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Abstract. We present broadband optical polarimetry, and broadband optical and infrared photometry, of eight RV Tau-type and
five R CrB-type stars; much of the photometry and polarimetry was obtained simultaneously. For nine of the objects polarimetric
data is reported for the first time. We have estimated and subtracted the interstellar component of polarization, allowing us to
determine the level of intrinsic polarization. In some cases thisl#—2% even when the star is in a bright photometric

state. We consider this to be evidence for the presence of permanent clumpy non-spherical dust shells around the RV Tau and
R CrB-type stars we observed. Our polarimetric and photometric data lead us to conclude that, for most of our programme stars,
neutral extinction must be significant in their circumstellar envelopes. Apart from the brightness variations due to pulsations and
changes in thefective temperature of stars, there is clear evidence of wavelength-independent flux variations — with amplitude
from "5 to I"0 — implying the presence of larga & 0.15um) dust particles. Rapid-@ hours) evolution of the infrared flux
distribution at the level o£0"6 in theJHKL bands was detected in the RV Tau star R Sct.
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1. Introduction these data with polarimetric data from the literature, with the

) . aims of (i) investigating the presence of intrinsic polarization,
It is well-known that evolved stars, mainly QIR stars, car- (i relating the polarimetric characteristics to the photometric
bon stars and Miras, are the major source of dust grains in 18 herties of the stars and (ijii) discussing the level of intrinsic

interstellar medium (e.g. Gehrz 1985). However some typesfjarization in the context of the distance of our programme
evolved stars, although not major contributors to the interstellgg, o

dust population because of their relative scarcity, may individu-

ally be prolific producers of dust. These include the R Coronae

Borealis (R CrB) stars (e.g. Clayton 1996; Clayton et al. 1999)1. The RV stars
and the RV Tauri (RV) stars (Lloyd Evans 1985). Indeed in

some of these objects (specifically the R CrBs) the formatighi® RV stars are post-Asymptotic Giant Branch (post-AGB),
of dust may be seen in real time. pulsationally variable stars with spectral types in the range

. N F—K (e.g. Preston et al. 1963; see also Shenton et al. 1992,
In this paper we present new polarization measurgg

ments, together with quasi-simultaneous broadband optical né)4a,b,c). The light curves show characteristic alternate deep
» 109 9 P %Ind shallow minima, with periods (the time between deep min-

IR photometry, for 13 RV and R CrB stars. We supplemelma) in the range 30150 days.

- ) Many RV stars have large IR excesses due to emission by
:_;r‘;lﬁpf'qt reGIZ]lU@eStS tORk;V' Yudin, circumstellar (CS) dust shells (e.g. Gehrz 1972; Lloyd Evans
(Tus2antrrgac. sph. i _1985; Goldsmith et al. 1987a) although not all have this prop-

* Table 2 is only available in electronic form at the CDS via . o
anomymous ftp tedsarc. u-strashg. fr (139.79.128.5) or via erty. Although about 100 objects are currently classified as

http://cdsweb.u-strasbg. fr/cgi-bin/qcat?3/A+A/412/405 RV type according to the SIMBAD database, only a few have

** Tables 3-6 are only available in electronic form at been observed and studied polarimetrically in any detail (see
http://www.edpsciences.org Nook et al. 1990 and references therein). Only recently have
*** Present address1.14 R68, Rutherford Appleton Laboratorythe results of polarimetric measurements for 17 RV stars been
Chilton, Didcot, Oxon, OX11 0QX, UK. presented by Yoshioka et al. (1997, 2000).
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Gehrz (1972), on the basis of the visual and IR lightcurvesriability, particularly if (as in the case of RV stars) pulsations
first suggested that RV stars pulsate in non-radial modes. Mare non-radial, may give rise to variations in polarization, aris-
recently Henson et al. (1985) have presented polarimetric @wg from (for example) Rayleigh scattering by molecules close
idence for non-radial pulsations in the carbon-rich RV stéo the stellar photosphere, or Thomson scattering by electrons
AC Her. Shenton et al. (1992, 1994b), again on the basisinfthe chromosphere. In many or all of these cases, therefore
optical and IR variations, have further argued in favour of noo-ordinated variations in photometry and polarization might
radial pulsations in the RV stars AC Her and R Sct; howevbe expected.
they suggested that SX Cen pulsates in purely radial modes|R photometry has been obtained for many RV and
(Shenton et al. 1994c). R CrB stars (cf. Lloyd Evans 1985; Goldsmith et al. 1987a,
1990). In the case of R CrB stars it has been noted by Clayton
12 The RCIB stars _(1996) that a correlation.between IR flux_ and decline activity

is not obvious. Some objects show relatively stable IR fluxes

The R CrB stars are a rare (fewer than 50 known) carbon-rigHring several decline phases (Feast 1990), or incoherent vari-
subset of the extreme hydrogen-deficient stars. Their evoluti@ilons of IR and optical fluxes on a time-scale a few hundred
ary status is extremely unclear, with coalescing white dwa@@ys (see Fig. 1 of Rosenbush 1995), while for others IR flux
and final helium flash scenarios being invoked to account fRd decline activity are correlated (Glass 1994).
the extreme abundances (e.g. Iben et al. 1996). They showlt is of interest to study possible correlations between opti-
unpredictable and frequent fading in visual light (by severahl and IR fluxes on a short{ day) time-scale in order help
magnitudes), and this behaviour is attributed to obscurationdigtinguish between ffierent mechanisms of photometric vari-
the stellar photosphere by carbon dust grains condensingglility (see below). This can be investigated by carrying out
carbon-rich material ejected from the stellar photosphere (s#gultaneous optical-IR photometric measurements. Such data
Clayton 1996 for a review). Their photometric behaviour is alsgre unfortunately not numerous (at least for the stars in our
characterized by small-amplitude periodic variability and inprogramme). The two papers by Goldsmith et al. (1987a, 1990)
deed it is suspected that all R CrB stars may show pulsatiogahtain synchronous optical-IR photometry for 23 RV stars and
behaviour (Clayton 1996). 10 R CrB stars; however for most of the stars only a few mea-
That the IR flux is not greatlyféected when the visual light Surements, usually at a similar brightness level, were obtained.
goes into decline suggests that the carbon grain-forming mi@-a series of papers by Shenton et al. (1992, 1994a,b,c) four
terial is ejected in the form of discrete clouds of gas rathBY stars (AC Her, U Mon, R Sct and SX Cen) were studied
then over the entire stellar surface. Presumably as a resulfi§tre intensively, but not in enough detail to draw any conclu-
the accumulation of the ejected dust R CrB stars usually ha¥}en about correlated (or otherwise) photometric behaviour.
an IR excess (indeed this is a defining property of the class,

as is the episodic mass ejection and condensation of new dust _ .
particles). 2. Observations and analysis

Among this group the number of stars studied polarhe stars observed are listed in Table 1, which includes their
metrically is also not large; we note the work of Serkowskjiemative names, spectral types, distances, photometric peri-
& Kruszewski (1969); Stanford et al. (1988); Clayton et al,y5 and epochs of maximum or minimum light. Eight of the
(1995); Rosenbush & Rosenbush (1990); a more detailed 1§fagramme stars were included previously in the list of RV pul-
erence list may be found in Clayton (1996). sating variables, four are R CrB stars, and one is a W Vir type
object. Note that, for many of our programme stars, the pul-
sation periods are not stable (cf. Lawson & Cotterell 1990).
Even a small dference in the period value leads to signif-
Most objects, in both classes, are luminous gj@utsergiants, icant uncertainties in phase determination over a long time-
with clear evidence for radial afat non-radial pulsations and,base. Therefore where necessary we will refer to published
on the basis of their characteristics, may be considered as inliglat curves close to the dates of our observations.
mediate between the Cepheids and the long period Mira Ceti Most of the observations were carried out in 1987 and 1988
variables (Pollard et al. 1996). Both class of objects show vagin the 0.5 m telescope (and for U Agr in 1994 on the 1 m tele-
ability of polarimetric parameters onfEérent time-scales (daysscope) at the South African Astronomical Observatory (SAAQ)
to months, cf. Clayton et al. 1995; Yoshioka et al. 1997, 200@)ith the University of Cape Town photometer-polarimeter
and which usually (but not always) correlates with photometiigodule (Cropper 1985). Full details of data reduction are given
changes (Serkowski & Kruszewski 1969). in Shenton et al. (1992, 1994a), Clarke et al. (1998) and Yudin

As discussed above, there is substantial evidence that gh&vans (2002). Most polarimetric observations were taken
mass ejection in RCrB and RV stars is generally highlprough a “clear filter” (3000 A-9200 A) (indicated by “C”
anisotropic. In such cases scattering of the stellar radiationibyTable 2), although on a few occasiddBVR:I¢ filters were
the ejected material will result in polarization. Consequentlysed. Photometric data were obtained at SAAO inBR&:Ic
any optical evidence for mass loss (e.g. in the form of visuahd JHKLMNQ bands, and at the Cerro Tololo InterAmerican
light declines for R CrB stars) may be expected to be acco@bservatory (CTIO) in thdHKLM bands (see Shenton et al.
panied by changes in polarization. Furthermore, pulsatiori#l92, 1994a for details).

1.3. Motivation for present work
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Table 1. List of program stars.

Object HD Sp class Type Distaricgkpc) Distancé (kpc) Epoch, JDs Periods  Ref.
RU Cen 105578 A7Ib—G2pe RV @, 22°10° 1.639 (0.575e0) 244812457 646 3
SX Cen 107439 F5-@8Vp RV 522 550, 254 2447 324.9% 328642 2
BU Cen RV 8550 1
R Sct 173819 GOla—KOIlbe RV L 0.43 (0.318-0.667) 24448720 1465 1
R Sge 192388 GOIb-G8Ib RV @ 32° 2443830.6 701770 1
DS Agr 216457  F2ll RV 015- 0.6 0.467 (0.249-3.850) 2433862:50 78213 1
UY Ara G RV 962 2426868.40 57220 1
Al Sco 320921 GO-K2 RV 236 2448373.93 71903 3
UW Cen K RCrB (283 4.25), 0.787 (0.245e0) ~43 5
557, 1.0°
RY Sgr 180093 GOlep RCrB  (324.1), 2.78 (0.676e0) ~38 6
15" 1.7
DY Cen early BI RCB &8 3g-55 7
U Aqr C RCrB 132 0.279 (0.163-0.970) 2446662.0 8193 4.8
V1711 Sgr F4-F6 W Vir B 0.427 (0.21260) 2444151.1% 2855 1

*Distances mainly from absolute magnitude-reddening calibratiaistances from Hipparcos parallaxes; (a) Alcolea & Bujarrabal (1991);

(b) Jura (1986); (c) Eggen (1986); (d) data from Shenton et al. (1994b); (e) derived from z-distance from Wahlgren (1992); (f) distances from
radial velocities and reddening calibrations from Trimble & Kundu (1997); (g) Lawson et al. (1990); (h) data from Clayton & Ayres (2001);
(i) Rao & Raveendran (1993); (j) distance from period—luminosity relation by Harris & Wallerstein (1984). (1) epoch of maximum light taken
from Kholopov et al. (1998); (2) epoch of primary minima from Shenton et al. (1994b); (3) epoch of primary minima from Pollard et al. (1997);
(4) period from Lawson & Cotterell (1990); (5) period from Jurcsik (1996); (6) Menzies & Feast (1997); (7) data from Pollacco & Hill (1991);
(8) JD of a photometric minimum determined here from the light curve of Lawson & Cotterell (1990).

The complete polarimetric and photometric data are listétipparcos parallax measurements for R CrB statedsignif-
in Tables 2—6, in which the Julian days are the time of mideantly from zero. The same is true of the RV stars, for most
observation. Unless otherwise noted in the Tables, photuf-which the parallaxes also do notfi@ir significantly from
metric errors are:0"01 in UBVR:Ic, £0703 for the SAAO zero, or are non-existent. This problem also impacts the in-
JHKL photometry,+0"1 for the SAAO MNQ photometry, terpretation of polarimetric data, as without knowledge of the
+0"05 and+0M1 for the CTIOJHK andLM photometry respec- IS component of polarization we are unable to estimate the
tively. The SAAO bolometer also provides a measurementlevel of intrinsic polarization. Moreover, there is reason to be-
theH band; however thisl filter has a red leak, and a measurdieve that (with a few exceptions) most RV and R CrB stars are
ment with this filter is indicated in Table 6 by] (for further distant &1 kpc) objects, for which the IS component of polar-
details see Hutchinson et al. 1994). Note that although soimation can be very significant.

(_but not all)_photometric data for R Sct and SX Cen were pub- To avoid these diiculties Serkowski (1970) suggested that
lished previously by S.henton et al. (1994b,c) we repeat them, average value of the observed polarization be considered
here partly for comparison purposes. L i as the value of th&s polarization for the two RV stars U Mon
We tested for the presence of polarization using theq g gt on the assumption that the averagiasic polariza-
zstatistic described in Clarke & Stewart (1986); where polagi, i ;ero. This procedure was also later applied by Stanford
ization was detected at the_ 99%) conﬂdenc_e Ievel_t_he val- et al. (1988) to R CrB itself. However, that this method is in-
ues of the degree of polarizatiéhand equatorial position an- oo yriate for most stars is evident, bearing in mind the ubig-
gle (PA)6 are given in Table 2. The values of the ”Orm"’_‘"z? itous presence of dust in their CS environments, either in the
Stokes parameters (NSP) were also used to test for variabilifyy, f shelis or clumps. More detailed discussion on this point

using the Welch test (see Clarke & Stewart 1986). can be found in Nook et al. (1990). For a few cases these
o authors used the so-called “field star method” (e.g. Bastien
3. Polarization 1985; Yudin 2001), whereby the local growth of IS polariza-

tion Pis(D) with distanceD is first obtained from the data for
field stars in a small projected area around the target star. At
A major problem in modelling the polarimetric behaviour ofhat time, however, such a procedure was unfeasible for many
these stars is the large uncertainty in their distances so thatddljects due to the lack of polarimetric catalogues and distance
lowance can not straightforwardly be made for interstellar (I8eterminations for field stars. However such data are now avail-
polarization. As noted by Trimble & Kundu (1997), none of thable (cf. Heiles 2000).

3.1. Circumstellar vs. interstellar polarization
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A closely linked (and unresolved) problem is the separatid®(%) ~ 3.5E(B - V)%8 (3)
of the IS and CS extinction for these stars. In some cases tqse ) 3
values ofAS adopted in the literature are not justified and cal4(%0) ~ 0.13+1.81D - 0.47D" + 0.036D"; (4)

be underestimated if there is a contribution from non-selective . . . . :
AT . hereD is the distance in kpd, b are the Galactic co-ordinates
extinction in the CS environment. . . .
) . andE(B-V) (obtained from the literature) is the colour excess;
Most of the objects in our programme show a level of oh: ) .
o : hese have been obtained be a variety of methods, such as the
served polarization-1% or less. This level seems very small . . :
S F : . feddening along the same line of sight as the programme star,
bearing in mind well-established presence of CS dust shells . B " .
X . removal of the interstellar “2175” feature, etc. Where possible
around most of the stars investigated. There are two possible . .

S . . : we have taken several independent estimatds(Bf- V) and
explanations: (i) an essentially uniform and spherically sym- - is
SO ) - : ken the mearE(B - V);s. The resultant values & are pre-

metric distribution of scattering material in the CS environmen .
sented in Table 7. Note that, for most of the programme stars,

andor (ii) a compensation of the level of intrinsic polar|zat|ort1he level of IS polarization is non-negligible.
by the IS component.

Regarding the first possibility, the existence of a preferred T(.) optain further (independent) estimates of the interstellar
plane for the dust ejection has been considered by several pojarization pararr:eters and to detgrm@@eme also apply the_
ield star method” (see above), using the catalogue of Heiles

thors (e.g. Stanford et al. 1988; Clayton et al. 1995; Clayt‘ ‘ . -
1996; Feast et al. 1997). Clayton et al. (1997), from consid 2000). The deduced values B andés, together with est

ation of polarimetric data, deduced that there is a preferred Hl_ates of intrinsic polarlzatlon_parameters for selecte_d objects
at two reasonable values of distance, are presented in Table 8.

rection for dust ejections in R CrB itself. A similar conclusmr{hote that estimates d? derived by the “field star method”
was reached by Rao & Raveendran (1993) for the R CrB star . . =
ree well with a weighted mean valueRf from Table 7.

L ag
V854 Cen. It is likely therefore that other R CrB stars have . o
y Having removed the IS polarization we conclude the fol-

equatorial dust tori arfdr bipolar dust ejection. There is no

information on this topic in the case of RV stars due to lack g.?wmg: first, the mean level of thebservecpolarization for 12

: : of the programme stars is 0.7%, whereas the mean level of the
olarimetric data. However Lioyd Evans (1999) recently notdl € Programme stars is 0. 7%, whe
polarimetric data. However Lioyd Evans ( ) recently note insic polarization is significantly higher, 1.1%. Second, the

that the colours of RV stars may possibly indicate the preseﬂ@ s . )

of dusty CS discs. The existence of an edge-on CS dust d uei;s, ofPs .der_|\./ed using the adopted valuesi(B - V)i

around AC Her was recently suggested by Jura et al. (2000; %reA\/) are S|gn|f|cantly smalle_,-r for many cases th:?m_the val-

also van Winckel et al. 1998) ues ofPjs determined by the “field star method”. This is clear
' : indication that theA? is underestimatedjue to incorrect sepa-

Note that an explanation for an increase in polarization (.l#gtion of the IS and CS components. If non-selective CS extinc-

0 i  Efi - i
to 14%, as obse_rvgd in R CrB; Efimov 1.980) near deep Mion were taken into account, the valuesgfwould be higher,
ima requires a priori extremely non-spherical geometry for dus

ejection. In addition, it is well established that the CS environ- ich would be more in line with our resuits.
ment around R CrB and RV stars is highly clumped, and that

the dust forms close to the star. For example, in R CrB st&83. Presence of intrinsic polarization

dust formation may occur over giant convection cells in the ) ) ) L
stellar atmosphere (Clayton 1996; Feast et al. 1997), or abWﬁ_ de_monstrated in the previous section that the intrinsic po-
the cool magnetic spots (Soker & Clayton 1999), rather than!fi{ization for all the stars in our programme can be large. An
an isotropic flow. All the above, together with the large IR exaiternative means (_)f d_eter_mmlng Whether or not an Intrinsic
cesses in many of these objects, suggests that the mean levEPgiPOnent of polarization is present is to check for polarimet-
intrinsic polarization should in principle be relatively large afi€ Variations. This is preferably done using the NSP rather than
least in some cases. Of course the level of intrinsic polarizatit}§ degree of polarization and PA, and establishes the presence
can be reduced if the CS discs (if such exist) are face-orﬂoand:’f an intrinsic component irrespective of the IS contribution to

the optical depths of the CS shells are sms0.(). the polarization. _
For all programme stars for which two or more measure-

_ o ments in the same pass-band were made, polarimetric variabil-
3.2. The interstellar polarization ity has been detected at the 95% (or higher) level of signif-
. .__.._icance on a time-scale of several days, either in both NSPs
We now consider theffect of the IS component of polarization or R Sct, DS Aqr, Al Sco) or in one of the NSPs (RU Cen,

on the data. Although the distances for the stars in our pro: ) .
gramme are very uncertain (see Table 1), on average most a>r(ecen’ BU Cen, UY Ara, UW Cen; see Table 2). A typical

I 1ati 1 0/H— 0, -
located at distances at least 1-2 kpc. It was shown recentlyiS Xﬁlgggﬁrﬁé;gizf L\S?IC%I;):ZE dagsuégﬁz V{Z tr? tﬁ (f)s.er%(:gi]r?;
Fosalba et al. (2002) that, beyond kpc, the interstellar polar- in a “clear” filter by Rosenbush & Rosenbush (1990) also in-
ization Pis ~ 2%. These authors found empirical relations fori ¢ larim tr>i/ variability on a longer tim le. Th
the IS polarization, which we first use to estimate the expectg\&a €S polanmetric vanability on a fonger ime-scale. 1hus
level of Py for our programme stars; we strongly confirm the conclusions of Yoshioka et al. (1997,
S ' 2000) that, in general, RV stars are polarimetric variables.

PS(%) ~ 1.3+ 0.9sin(d + 180 (1) Conclusions about the intrinsic polarization can also been

drawn if Pops shows a wavelength-dependence which is sig-

Pizs(%) ~ 0.1+ 0.0067csc(M5]b]) (2) nificantly different from the Serkowski et al. (1975) law for
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Table 7. Estimates oP;s for programme stars.

409

Object I pis b Ps E(B-V) EB-V)s P d P Pis
(deg) (%) (deg) (%)  (Ref) (%) (kpc) (%) (%)
RY Sgr 443 12 -1945 05 26,1314 0.12 0.6 1.3:4.0 1.8;2.1 1.1
V1711Sgr 10.81 1.0 -27.46 0.4 78,9 0.12 0.6 0.43 0.8 0.7
R Sct 27.40 0.6 -1.72 1,4,11,12 0.21 1.0 0.43 0.8 0.8
U Agr 39.15 04 -4981 0.3 13,14 0.03 0.3  0.16-0.93 0.4-15  0.3-1.3
DS Agr 4410 0.4 -6156 0.2 1 0 0 0.5 0.9 0.4
R Sge 5753 0.5 -9.75 09 1,410 0.25 1.2 2.9-3.2 2.3 1.2
RUCen 29525 20 +1682 0.6 145,11 0.16 0.8 1.6-3.9 2.3 1.4
SXCen 297.87 20 +1336 0.7 1411 0.20 1.0 2555 2.3-1.9 1.5
UWCen 30174 21 +832 10 236,14 0.25 1.2 0.7928-55 1.3;23-1.9 15
DYCen 307.95 22 +829 1.0 2 0.10 0.6 4.8 2.0 1.5
BUCen 309.20 22 +1241 0.7 1,4 0.20 1.0 1.3
UYAra 331.86 21 -13.78 0.7 1,11 0.17 0.8 1.2
AlSco  356.97 14 -445 18 1511 0.35 15 2.4-3.6 2.3-22 1.8

(1) Goldsmith et al. (1987a); (2) Goldsmith et al. (1990); (3) Lawson & Cotterell (1990); (4) Dawson (1979); (5) Jura (1986); (6) Trimble &
Kundu (1997); (7) Beers et al. (2000); (8) Fernie (1990); (9) McAlary & Welch (1986); (10) Gonzalez et al. (1997); (11) Alcolea & Bujarrabal
(1991); (12) Baird & Cardelli (1985); (13) Bergeat et al. (1999); (14) Asplund et al. (199172),3’4 calculated using Egs. (1)-(4Ps is a
weighted mean value of IS polarization.

Table 8. Parameters of interstellar polarizatioRis{ 6;s) derived by the “field star method” and values of intrinsic polarizatiByy 6.) of

programme stars.

RU Cen SX Cen UW Cen DY Cen
D (kpc) 2.0 4.0 2.5 5.2 2.8 3.3 5.0
Pis; 0is 1.0%;85 1.5%;85 1.3% ;85 1.8% ; 80 1.4% ;83 1.5% ; 80 2.0% ; 80
P.; 6. 1.5% ;15 1.7%; 8 1.0%;3 1.4% ;173 1.0% ;* 1.1%;* 2.0% ; 158
V1711 Sgr DS Aqr UY Ara RY Sgr
D (kpc) 0.5 1.0 0.47 3.0 10 3-5 2.0
Pis; 0is 0.5% ;5 0.8% ;15 0.05% ;140 0.2% ;120 15%; 35 2.0%; 55 0.90+0.12% ;82
P.; 0. 0.55% ;65 0.6% ;83 0.26%; 74 0.25% ;168 1.0% ;103 1.0% ;1453 1.0%; 170
R Sct Al Sco BU Cen R Sge
D (kpc) 0.43 3.0 15 3.0 3.0
Pis; 0is 0.65+0.05% ; 50 +5° 18+02% ;5 0.9% ; 70 1.4%; 80 1.8%; 30
P.; 0. 0.63% ; 18 0.9% ; 120 1.0% ;150 1.2% ;163 1.5% ;213

* For two measurements on JD6991 and JD7000, the valugddiffer significantly:~140 and~5° respectively.

IS polarization. Observations in alBVR:Ic bands were con- (P 17%) sometimes observed in cool stars of this type (see
ducted for only one object, U Aqgr. Although the errors in alBerkowski & Shawl 2001), can be attributed to scattering by
bands are large, the object possibly shows an increase of pmall dust grains in the CS environment of U Aqr; there is
larization to the ultraviolet, up to the valug% (see Fig. 1). certainly evidence that U Agr has a near-IR excess due to
This high level of polarization, and the wavelength-dependeraiest emission (e.g. Feast et al. 1997; Bergeat et al. 1999).
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the stellar rotation periods. Extrinsic changes will be governed
by, for example, the timescales for changes in the “clumpiness”
of the CS environment, as condensations of material form and
r 7 disperse. The variability timescales in this case will clearly de-
& / 7 pend on the mechanism involved. Alternatively, if photometric
5 / 1 and polarimetric changes are attributed to changesin the CS en-
— 4f / 4 vironment, the timescales may provide constraints on variabil-
{1 ity mechanisms. Table 9 gives the amplitude of variations in
2| / 1 the various pass-bands as determined from synchronous opti-
L /+,,4+R\‘K / | caland IR data. The data in Table 9 suggest that changes in the
- ‘+ star (pulsation or rotation) as a cause of variability are unlikely
L I R v B U | inmost cases (see below) for the following reasons:

% 12 14 158 18 20 =22z 22 28 28 30 1. To a good approximation for the stars in our study,
1/X [um™] changed\T in the dfective stellar temperatufe give rise
to flux changes of

Fig. 1. Wavelength-dependence of polarization in U Agr.
1 AT

The wavelength-dependence of polarization would be consis- -

tent with the above suggestion. X[l - exp{—14382/(/lﬂmT)}]
Four programme stars (RU C.en, R Sct, AI Sco and R Sg€) i the near IR, wher,, is the wavelength ipm.

were observed througB and I¢ filters, allowing us at least

to compare the level of polarization between the blue and red

regions of the spectrum. For RU Cen and R Sge polarization 4- Simultaneous optical and IR photometry

in the B and Ic bands shows the same level (within the er- \yhjle reasonable changes in thiéeetive temperature give
rors). The diference in polarization in th¢ andlc bands de- rise to flux changes in the optical that are comparable,
tected for Al Sco, in principle, is close to that expected for 5nd have similar wavelength-dependence, to some of the
IS polarization but, as noted above, the polarization is variable. Am yalues in Table 9, the amplitudes of the changes in
Spectropolarimetric data for R Sct in the 3300 A-11000 A e |R, their wavelength-dependence and the time-scale
range, from a single night (Landstreet & Angel 1977), also in- (~1 day) over which variations occur, suggest that this
dicate a flat wavelength-dependence of polarization. Although echanism is not responsible for the variations.

the polarization of R Sct is variable in magnitude, three pairs |, some cases however (e.g. BU Cen, DS Agr and possi-
of our Blc measurements show similar behaviour, in that po- bly SX Cen) the amplitudes of variability seem consistent
larization in thelc band is even larger than B. The PA for with the changes inféective temperature that accompany
the polarization in théc band from our measurements is con-  gig|lar pulsation (see Fig. 3, in which the data in Table 9
sistent with the values reported by Serkowski (1970). However, ave been plotted along with Eq. (5)).

our values obg for two of the three measurements are signify  giars of spectral type 6 M are not known to have high

icantly different £60°~70° compared withfg ~ 32" for the rotational velocities, neither are supergiants (Allen 1973).
Serkowski data). The same behaviour (i.e. rotation of the PA) The rotational periods are

was noted for R Sct by Landstreet & Angel (197#)dyr ~ L
80, 65°, 40, 35°, 35° respectively) from observations in 1973, ~51 R« % - avs
(which also points unambiguously to the intrinsic polarization - 100R,/ \100km st y

of the star). whereP is the rotational period and the rotational veloc-

Our data for RY Sgr do not allow us to determine the . . .
o ity. Again we see that the observed changes are in general
wavelength-dependence of polarization. However mean values . .
far too rapid to be due to stellar rotation.

(over about a 100period) of UBVR polarization reported by
Rosenbush & Rosenbush (1990) show a remarkablyP{a) Accordingly, unless the observed variations are due to flaring
dependenceqysvr =~ 0.50+0.05% atd ~ 178 +2°; see Fig. 2]. activity, their origin must in general be in the CS environment,
This behaviour is also evident from individuaBVRmeasure- for example by virtue of variable extinction by CS dust in the
ments in Rosenbush (1995). optical-IR, or by changes in the dust emission in the mid-IR.
Photometric variability may arise as a result of changeslin particular, we can compare the photometric variability in
the star itself (e.g. by virtue of pulsation or the presence ©éble 9 with the canonical IS extinction law (Cardelli et al.
starspots) or by thefiect of changes in the CS environmentl989), from which the values of the rati, /Ay are included
For intrinsic changes, we would expect changes in fiece in Table 9. Where the wavelength-dependence of the amplitude
tive temperature (and hence consequent changes in obsepfedariation is similar to that for IS grains, this as an indica-
flux and colours) to occur on timescales comparable with thien that the observed variation is caused by variable extinction
pulsation (i.e. photometric) period (cf. Table 1), while changéy IS-like grains; a flatter (steeper) dependence suggests ex-
due to starspots should occur on timescales comparable witittion by grains that are larger (smaller) than IS-like grains.
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Fig. 2. a) Wavelength-dependence of polarization for RY Sgr from Rosenbush & Rosenbush (2999)X); Serkowski & Kruszewski
(1969) e); data from this paper). b) Wavelength-dependence of polarization for R Sct from HPQIx( A); Landstreet & Angel (1977)s{;
Shawl (1975) x); data from this paper (filled triangles). Lines are included to guide the eye.
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Fig. 3. a) Dependence of amplitude variation on wavelength for BU Cen. Points are from Table 9 for JD6991-6248; curve is Eqg. (5) with
T = 4300K andAT/T = 12%.b) asa) but for DS Agr for JD7040—7048f = 5700 K,AT/T = 13%.

On the other hand, a decline at short wavelengths accomparfegipresence of particles smaller than those typical of IS grains.
by an increase longward of tlkeband suggests obscuration byHowever later, on a 4-day time-scale (7048—7052), variations
grains which reradiate in the IR. in flux in the optical and IR are anti-correlated in the sense

Evidently, investigation of photometric variability usingthat, when the star became brighter in the IR, the fluxes in opti-
colour indices is not always meaningful, as colour indices magl pass-bands decreased. A change of a sign in flux variations
not be sensitive to variations in optig& flux. If photometric occurs between thie andJ bands.
variability is due to neutral CS extinction, the colours indices UY Arashows more complex behaviour. On a 2-day time-
remain constant while the fluxés individual bands vary. We scale and longer, the change of flux deviated strongly from the
illustrate this by considering the spectral energy distributionS law in the BV filters and in the IR pass-bands. Changes
(SED) of our programme stars (Figs. 4 and 5), which shaw BV seem to correspond to extinction by very small dust
evidence for non-selective extinction. These SEDs have begains, whereas in the IR the presence of large particles is re-
corrected for interstellar reddening (see below), bffiedént quired to explain the variations. On a 40-day time-scale the
values ofE(B — V);s, or uncertainties irE(B — V);s for indi- flux in the BV and other bands are clearly anti-correlated. A
vidual objects, have nofiect on our comparison of the SEDschange of sign in the flux variations takes place betweeWthe
obtained on dterent dates. andR¢ bands.

Despite the fact that our data set is limited, some con- R Sctshows clear anti-correlation between flux changes
clusions for individual objects can be drawn by consideririg the UV and in the IR, on time-scales9 and 40 days.
our data in combination with previously published results. Weor the first dates for which we have data an increase of flux
briefly discuss individual objects: in BV coincides with a decrease in the fi€&] the contrary be-

DS Aqgr. On an 8-day time-scale (JD...7040-7048; sdwviour, but more extreme, was observed for the second period.
Table 9), the change of flux in theftkrent pass-bands is moreA change of sign in the flux variations takes place around the
extreme than expected for an 1S-like extinction law, indicatingband. On JD6991 thre#HKL measurements were obtained
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Table 9. Amplitude of variations from synchronous optical-IR photometry of programme stars. ValdggAgf from Cardelli et al. (1989).

Object Jo AU AB AV ARc Alc AJ AH AK AL AM AN AQ
RUCen  6991-7000 ... Ta2 -@12 -@02 @10
6244-6245  0r13 a13 a0 aro9 ao9 . .. ...
BUCen  6991-6248 ... -I'25 @98 -083 -041 -@32 -@25 -@12
DS Agr 7040-7048 ... Tm®6 -U066 -054 -@48 -@37 -@26 -@22
7048-7052 .. 165 51 43 38 -0o7 -010 -010
UY Ara  6998-7000 ... B9 -(024 -018 -@13 -@30 -@82 -(18
7000-7040 .. ™1 aos -010 -020 -014 -@36 -047
7000-6244 e 13 ae7 47 34 34 18 e .
SXCeri  6999-7353 ... g -@72 -O065 -@58 -@57 -@53 -@63 -@63 e
6243-6248 (O"51 44 @34 (030 28 ar26 ar26 38 045 43
R Sct 6991-7000 ... ™8 47 aroz2 a12 0 (@03 ao4  0o8
7000-7040 .. 165 30 -022 -@30 0 -008 -014 -026
1.45-1.48 e . . e ... 043 -@39 -@24 .
1.48-1.58 e . . e ... P17 -@22 -@26 -(38 . . e
Al Sco 7000-7042 I ¥4 316 2"99 2'85 38 @40 44 (@38 -I'00 -0'64 {05
7041-7042 .. 160 a'39 a40 @40 . .. ... ... 135 a26 022
UW Cen 6243-7000 . 327 271 241 2'05 ma4 a8l 26
RY Sgr 6991-6999 ... ™3 -@11 -@20 -@36 e e e e
6991-7042 e ™20 0 -010 -@025 -@22 -@22 -@16 -@O7
1711 Sgr  6999-7040 ... M3 a's0 a'e7 a9 -@0o03 -009 -011 -014
DY Cen  6999-7000 e 0 "o3 a'16 a12
6999-6248 e aro8 a20 25 36 e e e .
R Sge 6998-6999 ... o7 ao7 aroe ao7 o2 o2 -0z -0o01
A/Ay 1569 1337 1.000 0.843 0.612 0.282 0.190 0.114 0.056 - - -

(a) Magnitude dierences\ mag calculated between Julian Dates indicated in this column; nedathag indicates that the flux in the pass-
bandincreased 1 data from Shenton et al. (1994b5)data from Shenton et al. (1994¢)data from Goldsmith et al. (1990);data from
Goldsmith et al. (1987af;three JHKLM measurements at JD6991 separated by 43 and 72 min. ValdggAf from Cardelli et al. (1989).

within intervals of 43 and 72 min. As indicated in Table 4 thendependently is essentially zero). This object clearly merits
brightness of R Sct increased synchronously iddKL bands careful monitoring.

by about 0'6 over a very short period, less than 2 hours. Thisis UW CenandRY SgrThe former shows aA, dependence

the shortest time-scale observed for IR photometric variabilitjose to the IS law. In the case of RY Sgr, for all dates on which
in RV and R CrB stars. Prior to this IR variability in SX Cernwe have multi-wavelength photometry, the fluxes in the UV
was detected by Shenton et al. (1994c) at the of level abawid IR bands are anti-correlated, on time-scales 8 and 50 days.
01"3-0M4 during a three-day period (see also our Table 4). Changes of sign in the flux variations occur aroundhzand.
V1711 SgrThere is a clear anti-correlation of flux varia-

Al Sco: was unexpectedly bright 18) during the pe- . . e .
riod JD6998-7000, or2"5 brighter than observed previ-tlon_snn'.the uv optlce_ll a_deRreglons (Table 9), and the change
of sign in the flux variations occurs between th@andJ bands.

ously; the range of photometric variability for Al Sco is givenl_he IR fluxes on JD7000 werel™3 and~2"0 brighter in

as 9'3 to 12"9 by Kholopov et al. (1998), and"87 to 11'42 )
by Pollard et al. (1996). Clearly we can not exclude mi%]nedl\lﬂli\é] bj\)nds respectively than on JD7040 (see Tables 4, 6

identification but this is highly unlikely for a star normally at
V ~ 10™. From JD6998-7000 to JD7041—7042 the flux in the 't 1S been noted by many authors that the IR excesses de-

V band decreased by more thah 2lthough the amplitude of Eegtﬁd ZogHngeEh?gomﬁg%e?rzﬁe fro::norii f(:giqt,ﬂ\:vehetr:as
flux variations is smaller in the IR compared to the optical, th(te1 uxes at wav gins s i star

A, dependence is flatter than that for the IS law itself (Lloyd Evans 1985; Feast et al. 1997). A simple periodic
! ' dust extinction model, however, can not explain the detected

Itis interesting to note that the decrease in the optical fluxasti-correlations of UV and IR fluxes.
on JD7042 was accompanied by a strong surge (1861 in It is more likely that, for the stars showing anti-correlated
the M band (see Fig. 5), which is again uncharacteristic (vedanges in flux in the UV and IR regions, this is due to the
note that the probability of mis-identification on two telescopdsrmation of small dust particles which scatter and absorb
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Fig. 4. Spectral energy distributions derived from synchronous optical-IR photomfgtig; W m2 um. Data dereddened by tH&B — V)
indicated in brackets) RY Sgr (0.12);b) V1711 Sgr (0.12)c) BU Cen (0.20)d) SX Cen (0.20). Symbols are identified by 32 440 000.
Lines are included to guide the eye.

effectively at UV wavelengths and radiate in the IR. As notg@ = 0.60). Although the second measurement shows variation
by Goldsmith et al. (1987b), the process of dust formation camthe PA (A9 ~ 40°), variations in the degree of polarization
be very rapid and possibly detected on time-scales of dawgere small. No other polarimetric data have been published for
From the above discussion, episodic appearance of small dh# object.

particles in the CS environment can be suggested for DS Adr, a| Sco.Taking into account the ephemeris of Pollard et al.
UY Ara, R Sct, RY Sgrand V1711 Sgr. (1997) we observed the star in its bright stage € 0.39

for JD7000) and near a deep minimum (= 0.97,0.99

for JDs7041, 7042; see Fig. 18 of Pollard et al. 1996). The po-
larization behaviour was unusual. In spite of a larg@™) de-

It is of interest to compare the polarimetric data with optic&rease of flux in th&/ band, changes in the degree of polariza-
and IR photometry obtained simultaneously. Note, howev&Pn were relatively smallAP ~ 0.7% at constant PA- 170°).
that a simple comparison of photometric changes with variloreover, a decrease in theband flux coincided with ade-
tions in the degree of observed polarization can be misleadifgasein polarization; however allowance for IS polarization
For example, if the IS component of polarization dominate&sults in an increase d?. in the last measurement, corre-
and the intrinsic and IS polarization vectors are orthogon&Ponding to a decrease of visual flux (i.e. contrary to variations
the observeddegree of polarization, being the vector sum dft theobservedolarization).
the two components, cadecreaseeven if the intrinsic po- RY SgrThe photometric period for this object is well de-
larization increases For this reason, if the IS polarizationtermined and an ephemeris is given by Lawson & Cotterell
component is undetermined, it is possible to discuss only t#990); additional photometric data for the time of our ob-
correspondence between photometric and polarimetric vasérvations are given by Manfroid et al. (1991). Using these
ability, without drawing any conclusions regarding changes ifata, and adding olv-band measurements, we re-construct a
the polarization. more detailed light curve for the period between JD6900-7200
RU Cenwas observed polarimetrically around a secondafsee Fig. 6). As is evident, our polarimetry was obtained close
minimum (which occurs at phasg = 0.5; see Fig. 5 of (¢ ~ 0.9 for ID7000¢ ~ 0.1 for JID7042) to two consecutive
Pollard et al. 1996) on JD699% (= 0.46) and on JD7000 light maxima. The level of polarization in both measurements

5. Polarization and photometry
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Fig. 5. Spectral energy distributions derived from synchronous optical-IR photomfgti; W m~2 um'. Data dereddened by tH&(B - V)
indicated in brackets) Al Sco (0.35);b) UY Ara (0.17);c) DS Agr (0.0);d) R Sct (0.25). Symbols are identified by 32 440 000. Lines are

included to guide the eye.

was small £0.2%—0.4%) but the PA between the observationgere made on one night only, ¥t~ 118 (phasep ~ 0.85)
changed by90°. Note, however, that our data were obtaineand they show a higher value of polarization in teband
in different filters [c and “C"), so a direct comparison is al-(about 1%) at approximately the same PA (within the errors).

most certainly not justified. ThEBVRpolarimetry of RY Sgr SX CenFor this object a light curve covering the period of
published by Rosenbush (1995) show a higher level of polgjy; ohservations is given by Shenton et al. (1994c). SX Cen
ization (~0.5-0.8%, compared to our 0.2% ke and 0.37% \yas observed at phases 0.85 and 0.12, i.e. before and after
in “C"), with PA 6 = 178, close to ourfc = 171 ob- the deep minimum. In the second measurement (after mini-
tained when the star was significantly faintex,(~ 7"6-8"3). mum) SX Cen was brighter by aboufDin the optical and
Strong polarimetric variability in RY Sgr was also detected by,o degree of polarization (in the “C” band) decreased by
Serkowski & Kruszewski (1969) both in the degree of polagpoyt 0.15-0.2%, without significant changes in PA. The ob-
ization (Ap ~ 1%) and in PA A§ ~ 100°) without, however, geryed polarization for SX Cen was largeforeand smaller
any obvious correlation with brightness variations. after minimum light. However théntrinsic polarization again
shows the contrary behaviour, which is more typical for these
stars and more easily understood.

The observed polarization values for RY Sgffeli by
only 0.17%, but show a largeftierence in PAx90°. After cor-
rection for the IS component we obtdi = 0.64% at) = 166’ R Sct. The mean level of polarization detected is
for the first measurement, afd = 1.26% ato = 172 for the apout 0.5%. R Sct was also observed polarimetrically around
second: the large flerence in PA of thebservedolarization deep minimum, at phases 0.80, 0.86 and 0.15 (see the light
disappears. Although both observations were made at exaeflifve in Shenton et al. 1994b). Although both polarimetric and
the same light curve leveM(= 67'29), on the second date thephotometric variability are clearly seen in our data, no pro-
star was redder (by0"2; see colours in Table 3), accompanounced correlations between them were apparent. The polar-
nied by an increase of all the i#R fluxes, fromRc to Q, by jzation in both filters usedB(lc) has a tendency to increase

the same amount0™2. in magnitude, whereas the visual flux decreases™s/ftom

U Agr. The only polarimetric measurement of UAqr, irPhases 0.8 to 0.85, and thereafter increases'8y 0
one pass-band, was published previously by Rosenbush & Although UY Ara has been observed atffdirent phases
Rosenbush (1990py = 0.5+0.2%,0 = 158 +8° atV ~ 110, (0.84 and 0.53), no significant variations in brightness or in
i.e. at maximum lightg¢ ~ 0.42). OurUBVR:Ic measurements polarization occur. Taking into account the“gshotometric
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‘ ‘ 6. Concluding remarks
6.0 b
6.11 ] We have presented optical polarimetry, and optiBabhotom-
6zl ~ . - | etry, of a number of RV and R CrB stars.
6 sl A | In a few cases we detect wavelength-independent flux vari-
ol . ' P " . | ations, with amplitude from"® to I"0: it seems that neutral
é o5l PR - o | extinction, caused by large dust particles with dimension
' . . ' " . 0.15um likely plays an importantale in the dusty CS en-
o-0r . : * 1 velopes responsible for the observed IR excesses.
& .- " i Determination and subtraction of the IS component of po-
.81 i larization allowed us to determine the level of intrinsic polar-
6.9 . ] ization to be about 1%, but in some cases it is on the order
7.0 5a50 " 69b0 6940 - 6980 7020 - 7080 7100 - 7140 of 1.5%—2% even in the bright photometric state. We consider
ID this to be evidence for the presence of permanent optically

Fig. 6. Light curve of RY Sgr; the times of our polarimetry are,thin_ (r =< 0.5), non-spherical dust shells viewed affefent
indicated. inclination angles around selected RV and R CrB stars.
Unfortunately, none of the 150 or so objects of the RV and
R CrB classes have been observed polarimetrically in IR. We

stress the importance of conducting IR polarimetry of these

period ofBU Cen we observed it at the same phase. A relagars, as such observations can be a very simple test of the

tively small increasex07'15) in the visual flux was accompa-presence of the large dust grains suggested by the neutral
nied by a decrease of polarization, by about 0.5%, with a pgss extinction.

sible rotation in the PA. The small variations in brightness and

polarization in R Sge do not enable us to draw any conclusiofgnowledgementsive thank Dr S. Trammell for her helpful com-

about the link between them. ments on an earlier version of this paper. RVY was supported by a
DS Agr. Photometric variations in brightness were largBoyal Society Grant, the Program of Prezidium of RAN No.4 and

in the optical and IR regions T96, @"66 in BV and ("45 GNTP "Astronomy”. This paper uses observations made at the South

in JHK). Changes in the polarization parameters also reaffican Astronomical Observatory (SAAO). This work made use of

values of 0.4% and 40 but no correlations betwee and heSIMBADdatabase.

optical-IR magnitudes were found.
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Table 3. SAAO optical BVR:Ic) photometry.

Table 4. SAAQ infrared JHKL) photometry.

Object JD \% B-V V-R: V-lI¢
2440006-
RU Cen 6991.289 9.14 0.83 0.45 0.98
7000.902 9.02 0.53 0.35 0.76
BU Cen 6991.361 11.59 1.75 0.96 2.11
6995.323 11.43 1.67 0.91 1.99
DS Aqr 6991.627 10.69 0.69 0.39 0.84
7040.465 10.82 0.65 0.36 0.74
7041.775 10.78 0.56 0.39 0.73
7042.490 10.72 0.53 0.32 0.71
7044.485 10.42 0.44 0.29 0.61
7048.494 10.16 0.35 0.25 0.60
7052.618 10.67 0.49 0.33 0.73
UY Ara 6998.459 10.93 0.55 0.33 0.69
6999.444  10.82 0.41 0.32 0.64
7000.436 10.69 0.40 0.27 0.58
7040.346 10.74 0.76 0.42 0.83
Al Sco 6998.512 6.77 1.28 0.67 1.28
6999.454 6.79 1.29 0.69 1.30
7000.500 6.90 1.27 0.66 1.30
7041.338 9.67 1.62 0.84 1.62
7042.359 10.06 1.68 0.83 1.61
R Sge 6994.516 8.90 0.96 0.51 1.04
6998.476 8.78 1.01 0.54 1.06
6999.483 8.85 1.01 0.55 1.06
7000.465 8.91 1.41 0.51 1.06
R Sct 6991.500 5.34 1.50 0.74 1.45
7000.483 5.81 151 0.76 1.65
7040.372 5.51 1.26 0.71 1.54
SX Cen 6991.318 10.15 1.09 0.58 1.23
6995.299 10.58 1.10 0.60 1.22
6999.294 10.04 0.86 0.52 1.04
7000.284 9.94 0.81 0.49 1.04
UW Cen 6991.339 11.78 1.22 0.68 1.40
7000.300 11.65 1.26 0.69 1.40
RY Sgr 6991.607 6.29 0.50 0.27 0.48
6999.595 6.18 0.64 0.36 0.54
7042.460 6.29 0.70 0.37 0.73
DY Cen 6999.307 12.61 0.34 0.25 0.56
7000.322 12.64 0.31 0.21 0.47
V1711 Sgr 6999.611 10.22 0.45 0.30 0.63
7040.434 10.72 0.88 0.47 0.94
U Agr 9575.550 11.8

* Error=+0.1 mag.

Star JD J H K L
2440006
DS Aqr 7040.45 9.55 9.13 9.04
7044.46 9.35 9.02 8.98
7048.48 9.18 8.87 8.82
7052.46 9.11 8.77 8.72 ..
UY Ara 6998.32 9.92 9.97 868 >6.5
6999.29 9.82 9.26 858 >6.5
7000.36 9.62 9.15 846 >6.5
7040.28 9.48 879 799 &
BU Cen 6991.27 8.43 766 7.34 >6.5
DY Cen 7000.32 127 12060 11.72 >6.5
RU Cen 7000.24 7.68 719 & 6.36
SX Cen 6998.23 8.55 7.92 742 5.84
6999.23 8.37 7.75 720 571
7000.25 8.19 7.80 7.02 5.67
UW Cen 7000.27 9.21 8.29 6.90 >6.5
R Sge 6998.46 7.11 6.54 599 4.60
6999.54 7.13 6.56 597 4.59
7041.44 8.02 7.51 7.44 ..
RY Sgr 6991.55 5.65 5.44 487 293
7000.50 5.46 5.25 470 2.78
7042.47 5.43 5.22 4,71 2.86
V1711 Sgr  6999.49 9.17 8.72 8.21 .78
7040.39 9.14 8.63 8.10 6.60
Al Sco 7000.40 6.87 6.12 542 391
7042.38 7.25 6.52 5.86 4.29
R Sct 6991.45 3.54 2.93 2.66 ...
6991.48 3.11 2.54 230 1.90
6991.53 2.94 2.32 204 152
7000.49 3.10 2.49 222 165
7040.26 3.11 2.57 236 191
* Error=+0.2 mag.
Table 5.CTIO infrared photometry.
Star JD J H K L M
2440006
DS Aqr 6958.91 894 9.03 894 . .
R Sge 6953.83 744 692 6.17 450 3.14
6958.83 6.67 653 590 455 3170
6958.92 6.66 6.56 5.96 .. 3F7
RY Sor 6958.84 493 519 457 264 140
R Sct 6953.76 3.16 262 225 169 1.13
6958.80 3.03 256 222 171 146
* Error=+0.2 mag.
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Table 6. SAAQ infrared (MNQ) photometry.

Star JD Hi M N Q
2440006
UY Ara 6994.34 e e 3.96 .
SX Cen 6992.26 ... 410 199 197
RY Sgr 6991.55 ... 166 027 -0.61
7000.50 ... 136 -046 -0.84
V1711 Sgr  7000.49 8.02 519 345
7040.39 ... 651 543 .
Al Sco 7000.39 ... 289 097 0.09
7041.33 594 324 127 -0.18
7042.39 ... 189 153 0.04
R Sct 6991.45 ... 115 036 046

7040.28 . 1.67 0.93 -0.01




