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Abstract. We present high spectral resolution observations o€currence of these circumstellar disk features could provide an
the absorption lines of Gd and Nal associated with the cir- estimate of the frequency of occurrence of planetary systems.
cumstellar gas disk surrounding the two A-type shell stars HR Although infrared dust excesses from main sequence stars
10 and HD 85905. Data taken over two four-night periods #re quite common (Backman and Parelsce 1993), only direct
January and November 1997 reveal substantial changes initheging can unambiguously confirm the actual presence of a
circumstellar absorption line profiles between successive obsgreumstellar dust disk. An unsuccessful optical searchsfor
vations of both stars. Such variable features have both blue @ig-like dust disks around 124 nearby df\ir M type stars was
red-shifted velocities up to 50 knt$ away from the central ab- carried out using coronographic imaging techniques by Smith
sorbing component, and are similar to those routinely observedal. [1992). They interpreted these null results as being due
in the 3 Pictoris system. The sporadic presence of the circuo-the presence of either an unusually large amount of optically
stellar absorption components observed towards both HR sldattering material, or unfavorable orientations of the line-of-
and HD 85905 may be explained by the infalling evaporatirgight view factors. To date, optical imaging of circumstellar dust
comet model developed for tiiePictoris system by Beust et al.disks has been achieved for a very limited number of objects that
(1990). We note that variable circumstellar absorption featuriggludes Pic (Smith and Terrile 1984), HH 30 (Stapelfeldt et al.
have also been detected in rapidly rotating A-type stars, sik#97), several young objects in the Orion nebula (O'Dell and
that they may be suffering irregular mass-loss that could giveen[1994) and the recent observations of BD+31643 (Kalas
rise to similar circumstellar disks and shells. and Jewitf 1997).

The 3 Pic dust disk is also accompanied by a circumstellar
Key words: circumstellar matter — stars: individua¥: Pic — gaseous component. This circumstellar gas, which is viewed as
stars: individual: HD 85905 — stars: individual: HR 10 an ’edge-on’ disk (or torus) in thé Pic system, has been de-
tected using high resolution absorption-line spectroscopy using
both the C4I K-line at 393& (Hobbs et al_1985), and several
ultraviolet resonance lines observed with IUE and HST (Kondo
and Bruhweiler_1985; Lagrange et al. 1995). Strong temporal
The IRAS mission detected cool, dusty disks surrounding ses@riations have been observed in these circumstellar absorption
eral nearby main sequence stars such as Vega, Fomalhautliedorofiles, similar to the more extreme forms of photometric,
3 Pictoris (Aumann et al. 1984; Backman and Paréscel1993pectroscopic, and polarimetric irregular variability observed
Subsequent optical coronographic imaging by Smith and Terrifavards the possibly related Herbig Ae and Be class of stars
(1984) revealed the dust surroundjfBic to be an edge-on disk(Grady et al[ 1996; Pogodin 1997). There is now considerable
some 1000 AU in extent, and in order to explain the observedidence that the bulk of the circumstellar gas contained within
high value of infrared excess fromPic, continuous replenish- the 3 Pic disk lies within~ 1 AU of the star (Hobbs et &l. 1988;
ment of this disk is required. This reprocessing is now thoughagrange et al. 1998), and the fact that the strongest line pro-
to be linked with the evaporation/collisions of large numbefde variations are mostly redshifted with respect to the stellar
of infalling, solid bodies (i.e. comets), such that it is widely beradial velocity strongly suggests that they are caused by solid,
lieved that we are witnessing the planetesimal clearing out staglemeter-sized bodies evaporating as they fall towards the star
of a planetary system (Lecavelier et/al. 1996). Current theori@s grazing, parabolic orbits (Beust et [al."1990). More recent
concerning stellar formation suggest that planetary formatistudies of this system by Levison et al. (1994) may require the
may be a common event, since planets are thought to be pr®sence of a planet-sized body within the gas disk in order to
sembled from the dust grains that surround a star at the timeegplain these observational data.
its birth. Clearly, if a link between circumstellar dust disks and Recent ultraviolet observations of HR 10, HR 2174, 51 Oph,
planets can be universally demonstrated, then the frequenc® @&nd, and HD 100546 have revealed accreting clumps of cir-

1. Introduction
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cumstellar (disk) gas continuously falling onto these stars irlion (0.3 km s'!) Call spectra of HR 10 taken in November
similar manner to that routinely observed in thd?ic system 1996 and June 1997.
(Lecavelier et al. 1997a ; Cheng et/al. 1997 ; Grady €t al.[1997). Both stars show significant variations in their Tabsorp-
To more fully understand the link between this infalling gaseotisn characteristics, in a manner similar to those routinely ob-
material and the presence of dust disks in the role of planetagrved in the? Pic system. In addition we have observed weak
system formation, more instances of stars with associated pratial absorption towards both HR 10 and HD 85905, such that
planetary gaseous disks observed at different stages in their élie-Cal1 / Nal ratio is~ 5.0. We interpret these two aspects of
lutionary history are clearly required. Unfortunately, searcheariable absorption as confirmation of the presence of circum-
for other stars with variable circumstellar gas absorption sirstellar, possibly protoplanetary gaseous disk material (similar
ilar to that exhibited by the CH profiles routinely observed to that observed towardsPic) surrounding both stars.
towardss Pic have been largely unsuccessful (Lagrange-Henri
et al.[1990a ; Cheng et al. 1995 ; and Lecavelier et al. 19979)
However, tentative evidence for some circumstellatGaofile
variability has been reported for both HR 2174 (Lagrange-Herhe majority of our observations were made using the fiber-
etal[1991) and HR 10 (Lagrange-Henri et al. 1990b). fed echelle spectrograph on the 1.5m telescope at the Cerro
Our present approach in finding new stellar targets wiffololo Inter-American Observatory (CTIO) in Chile during two
gaseous circumstellar disks is to identify some of the key physhserving runs in January 1997 and November 1997. A log of
ical characteristics of the one star that has a well-observed tire exact dates of each observation of thd O&-line at 3933
cumstellar disk, i.es Pic. Three attributes of the associated and the Nd doublet at 589 is givenin Table 1, along with
absorption and emission have been clearly identified from trelevent astronomical data for each of the two target stars, HR
many visible and infrared observations of thé&ic system: (i) 10 and HD 85905, compiled using the SIMBAD data retrieval
B Pic exhibits a large infrared 'dust’ excess of emission at 1&ystem of the Astronomical Data center in Strasbourg, France.
25 and 100x m (Aumann et al._1984), that has been assodil of the CTIO observations were taken at a resolving power
ated with the presence of a disk of crystalline silicates similaf R ~ 66,000 (4.5 km s'), and wavelength calibration of the
to those found in several solar system comets (Waelkens etsalectra was obtained using a Th-Ar lamp comparison spectrum,
1996). A large proportion of the Ae/A class of shell stars areshich resulted in a wavelength accuracy of 0&0@.6 km
like 8 Pic, anomalous infrared emitters (Jaschek et al. 199%)!) for each data set. The CCD images were divided by a
and many also show high levels of optical polarization (Bhéfttt-field, and the CTIO spectra were extracted using the IRAF
1996), (ii) 6 Pic has an observed anomalously high ratio of tréata reduction package as described in Welsh et al. (1997). All
circumstellar absorption column densities for the visible linespectra were well-exposed with typical resultant S/N ratios in
of Call / Nal of > 10:1, which clearly differentiates the cir-excess of 30:1.
cumstellar gas component from that of normal interstellar gas In addition, we have obtained two spectra of thelCK-
(Vidal-Madjar et all 1986 ; Welsh et al. 1997), and (iii) Obsetine towards HR 10 observed on November 30th 1996 and June
vations of the circumstellar Gd K absorption lines towards 20th 1997 at a resolving power €f970,000 (0.3 kms!) using
Pic have revealed significant changes in these line profiles ottt UHRF spectrograph on the Anglo-Australian Observatory
timescales ok 1 day (Lagrange-Henri et al. 1992 ; Crawford AAO) 3.9m telescope (Diego et al. 1995). The UHRF spec-
etal[1994 ; and Welsh et al. 1997). Especially significant is the were extracted using the FIGARO data reduction routines
detection of varying high velocity redshifted absorption con{Shortridge 1988), and are shown in Fig. 3.
ponents in the circumstellar Caprofiles that are indicative of ~ Both stars exhibited strong photosphericICabsorption
an accretion process thought to be due to infalling evaporatingether with circumstellar lines formed at (or near, see below)
comet-like bodies, suggesting that planetesimal formation tie stellar radial velocity in the center of the photospheric line
the surrounding disk is well advanced (Beust et al. 1989). Witlores, similar to those routinely recorded towards thesRic
only a single observation, it can be virtually impossible to digtagrange-Henri et al. 1990a; Welsh etlal. 1997). Two typical
tinguish a circumstellar absorption line from an interstellar onspectra of HR 10 for the nights of November 17th and 18th
Thus definitive identifications can only be made by multiple 0ol1:997 showing both the broad stellar photospheric and the cen-
servations of the same absorption line, such that variationstial, narrow circumstellar CH K-lines are shown in Fig. 1. In
the line-profile would indicate a probable circumstellar originorder to obtain the normalized profiles of the circumstellar ab-
Using the three aforementioned physical identifiers ofthesorption lines, the effects of the broad stellar photospherid Ca
Pic disk system, we have begun a program of observations of pbsorption were removed from both stars’ spectra. Because of
tential 3 Pic-like stars to search for similar temporal variationgasymmetries in the stellar line profiles, this was accomplished
in their circumstellar Cal absorption profiles. In this Paperusing high-order polynomial fitting to establish a local contin-
we report on high resolution (4.5 kit ) spectral observations uum level. The resultant normalized circumstelladCsapectra
of the circumstellar Cal and Nal absorption components ob-for both sets of observations at CTIO are plotted in Fig. 2 for
served over two 24 hour periods spaced 10 months apartin 1887 10 and in Fig. 4 for HD 85905.
towards two such stars: HR 10 (A2lé¢=160pc) and HD 85905  Weak circumstellar N& D2 lines were also observed at
(A2V, d = 140pc). In addition we present two ultra-high res@=TIO on the nights of January 26th, November 19th and 20th

‘Observations and data reduction
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Table 1. Astronomical Data and Observation Log

Star \Y SP Vsini Date Observed Observatory Line Observed Equivalent Widkh (m
HR 10 6.2 A2IlV 220kms! 11/30/96 AAO Call 57.66.0
1/24/97 CTIO Call 154.616.0
1/25/97 CTIO Call 249.F12.2
6/20/97 AAO Call 51.35.5
11/17/97 CTIO Call 61.36.5
11/18/97 CTIO Call 2314610.3
11/19/97 CTIO Nal 67.27.0
11/20/97 CTIO Nal 24.83.5
HD 85905 6.2 A2V 245kms! 1/24/97 CTIO Call 82.26.0
1/25/97 CTIO Call 141.512.0
1/26/97 CTIO Nal 22.33.0
11/17/97 CTIO Call 70.25.9
11/19/97 CTIO Nal 32.54.0

2 T | values of CdI column density, N(C&l ), velocity dispersion

! | (b) and heliocentric velocity, V, for each absorption component
i ] are listed in Table 2. We estimate typical errors:0d.5 km st

et e i ] for the derived velocity of each cloud component, and5%
zr e, [ Nov 18 199 i for the corresponding componentalues. The error estimates

I ' ] that can be associated with each the component column density
values given in Table 2 were obtained by an interactive estima-
] tion procedure outlined in Crawford et dl. (1997), and in most
1 cases are typically of value 20 Table 2 also lists the corre-
] sponding derived best-fit values for the absorption components
of the Nal data. The best-fit theoretical absorption profiles for
both stars are shown as thick lines in Figs. 2, 3 and 4.

Arbitrary Units

Nov 17 1997 ] 3. Discussion

3.1. HR 10

0.5 B

HR 10 ] HR 10 (HD 256) is of spectral type A2IV/V, has a rotational
] velocity of 220 km s and has been listed as a shell star by
Jaschek et all (1991). It has a weak infrared excess at 12 and 25
L microns which is most probably associated with a circumstel-
3930 3932 3934 3936 3938 lar dust disk (Cheng, Grady and Bruhweiler 1991). It has been
Wavelength (&) observed previously at visible wavelengths by Lagrange-Henri
Fig. 1. Raw spectra of HR 10 showing both the broad photospheﬁé al. [1990b) who detected a narrow circumstellar component,

Call lines together with the narrow circumstellar lines as observed glmllar to the 'stable’ component ¢ Pic in the core of the

November 17th and November 18th 1997. Note the extra blue com|9 -Otos_phe“(’t Ca K line. However, unI'I&P'?’ it Wa§ fO‘%”d
nent in the November 18th data. that this ‘'main’ component was not stable in velocity; in ob-

servations spaced two years apart it had moved by about 8 km

s~1. In addition to this variability, Lagrange-Henri et al. also
1997. These data, which are also shown in Figs. 2 and 4, wetserved a variable absorption feature redshifted by 20%m s
reduced in an identical manner to that of thelCaata. The with respect to the 'main’ component, which appears similar to
effects of telluric water vapor line absorption in the D2 spectthe redshifted events frequently observed in the caseRIt.
were removed using a technique outlined in Bertin et al. (1998)rady et al.|[(1996) reported variable accretion phenomena in

The equivalent width of each observation of the respectitlee UV lines towards this star, and similar changes in absorption

Call and Nal absorption profiles integrated over the entirarising in the circumstellar envelopes of several of the possibly
aborption line width are listed for both stars in Table 1. Weelated Herbig Ae/Be stars have been reported by Grinin and
have fit each of the residual intensity line profiles with one diambovtseva (1995). More recently, HST GHRS ultraviolet ab-
more absorption components (i.e. 'clouds’), using a Marquastirption observations of HR 10 by Lecavelier et al. (1997a),
least-squares fitting program (Vallerga et al. 1993). The bestHéve revealed the presence oflFéons with a definite circum-
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Table 2. Absorption Line Fit Parameters (Component V and b in krh, &N in 1071° cm™2).

HR10

Observation \Y b1 N1 Vo b2 No V3 b3 N3 \ b4 Ny V5 b5 N5
11/30/96-Call -14.4 3.7 7.6 -104 2.1 19.4 7.3 7.7 36.7 7.4 3.8 119 - - -
1/24/97-Call -179 8.6 59.3 -8.3 1.2 2559 -0.1 4.7 693 13.0 10.2 294 - - -
1/25/97-Call -38.2 105 435 -11.0 95 1181 -2.0 84 1185 17.7 9.6 777 - - -
6/20/97-Call -16.6 2.6 9.7 - - - 34 89 36.7 9.2 3.0 28.0 16.2 45 8.8
11/17/97-Call - - - -6.6 51 10.2 3.4 1.9 127.4- - - - - -
11/18/97-Call -24.0 6.2 271 -123 1.1 5.0 0.8 89 343 146 5.6 795 227 95 248

11/19/97-Nal  -27.2 8.7 13.3 - - - 0.0 9.9 135 - - - 359 79 41
11/20/97-Nal - - - - - - 036 71 65 - - - 258 6.2 59

HD 85905

Observation \Y b1 N1 Vo b2 No V3 b5 N5 \ b4 Ny V5 b5 N5
1/24/97-Call -15.3 10.8 43.7 -4.7 4.8 27.1 - - - 8.5 5.3 26.0 - - -
1/25/97-Call -49.7 121 280 -27.8 53 18.9 -92 9.8 552 5.6 140 73.0 - - -
11/17/97-Call - - - -104 114 100 6.2 8.9 448 9.0 1.1 251 198 64 124
1/26/97-Nal 274 49 2.4 -6.5 24 9.2 - - - - - - - - -
11/19/97-Nal - - - - - - 9.2 76 16.7 - - - - - -

3.1.1. Circumstellar CH K-line profiles

The Call data shown in Figs. 2 and 3 clearly show marked ab-
sorption profile variations for both sets of observations that were
each taken 24 hours apart. These changes in the circumstellar
Call absorption profiles are as large (if not larger) as those
o - - o o w i er]  TOUtiNely seen towards Pic. We also note that the changes in
o e e e e e e Y e e ey e e o profile during both sets of 24 hour periods are as pronounced as
the variation in circumstellar Gd absorption seen towards HR
: 10 over a period of two years by Lagrange-Henri et al. (1990b).

The Call profile of HR 10 observed on November 17th
1997 illustrates the difficulties involved in the recognition of
stars with a similar circumstellar nature gdPic. Note the sin-
gle central component with a complete absence of any high
velocity absorption components in the Ogrofile. Clearly if
only this single observation had been made, no profile variation
would have been assumed and thus its recognition as a potential
protoplanetary gas disk would not have been made. Again, we
stress the importance of making multiple observations in order
to clearly identify othep3 Pic-like systems.

i We now draw attention to two interesting aspects of the
il ﬁﬁﬂmﬁﬂ% ‘M M circumstellar CAT absorption line profile data:
(i) There are sporadic changestinth the red and blue wings
0oy 1 of the main circumstellar CH line. In particular, the UHRF
spectrum of June 20th 1997 (Fig. 3), and the CTIO spectra of

05 Lot eveet] January 25th and November 18th 1997 (Fig. 2), show clear

Velocity (ken/5) Velocity (km/5) evidence of discrete blue-shifted absorption events. Similar
variability in the redshifted absorption components of the

Fig. 2.Circumstellar CaI and Nal spectra of HR 10 taken attheCTIOF>j system has been widely reported (Lagrange-Henri et al
during 1997. Dashed lines show the individual components used tq fic Sy y rep grang )

the observed data points (shown as bars), and the resultant bes:ltg.gz)' However, blue-shifted absorption components are far

profile is shown as the dark, full line. rarer events (Beust et al. 1991 ; Crawford ef al. ]998) We will
return to this point in Sect. 4 below.
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stellar origin, and also additional evidence of low velocity, blﬂ') In the case ofﬁ Pic the velqcny of th_e ‘main’ cir-
definitely clumpy, gas. cumstellar absorption component is stable (in over a decade

of observations) and occurs at the radial velocity of the
star. For HR 10 the velocity of the 'main’ G& absorption
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3.1.2. Circumstellar N&D-line profiles

bl g [N MMHH TR Fjg. 2 also shows the NaD2-line profiles observed on the
' TN ”JW'M DY (‘\E'W "M“I‘“' ‘““w i nlgh_ts of Nover_nbe_r 19th ar_1d_ 20th 1997. Although theINa
\ ”M,J” L ! D2-line absorption is weak, it is clear from the data set that a
i Iy \ ol similar pattern of modulation in the velocity of the 2-component
| 1 circumstellar Nd line is occuring. Over the 24-hour period be-
] 1 tween observations the circumstellar D2 profile appears to shift
i ] by ~ 20 km s™!, consistent with the observed magnitude of the
velocity shift of the circumstellar CH line. In addition to the

o
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esidual Intensity
o
@

R
)
2

\

o
>

os | 1 shift in velocity of the D2 line we also note a 50reduction in
. ., Calldun01997 the level of Nd absorption over the 24 hour period. Although
e s 40 3 B <10 0 40 20w 40 5w small changes in the level of circumstellar Nabsorption have

Velocity (km/s)

been observed previously towarddic over a 24 hour period
(Welsh et al[ 1997), the large variations in both velocity and
b 1 column density observed for the D2 line of HR 10 are, to our
Lo Lol UL L knowledge, unprecedented. We note that we also observed sim-
ALK LALLGE . "SR TR VR ilar variations in the instrinsically weaker N&1 line profiles

: N : for HR 10.

\ \\\;J f 1 Inspection of the D2 line data also indicates the possible
\,‘ presence of weaker high velocity components that may also
| ] vary between observations. However, due to the low signal-to-
\ 1 noise for these weak lines and the possible contamination of the
data by telluric water vapor lines that may have not been fully
removed, we cannot attribute a circumstellar nature to them with
04 w Lo w Lo w confidence.
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Fig. 3. Circumstellar CaI spectra of HR 10 taken with the UHRF at3.1.3. The Cal to Nal ratio

the AAO on November 30th 1996 and June 20th 1997. Dashed lines

show the individual components used to fit the observed data, and tt@bbs et al.[(1985) first noted an anomalous column density
resultant best-fit profile is shown as the dark, full line. ratio of N(Call )/ N(Nal ) > 10 for the circumstellar gas disk
surrounding3 Pic, and a similarly high ratio was inferred for
observations of HR 10 by Lagrange-Henri etlal. (1992). Unfor-

. . . tunately our present observations of @and Nal are not con-
component is seen to change in velocity by upal0 km temporaneous, and since the circumstellar components change

—1 . . .
3 between' SEJCC(.:"S,S'VE observat!ons_ (See Fig. 2). C!eq Gir velocity and strength over short timescales it is difficult
for HR 10 this 'main’ component is difficult to recognize,

: : 0 associate the absorption from eachIlCaomponent with
due to the_ complex_and_changmg nature_of the cllrcu_rqsteiﬂ%u from a corresponding Navelocity component (if indeed
Call profiles, and in th's. Paper we define the_ main’ H uch a correspondence is even valid, given thatfeic neutral
10 component as that W.'th the largest absorption depth dium is probably produced in a more extended zone, Vidal-
a given date of observation. As noted above, the changeM

locity of th in ab . f' b djar 1986). However, if we take the ratio of the total column
velocity of the main a sorption component was first o Serv nsity of circumstellar CH (as measured on November 18th)
by Lagrange-Henri et al. (1990b), who suggested that it mi

d compare it with that of the total column density ofINas
be due to a variable stellar radial velocity. We have checked tm%asurez on IN\g\I/ember 19th), we obt:in a NKD}Ia/y(N?I\\{IaI

possibility by measluring.the rad_ial velocity of the ste]la@ H) ratio of 5:1. This ratio value (which we deem as a lower limit
:lne (Y{ :b+3 km gh), Wh'Ch. V\;]e f,lndbto be c;onsta:/r\llt (W'th'rll ]afor each circumstellar component) is normally only observed in
tr:n Sf ) ethw?fg t re1 tWO. nig t;‘:’ ° Sefrvsno’ns.' ,e concludginer high velocity interstellar gas clouds (Siluk and Silk 1974),

erefore, that the changing velocity of the ‘main’ componegt o \yarm intercloud regions of the ISM. Although this ratio is

IS no_t dule toa vanatblg steII?r vequt;:)_(Le. thﬁ sttar_ IS n((j)t fuch smaller than that found for circumstellar disk gasfoundin
previously unsuspected spectroscopic binary), but arises dug lo pi sustem, it is still consistent with a circumstellar origin
changes within the circumstellar environment. Thus, althou%} the observed HR 10 absorption

the 'main’ circumstellar component towards HR 10 looks
superficially similar to that of3 Pic, the fact that the former
moves in velocity while the latter does not, may indicate thdt1.4. The line widths

they are caused by different mechanisms within the disk. , : L
It is apparent from Figs. 2 and 3 that a great deal of variation

occurs in the line widths of the circumstellar absorption com-
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ponents; narrow absorption components observed on one nigffiital distance of 0.45 AU, although this must be a lower limit

appear to change into broader components 24 hours later. Td8ghermal and turbulent effects would broaden the line further.

must be due either to changes in the physical conditions (M#e note that Lecavelier et al. (1997a) obtained similar distance

temperature and turbulence) within each component, or to thmits for HR 10 by applying this argument to their UV e

appearance and disappearance of discrete, but spectrally ulimes observed with HST. Moreover, gaseous clumps within this

solved, sub-components, as might be expected on the basimaterial would be expected to produce line profile variations as

the recent comet model of Beust et a.(1998). they move in front of the star. We return to this point in Sect. 4
Indeed, the observed line profiles are perhaps suggestivéefow.

the presence of discrete, but variable, components in the blue

and red wings of a 'central’ narrow component which remains

fairly constant in strength and width, even though it moves ffy2- HD 85305

velocity. For example, the profile obtained on January 24th 199y star, of spectral type A2V and of rotation velocity 245 km
would resemble the simple profile of November 17th 1997 ifthe-1 5 |isted as a shell star (Jaschek and Egret 1982) with a
neighboring, partla”ylfffsolv‘ad’ components (i.e. those at 17| of polarization consistent with surrounding circumstellar
-0.1 and +13.0 km's’; Table 2) were absent. It would alsoy,st material (Bhatt 1996). A single observation of HD 85905 in
resemble the broad component of November 18th if additiongly, 1 9g7 by Lagrange-Henri et al. (1990a) revealed absorption
components were present but with velocities closer to the centghiered on the bottom of the photospheridTline, but a cir-
component, causing them to blend together. Further evideRggnsteliar origin could not be attributed due to (a) no indication
for the presence of variable structure in the wings of a staljg\ariability in the Cal I K-line from the single observation, (b)
component, which would cause it to appear broader if observgd |5ck of any observed high velocity Ceabsorption compo-

atlower resolution, comes from our very high resolution UHREgnts and (c) the unavailability of associated circumstellar Na
data (Fig. 3). The velocity dispersion of the narrow componegfseryations.

which, despite its variable heliocentric velocity seems always to
be present, is fairly constant with~ 2.0+ 1.0 km s°! (this is
similar to the values obtained for the central stable compon&a®.1. Circumstellar CH K-line profiles

observed towards Pic; Beust et al. 1998), although most of the

neighboring components are significantly broader (the avera%@r_ observations of the circumstellar Hdine over the 24 hour
b value for the Cal line components is 7 kni3). period of January 16th -17th 1997 shown in Fig. 4 clearly show a

For Caions, the velocity dispersion paramelgis related to similar pattern of absorption profile variability to that discussed

the kinetic temperaturdy;, and the line-of-sight rms turbulent@20Ve for HR 10. There are distinct changesdth the red and
velocity, v;, by blue absorption wings of the circumstellar line, similar in mag-

nitude to those observed towards HR 10. The sole observation
T of Call on November 17th 1997 shows a far simpler absorp-
_ k 2 -1 . e . .
b= 0413(10001() + 2v; kms™ ", (1) tion profile indicative of a lower level of circumstellar activity,
which is very similar to the CHI profile obtained for HD 85905

and this equation may be_used to place Ilmlts on the tempger Lagrange-Henri et al {1990a) in May 1987. Again we em-
ature and turbulence of the circumstellar medium. For examp . : . . .
. o - phasize the need for multiple absorption observations in order

by assumingy; = 0 we can obtain rigorous upper limits to

the kinetic temperature. The mean Qaelocity dispersion of to establish any SyStem_S potent,&Pm-hke_ nature.

b~ 7kms"! corresponds to a kinetic temperature upper limjt PUu€ to the complexity of the Gd profiles observed dur-
(obtained by assuming = 0) of over105K. However, itis most ing January 1997, it is difficult to recognize a stable, central
unlikely that the kinetic temperature is anything like this highompenent. However, if we assume that tlhe main absorbing
(as it would result in the collisional ionisation of €40 Cat+), component is that observed at V~=7 km s~ on November

so either significant turbulence;(~ 5 kms™1) is present in the 17th, then it seems very likely that this central circumstellar

circumstellar gas, or some other process is broadening the f9gnponent also exhibits velocity modulation effects similar to
profiles. those found above for HR 10 (which may be due to a variable

The various mechanisms responsible for broadening abscifiar radial velocity).
tion line profiles in circumstellar disks are discussed in Sect. 3.1
of Beust et al.[(1998). In addition to the thermal and turbulegts 5 circumstellar NED-line profiles
contributions, for gas in a Keplerian orbit it is necessary to con-
sider the radial component of the orbital velocity projected onkig. 4 shows two N& D2-line absorption profiles taken on Jan-
the finite angular size of the stellar photosphere (Eq. 1 of Beuwstry 26th and November 19th 1997. There is &560crease
et al..T998). For material close to the star, the latter effect canthe level of absorption between the two observations. These
dominate; for example, at a distance of 0.15 AU from an A2 stilial profiles best show the velocity shift of the main absorption
the projected orbital velocity will producetavalue of about 10 componentfrmV =-6.5kms ! toV =+9.2kms'. We also
km s~!. A b value of 2 km s, as obtained for the centralnote the transitory appearance of a blue-shifted component at
component observed towards HR 10, would correspond to\én -27.4 km s°! in the January 26th data.
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‘ o ‘ 1 4. Origin of the variation in circumstellar absorption

LT T Tl
T - as i

Our data clearly show a high level of variability in the cir-
cumstellar absorption characteristics of both HR 10 and HD
85905. Similar variability of circumstellar absorption compo-
nents have been routinely observed infHeic system for over
. o R o aseos o w1 el @ decade, and are well explained by the Falling-Evaporating-
o e o e e e o e e o % W Bodies (FEB) scenario in which gas from kilometer-sized bod-

ies (such as comets) is vaporized in the vicinity of the star (Beust
et al[1990). These bodies are assumed to move on parabolic or-
bits with a close perihelia~ 10 stellar radii), and evaporate
when grazing the star. In the case®Pic, the transient events
are mostly red-shifted, which requires a specific direction of the
axis of the parabolic orbit of the FEBs. In the cases of both HR
10 and HD 85905 we observe both red and blue shifted absorp-
8 tion components, which may indicate that whatever mechanism
S e R aligns the orbits in the case 6fPic (e.g. planetary resonances;
e meee Beust et al. 1996), it is not operating for these two stars. We note
that, in the absence of an alignment mechanism, the FEB model
actually predicts equal numbers of red and blue-shifted events
(e.g. Crawford et al. 1998). Thus, the strong blue-shifted events
observed towards HR 10 on June 20th and Nov 18th 1997 are
fully consistent with the FEB model.

We have found clear evidence for discrete, but variable, ab-
sorption events in both the red and blue wings of the ‘central’
L L L w1 circumstellar absorption component towards each star. It is in-

o e et teresting to note that UHRF observationgid®ic have recently

revealed similar variable structure in the wings of the stable cir-
Fig. 4. Circumstellar CaI and Nal spectra of HD 85905 taken at thecmstellar component (Beust etial. 1998), where they have been
CT!O during 1997. Dasheq lines show the individual components u%ﬁ@erpreted as being due to cometary-type objects crossing the
to f't_th'_a observed data points (sh_own asbars), and the resultant begfifit ¢ sight at greater distances from the star than those respon-
profile is shown as the dark, full line. sible for the higher velocity events. As noted in Sect. 3.1, it is
also possible that orbiting clumps of gas within the disk could
) give rise to these variable components, as recently suggested
3.2.3. The Cal to Nal ratio by Kholtygin et al.[[I997) in the context of Herbig AeBe stars.

If we assume that the absorption components centered-at yHowever, we note that to account for the observed velocity vari-
+ 7 km s! in both the Cal data of November 17th and thedbility (~ £10 km s1) they would have to be very close to the
NaI data of November 19th are formed in a similar circumstellgfr (< 0.13 AU), unless their orbits were highly elliptical.
region, then the N(CHL ) / N(Nal ) ratio is 4:1. Again, this ratio Given the evidence for circumstellar dust around these two
is small compared to that found for disk gas in theic system, stars (from the infra-red excesses), the FEB model is certainly a

but it is very similar to that found for the HR 10 circumstellaplausible explanation for the observed spectral variability. How-
system. ever, there are two caveats: (1) the FEB model has never satis-

factorily explained the ‘stable’ absorption component in the
324 Li idth Pic system (see Lagrange et(al. 1998 for a recent discussion);
-24. Line widths and (2) the variable velocity of the ‘central’ component in both

The averagé value for all eleven CAI components observedHR 10 and HD 85905 may indicate that it is formed by a differ-
towards HD 85905 is 7.8 knT$, resulting in a kinetic tempera- €Nt mechanism from that operating in tfiePic system. Until
ture upper limit of T, < 148,000K (assuming zero turbulence)t.hese outstanding questions can be answerd satisfactorily, some
The average value for the Nd components is 5.0 km, doubt must remain as to how close an analogue HR 10 and HD
which results in a temperature upper limit of & 45,500K. 85905 are to thg Pic system.
As for HR 10, these very high temperature upper limits imply Recently, the whole question of the origin of circumstellar
that some other line-broadening mechanism is present, whigks around main-sequence A stars has been reopened by Abt
is probably unresolved velocity structure and/or the projecti@ial. (I997), who have detected circumstellar Ti Il lines towards
effects of orbiting circumstellar gas. a number of rapidly rotatingu(sins > 200 km s™!) A-type
stars. These observations led them to suggest that all A-type
stars rotating near their limits may suffer irregular mass loss
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Table 3. Observations of other Ae-type stars

Star \% Sp Vsini(kms!) Observation Date Comments

HD 195324 5.9 Ale 15 8/15/97 no C/S line present
HD 223884 6.2 A5Ve 210 7123/97 C/S Call line present
HD 15253 6.5 A2e 160 8/27/96 no C/S line present
HD 39182 6.4 A2Vpec 220 8/27/96 C/S Call + IS line present
HD 148283 5.5 A5V 260 8/27/96 C/S Call line present
HD 109573 5.8 AOVe N/A 1/24/97 weak C/S line present
HD 223385 5.4 A3le 30 8/15/97 no C/S line present

giving rise to circumstellar disks or shells. We also note thabnsistent with the findings of Abt et al. {1997) in which only
there is a growing realization that at least the early A stars cArtype stars that are rotating near their limits (2200 km
also lose mass through radiatively driven winds (Babel 1995).!) have shells or disks.

Clearly, if either of these processes were responsible for the

circumstellar lines towards stars such#Bic and HR 10, then

there may be no need to invoke the evaporation of comet-like Conclusion

objects as a source of this circumstellar gas. On the other hawj, h b d hiahl iable ab i iated with
we note that the detection of circumstellar CO towafdBic € have observed highly variableé absorption associated wi

; the circumstellar lines of CH and Nal seen towards the two
(Vidal-Madjar et all_1994), does strongly suggest a cometar :
contribution. However, we note that CO gas is very cold ( -type stars HR 10 and HD 85905. Such variable features have

20K) and should be formed at far larger distances from tlpgth blue and redshn‘ted velocities ofuptq 5(.)krﬁawayfrom.
central star than the circumstellar G&hus, its origin may not acentral absorbing component, and are similar to those routinely

be directly linked with the FEB's. It would therefore be of grea?b_served n th_é} Pic system. The CH to Nal column density
interest to determine if CO is also present in the circumstelf&H° for the circumstellar gas components towards both stars

environments of HR 10 and HD 85905. ~ 5:;) is_ sqr_newhat lower than that fou.nd in théic system,
but still significantly larger than normal interstellar values.
The sporadic presence of both red and blue shifted absorp-
5. Observations of other Ae-type stars tion components in the circumstellar spectra of both HR 10 and
. HD 85905 may plausibly be explained by the infalling cometary
In addition to HR 10 and HD 85905, we have also performegd,anoration model developed f6rPictoris. In particular, the
Call K-line observations of the 7 stars listed in Table 3. SOMfiscrete blue-shifted Gd absorptions observed on June 20th
are listed as Ae shell stars and others are early-type anomalghig November 18th 1997 are consistent with this model for ap-

infrared emitters of peculiar spectral class. In only 3 of theggqhriate choices of the longitude of periastron of the orbits (e.g
stars do we detect a relatively strong and narrow, central G¥rawford et al 1998).

cumstellar absorption centered at the bottom of the stellar pho- However, additional work (such as long-term monitoring
tospheric Cdl K-line, \-€. HD.223884' HD 39182, H_D 1482,83' f both the circumstellar and stellar lines) will be required to
These stars were also identified by Lagrange-Henri étal. (199

: . . o @lain the variable radial velocity of the ‘main’ circumstellar
as possessing deep (circumstellar) absorption within the

. X onents observed towards HR 10 and HD 85905. In addi-
broad photospheric stellar line. All three stars were observg P

b t least twi iod of 24 h but their ci , further work is required to clarify the relationship, if any,
y us atleast twice over a period o ours, but their Clrcu%ween the circumstellar gas around rapidly rotating A-stars

stelzlla_rtproglles v;/_ere unchangetd and_fh()twi?l no ewde?ceHoI;h ected Abt et al[(1997) and thePic phenomenon. Only
velocity absorption components similarto those seen for en these issues have been satisfactorly addressed will we be

HD 85305 andS Pic. certain that the same processes responsible for the variable cir-

Recent high resolution infrared images of the star HR,mtellar absorption observed towaréi®ic also operate in
109573 (HR 4796) show compelling evidence for an associatgdce two newly discovered circumstellar systems.
(proto)planetary dust disk (Koerner et [al._1898) Our present

observations show evidence for a weak circumstellar gaseous _ _
disk around this star. However, we found no evidence for teficknoWledgementsiVe wish to thank the staff of the Lick Obser-

) . . vatory, the Cerro Tolo Inter-American Observatory, and the Anglo-
poral changes in the Q& circumstellar profile over a 24 hour . . . . .
Australian Observatory for their help in making these observations.

period. Thus, we are. Pfese”F'Y “r,‘ab"? to Conflrm the PresSenge aiso are indebted to Dr. Gibor Basri for helpful comments to the
of on-going planetesimal activity in this system similar to tha}anyscript, to Dr. Anne-Marie Lagrange for her valuable advice, to Dr.
observed towards HR 10 and HD 85905. Rosine Lallement for the use of her telluric water vapor removal pro-

No circumstellar absorption features were found towardsam, and to Sabine Airieau for the manuscript preparation. This work
any of the remaining 3 stars in Table 3. We note that all of theses funded under contract with NASA (BYW and NC) and PPARC
stars have rotational velocity values 160 km s't, which is (IAC).
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