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A program suite for one-dimensional small-angle scattering data processing
running on IBM-compatible PCs under Windows 9x/NT/2000/XP is presented.
The main program, PRIMUS, has a menu-driven graphical user interface calling
computational modules to perform data manipulation and analysis. Experi-
mental data in binary OTOKO format can be reduced by calling the program
SAPOKO, which includes statistical analysis of time frames, averaging and
scaling. Tools to generate the angular axis and detector response files from
diffraction patterns of calibration samples, as well as binary to ASCII
transformation programs, are available. Several types of ASCII files can be
directly imported into PRIMUS, in particular, sasCIF or ILL-type files are read
without modification. PRIMUS provides basic data manipulation functions
(averaging, background subtraction, merging of data measured in different
angular ranges, extrapolation to zero sample concentration, efc.) and computes
invariants from Guinier and Porod plots. Several external modules coupled with
PRIMUS via pop-up menus enable the user to evaluate the characteristic
functions by indirect Fourier transformation, to perform peak analysis for
partially ordered systems and to find shape approximations in terms of three-
parametric geometrical bodies. For the analysis of mixtures, PRIMUS enables
model-independent singular value decomposition or linear fitting if the
scattering from the components is known. An interface is also provided to the
general non-linear fitting program MIXTURE, which is designed for
quantitative analysis of multicomponent systems represented by simple
geometrical bodies, taking shape and size polydispersity as well as interparticle
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1. Introduction

X-ray and neutron small-angle scattering (SAXS and SANS) are
powerful techniques for the analysis of dispersed systems of different
nature (inorganic, polymer, biological) (Feigin & Svergun, 1987).
Recent decades have seen remarkable progress in X-ray and neutron
scattering instrumentation (see e.g. Pedersen, 2002, for a review).
High-flux dedicated X-ray synchrotron radiation and neutron
beamlines can generate enormous amounts of data, e.g. in time-
resolved experiments. Progress in the analysis of these data has been
less dramatic, and the processing of small-angle scattering data
remains to a large extent a non-trivial multistep task. Various data
processing and manipulation packages exist at major large-scale
facilities, but their specific input data formats often limit their port-
ability between different laboratories. A non-exhaustive list of
general data reduction systems includes e.g. the SANS package at
HMI, Berlin (Keiderling, 1997), the GRASP package at the ILL,
Grenoble (Ghosh, 1989; Dewhurst, 2002), and the data acquisition/
reduction system at the DUBBLE beamline at the ESRF, Grenoble
(Homan et al., 2001). The analysis typically yields processed scat-
tering patterns and a few overall parameters characterizing the
system. Given the improved experimental capabilities and shorter

interference effects into account.

collection times on modern sources, there is a need for flexible
general purpose data analysis tools. In the present paper, a menu-
driven program package, PRIMUS, is presented, which is capable of
reading different input file formats and allows the user to perform
standard data reduction and manipulation tasks and computation of
the invariants. Most notably, the package includes interfaces to
several programs for the analysis of one-dimensional scattering data
from monodisperse systems, polydisperse and interacting systems and
mixtures, as well as partially ordered systems. This allows one to run
major data processing and analysis tasks conveniently and in many
cases perform full analysis and modelling of the experimental data
from within the same graphical user interface (GUI). The program
package can be implemented on IBM-compatible PCs under
Windows 9x/NT/2000/XP.

2. Primary data processing in OTOKO format

The current version of PRIMUS deals with one-dimensional scat-
tering data sets (e.g. those collected by linear detectors or radially
averaged patterns). PRIMUS can either read in ASCII data files (see
next section) or unprocessed binary data files in the OTOKO format
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(Boulin et al., 1986). The one-dimensional OTOKO data consist of an
ASCII header and of two associated binary files, the first one
containing the scattering patterns of successive time frames and the
second one the corresponding ancillary data, such as ionization
chamber readings, current in the storage ring, waiting and reading
time, etc. OTOKO format is used at the X33 beamline of the EMBL
on the storage ring DORIS of the Deutsches Elektronen Synchrotron
(DESY) at Hamburg [where the data are generated by the acquisi-
tion program SUPER_WIN (Golding, 2002)], as well as at other
facilities (HASYLAB, DESY, beamline A2; NSLS, Brookhaven,
beamline X27C; LURE, Orsay, beamline D24; Daresbury Labora-
tory, several beamlines; SSRL, Stanford, beamline BL4-2). OTOKO
files may be converted from Big Endian (UNIX) to Little Endian
(PC) format and vice versa by the program ENDCON.

Data processing follows the standard equation (e.g. Strunz et al.,
2000) to yield the net scattering intensity I(n) as a function of
detector channel or averaging bin n:

I _ 1 Is(n) Im(n) Ie(n) 1 1
(n) = cDet(n) [ﬁ 1, T, I, (? B T_>]’

s m

M

where the subscripts s, m and e denote the scattering from sample,
matrix (e.g. solvent) and empty cell (camera background), subscript 0
refers to the calibration channel reading corresponding to the
intensity of the incident beam, 7 stands for transmission, ¢ for the
specimen concentration in the sample and Det(n) is the detector
response function. The intensities I(n), I,(n), I.(n) are either
numbers of events (photons/neutrons) registered by the detector or
are averages obtained by radial binning and/or by summing up the
results of repetitive experiments on the same sample. Depending on
the type of system, some terms may be missing in equation (1): e.g. in

primus.
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solution scattering 7 often equals 7, and the third term vanishes; for
non-particulate systems, there is no matrix scattering (7,,, — 00) and
the second term is omitted.

Data reduction of OTOKO files is done by the program SAPOKO
either interactively or through an ASCII batch file. The program
performs several operations depending on the type of measurement.
The data are first multiplied by a mask function to eliminate the
unused channels. For time-resolved measurements the data from
successive time frames are normalized against calibration channels
(e.g. ionization chamber reading) and divided by the detector
response. The ancillary data are stored in the second binary file and
the experimental errors calculated from the numbers of counts in the
unprocessed experimental data following standard statistical proce-
dures (Bevington, 1969) in a third binary file. Static patterns are also
recorded as a set of successive time frames to monitor possible
radiation damage, and one of the frames, usually the first, is taken as a
reference. After data masking and normalization, all frames in the file
are compared with the reference one. They are accepted for aver-
aging only if they are statistically compatible with the reference frame
following x* statistics (Bevington, 1969). The ancillary data are not
kept for static patterns and the experimental errors are stored as the
second record of the — in this case single — binary file.

PRIMUS provides a convenient menu interface to run SAPOKO,
whereby the input parameters and the range of files to be processed
are specified in a pop-up menu (displayed in Fig. 1 along with the
overall GUI of PRIMUS). The detector response function for data
calibration can be created in PRIMUS using a ‘Detector’ pop-up
menu dialog. Experimental file(s) containing the patterns recorded
for uniform detector illumination (e.g. radioactive source or fluor-
escence of a metal foil) are fitted by appropriate parametric functions
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Figure 1

User interface of PRIMUS displaying the data processing toolbox, graphics and text windows. The blue curve is the scattering profile from a solution of bovine serum
albumin, the red one that of the solvent and the magenta curve is the net scattering after background subtraction. Pop-up dialog boxes calling the primary data reduction
program SAPOKO and the indirect transformation program GNOM are also displayed.
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(Lorentz, exponential or polynomial). The ratio to the fit is used as
the Det(n) function in equation (1) to compensate for the non-
uniformity of the detector response. The angular axis can be gener-
ated from the ‘Makeaxis’ dialog using patterns from standard samples
with appropriate periodicities (e.g. dry collagen, tripalmitin or Ag
behenate). The peaks selected interactively as described below for
the program PEAK are used to establish the relation between
detector channel number and momentum transfer, s = 4mwsin6/A,
where 26 is the scattering angle and A the wavelength. Using the axis
information, the processed binary data are converted from OTOKO
to ASCII format by using the options ‘Binasc’ (for multiple time-
resolved frames) or ‘Averasc’ (for averaged static frames).

The program SAPOKO also includes options for background
subtraction and scaling using equation (1), and given the scattering
vector axis, can estimate overall particle parameters. There exists also
a version of the indirect transformation program GNOM (Svergun,
1992) called GNOMOKO, which can directly use the output of
SAPOKO to compute the characteristic functions. For further
analysis of processed data it is convenient to use the extensive tools
provided by PRIMUS for ASCII files, described in the following
sections.

3. Data-manipulation toolbox

The previous section described an instrument-specific front end of
PRIMUS where the raw data are reduced and converted into ASCII
format. In the following, all manipulations are done with the ASCII
data in tabular format containing the scattering vector or momentum
transfer axis ‘s’ in the first, the intensity ‘/(s)’ in the second and
optionally the standard error o(s) in the third column. The program
has a smart reader to recognize the beginning of the data stream in
the input file, so that, e.g. sasCIF (Malfois & Svergun, 2000), ILL
(Ghosh, 1989) or LOQ (King & Heenan, 1996) formatted files are
read without modification. All valid data lines containing increasing
values of momentum transfer and non-zero intensity are read and up
to ten files can be loaded into the data-manipulation toolbox (filtering
options are provided for multiple file selection). The user interface of
PRIMUS displaying the toolbox is presented in Fig. 1. The angular
axis in the input file can be given either in s = 47sinf/A or in § =
2sin6/A and the units can be transformed between nm ™" and A™" as
well as between s and S by a selection bar. The sample concentration
and scale multiplier (default values are 1.0) as well as first and last
data points can be adjusted for each data set individually. Each file
can be made ‘Active’ (for plotting and other operations) by ticking
the appropriate box (by default, newly loaded files are marked
‘Active’). The standard data plotting window is displayed in Fig. 1 on
the left; advanced plotting options are provided by calling the option
‘Sasplot’, which displays currently active files in a separate window
using different scales and permits the user to select the plotting range
and zoom factor with the mouse. The program SASPLOT can also be
run separately from outside PRIMUS.

The data-manipulation toolbox enables subtraction of the back-
ground, normalization of the data using equation (1), averaging,
splicing, merging, etc. There are ten ‘Input’ file boxes and one
‘Output’ box, where the result of any operation is placed and can be
further used in subsequent data manipulations. Linear operations
with two files are ‘Average’, ‘Subtract’, ‘Divide’, as well as functions
‘Adjmul’ (least-squares scaling), ‘Adjust’ (scaling and constant
adjustment). The last two functions also provide estimates of whether
the two data sets are statistically different up to a scale factor (and, in
the second case, also a constant term). Division by a factor and
subtraction of a constant are performed with the ‘Divcst” and ‘Subcst’
menu options. The option ‘Merge’ merges several files with auto-

mated least-squares scaling in the overlap(s) and possible joining of
points in the output file. For all operations, information about the
operation performed (type of operation, file names, weights, ranges of
points used efc.) is written in the header of the output file and the
headers of the operands are appended to the output data stream. The
default resulting file name contains the operation name with incre-
menting number, and with these conventions, full data processing
history can be tracked. The name in the ‘Out’ box file (or, if this box is
empty, the name of the first active data set) is taken as the default
input file name for all callable data analysis programs described
below.

4. Data analysis with PRIMUS
4.1. Concentration series analysis

PRIMUS provides two options for data extrapolation to zero
specimen (solute) concentration in the sample (e.g. protein concen-
tration in solution). The first one, ‘SamBuf’, solves a system of linear
equations for a series of measurements at different specimen
concentrations assuming the experimental data to be a linear
combination:

Ie(::];(s) = Vklsample(s) + (1 - Vk)Ibuffer(S)7 (2)

where v, is the volume fraction of the specimen in the sample.
Solution of the system separates two functions, Jgampie(s) and Tyygre(s),
which is useful for subtracting the background for measurements
made at higher angles and high specimen concentrations, in which
case the volume fraction of the specimen must be taken into account
in equation (1). For proteins, the estimate of the volume fraction of
the specimen is v, = 7.3 x 10~*c,, where ¢, is the concentration in
mg ml™', and 0.73 cm® g™ is the average partial specific volume of a
protein.

The second option, ‘“ZerConc’, accounts for attractive or repulsive
interactions, which mostly influence the scattering data at very small
angles. For this, the scattering patterns after background subtraction
are scaled such that they coincide at higher angles (where the
structure factor may be neglected). The initial portion of the data is
extrapolated to zero concentration assuming linear concentration
dependence and the resulting intensities are merged with the scat-
tering from the sample with the highest concentration at higher
angles.

4.2. Computation of overall parameters

The radius of gyration R, and forward scattering /(0) are computed
by selecting the ‘Guinier’ option using the Guinier approximation:

I(s) = 1(0) exp(—s’R;/3), 3)

which is valid for (sR,) < 1.3 (Guinier, 1939). The first and last points
in the fit can be changed interactively by appropriate handlers and
the Guinier plot is automatically redrawn. The ‘Flat’ and ‘Rod’
buttons can be used to compute the radius of gyration of the thick-
ness of flat particles and the radius of gyration of the cross section of
rod-like particles, respectively.

The Porod invariant Q and Porod volume V of the particle (Porod,
1982) are evaluated using the ‘Porod’ option as

V =27°1(0)/Q = 27°1(0)/ 752[1(5) — K]ds. 4)
0

The angular range for computation can be adjusted interactively as
described for the Guinier plot, whereby the constant K is auto-
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matically calculated from the Porod asymptote [I(s)s* versus s*] at
higher angles.

Structural characteristics of partially ordered systems are
computed from the maxima in the scattering profiles using the option
‘Peak’ from the main menu of PRIMUS. The default input file name
for the PEAK module is transferred from the “Tools’ box as described
above, and the fitting region(s) for a single or for multiple peaks are
selected with the mouse. The marked peaks are fitted individually
(either on linear or on logarithmic scale) by Gaussian functions,
allowing also for two-parametric background subtraction, and the fits
are displayed on the screen (see Fig. 2 for the PEAK interface). The
structural parameters, which can be either displayed or stored, are
defined by the following expressions, where A represents the wave-
length of the radiation, S, is the full width at half-maximum of the
peak (in radians) and 6, is the scattering angle corresponding to the
value of the momentum transfer corresponding to the maximum
(Smax)- The d spacing of the peak is d = 27/s,,.x; the long-range order
dimension L = A/(B,c0s Opmay); the interaction radius R,, = (7/2.5)*(A/
B,) and the degree of disorder A/d = (1/m)(Byd/1)"* (Vainshtein,
1966). The capabilities of PEAK (which can also be run outside
PRIMUS) are similar to the peak fitting options in the FISH system
(Heenan, http://www.isis.rl.ac.uk/largescale/LOQ/FISH/FISH_intro.
htm). The program FISH has wider fitting possibilities but does not
provide an interactive peak-selection interface.

4.3. Calling external data analysis modules

For computation of characteristic functions of dilute monodisperse
or polydisperse systems, PRIMUS provides an interface to the
indirect transformation program GNOM (Semenyuk & Svergun,
1991; Svergun, 1992). This program solves an integral equation of the

type

Io(s) = | p() K(s, P dr, )

rmm

where p(r) is a distribution function (e.g. distance distribution or size
distribution) defined in the range [ryin, max], and K(s, r) is an integral
kernel of the corresponding Fourier transformation. The user-defined
parameters are specified in the dialog box which pops up when calling
GNOM (Fig. 1). The default input file name is transferred from the
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Figure 2

User interface of the PEAK module displaying the scattering pattern of a
poly(octadecylsiloxane) polymer matrix with embedded metal nanoparticles
(Svergun et al., 2001). The experimental curve is drawn in magenta; the green
curves are the fitted peak profiles. The corresponding structural parameters are
displayed in the pop-up window.

‘Tools’ box as described above; if two input files are specified, they
are automatically merged to correspond to the same characteristic
function. The user may select the type of system (monodisperse or
polydisperse), ranges in real and reciprocal space, etc. When started
in the default mode, GNOM yields the distance distribution function
of a particle given its maximum diameter r,, without further user
intervention (for more details about GNOM see Svergun, 1992).

Fast and simple particle shape analysis is performed by the
program BODIES, which finds the best approximation of the initial
portion of the scattering data in terms of three-parameter geome-
trical bodies. Approximate values of the particle volume, R, and 7p.x
are estimated from the experimental data to select the initial
approximation and fitting range. This range is automatically selected
to contain about four Shannon channels (Shannon & Weaver, 1949),
i.e. the data are fitted up to s = 47m/ry.x, accounting for the three
parameters describing the model plus the scaling coefficient. The user
may choose between six shapes (triaxial ellipsoid, ellipsoid of revo-
lution, circular, elliptical or hollow cylinder, prism); by default, the
program finds the best approximation in each class of bodies. The
scattering intensities from the geometrical bodies I(s) are evaluated
using standard formulae (Feigin & Svergun, 1987). The non-linear
least-squares package NL2SOL (Dennis et al., 1981) is employed to
find the geometrical parameters minimizing the discrepancy

X =[1/(N=1) 2{[11«1(8,) — Ly (5)1/0 (s, (©)

where N is the number of experimental points and w is the scaling
factor. The program displays and saves the appropriate fit(s) along
with the parameters yielding the best approximation.

For model-independent analysis of multiple scattering data sets
from polydisperse systems, singular value decomposition (SVD)
(Golub & Reinsh, 1970) is implemented. The matrix A = {A;} =
{I%)), =1, ...,N, k=1, ..., K, where K is the number of data
sets) is represented as A = U*S*V", where the matrix S is diagonal,
and the columns of the orthogonal matrices U and V are the eigen-
vectors of the matrices A*AT and AT*A, respectively. The matrix U
yields a set of so-called left singular vectors, i.e. orthonormal basic
curves U®)(s;), that spans the range of matrix A, whereas the diag-
onal of S contains their associated singular values in descending order
(the larger the singular value, the more significant the vector).
Physically, the number of significant singular vectors (non-random
curves with significant singular values) yields the minimum number of
independent curves required to represent the entire data set by their
linear combinations (e.g. for mixtures, see below). The program
SVDPLOT computes the SVD from the active data sets in the
toolbox and displays the singular vectors and singular values (see
example in Fig. 3). A non-parametric test of randomness due to Wald
and Wolfowitz (Larson, 1975) is implemented to obtain the number
of significant singular vectors, which provides an estimate of the
minimum number of independent components in equilibrium or non-
equilibrium mixtures [e.g. number of (un)folding or assembly inter-
mediates).

5. Analysis of mixtures: linear and non-linear cases

For a system containing distinct components with known scattering
intensities, the scattering pattern is a linear combination

I(s) = /{2::1 VL (s), @
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where v, and I;(s) are the volume fraction and the scattering intensity
from the kth component, respectively. Given the experimental scat-
tering from the mixture I.,,(s) and scattering curves of the compo-
nents, I;(s), the program OLIGOMER implements a non-negative
linear least-squares algorithm (Lawson & Hanson, 1974) to find the
volume fractions minimizing the discrepancy in equation (6). The
program, which can be either launched from PRIMUS or run sepa-
rately, is useful to characterize well defined systems like oligomeric
equilibrium mixtures of proteins with known high-resolution struc-
ture.

For more complicated mixtures of different types of particles with
possible polydispersity and interactions between particles of the same
component, the scattering intensity from a component can be
represented as

Ii(s) = Si(s) :foDk(R) Vi(R) [Apk(R)]2 ine(s, R) dR, ®)

where Api(R), Vi(R) and iy (s, R) denote the contrast, volume and
normalized scattering intensity (form factor) of the particle with size
R [these functions are defined by the shape and internal structure of
the particles, and iy (0, R) = 1], whereas S;(s) is the structure factor
describing the interference effects for the kth component.

The program MIXTURE employs equations (7) and (8) to char-
acterize quantitatively mixtures of particles with simple geometrical
shapes based on the scattering data. The algorithm allows one to
model mixtures containing up to ten different components (i.e.
different types of particles), each described by its volume fraction,
form factor, contrast, polydispersity and, for spherical particles,
potential for interparticle interactions. Currently, solid or hollow
spherical shells or circular cylinders, ellipsoids and dumbbells are
supported, for which the form factor is represented by a few para-
meters [e.g. spherical shell radii Rgf) ]. Each component can be
monodisperse or polydisperse, and in the second case the size poly-
dispersity D;(R) is described by a two-parametric monomodal
Gaussian or Schultz distribution characterized by the average
dimension Ry, and dispersion AR,. Interparticle interactions can be
taken into account within each component consisting of spherically
symmetric particles. The structure factor S (s) is represented in the
Perkus—Yevick approximation using the sticky hard-sphere potential

o Tl
.
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Figure 3

Example of SVD of ten data sets containing three different protein solutions, six
buffers and the scattering from an empty cell. The initial data are displayed in the
inset (top right corner); the singular vectors are shown in the SVDPLOT graphics
window on the left. The statistical test yields four independent singular vectors.

(Baxter, 1968) described by two parameters: the hard-sphere inter-
action radius R and the ‘stickiness’ 7.

Non-linear fitting in MIXTURE is based on the program suite
OPTIS that encompasses more than a dozen powerful optimization
methods (Volkov, 1995). By default, the program uses a quasi-
Newton minimization procedure due to Broyden-Fletcher—Gold-
farb-Shanno with simple bounds on the variables (Gill ef al., 1981),
which allows physically justified limitations to be placed on the
parameters. The use of MIXTURE requires a command file
containing specifications of the model and initial values of para-
meters, i.e. number of components, type of each component, relative
volume fraction, dimension parameters, average sphere radius, its
polydispersity, type of distribution function (Gauss or Schultz), etc.
The upper and lower limits can be specified for all fitting parameters.
An example of the format of the command file for the system of
polydisperse solid spheres and cylinders is presented in Table 1. Each
adjustable parameter has the following format: initial value, lower
boundary limit, upper boundary limit. If the three values are equal,
the value of the parameter will be fixed.

Instead of EXPERIMENT, one can use the TEST mode to work with
simulated data, which is useful for model calculations (e.g. for
checking the stability of solution provided by MIXTURE). One can
also design a model containing several components of the same type
(for example large and small spheres, long and short cylinders, efc.), in
which case the components must be separated in size by initial
approximation and boundary limits.

Currently, MIXTURE is run from PRIMUS by a pop-up menu
prompting for the command file and experimental data file names
(the interface is being further developed to allow the user to enter
and/or modify the information about the components interactively).
After non-linear minimization, the fit to the experimental data is
displayed and the partial scattering intensities from the components
and the relevant structure factors are stored as separate files. The
initial approximation and the best fit parameters for each component
are written to a log file after each run to record the history of running
MIXTURE under different conditions.

A prototype of MIXTURE was developed in the study of AOT
water-in-oil microemulsions and applied for quantitative description

Plot data

log I, relative

<1> model.dat

<2> experiment.dat
3> spheres.dat
<4> cylinders.dat
<5 reverse.dat

Figure 4

Example of data fitting by the scattering from a three-component system for AOT/
water/oil microemulsions. The experimental curve (2) is fitted by the total model
intensity (1) represented by a linear combination of contributions from spherical
droplets (3, magenta), long cylinders (4, green) and reversed micelles (5, black).
The shapes of the three components are schematically displayed on the plot made
by PRIMUS.
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com puter programs

Table 1
Example of a MIXTURE command file for a two-phase system.

Test command file
Spheres + Cylinders Comment line 2
EXPERIMENT Data fitting mode
2 Number of components
0.20 Total volume fraction
SPHERE Type of the first component
s Sphere volume fractionf
Inner shell radiust
Inner shell contrastf
s Outer shell radiust

1. Outer shell contrastf
25.0 Sphere polydispersityt
Hard-sphere radiust
Polydispersity (1 = Gauss, 2 = Schultz)
Sticky parameter (0 = hard sphere)
NDER Type of the second component
Cylinder volume fractiont
Inner shell radiust
Inner shell contrastf
Outer shell radiust
Outer shell contrastf
0.1 Radius polydispersityt

Polydispersity (1 = Gauss, 2 = Schultz)

00.0 Cylinder length
1 = OTOKO data, 2 = ASCII data

s Experimental data file
.0 Angular scale multiplier

Comment line 1

o
N
(%
o
o
-
o

o O

o))
o O -
v O«

T NP
U= OO O O -
o
o o O O

o
o

P dNWNWRLPOOOQONNOG- OO

+ Adjustable parameter (see §5).

of the droplet to cylinder transition in these classical microemulsion
systems (Svergun et al., 2000). The system was found to be a mixture
of three components: (i) spherical water droplets, moderately poly-
disperse, average radius depending on the water/AOT ratio (wo), (ii)
long cylindrical aggregates, (iii) reverse AOT micelles containing
bound water (an example of scattering from individual components
and from the entire mixture is shown in Fig. 4). The present version of
MIXTURE has been rewritten, further generalized and coupled with
PRIMUS (although it is also possible to run the program from a
console prompt). The features offered by MIXTURE are comple-
mentary to those provided by the FISH package: while the latter
offers a wider selection of form and structure factors, MIXTURE is
able to handle systems consisting of several distinct components.

6. Conclusions

The software packages described here are intended for use with one-
dimensional patterns. Two-dimensional data processing programs are
available from several sources (e.g. Hammersley, 1995; Stribeck,
2001). Our aim is to develop a software system allowing the
comprehensive and convenient processing of one-dimensional X-ray
and neutron patterns for different types of isotropic and partially
ordered systems, like solutions of biopolymers and colloidal particles,
microemulsions, polymers in solution and in bulk. The current
functionality of PRIMUS is complementary to that of the packages
described by Dewhurst (2002), Homan et al. (2001) and Hiragi et al.
(2003). The executable code of PRIMUS runs on any Windows PC
and does not require any additional software packages or languages
like Matlab, IgorPro or IDL. PRIMUS and all the modules called by
it have extensive on-line help invoked for each program by using the
‘Help” menu option. The program is readily extendable to call other
data processing and analysis programs and it is planned to do so in
the future, based on feedback and requests from users. In particular,
it is planned to extend the range of input formats and to implement
advanced modelling of the scattering data where the sample and
background data are separately submitted to the fitting programs to
omit the background subtraction step.

The programs PRIMUS, SASPLOT, PEAK, SAPOKO,
OLIGOMER, BODIES, SVDPLOT and MIXTURE have been
installed on the Windows PC used for data collection at the X33
beamline of the EMBL and extensively tested on a number of
ongoing projects at the EMBL, Hamburg Outstation, and in the
Institute of Crystallography, Moscow. All these programs as well as
other packages for advanced analysis of small-angle scattering data
(executable codes and user instructions) are available from the Web
site of the EMBL outstation at DESY, Hamburg (http://www.embl-
hamburg.de/Externallnfo/Research/Sax/index.html).

The work was supported by INTAS grant 00-243, DAAD grant
(2002) to PVK and INTAS grant YSF 2001/2-0133 to AVS.
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