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Point detectors in neutron diffraction

Motivation

• High accuracy of the measured intensities, especially at short wavelengths.

• HEiDi, POLI (MLZ), 5T2, 6T2 (LLB), D3, D10, D23 (ILL), Zebra/TriCS (SINQ), ...

HEiDi: 4-circle SG diffractometer POLI: polarised SG diffractometer



Need for data visualization and processing software

Motivation

HEiDi

PRON: Program for data reduction of DIF4

• No GUI and not user-friendly (difficult to treat peaks individually, etc.)

• Instrument-specific (DIF4, no NICOS support)

• No peak fitting

POLI

• No software for the unpolarised neutron diffraction (commissioning in 2015)

• Adapt HEiDi program? (but another instrument geometry, data format, set of input
parameters, etc.)

Decision

• Develop a new software with user-friendly graphical interface

• Support both HEiDi and POLI, experimental log and data files, own and NICOS data
formats

• Davinci project



Code metadata

Davinci features

License Open source, GNU GPL v3.0

Programming language C++11

Dependencies Qt5 (GUI, etc.), QCutomPlot (plotting), Minuit2 (fitting)

Unit testing Qt Test framework

Desktop installer Qt Installer framework, JavaScript (macOS, Linux, Win)

Version control Git via GitHub

Cont. integration AppVeyor and Travis (clang, gcc, msvc, mingw)

qmake Project Files Python scripts

Code styling Artistic Style

Code documentation QDoc

User manual pdfLaTeX (PDF) and Python scripts (HTML)



Data processing

Davinci features

Input data

• Raw measured data: POLI, HEiDi and MIRA at MLZ, 5C2 and 6T2 at LLB

Calculate/extract for each Bragg peak

• Experimental parameters: angles, orientation matrix, temperature, field, etc.

• Miller indices based on orientation matrix and angles

• Structure factor based on peak intensity

• Full width at half maximum based on peak intensity and scan data

• Direction cosines based on orientation matrix and angles

• Flipping ratios (polarised neutrons) based on spin up and down peak intensities

Export data

• Peak plots as graphics: vector: PDF, raster: JPEG

• Output table as text: general: CSV, specific: ShelX, TBAR/D9, UMWEG, CCSL



Peak intensity calculation

Davinci features

Peak location and integration

• The peak and background points can be selected manually or detected automatically
using the Lehmann-Larsen method
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A method for location of the peak in a step-scan-measured Bragg reflexion profile is described. It leads 
to a ratio between the standard deviation of the intensity and the intensity, a(1)/l, which is near minimum. 
The method is based on the observation that if a(1)/l is calculated for all possible peak widths for a 
given profile then a(1)/l is minimum near the true value of the peak width, and minimal a(1)/l can thus 
be used as a criterion for correct location of the peak. The intensity determined this way is however 
in general slightly underestimated, and the bias as well as possible corrections are discussed. In addition 
a simple function resembling a(1)/I, which has proved to be useful for practical applications, is given. 

Introduction 

When the profile of a Bragg reflexion is known at a 
sufficient number of points, it is possible to determine 
the intensity of the reflexion. This is done by integrating 
(summing the individual profile intensity measure- 
ments) over the part of the profile assumed to contain 
elastically diffracted radiation, and subtracting from 
this integral the background intensity, which is assessed 
from the remaining part of the profile. In the following 
we assume for simplicity that the profile does not con- 
tain appreciable contributions from white radiation 
streaks or from thermal diffuse scattering. 

The amount of data required to put this method into 
use for intensity measurements in single-crystal struc- 
ture determination is quite extensive, and a usual way 
of overcoming this difficulty is to perform the integra- 
tion at the time of measurement through use of the so- 
called background-peak-background (BPB) method. 

Knowledge of the profile of the Bragg reflexion 
nevertheless gives obvious advantages over the BPB 
method. In cases where an intensity is in question the 
BPB measurement gives little alternative but remeas- 
urement, while the profile data for a reflexion may be 
reexamined for individual features. Besides, as the 
peaks may vary in position and width for different re- 
flexions, the BPB method must use a peak scan width 
wider than the optimal width. The intensity obtained 
from a profile measurement, which includes determina- 
tion of this optimal width, will therefore have smaller 
standard deviation than the BPB intensity, if the same 
time is spent on the two measurements, or conversely, 
the time one has to spend on a reflexion to obtain a 
certain standard deviation is smaller for a profile than 
for a BPB measurement. 

Location of the background 
Let the points of the profile be 

! ( i )  i -  ! ,  , ,n 

measured for the same length of time at n equidistant 
angular settings 

O(i) i= l. . .n 

of the crystal when rotated through the Bragg re- 
flecting position. The integrated intensity of the re- 
flexion is then given by 

p 

I = ~ [ l ( i ) - B ( i ) ]  (1) 

where the summation is over the p points in the centre 
of the profile which contains Bragg scattering, and 
B(i), the background, is a function derived from the 
remaining b points, the background. The variance 
based on counting statistics is approximately 

p p 

var (I)___var [ ~ I ( i ) l+var  [ ~ B(i)] 
p p 

~- ~ I(i)+ ~ var [B(i)I, (2) 

assuming Poisson distribution for the I(i). 
The main difficulty in calculating I consists then in 

locating the p points over which to integrate. Bartl & 
Schuckmann (1966) have shown that the background 
can be located by projecting the profile points on to the 
intensity axis. The background level is then given by 
the point on the intensity axis where the density of 
points is highest. Slaughter (1969) has described a 
method in which variations of the double difference 
{A 2= [I(i + 1 ) -  I ( i ) ] -  [ I ( i ) -  I ( i -  1)]} and the curvature 
are used to determine the peak position. A different 
approach to the problem is given by Diamond (1969). 
A profile based on previous measurements is fitted to 
the actual profile by the method of least squares, 
thereby avoiding the problem of determining the peak 
position. This method is especially useful for low- 
intensity reflexions. A somewhat similar approach has 
been suggested by Norrestam (1972), who obtained 
the intensity by first subtracting from each I(i) the 
minima! ~0unt f0und~ and then fitting the resulting 



Peak intensity calculation

Davinci features

Peak location and integration

• The peak and background points can be selected manually or detected automatically
using the Lehmann-Larsen method



Scan correction

Davinci features

Remove neighbours

• The tails from neighbouring reflections can be removed manually or automatically



Home page: davinci.sazonov.org

Davinci web



Version history page: davinci.sazonov.org/changelog.html

Davinci web



User manual page: davinci.sazonov.org/umanual.html

Davinci web



User manual page: davinci.sazonov.org/umanual use.html

Davinci web



Bug report page: github.com/AndrewSazonov/Davinci/issues

Davinci web



Installer

Davinci workflow



Automatic update

Davinci workflow



Open experimental files

Davinci workflow



Text view tab

Davinci workflow



Table view tab

Davinci workflow



Plot view tab

Davinci workflow



Plot view tab

Davinci workflow



Output table tab

Davinci workflow



Console version

Davinci workflow



Work in progress and planned features

Further development

Peak fitting

• Gaussian, Lorentzian, Pseudo-Voight peak shape functions and their
asymmetric versions

Other instruments

• Single-crystall diffractometers Zebra (TriCS) at SINQ and
D3, D10, D23 at ILL

Resolution function table

• Determine the widths table from the good peaks and use it to locate
the weak peaks

Save state

• Save the current data processing progress in file (xml, yaml, json?)
for later use

Thank you for your attention!


