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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.



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

2,007
jobs

BRL on the Web applies a novel algorithm to calculate multiple Bragg diffraction of x-
rays including the cases of x-ray waves grazing along the crystal surface and Bragg 
angles at 90 degr.

8,795
jobs

MAG_SL on the Web calculates x-ray resonant specular reflection from magnetic 
multilayers with interface roughness and transition layers. It can also supply 
wavefields for calculations of diffuse scattering from magnetic roughness.

10,882
jobs

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

13,749
jobs

TER_SL on the Web calculates x-ray specular reflection and standing waves from 
multilayers with interface roughness and transition layers. It uses a new recursive 
algorithm converging faster than the recursions by Parratt.

36,390
jobs

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

63,821
jobs

X0h interpolates dielectric susceptibilities x0 and xh for some crystals and other 
materials in wide range of x-ray wavelengths with the option to compare data from 
different databases.
X0h-search is a tool to search for Bragg planes under various conditions.

Software available through X-ray Server

Based on ~17 research papers



Interpolation of X-ray structure factors

O.M.Lugovskaya & S.A.Stepanov, Sov. Phys. Crystallogr. 36, (1991) 478-471.



Tool for searching Bragg reflections



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 χ0(z), χh(z), and interface 
roughness  height σ(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!

Bragg diffraction simulation program – 1

S.Stepanov, E.Kondrashkina, R.Koehler, D.Novikov, G.Materlik, and S.Durbin, 
PRB, 57, (1998) 4829-4841.



Web input form

Bragg diffraction simulation program - 2



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. 

кsΦ0Φ0
к0

Specular reflectivity simulation program - 1

By-product of GID_sl:
same recursion algorithm !

S.Stepanov, E.Kondrashkina, R.Koehler, D.Novikov, G.Materlik, and S.Durbin, 
PRB, 57, (1998) 4829-4841.



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

Specular reflectivity simulation program - 2



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
polarized 
X-rays

кsΦ0Φ0
к0

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, 
PRB, 68 (2003) 224409-224427.



Resonance magnetic reflectivity program - 2

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



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.

Grazing incidence diffuse scattering program - 1

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. 

Fig.4. 
Asymmetric rougness 
of vicinal interfaces 
and skew roughness 
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Grazing incidence diffuse scattering program - 2



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.

Multiple Bragg diffractrion program - 1

S.Stepanov and A.Ulyanenkov, Acta Cryst. A50 (1994) 579-585.

Reflex ( 0 0 0 )

Kossel lines in case of 
multiple Bragg diffraction

к0 к1

к2
к3



Multiple Bragg diffractrion program - 2

Step-1

Step-2



Multiple Bragg diffractrion program - 3



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

GnuPlot.exe
(freeware)

Apache.exe
(freeware)

Zip.exe
(freeware)

GID_form.exe:
interface layer

Input
file

CGI
interface

Data file Data file

PNG
image

Zip file

HTML
results

X-Ray
client

X-Ray
Server

Web browser
on remote
computer

Windows computer
on my desk. Seamlessly

serves ~50 x-ray 
jobs per day 24*7

HTML form

HTML results

Data
file

GID_sl.exe: 
the Bragg curves 

calculation program
needs to be developed
research product (no extra work)
freeware (no extra work)

LEGEND:



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:

• Provide automation

• Provide fitting



Server development: fitting vs. automation – I

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.



Server development: fitting vs. automation – II

Example script provided on the server to request 
& save χ0r and χ0h as a function of X-ray energy

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

X-Ray
Server

Curve 
calculation

Request curve 

for each step

- More flexibility

- No need to reprogram 
theory at user’s side



Server Templates

(equivalent to TER_sl form)A script interfacing TER_sl and 
additionally requesting standing 
waves

getTER_sw.pl

(equivalent to TER_sl form)Script interfacing TER_slgetTER.pl

(equivalent to GID_sl form)Script interfacing GID_slgetGID.pl 

(equivalent to X0h form)Script interfacing X0hgetX0h.pl

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.



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.


