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SPHERE (Spectro-Polarimetric High-contrast Exoplanet Research) is VLT instrument for the discovery and study of new extra-
solar giant planets orbiting nearby stars by direct imaging of their circumstellar environment. SPHERE is a complex instrument 
containing more than 50 optical surfaces. The optical imperfections of each of these surfaces might influence the final contrast. 
SPHERE has several observing modes in Visible and Infrared, and therefore several optical paths. 
FOROS is an end-to-end optical propagation code for SPHERE, which includes almost all surfaces of the instrument. It models 
the instrument by the sequential blocks: VLT, Foreoptics, Corrective Optics, Coronagraph and so on, such that the beam quality 
can be studied at several selected locations. It incorporates the real data of surface measurement, according to the availability 
of this data. Each surface error can be switched on and off; therefore the influence of each surface on the contrast can be 
studied independently. 
FOROS is an IDL-PROPER-based code, the main power of which is Fresnel propagation. Therefore it represents a numerical 
tool to study the Fresnel diffraction effects in SPHERE. In the paper we describe the structure and philosophy of the code. 

PROPAGATION WITH PROPER
The PROPER routines implement common Fourier transform algorithms (angular spectrum and Fresnel 
approximation) to propagate a wavefront in near-field and far-field. The procedure determines which algorithm to 
implement depending on the properties of on-axis Gaussian beam 

SPHERE_Entrance_Window*

SPHERE_VLT_Nasmyth*

SPHERE_Foreoptics

SPHERE_Corrective_Optics*

SPHERE_Coronagraph*

SPHERE_IRDIS_IFS_CommonPath

SPHERE_IRDIS

SPHERE_IRDIS_Channel1* SPHERE_IRDIS_Channel2*

SPHERE_IFS*

SPHERE_WFS_ZIMPOL_CommonPath

SPHERE_VIS_WFS*

SPHERE_UPSTREAM

ZIMPOL*

SPHERE_VIS_Coronagraph*

SPHERE_Entrance_Window*

SPHERE_VLT_Nasmyth*

SPHERE_Foreoptics

SPHERE_Corrective_Optics*

SPHERE_Entrance_Window*

SPHERE_VLT_Nasmyth*

SPHERE_Foreoptics

SPHERE_Corrective_Optics*

SPHERE_Coronagraph*

SPHERE_IRDIS_IFS_CommonPath

SPHERE_IRDIS

SPHERE_IRDIS_Channel1* SPHERE_IRDIS_Channel2*

SPHERE_IFS*

SPHERE_WFS_ZIMPOL_CommonPath

SPHERE_VIS_WFS*

SPHERE_UPSTREAMSPHERE_UPSTREAM

ZIMPOL*

SPHERE_VIS_Coronagraph*

CODE STRUCTURE
The main program is executed as prescription called SPHERE_Common_Path. Any user who wants to run FOROS 
types the following in user’s routine:
PARS ={PATH: 'IRDIS CHANNEL 1', DtoF: 'TEXT'}
prop_run, 'SPHERE_Common_Path', psf, 0.5, 512, dx, PASSVALUE=PARS

PATHS
There are several paths implemented. Each path returns a pfs in foci. Besides 
the sub-instruments foci, there are also important internal foci, like 
coronagraphic focus or adaptive optics focus. There are 10 foci in SPHERE 
and there are 10 paths 
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instruments 

LATERAL CHROMATISM IN FOCI

SPHERE has a number of thick pieces of optics: windows, beamsplitters, 
lenses and doublets. Unfortunately, in PROPER the propagation through such 
elements is not implemented. We model a thick lens with index of refraction n, 
by setting two thin lenses. First lens is at the first surface of the thick lens, 
second lens is at the second surface. The focal length is calculated from index 
of refraction of the first medium, n1, index of refraction of the second medium, 
n2, beam curvature and the curvature of the surface separating two media. The 
dispersion of material is modeled by Sellmeier equation.  

THICK OPTICS

In this particular example the wavefront intensity in IRDIS CHANNEL 1 focus is returned in the variable psf. The wavelength 
is set to 0.5 microns, the wavefront grid – to 512 by 512 pixels, the sampling in meters is returned in dx

The shift of the focus position introduced by a thick lens depends not only on the 
dispersive properties of material, but also on the curvature of the pilot Gaussian beam, 
which is wavelength dependent. While propagating through the whole system the 
chromatic effect increases, and at the sub-instruments foci it becomes essential. To 
quantify this effect we use a ratio of the diameter of the beam at the design focus to that 
at the beam waist, r. If r is less than 1.4 the position of the design focus is within the 
beam’s depth of focus and the effect is small. For lager r the defocus effect starts show 
up on the diffraction pattern.   
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