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Historical introduction 



Synchrotron Radiation Center, U. Wisconsin 

•1965 -1967 At the University of Wisconsin, a 
team led Ednor Rowe built Tantalus, adapted to 
make synchrotron radiation available for 
experimentalists from all over the world 

•1977 SRC began construction on dedicated SR 
source, Aladdin. Questions on grating 
monochromator design, TGM, toroidal, spherical 
mirrors. 

•1987 Tantalus decommissioned, Aladdin fully 
operational.  

•1984 Monte Carlo ray tracing program 
designed to simulate X-ray optical systems: 

• Two years development 

• Fortran 77+VAX/VMS extensions 

• Efficient MC approach 

• Reduced number of rays 

• Exact simulation of SR sources 

• Vector calculus 

• Modular 

• User-interface 

• Available to users 

 

 



First publications 



1984-1990 The kingdom of Digital VAX/VMS 

Updated to include new models (several authors) 

• Insertion devices (Wiggler and Undulators) 

• First crystal model  

• Multilayers 

Documentation & Users support (C. Welnak) 

 



~1990 The switch to UNIX 

New machines enter in the scientific computing market. Unix workstations: Digital/Ultrix, Sun, HP. 

UNIX version prepared by Mumit Khan 

Other scattered developments 

First version installed at ESRF (1991). Twofold development: Models and Software 

 

 



The contribution of the ESRF: I Optics models 

See: ex20b_slopeerrors.ws 

See: ex23_crystal_laue.ws 



•Need of tools « before » using SHADOW => XOP 

 

The contribution of the ESRF: II Software 

• XOP 

• quick calculations (synchrotron  
spectra, reflectivities, rocking curves, attenuation coeffs. etc.) 

• generic data visualization and analysis 

• specific applications (“extensions”) 
 

• Collaboration work ESRF (M Sanchez del Rio)-APS (Roger Dejus) 

• Freely available to users (>10 years) 

• Large user community (>400 users in tens of laboratories) 

• Multiplatform (Windows, Unix, MacOSX) 

• Written in IDL  (using Fortran and C modules). Embedded license 

 

 

 

 

 

 

• ShadowVUI: interface that uses the standard SHADOW  
calculation engine 

• “Easy” to use 

• High performance graphics 

• Macro language 

• Tutorials 

• BLViewer  

•Improve the « speed »  of interaction with user (more than speed of calculation) => ShadowVUI 

•Spreading the use of SHADOW and related tools at ESRF and outside 

•SHADOW code « frozen », suffering from oldness 
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2008-now 

• 1998-2008 Reduced interest in Optics simulations 

 

• ESRF Upgrade programme 2008-2017 

 

• Double implication 

• New trends in optics: CRL, transfocators, nanofocusing, partial 
coherence 

• Need to evolve following the new available computer environments 

 

• Actions 

• Urgent renewal of SHADOW 

• Need of complementarities (other codes) 

• Consolidating collaborations 

• Software development programme 

 

 

 



SHADOW3 
• Renew the internals 

• Prepare the framework for the “new challenges” 

• Fully compatible with existing version (only Kernel, no graphics, menu, etc.) 

• Maintain Shadow’s flavor: SHADOW users will feel “comfortable” with it 

• Remove present limitations in: 

• Dimensions (number of rays, optical elements, mesh points, etc.) 

• Old programming techniques (Common blocks, etc). 

• API (C, Python, IDL) 

• Transform f77 to f95 and full use of modular structure 

• Supported for Windows, Linux and MacOS 

• Full compatibility of ShadowVUI 

• New “basic” graphics (gnuplot) 

• In conclusion: first a lot of cleaning and modernisation of the code (mostly 

done, but still thinks to cleaned), then (on going), upgrade physical models) 

 

shadow_globaldefinitions 

stringio shadow_beamio shadow_math shadow_variables gfile 

shadow_kernel 

shadow_pre

processors 

shadow3 

gen_source 

shadow_synchrotron 

trace shadow_post

processors 

shadow_pre_sync 
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What can SHADOW do? 

• Beam cross sections (focal spot, PSF, etc) 
  source characteristics (dimensions, depth, emittances) 

  vignetting (apertures, dimension of oe’s) 

  effect of mirror shape: aberrations, errors… 

  effect of mirror imperfections (slope errors, roughness?) 

  dump of intensity because of  reflectivity of elements 

 

 

• Energy resolution 

 

 

 

• Flux and power (number of photons at a given position, 

absorbed/transmitted power, etc) 

 

• Other aspects? (polarization, coherence effects, etc.) 



How SHADOW works? 
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Examples of applications 

 Crystals 

 Gratings 

 Mirrors 



Pseudofocusing with plane Laue crystal 

See: ex23_crystal_laue.ws 



sagittal focusing 

5 mrad 

2.5 mrad 

1 mrad 

M=q/p=1/3 

Shape effects: 

•Anticlastic curvature 

•Cylindrical vs Conic 

(Ice&Sparks, JOSA A11 

(1994) 1265) 

 

Diffracted beam intensity vs 

accepted divergence: 

Sparks & Borie, NIM 172 

(1980) 172 

 

See: ex18b_sagittalfocusing.ws 
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High resolution monochromators 
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Q [rad] 

SHADOW 

Energy resolution in backscattering 



gratings 

See: example_respower.ws 
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Vignetting/Spatial resolution) 

See: example_grid_pattern.ws 



Using LTP data (slopes/profiles) 

Toroidal mirror M~1/3 (p=31 m, q=10 m q=3.5 
mrad) 

Gaussian source  
• Size: 134 (H) × 25 (V) mm2 FWHM  

• Divergence: 6.8 (H) × 85.1 (V) mrad RMS 

Expected:  
• 134/3=45 (H) mm2 FWHM 

•  25/3=8.3 (V) mm2 FWHM  

40 (H)×9 (V) mm 

See: macro_metrology_mirror_profile.ws,  macro_metrology_hfm_slope.ws 

 

42 (H)×44(V) mm 47(H) X 31(V) mm 

 

140 ×160 mm 



ESRF Upgrade – Examples 

 Inelastic scattering UPBL6  

 TEXAS ID24 

 MASSIF 

 Soft X-rays UPBL7 

  

  



ID20 Inelastic Scattering 

 energy in the 5 - 20 keV range 

 focal spot size  10 mm 

 minimal beam losses 

 enough space (>20 cm) around the 

sample 

 sub-eV resolution 

Use of secondary source  
(M=M1*M2  MA=3.1*16  MB=2.4*23) 

First High Power mirror 

KB: good optical performance 

Mirror optimisation: 
    (toroid M~3, distances, astigmatism) 

Slope errors (0.5-0.7 mrad RMS) 

Power Load 

Tolerances 

Monochromator(s) optimization 
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Crystal curvature and white mirror correction 
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TEXAS - Hyperbolic LAUE crystals 

Hrdy has shown that for focusing x-rays using a Laue crystal with atomic planes 

perpendicular to the crystal surface, the crystal surface must follow an hyperbola.  
 

Hrdy, J., 1990. POLYCHROMATIC FOCUSING OF X-RAYS IN LAUE-CASE DIFFRACTION  - (HYPERBOLICAL 

SPECTROGRAPH). Czechoslovak Journal of Physics 40, 1086-1090. 



Conic equation 

2 2 2

0 1 2 3 4 5 6 7 8 9 0c x c y c z c xy c yz c xz c x c y c z c         

p=2790, q=120 and B=14.3deg.  

 
Ellipse2 (Hyperbola2) is obtained from 

ellipse1 (Ellipse1) by symmetry with respect 

to the (x,z) plane (i.e., y->-y).  



Spot profiles 

PLANE 

SPHERE 

ELLIPSE-1 ELLIPSE-2 

HYPERBOLA-1 HYPERBOLA-2 



MASSIF layout based on linear CRLs 

E = 14.1 keV 

43.3 m 

48.6 m 

51.5 m 

HP  

slits 

source 

41.1 m 
28 m 

sample 1 sample 2 

sample 3 

E = 12.7 keV 

source size (high-b):  25 x 900 mm2 

 

spot at sample 1:  100 x 100 mm2  

spot at sample 2:  100 x 100 mm2 

spot at sample 3:  20  x  20 mm2 

 

source-to-sample 1: 43.3+6.5 =  49.8 m 

source-to-sample 2: 48.6+7 =  55.6 m 

source-to-sample 3: 51.5+5.5 =  57 m 

39.5 m 

CRL1v 

CRL1h 

CRL2h 

Graded ML 

CRLv Tr1 Tr2 



MASSIF Branch A Station 3 

10.6 (H) X 7.4 (V) mm2    

  

Graded ML reflectivity 

DE=2.5 eV 

the sample will receive 1.62 1013 photons/s 



VLS gratings – Soft X-ray - UPBL07  



On-going developments 



Upgrade sources (IDs etc) 

 

See: macro_source_spectrum.ws 

 



SRW-SHADOW 

 

See:  

shadow3/README_PYTHON.txt 

shadow3/SRW2SHADOW_Example01.py 



a) 

b) 

c) 

d) 

Single lenses 

Descartes 1637  



SPHERE ELLIPSE 

PARABOLA 
ELLIPSE PARAXIAL MARGINAL 

Ideal interface shape for focusing a collimated beam 

 

Using sysplot and ray_prop tools 

 



Microfocusing/Nanofocusing 

E=8 keV 

Si Lens 

p=47 m 

h=0.3 mm 

q=30 cm                                                             q=10 cm 

M=157                                                                  M=470 

We may need in the future to shape lenses following the Cartesian oval… 



CRL/Transfocator: Stack of interfaces 

… 
ddV 

ddIn 

di,mi 

di+1,mi+1 

See: 

shadow3/README_CRL.txt  

lens_single_sysplot.ws 

lens_chromatic_aberrations.ws 

crl_snigirev1996.ws 

 



Crystals 

•Allow any crystal structure (e.g., quartz) 

•Calculate diffraction profiles for bent crystals (ML & PP) 

•Allow the possibility to use external diffraction profiles 

•X-ray polarisers (changes in phase) 

•UPBL2 High energy X-rays 

 

 

See: macro_crystal_with_external_diffraction_profile.ws 

 



Optical constants 

 

•Current limitations 

•The current data is quite old (new tabulations are available) 

•Only covers 30eV-100keV 

•It does not include Compton scattering (important in many cases) 

 

•Good points 

•SHADOW optic library is decoupled from the kernel 

•Re-write the preprocessors with using your preferred data 

 

•Ideas 

•Rebuild the existing database with new data and perhaps more points 

•Use xraylib 

See:  

shadow3/README_PYTHON.txt 

shadow3/ShadowPreprocessorsXraylib.py 

 



Fresnel-Kirchhoff propagator in Shadow 

Asymmetric crystal 
 

5, 12.5 et 25 mm 



Two slits experiment 
Coherence by propagation 
Thomson & Wolf, JOSA 47, 895 (1957) 

• S1 INCOHERENT source (90 mm) 

• l=579 nm 

L=152 cm 

L1-L2=14 cm 

• 2xPinhole  Ø=0.14 

cm 

• 2h=0.6-2.5 cm 



Thomson & Wolf, JOSA 47, 895 (1957) 



Hybrid Model 
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=>Use ray tracing for gridding, and a postprocessor for 

calculating M matrices and the ensemble average over 

many source realisations 

Fully coherent source 

Fully incoherent source 

Slits 

Slits projected 

on image plane 



Future 

• SHADOW 
• Compound Refractive Lenses and Transfocators 

• Crystals 

• Optical constants 

• Partial Coherence 

• Global optimization 

• Model samples 

• Towards a new hybrid (ray-tracing+wave-optics) optics 

toolbox? 
• SPIE Conference 2011 (to be followed…) 

• Collaborative work 

• NSLS-II  

•  Cross talk SHADOW-SRW 

•   API in python for ray tracing and wave optics (python) 

• Switch Ray optics <-> Wave optics 

• New GUI  

• McXtrace 



Storage Ring 

(e- optics) 

Radiation devices 

(e- -> g) 

Beamline 

(g optics) 

Sample 

(g matter 

interactions) 

At-Collab 

SRW 

SHADOW 

McXtrace 

XOP 

Beamline Experiment Chain 

Codes in use at ESRF 

NEW TOOLBOX 

SRW 

SHADOW 

At-Collab 

OTHER 



NEW TOOLBOX 

SRW SHADOW 

OTHER 

Plugin-

runner 

Graphics Physics engines 

Widget

-app 

editor 

Tools 

1D     2D     3D 

 
I/O FF DB 

•Timing: 

•Alpha1 Version: Defining basic tools, making the skeleton, prototype an XOP clone 

•Alpha2 Version: Define SHADOW+SRW inputs, basic use of them  

•Alpha3 Version: Allow to use most SHADOW+SRW functionality, advanced 

visualization tools, beta test version 

•Tools (dependencies): based on python, Qt4 and many other tools to be defined 

•Personnel: MSR+PhD+SE (2 y.)+collaborators 

•Document  in preparation 



Thank you 

(more tomorrow) 


