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Abstract. The results of a monitoring programme of high andtar, making it a possible progenitor of the HR 4796 (protoplan-
intermediate resolution spectra coveringllr5676,&, NaiD,; etary) disk system, suggests the existence of structures similar
and Hx of the isolated Herbig Ae star BF Ori are presentetb those probably present in the solar system at a time of forma-
We detect the presence of blue and redshifted emission aiodh of planetesimals. The estimated much higher than cosmic
absorption components of these lines which vary from day-tabundances of refractory (Na) over volatile (H, He) gases for
day with correlated changes suggesting a similar origin. the detected bodies supports this suggestion.
The appearance, strength and variations of the redshifted
Nai1 D absorption component on a time scale of days show valKiey words: comets: general — stars: emission-line — stars: in-
able accretion activity similar to that seen toward the Herbig Alividual: Beta Pic — stars: individual: BF Ori — stars: individual:
star UX Ori andj Pic, suggesting evaporation of star-grazing/X Ori — stars: pre-main sequence
bodies. We estimate for one event that such a body is kilometer
sized, evaporates at a distance of about 0.4 AU from the central
star and has a mass comparable to comets in the solar syst(im
A dependence was found of thedine profile on the photo- ™
metric brightness of BF Ori similar to that observed for UX Oriln the past few years the formation and evolution of planetary
It is evidence for obscuration of a dense dusty body locatedS¥stems has moved from theoretical studies to the forefront of
the outer d|Sk regions as no extra absorption Components froﬁmervaﬂonal I’eseal’ch with detection, Via reﬂeX motion eﬁects,
gaseous content and no direct influences on the cometary ac@hdupiter-mass objects in close proximity to nearby Solar-type
ity were observed. More complex variations of the profile  stars (Mayor & Queloz 1995; Marcy & Butler 1996), and high
could be exp|ained in part by absorption of Star-grazer maf@SOlution |mag|ng Of dust diSkS W|th Cleared Centl‘al Ca.VitieS
rial, equal to the absorption at the sodium lines, and in p&found 10-350 Myr old A stars (Holland et al. 1998; Koerner
by obscuration of its line forming region by the cometesimat al. 1998; Jayawardhana et al. 1998). More recently, infrared
More evidences for detections of revolving clumpy material aréhaging of the binary system HR 4796 has provided another
observed changes in the velocity direction of the very strofgar example of a possible protoplanetary disk system around
Na1D, ; low velocity absorption components and the observégnearby8+3 Myr old A-type star (Jura et al. 1993; Stauffer et
flip over of the relative strength of the blue and red peak af Hal- 1995).
simultaneous with the change of blue to redshifted absorption Models for planetary system formation predict that such ob-
components in both the N& ; and He lines. In case of orbit- jects should be the end-products of the evolution of gas and dust

ing bodies, the estimated period lies between 60 and 100 d&igks. Promising support for these models is provided by the de-
with a distance from 0.35 to 0.57 AU, respectively. tection of circumstellar gas and dust disks around young stars
The detection of possible orbiting and comet-like objects (Beckwith & Sargent 1996; Mannings et al. 1997). However,

the disk of BF Ori, 882 Myr old pre-main sequence A5—6 I11elinking the protoplanetary and debris disks to mature planetary
systems requires a demonstration that collisionally-grown bod-
ies are routinely produced and resemble our expectations for
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(dolf@astrol.ft.uam.es; dwinter@iac.es) planetesimals, as noted by Beckwith & Sargent (1996).
* Based on observations made at the European Southern Observa-Such bodies are exceedingly difficult to detect directly, com-
tory, La Silla, Chile. pared to dust disks, since they lack the large surface area of com-

** Currentaddressinstituto de Astrofsica de Canarias, C/ Vigictea parable amounts of micron-sized dust grains. However, they can
s/n, E-38200 La Laguna, Tenerife, Spain be indirectly sensed if they approach the star sufficiently close,
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and in sufficient numbers that a kind of cometary activity occurs. For comparison purposes, we followed the same procedure
Redshifted circumstellar gas features have been recognizetbirthe UXOR prototype UX Ori, adopting a spectral type of A3
the optical and UV spectra ofPic for the past 13 years (Kondollle (Timoshenko 1985) and the Orion OB1 distancel®f +
& Bruhweiler 1985; Lagrange et al. 1988; Boggess et al. 19940 pc by Warren & Hesser (1978). The results for UX Ori are
Ferlet et al. 1993), and have been most successfully interpretieglL, /L., = 1.477011, M, = 2.1+ 0.2 M, and log(Age/yr)
as the comae of swarms of star-grazing bodies (Beust et=ab.5 4+ 0.2. Both UX and BF Ori are thus not only extremely
1996). The on-going controversy over the aggiéfic (Jura et similar in all their observed properties but also in their PMS
al. 1993; Backman & Paresce 1993; Lanz et al. 1995; Crifo ghase.
al. 1997) means that it is uncertain whether the infall activity in In common with other Herbig Ae stars, probably viewed
this system reflect planetary formation processes or the evdhlwrough their disks (Grady et al. 1996), BF Ori exhilitRic-
tion of the debris disk following any epoch of these processdi&e infalling circumstellar gas, and was one of the first Herbig
Detection of similar activity in unambiguously younger star8e star for which such activity was detected (Welty et al. 1992;
offers the opportunity of probing planetesimals at the epoch@faham 1992). Subsequently, Grinin et al. (1996a) presented
planet formation. for the UXORs WW Vul, RR Tau and BF Ori series of Nand

In this paper, we present the results of four spectroscopier\5876 profiles showing infalling material and correlated
monitoring campaigns of one of such a system, BF Ori. SecttBanges in these profiles. Their observations, while suggesting
provides a general background and astrophysical parametersfsirong parallel witl$ Pic, did not have the duration and obser-
ourtarget. Sect. 3 summarizes the observations. Sect. 4 contaai®on frequency to determine whether the infall episodes they
a discussion of the individual line profiles, which are evaluatedported had a similar duration to such activitydRic.
in the context of the infalling evaporating bodies model. Indi-
vidual spectral features are discussed in Sect. 5. In Sect. 6 we .
estimate the dimensions of a comet-like body for the Octob .rObservat|ons
1993 observations. The accretion activity of BF Oriis comparegur observing program consists of high and intermediate res-
with those of other Herbig Ae/Be (HAeBe) stars in Sect. 7. Iplution spectroscopy obtained during epochs between October
Sect. 8 we include a discussion on the two possible CS bodi@®3 and January 1995. During these runs intensive monitor-
able to interpret the data. Finally Sect. 9 include some concludg could be carried out covering time scales of days and in

ing remarks. one occasion even of hours. A detailed observing log of all the
) ] spectroscopic observations is given in Table 1.
2. BF Ori: background and astrophysical parameters The high resolution spectra, with/250,000-55,000, were

The Herbig Ae star BF Ori has a history of large amplitude|l taken with the ESO CAT/CES combination. The equipment
photometric variability ovel/ = 926-12°6 (Shevchenko et and methods used for both the observations and reduction are
al. 1993), and blueing of the colours during deep minima (Bimready described by Grinin et al. (1994) and de Winter et
& Thé 1991), similar to that seen in UX Ori and other Herbigl. (1994). The December 1994 high resolution spectroscopy
Ae stars with strong photometric variability, which Herbst et aliround Na were supplemented by intermediate resolutien H
(1994) have termed UXORs. Anti-correlated linear polarizatigpectra (R=16,500) taken simultaneoously and therefore, only
variability consistent with intermittent occultation of the star hagxposed optimally over the 6260-6880ange. These obser-
been reported by Grinin et al. (1991), implying that the star v@tions were taken with the Boller and Chivens spectrograph
viewed close to edge-on through a circumstellar gas and dostunted on the ESO 1.52 m telescope stationed at La Silla. The
disk (Grinin & Rostopchina 1996). detector was a Ford Aerospace 2048048 pixel CCD, with a

To derive the astrophysical parameters of BF Ori, the t&5 x 15 m pixel size. The spectra were reduced using the M-
tal luminosity of BF Ori was computed by integrating over ®AS software running under SUN/OS at the ESO headquarters.
Kurucz (1991) model for the stellar photosphere, fitted to its
extinction-corrected spectral energy distribution (SED). For the Analysis of the spectra
construction of this SED, literature data from the ultraviolet’
to the infrared were combined with unpublished photometty the first subsection the various monitoring data-sets will be
near maximum system brightness. For BF Ori, a spectral typealysed. Because of the special character of the December 1994
of A5-6 llle (van den Ancker et al. 1998), and a distance gpectra, exact simultaneous monitoring of all the line profiles,
430 + 60 pc, assuming a membership of Orion OB1 ¢ (Warrahey will be analysed in a second subsection.
& Hesser 1978), were adopted. We then determine the stel-
lar mass and age by comparing the position of the star in tElel
Hertzsprung-Russell diagram with the PMS evolutionary tracks
andisochrones by Palla & Stahler (1993). These tracks were dddi: In October 1993, when the star was at intermediate bright-
culated for solar metallicity, but we expect no importantchangeess level, the NaD lines, Fig.1lb, were characterized by
on these estimates for slightly differeftvalues. The result- prominent, high velocity:( > 100 km s~!) redshifted absorp-
ing stellar parameters for BF Ori ateg L, /L, = 1.3710 13, tion components (RACs) with absorption extending in the red
M, =2.0+0.2 Mg and log(Age/yr) 6.5 + 0.2. wings up to 200 km<s!. Complex absorption at lower veloc-

. The Na D, Hel & H« line profiles and variations
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Table 1. Journal of Spectral Observations. The magnitudes given are from A.N. Rostopchina (private communications, Ref. 1), unpublished
photometry by the authors (Ref. 2) and from A. Miroshnichenko (private communications, Ref. 3).

Date J.D. Spectral Resolution  Exp. No. of  Figure \% Ref.
+240000 region time  spectra

'93 Oct. 7-12 9268-9273 & 50,000 45min 6 1c 7 1
'93 Oct. 8-14 9269-9275 H&NaiD 55,000 45min 7 la,b I 1
'94 Jan. 11 9364 H 50,000 60min 1 3 -

'94 Aug. 17 9582 He&Na1D 55,000 35min 1 2 101 2
'94 Aug. 18 9583 He&Nai1D 55,000 26min 1 2 101 2
'94 Aug. 20 9585 He&Nai1D 55,000 40min 1 2 101 2
'94 Dec. 13-15 9699-9701 dd 16,500 45min 11 4c,5 -

'94 Dec. 13-16 9699-9702 H&NaiD 55,000 45min 12 4a,b -

'94 Dec. 16 9702 I 55,000 45min 2 4c -
'95Jan. 15-20 9733-9738 H 55,000 45min 6 3 102 3

ity is also seen, with the foreground interstellar (IS) absorpticr40 km s! is observed. The following night this component
visible at21+2 km s~!. The profiles exhibit striking day-to-daybecomes slightly weaker, but the velocity ranges are similar.
changes. While all parts of the profiles are variable, the md@sditionally a weak red wing is visible, stronger than on the
prominent changes occur for velocitie400 km s™!, and short- 17", and extending up ta-143km s!, a comparable value
ward of the interstellar absorption component. The observidthat observed at 11/10/1993. The third night the interstellar
profiles closely resemble those observed in UX Ori for INaabsorption line is not only accompanied by a blue but also by
(Grinin et al. 1994), and those seen in other transitions for sevredshifted component at28 + 2 km s~* both being of com-
eral HAeBes (e.g. Grady et al. 1996; 1997) atic. parable strength. The red absorption wing of the sodium lines

Most of the red absorption wings and RACs have a similgot even slightly stronger, 20% of the continuum level, and are
shape and depth in both lines of the Noublet, being consis- almost flat from around 0 up to the maximum-ei53km s !.
tent with the presence of optically thick absorption (Grinin éthe presence of flat bottomed absorption features suggest that
al. 1996a). The RAC profiles on 9 and 10/10/93 are seen up ttha absorption is saturated and does not fully obscure the star.
maximum depth 0&40% below the continuum level. Compar-The maximum absorption depth gives a measure of the projected
ison of the 1993 October data with the profiles shown in Gringovering onto the stellar disk. As there is no photospheric com-
etal. (1996a), which were obtained closer to optical maximumonent for these lines, influences of the stellar rotation (Beust
shows similar absorption strengths, which means that these #@a-issauer 1994; Hubeny & Heap 1996) on these values are not
tures are independent of optical brightness level. to be expected.

The October 1993 spectra also contain weak blueshifted

em_ission components, especially ir! the 9 a_nd 1.3’/10/1993 dﬁ%1)\5876: As noted by Grinin et al. (1994), the presence of
which were not detected for UX Ori. Variations in these CO”HEI)\5876 absorption is unexpected in the spectrum of any HAe

ponents are also seen, such as the rglat_ively strgng abs_orpélgil?_ However, in common to other UXORSs with high resolution
at 10/10/1993 preceded at the* ®y emission in this velocity optical spectra, BF Ori exhibits prominent, variableiN&876

range. bsorption (Grinin et al. 1994, 1996a), which does not exceed

. . , |
The sodl_um line _proﬂle_s of 17-20 August 1994, Fig. Zl%l maximum absorption depth of 20% of the local continuum
taken at optical maximum light do not show any RACs. OnlEﬁg

| st h b " ts blended with el. In the 1993 October data, Fig. 1a, the prominence of the
several strong sharp a sore;on components blended wi 1absorption is correlated with the occurrence and strength of
IS component at-13 +2km s+ are visible. Such componentsy, .

. ) Nar RACs, with the high velocity Heabsorption following
were also detecte.d for UX Ori, but only redshifted. When Nfe Na velocity distribution. This is best seen for the spectra
strongest absorption components are compared with the

8l%n on the &, which contains the highest redshifts for both
of Grinin et al. (1996a) and those of October 1993, filling 'ﬂnesn£28oean(;—\£v25lc(:) kﬁ?gfufrgjsr thi I—:gl ﬁr?ergnj tlhes R?,ch

of the low velocity portion of the profile from abogt 0.9, OCto'r_espectively; and for the almost not redshifted RACs of tH&,10
ber 1993, to about 0.6, August 1994, of the continuum Ievelll}s — 4 150kms-!, for which the Ha lines extends up to
apparent. Thes_e changes an_d the different velocities meas%ﬂﬁo kms. In cases’where we have blueshifted emission at
suggest that this component is not IS, as proposed for UX QHB Nal lines, the Ha shows a cut-off at relatively low velocities,

but circumstellar. suggesting either that the HEne may be partially filled in with

The August 1994 monitoring covered only three mght@ ission, or that the Heis preferentially associated with the

but a dynamical sequence seems to be present though.i lling material.

17/08/1994, a strong shortward absorption component cen- During August 1994, He 5876 Ais again present in ab-
—1 H H )
tered at-2 4 2km s~ of which the blue wing extends up tosorption although the strong RACs are absent, Fig.2a. There
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Fig. 1. aHe1 andb Na1 D line profiles of BF Ori, taken from October 8 to 14, 1983« line profiles of BF Ori, taken during October 7-12,
1993. The normalized continuum levels are indicated by thin dotted lines. Fordlspéttra the drawn continuum level is influenced by the
photospheric absorption line. To visualize the variability the preceding spectrum is plotted by dots.

is a clear co-variation with the development of the red wing &fig. 3, show unusually weakddemission, with the absorption
the sodium lines, both in strength and velocity range. The aeversal going below the local continuum level. Such apparent
sorption peak is first seen at 0 and in the following two nightgeak emission, relative to the continuum, might be a normal-
at +18km s!, while the extended wings to the red changization effect as will be discussed in Sect. 5.1.3.
from +173 to+190 and finally about-150 km s*. Absorp- Night-to-night variations in both the violet and red emission
tion shortwards is seen at remarkable stable velocities of abpattions of the kv profile are present during the October 1993
—180km s!. The detections are very similar to that observeahd January 1995 series. During both series the largest profile
for the October 1993 sequence. changes are seen on the red emission peak to +400 kmvigh
At<24 hours. During the October 1993 run, the largest changes

Ha: Like other UXOR-type HAeBe stars, BF Ori exhibitsat Ha coincided with the presence of prominent RAC features

double-peaked H emission (Grinin & Rostopchina 1996). Pre" Nai. We notice a diminished reddicomponent when the
ACs are at maximum strength (compare the spectra taken on

iousl lish forthi howth R issi
viously published i data for this star show the red (R) emissio e 8, 9, 10 and 11/10/1993). On thé &nd 9" the Nau D »

component stronger than the violet (V) component in Finke
zeller & Mundt (1984) with the central absorption feature reac ACs are strongest and V/R 1 for Ha. The recovery of the.
red Hx component occurs simultaneously with the weakening

ing only 1.6 times the local continuum level, and>VR with h )

the central absorption reaching 1.3 times the local continULﬂrnthe RACs on the l.té) a_1r_1d 11, During _the Jar?“ary 19_95_se-

in Reipurth et al. (1996). The 1993 October data, Fig. 1c, ds> there arelals_o 5|gn|f|f:ant changes_ in the violet emission out
similar to the Finkenzeller & Mundt (1984) profile with a WeaIEO 7502 kn;] gb W|thtprom|nent ‘?bfr?rp“%” Con;parig;[gﬁfgg?
central absorption, and the red emission component typica[ﬁ ax. such absorption occurs in the red peak on as

stronger than the violet component. The 1995 January d gyll,whne diminished in the blue peak, causing a slight reversal



D. de Winter et al.: Episodic accretion around the Herbig Ae star BF Orionis 141

T
17/08/1994

—200  -100 0 100 200 —400 —200 0 200 —400 —200 0 200 400
T T T T T T T T T T T T T T T T T T T T T T T T
I I I I I

3 125 —

18/08/1994

11/01/94

20/08/1994 || T eI W e
PR 10.0

Relative Intensity + Constant

(a) L 1 L (b) L L L
—200 -100 0 100 200 -200 0 200 400

v, (km/s) v, (km/s)

15/01/95

sity 4+ Constant

Fig.2. aHer andb Na1 D high resolution line profiles of BF Ori,
taken between August 17 and 20, 1994. The continuum levels are aﬁim.s
indicated by thin dotted lines. =

18/01/95

elative In

of the V/R value. A more distinguished reversed Brofile is 17/01/95

seen on 11/01/1994, Fig. 3, without any extra absorption cofa-
ponents. Despite the variability in other portions of the profile, ;,
the depth of the central absorption is not variable during either
run for At=5—6 days and even not between the December 1994
and January 1995 run.

18/01/95

19/01/95

4.2. The December, 1994, data

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The previous observations confirmed the presence of significantz'5
day-to-day variability in all of the observed line profiles of BF

Ori, but did not resolve the variability time scale. The 1994 De-
cember high and intermediate-resolution run has a monitoring
coverage of 3—4 observations per night with regular intervals

of about 1 hour (Figs. 4 and 5), being enough to resolve much 0o

20,/01/95

| | L | |
shorter time scales. ~400 ~200 0 200 400

We have no information on the light level, but the S/N in v, (km/s)
the Nar spectra compared to previous data taken with the same _ o _ )
equipment and exposure time, and the strength of theseif- Fig. 3. Ha high resolution line profiles of BF Ori, taken on 11 Jan-

absorpion suggest ha hese obsrvations ere made clos4FJS 1954 €0 A% s s Ser Do e 2o 2
optical maximum light than the October 1993 data. indicated by thin dotted lines; levels which are influenced by the photo-

spheric component. To visualize the variability, the preceding spectrum
4.2.1. The NaD, He1 & Ha line profiles and variations is plotted by dots.

The three spectra obtained on 13 December 1994 (JD 9699, top
of Fig. 4), are remarkably different from the line profiles distended red absorption wings up+d 40 km s™! (14/12/1994),
cussed before. The Na lines show blue absorption profilesfollowed by more developed strong absorption components
with wings up to—140km s!. A similar feature is observed (15/12/1994) comparable to the October 1993 RACs, which also
in the Her absorption line. The H profile during this night is remain during 16/12/1994. In this last night the redshifted ab-
comparable to the one detected on 8/10/1993, with theNR  sorption is accompanied by a somewhat stronger absorption in
but the R emission peak distributed to lower velocities than the blue, at low velocities, than at 15/12/1994. Also blueshifted
the V peak. The observations clearly indicate a strong corretanission is seen during 14 and 15/12/1994, extending up to
tion between the blue components of these lines. No significant50 km s~t, with small variations within a night. This emis-
changes between the three different observations, separatediby is strongest and more peaked to lower velocities in the
about 2 hours, were detected. first spectra of 14/12/1994 and weakest in the last spectrum
Apart from weak changes, the stability of the line profile€l6/12/1994). The Heprofiles follow the behaviour of sodium
during anightis also seenin the two following ones. However, in a similar manner as detected in the October 1993 spectra. The
comparison with the first night dramatic variations are detectdde1 absorption wings are weak and extended to the red when
The central Na D absorption lines are now accompanied by exabsorption longward of NaD starts to appear, and are stronger
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Fig. 4. aHer andb Nar D high resolution line profiles, andHa high and intermediate resolution line profiles of BF Ori, all taken exactly
simultaneously between December 13-16, 1994. The continuum levels are again indicated by thin dotted lines as in Fig. 1c. To visualize the
variability the preceding spectrum is plotted by dots.

in absorption but less extended to the red when the RAC stritter and Hx lines. This is the reason we only have shown the

tures develop. The appearance of extra blueshifted absorp@erraged spectrum for each night in Fig. 5. Remarkable is the

during 16/12/1994 is also seen in theHpeofile. Finally, the i~ detection of another weak Héine at 6678A. Unfortunately

profiles show an unexpected event; flipping over the strengthglaf line is weak and the resolution too low to make a proper

the V and R peaks. During 14/12/1994 the blue peak increasatlysis.

in strength, a comparable profile as observed on 11/01/1994,

_Fig. 3. Thered peak is significantly less extended to the red, utrpq spectral features discussed

in strength equivalent as before. On 15/12/1994 the red peak be-

came less prominent but well extended to high velocities. TRel. Evidences for extra-solar cometesimals

blue peak did not change_very mu_ch, but diminished a bit. Th@ti_l_ The sodium resonance lines

last two effects also continue during 16/12/1994 weakly.

Most observed profiles and (dynamical) characteristics of the

sodium lines appear identical to those observed for UX Ori

(Grinin et al. 1994). We, therefore, propose a similar origin

Several strong absorption lines ofiSand Fear are identified, by infalling (solid) bodies that evaporate when approaching the

see Fig.5. These lines are narrow (A48 equivalent width) star. Furthermore, neutral sodium does not survive for more than

well known shell lines, although the silicon lines are unusa few seconds near an A-type star (Sorelli et al. 1996). When

ally strong. The detected features are quite stable in strenijtls observed for longer periods it is proposed to come from

and profile throughout the observations compared with the N&éhe continuous and complete evaporation of meter-size bodies
(Grinin et al. 1996b).

4.2.2. The intermediate resolution 6260—686€pectra
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6400 6600 6800
T T T

tioned why red shifted absorption lines are observed at all. Our
observations show that blueshifted line features are present, but
1D 96997 13/12/04 about 1/10 to 1/5 in strength of the RACs. This supports these
model calculations but also indicates that the calculated values
of the densities must be significantly lower, given that the radi-
ation pressure is a stable value. Either the proposed evaporation
or the desintegration processes are less efficient than proposed
‘ in these studies. Incomplete evaporization is well known to hap-
pen for solar system comets too.

Infalling material in or coming from the back side of the disk
will produce also blueshifted features if visible. The evapora-
tion of a star-grazer out of the line of sight can only be detected

when emission is produced, as explained for the gaseous tails.
Such blueshifted emission will appear weaker than the RACs,
X (Angstrom) as observed. Blueshifted absorption component (BAC) can be-

Fig.5. The 6260—6860. intermediate resolution spectra. For eacffOMe visible if a_n evaporatlng body crosses the line of sight,
night we show the averaged one of 3 or 4 spectra taken between Dec@ff Or close to its periastron passage. In such a case, the pe-
ber 13 and 15, 1994. The following sharp weak and strong absorptféastron itself can be located outside the line of sight or even
lines are identified: Si (2) 6347.1 and 63714, Fe11 (74) 6456.43, in the line of sight. In fact, the key parameter is the longitude
Fer (40) 6516.1A and Her (46) 6678.1A. The line at 6278.& and  of periastroniV defined as ® when aligned along the line of
several weak broad absorption features could not be identified.  sight, in the observer-star direction (see Fig. 6). BACs are due
to bodies withiV = 180° and RACs to bodies withl ~ 0°.
However, observing a BAC requires the corresponding body to

Blueshifted sodium components present in BF Ori are n@#rvive a more or less long time after periastron passage, and
observed for UX Ori. Grinin et al. (1996a) explained the appedhat the passing distance still permits evaporation. The most
ance of blueshifted emission, in such a case, as being part of@&purable (and realistic) situation is achievedifior ~ 180,
inversed P Cygni profile, caused by longer time scale accretigf, the periastron located in the line of sight (see Fig. 6). Such
than the RACs events. This is inconsistent with: (a) our obsen@gody would be first be visible as a BAC when entering the line
time scales of these changes, being not different as for the RA@issight, and as a RAC when leaving the line of sight. Again,
(b) the emission may be also absent when redshifted absorptiofight be followed by the blueshifted tail emission. As ex-
is observed, and (c) an inversed P Cygni profile does not é@ined by Kholtygin etal. (1997) the RAC is more dispersed in
plain the almost discrete change from blueshifted absorptionM@locity range than the original BAC. This effect also depends
emission in one day during the December 1994 sequence. Onthe periastron distancg the eccentricity of the orbit and the

Model calculations by Grinin et al. (1996b) show thatelocities of the objects, see Fig. 6. The shorter the periastron
blueshifted emission lines are expected when the evaporati@$sage takes, the larger the velocity shifts and the smaller the
is efficient and the gaseous tail is swept up by the radiatiéflay of a RAC following a BAC. For a periastron passage a cor-
pressure of the central star. If the gaseous tail material is st@Ft time scale is of the order 10-20 hours, given the observed
dense, absorption will appear blueshifted, e.g. in the 10/10/199gtober 1993 BAC and RAC charateristics. Another point to
spectrum, or it depresses the shortward emission. Supportffgte here, is that the sum of the covering factors for both BAC
this mechanism is the strong RAC (an evaporation event) thed RAC when caused by one transit object, may not exceed
night before (09/10/1993). We expect then the reappearancé‘"@: 100%. If so, the events are due to two different bodies or
the blueshifted emission when the density decreases againg@arate fragments of the same initial body.
day after, as detected in the 10 to 11/10/1993 sequence. In con-WWe might have detected two of such events, BACs preceed-
trast to this, the sodium profile of 12/10/1993 shows a shortwdf@ RACs. Note the sodium profiles in the 12 to 14/10/1993 and
absorption component and emission even more to the blue, #§t 17 to 20/08/1994 sequence. Only in the latter the shortward
preceded but followed by a RAC. It might be that we undersa@mission is very weak. However, we expect that BACs are not as
pled this RAC occurrence. In view of the 08 to 10/10/1993 RAttequently observed as RACs or that they produce weaker lines
event this seems hardly plausible. We, therefore, consider otfférthe following two reasons: (1) as suggested by Grinin et al.
(additional) mechanisms to explain the blueshifted absorpticH96b) and Beust et al. (1996) evaporating bodies are disrupted
and emission components of sodium. in smaller pieces, e.g. the Shoemaker-Levy impact on Jupiter.

The calculations of Grinin et al. (1996b) and Sorelli et a¥Ve suspect, therefore, a situation similar as in the solar system,
(1996) showed that the radiation pressure is so efficient in acdg8pt most cometaries are not periodic but are disrupted during
erating atoms from the evaporated material that the infall moti@A€ passage and/or collide with the star; (2) the studied systems
is turned in an outflow motion within G for 1 m sized bodies, are very young, the disk is not tenuous and therefore, enhances
giving evaporation densities fornof 10'2 to 10 cm=3 from  the disruption of a star-grazer by friction and collisions (causes
solar to comet like abundances. Consequently, it was even qu¥ghe Her lines, see Sect. 5.1.2.). Itis, therefore, possible that

2
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Finally, we must consider an origin of the blueshifted com-
ponents due to the stellar wind as for the UV features (Grady et
al. 1996). We expect then these components to appear indepen-

A dent of the infall activities, which is not the case. It may be that

the wind features are suppressed during infall activities. This
is difficult to understand as various spectra with low accretion

o activities, see also those in Grinin et al. (1996a), hardly contain

blueshifted (wind) absorption. On the contrary, when RACs are

present blueshifted emission is observed, possibly arising from
the comet tail swept up by the stellar wind.

A Inthe time series of the August 1994 spectra, we detect vari-
able sharp strong absorption, accompanying and blending the
interstellar absorption at the blue and red side. These low ve-

x> locity lines are observed in UX Ori (Grinin et al. 1994) and are

most pronounced when the star is at maximum brightness and

RACs are present. The velocities of the strongest sharp absorp-

tion lines in each data-set, normally identified as the interstellar

component, are not similar. This suggests that the real interstel-
lar line at LSR of Orion is blended by the various very sharp

g deep absorption lines. We interpreted them as caused by cold,

slow moving, dense and clumpy gaseous material (partly) in
the line of sight, and might be identified as orbiting evaporating
bodies. The disruption of such clumps (Grinin et al. 1994) may
be the origin of the infalling material. More monitoring data are
necessary to support this as more explanations are possible, see

Fig.6. A hypothetical arbitrary presentation of possible orbits oP€CL. 5.2.

cometaries as proposed in the text. The cometaries may describe only a

part ofthg orbitasthe fevaporization might be that efficient that no COB"1 2 The helium absorption lines

plete orbit can be fulfilled. Furthermore, the cometary may be desin-

tegrated in many smaller parts, as discussed by Grinin et al. (199Bje observed Heabsorption lines, Figs. 1a, 3a and 4a, cannot

or collide with the central star, alike the Shoemaker-Levy event. Vi of photospheric origin as BF Ori is of spectral type A and

present here:t()p:) definition pf some _orbits and orbital parametergecause of the detected day-by-day variations. These changes
such as the periastroi}, periastron distance to the central @) ( ot jntensity, line profile, and velocity range strongly co-variate

and the periastron longitud&l{) defined as Owhen being the exten- _ . : : : i
sion of the line of sight seen from position A). We assumed that tl\wl\gth the accretion events. In analogy with UX Ori, we pro

inclination of the cometary orbits and the line of sight is aroufid Opose that they orlglnatg from coII|S|onaI!y |_on|zed. gas Cauged
(middle) The situation in which an RACs is preceeded by a BACs, &glt.h(?:' interaction of the mfallmg matter with inner Q|sk material
fully described in Sect. 5.1.1. and when seen from position A). In thegfinin etal. 1994; de Winter et al. 1994). The rapid changes of
situations the tail, being swept up by radiation pressure and stellar wiMglocities and direction, especially seen in the December 1994
may only be presented by blueshifted emission. When being situag&fa (Sect. 5.2), exclude that the absorption is due to the stellar
in position B) no absorption components but only the tail emissiomind.

is again seenbpttom) A more detailed presentation in which cases Note that the He absorption line is also present in variable
RACs (1) and BACs (I) sodium components are seen when the oftrength when accretion observed by the sodium lines is almost
server is in position A). Note that these features may be seen in g{lysent (Fig. 4). Grinin et al. (1996a) explained a similar detec-
part o_f the orbi_t, as drgwn in the above figures, when the evaporat'tli'tgn by accretion being different from the star-grazers events,
body is in the line of sight. To observe BACS, however, the Comem%ing also the cause of the blueshifted emission in the sodium

must have had survived a closer to stellar part of the orbit than thei) os. However we detected at least soma lasorption in all
ject causing RACs, a reason, probably, that RACs are more frequently ™ . . L P
ectra of BF Ori. A more stable situation is the presence of a

seen. From observers position B) only the tail emission (I & II) migh’i . . ;
be seen blueshifted, as it is probably been swept up, as noted aboft2t kind of boundary, layer produced by the accreting material.
This layer might not be restricted to the near circumstellar envi-

ronment but also around all kind of (accreting) clumpy material

a RAC following a BAC is due to different star-grazers or fraghat is “ploughing” through the disk.

ments. This will certainly be the case when separated a few daysAn additional explanation is that volatiles, such asiHare

in a periastron passage of which the timescale is of the ord@leased by evaporation when trapped in clathrate structures
10-20 hours, as noted before. In our observations different stérady et al. 1998). But again such a mechanism explains only
grazers or fragments might have been the origin of the BAC fae Her variations when accompanied by other, observed, evap-
RAC evolutions from 12 to 14/10/1993 and 17 to 20/08/19940rated products, such as Na
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5.1.3. The Kk emission line from material just released from solid-state, so neutral and with

. . . mostly non-excitated atoms, in the same physical conditions.
?F(Zr:)rgngZ/zB;z[F rfgg%\{eRV;%f;n;?l:r igg %aréi?ﬁgg?emrizcﬁr he transition probabilities are approximately 3/1/1 foria
‘ ' P ‘ ' ublet/Hv/He15876 triplet in case the first excitation levels are

nisms that may explain those for BF Ori, Figs. 1c, 3 and 4c, Wiell populated, if not the ratios are up to 3/0.1/0.1. The rela-
be discussed here.

: ive estimated averages of the amplitude of these variations are
First, the “standard” strong and broad double peaked g P

profile for HAeBes is explained by Kholtygin et al. (1997) x 1.3 for Nai/H1 and 2x2.0 for Nai/He1. Although individ-

Here the main emission is formed in a shell with a stellar wi ual estimates differ and the picture is simplified, it is clear that
’gﬂal] > [H 1] > [HeT] in relative abundances in our first ap-

of which the velocity law can be described by a standard Lam rr%ximation, orin the second at least equivalent, but in any case

law. Then emission up to 250 km kis formed within 9 R, with . .

~1 . . . . not comparable with cosmic abundances. We want to add here
Voo = 400km s, as being the maximum value atwhich EMISHat the assumption of similar covering factors for the species
sionis still observed in the BF Ori case. However, theptofile P 9 P

) . . sidered is an assumption of equal radiation pressures. Al-
can be dominantly influenced by accretion, note the reverse CB‘ b g b

. \ S ough, the radiation pressure still plays a cruc@érin the
Cyagni profile of Hx for UX Ori (Grinin et al. 1994). Although evaporation process as noted in Sect. 5.1.1.

for both stars similar RACs in the sodium lines are detected, : .
such straightforward evidence of accreting gas is not detected Good examples for such redshifted absorption components
9 99 occurred in the blue H peaks of the January 1995 spectra,

for BF Ori. It seems that no direct relation for both accretio'@ig 3. Unfortunately, no sodium lines are observed for compar-

ide;e;:r::ogs IeX|strst. -I;E'S T'?T; b:fewtd(rant SS trtm ::nftsf;olnfr i?ﬁ’n' In this time series the absorption peak first increases in

jvaoporztin(;obsoedieos sgesgectaG catures due to materia Ostrength and velocity, from-80 (15/01/1995) te-100km s™*
Second, obscuration of thex-emission region by Iargedust(16/01/1995)’ and diminishes continuously the following 4

clouds during strong photometric minima was first detected fdftglyS. When the radial velocity of the absorbing material is close
- 1 1
UX Ori and determines the resulting profile (Grinin et al. 1994 0 the self-absorption peakall7kms , €.9. 19/01/1995, both

LT he blue and red emission peaks show a similar absorption com-
The double peaked emission line then appears as a weak P P

0= .
gle peak, as the direct line of sight to the star is blocked aﬁ nent, here at about 50 km saway from the self-absorption

o - T . .N hatth issi igi f hedi
only emission radiation from the shell or disk is V|5|ble.A3|m(-: mponent. Note that thettemission originates from the direct

ilar event for BF Ori, during October 1993, Fig. 1c, shows ths eII_ar environment. Star-grazer_s are, th_erefore_:, also visible in
« if they evaporate between this emission region, about,9 R

the star was at intermediate brightness with the self—absorptgrpd the observer. Thus they are also observable more frequently

component being much weaker than observed at brlghterstagﬁa in different regions of the disk than when observed in the

such as January 1995, Fig. 3c. Also the total emission is I‘?\?&ID lines

than at maximum brightness, but normalized to the weaker con- Fourth, as most of the ddemission is formed in the vicin-

tinuum it might occur relatively strong as perfectly observel : .
for UX Ori (Figs.3 & 4 in Grinin et al. 1994). This normal- |gy, <9 R,, of the central object, rotational effects must be taken

ization effect mav exolain the high emission volume observin 0 account also. The rotational period of BF Ori is about 3
- Y exp 9 s, derived frono sini ~ 100 km s! (B6hm & Catala 1995)
in Fig. 1c compared to those observed at other epochs. Due

this artefact, the same amount of gas in infalling material mi ﬁt R (Sect. 6). Such effects are then difficult to separate from
' 9 9 gany accretion effect, without the help of other, simultaneously

result in stronger variations in minima than at brighter Stageos‘riserved, lines. For example the co-variations with the sodium

On one hand the self-absorption peak follow the large chanqr(e Cs, but also the relative weak changes in the blueshis-

!n light level W.hiCh seems both to be stable during monitog—. n peaks for BF Ori and UX Ori on this time scale (Grinin et
Ing runs and might have been stable from Qecember 1994 unk81994' de Winter et al. 1994), are reasons to exclude a pure ro-
January 1995. On the other hand also rapid large photomefgﬁonal origin. Rotation though could explain the behaviour of

changes are known for BF Ori. In this way obscurations can . . L

) - . o e January 1995 absorption components in the emission peaks

influence indirect the shorter time scales variations aftblo. : : : o
when dense material close to the star is dragged into similar

Note for instance the different self-absorption components ol tions
8 and 12/10/1993. Moreover, the self-absorption peaks SeemSRotation of the kk emission region might even strengthen

to be stable during monitoring runs and might have been stam% current complexity. For example, in case the evaporating

from December 1994 until January 1995. quies will move in a similar direction as the star and the coro-

Third, the evapqrated mater_lal from the star-gra_zers Wfating Hx emission region, they will obscure the redshifted part
cause extra H redshifted absorption components equivalent tq the Hx profile at lower velocities than the blue peak. As

the RACs of the sodium lines. Such variations are seen by% emission peak lies at low velocities, this means relatively

fr? -vg;lat:ogl of tlhne red p??ﬁ W'thmthe rsi,oitrj:ur: dRA%S n 3”r(i)ﬁtronger absorption in the red than in the blue. Such an effect
N profiles. in case o the same origin and same cove rtrga?y be visible during the 08 to 09/10/1993 obscuration, in the
afte

factors, the strength of these variations compared to those in o
’ ) . : . [atter the emission ran to +2 nd800km s!
RACs of sodium will depend on their relative abundances ap € emission ranges up to +250 a 00 S

i i babilities. Wi that the t iti . v¥ en the RACs, i.e. the screening, is the strongest. When get-
ransition probabiiities. We assume that the fransitions Or'g'naﬁﬁg brighter the emission extents to higher velocities, up to +350
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and—350km s ! in the spectra of 10 and 11/10/1993. This ibe at least of the order of weeks and excludes an explanation
followed the 12" by a stronger decrease at higher velocitiesxclusively based on stellar rotation.
of the blueshifted emission peak than in the red. The later be- Simultaneous with the flip over indd during the Decem-
ing in accordance with the blueshifted absorptionsoflium ber 1994 observations, absorption components of Nand
that night. We suggest, therefore, “co-rotation” of the accretidter changed from blue to redshifted, Fig. 4. This proves again
process with the star or local environment. Moreover, that d@eommon origin of the line forming regions. We use the absorp-
ing the infall of much material part of theddvelocity field is tion/obscuration hypothesis of the previous sections to explain
screened, which is then “biased” to lower velocities. this behaviour. The H emission is formed much closer to the
Fifth, in the case that evaporated gas from infalling bodiesellar surface than the distance where the star-grazers evapo-
causes Id variations, blueshifted events as observed for sodiuate. The continuous evaporation of refractories in the gaseous
must be seen also. This would explain the differences in ttal, cool gaseous material, causes tha Reabsorption and the
self-absorption profile between 11 and 12/10/1993. A reasorhiat collisionally ionized gas the lines of HeéOn 13/12/1995 the
observe blueshifted emission, as discussed for the sodium liresy| material moves towards the observer but the hatregion
is the result of evaporated material swept up by the stellar wirgdroughly at systemic velocity with a more extended wing in the
and radiation pressure. Indeed, the dramatic weakening of ted. The day after, the Na and He features are followed by
blue peak at 10/10/1993 follows the strongest RACs of the dagimilar profiles but clearly redshifted. The blueshifted absorp-
before. Hydrogen gas produced by evaporation will survive tkien in sodium changed to weak emission. In case of the
stellar radiation field longer than neutral sodium. Therefore, Holue part may be filled in by some emission too. This emission
features are in general stronger, easier to detect and usefuhtght have been present before and was explained earlier by
explain the blueshifted sodium events. swept up gas from the evaporation process. The almost instant
For example, in the case where we mentioned the occahange of velocity in both the cool and hot regions indicates
rence of extra emission, arour@00 kms!, inthe 11/10/1993 that the absorbing material causing this is rather clumpy.
spectrum. Itis preceded by emission at higher velocities and dis- The evaporated gas of this clump or body absorbs part of the
appears the day after. Again this emission feature follows thiex emission. It does not explain why this absorption is peaked
strong RAC of sodium, so a connection with a star-grazertis higher velocities than for sodium though. It might be that the
tempting. The velocity is close to the maximum velocity for thabsorbing hydrogen covers a larger region than the sodium, as
accreting sodium. When the star-grazer is out of the line-gftentioned in Sect. 5.1.3. If due to a higher hydrogen abundance
sight its gaseous material could be seen as emission, hydrotperatio must be 0.6 for [Na/H] and for [Na/He] roughly 2, but
will “survive” longer. So, such an observable accretion effeabte the simplified picture of these estimations as discussed in
does not have to show similar features iniNad Hu. Sect. 5.1.3. point three, and that parts of the absorption might
Without simultaneous guiding N& spectra ki profiles are  be filled in with emission.
hard to understand, e.g. the 11/01/1994 spectrum (Fig. 3). In this When the absorbing body changes its direction of move-
spectrum the kK emission peaks are flipped in strength conment from towards us to away from us, it will not absorb in the
pared those shown in Figs. 1¢ and 3. Similar profiles were ddue anymore. Reasons for the increase of the viotepak.
tected during December 1994, see Fig. 4, and will be explain€de change seen in the redvhpeak is less extended emission,
in the following section. being cut-off at 220 km's! instead of at 260 km's'. The latter
again strongly supports our obscuration and co-rotation hypoth-
esis: the absorbing body is now seen more in the line-of-sight,
covering only the K emission regions closest to the star that
Photometric minima of UXOR type stars are explained by thw-rotates, only the red wing diminishes at higher velocities. In
obscurations by large optically thick dust clouds. Supportirgnother way, it is hard to explain influences on the jptofile
spectroscopic evidences for UX Ori (Grinin et al. 1994) seeim the blue and red over a velocity range of about 500 krh s
also to be present for BF Ori during the intermediate brightneissone day. From the center of the Herofiles and wings of the
phase in October 1993. The spectroscopic absence of any stresgjum lines we estimate that this body or clump itself changed
additional component in the observed lines shows us that #igout 70 km s in radial velocity in one day.
obscuring material is not very gaseous. In the case that the dustThe third night (15/12/1994) the sodium lines are stronger
to gas ratio is very low, we then expect evidences for revolvirggd peak to lower velocities, the latter is also seen for the He
clouds, which will be addressed now. line. Probably more cool gaseous material is produced in the
A clear difference between BF Ori and UX Ori is the V/Rine of sight. This extra material causes also extra absorption
ratio of most Hy profiles, mainly< 1 for BF Oriand> 1forUX in Ha at low velocities. As the body moves around the central
Ori. For V +#+ R and variations therein, could be explained by thebject, and is now seen further out the line-of-sight, parts of the
presence of a density structure in the disk. When it rotates a #ip: emitting region close to the star will be less obscured, the
over of the peaks is observed (Telting et al. 1994). A flip oveed wing at higher velocities is indeed stronger again.
of the V/R value for the | profiles was detected both during  The observed properties and changes in this data-set are very
December 1994 and January 1995, it happened only once ¢iéferent from those observed before. In view of these data we
time series and lasted at least two days. The time scale musipose a larger body that moves in a wider orbit but of which

5.2. Spectroscopic evidences for revolving clouds
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material is evaporating and falls to the star as the red absorptiahle 2. Estimated parameters, see text, for a clump of material that
wings get more pronounced. This body must be partly gaseoteses by complete evaporation the 9 October 1993 RACs. The calcu-
for the absorption components, and partly dusty, for the obsdations are done for the IS and comet Halley’s abundance. The errors

ration. in 7. proceed from the ones in the stellar radius.

) ) Abund. Ng NEot: ME ML Te
6. Size of the October, 1993, comet-like body Na/H cnr 2 atoms g g km
With the different data-sets we have solved the time scale of the190—¢ 4.5%x10'® 2.8x10*2 4.5%x10'® — 10+ 2

accretion events. Consequently, we can interpret the increasgof0—2 1.8x10® 1.2x10%° 1.8x10'® 3.6x10'® 2.0+0.4
strength ofthe RAC, on 8 and 9 October 1993, and the disappear-

ance during the following nights as accretion of cool material

in a certain concentration or clumpy structure. As we propos@da/H~ 2x10~°), which gives an upper limit for the amount of
this to be a comet-like evaporating body we can estimate: (1)ggdrogen; (b) the dust abundance for material evaporated from
size and mass when itis or becomes (by evaporation) completedynet Halley (Na/H 5x10~?), as we have indicated the non
gaseous, and (2) the distance to BF Ori when evaporation take§mic abundances for the evaporated material. (Our abundance

place. estimates itself are not useful, they are very rough values and the
The optical depth can be written as absolute influences of the evaporated material on especially H
can not be properly made, note the line complexity and the many
e . ; . i
T, = N f Qaps(v) (1) influences as discussed.) For each abundance we have listed in
m.C Table 2: (1) the estimated amount of hydrogéf,;(cm~2) re-

in which e and m denote the charge and mass of an electraeased by the evaporation, (2) with Idg /L., = 1.371513,
respectively; c is the light speed; is the number of absorbing jog T.;r =3.90 (Sect. 2) we gelR, = 6.2ﬂ:§ R, and obtain
atoms percrhin the energy level from which the absorptionvZe!, being the total amount of hydrogen atoms in the line of
occurs;f is the oscillator strength an@d,;s the absorption ef- sight when the evaporating material obscures the whole stellar

ficiency. surface, (3) the hydrogen mass of the evaporated matafjal:

The absorption efficiency and (4) Mo, the mass\/ corrected for the overabundance

oo of heavy elements for comet Halley’s abundances (Jessberger
/0 Qabs(v) dv ~ 1 (2) etal. 1988).

) ] _ The masses derived are comparable to those of comets in
for absorption at most dust materials around A-type stars Wity sojar system. The radii of the evaporating clot), @iven
grain sizes: > 107° cm (Gilman 1974). As BF Ori was ob- in Table 2, are estimated from:
served at arelatively bright phase, either the optical depth of the
absorbing material was not too large, option (1), or the stellar _ 3M. (5)
surface was only partly obscured, option (2). Option (2) seems  47mp.

more rea_llstlc as the relative stre_ngth of bot_h sodm_m lines ALy ihe cometary densipy ~ 1 g cn?, similar to the density
equal which points to saturated lines, so optically thick gas. ;
! of the outer planets in the solar system.

the RACs go down to roughly 0.5 of the continuum level we . ’

. . . When the evaporating material obscures only 50% of the
estimate a 50% projected covering of the stellar surface by the . . ;

; siéllar surface the size will be about 8 to 1.6 km, instead of the

evaporated gas. We shall, however, start our calculations wif . :
. ; : o values given in Table 2.
option (1) being the first approximation. Option (2): This option is now easy to describe as the latter
Option (1): For the NaD RACs of 9 October, 1993, we can P ‘ P y

) .numbers will change to-8 and >2km, for respectively the
estimater,, ~ 0.5 compared to the component at rest velocity.. . ) )
. . g . ‘tosmic and mass corrected Halley’s abundances, in the 50%
The amount of evaporated sodium particles from this infalli

n . o ; .
body can then be estimated from c,%verlng approximatiobut with an optical depth of,, > 1.0

taken.
62 ~ _1/3 i iti i
rody ~ 05AY = m Nf 3) Because s pe different dgnsmes_only play a cru_C|aI
m.C role when our solid body approximation is wrong. For higher

The material detected in the RACs is shifted by abo@Ptical depthsM. will be an equivalent factor higher. As a
100kms!, so for theD, line at 58904 the Av = v/ can general result we have in the solid approximation evaporating

be calculated. As the transitions from the ground state afttia P0dies which are at least solar-type comets in their sizes and

the first upper term are single and strong we can put for the Njasses. Assuming that such “cometaries” are falling straight
resonance lines approximately— fp, + fp. ~L+2 =1 toward the star, along the line of sight, the evaporation will take
2 1 3 3

We then obtain for thé, line place at a distance

~ 12 2 2GM,
Npygr =~ 9.7x10°< atoms cm (4) ra="— (6)

esc

in the line of sight on October 9, 1993. For the abundance
of sodium we adopt two values: (a) the normal IS abundaneéth v.,. ~ 100 kms~! and M, =2 M, we get
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rq = 0.4 AU (7) VIR > 1, the day-to-day variations of this profile are similar

) S ) and in phase with those seen for theiNalines.
This value can be used as arough indication of typical values

to consider. In a more realistic case the cometary crosses theMost observed spectroscopic properties in BF Ori can be

line of sight with some projected observed velocities, being &xplained by the detection and dynamics of two types of CS

this casex 100 kms~!. The deduced 0.4 AU is, therefore, onlypbodies, namely by the presence of extra-solar comets and re-

an upper limit. In case the RAC is caused by fragmentatioyglving dust clouds. Both mechanisms are separately discussed

as discussed for our October spectra, from an orbiting bodglow.

as detected in the December 1994 monitoring programme, this

“parental-body” must have been orbiting at a larger distange) petection of extra-solar comets around BF Ori

than estimated, so at least 0.4 AH14 R,). The period of a

comet orbit would then be at least 65 days for zero eccentriciti}.2agreement with observations of UX Ori (Grinin et al. 1994;
We have detected another revolving body, in Sect. 5.2.,dg Winter et al. 1994), some other UXORs (Grinin et al. 1996a;

move from one side of BF Ori to the other, or 1234 R, Grady et al. 1996) and theoretical studies (Sorelli et al. 1996;

within 1.8 days. Adopting a Keplerian orbit we obtain a perioBeust et al. 1996; Grinin et al. 1996b; Kholtygin et al. 1997)

of 80 + 20 days for such a body if periodical, with distance= 0ur monitoring data strongly supports the general interpretation

0.46+0.11 AU. Possible follow-up observations must therefortat we observe the evaporation process of solid star-grazers,

include a monitoring programme covering these time scalesbased on the following arguments:

1) Neutral atomic gas species near an A-type star have a short
7. Comparison with other Herbig Ae/Be stars photoionization lifetime (Sorelli et al. 1996). This indicates the

in-situ production of Na at free-fall velocities as detected.

Routine detection of infalling, circumstellar gas in all of th%[) These hlgh VelOCity redshifts of several hundreds of ki s
UXORs with high resolution optical or UV data suggests th

Jle out a more classical grain transport process such as the

infall episodes are frequent in the disks of Herbig Ae Starl§oynting-Robertson drag and an origin in small grains. Radia-
Recent UV studies of AB Aur (log(Age/yr) 6:3+0.2,vanden jon pressure will rapidly remove grains below a few microns
Ancker etal. 1997, 1998) and HD 163296 (log(AgelyH.6+ from the stellar vicinity (Sitko et al. 1994).

0.4) suggest that infalling circumstellar .material is visib_le atally the infalling material is clumpy and notionized. We resolved
epochsin AB Aur (Grady etal. 1998) while more sporadic, abop o, \+ time series that infall events last several days with strong

25% for the time sampled, for the slightly older HD 16329@ariations, and the absence of infall in some occasions. This dis-

system (Grady et al. 1999). The still older HD 100546 systegyea with a more continues accretion and mechanisms consid-

(age> 10 Myr), despite very limited UV temporal coverageg e sych as magnetospherically channeled accretion (Edwards
shows distinct strong/weak infall episodes (Grady et al. 199@(, al. 1994).

similar to those observed ifi Pic. The level of infall activity 4y the presence and the variations of HEbsorption cannot

for BF Ori, about 60% of the observed nights, with pronouncegl, occqunted for by the photosphere of an A-type giant. It is
nlght-_to-mght varlat|on_s as well as SOme |nd|(_:at|0_n of sh()é5<pl<'1ined, note the co-variations, by collisionally ionized gas
duration quiescent periods, appears intermediate in charagiefyced by interaction of the infalling material with the disk
between AB Aur and HD 163296. material. Other explanation are discussed, such as¢leased
from icy clathrates (Grady et al. 1998), but these do not fully

8. Model interpretations and results explain the observations.
5) The Hx profile changes are very complex, but can be

The study of spectroscopic features which can be interpre@gbbined as absorption by the evaporated material, e.g. the
arising from (solid) star grazing bodies, as observed in Uggseous comae, and obscurations of theskhission line form-

Ori, motivated the spectroscopic.mon_itoring of BF Ori at gifferi—ng region, extending up to 0.2 AU, by the infalling bodies and
ent epochs and wavelength regions including the 8876A,  ¢jympy (partly evaporated) material at larger distances.

Na1 D and Hx lines. The selection of BF Ori is based on itg) The equal structure and strength of both the RACs of the
5|m|lar|§|es with UX Ori. Both are Herbig Ae stars of the samgqgium D components indicate the presence of optically thick
age, 37 Myr, belong to the UXOR subclass, and are known tgas Together with the flat-bottomed absorption and the covering
have many observational phenomena in common. The follogeors it supports that significant parts of the stellar surface, up
ing similarities between BF Ori and UX Ori are observed in oyf apout 50%, are obscured.

time series: 7) The resolved time scale of the infall events suggests that
—) Very extended red wings in the N& lines. Sometimes seenwe witnessed the evaporation of one infalling clump from 8 to
as complete redshifted absorption components (RACS). 10 October 1993. Calculations show that this “cometary” had a
-) The existence of HB\5876 in absorption, and co-variationgpossible mass &.6 x 10'6—4.5 x 10'8 g and a size of 2—10 km
with the redshifted absorption N& profiles. when completely evaporated and depending on the abundances
—) A double peaked H emission profile. Although for BF Ori taken. The distance to the central star during evaporation was
the red peak is the strongest in most spectra, while for UX Gmithe order of 0.4 AU.
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8) The determined abundances for the infall events are typicadlyidences that this accretion activity and the obscuring dust
not cosmic, [Na}[He]>[H]. The presence of refractory ele-clouds are mainly located in different regions of the CS disk.
ments and their high ratio against the volatiles, as best obser2¢d he low velocity components of Nd are very strong in
in the UV (Grady et al. 1996a), constitutes evidence for reprabsorption, for both UX Ori and BF Ori, but being variable
cessed material with an origin in grains or larger solid bodiegnd not always present for BF Ori. They were explained by
This is in fact what we observed: the reprocessing mectlow moving dense cool gaseous bodies of which their covering
anism, the evaporated material, originating from the outer factors and densities determines the line strength as in the case
gions, enrich the inner disk material with fresh dust and heawgfthe “cometesimals”.
elements (Grinin et al. 1996b), both required for the formati®) The strongest support for rotating clumpy gaseous material,
of true planetesimals. In view of the similar evaporation prdhough, are found in the most intensive monitoring programme;
cess with the (reprocessing) comets in our solar system, andttied of December 1994. Apart from this, we observed the pres-
common dimensions as mass and size we prefer to speak aleoge of blueshifted absorption in the N2 lines that appeared
extra-solar comets, cometaries or cometesimals. Additional egeshifted the night after and developed to more prominent com-
guments for this interpretation are given by de Winter et glonents, similar to the RACs, on the third night. These changes
(1997). are detected with exact co-variations of thertdbsorption pro-
9) A difference with UX Ori is that we detected for BF Orifile and a flip over of the red and violet peak strength of the
blueshifted absorption and weak emission components in tHe profile, clearly indicating that the variations of these three
Nai1 D lines. We have shown that the blueshifted events are different lines must have had a common origin of one single
ther due to swept up gaseous material, as shown theoretichtbgly.

to occur when the evaporation of the star-grazers is efficient ; ' .
S X 2 . The exact changes with theahprofile can be well explained
(Grinin et al. 1996b), or due to accretion activities coming fro 9 P

. . . .rggain by the hypothesis that parts of the inner disk, wherethe H
E_he t_bactl)<-?lde Oiﬁhiﬁ'Sk' Wk')th thedcurrent data no good OII%’mission mainly originates, are obscured by cool gaseous bodies
Inction between the two can be made. orbiting BF Ori. The orbital period of this probably large, partly

Referring tq cqmetanes for our detected star_—grazers ° gseous, body is calculated to be between 60 and 100 days and
may expect periodicity and therefore these blueshifted featur istance 0b.46--0.11AU. Note here that the self-absorption

We have Shc.);\lm tgatt bluelfh'ftﬁdte\;ﬁn:i similar to tg.e rfdtshh':tg ak remains stable fakt > 6 days during several runs and
ones are visible, but weaker. Note that foryoung Objects tN€ Tg |- jates with the large brightness changes.

g.mlf of ?cc_:rletmg bOd'is ;dhre sthortenﬁd”altfs the)I/:_mozv e;hr_(: Y9N These observations support previous detections of clumpy
ISk-material, as seen by the strong she |r_1es( I9.2). Asi YWaterial by photometric and polarimetric monitoring (e.g. Ros-
tion, in general, not very different from that in the solar-syste

. %pchina et al. 1997). Calculations show that such clouds, with
where most comets do not survive a solar passage.

; . . ___mass~102! g and radiusz 8 R, resist tidal forces only down
Indeed infall or passage fragmentation will occur as mdh-) 10 AU (Grinin et al. 1994)

cated by theoretical calculations (Grinin et al. 1996b; Beust et
al. 1996) and visible by the Shoemaker-Levy event. Calcula-
tions of Beust et al. (1996) show to a sharp limitin the red win .

of the absorption profile when one observes the evaporationgoiConCIUdIng remarks

one single body. Indeed the 09/10/1993 spectra show a sodiNgsuming that UXORs are PMS stars, an assumption recently
RACs with a sharp limit at- 120km s*, which support the questioned by Kovalchuk & Pugach (1997), they are Herbig
calculations made before. A number of them in the line of sigife stars that are slightly more massive than the progenitors of
with gaseous overlapping velocities, produces a RAC that depic like systems. Itis tempting, but not fully justified yet (Natta
creases slowly to higher velocities, e.g. the spectra of 08 afdal. 1997), to assume, as shown by the accretion properties,
13/10/1993. We have evidences of both situations. In case frag-evolutionary sequence among these objects. Moreover, the
mentation occurred in the 09/10/1993 case, the parental bgg¥ent detection of a centrally cleared region in the CS disk of
was larger than the calculations made for this cometary or fragie 10 Myr A0 V star HR 4796 (Sandage et al. 1998) might have
ment. Evidences for large bodies are also found in our spectieren triggered by planet formation processes. Note that UXORs
scopic monitoring. However, we have discussed in Sect. 5.Jjjke BF Ori and UX Ori may end their PMS phases on the MS as
that a complete evaporatiofi b m sized bodies desintegrated.AQ V type objects and can, therefore, be considered possible
fromalarge cometary, as proposed by Grinin etal. (1996b), dgg8genitors of the HR 4796 system.

not follow our observations. In a way their calculation show a Based upon all the information that we have gathered in
too efficient desintegration process, which might pointto a moiiis study, plus the inference of types of observed CS bodies,

solid body that “resists” longer. their characteristics and the fact that we have enriched material
in these few Myr old systems, we argue that we are looking at
8.2. Detection of revolving dust clouds accreting and orbiting planetesimals. A future goal must be to

_ S _ carry out further spectroscopic monitoring of additional UXORs
1) The infall activity identified as evaporating star-grazers g other young objects in order to justify these conclusions. By
observed to be dependent of the light level. It is supportiRgvering different time scales and epochs, one might gain more
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insight in the relations of the (accreting) CS bodies, if preseliterbst W., Herbst D.K., Grossman E.J., 1994, AJ 108, 1906

with planetesimals and the evolutionary status of the systemsolland W.S., Greaves J.S., Zuckerman B., et al., 1998, Nat 392, 788
Hubeny I., Heap S.R., 1996, ApJ 470, 1144
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