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Abstract. We investigate in details the properties of the disk physically bound companion of HR 4796 A (Jura et al., 1993),
surrounding the 8 Myr old star HR 4796 A, one of the few statscated 7.7 away,i.e. 515 AU in projected distance according
bringing precious clues to better understand the scenario whicliheHipparcosstar distance., = 67.173 pc.
lead to planetary system formation. We propose a model able According to the resolved images, the disk is extend-
to reproduce all the available observations: the full spectral éng only a few tens of AU outside the peak of the dust
ergy distribution from the mid-infrared to the millimeter wavedistribution assessed to about 70 AU (Schneider et al.,| 1999).
lengths, resolved scattered light and thermal emission obfButer truncation of circumstellar disks within a binary
vations. We show that the circumstellar matter splits into twgystem has been predicted at typical distances of 1/3—
dust components: a cold annulus, peaked at 70 AU from the sfd®, of the binary separation_(Papaloizou & Pringle, 1977;
made of ISM-like grains (amorphous composition, porosity |Artymowicz & Lubow, 1994). However, the impact of the com-
0.6) larger than 1@m and a population of hot dust close tganion HR 4796 B on the disk extension is still unclear.
the star (at about 9 AU) made of comet-like grains (crystalline Inthe inner part of the disk, Jura et al. (1995) first suggested
composition, porosity 0.97). Both dust populations are highlya depletion of dust close to the star so as to reproduce the
collisional and the grain size distribution in the cold annulus KLOK color temperature deduced from IRAS data. The com-
found to be cut-off by radiation pressure. At 70 AU, bodies gmrison between resolved mid-IR images and first order model-
large as a few meters are required to fit the data leading ting (see below) confirmed the necessity of an inner hole in the
minimum disk mass of a few Earth masses and to a gas to didisk at 55:15 AU from the star for Koerner et al. (1998) and
ratio less than. We discuss aftewards some implications on th&0+20 AU for|Jayawardhana et al. (1998).
disk structure and effects of larger bodies. According tg Koerner et al. (1998), a second population of
hotter grains may however lie closer to the star (inside the inner
Key words: stars: circumstellar matter — stars: individualhole). Located at distances similar to those of the zodiacal dust
HR 4796 A in our Solar System, this dust population would be responsible
for both the 12.5:m detected excess and for a faint emission at
20.8um (less than 10% of the total flux at the wavelength) in
1. Introduction excess of the resolved disk and centered on the star.
The grains properties are so far poorly constrained. Ac-
HR 4796 A is one of the A type stars showing a high infraregbrding tol Jura et al. (1995), grains smaller than aboumn3
excess Laisk / L. = 5.107°) due to the thermal emission fromare blown outward by radiation pressure. Considering the
circumstellar dust. The excess is twice thatadPictoris, the poynting-Robertson effect, they found that the grains are
best studied case among Vega-like stars so far. The star g@bably larger than 40m under the assumption of a
8+2 Myr (Stauffer et al.. 1995), is about 5 to 15 times less thafy AU inner hole! Koerner et al. (1998) used thermal absorp-
/3 Pictoris implying that HR 4796 A is tracing an evolutionaryion/emission laws for the grains following the model proposed
phasis prior to that of Pictoris. by IBackman et al. (1992) fof Pictoris: Q.15 is constant for
Koerner et al. (1998) and_Jayawardhana etal. (1998) ne« ), and proportional tgA/\o) " otherwise, the parameter
solved first the circumstellar dust at thermal infrareﬂo is expected to be related to an effective grain gig@ the
wavelengths X = 10 — 20um) recently followed by disk. Although Koerner et al. (1998) constrainto 25+15um,
Schneider et al. (1999) in scattered light 1.1 and1.6 um).  they do not specify the rati¢® in the case of HR 4796 A. This
Interestingly, the disk lies nearly in the direction to HR 4796 Batio could vary by a factor 40 between the lower and the higher
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graphic adaptive optics system images performed with the ESéble 1. Available infrared and submillimeter measurements. Refer to
adaptive optics system in K’ band Mouillet et al. (1997a). Bésect{4.]L for the meaning of the mark's
cause of the low signal to noise ratio in these data, these results

were not presented as a positive detection. Knowing the positionA Excess  Uncertainty
angle of the disk, we reduced again these observations and viien]  Pobs [Jy]  APobs [Jy] Reference
now marginally detect the disk. After a brief summary of thermal 4.80  no excess Fajardo-A. et al. (1998)
available data, we present in S&dt. 2 the newly reduced scattered80 0.067 0.037 Fajardo-A. et al. (1998)
lightimages and compare them with more recent and better sig.80  no excess Fajardo-A. et al. (1998)
nal to noise ratio scattered ligth images (Schneider et al.| 1999)t0-1  0.087 0.026 Fajardo-A. et al. (1998)

As data become actually more numerous, we wish to bet19-3 ~ 0.057 0.024 Fajardo-A. et al. (1998)
ter constrain the grain properties in the HR 4796 A disk. So*-l;'g 8(1)32 8'822 Fajardo-;;:;al. (1998)
phisticated grains models developed by Greenberg et al.|(1972). ' '

. . . . . 0.101 0.018 Koerner et al. (1998)
sucgee@ed both Jin reprocjucmg interstellar observatlp 25 0.133 0.027 Fajardo-A. et al. (1998)
(extinction, polarization | (Li & Greenberg, 1997)) and in«g5 1.100 0.150 Jayawardhana et al. (1998)
fitting the shape of the SED of the disk suround- 209  1.860 unknown ~ Juraetal. (1993)
ing A Pictoris (Li& Greenberg, 1998; Pantin et al., 1997).x20.8 1.813 0.170 Koerner et al. (1998)
In addition, | Li & Greenberg (1998) proposed a link be-*245 2.237 0.700 Koerner et al. (1998)
tween ISM particles and circumstellar evolved environ-"25.0 3.250 0.130 IRAS
ments assuming that dust grains in thiEPictoris disk “60.0 8.630 0.430 IRAS
are of cometary origin (see also Backman & Paresce [(1993§00.0  4.300 0.340 IRAS
Lecavelier des Etangs et al. (1996)) and could be fluffy aggré®0-0 ~ 0.180 0.150 Greaves et al. (1999)
800.0 <0.028 Jura et al. (1995)

gates of primitive interstellar dust.
In this paper, we adopt a similar approach for the graingso'o
in the HR 4796 A disk. We describe in Sédt. 3 the disk model
assumptions and try to fit (Sedis.l4.1 4.2) the Spectral En- _ _ ) i
ergy Distribution (hereafter SED) to derive some physical ah{PWeVer, simple models are consistent with gata if the suface
chemical grain properties such as typical size, porosity, pré&nsity of grains follows a radial power law™ wherel' is
ence of ice and finally to estimate if the grains are more similddly constrained in the ran{fg 2.5] (Koerner et al. (1998) and
to interstellar dust grains or to comet-like grains. Jayawardhaqa et al. .(1998)). Assumlng thatthe.dlsk is opchIIy
In addition, we test whether the presence of a second p&pd 9eometrically thin (2-D disk model) and using a Bayesian
ulation responsible for the 1m excesses is necessary or noﬁpproach, Koer_ner et al. (1998) a_ssesse_d a disk inclination less
Given the constraints on the grain distribution derived from tfj3an @bou0® with respect to the line of sight. Indeed, the ver-
SED fitting, we try to reproduce the thermal and scattered light2! neight to radial height ratio for a given isophote@s ym

resolved images (SeEL#.3). We finally discuss §ect. 5 the it$,close ta).35 & 0.05 which corresponds to a flat disk inclined
plications on the disk dynamics. at sin—1(0.35 + 0.05) ~ 20.5 + 3° from edge-on. Finally,

both| Koerner et al. (1998) and Jayawardhana et al. (1998) im-
ages are consistent with a disk located at the position angle (PA)
in the ranges[22°, 34°] forKoerner et al. (1998) an@0°, 40°]

2.1. Spectral energy distribution forlJayawardhana et al. (1998).

0.0191 0.0034 Greaves et al. (1999)

2. Available data

The available photometric data for the HR4796A

disk are summarized in Tabl&] 1. They include coloR.3. Resolved near infrared data
corrected IRAS measurements, IRTF bolometer meg- 4
surements (Fajardo-Acosta et al., 1998), Keck/Mirlin"™"™"
(Koerneretal.,1998) and Cerro Tololo/  OSCIRThe coronographic observations we reinvestigate in this paper
(Jayawardhana et al., 1998) images and the IRTF bolomdtare been first presented.in Mouillet et al. (1997a). This paper
datum obtained by Juraetal. (1993) at;20. They also also describes the reduction procedure used. A main step in
include the available submillimeter data: JCMT upper limit atoronographic data reduction is the removal of the scattered
800.:m (Jura et al., 1995) and recent SCUBA measurementdight remaining around the mask. This implies to use a compar-
450pm and 85Qum (Greaves et al., 1999). ison star whose scattered light is scaled to that of the object of
interest. The scaling factor is generally estimated by azimuthally
averaging the division of the star of interest by the comparison
star. Azimuthal averaging over 36@revents from detecting
Mid-IR images revealed the morphology of the dust distributiquole on disks and decreases the chance of detection of inclined
sensitive to these wavelengths. Actually, the rather low resollisks or faint structures. Knowing the orientation of the disk,
tion does not allow to precisely describe the radial shape of tive were able to estimate more precisely the scaling factor in a
surface brightness along the major axis and its vertical shapection perpendicular to the disk.

Reduction procedure

2.2. Resolved mid infrared thermal data
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Fig. 3. Same as Fi@]2 but for the SW region (around=R2A ().

hr 4796 B

low signal to noise, the position angle is badly constrained but
is roughly consistent with both the PA deduced from previous
Fig. 1. Newly reduced coronographic image in logarithmic scale gages and the direction of the physical companion HR 4796 B.
HR 4796 Ain K'filter revealing an excess close to the expected PA. T{iga extract the residual signal azimuthally averaged in the ranges
field-of-view is 13’ x 13"with a sampling of 0.0% per pixel, smoothed of PA: [20°, 40°] and[200°, 220°] as a function of the distance

t00.2’. The numerical mask occults up to about 60 AU (Qi@ radius. A ) .
One can note the faint companion HR 4796 D (K'=14.5) at PA'-"311from the star. We plot in Figkl 2 aid 3 the comparison with

detected by Kalas & Jewitt (1993) and Mouillet et al. (1997a). the noise on the image estimated in the regions perpendicular
to the excess. Between about’14dnd 2.3, the NE and SW
o T T T T T T T T T T T T T remaining signals appear above the noise whereas in the per-

pendicular region the residual signal fluctuates around 0 which
characterizes the lack of circumstellar structure in the NW and
SE regions. Although the signal to noise ratio is rather low close
to the star, we find an azimuthally averaged surface brightness
at1.1'-1.2’ (75-80 AU) from the star: 12:20.5 mag.arcsec?

quite similar to the range 11.7—-12.7 mag.arcSemeasured in

H band by Schneider et al. (1999) between’lafhd 1.2. The
observed surface brightness is roughly proportionattobut
deconvolved images would lead to steeper slopes as also sug-
gested by Schneider et al. (1999) observations.

Flux [mag/arcsec?]

3. Disk model assumptions

18 S S S E S S S|

1.0 1.5 2.0 2,5‘ ‘ 3.1. Grain distribution

Distance from the star [arcsec]

We adopt a parametrical approach to describe the grain dis-
Fig. 2. NE residual signal in the region around-P80° compared to tribution in the disk similarly to that adopted to describe the
the noise (plain line). The latter is interpreted as the detection limit gfPjctoris disk (Artymowicz et al., 1989):
the disk. The residual signal in the regions perpendicular to the disk is
close to 0 on average (not represented in this logarithmic scale). Onﬁ,}(e7 2) =noR(r) Z(r, 2)
contrary, the residual signal in the NE region is continuously greater
than the noise between 1:41.2 and 2.3-2.4". wheren(r, 2) is axisymmetrical grain densit(r) andZ (r, 2)
are respectively the radial and the vertical no-dimensional dis-
tributions andn, the grain density at the normalized distance
r = ro whenz = 0. The distancey is fixed to 70 AU in all the
We present in Fid.]1 the newly reduced coronographic imagesifiulations andz(r) is normalized so as to have(rg) = 1.
HR 4796 A in K’ band. An excess is present in the NE and SW Following |Artymowicz et al. (1989), we assume a vertical
regions. Due to the spreading of the excess and due to the rathsiribution characterized by an exponential with a shape de-

2.3.2. Radial excess almost in the direction of HR 4796 B
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pending on the parameter(y > 0): porosity P, the corresponding percentage of vaccum removed
due to the presence of the @ ice is therefore:

Z(r,z) = exp (— (C(Z?"'))W) with ((r) = Gy (;})ﬁ pro = (1 _ 1) 100 o,

P 4SiorH,O

where the radial shape of the vertical scale heigh} depends i

on the parametef > 0. (,, is the normalized height when i & Greenberg (1998) proposed two extreme types of dust
r = ro. This notation is useful because the integratiod of, z) 1N Vega-llke disks: am.orphous or_crystallme grains mainly de-
along the vertical axis{ of the diskis proportional to?. There- pending on the e\_/olutlon of the circumstellar environment ar_1d
fore, the surface density of the grains, which is the interestiR§PPably depending on the spectral type. In this paper, we in-
quantity to model the photometric data, can be written as:  Vestigate the two following types of grains:

+00 N 1. “ISM-like grains”:
o(r) = / n(r, z)dz = oo x R(r) (r) — amorphous Si and amorphous®lice,
—oo 0 — gsior =~ 545 for spherical grains angk;o, ~ 55 for

wheresy = Cyngly, andC, = 2ﬁ)+oo exp(—27)dz (z is an cylindrical grains|(Li & Greenberg, 1997),

non-dimensional variable). — porosity P between 0.45| (Mathis, 1996) and 0.8

We parametrize the radial distribution of the grains with a (Mathis & V\./hifj-en, 1980).
smooth combination of two power laws: 2. “comet-like grains”

— crystalline Si and crystalline 0O ice,
—2ain
T T
R(r) « {(%) + <7"c

—2aom) "2 — gsior = 3 (comet Halley, Greenberg (1998)),
> } — porosity P between 0.93 and 0.975 (comet Halley,
With s, > 0 andagy, < 0. The inner disk is assumed to beFor gll the models, we pon3|derlspher|cal grains and therefore
we fixed the volume ratigs;,, to =

Greenberg & Hage (1990)).
cut-off at the distance corresponding to the grain sublimation 2"
temperature~{ 1800 K). The maximum of the surface density

o(r) is notr. but also depends am,,, ao,t @ndg: 3.2.2. Optical properties computation
(2040 — 20 oue) ™1 We compute theorical absorption/emission and scat-
Tin . . . - . . .
Tmax(o) ( ) Te (1) tering efficiencies for spherical grains via Mie theory
~Lout (Bohren & Huffman, 1983) knowing the ratio = ¢ where

. . . - )\ -
WithTiy, = ain+Bandlon; = ou -+ 3. Outside this maximum, @ is the grain radius gnd knowing:(\) the complex !ndex
o(r) is roughly proportional to™ =, and roughly proportional _of refractu_m of the grain. In some extreme cases, Mie theory
to T inside. Finally, the SED computation requires a fodf not efficient. we used the Rayleigh-Gans theory when

parameters grain distribution;, Ty, Tout, andoy. [m(A)[z > 1000 and [m()) — 1|z < 0.001 or the geometric
optics when|m(XA)|z > 1000 and |m(A) — 1] > 0.001

. o (Laor & Draine, 1993).

3.2. Grains characteristics We adopt the Maxwell-Garnett effective medium (MGEM)
3.2.1. Composition assumptions theory to computen () for the mixture (Si + “or” + KO ice

] and/or vaccum) given the complex indexes of refraction of each
We assume that the grains are porous aggregai@snpound, the volumes ratios and the porosity. We prefer the
made of a silicate core coated by an organic rEfraMGEM theory to the Bruggman effective medium (BEM) the-
tory mantle |(Greenberg (1986) and references therejfyy pecause the MGEM theory considers that a mixture is com-
Pollack et al. (1994)). Vaccum is assumed to fill the holes dygseq of an inclusion (the core) embedded in an homogeneous
to porosity. If the grain temperature is less than the sublimatigiyrix (the mantle) whereas the BEM theory treats both com-

temperature of the ¥0 ice (Teub,n,0 =~ 110 — 120K), the ponents in the same waly (Bohren & Huffman, 1983).
H,O ice is able to fill all or part of the vaccum in the grain. The

relative abundances of each compound are given by the volume ]
ratios:gsior = 2 andqsiort,0 = V%};Z“r,WhGTQVSi, V.. and 3.2.3. Optical constants

Vor 2
Vi,0 are respectively the silicate, the organic refractories amtie wavelength dependence of the grain complex index of re-
the H,O volumes. The corresponding grain dengityis: fractionm(\) depends on the individual compounds:
GSior PSi Por PH,0
pg = ( ) (1 ¥ gsior 1+ gsior CISiorH20> (2) 5 Silicates: there is presently no consensus on what

could be “representative” astronomical silicates. In the case
where the individual densities argg; = 3.5g.cnt3, p,, = of amorphous silicates, we arbitrarily adopt the modi-
1.8 g.cn 3 andpy,0 = 1.2g.cn 3. Given the Si+or aggregatefied (Laor & Draine, 1993) Draine & Lee optical constants
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TN emhess gein: —— o~ 10um | — Organic refractories: we adopt the optical constants com-
i \ (P=0.6. 10 ofice) oo ym ] puted by Li & Greenberg (1997) (a full discussion on organic
250 \_\ -| refractories can be found in this paper).
— N crystalline grain :  —-.— a = 10 um 4
X A o (P=0.95, 10% of ice) o o o
® 200 00 Hm 1 — H,O ice: in the case of amorphous ice and betwees
é L 1.3 um andX = 144 um, we use the optical constants derived
;1 [ from|Eink & Sill (1982) (I' = 82 K) combined with thel00 K
g 190r data from Hudgins et al. (1993). In the case of crystalline ice
B r and betweem\ = 0.89 um and X = 333 um, we adopt the
° ook hexagonal water ice optical constants at a temperature of about
r 100K derived by Ockman (1958) and Bertie et al. (1969). For
[ both the amorphous and crystalline ices, we extrapolate with
S0 thelWarren (1984) optical constants.
Il L L L L L
10 100
Distance from the star [AU] 3.2.4. Grain size distribution

Fig. 4. Grain temperature versus the distance from the star for am@he choice of the grain size distributior{a) in the disk is a

phous and crystalline grains and for different grain sizehe grain key step in the grain modeling. We assume either a single grain
temperature has been computed from the energetic balance bet

the absorbed flux and the emitted flux over all the spectrum. We u\é%(?gg (= ao) ora gralnize d_lstrlbutlon following the CIa_SSICaI
Kurucz spectrum for an A1V star scaled to the V magnitude and dOWer IaWn(a)da. o a da in .the rang€ tmin, am‘?x] which
trapolated with ax~* power law (Rayleigh-Jeans) to simulate the stdhay be be.tter S“'te‘?' if the grains resqlt from collisions among
flux. The break in the grain temperature is due t&Hce sublimation 1arger bodies. We fixed: = 3.5, a typical value usually as-
(see also FigJ5). The dust temperature of the icy grains follows a radisimed for collisional disks (Hellyer, 1970; Mathis et al., 1977).
power lawr? with ¢ between—0.36 and —0.47 for the amorphous We usein(a)da = 2.52735dz with = = a/amim SO as to

grains and; between—0.40 and—0.43 for the crystalline grains. have:

l‘nlax . a )
T T ; T T T T T — T / 2-5$_3'5d$ — 1 W|th xmax _ max >> 1
1

Gmin

[ amorphous grain ! crystalline grain

| Pl bs b 0,95 | Finally, the grains are characterized by their amorphous or
10% of ice r 10% of ice crystalline nature and by the three free parameteysP and
pu,o for a single grain size distribution or by the four free
parametersuin, Gmax, £ and pg,o for a —3.5 power law
grain size distribution. Some examples of the dust temperature
and of the grain size corresponding to thgHce sublimation
limit versus the distance from the star are plotted Figs. 4 and 5
respectively.

o
o

BRI RER|
Ll

T
!

Grain size [um]

o

T T T T
Lol

4. Modelling

4.1. SED fitting assuming a single grain size distribution

Tsub = 120K s

0 ‘ T Our aim is to derive the dust distribution and to constrain the
Distance from the star [AU] grains properties with the available measurements.

Fig. 5.Grain size corresponding to the & ice sublimation limit versus .We alrea?jy hgv?]a Cr?nStra;n:]On thehpeak.of the gralgl_dlitrl-

the distance from the star for a typical amorphous grain and a typipélt'on (rc)- Indeed, the shape of the isophotes in scattered light at

crystalline grain. On the left side of the curve, the ice is sublimated:; 8h_: L.1pm a”q)‘ = 1.6um (SchneiQer etal. 1999_) suggests
the right, grains are icy. faint anisotropic scattering properties for the grains at these

wavelengths (see al§o 4.8.2) implying that the observed maxi-
mum surface brightness at roughly 70 AU is probably close to
the peak of the grain distribution. We thereforesrfix= 70 AU.

— - . We let the 6 remaining parameters free in their respective
(Draine & Lee, 1984}, Draine, 1985). In the case of crystalhrt}%nges_ ap p
or '

silicates, we adopt the analytic complex indexes of refraction

crystalline olivine particles proposed by Mukai & Koike (1990) — the 2 grains distribution parameterE;, andl,; in [2, 13]
between\ = 7pum andA = 200 um and we extrapolate (as  and[—13, —2] respectively,

Li & Greenberg (1998)) with Draine & Lee (1984) optical con- — the 3 grains characteristics parametergrain sizeay in
stants forA < 7 pm and\ > 200 ym. [1 pm, 600 pm], porosity P in the rangef0.45, 0.8] if the
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Table 2. Sets of parameters providing the best fits of the 10+40SED assuming a single grain size distribution and amorphous grains
(models#1, #2 and#3) or crystalline grains (model$4, #5 and#6). We also add some interesting quantitites such as: the effective grain size
a*® = a (1 — P)'/® which represents the size of a not porous grain with the same mass as the grain with theasidehe porosityP, the

final grain porosityPwisnu,0 = P (1 — pu,0/100) taking into account thaim, o % of the vaccum has been removed and filled witioHce,

the grain density, (Eq[Z) and the disk mas&a(ao). For all the models, the peak of the surface density is closg {9, = 67 AU.

o (o)1) ao 2 agff Md aop
n Lin Lout [grains.cn 2] [pm] P PH>0 X [pm] Puitni;0 [g.cprr?"q’] [10*2(Mj;]
amorphous
#1 | 294 -12.52 0.95 440 0.79 0.9 11.2| 262 0.78 0.51 7.84
#2 | 2.83 -12.21 5.45 183 0.65 0.5 11.6 | 130 0.64 0.84 5.50
#3 | 291 -11.97 3.17 242 0.72 2.3 11.9| 158 0.70 0.68 5.85
crystalline
#4 | 2.88 -10.49 8.11 147 0.93 38| 5.7 59 0.58 0.59 3.04
#5 | 3.11  -7.27 1.06 391 0.975 19| 6.7 114 0.79 0.28 4.21
#6 | 3.30 -11.85 0.74 505 0.975 15 75 148 0.83 0.23 4.09
grains are amorphous or {A.93, 0.975] if the grains are 10.00L  x doto used to derive the porameters e "]
crystalline and percentage o8 ice pr,o in [0 %, 50 %). [+ other doto T IR
— the normalized dust surface density: given a set of the I e A
5 previous parameters, the normalized dust surface density , ﬁ/{ :
op is used as a flux scaling factor so as to provide the best ook i"'( = o010 » ii//' |
fit of the SED. = | 7 o 1}
As a first step, we try to fit the 10-1@®n SED only. Our é / oo
aim is to minimize they?: I b T T T
0.10F / i/ Wovelength [m] 4
X2 _ i <®obs()\i) - (I)sim()\i)>2 E //li/,"/ —— model #1 (amorphous grains) E
— Aq)obs()\i) F /’/,/’ ---- model #4 (crystalline grains) 1
7/
where®g,, (A;) are the simulated flux and/ the number of 0.01 LA ‘ ‘ T
data and discuss afterwards the consistency with thermal and 10 100

. . w n m
scattered light resolved images. ovelength [um]

We start the minimization with a random vector of the pdrig. 6. Two fits of the 1qum-100um Spectral Energy Distribution of
rameters. One has to note that we lifNito the ten data marked the HR 4796 A disk assuming a single grain size distribution ao
with a “+”. Indeed, taking into account the numerous measur&1d a single grain distribution peakedrat= 70 AU from the star
ments at about 10m, compared to the few data at larger waveParameters from Tabld 2).
lengths, would give a too high weight to this SED region. The
probability o(x2, N — 6) gives us a criterion for the quality of
the fit. For example, so as to haye> 10% we need¢? < 7.78 and have to be significantly icyi, o > 15 — 20 % (consistent
with N = 10. with|Jura et al. (1998) assumptions).

We present Tablg 2 six different sets of the parameters which We findI';,, to be close to 3 and the outer surface density
lead to the best 10—1Q0n SED fitting assuming a single grain(I',.;) to be steeper tharm " (more probably as steep as'?).
size distributiornzy and a single grain distribution. Whereas the outer slope of the grain surface density is consistent

The 3 crystalline grains models satisfy thecriterion:p >  with the scattered ligth images, the inner slope is not. It would
10 % whereas the amorphous grains models do not. Amorphanduce much more light in the inner disk than observed. Indeed,
grains do not provide a proper fit of the 10-12r6 data. The anr?3 inner surface density yields an inner midplane surface
crystalline hypothesis reproduce very well the;® emission brightness in scattered light less steep than at l€ast (case
feature. Furthermore, the 1Quin and 10.3:m data, not used of an edge-on disk assuming isotropic scattering properties for
to derive the parameters, are also well fitted with the modéle grains,_Nakano (1990)). As an example, we plot[Fig. 7 the
(Fig.[6). Note that the 20m—100um continuum is fitted both surface brigthness contours for & t8ted (from edge-on) disk
with crystalline grains and with amorphous grains. in scattered light ah = 1.1 um.

Grains withag > 60 zm are needed to reproduce the shape Taking into account the constraint from scattered light im-
of the SED (see Tablé 2 for the definition ') which leads ages, we therefore try to derive the grains properties which could
to grains sizesiy larger than150 um. Most of the grains are reproduce the 10-1Qdm SED withT';, ~ 10. Such an inner
located further than the 40 ice sublimation distance (FIg. 5)slope acts as a cut-off for the short wavelengths efficient emit-
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Table 3. Sets of parameters providing the best fits of the full SED assuming a collisionnal grain size distributiori-¢) and amorphous
grains (model#7, #8 and#9) or crystalline grains (mode10, #11and#12). Refer to Tabll2 for the definition of the quantitie, Pyitni, o
andpg. M4 (amin) is the mass corresponding to the smallest grainsldnd= 2M (amin) v/ @max/amin 1S the total disk mass. The peak of the
surface density,ax () is close tor..

eff eff
o oo Amin Amax 2 Amin Amax A Pg Md (a’mi") Md
n [grains.cnt?]  [um] [cm] P pmeo | X [um] [cm] Puitntiz0 gem 3] [107% Mgl  [Mg]
amorphous
#7 1.08x 10" 4 18 0.57 39 | 18 3 14 0.35 1.29 3.78 1.59
#8 8.10x10° 5 410 0.63 35 | 18 3 294 0.41 1.14 2.81 5.25
#9 1.69x10° 10 137 0.8 12 | 27 6 80 0.70 0.59 3.15 2.31
crystalline
#10[ 1.02<10° 12 246 0.93 18 | 54 5 101 0.77 0.36 1.98 1.78
#11 | 1.27x10 35 296 0.975 7 | 55 10 87 0.88 0.14 2.28 1.33
#12 4.11x10 64 116 0.975 4 84 18 34 0.94 0.10 3.15 0.85
T T T T T T 1
10.00 x dota used to derive the parameters e —
E + other data Pt TUSs ]
i Pk ¥
%) [ */_n/, 1
E : . b ~
b 1.00 F ¥ '/«/'f’ =
2 F 7 1
F ’/"// -
L ¥ e A
0.10F }i % 7/ E
Arc Seconds r _/',’ . ]
: / / —_— omorphous gFG\ﬁS :
Fig. 7. Surface brightness contours of a°1tited disk in scattered H ,-’/«' ---- crystalline grains 1
light (A = 1.1 um) assuming the set of parameté#s(Table[2) and 3 i 1
isotropic scattering properties for the grains. We also assume a flat 901, . . /. . . . R
disk: 8 = 0.75, ¢», = 4AU and an exponential vertical distribution: 10 100

~ = 1. The contour levels are in an arbitrary unit; the upper level Wovelength [um]

is fixed to 100. In the inner part of the disk, the surface brightne . .

decreases slowly with the dis?ance from the star: for instance?the slgulsrq 8. Same as Fig16 but assumifg, = 10.

face brightness at 0/5from the distance corresponding to the upper

level still represents 60% of the maximum surface brightness. Such

an inner dust distribution[{, ~ 3) is then not consistent with HST sizea,,;, anda,,.x. We also assume that the relative abundances

observations (Schneider et al.. 1999). of the different compounds and the porosity do not depend on
the grain size.

We adopt a spatial grain distribution consistent with the scat-
ters which are located close to the star. Under these assumptiensd light images and therefore fixto 70 AU, the inner slope
neither the crystalline nor the amorphous grains provide gobg, to 10 and the outer slopi,,,; to —11.5. The grain properties
fits of the 10-10@:m SED (Fig[®). In the present case, we alsare now the free parameters left.
exclude to add aninner dust distribution (typically inside 50 AU)
to fit the SED at short wavelengths. In this scheme, the in
and outer disks would have similar contributions (flux) at:2®
(Fig.[8), which is not compatible with 2@m resolved images We try to fit the SED by minimizing thg? associated to the
(Koerner et al., 1998; Jayawardhana et al., 1998). 10 data marked with a«” in Table[d plus the 85@m measure-

In conclusion, assuming a single grain size distribution, waent. We keep the porosity and the percentage of;B ice
are able to properly fit the 10-1@®n SED but not the resolved free in the same ranges as for the single grain size distribution
images. Moreover, the presence of hot crystalline grains seeans investigate the respective broad rarjgesn, 500 xm] and
necessary to fit the 10m measurements. [600 um, 5 m| for the minimuMa.,;, and the maximuna,, .
grain sizes.

The results are summarized in Talble 3. Whatever the nature
of the grains, the fits do not satisfy tiyé criterion (p > 10% if
x? < 9.24), but micronic to centimetric amorphous grains bet-
We now assume a collisional grain size distributigfa) pro- ter reproduce the shape of the SED continuum than crystalline
portional toa 3> between a minimum and a maximum graimgrains (FiglP). Therefore, crystalline grains (if any) probably

$H 1. Single grain population

4.2. SED fitting assuming a grain size distribution
proportional toa =3
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Fig. 9. Two fits of the full SED assuming a collisional grain size disFig. 10. Two fits of the 20-85@m SED assuming the dust resolved in
tribution and a single dust population peaked at 70 AU from the stacattered light and peaked at 70 AU from the star is responsible for the
The 10um and 85Qum data are not properly fitted. excesses at wavelengths larger than aboytr20

represent a minor part of the grain population in the annul[eters are necessary to correctly reproduce the submillimeter

peaked at 70 AU. On the other hand, theh0 measurements excess. This leads to an outer disk mass larger than a few Earth
are not well reproduced with the amorphous grain model sfif|asses.
suggesting (see previous section) the presence of a small amount
of crystalline grains in order to significantly emit at 2t but — The hot dust populationAt 20.8m, the simulated cold
notatlarger wavelengths. Ifthere are crystalline grains at 70 Akhnulus (mode#13) contributes to about 90% of the measured
they are neither numerous nor hot enough to produce sucbxaess at this wavelength. Therefore and conversely to the sin-
spectral energy distribution. Therefore, if the i data are gle grain size model, the addition of a second grain population
not overestimated (especially the 1@rh, the 10.3:m and the would not modify the consistency between the simulated ther-
12,m measurements), we can exclude to fit the full SED fromal images at 20.8m and the observations.
the NIR to the submillimeter wavelengths with the same dust We therefore subtract the simulated flux coming from the
population. outer annulus (modéi13) to the observed excesses and try to fit
the remaining excesses with a second dust distribution made of
crystalline grains (suggested by the single grain size distribution
fitting (Sect[4.11)). The full SED assuming two grain populations
— The cold annulus:We now assume that the excesses at lar@genow very well fitted (see Fig.lL1). In this example, the inner
wavelengths mainly come fromthe annulus resolved in scattetist distribution represents a mass of ab&ét x 1075 My,
light. Thisis consistentin terms of spatial extension with the digkade of 45Q:m crystalline grains® = 0.97) peaked at 9 AU
observed at 20.8m (Koerner et al., 1998) suggesting that thérom the star and heated at about 210-220K (see for example
same dust population may be responsible for both the 2.8 Fig[4).
and the 1.Jum images.

We therefore try to fit the 5 data at wavelengths larger thgln3 Images
20um (excluding the 24.am and 45Qum data due to too high ™"
uncertainties) and try to constrain the grains properties consdige now adopt the two grain populations model from previous
tent with the colder part of the SED. We fix the porosityto  Sect.[4.22): an amorphous dust population peaked at 70 AU
0.6 for amorphous grains or to 0.93 for crystalline grains @sodel#13) plus a crystalline dust population at 9 AU from the
suggested by the full SED fitting (Talile 3). We keep the threear. We assume a disk inclinatian; of 15° with respect to the
parameters.,in, amax @andpp,o free in the same ranges as irine of sight.
the previous Sec{{4.2.1).

The results of the¢? minimization are summarized in Ta- :
ble[4 and Fid_ 10 shows the best fits for each grain nature. Téhg'l' Thermalimages
cold SED continuum is remarkably well fittegh (> 10% if We simulate the disk in thermal emission so as to derive further
x? < 2.71) with amorphous grains whereas the crystallin@formations on the vertical shape of the disk (paramefgrs
grains lead to very poog?. Very little icy grains pn,0 < 5%) ~ and assumed to be constant over all the disk). We actually
with sizes larger than 10m (15.m if we assume? = 0.7) are  have very few constraints on the vertical shape of the disk, also
required to fit the 20—2pm data and bodies as large as a fewe arbitrarily start with parameters derived féPictoris disk:

4.2.2. Two grain populations
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Table 4. Sets of parameters providing the best fits of the 20+860SED assuming a collisionnal grain size distribution ¢~3-°) and
amorphous grains (modetd 3 #14and#15) or crystalline grains (mode#tl 6 #17and#18). Refer to Tabl€l3 for the definition of the quantities
a®®, Pyithii,0, pg, Mda(amin) and M. The peak of the surface density.x(») is close torc.

eff eff
o g0 Amin Amax 2 Qin Amax . Pg Md(a’min) ]\/{d
| fgrainsom®)  fuml m P20 | X i fem] DO el [0mtarg) (M)
amorphous
#13 | 1.79x10° 10 143 3.03| 1.38 7 106 0.58 0.97 5.10 3.87
#14 | 1.65x10° 10 291 2.12| 2.06 7 214 0.59 0.96 5.10 5.43
#15| 1.38x10° 11 36 0.13 | 2.72 8 27 0.60 0.95 5.58 2.01
crystalline
#16 | 2.70x10" 80 208 2.95| 17.3 33 86 0.90 0.20 8.00 2.58
#17 | 1.12x10° 38 359 6.54 | 22.8 16 148 0.87 0.24 4,53 2.76
#18 | 9.94x10' 41 276 6.49 | 23.5 17 114 0.87 0.24 4.80 2.50
L T | T T T Arc Seconds
10.00 4 1 0
i i &
1.00F . £
B i ]
~ i ] Cold annulus alonex 1.6 Jy)
3
o L 4
Arc Seconds
0
0.10 . =
/ —__ Outer "lc‘ompomemt (amorphous grains ] o
~ Inner component (crystalline grains) 4 5
— Sum of t:h_'e two contributions f
0.01 L1s R Y R <
10 100 1000 F
Wavelength [um] Cold annulus + hot dust populatiot (0.2 Jy)

Fig. 11. Left: the full SED fitting assuming two dust populations: mo#&B + an inner dust population (see tex®ight simulated disks

in thermal emission ak = 20.8 um assuming grain properties and surface density derived from the SED fitting. We also assume a vertical
structure quite similar to thg Pictoris disk one. We simulate the disks with the same pixel size '(D. 4% the observations performed by
Koerner et al. (1998). The images have been convolved with an Airy pattern to take into account the PSF of a 10 m telese@felgim.

opening angle of the disk 6° (i.e. (,, ~ 4AU), 8 ~ 0.75  — The parametes is badly constrained: 0.75 provides a good
andy ~ 1 (Mouillet et al., 1997a). We plot (Fig.11) the sim-  shape of the isophotes (Figl11) but 1.5 might also be a cor-
ulated disk at\ = 20.8 um. The simulated vertical height to  rect value.

radial height ratios for a given isophote are between 0.32 and Given the resolution of the observations, the parameter
0.35; they compare very well with the values 0:3b5 from completly undetermined.

Koerner et al. (1998).

If we afterwards simulate the thermal images for differtet
sets of the parametets,, § and~, we get a few interesting
results: To simulate the scattered light images, we adopt
the  empirical Henyey-Greenstein  phase  function
(Henyey & Greenstein, 1941) which depends on the sin-
?cue parametetg| (0 for isotropic scattering and for total

orward or backward scattering). Indeed, theoretical phase

smaller than abgut T5For examples, = 1O.AU prowde; fL#nctions from Mie theory are probably not realistic for porous
a too large vertical structure and the vertical spreading ity grains

the dust yields a smaller surface flux density for the outer We simulate at\ = 1.1 um the cold annulus which is

zg?glbussecr:\?gjpared tothe inner one. Such a high ConStraSrtelgponsible for the scattered light images, assuming different

3.2. Scattered light images

— The normalized heigh{,,, atry = 70 AU is probably less
than about 7-8 AU leading to opening angles of the di
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Fig. 12.Simulations of the cold annulus peaked at 70 AU in scattered lightatl.1 um for different asymmetry factotg|; the inner hot dust
not observable has not been added. We assume the same spatial distribution and grains properties paramgtérs as Fig. 11. The pix&l size is 0.076
(Schneider et al., 1999).

values of the parametéy|. As anticipated, due to the disk in-
clination with respect to the line of sight, the morphology of 10.00F """ 7777777°%
the observed disk strongly depends on the anisotropic scatter-
ing properties (Fid. 12). The observed isophotels at1.1 um
(Schneider et al., 1999) implies that the asymmetry fdgtas
smaller than 0.15. °
At 1.1 um, the simulated cold annulus scattered a total fluk
close to 8.6 mJy (5.0 mJy at 1u#n) assumingg| ~ 0. The
integrated flux density corresponding to the detected part of the ©-10
annulus with HST (outside 0.65n radius) represents 5.2 mJy
atA = 1.1 um,i.e.only slightly smaller than 7:50.5 mJy from
Schneider et al. (1999). 0.01
We also simulate the disk in K’ band. At 1.%¥rom the
star along the major axis of the annulus, the flux density ©
is about 16:Jy in a 0.08x0.058’ pixel. The corresponding
surface brightness is about 12.5 mag.arcsemonsistent with Fig. 13.Radiation pressure force to the gravitationnal force rajpX

the 12.2-0.5 mag.arcse@ measured between 1.fand 1.2 assumingL. = 20 Lo and M. = 2.5 M. The amorphous grains

(Sect[Z3D). characterize the cold dust annulus (solid ligne) and the crystalline ones
the hot dust population (dashed ligne). Below the dotted ligne, the
grains are gravitationally bound.

T
’
|

1.00

T T
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crystalline grain
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4.4. Summary of model results

Our model involves two dust components: ) ) )
(see als©5.411), we infer a gas to dust ratio less than 1. In this

— acold annulus peaked at 70 AU from the star made of ISMzpeme, the gas would probably not play any longer an impor-
like grains in terms of chemical composition (amorphoug)nt role, as claimed Hy Greaves et al. (1999).
and porosity P ~ 0.6) and avery few icy. Assuming a colli- i )

sional grain size distribution{ a~3-%), we infer a minimum o
grain size in the ring 010 zm and we find that bodies as®-2- Radiation pressure

large as at least a few meters may have already been formggk ratio 3, of radiation pressure to gravity as a function of
This leads to a total dust mass of a few Earth masses helgjg grain size is given by:
a very narrow annulus.

— an inner dust population at about 9-10 AU from the star 3L (Qpr(a))
made of very porousi{ ~ 0.97) crystalline grains respon- Por = 167G M .capg
sible for the emission feature at ~ 10 um and for the [ Qpe(a)Fo(N)dA
slight excess centered on the star in #teS um images (Qpr(a)) = er Vd
(Koerner et al., 1998). JEM)

with

assumingL,. = 20 Lg and M, = 2.5 M. We find a blow-out
5. Implications of the results on the disk dynamics grain size limit 3, = 1) close td5 m for the amorphous grains
in the cold annulus (Fig.Z13). Also, amorphous grains with sizes
betweent 0 pm (5p: ~ 0.5) and aboutt5 pm (8, ~ 0.1) have
It is of interest to assess the gas to dust ratio in the disk. Giveribits significantly eccentric. Interestingly, the smallest grains
the upper limit on the gas masd, < 1 — 7Mg derived we find in our fits in the cold annulug;,i, ~ 10 um is very
by|Greaves et al. (1999) and the dust mags~ 4 Mg from close to the blow-out size limit. For the crystalline grains at
model#13which can be reasonably considered as a lower linitAU from the star, the blow-out grain size limit is close to

5.1. Gas to dust ratio
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Table 5. Time-scales under Poynting-Robertson drag, collisions anfithe450 um crystalline grains under Poynting-Robertson drag
sublimation. At 70 AUx(a”®) ~ 5 a2, aeq ~ 0.26 x a (Model#13  is long compared to the collision time-scale, and el26;m
andT; =~ 90K (see Figl#). At9 AUo, =~ 0.5grain.cm?, (a®) = af  crystalline grains withB,, ~ 0.5 havetpr about 4 times larger
with ag = 450 um, pg = 0.071g.cm® and HO ice is sublimated thant,.,. Also, collisions and radiation pressure are probably

(aeq = 0, see Fid.B). For both amorphous grains withs = 104M  the two main processes which shape the hot dust distribution.
and crystalline grains withy ~450 um, we find(Qabs) very close to

1.
5.4. Ring dynamics and confinement

Dust r tpPr teoll tsub .. .

population  [AU] iy v v 5.4.1. Collision dynamics and mass loss
Cold 70 1.7x10° 1x10* 2.7 x10° We here consider the implications of the model parameters for
Hot 9 9% 10" 4 x 102 0 the ring centred af0 AU given in Table[4. As representative

example we consider mod#l3 This has a total grain surface
densityoy, = 1.79 x 103 grains.cnt2. For the assumed size

. . . istributi =39, th llision time for th Il
65 um (Fig[13). The grains deduced from our modelling ar%'rsatirrlguvt\;ict)ﬂf(_aa ) )’: 1eomr?1ai2 ;o Irsé?(?r:arl?eelyort(; ?ff;fiwes'f
then gravitationally bound. g — Omin = SUH bp “coll \Pmin) ==

2.1 x 103 yr. As these grains are at the radiation pressure blow
out limit and the majority of grains have the minimum size, the

5.3. Times scales and dominant processes minimum mass loss rate is given by:
Thehfetwpgs ofthegram;mthe disk under F_’oyntmg—Ropertson | Ma(amin)  47ad,, pen(amin) 4
drag, collisions and sublimation, can be written respectively 46 = foon(@min) 3 teon (Gmm) 0o
(e.g. Backman & Paresce 1993): colt\fmin collimin
A apgr? Pe , whereA = 1.7 x 10°° cm? is the area of the annulus. For model
trr = —3 O Ls 35 [Qupay SemT AU YT #13this corresponds tbf ~ 2.5x 10~ Mgyr~'. Thus the dust

_ _ o mass reservoir required to supply this mass loss over the age of
where(Q.ns) is the absorption efficiency averaged over the stgfe system is- 201/, which corresponds to a surface density

spectrum, in solidsX,, ~ 0.07 g.cnm 2.
1 95 x 105 3 i It is of interest to note that if we assume a gas to dust ratio
teoll = ~ 20 X UTAY O yr of 100 in the primordial nebulae, this corresponds to a surface

2m{a?)o(r)Q (az,) o(r) M,

densityX ~ 7g.cnt 2 for the original protostellar disk. This

whereQ = /GI, /r3/2 is the Keplerian circular rotation fre- surface density is consistent with that expected(edU for

quency at radius, and{a?) the grain size square averaged oveptandard disk mode_ls corresponding to a minimum mass solar
the grain size distribution, nebula (e.g. Papaloizou & Terquem 1999).

piso Jiso If the surface density,, resides predominantly in objects
Qeqpu,0 10 T2 10 = with @ = ama.x ~ 1 m, their collision time would bé.,; ~
6.7 x 1011 T35 a5 Y 2ap4/(30%,,) ~ 8.6x10* yr. Thisis still shorter than the age of
& & the system. With a ring aspect ratiobf for instance, collisions
whereaeq = a (Pszo/loo)l/?’ is the equivalent grain radiusare expected to occur with a relative velocity 0.5 km.s™!,
for a pure ice sphere with the same mass of ice as in a grain vatid are likely to be destructive. In order to have a collisional
a sizea. The time-scales for the cold annulus and the hot dugetime greater than the star age, the objects would have to have
population are summarized in Talble 5. a larger than about00 m. A population of such larger objects
Collisions are then the dominant process in the cold annulpsoviding a mass source for those with~ 1 m, may exist but
The smallest grains produced by collisions in very short timgiey would not be detectable. In that case the disk mass could
scales are not efficiently removed from the ring by Poyntinge significantly larger that M.
Robertson drag. Only radiation pressure is then able to explain
the minimum grain sizel() ym) derived from the SED fitting. 5
Also, this is consistent with the fact that this minimum grain
size is very close to the blow-out size limit. Of course, this
argument applies only if the gas does not play animportantrole, the standard model of planetary formation
as suggested in a previous Sdci](5.1). At 70 AU from the st@ieidenschilling & Cruzzi, 1993), objects in the size range
the H,O ice within the smallest grains is sublimated in a shottm—1 km are formed by accumulation of smaller objects
time-scale in comparison with the star age. This is consistentough collisions when there was still gas present. The pres-
with the little percentage of D ice required to fitthe 20-24m  ence of gas drag, effective enough here withv 7g.cnr2,
SED (Sec{ 4.2]2). would be essential to damp eccentricity and inclination so
The hot dust population is poorly constrained; the timeollisions occur with small relative velocity. However, the
scales in Tablgl5 have then to be taken with care. The life timellision timescales would be the same as estimated above.

—16
~2 X107 P deq,um

tsup =

.4.2. Formation, vertical height and possible presence
of larger bodies
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Thus it is reasonable that objects as large@sm could be ops a truncated edge there. The latter phenomenon, which oc-
formed if the gas residence time was similar to the present aggs because of angular momentum transported from the disk
of the system. to the companion, was seen in the gas disk simulations of

When significant amount of gas was present during earli§orycansky & Papaloizou (1995) and the free particle simula-
phases, the disk would be expected to be thin because of jaiss of [Hall (1997) and is also expected for the disks of the
drag (Weidenschilling & Cruzzi, 1993) but this could have bedgpe considered here.
thickenned due to gravitational perturbations from large exter-
nal objects. Unfortunately the observations are not yet ableé.OConclusion
provide contraints on the vertical thickness, but this does not
affect the discussion about mass loss rates or collision tini&¢ propose a two dust population model able to reproduce all
because these are independent of the vertical thickness.  the available observations of the HR 4796 A circumstellar disk.
The first dust population, peaked at 70 AU from the star, shapes
like a narrow annulus. Its small radial extension suggests a grav-
itational confinement mechanism both outside and inside the
The fact that the mass distribution in the ring is tightly radiallpeak at 70 AU. This ring is made of amorphous grains quite
confined to a width of about.2 times the mean radius, whichsimilar to those found in the interstellar medium. Under the as-
may be comparable to its vertical thickness, gravitational casiimption of a collisionnal grain size distribution, grains larger
finement mechanisms may operate to sculpt its form. As ittisan 10 um to meter sized bodies are required to fit the data.
likely that many collisions are required to reduce a metre siz€allisions, occurring in short time scales, are expected to pro-
object to fragments small enough to be blown out by radiduce smallest grains down to the blow out size limit{0 xm).
tion pressure, if the the vertical thickness is as much.2s, This conclusion applies because of the gas to dust ratio smaller
the ring should be significantly wider without a confinemenhan 1 inferred. The second dust population at 9-10 AU from the
mechanism. Even if the ring is very thin as it might have beetar is made of comet-like grains. Higher signal to noise ratio
immediately post formation so that little collisional spreadinmeasurements and resolved images at 10 m would allow
occurs, a mechanism is still required to explain why the prott® better constrain this dust population (spatial extension, grain
stellar gaseous disk was truncated at around 70 AU. size range) and its dynamics.

Confinement may occur through gravitational interaction The dust surrounding HR 4796 A probably shows an inter-
with external perturbers. This situation is familiar in the cageediate stage for the circumstellar matter between pre-main se-
of planetary rings|(Goldreich & Tremaine, 1982) where thguence stars and evolved ones |ikBictoris, Fomalhaut, Vega,
interaction with external orbiting satellites provides confinég5Cnc ... The presence of a companion (HR 4796 B) is also
ment. It also occurs for accretion disks in close binary systems interesting peculiarity among the Vega-like stars. As a large
where interaction with a binary companion truncates the diskmber of field stars are members of binary (or more) systems,
(Papaloizou & Pringle, 1977). The presence of a binary cofdR 4796 A does not represent a marginal case. Therefore, the
panion in the system discussed here is suggestive that it codyshamics of the disk has to be further studied, in terms of chem-
play a role in determining the location of the outer boundary tcal evolution of the grains and dust distribution to better under-
the disk as well as pumping up inclinations after gas dispersstiand the steps which lead or not to planetary systems formation.

Note also that an exterior as yet undetected giant planet might .
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