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A b s t r a c t . 

T h e e x i s t e n c e o f c i r c u m s t e l l a r d i sks a r o u n d y o u n g s te l lar o b j e c t s l ike Τ Tau r i s tars is n o w 

wel l a c c e p t e d . S u c h d i sks w o u l d h a v e so la r s y s t e m sizes a n d , a t t h e d i s t a n c e o f t h e nea res t s ta r 

f o r m i n g c l o u d , a n a n g u l a r d i a m e t e r o f 0 .01 t o 1 a r c s e c o n d a t m o s t , r equ i r i ng v e r y h i g h a n g u l a r 

r e s o l u t i o n t o b e d e t e c t e d . D u e t o t he n a t u r e o f t h e e m i s s i o n p r o c e s s i n c i r c u m s t e l l a r d i sks a n d t o 

c h r o m a t i c p r o p e r t i e s o f g r o u n d b a s e d o b s e r v a t i o n s , d i sk i m a g i n g is e x p e c t e d t o b e m o r e efficient 

i n t h e n e a r inf ra red . A l s o , m u l t i - a p e r t u r e i n t e r f e rome t ry in th is w a v e l e n g t h r a n g e (1 — 10 μ ι η ) is 

e x p e c t e d t o b r i n g c o n s i d e r a b l e ins igh t i n t o t h e d i sks p r o p e r t i e s a n d e v o l u t i o n in r e v e a l i n g the i r 

i n n e r p h y s i c a l s t r uc tu r e . 

In th i s p a p e r , w e p re sen t s y n t h e t i c i m a g e s o f c i r c u m s t e l l a r a c c r e t i o n d i sks . T h e i m a g e s h a v e b e e n 

c o m p u t e d f r o m a c o m p l e t e d i sk ve r t i ca l s t ruc tu re m o d e l . 

K e y w o r d s : Y o u n g s tars , c i r c u m s t e l l a r d i sks , a c c r e t i o n , t h e r m a l e m i s s i o n , s ca t t e r i ng , i m a g e r y , 

i n t e r f e r o m e t r y . 

1 . I N T R O D U C T I O N 

Recently, direct evidence for circumstellar disks was gained from high angular reso-

lution imaging, using either speckle interferometry or adaptive optics. The detected 

light originates from the scattering of stellar photons in the circumstellar material 

(Monin et al., 1989; Malbet et al., 1993). At the distance of the nearest star form-

ing cloud ( « 100 p c ) , the inferred angular size of circumstellar disks falls in the 

subarcsecond range. Moreover, emission in the optical range (UV to mid-IR) arises 

from the inner parts of the disk and requires a spatial resolution that can only be 

attained by large telescopes and / or by multi-aperture interferometry. 

Bertout & Bouvier (1988) have computed synthetic images of protoplanetary disks 

in the infrared for the Very Large Telescope Interferometer by taking into account 

only thermal emission and assuming infinitively flat disks. Lazareffet al. (1990) con-

sidered scattered light in different analytical models. Menard (1989, 1992) derived 

polarisation maps resulting from multiple scattering in circumstellar dust around 

young stars. Whitney & Hartmann (1992, 1993) also performed polarisation and 

intensity maps but with a lower spatial resolution. Finally, Malbet et al. (1992) 

gave a preliminary report of this work with the difference that reprocessing was not 

yet included in the computations. 

In this paper, we present synthetic images computed from a disk model based on 

the classical accretion disk model, with the additional computation of the vertical 

density and temperature structure of the disk. We consider : ( I ) thermal emission 

from the accretion disk, ( I I ) thermal emission due to the heating by the central star, 

( I I I ) single scattering in the upper, optically thin parts of the disk atmosphere. 

Images at various lines of sight and wavelengths (from visible to far infrared) are 
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computed. These synthetic maps can be used as a guide to interpret the results 

of current high angular resolution imaging of the immediate environment of young 

stars. A complete series of such images will be presented in a forthcoming paper. 
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Fig. 1. Vertical structure of a circumstellar disk around a young low-mass star. Upper 
panel: optical depth contours in logarithmic scale (from τ — 10~ 4 to τ = 10 by step of 10) 
showing optically thick regions (solid line) and optically thin regions (dashed line) of the 
disk. Middle panel: temperature contours (solid line, levels : log Τ = 1.2, 1.4, 1.6, 1.8, 2.0, 
2.25, 2.5 and 2.75), and optical depth contours for τ = 10" 2 and τ = 10~ 4 (dashed line). 
Lower panel: logarithmic density contours (from ρ = 10~ 1 5 g.cm"3 to ρ = 10~"10 g.cm"3 

by steps of 10). 

2 . D I S K M O D E L 

We first use the classical accretion disk model of Lynden-Bell & Pringle (1974) 

to compute temperature and density radial distributions, averaged in the vertical 

direction. We then solve the radiative transfer in the z-direction as in a plane-

parallel atmosphere at each radius. We use the set of parameters described in table I, 

with a 1 M0star. We compute the vertical structure using the opacities given by 

Lin & Papaloizou (1985), and use the monochromatic opacities given by Wolfire & 

Cassinelli (1986) for a mixture of graphite and silicates, to compute the emission of 

the grains in various photometric bands of the near to mid infrared. For the disk's 

viscosity, we use the a prescription (Shakura & Sunyaev, 1973) 
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Stellar parameters Rm 2 R 0 

Γ . 4 5 0 0 Κ 

Disk parameters •ßmin 1.1 R+ 

200 AU 

M « c ΙΟ"7 Moyr" 1 

Of vise 0 .1 

TABLE I 
Model parameters 

The emergent intensity on a line of sight ( x 0 b s , î / o b s ) on the plane of the sky is 

computed as: 

J „ ( * o b s , y o b s ) = J" (1 - *)Bv(T(r, z)) + ~ ^ B v { T , ) e - ^ > ' ï ' o b s 

We have computed intensity maps from 0.5 to 500 μτη for each of the three emis-

sion processes considered in the model: viscous heating, reprocessing, and scatter-

ing. At 2.2 / im, scattering dominates on the large scale while thermal emission due 

to either viscous heating or reprocessing is limited to the innermost disk regions. 

At 20 / im, thermal emission due to viscous heating is still limited to the inner 10 

AU of the disk, though more extended than at 2.2 / im, while reprocessing now con-

tribute more than scattered light within 100 AU from the star. At both 2.2 and 

20 / im, thermal emission due to reprocessing extends further away from the star 

than thermal emission due to viscous heating as a result o f disk flaring. A dark lane 

can be seen in the disk's equatorial plane, resulting from the enhanced opacity in 

the disk's densest layers. 

Our model shows that scattering dominates at short wavelengths while thermal 

emission becomes important at long wavelengths. At λ = 1 0 / im, scattering is greatly 

reduced and thermal emission is not yet important, while at A = 2 0 / i m , thermal 

emission, and in particular reprocessing, becomes the major source of flux in the 

inner disk regions. 

Figure 2 shows intensity maps at λ = 2 . 2 μτη are shown for an inclination of 0, 60, 

75, and 90° . At this wavelength, single scattering is the main source o f light over the 

whole disk structure. It is seen from the edge-on image that scattering occurs only 

in the upper and lower optically thin edges of the disk while no scattering occurs 

in the optically thick, equatorial disk's plane. Our model shows that scattering is 

easier to detect at short wavelengths while thermal emission is more easily detected 

at mid- and far-infrared wavelengths because of the smoother variation of the radial 

brightness profiles. 

The primary constraint for detecting thermal emission is spatial resolution while a 

high dynamical range is mandatory to detect scattered light. 
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Fig. 2. Dependence upon inclination angle at Λ = 2.2 μτη. 
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