these views need to be altered unless HD 34664 regained by

This BO la supergiant may have shown a weak emissiondn i§ome reason an_gul'c_lr momentum after the post-RSG phase inits
when observed by Feast et al. (1960). Considering the relativ? yeward evolution just as has been suggested by Confi(1997)

high maximum light amplitude for the micovariations, the staP¥R 4.
could be an LBV, but this is based on one deviating magnitude
only. During our photometric run (1988—-1990), the star behavédt. R 84 = HDE 269227

as a normadv Cyg variable, but with a multi-periodic characterR 84 could be a “quiescent” (or dormant) LBV according to e.g.

Bohannan & Walborn[(1989), or according to our nomencla-
4.3. HD 34664 = S 22 ture: an ex-/dormant LBV (Sterken et @l. 1997). An extensive

8cussion on previous studies (e.g. evolutionary status, pho-

. e i
It appears from the literature that the spectral classification ?1 .
the temperature determination of HD 34664 are very contart metry, etc.) on R 84 and the nearby stars is presented by HM.

versial. The photometric characteristics, such as the relativel e supposed photometric variability (Stahl etal. 1984) is likely

large colour variations, the quasi-period of the light variatior - > and duetothe many faint cluster member stars near the

amounting to 47.2d and the reddening of fiie- B colour edge of the apertures used by various observers. We corrected

. . . : f?r their effect and conclude that R 84 was most likely constant
index at maximum brightness, suggest a spectral type mid-, 10

i . . m 1988 up to 1991.
EtiAfBo,ocngrespondmg with a temperature range from 10 OOJEQ Schmutz et al[(1991) and Crowther etfal. (11995) found that

1D34554 shoned surrisingly & cear, bt very o005 e Cemled it 16 s ot st e of
amplitude S Dor-cycle with a time scale ef 7y. At maxi- ' P yap ’

mum light the amplitude amounted t&04 in V', while the UV are SUPPOSEd to be, . L . .

showed a dip amounting t&d. Yet, if the_absence of any light variations is real, R 84 is now
Itis not unlikely that physical changes of the disk (making Hoa Cyg variable, nor an LBV.

small angle with the line of sight, Muratorio & Friedjung 1988),

due to the increased mass-loss rate during our photometric 4ub. R 116 = HDE 269700

(Shore 1990, 1992; Schulte-Ladbeck & Clayfon 1993), somg,

how contributed to the light- and colour variations. After all, ahe early-typ_e (8.1'5) em|55|on-l|n_e star Rll.G IS I1<nown 0
Show almost identical spectroscopic characteristic$'aSco
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= HD 152236. Our photometric study also reveals a numberBénsammar S., Friedjung M., Muratorio G., Viotti R., 1983, A&A 126,
striking similarities with¢! Sco, especially with respect to the 427

mean photometric parameters and the light variability. The longehannan B., Walborn N.R., 1989, PASP 101, 520

term variation of R 116 0™5) classifies the star as an LBV,C0de A.D., Houck T.E., 1958, PASP 70, 261 _ _
obviously representing an SD phase similar to thagtltﬁco in Cont! PS 1997, in Luminous Blue Variables: Massive Stars in Tran-
the 18th and 19th century (Sterken etial. 1997) and to thaté)f sition, Nota A., Lamers H.J.G.L.M., eds., ASP Conf. Ser. 120, 161

the at present strong-active LBVs like AG Car, S Dor, etc. (vaéfmfgeﬁ"g ;’A\Hﬁﬁl?érrl%sj'Bs"mli?g EE’ JPAlsgzgoAg?fzgs 172

Genderen et al. 1997a, 1997b). . , FeastM.W., Thackeray A.D., Wesselink A.J., 1960, MNRAS 121, 337
Since mid-20th century R116 is at minimum brlghtnes,sriedjung M., Muratorio G., 1980, A&A 85, 233

showing a Cyg-type microvariations caused by an intricatgan Genderen A.M., van Leeuwen F., Brand J., 1982, A&AS 47, 591

multi-periodicity with time scales between 1 and 6 weeks (likgan Genderen A.M., van den Bosch F.C., Dessing F., etal., 1992, AGA

¢! Sco). No clear solution was found with the Fourier analysis. 264, 88

Yet there is a striking coincidence of a number of peaks in thien Genderen A.M., Sterken C., 1996, A&A 308, 763

amplitude spectrum with those ¢f Sco. van Genderen A.M., Sterken C., de Groot M., 1997a, A&A 318, 81
Adopting B — V) ; ~ 0.15 (from the postion in the two Van Genderen A.M., de Groot M., Sterken C., 1997b.: A&AS 124,517

colour diagrams) an@.g ~ 19500 K, we findMio; ~ -10.2, VanAG&ngrze%?}M" Sterken C., de Groot M., Reijns R.A., 1998a,

which also compares very well with that fg Sco:~ -10.4. an Gendere,n A.M., Sterken C., de Groot M., 1998b, A&A 337, 393
Thus, it seems that one has fouqd accidentally in the LM ydari-Malayeri M., Courbin F., Rauw G., et al., 1997, AGA 326,

very close counterpart of the galactic ex-/dormant LEVSco 143

(Sterken et al. 1997), so that R116 can also be considereq gghings J.8., 1980, ApJ 235, 413

an ex-/dormant LBV. Mendoza V.E., 1970, Bol. Obs. Tonantzintla Tacubaya 5, 269
Muratorio G., Friedjung M., 1988, A&A 190, 103

Pel J.W., 1987, Internal Rep. Leiden Obs.
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