Ray tracing .

[1 A powerful tool which allows “optics experiment” with the
computer.This technique allows the accurate simulation of the optical
components of the BL in the design phase.

[1 There are many commercial programs to perform ray tracing in
the visible region, suitable for camera objective, microscopes etc.

[1 For x-ray applications, specially with synchrotron radiation
the choice is SHADOW. It can raytrace any x-ray optical system and
predict image shapes, intensities and resolving powers with great

accuracy

SHADOW proved to be an essential computer tool for:

[1 Simulate beamline optics (Mirror and Crystal Optics)

[1 Understand properties of Optical Elements (i.e. Laue crystals)

[1 Check if operation performances are as expected
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Ray tracing in Optics can be easily done with computers. ot

Two aspects:

[ Rays emerging from the source
[source generation]

source
[J Rays through Optical Elements
[Geometrical and Physical models]

mirror
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What CAN be calculated with SHADOW? 5%

[1 Beam Cross sections (focal spot, etc). Effects of:

[J source characteristics (dimensions, depth, emittances...)

[1 vignetting (finite optical elements, slits, etc.)
[1 aberrations

[] thermal deformations

[1 waviness and roughness errors of mirrors

[ Energy resolution

[ Flux & Power (number of photons at sample, absorbed/transmitted power, etc.)

[ Other parameters (i.e polarization transfer)
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What CANNOT be calculated with SHADOW’_.@-‘-‘-..:-;;.

(Ideas for future developments...)

1) Physical models:

[J Sources: [1X-ray tubes. [1Elliptical undulators. [l Tapered undulators. [JGeneral wig-
glers. [JWiggler exact calculation.

[ Optics: [1Extended energy range (E> 100 keV). [I]Compton absorption cross section.
[1Coherence (holography, phase contrast, speckle patterns...).

[1 Gratings: []Efficiency model.

[J Crystals: [JAny crystal. [1External Rocking Curve. [ Transmitted beam (phase shift-
ers, diamond monochromators). [JImproved mosaic model (transition Perfect ->
Mosaic). [1Bent crystal reflectivity. [1Beam penetration in the crystal.

[J New devices: [1Bragg Fresnel Lenses. []CRL. [1Non-sequential systems (i.e. Multiple
mirror arrays).

2) Program structure:

[IMigration Fortran -> C ?. [1 Dynamic arrays (any number of rays). [1Test set. [J [JUser
program macros. [1Global optimization. [JImprove user-friendly interface
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Source Models in SHADOW

1- Simplest case: The spherical source.

[J 1st Solution. Grid Generation of Rays:

x = (0,0,0)
v = (0, cos 2(i/N), sin 2ri/N) )

i=0,...N

[J 2nd Solution. Random Generation of Rays:
x =(0,0,0)
v = (0, cos (2n,), sin (2m,) )

n, = random number in [0,1] with flat probability
distribution function given by the computer random
generator.
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