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What is X-ray Server (http://x-server.gmca.aps.anl.gov)?

X-ray Server is a public project launched in 1997 with the goals to explore
using WWW for providing scientific community with a wider access to personal
research results, establishing scientific collaborations, and refining X-ray
scattering models and scientific software.

The Server delivers Web interface to a number of programs implementing
author’s models in the field of X-ray diffraction and scattering, i.e. the software
operates directly on the Server available for use without downloading. At
present 7 programs have been made operational; they will be briefly described
on the next slides.

After 10 years of development and experience the Server has become one of
the most reputable Web resources in the X-ray field. The server programs
have been used more than 135,000 times by more that 5,500 colleagues
worldwide with the base of ~1,500 regular users who performed 10 or more
calculations. About 55% of the usages are the simulations of X-ray curves and
the rest are the X-ray structure factors requests and related services for
planning X-ray experiments.

This wide usage suggested to extend access beyond web browser sessions
and to convert the server into a kind of web-accessible X-ray library.
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Software available through X-ray Server

This site has been online since 1997 and has served 135, 644 x-ray jobs

XOh interpolates dielectric susceptibilities x, and x, for some crystals and other 63,821
materials in wide range of x-ray wavelengths with the option to compare data from jobs
different databases.

X0h-search is a tool to search for Bragg planes under various conditions.

GID_SL on the Web calculates x-ray diffraction curves of strained crystals and 36,390
multilayers for any Bragg-case diffraction with scans around arbitrary axis. It replaces jobs
Takagi-Taupin equations for extremely asymmetric and grazing incidence diffraction.

G cinSlontheweh
L wtetiestuanigungnieeigs

TER SL on the Web TER_SL on the Web calculates x-ray specular reflection and standing waves from 13,749
| % bef 13 multilayers with interface roughness and transition layers. It uses a new recursive jobs
X-ray specular reflection from multilayers . ) :

T el | algorithm converging faster than the recursions by Parratt.

TRDS SL on the Web calculates x-ray diffuse scattering from interface roughness. It | 10,882
implements several different models of roughness and can simulate effects of skew jobs
roughness transfer, dependence of interface-interface roughness correlations on
lateral size of roughness and x-ray scattering from atomic steps.

: MAG _SL on the Web calculates x-ray resonant specular reflection from magnetic 8,795
= : multilayers with interface roughness and transition layers. It can also supply jobs
X-ray resonant specular reflection . . . . .
_ from magnetic multilayers wavefields for calculations of diffuse scattering from magnetic roughness.
BRL on the Web BRL on the Web applies a novel algorithm to calculate multiple Bragg diffraction of x- 2,007
rays including the cases of x-ray waves grazing along the crystal surface and Bragg jobs

WSO EIETED M (I | angles at 90 degr.

Based on ~17 research papers
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Interpolation of X-ray structure factors

X rays:
T Wavelength (A):

" Energy (ke V): I
. cmmﬁsﬁsm:lt:u-l{m -] 2

Target:
¥ Crystal:

| Silicon
(" Other material: I

|
4| -

7~ Chemical ﬁ:rmu]a:l

and density (z/em® ) |

Reflection:
Miller indices: |1 |1 |1

Database Options for dispersion corrections dfl, df2:

+ IUse X0h data (5-25 ke V or 0.5-2.5 A)-- recommenied for Bragg diffraction.
" Ise Henke data (0.01-30 keV or 0.4-1200 A) - recommended for soft x-rays.
" Use Brennan- Cowan data (0.03-700 ke V or 0.02-400 4)

{ Compare resulis for all of the ahove sources.

Get ¥Oh! | Reset |

T [ [ 0

Eé"cﬂ.;u:.'r,Lu'e i

ES}munettsr :

?Density (gmfom’ ;

[Unit cell constants (A)

Uit cell angles (dege) :
[Poisson Ratio :

Composition: Element -- M sites (Sites ocoupation)
|Hray line .

[P avelength (&) :

Energy (ke

Closest absorptmn edge (ke :
[Database for d.f' df

Xops Xaip (n—1+x f2+1x f’2j
:deim yefa (m=1-delta-1 *efa) 2
|2 Ahsorption factor (1/cm) and length ()
" Extinction length at TER (A) :
"’ Critical angle for TER (degy., mrad)

;Reﬂe chon 2

[Bragg angle (degr.) :

Interplanar spacing (A7 :

sitE) , cos(QE) :

ten(QE), cotan(QE) :

sin(Z*QE) . cos(2*QE) :

Polanzatmn

.lerJ i l'rz'PJ >

[Phase difference (x,, - x3:

[Relative intensity Crpfxg:

Syrmunetric Lave-case extinction length (um)
Syrmunetric Bragg-case extinetion length (um) ¢

| T2 2 e |2

..... Datwin curve FWHM (arcsec, wrad)

P olarization :

;lerJ % l'rz'PJ :

[Phase difference (x,, - X0

[Relative intensity (x, / x ) :

Srnunetric Lave-case extinction length (um)
Sryrmunetric Bragg-case extinction length (um)

..... Darwin curve FWHM arcsec, urad)

..... Diouble-ctyatal curve FWHDM (arcsec, urad) :

..... Diouble-crystal curve FWHDM (arcsec,, urad) :

[3iticon
[Cubic

23293
54209, 54300 , 5.4300
20.000 , 90.000 , 20.000
|0.2800

i~ 8 (1.000)

Cu-Kal
1.34056
204778
11 84 (f'or element 5i)

|kt 3 (Internatioal Table sj 325 ke‘? Li

[0151Z7E04, 034955E-06
075634605, -0.17477E-06

142 56, 70144

63,033

022237, 38298 GETTHECURVE!
; (1 1 1)

14,221

31355

EI 24566, 096936
EI 25343, 39450
|0.47627 , 087930

. | Sigma
[0.79E01E-05,  024314E-06
1.0000 * pi
52765 %
12705
15089
QTTAT, 47413
@155, 33528 GET THE CURVE !
P
0T01AYE-05, 021274E-06
1.0000 * pi
46 306 Y
21.273
1.7160
25002 41.690
60206, 20470 GET THE CURVE !
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Tool for searching Bragg reflections

/ o

 Wavelength (A): —— mEARCH CDNDIHDNS :
" Energy (keV): Crystal: Silicon
@ Characteristic line: | Cu-Kal | 9 Symmetry group: (Cuhic
Crystal: . Density (gmiom’) : 12,3293
Select code | Silicon =12 :T_Tnit cell constatits (A) \5.4309 54309 54309
Ut cell angles (degr) (Q0.000 , 90000, 90000
Bragg planes range: i H : - . !
Froms i b g To: | I I |#-ray wavelength (Angstromg © |1.340562
: ' H-tay energy (keV) : & 047777
Bragg angle range: |#E-ray characteristic line (Cu-Eal
From: [0 To: [30. Bragg planes range 1oy --¢11 1y
sty ot \Bragg angles ratige {00000 -- 30,0000
' —— IMiniroam intensity ol © 0.0000%
Mimimem hinll (00 0 Surface e rrom I:l
I::::;"::::T;;@;?::;fngz;ﬁ;mmmng Tiinae \Platies angles to suface ;me Thetal to Thetad
" Tse Henlse daia (0.01-30 keV or 0.4-1200 A) -- recommended for soft x-rays. _Thetal., Thetad 0.0000 -- 120.0000
" Use Brenman-Cowan data (0.03-700 ke V or 0.02-400 4) SFARCH RESULTS -
Find only these Bragg planes which male certain angles to the surface: Planes found: 4. Planes ]]Ei]‘lg l].iSP]ﬂ.}"Eﬂ.: 4
Surface plane indices: IfI IEI ID [
* Planes make angles from Thetal io Theta2 1 A]lgle 103 2 Eragg a.ngle
" Planes make angles from Thetal to (Bragg_Angle - Theta?) (10 0.0000 &.1540
" Planes make angles from (Bragg_Angle - Thetal) io (Bragg_Angle - Theta2) (101 45 0000 R
oD = (1o 45,0000 11,5711
Find Planesl I Reset | I:]. 1 l:l 34 7356 142211
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Bragg diffraction simulation program — 1

GID_sl (Grazing Incidence Diffraction from Superlattices)
was originally developed for GID (Fig.1a) from multilayers,
but then extended to arbitrary Bragg case including
coplanar (Fig.1b) and non coplanar asymmetric diffraction
(Fig.1c).

The program can calculate Bragg diffraction from imperfect
crystals with given profiles of normal lattice strains da(z)/a,
dielectric susceptibilities x,(z), x,(2z), and interface
roughness height o(z).

The advantage of GID sl over most of other Bragg
diffraction simulation software is that it takes into account
specular reflection and refraction of X-rays at crystal
surface and interfaces in multilayers.

Replaces Takagi-Taupin equations for Grazing Incidence
Diffraction!

T €:))

WL Tl [T T T T T]

Bragg planes

Grazing incidence diffraction
(non-coplanar symmetric Laue diffraction)

@Dy dy

VS A
Bragg planes ( (P‘“('BB_':

Extremely asymmetric diffraction
(grazing-incidence case)

g
| C
\ 3 (c)

kY -
CL LT AT ] )

Bragg planes (p~5°

Grazing Bragg-Laue diffraction
(non-coplanar asymmetric diffraction)
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PRB, 57, (1998) 4829-4841.

S.Stepanov, E.Kondrashkina, R.Koehler, D.Novikov, G.Materlik, and S.Durbin,




Xrays: * Wavelengthid) £ O Energy(ke‘:‘j=]1-540552 C Li.ne=]CU-Ka1 "'1 oég Polarization=]5igma "']
Crystal: | GaAs =] @ [ohdata 05254 7] Sigme=|0. & wo=|1. | whe|t.
Bragz Reflection: 1‘1— ]E— 1'3— Substrate da.n’a=10-

Genmetryspeci_ﬁgd'h}':][E]. Surface orientation & condition of symmetric Bragy case _"_J ?

-- Geometrsy patameter ([1,7]=incidence angle, [2,8]=exit angle, [6]=Bragg planes angle, [#]=g0/gh): ] ] :j

- Butface plane ([1-5]): 1‘1_“ ]':'— ;III_“ Miscut ditection: {EI_ F ll— Miscut angle: ]D- |degr. L]
Scanaxis:][kﬂ % h] j ? Indices, if other scan avis; ]— ]— ]— [ Ievrert scan avs

Scan limits: frumi‘ZDDD- 1o J"'ZDDD- ]SEC. _‘j Sca.npoints=i‘ml Flot a.rgwnent=]inl3idence angle _"_J

[ waich progress Submit Cluery ](single click, pleasel)

Available codes:
Top layer profile fopHonal): [?] Crystals:
petiod= Lli= T
t= sigma= dafa= code= 3= codel= 3= code3= 3= coded= xl= xh= xhdf= wi= wh= 1P
etid period Llsh
period=z0 J_‘J AlYQS
£=100 code=Galis sigma=:Z BETZ!-03
£=70 code=Llhs sigwa=2 da/a=a Beril ;
end period Beryllium =

1 i »
[?] Non-crystals:
B1Z03 o
B4C

Web input form

BN
Cr203
CcsI

Fluorite
-
T

I'’1 Flements:

Argonne'\
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Specular reflectivity simulation program - 1

TER sl (Total External Reflection) software simulates X-ray specular reflection from
multilayers with the account for interface roughness or transition layers using the same
recursion algorithm as in GID_sl.

The advantage of TER sl over the well know Parratt recursive technique is a faster
convergence of recursions because TER sl expresses the reflection from a stack of N
layers through the reflectivity of (N-1) layers, while the Parratt technique expresses the
reflectivity of N-th layer via that of the underlying (N-1)-th layer.

By-product of GID_sl:
same recursion algorithm !

; S.Stepanov, E.Kondrashkina, R.Koehler, D.Novikov, G.Materlik, and S.Durbin,
Argonne™¥  pRB 57, (1998) 4829-4841.



X-ray specular reflectiofi from multilayers
with rough interfaces at grazing incidence

B A TER_SLonthe Web | - . | |
Specular reflectivity simulation program - 2

« Wavelength(A) / © Energy(keV) = |1.540582 ¢ Line=|Cu-Kal x| 2 Polarization=|=iama ~

X-rays:
Substrate: # Database code: |GaAs x| [X0h data (5-25keV; 0.5-2 54) =]
C Chemical formula: | rho=| glem’3
~ Susceptibility x0 = ( | ) [ format: x0=(Re(x0), Im(x0)); note: x0=2*delta /
X0 correction: w0 = |1 / this is used as: x0 = w0 * x0 /
Roughness: sigma = 4. Angstrom OR Transition layer tr = [o. Angstrom
Incidence angle limits: from [0. to | [dear. | Secan points=/601
v Standing waves: Reference interface =0 (O=surface)

Start offset =|0 Angstrom
End offset =|1000. Angstrom
Number of offsets =|101 {max = 401)

 watch progress Submit Query | (single click, please!)
Available codes:

Top layer profile (optional): (use Copy/Paste)
j use Copy/Paste

t=20 w0=0.5 sigma=5 Isurface oxide, organic contamination or dust

period=20

(=100 code=Gass sigma=4

t=70 code=AlAs sigma=4

end period =]

Submit Query | (same "Submit" action as above; single click, please!)

Recently added wavefields calculations for
applications like fluorescence yield analysis,
X-ray standing waves method, GISAXS, and

etc.

Argonne'\
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Resonance magnetic reflectivity program - 1

The MAG_sl| program solves the problem of resonant X-ray reflectivity from magnetic
multilayers. The major application of X-ray resonant magnetic scattering is to probe thin
magnetic films and magnetic multilayers. Since the resonant media susceptibility is a
tensor, the conventional Parratt technique for calculating X-ray specular reflection is not
applicable. The problem is solved in MAG_sl applying a recursive algorithm for (2x2)
scattering matrices similar to that of GID_sl.

circularly
olarized
-rays

@71* Ko Dy w
—~- /o P

magnetic field

S.Stepanov and S.Sinha, PRB, 61 (2000) 15302-15311.

; D.R.Lee, S.K.Sinha, D.Haskel, Y.Choi, J.C.Lang, S.Stepanov, and G.Srajer,
Argonne PRB, 68 (2003) 224409-224427.



NS _SEOn e Web

X-raPr resonant specular reflection
from magnetic mvg!%_;ﬁlx_ayers

Resonance magnetic reflectivity program - 2

" Wavelength(s) /% EnergyikeV) = 1?243 - MFI X OQJ
ﬂ angle to Sigma-plane for Option-3 |0.

H rays:
Polarization:

4. Circular -

Subsirate: (* Database code: =P |¥0h data (5-25keV; 0.5-2.54)

| Silicon

" Chemdcal formula: ] rh|3=] glem™3

" Susceptibility 0= ( |

i correction: wil= |1,

fthiz is used as: 20 = wi * 0 /

Liagnetic atoms ™ share(0--1) / ¥ density (1/em™3): ID-

Magnetic model: ™ generic (may have numeric problems for hard xrays) / O hard xrays (Ex6keV)

Submit Query

I waich progress (single click, pleasel)

Roughness: sigma = |0, Angstrom OR Transition layer tr= ]D- Angsirom

Liagnetic ofentation 3= 10 = 10 7= ]D
Magnetic amplitudes F10=]0.,0. Fil=/0., 0. FiT=/0. 0.
Scan (incidence angle or qz): from |D- to I‘l- 1'3“39"- _'J Sran points= 4001

[

{ format; x0=(Fex, [ s note; dl=2*delta f
)

Top layer profile foptional):
perind=
t= sigtha= t= code= tho= = codei= = coded= x3= coded= = wi=
mshare= mdensity= mvector= Fl0= Fll= F1T=

Subrnit Gluery (satne "Submit" action as abowe, single click, pleasel)

end period
period=15 _]
code=3%d t=50 Fll=(-0.22,9.35) F1T=(0.37,9.65) mshare=1 mwector=(1 0 0)
code=Fe t£=35
end period

o

Available codes:
(use Copy/Taste)
A -
Ag

Al

L1203

Lla=

L1FP

L1388k

L1¥F03

L

ir

L=

it

Au

E

E4C =]

Ilore details

1e-005

MAG_sl example: difference between
reflectivity of circular-plus and
circular-minus polarized X-rays at
E=849eV from 47A capped Ni film.

Argonne'\
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The TRDS sl program
calculates GISAX from
interface roughness in
multilayers with 10 models of
roughness formation and
propagation. These include
wavelength-dependent
inheritance of roughness in
multilayers, scattering from
atomic steps on vicinal
interfaces and scattering due
to inclined roughness transfer
in crystalline multilayers.

Intensity

n__~A
0000000 | 1
LSRG

Sample rotation angle
Fig.1. Diffuse scattering of grazing
x-rays from surface roughness. 1:
specular peak, 2: diffuse scattering
for two different lateral scales of
roughness, 3: Yoneda peaks at

critical angle for total reflection.

on vicinal
interfaces

Atomic steps

Miscut

Inclined
roughness
transfer

A

— T, W

angle

a\Om\C
planes

-

\/

0157 WO R
]

=

—
I~
o

scattering |
sheets

Wave;lengthdependent

'O-c-.ooz 0.
q,(A")

Fig.2. Maps of diffuse scattering
from vertically uncorrelated (a)
and correlated (b) roughness

Fig.4.

Asymmetric rougness
of vicinal interfaces
and skew roughness
transfer in crystals

4

Fig.5.

Simulations of GISAX
due to inclined
roughness transfer in
20 x (AlAs/GaAs)

—_—

0

002 inheritance of roughnes.
Fig.3. Different models of
roughness correlations in
multilayers

g —» g

.140 4

N surface

alorfy Miscyt

experiment simulation

-.002

.000

q—>

X

0.000

0.002
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V.M.Kaganer, S.A.Stepanov & R.Koehler, PRB 52 (1995) 16369-16372.
E.A.Kondrashkina, S.A.Stepanov, et al, PRB 56 (1997) 10469-10482.




Xrays: * Wavelength(d) / Energy‘(keV)=11-5"10552 o Lille:icu'l'(811 _'..1 {@J PDlaﬁzaﬁDfF]Sigma '}

Subsirate: ~ Databasecode: | GaAs =] 2 [¥Dh data 5-25kew; 052.54) |

" Chemical formula: 1 rh0=1 gfom™3

" Busceptibility o = ( i y  / format: s0=(Re(dl), Im(l); note: s0=2*delta /

¥ cotrection: wi = 11. {this is used as:x0 =wi * =0/

Roughness: sigma= 13_ Angstrom £ this iz rms roughness height /

Type of scan: 1Q-Scans at fixed 200 _Lj UnitsforQ,EQ:}degr- '1 Unitsforqx,qz:i”A ';
Scan limits: fromp to ;2- poi.nts=12m

Offzet limits: from 12- to 12- poi.nts=11

Compute at specular rod:  { scattering % reflection

Accelerators: | Use K instead of exp(E-1 ™ 1se semi-Bom approxitation

Roughness: lateral correlation length=i1DDD_ & vertical correlation length=i A jaggedness=i1-
angle of skew transfeFiD- idegr. - i %

Uncorrelated roughness

Models: |

# Completely correlated roughness

| " Ming's model

lateral size of vertically correlated roughness=i &

. Lagally's model

" Holy's model

" Spiller's model (*very slowl*)

;Data for all Pukite's models:

miscut angle=1 1d9§lr- b 1 ™ Add affine roughness |

" Classic Puldte's model
effective tms height of steps=i &
terraces size spread=i A

I” waich progress Submit Query j(si.ngle click, pleasel)

" Smoothed Pukite's model

" Pershan's model

Top layer profile (opHonal):

peiody Available codes:
t= sigma= tr= code= tho= x= codeld= xi= codel= x3= coded= = wi= (use Cnpygas:e)
end petiod |

Arg

onne"\
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BRL on the Web

X-ray multiple Bragg/laue diffraction

Multiple Bragg diffractrion program - 1

Reflex (000)

40

Kossel lines in case of
multiple Bragg diffraction

BRL (Bragg/Laue) calculates multiple Bragg diffraction
patterns with the algorithm based on the extended
dynamical diffraction theory.

Typically the calculations of multiple Bragg diffraction are
reduced to the eigenvalue problem for a 2N*2N
scattering matrix. However, when the diffraction
geometry involves grazing X-ray waves, the calculations
are reduced to the eigenvalue problem for 4N*4N
scattering matrix [Colella, Acta Cryst. A30 (1974) 413].

BRL implements an algorithm where the calculations are
reduced to a generalized eigenvalue problem for
2(N+Ns)*2(N+Ns) scattering matrix where Ns is the
number of grazing waves. Thus, if there are no grazing
waves, the matrix size is 2N*2N and if all of the waves
are grazing it becomes 4N*4N. In some cases the
calculations are reduced dramatically.

Argonne; S.Stepanov and A.Ulyanenkov, Acta Cryst. A50 (1994) 579-585.
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BRL on the Web

X-ray multiple Bragg/laue diffraction

Multiple Bragg diffractrion program - 2

Target:
Crystal: IWL, P
Surface: Bage plane: |1 [1 [1
Miscut direction: |1 -1 [0
Miscut angle: 0. |degr. -
Reflections:
Reflex-1: [1 1 [1
Reflex-2: [2 2 o

Index search range: |5 v|

Min. Intensity filter: |01
{xh/x0[*100% = ...)

X-rays:
 Wavelength (A): I—
¢ Energy (keV): I
& Characteristic line: ICu—Ka‘I 'I P
* Fixed by coplanar case

C Fixed by Reflex-3: | | |

Database Options for dispersion corrections df1, df2:
& Use X0h data (3-25 keV or 0.5-2.5 A) — recommiended

 Use Henke data (0.01-30 keV or 0.4-1200 A)
¢ Use Brennan-Covwan data (0.03-700 keV or 0.02-400 A)

Step-1

Subrit | Reset |

Crystal: Silicon Symmetry: Cubic XO0h data: Automatic DB choice
Swmface: base plane=(1 1 1) miscut direction=(1 -1 0) miscut angle=0. degr.
Thickness (microns): [100

X-rays: wavelength= 26344 A energy= 1.7063 keV line="none™
X-ray polarization: |[1]Miced (unpolarized) ~| Angle to pi0 for mode [2]: ID.

Scan limits (Thetal): from |50 to |50, points = [101
Scan limits (Theta2): from [0 to |o. points = [i

~| Scan angle units: [sec  ~|

Scan axes: |[1]Theta2 alaong sigmall

Specified reflections:

Reflex1=(1 1 1) QB = 24.840 degr.
Reflex2 = (2 2 0) QB = 43.314 degr.
Reflex3=(311) QB=53.552 degr.

xh/x0| = 52.805%
xh/x0| = 60.859%
xhy/x0| = 39.863%

[alpha/x0| = 0.105E-10
[alpha/x0| = 0.210E-10
[alpha/x0] = 0.700E-11

Additional reflections search results (you can select up to 8 planes if available):
Searching from ( -5 -5 -5) to ( 5 5 5)  Intensity filter [xh/x0| = 0.100%%

I~ Reflex4=(1-11)
I~ Reflex5 = (2 -2 0)
" Reflex6 = (3 -1 1)
I~ Reflex7=(400)

QB = 24.840 degr.
QB = 43.314 degr.
QB = 53.552 degr.
QB = 75.964 degr.

[kh/x0| = 52.895%
xh/x0| = 60.859%
lyx0| = 39.863%
xlyx0| = 50.816%

[alpha/x0]| = 0.105E-10
[alpha/x0| = 0.210E-10
[alpha/x0| = 0.350E-10
[alpha/x0| = 0.280E-10

Submit | Feset | Step—z

Argonneé
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BRL on the Web

Multiple Bragg diffractrion program - 3

X-ray multiple Bragg/

—10o00

Argonne
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How it works: what is the effort to make software WWW-accessible?

W rowser '
eb browse X-Ray HTML form, (@98 Ray Windows computer
on remote T Server on my desk. Seamlessly
computer ekl HTML results serves ~50 x-ray

jObS per day 24*7

.,.,....s_—ﬁm._.r'.-r’ -l

SRl =

S T T—
lﬂ

mm—nwﬁ“l"‘l" PP oo T |

s e A Y et | [ e—e——

e [ ] el b e = 3]
r

Apache.exe e —
(freeware) |

CGl HTML
interface results

Zip.exe __Datafile GnuPlot.exe
(freeware) > “Sa~ | (freeware)

Zip file

GID_sl.exe:
the Bragg curves
calculation program

LEGEND:
_needs to be developed |
research product (no extra work)

| freeware (no extra work)




Most frequent Server development requests from users

With a big diversity of models presented through the Server and
big variety of calculations one can do, there are two most frequent
requests coming from the community:

e Provide automation

* Provide fitting

Argonne‘)
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Server development: fitting vs. automation — |

¥-rays: * Wavelength(l) f { Energy(keV) = |1.540562

Crystal: |5iC-4H =] @ IXDh data (0.5-2.54) |

Bragyg BReflection: ID— ID— IT Substrate daf’a=ID.

Geometry specified bhy: Iangle of Bragg planes to surface ['+' for gl->gh) LI i Value:ID.

» Line=| Cu-Kal = l "’é‘J Folarizat ion=| Hixed vl
Sigma=|0. & TJID=|1. [Jh=|1.

Idegr. ;I

Scan: from I—l‘lDDD to |+QDDD. Isec. ;I Scan points:l‘ml Invert axis: | Plot argu.ment,:l incidence angle LI
Approximations: alpha_max=|1.E+8 * | xh| ?
[~ watch Progress Submit Query | [single click, please!)

£ H Availabhle codes:

Top.layer profile (opkional): o] oot
period= —
iB= SiEnEe EegEs EEElss . e EEEiEEs . mEs EEElsEs EE=sEE s e = R = = D sl =T =T = AL e
end period LHES
£=300 da‘a = 0.00045 wh= 0.971610767 - iilg
£=800 da/a = 0.00045128 wh= 0.97153615

alpha-Fe
£=800 da/fa = 0.00045128 wh= 0.97153615 115h
£=300 dafa = 0.00043512 wh= 0.971312334 L1703 =
£=800 dafa = 0.0004564 wh= 0.37123774
£=800 dafa = 0.00049024 wh= 0.971013993 LI_I »
£=300 dafa = 0.00045403 wh= 0.970790297 [?] Hon-crystals:
£=800 dafa = 0.0004992Z wh= 0.97049211%& h1203 -
£=800 dafa = 0.0005056 wh= 0.970119519 E4C
£=300 dafa = 0.000513238 wh= 0.989672591 EBed
£=800 dafa = 0.0005222Z4 wh= 0.969151435 EM
£=800 dafa = 0.00053376 wh= 0.965451759 CrzQ3
£=300 da‘a = 0.00054656 wh= 0.96773323 Csl
£=800 da/a = 0.0005632 wh= 0.96677Z57Z Fluorite ¥
£=800 dafa = 0.00058112 wh= 0.965733657 4| | »
£=300 da‘a = 0.0006016 wh= 0.964547692 [?] Elements:
£=800 dafa = 0.00062336 wh= 0.983289201 — i
£=800 da/fa = 0.00065536 wh= 0.95144146 ie o
£=300 dafa = 0.000658603 wh= 0.959670963 ig
t=800 da/a = 0.0007168 wh= 0.957903727 -
£=800 dafa = 0.0007616 wh= 0.955332339 LI dm

8 Ar

A=
Submit Query | [Zame "Submit™ action as sbove; single click, please!) it

JAT] j

Providing fitting for general
case is non-practical:

Too many parameters!

The form at the left is a
typical material science
application submitted from
univ-poitiers.fr. The profile
contains 72 lines, i.e. more
than 200 parameters.

Also, account for the
geometry or resolution of
experiment would make
the programs case-specific
Vs gerenal.

Argonne‘)
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Server development: fitting vs. automation — Il

#!/usr/bin/perl -W

use LWFP::Simplef # World-Wide Web Iibrary for Perl (Ilibwww-perl)
my $file = "example.dat";

my (SEl,$E2) = (10,12); # start and end energy

my sn = 3¢ # number of pts (please stay within a few dozen!)
my $JE = ($E2-$El1)/ (8n-1);

my Surl = “http://sergey.gmca.aps.anl.gov/cgl/X0h form.exe™;

my Sxway = 2f # 1 — wavelength, 2 - energy, 3 - line type

my Swave = 0; # works with xway=2 or xway=3

my $line = **°; # works with xway=3 only

my Scoway = 0; # O=crystal, l=other material, Z=chemicalformula
my Scode = ‘Germanium’; # works with coway=0 only

my Samor = i # works with coway=1 only

my $chem = " °; # works with coway=Z only

my Srho = '‘'; # works with coway=2 only

my ($il,$iz,$i3) = (0, 0, 0); #Miller indices

my Sdfldfz = 0; # DB Option for dispersion corrections:

my Smodeout = 1 # 0 — html out, 1 - guasy—text cut with keywords
my Sdetail = 0f # 0 — don't print coords, 1 = print coords

open (DAT,">»", $file) || die "Can't open ${file}in";

print DAT "#Energy, xr0, X10%n"s

for (my Si=0; $i<sn; sSi++) | # Energy lIoop

Swave = SE1 + Sd4E * Si;

my Saddr="8{url}?iway==%{xway}iwave=§{waveldiline=£{line}btcoway=%5{coway}"

"koode=8{code}tamor=:s{amor } &chen=%{ chem}&rho=%{rho} ™.
"Eil=g{il}Eiz=8{iZ2}&i3=§{1i3}edflafz=s{dfldacz;".
"Emodeout=8{modeout } bdetail=8{detail }";

my Spbuffer = get($addr); #Regquest XOh data from WWW
my @content = gplit /\n/, Sbufier; # split page into Iines
my ®Sncon = $¥content + 1 # number of Iines on page
print DRT ~ g{wave},";
for (my $J=0f $j<sncon; $Jj++) | # Ioop over page I1ines

my $x = Scontent[$]]; chop $xf #atrip LF/CR

ir ( $x =~ w/xr0=/ ) {8x =~ 5/*.*xr0=//g; print DAT * S{x},":}

if { $x =~ m/xi0=/ ) (8K =~ g/*.*x10=//g; print DAT " S{x}sn";}

}
}

Perhaps a more productive idea than
online fitting is to provide tools to grab
data by a fitting procedure running at a

remote computer:

X-Ray

client

Fitting loop

Example script provided on the server to request |¢Energy,
& save y,, and y,, as a function of X-ray energy

=rid,

10, -0.18163E-04,
11, -0.13836E-04,
12, -0.12B0%E-04,

xil
0.35103E-06
0.24208E-06A
0.1451aE-05

- More flexibility

- No need to reprogram
theory at user’s side

X-Ray
Server

Curve
calculation

Argonne;
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Server Templates

getX0h.pl Script interfacing X0h (equivalent to X0h form)
getGID.pl Script interfacing GID_sl (equivalent to GID_sl form)
getTER.pl Script interfacing TER_sl (equivalent to TER_sl form)

getTER_sw.pl | A script interfacing TER_sl and | (equivalent to TER sl form)
additionally requesting standing
waves

The scripts can be called from user's software written in any language using the system

function. If one needs to vary a parameter, it can be passed to the script as a command line
argument.

Basically, these scripts present a practical example of a CGI client program accessing the
server programs. They are simple, but they should be simple to become useful since they
address a wide auditory of physicists presumably unfamiliar or poorly familiar with the CGI.

Inspecting the Server logs has shown that the community perceived the idea very well: there
have been many cases of using the template scripts since they were introduced in July’07.
Moreover, only a month after posting the templates, a group at HASYLAB used this idea to
develop their own Igor Pro macros for accessing the wavefields provided by TER_sl.

NNNNNNNNNNNNNNNNNN



Conclusions

We have presented a simple solution how to extend the accessibility of scientific
software working through the WWW. A set of documented CGI wrappers available
for download allows to educate users and let them embed the server programs
into their own software as a remote library or implement remote fitting.

This experience shows that the remote interface should be as simple as possible
because the only way to make it generic and flexible (i.e. of wide interest) is when
scientists can link it directly to their own software without long learning or help from
professional software guru.

The next steps in the X-ray Server development will head towards adding more
remote access templates and providing intermediate data from server programs,
for example the X-ray wavefields inside the samples in addition to the X-ray
scattering curves.

This experience may be helpful for newly emerging scientific software projects like
DANSE or Digital Lab.
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