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Abstractt  - We present the results of a monitoring programme of optical high resolution spectra of the isolated Herbig Ae 
starr BF Ori. The spectra cover the He 15876 A, Na 1D2,1 and Ha lines. We detect the presence of blue and redshifted components 
off  these lines which are variable from day to day. The line profiles vary simultaneously suggesting a similar origin. 

Wee demonstrate that the changes are due to the presence of variable accretion activity similar to that seen toward /? Pic and 
UXX Ori. We show that the accreting gas is present at certain epochs and solved the time scale of the variations to be of the order 
off  days. The appearance and variations on the redshift and on the absorption strength of the Nai D lines on such a time scale 
suggestss evaporization of infalling comet-like bodies. We estimated for one event that such a body is kilometer sized, evaporate at 
aa distance of about 0.4 AU from die central star and could have hadd a mass comparablee to that of cometaries in the solar system. 

Furthermore,, we are able to explain the more complex variations of the Ha profile by obscuration of its line forming region. 
Thiss support orbiting density structures in the edge-on seen disk of BF Ori. More evidence for rotating bodies is the detection of 
aa flip over of the relative strength of the violet and red peak of the Ha profile and simultaneously the change of blue to redshifted 
componentss in both the Na iD2,i and He 1 lines. 

Althoughh the monitoring programme does not cover a period to solve the possible time scale of the rotating body directly, we 
weree able to estimate it to be between 65 andd 225 days, being much more than the time scale involved in the comet-like accretion 
activity.. The detection of an orbiting body and comet-like objects in the disk of BF Ori, a 7 - 8 Myr old pre-main sequence Ae 
star,, suggests evidences of structures that can be similar to those probably present in the solar system at a time of formation of 
thee (proto-)planetaries. 

1.. Introductio n 

Thee formation of planetary systems around young stars is an in-
triguingg topic in modern Astronomy. In theory it is not difficult 
too describe a model that could produce planetary systems. A 
simplee view, for example, is the one in which a dense interstel-
larr cloud core begins to collapse, perhaps triggered by a passing 
stellarr shock wave. The collapsing cloud spins up around a rota-
tionn axis, depending on its total angular momentum. Once, the 
centrall  region becomes dense enough, a young star is formed 
surroundedd by an orbiting disk of gas and dust At its equator 
thee young star will gain mass from the disk. Simultaneously, 
masss ejections will occur in the form of a strong bipolar flow in 
bothh directions along its rotation axis. Eventually, material (cir-
cumsteUarr or of post-natal cloud origin) terminates to fall onto 
thee disk, the star no longer captures accreted disk matter, and 
thee energetic stellar wind dies out. Planet formation proceeds 
throughh the collisional growth of dust grains within the disk, of 
which,, the onset and time scales involved are questioned. 

Too understand the conditions and probability of possible 
planetaryy system formation in the picture given above, an ob-
servationall  guide is indispensible. Although clear observational 
evidencee for the existence of bipolar flows and circumstellar 
diskss are available, the direct presence of collisionally grown 
bodiess has never been detected. Although these bodies are the 
solutionn to understand planetary formation, until now, only two 

**  Based on observations made at the European Southern Observa-
tory,, La Silla, Chile. 

knownn objects seem to reveal observational tracers: (3 Pic and 
UXOri. . 

Thee disk of /? Pictoris is the only one directly visible on 
images,, which seem invaluable for probing the spatial extent of 
thee disk and which provides constraints on the grain properties 
farr from the star (Paresce & Burrows 1987; Gledhill et al. 1991). 
However,, they are unable to sample material close to the star 
suchh is possible using high resolution spectroscopy (Ferlet et 
al.. 1993; Lagrange et al. 1988). 

Highh resolution spectroscopic studies have indeed indicated 
diee presence of accreting material, which has been modelled in 
termss of the evaporation of infalling, comet-like bodies. In the 
casee of 0 Pic such results are known from IUE spectrapresented 
byy Ferlet et al. (1993) and Lagrange et al. (1988) from profiles 
off  the Al HI, Fe 11, Mf 11 and Ca 11 resonance lines. In the case 
off  UX Ori such observational results are very recent Studies 
ass presented in Chapter A3 discuss the detection of red shifted 
absorptionn components (RACs) in the NaiD2 5890.0 and D\ 
5895.88 A lines. The RACs extent up to about 200 km s"1. Re-
markablee is also the existence of a He IA5876 weak absorption 
feature.. UX Ori is an A3 Ve star. It is known that normal A stars 
doo not show Hei absorption lines, as well as, that the environ-
mentt is too energetic to allow the existence of neutrall  sodium. 
Ass was shown by Grinin et al. (1994b), such cool material can 
onlyy survive for a few seconds if released close to a star like 
UXX Ori. The model which can explain both observed properties, 
describess the infall of cool material from the outer circumstel-
larr disk regions by comet-like bodies, which evaporate when 
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approachingg the star. When they interact with the material of 
thee inner disk, collisonally ionized gas will be produced, which 
couldd be the origin of the observed He I absorption line. Note 
thatt monitoring of the lines Na I D\ and D2, He IA5876 and Ha 
revealedd day by day variations. Even though the time scale for 
thesee variations are probably undersampled, we found from the 
spectraa that simultaneous variations of the observed lines seem 
too occur (Chapter A3). 

Thee importance of the UX Ori "phenomenon" is that 
searchess in nearby A stars have emphasized the rarity of the 
/?? Pic phenomenon as is discussed by Grady et al. (1996). This 
iss in strong contrast to the population of pre-main sequence 
(PMS)) Ae stars, to which UX Ori and BF Ori belong, for which 
thee optical photometry and polarimetry suggest the presence of 
diskss with 0 Pic like geometry. 

2.. The sample of pre-main sequence /3 Pic like stars 

AA number of isolated Herbig Ae stars are known to show non-
periodicc brightness variations with deep Algol-type minima 
(Hoffmeisterr 1949; Kholopov 1959), accompanied by color 
changess (Herbst 1986; Bibo & Thé 1991; Grinin et al. 1994a), 
andd increasing linear polarization with decreasing light (Grinin 
ett al. 1991; Grinin 1992; Grinin et al. 1994a). The wavelength 
dependencee of the linear polarization is consistent with dust-
scatteredd light as indicated by Grinin (1986). These changes 
havee been interpreted as the occultation of the star by denser 
portionss of inhomogeneously distributed circumstellar material, 
inn which scattered light dominates the optical and UV spectra at 
minimumm light (Grinin 1986). Thus, these Herbig Ae stars are 
thethe PMS analogs of the 0 Pic system, both in the presence of 
clumpyclumpy circumstellar dust disks and in the system inclination. 
Thee dense dust clouds apparently have high eccentric orbits, 
producingg both a "natural" coronagraph as well as a means of 
injectingg small dust grains close to the central star (up to a few 
JÏ*,, Grinin et al. 1994b). Such a photometric and polarimetric 
behaviourr is known for UX Ori, BF Ori, WW Vul, CQ Tau, 
andd RR Tau; and are described by Herbst (1986), Bibo & Thé 
(1991),, Grinin et al. (1994a) and Grinin et al. (1994b). These 
starss are refered to as the UXOR group. 

Althoughh the UXORs are all too distant for ground-based 
coronagraphicc studies, they are still bright enough to be investi-
gatedd by high resolution spectroscopy both at optical maximum 
light,, when the star is minimally obscured by dense dust clouds 
inn the disk, and at minimum light when the star and inner parts 
off  the disk are largely occulted. 

Heree we discuss the high resolution spectroscopic properties 
off  BF Ori, for which we found the same behaviour as observed 
forr UX Ori (Chapter A3). The importance of this finding is the 
non-uniquenesss of UX Ori within the UXOR group. Several 
indicationss of a spectral behaviour as that of UX Ori has re-
centlyy also been discussed for WW Vul, RR Tau and BF Ori by 
Grininn et al. (1996). This imply that perhaps the spectroscopic 
(3(3 Pic phenomenon holds for the other objects in this group. 
Intensivee observations of the members of the UXOR group 
wil ll  be the main source for getting a detailed understanding of 
thee properties of proto-planetary material and the formation of 
(proto-)planetaries.. In this chapter we will present the results 
off  an intensive monitoring of BF Ori based on high resolution 
spectroscopy. . 

3.. Observations 

AA programme of high resolution spectroscopy, R « 50000-
555 000, was started to investigate the dynamical processes in 
thee protoplanetary disks of favorably oriented Herbig Ae/Be 
starss such as in the UXOR group. The equipment used for both 
thee observations and the reductions obtained for UX Ori (A3 
me),, are described in Chapter A3. 

Heree we present the observations for BF Ori monitored at 
Haa for 6 consecutive nights (Fig. lb), and at the Nai D/Hei 
58766 A region (Fig. la) for 7 following nights. The spectra were 
takenn between the 7th and the 14th of October, 1993, each with 
ann exposure time of 45 minutes. At this epoch the star was at 
intermediatee brightness, V = 1177. This means that part of the 
innerr disk is not well visible. The outer, accreting, parts of the 
circumstellarr disks are better detectable. 

Too investigate the time scale of the line-variations we ob-
servedd BF Ori again more frequently between the 12th and 
thee 15th of December, 1994. During the first night three spec-
traa were obtained and four during the other two nights with 
exposure-timess of 45 minutes and separated by about 1 hour. 
Thee CAT/CES combination, with exactly the same set-up as 
referedd to above, was used to obtain the NaiD/Hei spectra, 
seee Figs. 2a and b. Exact simultaneously with these observa-
tionss we took intermediate resolution spectra covering the Ha 
region.. The spectra were made with the Boiler and Chivens 
spectrographh mounted on the ESO 1.52 - m telescope stationed 
att La Silla and are presented in Fig. 2c. The detector was a 
Fordd Aerospace 2048 x 2048 pixel CCD, with a 15 x 15 /mi 
pixell  size. With in the wavelength range of 6135 - 6950 A we 
obtainedd a resolution of R » 16 500. The exposure times were 
takenn equal to that of the NaiD/Hei observations. These ob-
servationss were unfortunately not supported by photometric 
measurements. . 

Alll  spectra were reduced using the MIDAS software run-
ningg under SUN/OS at ESO headquarters. The extraction of 
spectrall  data was obtained by application of the optimal extrac-
tionn algorithm of Home (1986). 

4.. High and intermediate resolution spectroscopy of BF Ori 

4.1.4.1. The October, 1993, data 

4.1.1.. The NalD &HeI line profiles and their variations 

Thee spectra at the Na i D\ (2 lines, Fig. lb, are dominantly influ-
encedd by redshifted absorption components (RACs) which vary 
fromm day to day, however, they are in fact undersampled in time. 
Ass in the case of UX Ori the RACs can be explained by refrac-
toriess which are evaporated from infalling bodies carrying the 
cooll  material of the outer disk regions. In the case of BF Ori, an 
A55 V/III e star, the direct stellar environment is also too ener-
geticc to let neutral sodium survive for more than a few seconds 
(Grininn et al. 1994b). The variations, the velocities (extending 
inn the red wings up to 200 km s~l) and the profiles of the RACs 
aree remarkably similar to the ones observed for UX Ori (Grinin 
ett al. 1994b), indicating clearly a common mechanism which 
producee these profiles. The main difference with UX Ori is the 
absorptionn at the blue side of the Na i D profiles and the weak 
emissionn components shifted even more to the blue. Variations 
off  these blue components occur daily. The same time scales as 
thatt for the RACs indicate that changes in both line forming 
regionss must have a common origin. Another difference with 
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Fig.. 1. (a) He I and (b) Nai D line profiles of BF Ori, taken between the 8th and the 14'b of October, 1994. (c) Ha line profiles of BF Ori, taken 
betweenn the 7th the 12th of October, 1994. The normalised continuum levels are indicated by thin dotted lines. In case of the Ha spectra the 
continuumm level wil l be influenced by the photospheric absorption line. 

UXX Ori is the behaviour of the sodium absorption lines; close 
too zero velocity they are not double peaked. 

Thee effective temperature of BF Ori is too low for the occu-
rancee of the photospheric He i absorption lines, as seen in Fig. 
la.. Following the explanation for similar detections for UX Ori 
(Chapterr A3) such absorption lines are probably due to colli-
sionallyy ionized gas caused by the interaction of the infalling 
matterr with material located at tbe inner parts of the disk. The 
non-photosphericc origin is seen by the day by day variations of 
thee intensity, line profile, and velocity range. 

Thee connection of the origin of the HeiA5876 absorption 
linee to tbe star-grazing bodies is evident from the following 
detections: : 

-- me line is strongest in cases when the NaiX> RACs are 
strong. . 

-- tbe velocity distribution follow me one of the RACs of 
NaiZ>.. This is best seen for die spectra taken on die 8th, 
whichh contains tbe highest redshifts for bod] lines, 280 and 
2500 km s_1 for die Hei line and die RACs respectively; 
ass well as for die almost not redshifted RACs of die 10th, 
i ww = 150 km s~l, for which die He i lines extends up to 
1700 km a-1. 

-- In cases where we have blue shifted emission at die Nai 
lines,, die He i shows a cut-off at relatively low velocities. It 
iss possible be diat in diese cases die Hei line is also filled 
inn witb emission at the blue end. 

However,, we have to remark tbat die above relations are not 
welll  seen when the discussed lines are weak. 

4.1.2.. The Ha profiles and dieir variations 

Thee Ha profiles show V/R variations on a daily time scale widi 
V/RR < 1, see Fig. lc. The similar time scale as for die Hei 
andd NaiZ>ii2 changes, suggests a common origin, related to 
accretingg bodies. This was already suggested in Chapter A3 for 
diee co-variations of die profiles of diese four lines for UX Ori. 

Aldioughh die Ha profiles tbemselves are complex, part of 
tbee detected variations can be explained. Similar to UX Ori 
(Chapterr A3) we notice a diminishing of tbe red Ha component 
whenn die RACs are at maximum strengdi (compare die spectra 
ass taken on the 8,9,10 and 11th). On the 8th and 9th the Na i A ,2 
RACss are strongest and V/R « 1 for Ha. The recovery of the red 
Haa component occurs simultaneously widi die getting weaker 
off  the RACs on die 10 and 11th, while on the 12th we notice a 
slightt evidence of die reversed process. 
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Suchh detections indicate that the strength of the red Ha 
peakk could be triggered by the screening of the infalling bodies. 
Thiss mechanism is supported, in the case of BF Ori, by the 
widerr velocity field of the complete Ha emission profile, which 
rangess up to +/- 300 km s*1 on the 9th, when the RACs, i.e. the 
screening,, are the strongest, and up to 400 km s- 1 on the 11th 

whenn the screening was low. Supportive detections are seen by 
thee spectra taken on the 9th, strong RACs, and on the 10th, wider 
Haa velocity range. In other words, during the infall of much 
material,, part of the Ha velocity field is screened, which is then 
"biased""  to lower velocities. 

Inn case a significant part of the H-emission lines are formed 
inn the vicinity of the central object, one has to take rotational 
effectss into account also. Because the rotational period of BF 
Orii  is about 1 day, with v sin * ~ 100 km s- 1 (Böhm & Catala, 
1995),, it is difficult to separate them from any accretion effect 
ass discussed above, without the help of other, simultaneously 
observed,, lines. 

AA main difference in the Ha profile between BF Ori and 
UXX Ori is their V/R ratio, being < 1 for BF Ori and > 1 for 
UXX Ori. V ^ R suggests the presence of a density structure in 
thee disk which rotate (Telting et al. 1994). For BF Ori such a 
densityy structure moves away from the observer, while in the 
casee of UX Ori it is approaching the observer. If these effect 
causee the V ^ R, the rotation of these perturbations will play a 
rolee in the dynamics of the Ha profiles. Because the V/R ratio is 
nott reversed during the October monitoring, the rotational time 
scalee of possible perturbations is longer than the star-grazing 
bodiess events as well as the rotational period of the star. To 
knoww these time scales more intensive monitoring is necessary. 

Iff  the cause of the Ha perturbation is the same as the one 
triggeringg the star-grazing bodies, it is understandable that we 
observed,, besides RACs, blueshifted Nail> components for 
BFF Ori. In the case of BF Ori we detect evaporated star-grazing 
bodiess originating at the side of the disk which moves towards 
uss (probably causing blueshifted absorption and emission com-
ponents).. For UX Ori the density structure and the star-grazing 
bodiess are moving away from us, and coincide with their ve-
locityy signs in the RACs. Furthermore, if the edge-on disk is 
opaque,, it will prevent us from seeing the blueshifted compo-
nents,, which originate from the back side of the disk, just as 
significantt as the RACs, which originates from the observers 
side.. This and the above reason could explain why we see only 
redshiftedd Na ID components in the case of UX Ori. 

Thiss model also explains the difficulty of finding a good cor-
relationn of the changes in the Na ID lines and the V-component 
off  the Ha profiles. However, when the V-component is affected 
byy accreting material at the back-side of the disk, besides rota-
tionall  effects, it could be connected to the blue Na i D emission 
component.. Testing this hypothesis we find indeed that on the 
9thh both the Nai D and Ha blue peaks are the strongest, while 
onn the 10th both peaks are less strong compared to the other 
spectrall  lines. 

Althoughh the number of (consecutively) spectra is low, it is 
possiblee to explain most of the detected variations, as well as 
thee differences between the profiles of UX Ori and BF Ori. 

4.2.4.2. The December, J994, data 

Byy the day by day monitoring of Herbig Ae stars, such as BF 
Orii  and UX Ori, we have obtained remarkable results. However, 

thee time scales (hours or days) of the variations seen in the red-
shiftedd absorption lines of Nai D, in the He i absorption line and 
inn the Ha profile, are not resolved. Furthermore, we have seen 
evidencess of co- variations of these profiles. More precise infor-
mationss on these characteristics will have important scientific 
consequences.. For getting these informations we made a more 
intensivee monitoring programme on BF Ori. During three con-
secutivee nights we obtained simultaneously Hei/NaiD high 
resolutionn spectra and Ha intermediate resolution spectra, see 
sectt 1, which are shown in Fig. 2. As the spectra were taken 
exactt simultaneously we will discuss them together. 

4.2.1.. The Nai A Hei & Ha line profiles and their variations 

Duringg the first night, 12/13 December, 1994, we notice a re-
markablee change in all the studied line profiles compared to 
thosee observed in October, 1993. No RACs of Nai D are seen. 
Onn the contrary, the blue wings of the Na ID absorption lines are 
welll  extended to relatively high velocities, up to —140 km s- 1. 
Thee same is observed for the Hei absorption line. The Ha 
profilee during this night is, however, comparable to the one de-
tectedd on 8/10/1993, with the R peak somewhat stronger than 
thee V peak. The stronger red emission peak of Ha is distributed 
too lower velocities than the blue peak. This clearly indicates a 
strongg correlation between the different blue components. We 
alsoo detect no significant changes between the three different 
observations,, separated by about 2 hours, during this night. 

Suchh a stability of the line profiles during one night are also 
seenn in the two following nights, 13/14 and 14/15 December. 
However,, in comparison with the first night dramatic variations 
aree detected. The Na i D absorption lines are now accompanied 
byy extended wings to the red up to +140 km s-1. During the 
nightt of 14/15 December strong absorption components are 
developedd comparable with the October, 1993, RACs. The He i 
profiless follow the ones of sodium such as detected for the 
October,, 1993, spectra. The He i absorption wings are extended 
too the red when the redshifted Na i D occurs, and stronger in 
absorptionn but less extended to the red when the RAC structures 
develop.. Finally, the Ha profiles show an unexpected event; 
flippingflipping over the strengths of the V and R peaks, so that now 
V/RR > 1. During 13/14 December the blue peak increased in 
strengthh with a lower velocity cut-off to the blue. The red peak 
iss also less extended to the red, but in strength equivalent as 
before.. A significant change is again seen in the night 14/15 
Decemberr in which this red peak is less prominent but well 
extendedd to high velocities. The blue peak, however, does not 
changee very much. 

Followingg Telting et al. (1994) the flip over of the V/R 
valuee of the Ha profiles, can indicate the presence of a rotating 
gaseouss density structure. Since we have detected this event 
onlyy once, taking place at least two days, the time scale must be 
att least of the order of weeks. It is, therefore, difficult to explain 
thee V/R = 1 value of 9/10/1993. 

Thee observed variations can be understood by adopting the 
obscurationn hypothesis used to explain the October, 1993, be-
haviourr of the Ha profiles by the occurrence of certain Na i D 
profiles.. Here we assume that the Ha profiles are formed much 
closerr to the stellar surface than the Nai D lines. In case cool 
densee gaseous material moves towards the observer in the disk, 
ass in the first night, it will obscure the inner co-rotating parts of 
thee disk, leaving a less developed violet Ha peak. The reversed 
directionn of movement is seen the following night by the red-
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Fig.. 2. (a) He I and (b) Na I D line profiles of BF Ori, taken between December 12 and 15,1994. (c) Ha line profiles of BF Ori, which are taken 
exactt simultaneously with the Na I DfHe I spectra between December 12 and 14,1994. The continuum levels are again indicated by thin dotted 
lines. . 

shiftedd Na i D lines. Here the moving object is not yet obscuring 
partss of the inner disk which rotates away from the observer, 
sincee me red Ha peak is of the same strength as the night before. 
Partss of the diskk moving towards us are well visible again; see 
thee increased blue peak. The velocities are distributed to lower 
velocities,, indicating that only regions close to the central star 
aree obscured. The red Ha peak diminish in strength during 
thee following night, 14/15 December, when me inner parts of 
thee disk, which rotate away in the line of sight, are obscured. 
Furthermore,, the red shifted NaiD components are stronger 
now;; probably me evoparization and the infall of parts of the 
"movingg body" are visible. Such events will not be observed 
whenn the object moves towards us. In case accretion occurs, 
thee material will not have a strong velocity component in our 
linee of sight. In case the "orbiting body" plus its products are 
ploughingg through me disk, collisionally ionized gas will be 
generated,, explaining the existence of the Hei absorption line 
andd its co-variations with the omer lines. 

Notee that in this hypothesis we need a gaseous body orbiting 
BFF Ori. Although no simultaneous photometry is taken, me 
equall  exposure times did not indicate a lower brightness of BF 
Orii  during the possible obscuration. Either me direct eclips of 
BFF Ori by the orbiting body was not detected, or this body is 

nott of considerable density. This, probably large, gaseous body 
couldd easily brake up to smaller cometaries. 

Althoughh me short time scale variations could be well ex-
plained,, the V/R flip over between the October, 1993, and De-
cember,, 1994, are probably due to longer time scale variations. 
Thee intensive December, 1994, monitoring showed us mat the 
timee scale of the variations detected, connected to infalling 
comet-likee bodies, are not of the order of hours but days. This 
importantt information will be used in the next section. 

5.. Size of the October, 1993, comet-like body 

Thee data taken in December, 1994, indicate that the time scale 
off  the accretion events are not of the order of hours. This means 
thatt the detection of changes of infalling material in October, 
1993,, during me consecutive nights was probably due to the 
samee event. The increase of strength of the RAC detected on 
88 and 9 October and me disappearance of mis infalling cool 
materiall  the following nights suggests not a continuous flow 
butt a certain concentration. If we propose this as a comet-like 
bodyy we can estimate: (1) its size when it is or becomes (by 
evaporization)) completely gaseous, and (2) the distance to BF 
Orii  when evaporization would take place. 
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Thee optical depth, 

rr vv-- \ Kv ót, 
JJ — OO 

(1) ) 

withh t being the geometrical depth and K the absorption coeffi-
cient,, can be rewritten with 
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inn which e and me denote the charge and mass of an electron, 
respectively;; c is the light speed; N is the number of absorbing 
atomss per cm3 in the energy level from which the absorption 
occurs;; ƒ is the oscillator strength and Qab$ the absorption 
efficiency. . 

Thee absorption efficiency 

f f 
Jo Jo 

Qab,(v)Ól/fiïQab,(v)Ól/fiï 1 (4) ) 

forr absorption at most dust materials around A-type stars with 
grainn sizes a > 10~5 tan (Gilman 1974). As BF Ori was 
observedd at a relatively bright phase, the optical depths can not 
bee too large. For the Na 1D RACs of 9 October, 1993, we can 
estimatee T„  ea 0.5 compared to the component at rest velocity. 
Thee latter will be a blend of the interstellar and a circumstellar 
component.. The amount of evaporated sodium particles from 
thiss infalling body can then be estimated with (4) from 

/ / 
r „ d i / « 0 . 5 A i / = — # ƒ ƒ 

mec c 
(5) ) 

Thee material detected in the RACs is shifted by about 100 
kmm s- 1, for the D2 line at 5890 A Ai/ = v/X can be calculated. 
Ass the transitions from the ground state of Na 1 to the first upper 
termm are single and strong we can put for the Nai resonance 
liness approximately ƒ = fo2 +  /D, 
obtainn for the D2 line 

\\ + f = 1. We then 

NNNaINaI « 9.7xl012 atoms cm-2 (6) ) 

inn the line of sight on October 9, 1993. Adopting a normal 
abundancee of sodium (Na/H sa 2xl0- 6) the amount of hy-
drogenn NH « 4.8 xlO18 cm-2. Values of the luminosity and 
temperaturee of BF Ori are known to be 1.20 L 0 and 8000 K 
respectivelyy (Chapter A5). When the evaporating material ob-
scuress the whole stellar surface, with R* = 2.16 R©, we obtain 
N™'N™' w 3.4x1041 atoms in the line of sight. In case of pure 
Hydrogenn the evaporated body must have had a mass (Mc) of 
5.733 x 1017 g, comparable to the masses of comets in the solar 
system. . 

Iff  we approximate the radius of the evaporating cloud by 

rlrl  = 3M3MC C 

4-KPc 4-KPc 
(7) ) 

andd the cometary density pc « 1 g cm~3, similar to the density 
off  the outer planets in the solar system, we get 

forr the size of a cometary in case of complete evaporization. 
Whenn the evaporating material obscures only 50% of the stellar 

1/3 3 surfacee this size is about 3 km. Because rc ~pc , different 
densitiess will not change the cometary size by an order of 
magnitude.. For higher optical depths taken, Md will be an 
equivalentt factor higher. 

Thee evaporization of the cometary will take place at a dis-
tance e 

TdTd = 
IGM* IGM* 

withh vetc « 100 km s- 1 and M+ = 2 M 0 we get 

rr dd « 0.4 AU 

(9) ) 

(10) ) 

r , « 55 km (8) ) 

Inn case the RAC is caused by fragmentation of an orbiting 
bodyy as detected in the December monitoring programme, its 
distancee is at least 0.4 AU. The rotational period would then be 
att least 65 days. We have detected this orbiting body to move 
fromm one side of BF Ori to the other, or 4.3 R0, within 1.8 days. 
Adoptingg a Keplerian orbit we obtain a maximum period of 226 
days.. Possible follow-up observations must, therefore, include 
aa monitoring programme covering such time scales. 

6.. Concluding remarks 

Similarr to UX Ori, a monitoring high resolution programme 
forr BF Ori was made at wavelength regions including the Hei 
58766 A, Na 1D and Ha lines for 8 consecutive nights in Octo-
ber,, 1993. It was questioned whether BF Ori, an object similar 
too UX Ori in its astrophysical parameters, being of equivalent 
evolutionaryy phase (both being Herbig Ae objects) and show-
ingg to have the same observational aspects, will have interesting 
featuress in the line profiles, which for UX Ori originate from 
starr grazing bodies. Indeed such evidences are clearly found for 
BFF Ori. They are: 
-)) Well extended wings to the red of the NaiD lines with on 
somee occasions even developed to complete redshifted absorp-
tionn components (RACs), similar as those found for UX Ori. 
Suchh profiles can be well explained by the evaporization of in-
fallingg material from outer disk regions. 
-)) The existence of HeiA5876 in absorption, normally not 
presentt in spectra of A type stars. Following the model of UX 
Orii  (Chapter A3), this line originates in collisionally ionized 
gass produced by interaction of the infalling material with the 
innerr disk material. Support for this explanation are the co-
variationss of this absorption profile and those of the redshifted 
Naa 1D profiles. 
-)) The Ha profile of BF Ori is double peaked, with the red peak 
beingg the strongest. For UX Ori V/R > 1. However, the day 
too day variations of this profile are similar as that for UX Ori. 
Againn the variations are in phase with those of the Na 1D lines. 
Thee strength of the red Ha peak clearly varies with the strength 
off  the RACs and the velocities are cut-off to lower values when 
thee RACs increase in strength. This can be best explained by the 
obscurationn of the Ha line forming region by the cool gaseous 
materiall  that rotates at larger distances from the central star. 

Somee differences with the UX Ori high resolution data are: 
-)) Some blueshifted absorption in the Na 1D lines. 
-)) Weak emission above the continuum even further in the blue 
att these lines. 
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-)) No double peaked absorption lines of Na i D close to the rest 
velocity. . 
Explainingg the different V/R values of the Ha profile of BF Ori 
andd UX Ori by the mechanism of a large rotating body moving 
inn opposite direction in the lines of sight and obscuring variable 
partss of the inner parts of the disk, we can understand the differ-
encess mentioned above. For UX Ori this rotating body obscures 
thee red part of the Ha peak and we notice only activities in that 
partt of the disk moving away from the observer. For BF Ori this 
bodyy rotates probably towards the observer inducing activities, 
besidess accreting bodies, in this part of the disk also. 

AA strong support for this hypothesis are the results of a more 
intensivee monitoring programme during three following nights 
inn December, 1994. On each night three or four Hei/NaiD 
andd Ha spectra are taken, with intervals of 1.5 -2 hours. The 
Hei/NaiDD spectra are in resolution and wavelength region 
equall  to those taken taken during October, 1994. However, the 
Haa spectra are of intermediate resolution, but taken exact si-
multaneouslyy with the He i/Na i D spectra. From this interesting 
dataa set of data we found: 
-)) The absence of redshifted absorption in the Na i D lines dur-
ingg the first night 
-)) The presence of blueshifted absorption in the Nai D lines 
duringg the first night 
-)) The appearance of redshifted extended wings of Na i D on 
thee second night developing to more prominent components 
similarr to the RACs of the October, 1993, data on the third 
night t 
-)) Exact co-variations of the Hei absorption profile with the 
NaiDD profiles during the three nights, with a similar relation 
ass observed during October, 1993. 
-)) A flip over of the red and violet peak strength of the Hd profile 
simultaneouss with the change of blue shifted absorption to red-
shiftedd absorption for both the He i and Na i D profiles, clearly 
indicatingg that the variations of these three different lines must 
havee a common origin. 

Thee strength and velocity field of the Ha profile can again 
bee well explained by the obscuration hypothesis in which parts 
off  the inner disk, where the Ha emission mainly originates, are 
occultedd by cool gaseous bodies orbiting BF Ori. The orbital 
periodd of such a, probably large, gaseous body is calculated 
too be between 65 and 225 days. These time scales can explain 
thee differences seen between the October, 1993, and December, 
1994,, data. 

Onn both occasions we detected accreting material. From the 
December,, 1994, data we conclude that the infall events last for 
severall  days. No variations are detected on shorter time inter-
vals.. This suggests that from 8 until 10 October, we witnessed 
thee evaporization of a comet-like body. Calculations show that 
thiss cometary had a possible mass of 5.73 x 1017 g and a size 
off  5 km, also being typical values for cometaries in the solar-
system.. The distance to the central star during evaporization 
wass about 0.4 AU. 

Thiss cometary body could be a fragment of a larger orbiting 
body.. In that case further monitoring must detect relations of the 
occurrencee and strength of RACs of Na i D and the V/R value 
off  the Ha profiles. Continuing monitoring is also necessary 
inn order to detect the frequency of star grazing bodies, and to 
understandd the nature of the orbiting body. 

Spectrall  monitoring of other similar objects belonging to the 
UXORR group is necessary to gain more insight in the relations 
off  cometaries, when present and their evolutionary status. 
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