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Abstract. The presentwork is an extension of a recent study loy intermediate phases than what it is at maximum light (where

Knapik & Bergeatl(1997), and Bergeat et al. (1998b) hencefoitttan amount to zero). It is associated to large IR excesses at-

called Papers | and Il, respectively. The spectral energy distrititibuted to the emission fro@Sdust. Long-term variations on

tions (SEDs) of about 440 carbon-rich stars and the intersteltaousands of days may be interpreted in terms of var@igdust

extinction observed on their line of sights were analysed. Thpacity on the line of sight. The dust influence is discussed. It

methods originally developed for Semi-Regular (SR) and Irreig-shown that scattering, if substantial on the line of sight in the

ular (L) variables (Paper I: our groups CV1 to CV6) were thembserving lobe, has to be essentially wavelength-independent,

extended (Paper Il) to the hot carbon (HC) stars (our groups HG8 due to large neutral scatterers, especially in high opacity

to HC5) and related objects (RCB, Ball and HAC stars). Shorttbjects like IRC +10216.

this is a kind of a pair method making use simultaneously of the Finally, with the HCO to HC5 classification of HC stars (Pa-

whole SED from UV to IR. per Il), we obtain a fourteen groups sequence (HCO to HC5 and
Our approach is applied here to the galactic cool carbaren CV1 to CV7 from the earlier one to the latest one, and

rich variables which were not considered in Paper |, namely tBEV for SC stars apart). The number of studied stars amounts

carbon Miras and very cool non-Miras, and the CS and SC vambw to about 600 that is about 40 stars per group on the average

ables. The carbon Miras with infrared silicate emission are alaten the oxygen-type SEDs are subtracted. The effective tem-

studied. The photometric CV1 to CV6 classification scheme pérature calibration of this classification scheme is currently in

paper | isimplemented, and we add here a later CV7-group gureparation.

a specific SCV-group which corresponds to spectroscopic SC

stars. A continuous S-SC-CS-C sequence s clearly supportediey words: stars: carbon — stars: circumstellar matter — stars:

our results. The carbon stars with IR silicate emission includé&B and post-AGB — ISM: dust, extinction

in our study do have carbon-rich SEDs of the three consecutive

groups HC5, CV1 and CV2. They stand among the relatively

hot carbon variables, in the 3600-3000 K range in effective tem-

perature. The carbon Miras are satisfactorily described in thisIntroduction

enlarged scheme. No specific extension is required since n?

Miras are also found in the CV7 and SCV-groups. The derivgg'e first classification of the carbon-rich giants in discrete pho-

group is however frequently phase-dependentin these large ?F[q_]etlgc gromljps wg;propo?e(: b?’ l?fggé';&r? €rg ef?t (jl'fg?’ hI(-I}rel-t
plitude variables. Additional selective extinction of circumstef o' ~aper ), and Bergeat et al. { 2J0D, hereatter Faper ):
lar (C9 origin is observed in variable amounts. The mean el -'T‘depeﬁde”‘ of any spectral cla§S|f|cat|on. The methods were
tinction law for the interstellar diffuse medium as tabulated by lidated in Papef ! for. carbor? variables through golour-colour
ind colour-galactic latitude diagrams. They provide for every

Mathis (1990) is shown to be relevant. It applies to both inte T -
stellar and circumstellar extinction with a possiki& neutral QOcumented_ star a CVi-group ('T‘”'”S'C SEDs from =1 the ear-
N st one to i=6 the latest one in Paper I) and the amount of

extinction in addition which would remain undetected here.TII] s interstellar extinctions « in the J-filler. The colour excess
rr nding colour ex E(B-V) is larger at minimum ligk J e ;
corresponding colour excess E(B-V) is larger a . g|sE(B — V) ~ 1.15A; for the mean extinction law of the dif-

Send offprint requests 19, Bergeat fuse interstellar medium (MatHhis 1990) which was shown to be

* This research has made use of the Simbad database operaté&lgyam' A good agreement was obtained n most cases when
CDS, Strasbourg, France. those colour excesses were compared to field values from the

** Partially based on data from the ESA HIPPARCOS astrome[?aps found in the literature. No gap was actually observed and
satellite iscrete CVi-groups are adopted here only for convenience. The
*** Table 5 is only available in electronic form at the CDS via anonyhain features of this new pair method, described in Sect. 2 here-
mous ftp 130.79.128.5 after, are
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— the simultaneous use of the whole spectral range from UV Finally, the mean intrinsic SEDs were thus established for
to IR (up to 17 wavelengths with equal weiglatpriori), the CV1 to CV6-groups (Sect. 3.3 in Paper I). Sixteen mean
— the derivation of the relevant CVi-group and selective exmreddened indices:

tinction of dust through an accurate linear fit (see FIgs. 1, 2, . _
1818 andl 500 = mo () = [1.08] ®
— E(B—-V) ~ 0.02-0.03 as a detection threshold, and dispersions were calculat¢tl,08], andm, () being the

— the derivation of a k-factor (Sect. 2.4), which should be @nreddened magnitudes &t= 1.08 ym (the reference wave-
squared angular diameter on a relative scale (and notlength) and at any used wavelengths. The former magnitudes
angular diameter as erroneously stated in Sect. 6 of Papewigre adapted from Baumert’'s (1972) data in a spectral band

free of strong molecular features. The most remarkable feature

The quantityk'/* showed the correlation with true parallaxegs that the red-near infrared parts of the six SEDs nearly coin-
(derived from the HIPPARCOS data: ESA 1997, henceforfiye while large differences are observed at shorter and longer
called ESA) expected for stars populating a given range in lingghyelengths (see Fig. 3 in Paper I). The reader is referred to
diameters (see Fig. 3 and Sect. 6 of Knapik etal. 1998).  gect. 2 of Paper Il for the specific way in which the method was

The study in Paper | was concentrated on carbon stars Withjied to the hot carbon stars (HCO to HC5-groups).
small or moderate amplitudes of variations (namely Lb or S

variables) making use of the six CVi-groups. In Paper Il it was )
extended to the HC stars (i.e. essentially the stars classifiedas "€ pair method

early R on the grounds of their spectra) and related objects lige method fully described in Sect. 4 of Paper | is then applied

HdC or Ball stars, and RCB variables. The RV Tau variablg the whole sample, including presumably unreddened stars as
AC Her was also studied. Here we propose an extension\@||. |t makes use of the differences

our pair method (see Sect. 2) to latter SEDs (cooler variables

with a CV7-group (Sect. 3) whose mean effective temperatuf A) =m () —1Io(A) (2)
amounts to nearIYQO5O + 200) K aCCOfding toa preliminary between the observed magnitudes

calibration. It is then shown that the (spectroscopic) CS vari-
able stars can be classified in the CVi framework of carbdh () =m0 (A) + A (J)r () (3)
stars, while an intrinsic SED denoted as SCV (for SC variablegid, for a given group tentatively considered, the mean unred-
is introduced to fit the (spectroscopic) SC variables (Sect. dkned indice§, (). If the latter are properly selected (i.e. if the

A sequence S-SC-CS-C is indicated. The gap between SER@ropriate CV-group is considered), a linear relation is thus ex-
seems to happen between spectroscopic SC and CS stars. Adedted between ()\) and the adopted extinction law(\), the
carbon stars with IR silicate emission are studied in Sect. 5,@&inction A (J) at \; = 1.25um being the slope anfl.08],

late HC or early CV stars. Finally, Miras are considered as suehn, ()) - Iy (\) the intercept. Both quantities are simultane-
in Sect. 6 although no specific grouping is required. Variations efisly derived from the least square method. If the selected group
CV-group with phase are established for some documented vafid/or the adopted extinction law are wrong, the relation is no
ables of large amplitudes, while opacity variations predomingtshger a linear one. The method is illustrated on the whole spec-
in other carbon Miras. The case of circumstell@g(extinction tral range in Fig[Il for C412= S Sct taken from Paper |: strong
and emission is discussed whenever possible. Our method pigvatures were observed when the indices of the group CV3
vides reliable results even for extreme objects like IRC +10286 CV5 were used instead of CV4 the right group for S Sct.
(Sects. 6 and 7), which was not expected. Egs. (2) and (3) should reducet6\) = [1.08], when there is

no reddening: the observed points are then expected to scatter
around an horizontal line (see Fig. 1 in Paper Il). A computer
code was thus written which studies the relation betwegx)

2.1. The classification scheme andr (\) and the associated statistics as described in Sect. 2.3.
this stage, a few stars migrated from our “unreddened” list
“slightly reddened” one and conversely.

2. The analysis of extinction and the pair method

The classification scheme of intrinsic (i.e. without selective dudt
extinction) SEDs is described in Sect. 3 of Paper I. ltwas derivgﬂthe
from diagrams (colour-colour and galactic latitudecolour in-

dex). Provisional lists of reddened and presumably unredderze8. The used statistics

stars were thus made, which were slightly revised later on in the

process. Then, intrinsic loci for unreddened stars were split irﬁtgsummg a given group and extinction law were selected, the

consistent boxes or groups in the colour-colour diagrams. T(P]réhnate predicted is

number of boxes was chosen so as to provide regular and sig{\) = A (J)r (\) + < [1.08]o > 4)
nificant intervals by taking into account the expected accuracb%ﬁ reA (J) and< [1.08], > are the slope and intercept respec-

of observations and standard deviations on the mean values o
- e . Ively, as deduced from the least squares method. The standard
colour indices. The classification scheme was achieved through'.”’.. .
viation on the slope, is calculated from

a trial and error approach. No marked gap was observed whic
could have helped. o2=%(y—-vyp)/(n—=2)T(r— <1 >)° (5)
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where< r >= (Xr)/n, the reference to wavelength being omit- Y ' ' ' '
ted for clarity. The usual colour excess is for the diffuse law least square it o
4+ S Sct 1
EB-V)=A(J)/0.873 (6)
The quality of the linear fit may also be estimated by mak- 35| ¢ 1
ing use of the standard correlation coefficient. The differences
Y(A) = y(A) — yp(A) were systematically analyzed for possi; 5| o £ ]

ble residual dependence on wavelength. Strong discrepancy of

a given measurement may lead to reject it and start the analysis25 5

again.
Consistentdiscrepancies on a large wavelength interval need o

explanation. Most stars in this paper, especially carbon Miras, 2| 1

show strong IR excesses starting usually from the H or K-band,

less frequently from the J or L-band. Those excesses are at-:s s 1 1 s s s

tributed to thermal emission fro@Sgrains. The data points at ° ! : 2ot ° ® !

shorter wavele_ngths can b(_a fitted by a linear reIatl_on W|_th 90Reh 1. The plot of the quantity (\) vs.r (\) illustrating Egs. (2), (3)
accuracy and increasing differences are then noticed in thedkg (4) in the case of C 4121 (S Sct). The abscissae are extinctions nor-
(see e.g. FigEl2] 5] 6 abdl 7). The extinction law of the diffusgalized atl.25 m. The ordinates are the colour excesses plus unred-
interstellar medium taken from Math[s (1990) was successfullgned magnitude dt08 um once a linear fit is obtained for a given
used as can be seen in the following sections and diagrahts (here CV4). The intercept is thus [1.08]o > since the colour
The consequences and the interpretations we place on thosé&xiiess vanishes with extinction. The straight line was derived from the

agrams are discussed hereafter, Separate'y for each catego ¥Square method (see text for details). Its slope is an evaluation of
studied objects. the extinction atl.25 pm, namely0.10 & 0.01 (internal error).

2:4. The k-factor Fig. 2 of Paper I): the reddening vector is nearly perpendicular

Once dereddening has been operated through Eq. (3), we shéwilthe intrinsic narrow locus of unreddened stars. Similar di-
have ideally agrams were used with the H, L or L-magnitudes instead of
the K-ones. They are slightly less efficient. While preparing
mp () — Ip (A) =< [1.08]g >= —2.5log (k) @) the present analysis of carbon Miras, the authors found well-

at every wavelength but some scatter is of course obsen/@@cumented variables with SEDs notably redder than the CV6
Thus we calculate the mean valuek > = Sk (\) /n whose ©ne. Some of them were interpreted as reddened CV6 stars,

standard deviation is given by making use of the above-mentioned kind of diagram. The inter-
) stellar extinction could not be responsible for many other SEDs
of =Yk—-<k>)?/n(n-1) (8) (including some of high galactic latitude stars) as shown by the

It may be used as a signal to noise ratio for the whole methciwrr]lSpeCtion of published maps (FitzGerald 1968, Neckel & Klare
The Iz/—coefficient of E , (7) is the ratio of the dereddened 311?80’ and Burstein & Heilgs I982). Those SEDs have to be in-
g fi sically red (mean temperatures less than 2300 K) and/or to

fluxes to those of a reference star of the same group (CV1 tobéélaffected by som&Sreddening. This is the case of the Miras

which would .have thg magnitude zerolad8 ym. Of course, R For (C361), V CrB (C3682) and T Dra (C3921). Finally, we
the same ratio can directly be computed for unreddened stars. A
) . . : were able to add a seventh group (CV7) based on this limited
It will be confirmed that this is a squared angular diameter gn ST .
X . . Sample of only three unreddened (negligible interstellar extinc-
a relative scale (Bergeat & Knapik, 1999). We emphasize here . . ) X
/9 . . I10n) Miras at maximum light (except data in K, L etc.. of T Dra
that the quantitiek'/# already showed the correlation with true_. : : .
since IR excesses were obvious). This hew group is documented
parallaxes as deduced from ESA, that are expected for stars . ;
. . - . : and included in Tables 6 and 7.
populating a given range in linear diameters (see Fig.3 an
Sect. 6 of Knapik et al. 1998).

3.2. The example of V393 Aur = AFGL 815

3. The CV7-group We present here the detailed results for V393 Aur (C 1050)
which is quite typical of the CV7-group in every aspect. It
was studied as an infrared object (AFGL 815 = IRC 40140
In Paper I, we made use of tlidz=[0.78]-[1.08] colour index =IRAS 05440+4311) before being catalogued as the SRa vari-
derived from Baumert's{1972) data. As quoted in Table 1 able V393 Aur (Kazarovets et al._1993; formerly SVS 2629).
Paper I,CIp is nearly a constant (1.06 to 1.14) along the CVIhe available magnitude ranges are 14.8-16.1 and 1.3-2.3 in
to CV6 sequence. This remarkable property was turned into dlde V- and L-filters, respectively. The short wavelengths data of
vantage by using diagrams of e(@lp vs([1.08]-K)-CIp (see Lockwood (1974) was especially useful. Infrared observations

3.1. A later intrinsic SED for carbon variables
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Table 1.The cool reddened carbon variables of the CV7-group with C-
entries from Stephenson (1989). A few stars not quoted in the GCVS
(1985) are named with their IRAS-entry. The Miras are denoted by

w0k . 1 M.ForE (B — V) <0.02-0.03, the star is considered as unreddened.
C496 is also CIT5 and C5358 is also CIT13. The E'(B-V) indices
ol P 1 quoted are field values from published maps. Approximate phases and
IR excesses (n = no excess or filter of first occurrence H, K, L, L,
> 8l ee 1 [12] or [25]) are found in the last column; (a) star at bright level; (b) =
e e AFGL 1131: companion contribution subtracted; (c) = AFGL 971; (d)
r Max:Cv7 E@VI=187 1 =AFGL 1235; (e) or 0.7 if beyond 2 kpc from sun.
T <> 1 c name([M], I, b) Es.v Eh v & Ex
5 + ’ C 1050 = V393 Aur 1 189 NSV 438 (125.5 0.2) 0.53 0.5 min;H
361 R For® (M 215.8 -68.2) 0.00 0.00 0.0;n
4= os n 5 5 v s Y . 361 R For* (M 215.8 -68.2) 0.28 0.00 0.6;H

" 496 V384 Per(M148.2-76)  0.63 0.6 0.0:K
Fig. 2. The dereddening diagram for C1050=V393 Aur at two phaség2: V414 Per (156.6 -10.9) 0.80 0.45  minH

respectively close to maximum and minimum of the light curve. TH¥1 S Aur (173.5-0.5) 0.27 024 05K
corresponding regression lines are plotted. The slopéJ3 the selec- AFGL 799 (192.4 -8.8) 0.58 ? int;H
tive extinction at\ = 1.25 um and the intercept ifl.08]o the dered- 1050 V393 Aur (167.97.7) 1.57 0.90  max;H
dened magnitude at08 um. Strong IR excesses relative to our s01050 V393 Aur (167.97.7) 2.27 0.90  minK
lutions are observed far< 0.62 (from the H-band and beyond) and1322 V493 Aur (202.9 1.0) 1.49 0.60 ?n

for r < 0.38 (from the K-band and beyond) respectively. They are a#599 R Vol (M 284.2 -24.8) 0.26 018 03K

tributed to thermal emission fro@Sgrains. See Sect. 2 for definitions1715  07240-1939 (234.4 -1.6) 0.16 0.15 ?n

and Sect. 3.2 for details. 1732  NSV3610° (234.5-0.8) 0.56 0.5: max;n
1732  NSV3610° (234.5-0.8) 0.66 05 intn
1732 NSV3610° (234.5-0.8) 050 05  minn

. ] V688Mon® (208.2 -1.7) 2.27 0.9 0.1;K
atvarious epochs were taken from Strecker & Ney (1974), Melgo7  vg33 Mon (M 222.212.0) 0.07  0.08 maxK

rill & Stein (1976), Gosnell et al. (1979), Ney & Merril[{1980),2101 V346Pup® (M: 250.80.4) 233  0.2° 0.25:K
Noguchi et al.[(1981: values shifted as described in Sect. 2.3684 UW Pyx (256.3 5.6) 0.28 0.26 2n
Paper 1), and of course the IRAS-PSC daia(1988; see Sect.Z689  CW Leo (M 221.4 45.1) 2.34 0.00 0.16;H
of paper | for the calibration used). TRgA) vs.r (\) dered- 2619  CW Leo (M 221.445.1) 3.67 0.00 0.27;H

dening diagram of V393 Aur is shown in Figl 2 for selected652 V CrB (M 65.451.2) 0.00 0.00 0.2;n
data at two epochs (likely maximum at JD 2441659 and migZ48  16545-4214 (343.50.3) 1.86 0.7: 2,25
imum light close to JD 2443472). The obtained solutions ap@?1 T Dra (M 86.8 29.9) 0.00 003 00K

CV7 for both epochs, Witk (B — V) = 157, [108], > 5,13 4711 NSVLSSLE7722) 218 09¢  minin
angE (B - V) ~2.27, [1..08]0 ~6.20 respecnvgly. The mean ..o \1406 Cyg(M86.3-94) 042 0.40 ma)’(;?
extinction law for the d|ffu§e interstellar medium was aga|§358 V1426 Cyg (M86.3-9.4)  1.13 040  0.69:K
used as tabulated by Mathis (1990, Table 1). According to tBesg  \/1406 Cyg (M 86.3 -9.4) 1.06 040 077K
available mapsit (B — V) < 0.9 is adopted for the interstellar LP And (M 108.5 -17.2) 209 0.15 maxL
medium on the line of sight. Our results support the existenee

of an additional variable selectiv@Sextinction. The diagram

appears as distorted at short wavelengths if a distinct selggnimum light. Finally, we summarize the main features we
tive law is adopted. We deduce select®& contributions of t5,nd in common in many CV6 and CV7 stars:

AE (B —V) 2 0.67and 1.37 at maximum and minimum lights

respectively. Neutral (i.e. independent of wavelength) extinctior they are reddened distant objects not far from the galactic
would however remain undetected from the present method. plane,

Lower limits of aboutAy = 2.4 and 4.9 respectively, are thus — they exhibit a strongCSextinction whose law, at the used
deduced for th&€Sextinction at the above-mentioned epochs. wavelengths, seems close to the mean law tabulated for the
Due to the thermal emission fro@Sgrains which is not con- interstellar diffuse medium, apart from a possible neutral
sidered in our pair method, IR excesses appear irlfFig. 2 when acomponent,

comparison is made to the corresponding extrapolated straightthe CSextinction varies with the phase of variatiods(J)

line. The latter is a “model” of the reddened star in terms of is usually minimum close to maximum light and conversely,
a given intrinsic group and SED, affected by a given selective maximum close to minimum light,

extinction A (J), assuming a given extinction law is verified — the conspicuous IR excesses increase from the H or K-filter,
throughout. The excesses of V393 Aur start from the H-filter and they can be attributed to thermal emission fre®
(r=0.62) at maximum light and from the K-filter (r=0.38) at grains.
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Extinction variations on time scales larger than the stellar periogacity) sequence, if temperature variations are predominant.
are also observed (see Sect.6). The reader is referred toQgeacity variations in the atmosphere a@& envelope seem
Bertre [1992) and to Whitelock et all. (1997) who documentgaiedominant in other cool, large amplitude variables where the
and studied a sample of carbon-rich variables on many cyclegriation range of the effective temperature is probably less than
300-400K. This latter feature was already observed in a few
CV6 Miras such as C833 = R Lep and becomes the rule in the
CV7-group. Miras are studied as such in Sect. 6. It should be
Then we applied our pair method, as described in Sect. 2, to Iatged that the SEDs of the CV1 to CV6-groups were derived in
carbon variables especially those whose analyses as reddé¥eggkr | on the basis of non-Miras only. The CV7-SED shows
CV6 stars remained unsatisfactory. We were able to find 23 stardistinctive break in the CV-sequence, with &z = 1.72.
including 12 Miras (30 SEDs) which can be interpreted as CVthe (presumably) fortuitous balancing probably responsible for
stars reddened through the mean law for the diffuse mediumtlas nearly constancy of thélg — index along the CV1-CV6
given by Mathis[(1990). The results are quoted in Table 1. Abas#quence (see Table 6) no longer works. A severe change in
40 potential candidates were rejected because of missing datmatof sights opacities possibly occurs between CV6 and CV7.
short wavelengths. No E(B-V) excess substantially lower th@ust contributions close to the photosphere may play a role.
the values read from maps is observed, but larger values @ahe generated extinction decreases for an expanding dust shell,
frequently found, especially at phases close to minimum lighle grains being pushed away by radiation pressure. However,
The values at maximum light are smaller and eventually clogemaintains large in the extreme objects described in Sect. 6.
to those (interstellar) from maps (see Table 1). As mention@tle picture may then be confused by dust backwarming on the
in Sect. 3.2, our analysis leads to a model of the observed S&fthosphere. It arises the question of validity of the intrinsic SED
(CVi-group) modified by some selective (interstellaC$ dust we adopted for CV7 since it relies on few stars. We consider
extinction. This model is illustrated graphically by the straighiowever that it is globally correct since:

lines and CVi-groups obtained (see Sect. 2.2). Thermal emis- S o

sion fromCSgrains is also observed resulting in substantial IR~ N0 Star with significant IR deficiencies was found so far,
excesses relative to our model (see FiyEl2, 6[&nd 7 for Cv7- @nd in addition, several Miras like R Lep (CV6) or R For
stars). Part of the SEDs in Table 1 received the comment “n” in (CV7) Fhsplay |0ng-terr.n'var|at|on§ sgper}mposed on their
the last column, that is “no IR excess detected”. This statement Usual light curve: negligibl€S extinction is found while
holds only for our wavelength range (up to IRAS [25]). We de- those stars reach maximum light at their bright level (see
cided (see Paper I) not to include IRAS measuremertis ain Sect. 6).

and100 pm since thes0 pm excess emission may often be due

to contamination by galactic cirrus (Zuckerman 1993, Ivezic & The CS and SC stars

Elitzur[1995). Intrinsic excesses contributing to detached shells .

are also observed in a sample of carbon stars (see Wallersteffr& Introduction

Knapp 1998 for a review) which belong to various CV-groups:he stars of spectral type S are identified among cool giants by
The excesses in Table 1 presumably originate from hot duskjg hands of ZrO and LaO instead of the TiO-ones conspicuous
non-detached shells. Preliminary calibrations suggest effectjy¢ne spectraofthe M-types stars. Their spectra also show strong
temperatures in the 1850-2250 K range. Additidd&tedden- enhancements of the s-process elements and a high C/O abun-
ings are thus more frequent in this low temperature group th@gnce ratio however less than unity (e.g. Keenan & Boeschaar
they are in early CV-groups. It can easily be shown that t3&g0). Theintrinsic S stars (e.g. Jorissen & Maybor 1992) are
extinction law cannot be much different from the interstellafﬁgh luminosity AGB objects. Nucleosynthetised elements were
one we adopted. A non-selective (i.e. wavelength independggiently brought to the surface by convective mixing. A piece of
or neutral) contribution might also intervene however, whicfidence is the observed technetium which has no isotope with
would remain undetected here. In those very cool atmospher&smod longer than 1 million years. It has often been argued
CSgrains are expected to condense close to the photosphgig those stars might be a short-lived phenomenon between the
level (Salpeter 1977, Gail & Sedimayr 1988), and the analysggges of oxygen-rich and carbon-rich giants. The choice of the
of dust shells through Monte Carlo radiative transfersimulati0@§0|utionary sequence to be adopted is however controversial
lead to optical depths of the order of unity or larger (Lore”?(Zuckerman & Maddaleria 1989, de Jong 1989). A catalogue of
Martins & Lefevre 1993, 1994). galactic S stars has been published by Stephenson/(1976).

3.3. The results

3.4. Discussion 4.2. The analysis of CS and SC stars

Part of Miras and large amplitude semi-regular variables (SRegyys like FU Ori or UY Cen show spectra intermediary between
type) actually show arange in CV-groups according to the phag@se of C and S stars. They are characterized by weak molecular
of the data. The earlier group is derived close to maximum lighinds, zrO and CN being both present.

or just after it, the later one being observed close to minimum e selected 23 bright SC and CS stars, but only 21 stars in
light. This is just what is expected along a temperature (afif}s sample proved sufficiently documented. Our pair method
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Table 2. The CS stars in the present study. The stars C-entries from
Stephenson (Stephenson 1P89) are given. The Miras are referenced by

(M) and the phase of the used observations is quoted. The number CN | g2
is the intensity index of the red system of the CN-bands in the near fi
IR from Baumert[(1972). Our solution is G, E(B-V) as quoted; (a) the
group is HC5 (just earlier than CV1: see Paper Il) at phase 0.9, but osl

CS BH82
SC BH82

i xa+o
i

evolve to CVi at later phases.

E(NK,BH)

C name([M],®, |, b) CN G Es_v 04l i
136 WCas(M0.11234-43) 78 CV2 036 e

828 ROri(M0.8191.7-205) 72 HC5* 0.12

1561 RCMi(M0.9205.98.4) 68 HC5* 0.18 = 1
3367 TT Cen (M O0.6306.41.9) CV5 043 o

3665 RR Her (79.1 46.6) 68 CV2  0.00 e

4159  BD+103764(43323) 78 CVli 084 ° oz ” o 0 .
5570 RZPeg(M0.987.6-178) 72 CVl 0.5 B

Table 3. The SC stars in the present study. The stars S-entries fro
Stephenson (Stephenson 1976) are given (S1093 is also C4152,
Aur is C797, and the IRAS-entries of S674 and S935 are given). Tw

Fig. 3. A comparison of E(B-V) excesses from the maps and graphs of
Neckel & Klare (1980, NK80) and Burstein & Heiles (1982, BH82)

\)@% values from the present paper (KB) for CS and SC stars. The

r%gression line (9) is also shown.

possible Miras are referenced by (M:). The CN index is as in Table 2.
Our solution is SCV for every star and E(B-V) as quoted.

since the brightest spectroscopic SC stars on the whole sky were
studied here. It is worth noting however that AM Cen and U Vol

S name([M]s) ' b CN Ep-v are attributed small colour excesses (0.03 and 0.04 respectively).
117 GP Ori 186.0 -15.8 50 0.37
212 FU Mon 206.6 -49 45 026 4.3. The obtained extinctions
244 V372 Mon 2159 43 0.24
556 U Vol 2856 -17.0 47 0.04 The results are given in Tables 2 and 3. The obtained reddenings
674 10164-6044 2854 -34 35 0.06 were compared to the fields colour excesses E(B-V) taken from
816 Uy Cen 3076 179 38 0.09 Neckel & Klare (1980), Burstein & Heile§ (1982) and FitzGer-
830 AM Cen 311.3 86 38 003 ald (1968). The corresponding diagram is shown in Eig. 3 for
ggg 162/3?2(39?27 3;;1682 '167'13 33?2 061314 stars in common with the former two references, while the last
o~ ' o : one is not used since only ranges in colour excesses are pro-

940 LQ Ara (M:;, max) 328.2 -106 29 0.33 ided. The li fit sh in Fidl 3 is:
940  LQAra(M:int) 3282 -106 29 047 vided. The linear fit shown in Fid] 3 is:
1093 VXAgl(M:; min) 325 -27 60  0.89 B _ B

V346 Aur 1659 -35 64  0.31 vi-pr = 0.985 Exp + 0.006 ©)

CY Cyg 855 17 38 014 with a correlation coefficient of 0.964. The standard deviation

on the slope is 0.047, while 0.05 is found for a single ordinate
estimate. The first bisector falls within the error domain in the
(see Sect. 2) was again applied, but good solutions in termsdédgram. This good agreement lends support to our approach,
carbon CV-types could be obtained for only 7 stars (1 unreahraking use of the additional SCV-SED whose spectral shape
dened, 6 reddened: see Table 2) out of 20. Five of them gliffers markedly from the CVi-SEDs.
Miras. The extinction law is again the mean law adapted from
Mathis [1990). There is evidence of CVi-variations with phase. . .

The SEDs of 6 of the remaining 13 stars (including UY Ce%A' Discussion
and AM Cen), presumably unreddened or slightly reddenddiaving completed the above analysis, we searched for indepen-
were found roughly similar to each other. We made a differedent arguments in favour of the grouping obtained in our study.
tial analysis of couples of stars. Our conclusion is that, withFirst of all, Catchpole & Feast (19]71) defined the SC stars as
the errors, the 13 SEDs can be interpreted as a single intrirtfie ones closely similar in spectroscopic features to UY Cen
(unreddened) SED affected by interstellar extinction in variotise brightest member of this class. Out of our 13 SCV stars
amounts. These stars are thus found as members of a hom@@able 3), 10 at least belongs to their SC-class. They stated that
neous group we named SCV (see Table 3). The zero of the s¢htese spectra are readily distinguished from the spectra of CS
was then determined. As mentioned above, a few SCV stars sia's like R CMi, R Oriand W Cas (5 out of the 7 stars in Table 2
slightly reddened but finally, none of them was found unrease classified as spectroscopic CS stars). The ZrO bands are ab-
dened in the present analysis (this is why SCV is not quotedsent or very weak in the latter stars, and CN much stronger than
Table 7). This is a regrettable situation which will not changa the spectrum of UY Cen.
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This feature is confirmed by the [CN]-index of Baumertable 4. The stars with IR silicate emission. The C-entries from
(1972), an estimate of the intensity of the red system of the GiXephensori (1989) are given and/or a variable name from the GCVS.
bands as observed in the red-near IR part of the spectrum. B solution is the group G and the colour excess E(B-V) while E'(B-
values of the [CN]-index for the CS stars range from 68 to 20 is the field va!uefrom the literature. Also given .the excesses atIRAS
in Table 2, which is very close to the 71-87 range of the meyﬁvelength_s. Finally, W Cas may not b(_e an IR _S|I|cate carbon star; (a)
values for the carbon variables which are classified as H@gltry 1633 in Stephenson (1973) the first edition of the catalogue of
CV1 or CV2 stars (the range is 84-98 for CV3 to CV6 starsj 0! carbon stars.

The values quoted in Table 3 for the SC stars range from 2910
64, the S stars displaying still lower values. Consequently, the
stars in Table 2 can be found in the catalogue of carbon st&#§ WCas Cv2 036 030 0.01 008
(Stephenson_1989) while only 2 stars in Table 3 are found }g23 BMGem CVl 015 0.14 22 27
it, precisely those with the highest [CN]-values (64 for C797 2011 N cvz 037 0.40 44 54
V346 Aur and 60 for C4152 = VX Aql). The transition betwee V496Car” M6g  0.14 0.13 05 05

. 595 HD 189605 HC5 0.16 0.15 2.9 3.9
the CS and SC-classes probably falls in the 64-68 range of S3  v778 Cyg CVI 030 0.33 26 32
[QN]-index. Thisis the transi'Fion between the SCV and carbogg,g EU And cV2 025 0.24 16 23
rich SEDs. As can be seen in Tables 2 and 3, our CS stars are ACHer GOy 017 020 63 81
predominantly Miras (5 out of 7 stars) while our SC stars are
predominantly semi-regular and irregular variables.

Finally, the remaining star (HD 121447, [CN]=26) is also_ _ . . .
classified as a Ball star (number 228 ifi [L991). We found a binary system, the silicate shell having been produced by

in our analysis the group to be K5g (i.e. an oxygen-type SED: an oxygen-rich giant (possibly obscured) not observed yet,

. . : = an only giant whose atmospheric composition recently
( - = .
jee_ B(ngi?t f‘ ﬁr;?gk %397) V:r']tg E(E(E; V)t 8 '0.5’ Ac?ordln%ttoh_ switched from oxygen-rich to carbon-rich (third thermal
orissen et ali i ), IS 1S ¢ q est barium Star, and this pulse in TP-AGB models; e.g. Straniero etlal. 1997 and
spectroscopic binary witl,,, = 18597 might be an ellipti-

cal variable: IT Vir with V=7.82-7.86 in the 73rd name-list of references therein).

variable stars (Kazarovets & Samius 1997). Skinner et al.[(1990) however argue that M stars with SiC dust,
According to Catchpole & Feast (1871), both classes couldstars with IR silicate dust signature, and S stars with either

be closely related and possibly indicate the existence of a confifains, are all objects whose photospheric C/O abundance ratio

uous sequence between the C and S giants. Our analysis prgygfse to unity, the type of dust which condenses being unpre-

that the CS and SC stars should be distinguished. The formgitable. We note that the SC and CS stars studied in Sect. 4 are
stars exhibit SEDs close to those of carbon variables (CV) whilgolved as well.

the latter ones display a SED intermediary between those of C
and S stars we name SCV. Its colour indices explore the same )
ranges as the CV-stars but the resulting SED is markedly di2- Our analysis
ferent from any of the CVi-distributions. Thus we are unabk/e have collected in Table 4, the results for 7 carbon stars (or
at present to propose an estimate of the corresponding effectp@nerly classified so) with silicate infrared emission. We com-
temperatures. pare them to AC Her, the RV Tau star which also displays those
An additional remarkable feature is the following: we foundignatures. Its detailed analysis was presented in Paper II. We
no IR excess relative to the SCV-solution, starting from the filt@ave included C18= W Cas, a CS Mira (studied in Sect. 3),
H, Kor L.., in the diagrams of the SCV stars. Weak or absefhose LRS spectrum was commented as “noisy silicate emis-
IR excesses are thus indicated in SCV stars, except possiblgjih” by Chan[(1994). Except for AC Her, the only oxygen-type
the far IR. Such excesses are eventually observed with resggeb found here is M6g for V496 Car which had the entry 1633
to CV-solutions in the diagrams of CS stars as it is the case farthe 1973 edition of the General Catalogue of Cool Carbon
normal C stars. They are attributed to thermal emission froffars (Stephensdn 1973) and was then rejected from the next
CScarbonaceous grains. Our CS stars are predominantly Miggfition on the grounds of a M5 Il spectrum observed by N.
while the SCV stars are usually non-Miras. Houk (Stephensdn 1989, Table 2). Skinner efal. (1990) suggest
thatit may be an S star. The other six stars are classified as HC5,
CV1 or CV2, thatis late HC or early CV stars.
5. The carbon stars with IR silicate emission There is thus no doubt that their SEDs show the signatures
of carbon stars. From preliminary calibrations, the correspond-
ing range in effective temperatures should be 3600-3000K at
There are a few carbon stars whose low resolution IRAS speatnast. It would be interesting to enlarge the studied sample and
(LRS; IRAS Science Team 1986) do exhibit the characteristbeck whether they all fall in this narrow range in our classifi-
signature of silicates at0 um and eventuallyl8 um (Little- cation. Our values of the E(B-V) colour index are remarkably
Marenin 1986, Willems & de Jorig 1986 and Benson & Littleclose to the E'(B-V) values from maps in the literature (see Ta-
Marenin_19877). Two models have been proposed: ble 4). Practically, no room is left for a selective circumstellar

name G Ep-v Ei.yv Ei2 Eos

5.1. Introduction
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extinction. ACSemission is however present. In order to doexcesses). The data at hand is however insufficient to warrant
ument the case, the extra-emission in the IRAS [12] and [2%)V silicate absorption is absent. Simultaneous spectrophoto-
bands are quoted in Table 4, as deduced from the extrapolatiogtric UV observations down t0.15 um at least, should be

of our model (group and colour excesses). The correspondsegured and compared to our (extended) solutions ClBex-
entries of W Cas are found negligible. The colour correctiotigction whose absorption part powers the excesses has to be:
were applied to the IRAS photometry and the [12]=1.5 value ) )

we obtained is consistent with the LRS spectrum re-processedessentially independent of wavelength at least up
by Chan [1994). The classification of this CS Mira as an IR 0 As = 1.25um which points to large grains (radii
silicate emission star is thus very questionable, and we do not2 = 0.3 um or even larger), _
consider it further. The other IRAS excesses range from abogt and/or strongly non-spherical in distribution (e.g. a disk or
0.5 mag. in V496 Cyg to 8.1 mag. in AC Her, with no large gap fOrus seen at a large incliljation angle, nearly pole-on), or
left. The large values quoted for AC Her are probably due to €ven patchy (blobs formation).

the marked temperature contrast between the star (group

that is about 6000 K) and the dust (say less than 1800 K). %5@ : . ;

. €r and a sample of RCB-variables at maximum light.
much cooler carbon star C2011 which has very large excesses at
12 pm and18 pm, also shows substantial excesses in H, K and
L quite similar to those of AC Her. The other stars with loweg. The carbon Miras
IRAS excesses show possible weak excesses or no excess at all . . ) )
at shorter wavelengths. The magnitude of near IR excesses®fe 1he pair method applied to carbon-rich Miras

thus positively correlated with the intensity of their IR silicatghe carbon-rich Miras were not included in Paper | due to their

‘reached similar conclusions in Paper Il for HD 100764, AC

features. large amplitudes of variation. Miras (especially oxygen-rich
ones) are known to exhibit light curves which do not repeat
5.3. Discussion faithfully from one cycle to the other (Lockwood & Wing 1971,

Lockwood 1972). Notes in the General Catalogue of Variable
The presentdata is not sufficient to settle a definitive conclusiasigrs (Kholopov et al. 1985, henceforth called GCVS, and ex-
The silicate-rich envelopes seem directly associated to the @hsjons published in the Information Bulletin on Variable Stars
served stars, with no binarity required. The Mira W Cas whictpgs to 1997) contain frequently mean maximum values, while
has no appreciable excess should be rejected from the sample range of extreme maximum and minimum are quoted in the
The RV Tau-type star AC Her is quoted only for comparisomain table. The SEDs of Paper | were more easily defined from
in Table 4. The data in Table 4 are consistent with the suggegnall amplitude variables. Semi-regulars with relatively large
tion of Skinner et al[(1990) on unpredictability of dust type @mplitudes (SRa) were however included and sets of nearly
C/0 ~ 1. It arises the question whether “dirty” or “astronomisimultaneous multicolour photometry selected whenever pos-
cal” silicates, as invoked to model the SEDs of extreme oxygeg)ple. There was some evidence that the photometric group of
rich cool giants (e.g. Jones & Merril 1976, Rowan-Robinsofhose stars may change with phase. The effect is still more pro-
& Harris[1982, Lekvre et al. 1982), may explain those near IRounced in the case of many Miras. The results now available
excesses. Except in the UV, the complex part of the index of feom the data at hand are given for 73 carbon Miras in Table 5
fractionis negllglble for terrestrial silicates Shortward’cif,um (0n|y available in electronic form at the CDS) Unfortunate]y,
(e.g. Pollack et al. 1973). Therefore, the complex refractive iggfficient multicolour measurements at various phases are avail-
dex is set to a large value (say 0.1) if dirty silicates are cogp|e for only a limited sample of Miras. Seventy-five entries can
sidered, while ad hoc wavelength-dependent values (howepgrfound in the first part of Table 5, each of them correspond-
acceptable) are adopted for astronomical silicates. Preliminggy to an analysed SED. Fifty-six carbon Miras have thus been
Monte Carlo simulations of radiative transfer in spherical symtudied with a solution found (group and E(B-V) determined
metry (such as those of Liefre et al"1982) for two prescribedat |east at one phase). Uncertain and incomplete results are re-
dust components (such as in Lorenz-Martins &ee®l 1994) ported for 17 additional Miras (and 17 SEDs) in the second part
favour carbonaceous grains as an explanation for the IR excessiegple 5. They are considered as very provisional but may be
which are not necessarily located at the same place as the siligat§ome help. We had frequently to collect data secured during
grains. Such a study is however hampered by the fact that fiferent cycles at phases within a given range like 0.05-0.15 or
true spatial distribution of the dust is unknown at present. The3—0.5 for instance, and attribute the obtained SED to phases
other main conclusion is the interstellar origin of the selectiv€1 or 0.4 respectively. This is of course a poor substitute for
extinction observed. To power the strong silicate dust signatwighultaneous multicolour photometry, and poorer meaning and
observedinthe IR, a substantial absorption increasing in the Wyer accuracy necessarily result. The elements were usually
is expected frond.3 sm or eventually0.4 m for basalt (Lamy taken from the GCVS and its extensions. The elements from
1978), if a sufficient number of silicate grains are seen on thgppARCOS (ESA 1997, vol. 11) were also considered. They
line of sight to the star. The U-observations of our stars show BRe phases consistent with those from GCVS, at least roughly,
obvious deficiency relatively to our solution (essentially AC Hggith the exception of C8 = R Ori for which we adopted the
and C2011 which are well-documented and exhibit strong IRARPPARCOS values JD 2448673.5 + S0YESA).
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7 T T T T T T

(i.e. 0.54) as representative of the interstellar extinction on the
line of sight, and attribute the additional 0.3 excess at interme-
or T "7 diary phases t€Sgrains. The star U Cyg is representative of
e carbon Miras with large changes in CV-group. These ranges are
5| 1 experienced during every cycle and we interpret them in terms
s of large amplitudes in effective temperature (possibly 600 K for
/é;;::fﬂ" U Cyg, e.g. 2300-2900 K).

C4817=U Cyg o

o ©=0.02;CV3;E(B-

P = V)=054 ©
sl 5205 &V EB v Zoss o 6.3. The cool end of the sequence

o Colour excesses substantially larger than the expected interstel-
2t 1 lar value are frequently noticed for the coolest (CV5 to CV7)
Miras even at phases close to maximum light (see Sect. 3 and
Table 1). IfCSgrains are truly responsible of the additional ex-
0 1 2 3 4 5 8 7 tinction inferred, this is exactly what to expect. Concurrently,
we have searched for pieces of evidence of a cooler intrinsic

Fig. 4. Same as F|g[]2_for c4g1=U Cyg at three phases: maximuMa =y (say CV8), but we were unable to document such a group.
light and two intermediary phases with corresponding regression Ilrﬁs

plotted. Infrared excesses due to thermal emission fo&@ygrains are ore precisely, we failed to detect high galactic latitude stars

noted forr < 0.62 (from the H-filter and beyond). See text for details\."’ith consistent ,SEDS substantially reddgr than the one adopted
for CV7. In addition, no low galactic latitude star was found

with accurate interstellar extinction from maps, whose dered-

As expected, the redder the SED, the later the obtained pA§Ping could lead to a SED redder than CV7. If confirmed,
tometric group. The earliest group is thus obtained at phadgis would imply that the coolest carbon variables have effec-
close to maximum light or slightly after (typically phasedive temperatures of nearl2050 + 200) K. The much lower
0.00-0.15) and a later one is usually observed at phases clodgfiPeratures sometimes quoted, would then be due to strong
minimum light (0.4-0.6). Effective temperature variations arfgSopacity effects, the direct stellar photons observed being too
opacity effects during pulsation cycles are coupled with anguf§W. Consequently, the seven groups (CV1 to CV7) previously
diameter variations. There is a relatively well-defined relatidtefined prove a sufficient framework for Miras analyses, at least
between the effective temperatures and our CV-classificati®f the basis of the presently available data.

(Bergeat & Knapik 1999). An extensive study should be based

on a larger body of data and this is what we are planning to 1. The nearby Mira C88=R Lep

in the near future. For the time being, we present a few cases ] ] . o

of carbon Miras (U Cyg, R Lep, V1426 Cyg = CIT13 and cwi he coolest objects with large amplitudes of variations are clas-

Leo = IRC+10216) we found sufficiently documented for owsified as CV6 or CV7 stars. They radiate a large part of their
purposes. energy in the IR range. They often display the same CV-group

upon a large phase interval or even upon several cycles, for
i thousands of days. Variations of effective temperature less than
6.2. The carbon Mira U Cyg 300K are thus indicated along such time intervals. Some of

In most cases, the colour excess found at intermediary or IHi@Se stars also exhibit long term variations like R For or R
phases is larger than its counterpart at early phases closé@8 (€.9. Whitelock et al. 1997). We present now a study of
maximum. Sometimes the difference between colour exces§€$3 = R Lep, a nearby cool carbon Mira which was recently
deduced at various phases is not significant. This is not the ciJat on several cyclegD =~ 2449700 and later). The HIPPAR-

of the Mira C487 = U Cyg. They (\) vs.y () diagram at COs eIementsJ®2448§20.24 + 444@9) yield agood pha;e fit
three phases are plotted in FIg. 4 (CV3 and E(B-V)=0.54 & the recent observations. Our main analysis deals with pre-
® = 0.02, CV5 and E(B-V)=0.85 a = 0.36, and CV6 and vious “bright” cycles. The group was CV6 with varied selec-
E(B-V)=0.81 atd = 0.66). Unfortunately, no IR data was avail-ive extinctions derived. Its HIPPARCOS ob;erved paralla.x is
able atd = 0.36 and the corresponding (CV5) solution should3-18 & 0.76) mas (ESA) which would make it an underlumi-

be attributed a lower weight. The star is seen in a strongly rd#2us star. .
dened field and E(B-V)=0.2 to 0.9 is expected from the maps HIPPARCOS measurements are however affected by biases

in FitzGerald [(1968), if its assumed distance lies between dtnapik et al. 1998), especially the Lutz-Kelker bias. Knapik
and 1.0 kpc, a reasonable range from HIPPARCOS data (,.ﬁpal. studied the space distribution of carbon giant stars from
100219A, ESA). It is located just outside Zone 299 of Neck&lIPPARCOS data and calculated the true parallaxes of an un-
& Klare (1980) where E(B-V) increases steeply from 0.4 diased sample made of the same stars. The estimate of true par-
400 pc to 0.75 at 600 pc. We found a slightly smaller colour egllax we obtained for R Lep is 2.97 mas only, which would
cess (0.42) for V Cyg, a carbon Mira located in the same fidl@Ply < Mk >= —7.7, in the locus of carbon variables of
(0.4-0.6 kpc). Finally, we consider the above value at maximdfi PL-relation of Bergeat et al. (1998a, their Fig. 1a), slightly
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above its lower edge. According to this result, R Lep is not ' ' ' ' o
markedly underluminous, but this is of course a statistical ar- s} J
gument, and the only way to make sure is a new and more

accurate parallax measurement. According to published maps, ** [ cranRe I
this nearby star (300 pc) should be affected by a negligible in- 4| ?=0.38; CV6; E(B-V) = 0.60 A
terstellar extinction. As shown by the(\) vs.y (A) diagram

(Fig.[8),E (B — V) ~ 0.02 is observed at maximum light,and_ **f 1
E(B—V)~0.6 at® ~ 0.38. The additional 0.58 mag. can | |
be attributed taCSdust. From the near IR (JHKL) photometry 7

of Whitelock et al.[(1997) and visual magnitudes from AAVSO  2° 0= 0081 V6 @)~ 002 1
(Matteil1997), we anticipate for those faint cyclesof RLepthe | . I PO oo |
same group CV6 wittE(B — V) ~ 0.4 to 1.3 near maximas L ° ‘

and minimas respectively. The increase of the colour excessess - 1
relative to the “bright” cycles, ranges from 0.4 at maximum 1 1 1 1 1 1

light to 0.7 at minimum light. An additional 0.6—1.4 mag. dim- 0 ! 2 3 4 5 6 7
i f th . [ hich I

ming of t _ed(?reddene[di 08], is observed which cou d be dueFig. 5. Same as Fig[]2 for C&= R Lep (during bright cycles) at

to a contribution of large neutral carbonaceous grains. Unf?vrv-

tunatelv. this latt It fi d si - _.Iwo phases close to maximum and minimum respectively. The small
unately, this latter result 1S unconfirmed since we are m'ss'ﬂgjdening atmaximum lightis attributed to interstellar extinction on the

simultaneous multicolour photometry in the visible. The visugle of sight. The corresponding regression lines are plotted. Infrared
light curve published by Mattei show a possibly similar evercesses due to thermal emission fié8grains are noted far < 0.38
around JD 2436000. This interpretation would imply additionghom the K-filter and beyond). See text for details.
selective and neutral extinctions occurring on the line of sight

in dense puffs, with no important change in the star properties * ' ' ' '

(CV6). The starthenreturns to the normal “bright” level by “dust =069 E(B-V) = 1-13//’"';
clearing”, the grains leaving the line of sight and/or decreasing °[ ©®%7Vi#ece=cms 1
strongly in density by dilution during expansion and/or destruc- ©n P

8 + @=0.77 ; E(B-V) = 1.06 g

tive collisions. We have already discussed the occurrence of
such dense puffs in the vicinity of RCB-variables (see Paper II). 7
Additional data is however needed before a firmer conclusion o

can be reached. - :

A e

e *’ @=0.15; E(B-V) = 0.42

6.5. The CV7 Mira C5348 = V1426 Cyg = CIT13 o

Other cases with appreciable contributions of the interstellar [
andCSreddenings on a very cool intrinsic SED (presumably — *[°
CV7) are more difficult to deal with. This is the case of C5348 -
=V1426 Cyg = CIT13 which appears as a CV7 star irrespective  *o : 2 3 5 s o
of the phase of the observations used (see[Hig. 6). The colour r
excess found close to maximum lighit ~ 0.15) is 0.42 which Fig.6. Same as Figl]12 for C5348 = V1426 Cyg = CIT13 at three
is close to the 0.4 field value estimated from published map§ases (maximum and intermediary phases respectively). The redden-
Two analyses with nearly simultaneous data could be madé"g;t maximum light (during bright cycles) at two phases close to
& ~ 0.69 and 0.77 respectively. The slight difference betwedRcMum and minimum respectively. The small reddening at maxi-
those excesses is not significant and the additional 0.7 rnagmum light is attr.lbuted to |rPters_teIIar extinction on the line of sight.

. ) . X corresponding regression lines are plotted. Infrared excesses due
E(B-V) can be attributed to th@Sreddening. The objects like 1 \hermal emission frortSgrains are noted far < 0.38 (from the
CIT13 are intermediary between the cool optical Miras, e.g. Riilter and beyond). See text for details.
Lep (CV6) and R For (CV7), and the extreme objects like CW

Leo = IRC+10216 (also a CV7 star: see next subsection).

et al.[1997) with a period of 700 d. CW Leo is classified as a
6.6. The extreme object C2619 = CW Leo = IRC+10216  Miravariable of period 630 d in the GCVS. It was unfortunately

too faint for HIPPARCOS observation but this is a nearby ob-
The object CW Leo is an extreme cool dust-enshrouded cgiet (100-250 pc from sun is usually adopted; e.g. Bergeat et al.
bon star whose extended shell and detailed chemistry deseryggg). A negligible interstellar extinction is thus expected from
many studies (see Glasgold 1996 for a review and more recenfly{ps in the literature, which is a favourable circumstance.
Doty & Leung[1998). Other galactic objects belong to the same The published photometric observations of CW Leo are less
category like LL Peg = AFGL3068 an even more obscured cgfamerous that might be anticipated from the large number of
bon Mira (Sopka et al. 1985, Le Bertre etial. 1995 and Winteysterences found in the SIMBAD database at CDS. In addition,
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* ' ' ' ' ' ' ' posite to scattered) photons would not work here, due to large
4 1 CSopacities and presumably, substantial multiple scattering.
ol PO <] They()) vs.y (\) diagram of Fig[T7 displays the satisfactory
Pl (surprisingly enough) solutions CV7 with the large extinctions
or AT eamiamiEeNRM ] B(B V) ~ 3.7 and 2.4 respectively, which are entirely lo-
st ﬁ,,,:::?"‘”'/ 1 cal to the source. The colour excess of 3.7 is the largest one
N ' | we derived so far for a carbon star. If this analysis is correct,
e the effective temperature of the central object should be in the
L 1 1900-2200K range found from the CV7 stars with measured
2| | angular diameters (Bergeat & Knapik 1999). An IR excess in-
¢ creasing from r=0.62 (H-filter and beyond) is noted with little
°r CWeo=IRe wozie 1 difference between our two epochs as shown also by the light
25, 1 curves of Le Bertre (1992). This is the thermal emission from
3 i 1 1 1 1 1 1 1 CSdust located in a very extended region. We must emphasize
0 05 ! L5 2 25 3 35 4 that any neutral extinction on the line of sight would remain

. . undetected here. If effectively present, it prevents us from sub-
Fig. 7.Same as Fid.]2 for C2619=CW Leo=IRC+10216 attwo phas%s. . Ve P P .

. -~ . T racting the net flux derived from the extrapolated regression
No appreciable contribution from interstellar extinction is expect da

on the line of sight. The regression lines corresponding to the J&Bes in orc{er to disentangle .tI@Semlssmn. L!ght slca_tter_ed n
solutions CV7 with E(B-V)=3.67 and 2.34 respectively, are showihe observing lobe may also intervene and this point s discussed

Infrared excesses due to thermal emissiolC8igrains are noted for hereafter in Sect. 6.7.
r < 0.62 (from the H-filter and beyond). See text for details. We have also tested the influence of the adopted extinction
law. To this purpose the “outer cloud” law of Mathis (1990) was
used instead of the mean law for the diffuse medium he quoted
1 (see his Table 1). The “outer cloud” law is less selective in the
| visible than the law for the diffuse medium we used success-
ove o fully. It can be modeled by introducing larger grains inincreased
Tigv proportions. No reasonable fit for any CV-group could be ob-
s:ievr= 1 tained here. To illustrate the point, the diagram for the groups
{1 CV6 and CV7 and the “outer cloud” law is shown in Fig. 8.
Appreciable curvatures can be seen on the entire spectral do-
main. It does not mean that any other combination of a CV-SED
and special extinction law is ruled out, but that the agreement
or cwLeo” Jre 1o 1 observed in Fig[7 is the best obtained so far and needs to be
2l {1 explained. The statement that can be made isttigaselective
part of the large extinction found follows a law which is close

to the mean law for the diffuse interstellar medium, at least at

0 05 1 is 2 25 s s+ two phases and for wavelengths shorter tHaéb ym. From
r this point, constraints result on the fraction of light scattered

Fig. 8. Same data as Figl 7 (CW Leo = IRC+10216) for CV6 and CVif, the instrumental observing lobe. If wavelength dependent, it
with the “outer cloud” extinction law of Mathis (199_0). No linear _fltshas to be small (negligible here means less than 10-20% of the
can .be acce.pmd on those curved plotsrfer 1.0, which means this total light). Substantial scattering is however required by trans-
law is not suitable here. . ’ . .

fer models to explain the extensions of CW Leo images in the

visible and theCSpolarization at the K-band (e.g. Groenewegen

we need nearly simultaneous multicolour photometry from U$297). The remaining possibilities are neutral scattering by large
to IR since the ranges of variations are large evenin the IR. Heggins or a scattered contribution proportional to the transmitted
we apply our method to the short wavelengthsto0.91 um  light. Concerning the latter case, scattered photons reaching the
data and IR observations of Le Bertre (1988) near JD 24469 @8server through such a thick “dust atmosphere”, come from
and another SED near JD 2446225 making use, in additiontld¢ external layers where the scattering cross section affects
Alksnis (1989) and Le Bertré (1987, see &lso 1992). The fdight transmitted by the deeper layers (we derived total optical
mer SED at phase 0.27 is the best defined since all the datélggths in excess of 6 and 10@b5 ym). It is however diffi-
near|y simultaneous. The later one at a phase of rough|y Olgl[&t to believe that the variations with Wavelength of the scat-
in fact a “composite” since compatible observations at the safg&ing coefficient and directivity of scattering by (presumably)
phase from other cycles were added at some wavelengths. $i@ll grains, may combine in order to produce a substantial
level of confidence is thus lower, but we wished to exploreVéavelength-independent fraction of the total transmitted light.
SED closer to maximum light. We were convinaegriori that The assumption of large scatterers not included in our calcu-
our method which makes use of the direct (transmitted as dpted optical depths seems more likely. Jura (1994) proposed a
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distribution of amorphous carbon spheres close to the MRN oreble 6. The seven photometric groups (G) of unreddened carbon vari-
used for the interstellar extinction, in the small radii range. Hibles and the SCV-group of SC stars intermediary between CS and S
also added large grains such as the graphitic component fogkads (see Sect.4). A representative star is mentioned for each group
in primitive meteorites (Bernatowicz et al. 1996 and referencé®me in GCVS). Three mean colour indices are given with their stan-
therein). The balance between absorbed radiation and dust effi&d deviations (see text for details). Replaces Table 1 of Paper I.
sion could have helped in a spherically symmetric object, whieh

is not the case of IRC+10216 (e.g. Kastner & Weintraub 198 TYP.S B-V Ch J-K

and references therein). Recent observations shown that, if§t8/ Uy Cen 2.794+0.10 1.31+0.10 1.44 +0.10

red (0.79 pm) or near IR(1.06 um) images may keep someCvl SCen 1.80+0.33 1.05+0.04 1.42=+0.05

axial symmetry (Haniff & Buscher 1998), this is definitely no€v2 TWHor 2.39+0.09 1.10+0.06 1.43+0.07

the case of the IR emission, at least during recent years, whig8 ~ UHya 2.62+0.09 1.10+£0.06 1.63+0.04

comes from five (or possibly seven) resolved bright knots sega¥4 ~ UAnt  2.95+£0.09 1.13£0.07 1.67+£0.07

rated by opaque portions (Weigelt efal. 1998, Haniff & Busch&Y®  XCnc  3.42+0.16  1.11+£0.05 1.74+£0.06

1998). Skinner et all (1998) recently obtained HST-WFPC2ify® RTCap 4.2240.18  1.16+£0.09  1.97+0.08

ages of CW Leo af0.83 um) . A bright nebula with a dark lane Vi RFor  5.23+£009 1724003 2.44+0.17

is seen, the authors compare to the one of AFGL2688 (Cygnus

Egg Nebula, a bipolar structure). A brighter point like sourcgble 7.A list of the fifty-one carbon variables found unreddened (i.e.
is however observed in the southern lobe of the CW Leo netth E(B — V) < 0.02-0.03) in the present study. The stars C-entries
ula which is probably the central star. Strong scattering is thilsStephenson (1989) are given; (a): a possible 0.02-0.03 excess is
conspicuous. guessed for C88=R Lep at maximum light (bright epoch); (b): T Cnc

Images at various short wavelengths would help in settif‘?ﬁI ) ) :
; . . . . ases; (c): Miras at maximum light. Replaces Table 2 of Paper I.
constraints on the properties of the scattering grains which W
believe are large in size. More simultaneous multicolour photg=
metric data has to be obtained before firmer conclusions co&l&l
be drawn on this fascinating object. 1004 471 1489 234 65 36 361°
2331 788 1944 1891 853 833*  3652°
. . . 2635 1264 2244 2685 2077: 1057:3921°
6.7. Discussion of carbon Miras 3227 1478 2803 2793 2177 1337

Fundamentally, carbon-rich Miras and SR or Lb variables pope°8 1881 3374 3368 2378 1877

ound unreddened at phase 0.1 wi@lBreddening appears at some

Cv2 CVv3 Cv4 CV5 CV6 Cv7

ulate the same sequence of SEDs. We have found again that 2713 5987 2641 2150
Miras exhibit, on the average, larger IR excesses which are ;222 ggig 2328;77
interpreted in terms of dust shells with intermediary or large 3731 3510 3236
optical optical depths (e.g. Lorenz-Martins & leefe[1993, 5228 3569 3861
1994). What is new is our evaluation of the selec@®extinc- 4774

tion. We already noted in Sect. 4.2 of Paper | that noticeable
curvatures are observed in the IR in part of our dereddening

diagrams, while a good linear fit is obtained at shorter wavgpectral energy distribution of scattered photons should follow
lengths. It was interpreted &Semission from dust shells of the C\v7-SED attenuated according to the interstellar law we
substantial optical depths. For Miras and IRAS C stars, thogged, i.e. theransmittedlight. Thus we conclude that, in CW
features practically become the rule. The seled@&extinc- | eo, the contribution of photons scattered to the observer by
tions found are indicative of small grains (radii< 0.1 pum) gmall (selective) graing < 0.1 um) is negligible. Our argu-

on the line of sight. Decreasing albedo for single scatteripgents do not apply to eventual large (non-selective) grains with
(v) with increasing wavelength is found for distributions ofransmitted and scattered contributions independent of wave-
grains intended to explain the mean interstellar extinction Iapyngth_ We emphasize again that they would escape detection
(see Draine & Lee 1984) we used here. Thus, scattered photpnge present approach. In other words, we only observe direct
should not yield the agreement observed for the extreme objggbtons from CW Leo at short wavelengths, unless the possible
CW Leo. The albedo for single scattering is not however th@ntribution of large graing > 0.3 ;um) cannot be neglected.
whole story since the scattering should be increasingly mulffthe latter is negligible, th€Semission (IR excesses) can be
ple at shorter wavelengths because of increasing opacity (@8termined from the dereddening diagram. To this purpose, a
Lefevre et al 1982, 1983). For a given albedo functidi\) ,  magnitude difference could be tentatively derived betweey)

the probability for a scattered photon to finally escape absofgsm the observations ang (\) of Eq. (4) as extrapolated from
tion and thus to reach the observer, is increasingly reduced § model (the straight lines in dereddening diagrams).
decreasing wavelengths. This latter opacity effect attenuates thecarpon Miras are very few: we were able to find only 73
influence of they (A) (that is what we would observe in an opgocumented Miras out of nearly 585 carbon stars (687 SEDs)
tically thin shell where single scattering predominates at evefy(died so far. Seventeen analyses could not be safely achieved,
considered wavelength). There is however no reason why H&reasing the number of well-studied Miras down to 56 stars. It
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canbe seeninTable 1 that 12 Miras (or possibly so) are classifiedge carbonaceous scatteréis> 0.5 um) are indicated in-

CV7 at least at some phase, and 7 Miras (or possibly so) iead. Clearly those extreme objects deserve further studies
be found in Tables 2 and 3 for CS and SC stars respectivelyth additional (preferably simultaneous) data constituting large
Unfortunately, many Miras could be studied at only one phadatabases. The authors are aware that many values for Miras in
due to missing data. The earliest group reached by some carbbahle 5 are only preliminary.

Miras (R Oriand R CMitwo CS stars, and Y Per)isHC5 closeto The next step in our approach will be a calibration of our
their maximum light. The corresponding maximum in effectivphotometric groups in terms of effective temperatures (Bergeat
temperature lies in the 3600-3000 K range. & Knapik[1999).
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First of all we summarize our analysis of carbon variables as
revised and extended (the CV7 and SCV-groups) in Sects. 3 &tfferences
4. Small corrections were operated on the data of Tables 1 angi&nis A K., 1989, Inf. Bull. Var. Stars 3315, 1
of Paper | to which we substitute Tables 6 and 7. We emphasggimert J.H., 1972, unpublished thesis, The Ohio State University
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when a much larger body of data will be available. The read@ergeat J., Knapik A., 1999, to be submitted to A&A
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. . atowicz T.J., Cowsik R., Gibbons P.C., et al., 1996, ApJ 472, 760
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stars were classifie_d into six groups (HCO to HC5H) in Eaper Eatchpole R.M., Feast M.W., 1971, MNRAS 154, 197
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carbon an_d CS Miras can be clgssifieq in the above—descrikéargfenewég;n ,\ljl_A_T” 1'99"7' :&A 317', 503 '

scheme, like the SR and Lb variables in Paper I. Many Mirggnitt c A Buscher D.F., 1998, A&A 334, L5

are however very cool objects (CV6 or CV7) with evidencegezic z., Elitzur M., 1995, ApJ 445, 415

of strong opacities (includin@Sgrains whose IR emission iSIRAS Science Team, 1986, A&AS 65, 607 (LRS)

prominent). IRAS Point Source Catalog, version 2, 1988, Joint IRAS Science Work-
While of less accuracy when compared to Paper | studies, ing Group, vols. 1-6, NASA RP-1190, U.S. Government Printing

the evaluation of the interstellar extinction on HC and SCV stars Office, Washington D.C.

is quite acceptable (Paper Il and Sect. 4.3). Finally, solutions ftgnes T.W., Merrill K.M., 1976, ApJ 209, 509

585 stars were derived on a homogeneous scale while achie\ﬂﬂﬁssen A., Mayor M., 1992, A&A 260, 115

the studies of 687 carbon SEDs in the three papers. When %Hessen A., Hennen O., Mayor M., Bruch A,, Sterken C., 1985, AZA

. . . 301, 707
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between the derived colour excesses and those obtained from3840, 1. The 73rd name-list of variable stars
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