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Abstract. At the IBR-2 pulsed reactor in Dubna a new neu-
tron Fourier diffractometer FSD is under construction. FSD
continues the development of neutron Fourier diffractome-
try at long-pulse neutron sources, which was started sev-
eral years ago with the high-resolution Fourier diffractome-
ter HRFD at the IBR-2. Whereas HRFD is mainly used for
precise structural refinement, FSD is optimised for internal
stress measurements in bulk materials. The FSD design sat-
isfies the requirements of high luminosity, high resolution,
a specific sample environment, a wide range of dhkl , and
fixed scattering angles 2θ = ±90◦. It consists of a mirror
neutron guide, a fast Fourier chopper for the neutron-beam
intensity modulation, a ±90◦ MultiCon ZnS(Ag) 6Li-loaded
detector system with both geometrical and electronic focus-
ing, a five-axis goniometer ‘Huber’ and loading machines,
and VME-based RTOF analysers for data acquisition. Exam-
ples of the first experimental results obtained with FSD are
presented.

PACS: 61.12.-q

Experiments for residual stress studies start to occupy a no-
ticeable position in the research programs of leading neutron
centres. To conduct such experiments, specialized neutron
diffractometers are being constructed. The experience of ap-
plication of neutron diffraction to study residual stresses with
the HRFD diffractometer in Dubna [1] arouses vast inter-
est on the side of science and industry. Therefore, the new
project for construction of a neutron diffractometer (with
a working name Fourier Stress Diffractometer - (FSD)) ded-
icated exclusively to residual stress studies started on the
IBR-2 pulsed reactor in FLNP JINR. The work is conducted
by joint efforts of collaborators from FLNP (Dubna), PNPI
(Gatchina), IfZP (Dresden, Germany) and ISSP (Budapest,
Hungary).
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1 Experimental

The resolution of a TOF-diffractometer can be improved by
decrease of neutron pulse duration and increase of flight path.
For pulsed neutron sources with short pulses of fast neu-
trons a width of thermal neutron pulses of ∼ 20 µs/Å can be
achieved. An increase in flight path to 100 m gives a reso-
lution value down to 0.001. For long pulse neutron sources
(e.g. IBR-2 reactor) this way to achieve high resolution is un-
acceptable. Here the so called reverse time-of-flight method
(RTOF) – a kind of correlation technique [2] – is of advan-
tage. The RTOF-method assumes the application of a fast
Fourier chopper for the neutron beam intensity modulation
and measuring of high-resolution correlation spectra. In the
RTOF-method data acquisition is conducted at the contin-
uous changing of Fourier chopper rotation frequency from
zero to some maximal frequency ωm. The time component
of the resolution function is defined by resolution function of
Fourier chopper, which depends on particular frequency dis-
tribution function g(ω):

∆t0/t ∼
Ω∫

0

g(ω) cos(ωt)dω (1)

where Ω = Nωm – maximal modulation frequency of neu-
tron beam intensity, N – number of slits of Fourier chopper.
At reasonable choice of ωm the effective neutron pulse width
∆t0 equals Ω−1 and for N = 1024, ωm = 100 Hz (FSD pa-
rameters) gives a value ∼ 10 µs. This means that for total
flight path (from Fourier chopper to detector) of ∼ 6.5 m and
scattering angle of 2θ = 90◦ time component of resolution
function equals ∆t0/t ≈ 2 ×10−3 at d = 2 Å.

The FSD diffractometer is situated on beam 11a of the
IBR-2 pulsed reactor with a water moderator which generates
thermal neutron pulses with a frequency of 5 Hz and a du-
ration of ∼ 320 µs. The main functional units of the FSD
diffractometer are: a long curved mirror neutron guide for
background suppression; a fast Fourier chopper; a straight
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Fig. 1. The detector system of FSD diffractometer

mirror neutron guide to form the thermal neutron beam on
the sample; a detector system; sample environment; data
acquisition system, including specialised RTOF analysers.
The FSD detector system includes two MultiCon detectors
at average scattering angles 2θ = ±90◦, at that each Mul-
tiCon detector consists of 8 elements with 6Li loaded ZnS
plates as a scintillator (Fig. 1). A peculiarity of the Multi-
Con detector is combined use of electronic and time focusing
of a scattered neutron beam that allow realising fundamen-
tally new design of a detector system with large solid an-
gles (∼ 0.16 steradians for each MultiCon detector) [3]. All
8 elements of detector are electronically focused using an
appropriate channel width for each detector analyser. Thus
the electronic time focusing gives the same scale dhkl for all
detector elements. At the same time the scintillator surface
of each detector element is arranged according to the neu-
tron time focusing condition, which gives the high-resolution
value for individual detector element. Such set-up essen-
tially increases the luminosity of FSD diffractometer (by fac-
tor of ∼ 10 in comparing with actual prototype at HRFD
diffractometer) at the same time providing high-resolution
on interplanar spacing. Currently two first elements of Mul-
tiCon detectors are assembled and installed on FSD. Ad-
ditionally backscattering BS− detector (2θ ≈ −141◦) com-
posed of sixteen 6Li scintillation elements is installed. The
spatial arrangement of BS− detector elements corresponds
to a single time focusing surface for a scattered neutron
beam.

2 Results and discussion

On FSD the mirror neutron guide has greater radius of cur-
vature in comparison to the HRFD diffractometer in order
to obtain appropriate neutron spectral distribution. There-
fore for FSD neutron intensity spectral distribution is shifted
towards shorter wavelengths by ∆λ ≈ 0.2 Å and the avail-
able wavelength range is λ = 0.9 ÷ 8 Å. This fits well to
the FSD required characteristics since lattice parameters
of most studied materials are rather small so the avail-

Fig. 2. Part of neutron diffraction pattern from the α-Fe standard sample
measured on FSD in high-resolution mode by MultiCon+ detector. Ex-
perimental points, profile calculated by the Rietveld method and difference
curve are shown

able dhkl-range should be shifted to smaller values. The
measured integral neutron flux at the sample position is
F ≈ 3 ×105 neutr./cm2/sec with Fourier chopper. The value
of Fourier chopper transmission was found to be ≈ 1/4.5.
The first neutron diffraction patterns from α-Fe standard
sample were measured on FSD in high-resolution mode
by BS− and MultiCon+ detectors (Fig. 2). The FSD reso-
lution function was estimated from high-resolution neutron

Fig. 3. FSD resolution function measured on α-Fe powder at maximal
Fourier chopper speed Vmax = 6000 rpm

Table 1. Main parameters of FSD high-resolution detectors

Detector BS− MultiCon+ MultiCon−
1st element 1st element

Scat. angle 2θ,◦ 140.864 107.5 107.5
dhkl - range, Å 0.51−5.39 0.63−6.71 0.63−6.71
∆d/d (d = 1 Å) 3.4×10−3 4.6×10−3 4.5×10−3

∆d/d (d = 2 Å) 2.3×10−3 4.0×10−3 3.7×10−3

Solid angle Ω, str 0.054 0.02 0.02
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diffraction spectra measured on annealed α − Fe powder
by all three detectors at maximal Fourier chopper speed
Vmax = 6000 rpm (Fig. 3). Results of experiments show that
all detectors have sufficiently high-resolution and a wide
enough range of dhkl (Table 1): ∆d/d ≈ 2.3 ×10−3 for BS−
detector and ∆d/d ≈ 4 × 10−3 for both first elements of
MultiCon+ detectors at d = 2 Å. Furthermore the depen-
dence of resolution function and diffraction peak shape
on maximal Fourier chopper speed Vmax was measured. In
the RTOF-method the intensity, amplitude and width of
diffraction peaks depend on the maximal Fourier chopper
speed Vmax. According to theory the effective neutron pulse
width decreases as 1/Vmax, reaching the value of ∼ 10 µs
at Vmax = 6000 rpm (Fig. 4). Thus this specific feature of
the RTOF-method gives the possibility to select the optimal
regime of FSD operation depending on the required reso-
lution and intensity.

3 Conclusion

Recent experiments have shown that the FSD parameters con-
firm the fitness of the diffractometer for residual stress studies
with required accuracy. In 2001 physical experiments pro-
gram was started on FSD diffractometer. Auxiliary equipment
(loading device, mirror furnace, Huber goniometer, etc.) al-
lows one to vary broadly the experimental conditions. Further
work on diffractometer construction will include develop-
ment of the detector system, radial collimators as well as
electronics and software.

Fig. 4. Effective pulse width ∆t0 dependence versus maximal Fourier chop-
per speed Vmax in high-resolution mode
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