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History

❑ First version 1.0 released at ESRF in 1994 (Sun OpenWindows)
❑ Since version 1.3 (January 1996): joint development ESRF/APS
❑ Version 1.4 (October 1996) include DABAX.
❑ Version 1.7 (February 1997) Preparing embedding. PC version.
In December 1996 we signed the “embedding” contract with RSI.
❑ Version 1.8 (March 1997) First embedding test. Unix embedded version
❑ Version 1.9 (January 1998) Present version. PC/Unix embedded.

~170 downloadings. WEB distribution. Many bug reports, new ideas, etc.

2 more embeddings available.

In early 1999 the version 2.0 will be released. PLEASE GIVE FEEDBACK!
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Bending Magnet Radiation

Undulator Radiation

Mirrors and Filters

Flat crystals ESRF and SPEC formatted files visualization

Plot and analysis facilities

Optical element transmission
Bent crystals

The first XOP version was released at ESRF on January 14, 1994.
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Motivation
❑ Many useful, simple and free “FILE ORIENTED PROGRAMS” are around.

❑ They are written in different languages (Fortran, C...).

❑ They are portable but not user-friendly, because the user needs to know:
how to prepare the input file, the command to run the code, the structure of
the output file. Thus, he/she also needs to operate: a text editor, an operating
system and a graphical display and manipulation package.

❑ We wanted to overcome these difficulties, creating a user interface.

❑ We used IDL for creating a “point-and-click” interface which does not
require any modification of the code to be run (communication via files).
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How does Xop work?

 User
X

 in
te

rf
ac

e 
w

ri
tt

en
 in

 I
D

L

Program 1

Program 2

Program N

Communications via

Disk files:

Program.inp

Program < Program.inp

Display the output files

 Program.out
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program parabola
open (unit=1,file=’ Parabola.inp ’,status=’old’)
read (1,*) x_min,x_max,step

open (unit=2,file=’ Parabola.out ’,status=’unknown’)
do x=x_min,x_max,step
          write(2,*),x,x**2
end do
end

The Program:

A simple example to illustrate the XOP philosophy:
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The Interface:

BUTTONS

SPAWN

;=========================================
Pro xparabola_event,event

widget_control,event.id,GET_VALUE=myval
widget_control,event.top,GET_UVALUE=defaults

case myval of
 ‘Quit’: widget_control,event.top,/DESTROY
 ‘Set Parameters’: begin

xscrmenu ,defaults
        openw,10,’Parabola.inp’
        printf,10,defaults.x_min,defaults.x_max,defaults.step
        close,10
        print,’Running Parabola...’
        spawn,’Parabola’
        widget_control,event.top,SET_UVALUE=defaults
        end
  ‘Show Results’: xplot ,’Parabola.out’
endcase
end
;============================================

Pro xparabola

defaults = { x_min:0.0, x_max:10.0, step: 0.01}

main = widget_base ( /ROW)
junk = widget_button( main, VALUE=’Quit’)
junk = widget_button( main, VALUE=’Set Parameters’)
junk = widget_button( main, VALUE=’Show Results’)

widget_control, main, /REALIZE, SET_UVAL = defaults
xmanager,’xparabola’,main
end



Sources
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Undulators

❑ Urgent (Walker & Diviacco, 1992):
calculates spectral, angular, polarization and power density
❑ US (Dejus, 1994):
similar functionality as Urgent. Better user-interface
❑ TC (Dejus, 1996):
Tunning curves. brightness calculations
NEW:
TC will calculate flux in addition to brightness
A new program will allow calculations with experimental magnetic field maps.



URGENT (Walker & Diviacco RSI 63(1)392 (‘92)

 Undulator Radiation.



YAUP (Boyanov et al. NIM A339 596 (‘94)

 Tapered Undulator Radiation.
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Wigglers and Bending Magnets

❑ XWiggler (SHADOW+srio, 1996):
SPATIAL AND ANGULAR INTEGRATED flux and spectral power for symmetric and
asymmetric wigglers

❑ WS (Dejus, 1994)
Spatial flux density at a given slit position

❑ BM (srio, 1996)
full IDL code calculating vertically integrated flux and spectral power

NEW:
WS will integrate over a slit
New code for B.M. based in WS.



WIGGLER_SPECTRUM (SHADOW):
Wiggler Emission.
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X-ray conventional sources

❑ No consensus on a universal theoretical model.
❑ Interpolation method based on “gold-standards” (Boone et al., 1997):

❑ W anode: 30 -> 140 keV
❑ Mo & Rh: 4.5 -> 38.5 keV



DABAX
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❑ A compilation of tables for x-ray applications with a collection of computer pro-
grams to access, visualize and process these tables.
❑ Created to unify the tabulated data in XOP applications
❑ Simple indexed ASCII files
❑ Flexible (accept many kind of different data)
❑ Extensible (data files can be added and be modified by users...)
❑ Upgradable

DABAX
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Name of DABAX �le Description

f0 CromerMann.dat f0 data

f0 CromerMann old1968.dat

(*) f0 WaasKirf.dat

f0 mf Kissel.dat

f0 rf Kissel.dat

f1f2 BrennanCowan.dat f1 and f2 data

(*) f1f2 BrennanCowanShort.dat

f1f2 Chantler.dat

f1f2 EPDL.dat

f1f2 Henke.dat

f1f2 Sasaki.dat

f1f2 Shadow.dat

f1f2 asf Kissel.dat

(*) CrossSec EPDL.dat Atomic x-ray cross sections

CrossSec XCOM.dat

CrossSec McMaster.dat

CrossSec Compton Balyuzi.dat

CrossSec Compton McMaster.dat

CrossSec Rayleigh McMaster.dat

XAFS DATA EXAFS CHI.dat X-ray Absorption Fine Structure �les

XAFS DATA XANES.dat

XAFS McKale.dat

(*) AtomicConstants.dat Miscellaneous �les

AtomicDensities.dat

(*) Compounds.dat

(*) CrystalCell.dat

(*) CrystalStructures.dat

EBindEner.dat

XREmission.dat

OptConst Palik.dat

f f 0 θsin λ⁄( ) f 1 λ( ) i f 2 λ( )+ +=

σ σpe σR σC σpp+ + +=

DABAX files
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Mirror and filter applications
many physical parameters can be calculated from the f1f2 values:

diffraction index: n = 1 -δ -i β , whereδ = K f1 and b = K f2, being K:

where re is the electron classical radius (2.81794092e-13 cm) and NA is the Avogadro number (6.0221367 1023 mol-1).
ε = 1 -α -i γ, beingα=2δ andγ=2β.

Optical surface reflectivity:

The reflectivity is often multiplied by a Debye-Waller term DW to take into account the surface roughness rms

K
reλ2

2π
----------

NA

A
-------ρ=

Rσ
4Γ2 Γ θsin( )2 Γ–( )

2
γ+

2

4Γ2 θsin( )2 Γ+( )
2

γ+
2

-------------------------------------------------------------=

Rπ Rσ
4Γ2 Γ θsin θcos( )2

–( )
2

γ+
2

θsin( )2

4Γ2 Γ θsin θcos( )2
+( )

2
γ+

2
θsin( )2

-----------------------------------------------------------------------------------------=

Γ 1
2
--- θsin( )2 α– θsin( )2 α–( )

2
γ2

–+=

DW 4π θ
σrms

λ
-----------sin 

 
2

– 
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Optics

❑ XPOWER: allows calculation of attenuators and mirror. Couple the results
with sources
❑ Other codes: XF0, XF1F2, XCrossSec optimized to be used with DABAX data.
❑ CRL: A pseudo-ray-tracing application to calculate the focusing properties of
CRL. Calculation code developed by G. Apostolo using Ref: P. Elleaume (1997).

emittance = .039 ; nm
beta = 2.5 ; m
energy = 24 ; keV
undLength = 1.6 ; m
material = ‘Be’
density = 1.85 ; g/cm^3
nholes = 51
rholes = 0.4 ; mm
d = 0.1 ; mm
dx = 1 ; x binsize (microns)
dx1 = 1 ; x’ binsize microrads
xmax = 0 ; parabolic lens aperture (mm)
slendist = 24 ; m
lfindist = 8.2 ; m
nrays = 10000
cil = 1 ; 1=cylindrical 0=parabolic
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Mirror and filter applications
many physical parameters can be calculated from the f1f2 values:

diffraction index: n = 1 -δ -i β , whereδ = K f1 and b = K f2, being K:

where re is the electron classical radius (2.81794092e-13 cm) and NA is the Avogadro number (6.0221367 1023 mol-1).
ε = 1 -α -i γ, beingα=2δ andγ=2β.

Optical surface reflectivity:

The reflectivity is often multiplied by a Debye-Waller term DW to take into account the surface roughness rms

K
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Crystal simulations
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#S 14 AlphaQuartz
#N  5
#L  AtomicNumber  Fraction  X  Y  Z
#UO Lattice: AlphaQuartz
#UO Structure: Hexagonal
#UO
“**********************************************************
#UO “* The AlphaQuartz (SiO2) structure has three molecules in a *”
#UO “* hexagonal unit of dimensions a=4.91304 A  c=5.40463 A *”
#UO “* *”
#UO
“**********************************************************
14 1.0 0.4697 0. 0.
14 1.0 -0.4697 -0.4697 0.3333333333
14 1.0 0. 0.4697 0.6666666666
8 1.0 0.4125 0.2662 0.1188
8 1.0 -0.1463 -0.4125 0.4521
8 1.0 -0.2662 0.1463 -0.2145
8 1.0 0.1463 -0.2662 -0.1188
8 1.0 -0.4125 -0.1463 0.2145
8 1.0 0.2662 0.4125 0.5479

Perfect and Mosaic flat crystals
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y=0

y=-2

y=-4
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Bent Crystal I: multi-lamellar method
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❑ R(θ) is given by an analytical formula (no iterations)
❑ Reference: Penning and Polder, Philips Res. Repts 16, 419-440 (1961)
❑ Only valid for Laue
❑ The distorted crystal is divided into small regions where the crystal is assumed perfect
❑ Hyperbolic beam trajectories (like light transmission in an inhomogeneous media)
❑ Constant deformation gradient

Si111, E=17.479 keV, t=525µm, P=1,α=55 degrees

Bent Crystal II:Penning-Polder method
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The Takagi-Taupin equations

@
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D0(~r) = �i�kP	 �HDh(~r);

@
@sh

Dh(~r) = �i�kP	HD0(~r) + 2�i
�

k�h �

@
@sh

�
~h:~u(~r)

��
Dh(~r) (1)

Finite di�erence method (half-step derivative). Discretized equations:
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Bent Crystal III: Takagi-Taupin equations
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(Designed to be used for visualization of the results of most XOP applications)

Functionality:

❑ Access to multicolumn ASCII file(s). Accepts SPEC data format.
❑ Overplot data from different columns in the data set of from different sets(files)
❑ Direct printing from Unix workstations and PCs (PS, EPSF)
❑ Change plot attributes (log/lin axes, ticks, symbols, colors,...)
❑ Label, annotate plots
❑ Save/Restore facility
❑ Data analysis

❋extrema, moments

❋integral, derivative, CDF

❋smoothing, interpolation

❋user-defined operations

❋Fourier Filtering

❋convolution and correlation

❋Fit (Gaussian, polynomial, non-linaer (gradient-expansion algorithm and Powell method)

❋ OTHERS TO COME. SUGGESTIONS WELCOMED...

Data analysis and visualization (XPLOT module)
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