Astron. Astrophys. 339, L45-L48 (1998) ASTRONOMY
AND
ASTROPHYSICS

o
LLl
—
—
L
-

Letter to the Editor
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Abstract. We present observations of WR 19 showing an ins provided by observations of some dust-making WCL stal
frared excess due to newly created dust similar to an event ¢Browther 1997; Veen et al. 1998).
servedin 1988. We suggest that these episodes of dust-formatioriThe phenomenon @&pisodicdust-formation near WR stars
are periodic P ~ 10yr) and related to the binary nature oiis even more intriguing. A sample of seven WC stars has sho
the object, comparable to the colliding-wind binary WR 14@t least one episodic infrared excess due to temporary dust f
In support of this thesis we identified absorption lines frommation (Williams 1997). The prototype, WR 140 (WC7+04
companion of spectral type 09.5-9.7. We propose monitoriby, has shown three dust-formation episodes, with a period
the object to determine orbital parameters, non-thermal radto= 7.94 yr. These occur near periastron passage, when t
emission and the accurate shape of the infrared light-curve. stellar winds collide most strongly (Williams et al. 1990a). Se

eral other members of the group showed evidence confirmi
Key words: stars: Wolf-Rayet — stars: individual: WR 19the binary origin of the phenomenon.
HD 96620 — binaries: general — infrared: stars Smith (1968) was firstto recognize LS 3, listedas WR 19 b
van der Hucht et al. (1981), as a WR star. In their 1988 IR o
servations, Williams et al. (1990b) happened to catch the fadi
1. Introduction of a dustshell We would prefer to indicate the dust aslaud,

since the geometry is not well determined (see also modelli
For many late-type carbon-rich Wolf-Rayet (WCL) stars the isf WR 125 by Williams et al. 1994). Now, ten years later, w¢
frared free-free wind emission is dominated by Circumste”@bser\/ed a second IR outburst (Sect_ 2) In Sect. 3 we pres,
heated dust. In a survey of galactic WC8-9 stars Williams, v8Bectral lines from a companion. Depending on the classifig
der Hucht & Tte (1987) modelled the IR excesses as emissigBn scheme the WR star is either of spectral type WC4 (Smit
from dust shells. These dust shells are being replenished cgRara & Moffat 1990a) or WC5 (Crowther, De Marco & Barlo

tinuously as the dust is carried away by the stellar wind. Singggg). Either way, it is the only star, so far, earlier than WC
the dust around WR stars was first discovered by Allen, Harvelowing dust formation.

& Swings (1972), the question of how to form the dustin such a

hostile environment is pressing. The temperature in a homoge- )
neous, smooth stellar wind is much too high to expect dust par-A new dust episode
ticles to condense. Recently, Cherchneff (1997) described thigye[] Jists the near-infrared photometry since the end of t
problem in chemical detail. Apparently, inhomogeneity, mayhligst qust-formation episode (for the log of earlier observatio
post-shock super-cooling as inferred for R Coronae Boreafig, refer to Wiliams et al. 1990b). The measurements from 19
stars (Woitke et al. 1996ab) and possible shielding overcome 993 were obtained at the 1.0. 2.2 and 3.6m telescopes

this problem. Indeed, a link between the WC and RCIB Stgig 0 ysing classical IR-photometers. Later we used both t

* Based on observations collected at the European Southern &escope. The/ H K images were dithered around the arra
servatory (ESO), La Silla, Chile and the South African Astronomicghopping and nodding was applied to the/818L" and M im-
Observatory (SAAO) ages. The observations from SAAO were performed by two of
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Table 1. Near infrared photometry of WR 19. A colon indicates an i ' ' ' ' ' ' ' ' ' ' ]
uncertain value. The last column lists the observatory (E = ESO ancLS 3 ®
= SAAQ) and instrument (P = photometer, |11 = IRAC1, 12 = IRAC2) @ ®
T e
Dae J H K L' L o AN ]
3
1991.16 9.80 9.16 856 8.2 EP =
1991.25 9.70 9.09 8.49 8.16 79 EP g
1992.06 9.77 9.16 855 8.26 78 EP B
1993.17 9.79 9.16 855 8.19 EP T ® o & ]
199334 9.76 9.16 855 8.16 76 EP % ® @ ® 9 ©
1995.28 9.93 9.11 8.49 Ell ® o & o % o
199543 9.80 9.14 8.54 8.30 SP o . ! . ! . ! . L
199546 9.76 9.11 8.55 8.31 SP 1988 1990 1992 1994 1996 1998
1996.30 9.74 9.15 8.52 El2 Date of Observation
1996.31 8.25: Ell . .
Fig. 1. L'(®) and K (o) photometry of WR 19H is barely affected
1998.21 9.83 9.27 8.26 6.22 55 EI1 d7 L. This d hat th iability indicati h
1909837 975 907 827 647 683 57 SP andJ not at all. This demonstrates that the variability, indicating the

occurence of dust formation, is observable primarily bey2rgm,
as confirmed by thd/ band (see Table 1).

Table 2.Newly determined IR photometry of HD 96620. R6BV RI
magnitudes see Wizinowich & Garrison (1982).

o F T T T ]

WR 19 phased to 10.1 years

©

standard star J H K °o .
HD 96620 (AOV)

731 731 7.30

magnitude

(RMC and ISG) using the IR photometer at the 1.9 m Radcliffe

telescope and included the band (3.6um). All observations  « L i i i
using a photometer were done with small apertdre<(15”) o L e, & o o

SO as to prevent any light contribution from the nearby star at

~ 11”. The observations were obtained inthe framework ofthe ——— (o5 |
long-term infrared WR monitoring project maintained by two Phase

of us (KAvdH & PMW).
Last March, during the final run of the IRAC-1 instrumentfi9- 2. The observed.” magnitudes of WR 19 are phased with a period
we observed a second brightening of abduiif2 L/, even more of 10.1 yr. Forthe lightcurves in quiescence, we estimatefdom the
. . - 1995 L magnitudesf — L’ = 0.06).
in M, and 026 in Kof WR 19. Those/ H K observations were
obtained using HD 96620 (AOV) as a standard star. However, ito
appeared that the magnitudes as presented by van der Bliek et al.
(1996) and Catalano & Leone (1994) represent HRXI6 We i 1
used the “real” HD 96620 during three nights and determined = [ S ]
the meanJ H K magnitudes of this calibrator (Tabé 2). The [ ]
subsequent observations were obtained at SAAO with HR 4023 | e
as standard star and confirmed this second episode.
The light curves ik andZ’ are shown in Fid.]1. The bright-
ness inL’ faded after April 1988 in about two years at a rate; = [
|

Log ( AF.
-12
T
/,’( o{
I

of 12 yr~! and our observations of the latest eruption sugge§t ' | A, = 56

fading at a comparable rate. The fading depends on the cooling | wr19_1998 ]
of the dust as it flows outward with the wind velocity. Since the + - ]
fading of WR 140 (88 yr—!, Williams et al. 1990a) is slower ! : —

with a v, =2900kms! (Eenens & Williams 1994), we esti-

mate the terminal velocity of WR 19 to hg, > 3000kms'.

There is no other wind velocity measure available for WR 18ig. 3. Comparison of spectral energy distributions from de-reddened

while Eenens & Williams (1994) find for the WC4 star WR 143®bserved magnitudesy, stellar wind from the pre-eruption data (bro-

a terminal wind velocity of),, = 2750 km st ken line), the differences between the 1998 May magnitudes and the
Like ten years ago, we may have just missed the IR majind (0) and model dust cloud + wind (solid line).

mum again. To determine the recurrence time and thereby the

Wavelength (um)
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Fig. 4. Uncalibrated spectra of WR 19 for ||:
WR 19 (LS 3) which identified absorption lines are listed il
° below (between brackets multiplet numbersse]
Sr from Moore 1959, 1993):
Aobs Aia (A)
3770 3770.4 Nu (11), 3770.6 H11?
3862  3860.6 $u (5), 3862.6 Sit
° 3888-91 3889 He 3889 H,
Sl 3920  3919.0,3920.7 ©(4)
e 3934  3933.7CaH IS
3965 3964 He in wing Caut
3969  3968.5CaK IS
3970 3970.1 Hin red wing Cat
SL 4009 4009 He
c 4026 4026 He, Hen?

4069  4068-72 Qu(16)
4089 4089 Siv(1)
4097-04 4101 ¥, 4097,4103 Ni1 (1)

I
5 HB| 4116-21 4116 Sv (1) 4121 He
ped N I 4144 4144 He
N Il 4340 4340 H
| 1 1 1 | 1 4387 4388 He in broad feature
4800 4900 5000 5100 5200 5300 4428 4428 Diffuse Interstellar Band

4471 4471.5 He

1 1 1 1 1 1 1 1
4862 4861 HB, 4859-67 Ni11(9)
3800 3900 4000 4100 4200 4300 4400 4500 4882 4882-4 N1i(9)

Wavelength Angstroms 5074 5074 N1 (10)

possible binary period, we folded the observationg.inThe and H, as a contributor to the 389°0absorption feature. The
resulting light-curve is shown in Figl 2 with = 10.1 yr. He1 spectrum is well represented, but there is some uncertai

Fig[3 presents the energy distribution of WR 19 based on thleout the presence of Hie Identifications of the absorption
May 1998 infrared data and the magnitudes given by Smith, lines are given in the figure caption.
Shara & Moffat (1990b). The luminosity of the dust is only The absorption lines are much narrower than the emissi
0.2% of the total stellar energy output. Therefore, the periodines and are unlikely to be formed in the wind of the earl
dustis optically thin in the ultraviolet, where it absorbs the santype WC star, indicating formation in a companion. From th
fraction. By applying the model as described by Williams, vagoresence of Siv and, possibly, H&, the companion appears
der Hucht & The (1987) (see also the case of WR 125 Williamt® have a spectral type in the range O9 — B1, which we narrg
etal. 1992, 1994), the temperature of the amorphous dust gram©9.5 — 09.7 on account of the weakness of theiHiaes.
is determined to be 757 K. The fit results in a dust-mass ©he possible presence of multiplet no. 1 lines afiiNadjacent
1.210°® M, assuming a distance of 2.7 kpc (see Sect. 3). to Hj invites a comparison with the ON9.7Iab star HD 12300
(Walborn & Fitzpatrick 1990), suggesting N-enhancement ¢
the companion by the Wolf-Rayet star during its earlier W
phase.
Already before this second dust episode of WR 19, the binary- The equivalent widths of the1650A blend (not shown) and
induced dust formation of WR 140 inspired a search for specttd indicate (WG-0O) ~ 02, less than thém,, = 0™8 derived
lines of companions of dust-producing WR stars (Williams &y Smith, Shara & Moffat (1990a). In part, this difference ma
van der Hucht 1996). Observations were obtained at the 1.9mdue to the O star being bluer than the WC star. If the absol
telescope at SAAO in May—June 1995. The spectra had a res@mgnitude of the WC4 star is3™0 (van der Hucht et al. 1988),
lution of 1.2A and were recorded with the intensified Reticothat of the 09.5-9.7 star would be —3™2. This is a low
(RPCS) detector system. The grating was set as to place ltiainosity for a late-type O star (cf. Underhill & Doazan 1982)
strong/\4650,& emission feature at the end of the array, wheigiggesting that the companion is on the main sequence.
the sensitivity was much lower, to avoid overloading the inten- The distance to the object was determined as 2.34 kpc by
sifier and get the best signal-to-noise ratio in the continuumder Hucht et al. (1988), assuming the star to be single. Taki
identify possible lines from a companion. into account the presence of the O-type companion, we estim

Shownin Figl#% is a blue spectrum of WR 19 composed frothe absolute magnitude of the systendds= —3™9, implying
observations in three nights and, as an insert, a green spectr@aistance of 2.7 kpc. This result agrees better with the ran
The undulations in the spectrum are broaty@nd Hert emis-  (2.93-3.90 kpc) derived by Smith, Shara & Moffat (1990b) fro
sion lines; for a full, lower resolution spectrum, see Torres #eir line-flux method, which is independent of a companio
Massey (1987). It is evident that the interstellariGd and This larger distance explains why Leitherer, Chapman & Kd
CaiK lines and diffuse 4438 band are conspicuous for thisribalski (1997) found only upper limits for the radio fluxes a
heavily reddened star. Also conspicuous are absorption lineSand 6 cm. We scale their upper limit to the mass-loss rate
the positions of the H, Hy and H5 Balmer lines. These give usM < 10~*Mgyr~! using thev,, as estimated in Sect. 2.
confidence in identifying Hin the red wing of the CaH line

3. Optical spectroscopy
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4. Discussion Crowther, P.A., 1997, MNRAS 290, L59

. . . Crowther, P.A., De Marco, O., Barlow, M.J., 1998, MNRAS 296, 367
Ten years after we observed (the tail of) an episodic IR exce8§,ens P.R.J. Williams. P.M.. 1994. MNRAS 269. 1082

of the early-type WC star WR 19, we observed a new dusfn der Hucht, K.A., Conti, P.S., Lundét, I. et al., 1981, SpScRev
formation episode. In addition, we found spectral absorption 28 227

lines from a probable companion, confirming results by Niemelan der Hucht, K.A., Hidayat, B., Admiranto, A.G. et al., 1988, A&A
& de Castro (unpublished poster at Brussels Workshop 1994). 199, 217

We classified the companion as 09.5-9.7 a@nd Brighter. Bear- van der Hucht, K.A., 1992, A&AR 4, 123

ing in mind the model for the archetype periodic dust produckgitherer, C., Chapman, J.M., Koribalski, B., 1997, ApJ 481, 898
WR 140 (Williams et al. 1990), we conclude that WR 19 is modfoore, C.E., 1959, A Multlple.t Table of Astrophysmal Interest (Re-
probably an eccentric WCE+09.5-9.7 binary, with a period of vised Edition), NBS Technical Note 36, Washington, U.S. Dept of

. . . Commerce
10 yr, where during periastron passage somewhere in the q\%—ore, C.E., 1993, edited Gallagher, J.W., Tables of Spectra of Hydro-

liding wind region heated amorphous dust grains are being pro- gen, Carbon, Nitrogen and Oxygen Atoms and lons (Boca Raton:
duced. Note that for WR 19 the dust IR excess is visible foronly ~gc Press)

30% of the time (inL’; only ~10% in K), so that there may be smith, L.F., 1968, MNRAS 138, 109

more undiscovered sources of this kind. Smith, L.F., Shara, M.M., Moffat, A.F.J., 1990a, ApJ 348, 471

In the coming decade infrared monitoring should be cogmith, L.F., Shara, M.M., Moffat, A.F.J., 1990b, ApJ 358, 229
tinued to confirm the suggested periodicity and define the néxires, A.V., Massey, P., 1987, ApJS 65, 459
rise to a maximum accurately. Furthermore, high signal-to-noigaderhill, A., Doazan, V., 1982, B Stars with and without Emission
spectra are needed to measure radial-velocity variation and ob-Lines, NASA, SP-456
tain orbital parameters. However, depending on inclination aYgen. P-M., van Genderen, A.M., van der Hucht, K.A. et al., 1998,
gle, radial-velocity variations may be small, while an eccentric A&A 329, 199 .
system can still show an IR outburst near periastron. Future alborn, N.R., Fitzpatrick, E.L., 1990, PASP 102, 379

. . L |Tliams, P.M., van der Hucht, K.A., Tl P.S., 1987, A&A 182, 91
servations should address also the radio-emission, to look Wlliams P.M.. van der Hucht. KA. Pollock. AM.T. et al. 1990a

non-thermal radiation originating in the wind-wind collisionre-  \/NRAS 243 662
gion. Williams P.M., van der Hucht, K.A., Té& P.S., Bouchet, P., 1990b,
MNRAS 247, 18P
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