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Abstract

The extremely high resolution in largespacing range at relatively short flight pathhe tost
positive result application of the correlation tejue (pseudorandom or Fourier) in neutron
diffractometry. The reverse time-of-flight Fouri@TOF) method is especially promising after it
has been developed to a high degree of perfectianhggh-flux long-pulse neutron source, the
IBR-2 reactor in Dubna, where the high resolutiavuter diffractometer (HRFD) has been
constructed. The HRFI@-spacing resolution depends on the maximum frequefhmeutron
beam intensity modulation, amounts to the valuadsfl ~ 0.001 in a widel range (0.7 — 5 A)
for the flight path between the Fourier chopper aachple position as short as 20 m, and it can
be improved, in principle, tad/d = 0.0003. The dominating problem that has been tetgtea
during the operation of HRFD instrument is a cowgikd shape of diffraction lines, which
could be asymmetric and usually displays small tiegjaleeps on one or both sides of the
diffraction peak. In the paper the experience ef HRFD operation at the IBR-2 pulsed reactor
is analyzed and a possible solution of some teehpi®blems is discussed. In addition, a new
concept of the HRFD detector is suggested makingosisible to considerably increase the
detector solid angle.

1. Introduction

The resolution of a neutron TOF diffractometer rattepends on the width of neutron
pulse and the length of flight path. The resolutadrhigh level,Ad/d = 0.001 or better, can be
easily obtained at spallation sources of the I§f& tif a flight path amounts to 50 meters or
longer. The main drawback of such instruments asstoortd-spacing range, which is connected
with pulse overlap problem. It can be overcome wita use of the correlation technique —
pseudorandom [1] or RTOF-Fourier [2]; with both thiat the very high resolution can be
obtained at comparatively short flight path.

Although the correlation technique is known durmgny years, these methods are not
widely spread and they are not very popular. Indegdcontinuous neutron sources (nuclear
reactors) their application is not too effectivedese of a high level of “correlation background”
which is proportional to the total amount of thatsered neutrons and independent of the time of
flight. At spallation short-pulse sources such &lor SNS, a conventional high-resolution
TOF-diffractometeshows a lot of advantages, and nobody wants tacept for the much more
technically complicated and not so understandabieiér diffractometer.

Nevertheless the potentials of correlation techmigte good enough and especially it is
related to the Fourier method, which allows to e the intensity-resolution ratio. The most
promising is the construction of a Fourier-diffacteter at high-flux neutron source with pulse
width of Aty > 300us. Although at present only one long-pulse sourd¢bke-IBR-2 reactor in
Dubna is in real operation, there exist plans testmict the future ESS and may be the second
target station at SNS as long-pulse neutron sowviths\t, about or even longer than>1s.



In this paper, the most important results obtaidexdng operation of the high-resolution
Fourier diffractometer (HRFD) at the IBR-2 reactmd its current status are reported, and
possible solutions for some technical problemsissu$sed. In addition, a new concept of the
HRFD detector is suggested making it possible twsicterably increase the detector solid angle
and the ideas for improving of the HRFD resolutaord peak shape correction are presented.
These improvements may transform the Fourier teghlmiinto the most prospective one for
construction of neutron diffractometer with extréynkigh resolution Ad/d ~ 0.0003) at long-
pulse sources.

2. A schematic representation of the Fourier diffractometry

The Fourier method is based on modulation of th&roa beam intensity by the fast
Fourier chopper, which consists of the rotatindkdi®tor) and the stationary part (stator) with
the same modulation pattern of radial sectors pamnt and non-transparent for thermal
neutrons (Fig. 1). The idea to use the Fourier pbofor a significant increase in the efficiency
of diffraction experiment appeared in the beginnaid970-ies [3]. It was shown that at fixed
frequency of intensity modulation the transmissfanction of the chopper can be roughly
represented as () ~ 1 + sinot and there are two main contributions to the meskurtensity:
the first one is proportional to the Fourier harmsoaf the coherent elastic scattering cross-
section and the second one does not depend oronegrtergy and is proportional to the total
number of scattered neutrons. Performing measurisnagrvaried frequencies (with discrete or
continuous distribution) one can reconstruct sdatjecross-section of a powder sample. The
final pattern consists of narrow peaks (diffractiimes) and constant background, which is often
referred to as a correlation background.
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Fig. 1. On the left: The Fourier chopper schemaéipresentation, including a rotor with
transparent and nontransparent for thermal neustips and a fixed stator. At the bottom, the
chopper transmission function and the correspontdingry signals for the RTOF analyzer are
also shown. On the right: The Fourier chopper petdhe revolving disk[{50 cm) in the
shroud and the motor (7.5 kW) are seen. The s&®ituated at the right side of the disc.



Technical troubles related to the necessity foryvieigh degree of chopper speed
stabilization hampered the realization of the hasablea. Successful practical realization of the
neutron Fourier-diffractometry became possiblerafie so-called reverse time of flight (RTOF)
method of data acquisition was introduced by Fimpikysicists [4]. The basic idea of the RTOF
method is an on-line check, for each detected aeutsf whether the registration probability is
high or low. The check is realized by reverse aialpf neutron source and Fourier chopper
states at the time the neutron passed through diresponding points of the flight path. By
carrying out neutron detection with the chopperespeontinuously changing according to the
particular law, and recording only those neutronth & high probability of registration in the
analyzer's memory, one can get the TOF distributbnelastically scattered neutrong., the
conventional TOF diffraction pattern.

This design can be realized at both steady statdae[5] and at pulsed neutron source
[2], for which the measured neutron intensity carplkesented (in simplified form) as:

(1) O+ R(T-T)R(FT)a(r)dT +c[ R(r- ¥)o(r)dr + B(2), (1)

where R; is the resolution function of the Fourier chopp®y,is the function describing the
neutron pulse from the sourae,s the coherent scattering cross section of thepks B is the
conventional background, amds some constant close to 1. For a perfect crystavhicho [
2(7 - 1), wherery corresponds to the Bragg peak positions, anceifatigth of the functiorR.

is noticeably less than the width Bf, i.e., W.<<W4, the first term in (1) represents a narrow
peak with a width close to Wand the second term also describes a peak-likebdison, but
with the width of the peaks close tos\WWhe last is the correlation background in thescafs
pulsed source. By recording simultaneouély. andl(7). by two analyzers and subtracting them
one can obtain high resolution diffraction pattenthout wide peaks from the source (Fig. 2).
The sum ofl(7). and I(7). is (approximately) distribution of dispersions foigh resolution
pattern.
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Fig. 2. A part of the diffraction pattern from k@uQ, containing (400)/(004) reflex. At the
bottom, the spectra measured by two analyzers,istong of broad and narrow maxima, are
shown. The upper part is obtained after subtraatfoAnalyzer-2 from Analyzer-1 showing the

high resolution pattern withd/d = 0.0014.



The correlation background depends essentiallyjhenwtidth of the neutron pulse from
the source and roughly can be presented as amahtdghe neutron flux on the sample over the
wavelength rangAA equivalent to W

BO[ R(r-r)o(r)dr O] ®M)dh = dQ)AA. )

where @A) is the wavelength distribution of the neutron flor the sample. At the Fourier
diffractometer at a steady state reactor, the taioa background does not dependioand is
proportional to the total neutron flux on the saeplccordingly one can estimate the ratio of the
total flux and®(A)AA (Fig. 3), which shows the decrease of correlabiaokground for a pulsed
source. This effect is especially huge at the Intensity parts of the spectrum.
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Fig. 3. The ratio of the correlation backgroundha Fourier diffractometer at a steady state and
a long pulse neutron sources. The pulse width & té&rresponds to the wavelength uncertainty
AN = 0.0\, whereApis the parameter of the Maxwellian distribution.

Calculation of the resolution function for HRFD tise same as for conventional TOF
diffractometer for powders:

R = Ad/d = [(Ato/t)® + (A6/tgB)? + (to/n)* + (AL/L)TY?, (3)

whereAt, is the effective width of the neutron pulse; 252.778A is the total time of flight (in
psec),L is the flight path from the source (Fourier chappe the detector (in m) is the
wavelength of the neutron (in A, is the Bragg angleg and n are the width and number of
channels of the TOF analyzer. The first term is timee-of-flight uncertainty, the second
includes all the geometrical uncertainties conreeetgh scattering at different angles,means
the full width at half maximum. For limited lineaize of sample, detector with thin registration
layer, and TOF analyzer with small enough channekhwthe contributions of the third and
fourth terms in (3) are usually small in comparisath the first two.

The first term in (3) can be written as

R = Ato/t = Aty/(252.778L\) = Ato/(505.556Ldsing), (4)

whereAto, L andA ord are expressed in microseconds, meters, and Aesmondingly. It can be

shown that relation is valid:
Q

RO =Q"[ glwcoset)do, (5)
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where g(w) is the distribution of modulation frequencies thie neutron beam, which are
distributed between zero and maximal value-or maximal chopper rotation frequengyaxand
number of chopper transparent slitstNis equal to &:N-vnhae The width ofR(t) can be roughly
estimated as72Q, and thudity = 217Q is effective pulse width, which must be useddp For
Vmax = 150 Hz and N = 1024 (designed parameters ofi€&oahopper at HRFD) one can obtain
that Atg = 7 ps. For thisAty and flight pathL = 20 m the TOF component of the resolution
function is about 0.00035 (i = 2 A). This is nearly 2 times better than for centional TOF
diffractometer at 100 m flight path at the I1SIS¢ypeutron source. Since the effective neutron
pulse does not depend on wavelengthRhes proportional to H.

The geometrical part of the resolution functidRy = A6/tgl, depends mainly on
collimation of the incident neutron beam, samplel aletector sizes. For the backscattering
geometry, i.ef close to 90, the Ry can be quite small and roughly the samdrasThe best
compromise between solid angle of detector andcdtstribution to the resolution can be
obtained if the time focusing conditions are s&{6].

3. High Resolution Fourier Diffractometer at the IBR-2 pulsed reactor

The pulse nature of the IBR-2 reactor in Dubnare/idled by mechanical modulation of
its reactivity, the pulse width is around 218 for fast neutronsy340 us for thermal neutrons
and it is practically independent on neutron ener@gnstructed by collaboration of FLNP
(Dubna), PNPI (Gatchina), and VTT (Espoo, Finlande High Resolution Fourier
Diffractometer (HRFD) is intended mainly for strudl studies of powders. The first high
resolution diffraction patterns were obtained i297] and regular operation of HRFD was
started in 1995. The original design, principle agferation, and working parameters of the
HRFD are described in details in paper [8]. HRFDgraging was reported at ICANS
conferences [9, 10] as well.

At present HRFD (Fig. 4) is situated at the beame-Wvith comb-like water moderator. In
future at the modernized IBR-2M reactor at thisrbdime the combined moderator consisting of
warm (water) and cold (mesitylene at 30 — 50 K terafure) parts will be used. This will lead to
the increase of the total flux by a factor of 2 émdthe cold neutrons with > 4 A by more than
10 times, and also to the more uniform spectrdtiligion of the incident beam.
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Fig. 4. The lay-out of HRFD at the IBR-2 pulsedatea. The most important functional units are
indicated. The distance between Fourier-choppératisl sample position is exactly 20,000 mm.

For real polycrystalline sample with some leveha€rostresses and with limited size of
coherently scattered domains the dependence diffrection peak width oml-spacing is:



W? = C, + C,d? + Csd?+ Cpd?, (6)

here G and G are constants connected with the resolution func{®), which can be refined
from data obtained with standard sample,~C(Aa/a)*> and G ~ 1/.* are connected with
microstress and domain size, correspondingly. iltustrated by Fig. 5, where one can see that
for standard samples Ab; and NaAl,CaFi14 (NAC), for which theC3; andC, coefficients are
very small, the dependence of*Wn d ? is indeed the linear function. For the CaCu@in
powder the larger slope of the line is connecteth wiicrostresses in this material (tQg
coefficient is not small), while for fine-crystaik Ni the size effect is important.
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Fig. 5. Dependences of peak width @ispacing, measured at HRFD. The bottom curve was
measured with AD; (crosses) and NAC (diamonds). It corresponds &HRFD resolution
function. In the CaCuM©;, powder, noticeable microstrains are present. Rer fine Ni
powder (<>~ 380 A), the size effect is evident.

The C; constant in (6) can be reliably determined frorped@lence of diffraction peak
width on maximal speed of the Fourier choppes, V1K, asCy ~ Aty ~ 1/Vin. In Fig. 6 the
corresponding function, measured at HRFD, is shdia.seen that the experimental data fairly
correspond to calculation. It can be conclude #isd, in principle, the TOF contribution to the
resolution function could be as small as ~0.000& a2 A, if Fourier chopper speed would be
increased to ~:10° rpm and flight path elongated to ~30 m.
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Fig. 6. TOF contribution in the full width as a fition of 1/\f,. The points were measured at
maximal Fourier chopper speed from 500 to 6000 rphe experimental points (Ge powder)
and least-square fit (continuous line) are shown.



The intensities of diffraction lines measured WHRFD can be described by the same
formulae as for the conventional TOF diffractometad consequently the Rietveld method can
be used for their analysis. The analysis is somewimse complicated due to the unusual peak
shape, which becomes evident for high statistiog. (F. As it was established, the peak shape
depends on the frequency distribution of intensitydulation, adjustment of the pick-up signal
phase, counts correlations in the neighboring T@&noels, and can be asymmetric, contain
some negative deeps, or show both these featucesv@rcome this problem, the specialized
program package MRIA [11] has been developed, whiatiudes the possibility to use
experimentally measured two-sign peak-shape mol®. processing of data obtained with
standard samples (A3, NAC) shows good coincidence between experimeantdl calculated
profiles (Fig. 8), as well as between the obtaifredn HRFD structural parameters and the
literature data.
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Fig. 7. A typical Bragg peak for a $@uQ, single crystal measured at,¥ 6000 rpm with the
TOF channel width of fis. The relative widthAn/n, n is the channel number of TOF analyzer)
of this peak is about 0.0009. Small negative despboth sides of the peak are discussed in the
next section.
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Fig. 8. The diffraction pattern of the NAC samphati CaF, impurity phase) measured at, ¥
6000 rpm and processed by the Rietveld method. difference curve is normalized on the
mean-square deviation.



During last years the structures of various complsumave been studied at HRFD: the
high-temperature superconductors (Y-123, Hg-12@CuOs+x), hydrogen containing materials
(Li,BeD4, CeNgDy, Ni(OH),), complex perovskite-like oxides {AA xMnOs;, A,GaMnQ.y,
Ca(Cu,Mn}0yy), various inorganic compounds (LiICs$8nr1Re0,4, K3sPOy). The short review
of HRFD’s scientific results is published in Ref2]. Until the appearance of the Fourier stress
diffractometer (FSD) at the IBR-2 pulsed reactbe HRFD was also used for the macro- and
microstresses determination in bulk materials aodhponents. Besides, the HRFD high
resolution helps to measure the anisotropic pea&daning connected with non-spherical shape
of crystallites (Fig. 9).
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Fig. 9. Dependence of width of diffraction peaks3efi(OH), (for different values of-index)
and Mg(OH) (for all hkl) as a function ofd,. Solid lines correspond to approximation of
experimental points by 4 order polynomial, dashed Is resolution function. Contrary to the
Mg(OH),, there is a strong dependence BNi(OH), peak widths onl indices, which is
connected with small size of coherent domains alwagis. The analysis shows that domains
have disk-like shape with dimension in basic plaheut 400 A and in perpendicular direction
about 150 A.

4. Analysisof a peak-shape problem

As it was mentioned, one of the most pressing prabfor HRFD is the complicated
peak shape of the measured diffraction lines, wiscmainly connected with TOF part of the
resolution functionR{7). In principle, the transmission functiod®(t) and correctly phased
pick-up signalY(‘*’)(t), shown in Fig. 1, must provide the “Gaussian’mhaf theR,7) function.
But the simplified relation (5) is valid if two basconditions are fulfilled:

« there is no phase mismatah petweerX(t) andY“(t),
» there is no amplitude distortion in frequency windg(c).

For analyzing these conditions let us write theergeneral and correct relation fx7)
(details see in Refs. [13-16]):

00

R(1) = & D0 [coseh) &, CFe(r7) +sin(@) i, CF(r7)] (7)

r=1

Here C is normalization constanty is phase mismatch betwee’(t) and Y)(t), a, are the
Fourier harmonics for th&®@(t) andY'“(t) for 5= 0, b; are the same, but fa¥= 2. TheFc(r 7)
andFg(r7) functions are defined as:



Fo(rr) = T g(w)cosiur r)dw (8)
and 0

Fs(rr) = Sfg(a))sin(cur rdw 9)

In practice, two values a¥are important:
- 0=0,R{1) is even and close to tlie(r 7) function, which can be a Gaussian;
- 0=12,R{1) is odd and close to thgr 7) function, which can be the first derivative of a
Gaussian.
For o= 0 the second term in (7) can be considered asa#l distorting factor and vice versa for
0= 102 the distortion of the peak shape are connecttdtiae first term in (7).
For the triangle-like transmission functim)(t) and square-like pick-up signal function
Y®(t) (as it is shown in Fig. 1), the coefficiemsandb; are:

a, :r—lgEtin(rHIZ), (10)

b :r—letinz(rHIZ), (11)

For thesea, andb; the first three harmonics (r = 1, 3, 5) for bothnis in (7) are shown in Fig.
10. The resolution functiofR/{7) in this case is very close to the Gaussian fonctith
distortions not more than 3% fa¥ = 0. If there exists any phase mismatch, the aduitio
distortions would be proportional tg(J).
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Fig. 10. &) The terma;-Fc(r7) in formula (7) for the TOF part of the resolutibmction R/ 7).
The members with = 1, 3, 5 are shown (for= 3 and 5 the coefficient 10 was introduced). (
The termb,-Fg(r7) in formula (7) forR{7). The members witlh = 1, 3, 5 are shown (for= 3
and 5 the coefficient 5 was introduced).

Unfortunately, the perfect phase synchronism bet¥é&(t) and Y!“(t) is hard to be
achieved. Moreover, as it results from our expegethere is a long-term (weeks range)



instability in the magnitude of the phase mismaide effect of the phase mismatch is shown in
Fig. 11, where the results of model calculationsRg7) are presented. One can see thaidtgr

0 the peak shape becomes asymmetric. By eye fieist & visible ifo = 0.1 rad £6°) or more.
From this, the acceptable value of angle ef9rif the position of the pick-up signal transducer
can be estimated. Taking into account i related to the Zperiod of thex(t) and Y{“(t)
functions and the number of periods for one choppttion in our case is equal to 1024, it can
be obtained thah must be smaller thad/(277-:1024). It means that the asymmetry of Ryr)
would not be seen i < 1.510° rad~ 3". Realization of so high stability of mechanicaltsris

not simple task at present.
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Fig. 11. The TOF part of the resolution functi®gz) calculated according (7) for three values of
phase mismatct (0, 0.25, -0.25). It was supposed that the frequemaoydow is exactly
corresponding tg(a).

As it follows from the formula (7), in addition tphase” distortions th&,7) function
the “amplitude” distortions can affect the peakmharhey are connected with the aberration of
the frequency windovg(a) from the expected distribution. For instance, ohéhe reasons of
this aberration is the dependence of the transamssi the Fourier chopper on its speed (Fig.
12). The change of transmission is superimposeld g(i), which leads to the decrease of the
contribution of high frequencies and is accompaibigthe increase in the peak width.
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Fig. 12. The “collimation” effect of narrow rotagnslits leads to the dependence of the
transmission function on rotation frequency andtrguwavelength.

As it is demonstrated in Fig. 7 diffraction linegeasured with high statistics contain the
negative deeps at both sides. The model calculstiomws that such peak shape is realized if the
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contribution of low frequencies ig(a) is slightly suppressed. As an example in FigtHEBpeak
with the negative deeps is shown, which was caledl#or distributionga(a) = g(a): (kw2 +p)
with k = 0.75 and p = 0.25. The additional factées2+ p) just suppresses the lowest
frequencies as it is shown by red curve in Fig.lfi4oractice it can be connected with non-zero
dead-time of the electronic system.
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Fig. 13. The TOF part of the resolution functiRgi7) calculated according (7) for three values of
phase mismatchd (0, 0.135, -0.135). Instead of the frequency windg{) the function
() (0.74w/2 + 0.25) (shown in Fig. 14) was used for calculation
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Fig. 14. The frequency windog(«) (blue curve) providing the Gaussian peak shayahB red
curve thega(a = 9(aw)-(0.74w/2 + 0.25) function with suppressed low frequency mashown.

This peak-shape problem could be solved if theadled “list-mode” (time stamped) data
acquisition system is used. In this mode, the edeats assigns to the each detector count several
identifiers and the absolute time passed from thet ®f the experiment. As identifiers are
written in the two 32 bits words and include detealement number, indicators for chopper
pick-up signal passing up and down, indicator cé gBource start pulse, and indicators of
experiment start and finish. One of the functiontlué second word is extending of the time
counter up to 1-fseconds.

In contrast to the existing on-line analyzer, nal rdiffraction pattern is written in
memory. In the list-mode, the absolute time of ted®r count is fixed with high precision (32
nsec) and is written together with indicators of ewent as raw data on the disk. Also, any
number of independent detector elements can badadlin the system, which is important for
the detectors with large solid angles. Besides|iitanode offers the possibility the subsequent
data processing by introducing of various algorghin particular, the phase shift of the pick-up
signal can be calculated and inserted; any dewvidtiom specified frequency window can be
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fixed etc. Thus, the new system of Fourier dataustiipn makes it possible a posteriori
correction of the peak shape.

5. New HRFD BSdetector: maintaining resolution for larger solid angle

To ensure high intensity, it is necessary to haleege solid angle of the detector and, at
the same time, its geometrical contribution to tésolution function must not exceed the TOF
component to secure a high-resolution capability.pfesent the HRFD back-scattering (BS)
detector system includes tvibanks located symmetrically relative to the incideautron beam
at mean scattering angles of +152°. Each detectwsists of 32 scintillation plates of the NE902
type of 1 mm thickness. The total area of both atets is equal to 0.48 fnwhich corresponds
to 0.2 sr solid angle. The plates are situated wfase of rotation around the beam axis in
accordance with time focusing condition. From tegofution point of view this detector is fully
satisfying the desired conditions, but its soliglans certainly too small to be state-of-the-art.

A new wide-aperture BS detector (Fig. 15) for HRWIIh solid angle of about 1.5 sr is
under construction now. The detector has the rikg4dtructure; each ring is divided on several
independent sections (166 sections), which covertatal area of 13.5 mThe ZnS(Ag)iLiF
scintillation screens of 0.42 mm thickness with elamgth shifting fibers readout are used as
detector elements. Being flexible, the scintillatecreen allows each element of the detector to
approximate the time focusing surface (TFS) fordbattered neutrons with necessary accuracy.
The design of the detector is based on our expszien construction of the multi-element
detectors with combined geometrical-electronic 8weg for FSD instrument at the IBR-2
reactor [17].
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Fig. 15. The schematic view of the new ZnS(Aiglf back-scattering detector (side and front
view). Detector consists of 8 rings, divided on 16Ements. Each element is focused

geometrically. The total solid angle of the detegtoclose to 1.5 sr, the whole screen area is
equal to 13.5

The sensitive layer of each detector element i$ tagbred to the particular TFS, which
is characterized by individual parameters dependimghe solid angl€g, Bragg anglég, and
incidence angler for neutrons striking the screen. Diffraction patis measured by the detector
rings will be electronically focused into the satmae-of-flight scale using recently developed
technique [18]. The uncertainties in the flightlp@L,/L, n is number of a ring) arising due to
the inaccuracy in matching of the screen and THEthe screen thickness are the main factors
defining the detector contribution to the resolntitunction. The principal problem in the
accurate matching of the screen and TFS origirfades the possibility to bend a screen only in
one direction, while TFS is curved in two perpentic directions (saddle-point surface). In Fig.
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16, the parameter 2.85=AL,/L is illustrated for all detector rings for seversample
dimensions. One more important factor that sho@ddken into account is the dependence of
the detector efficiency on the ring number (Fig), Which is connected with difference i
parameters.
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Fig. 16. The uncertainty of the flight path as adion of detector ring number and diameter of
sample container.
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Fig. 17. Efficiency of neutron detection as a fumctof of detector ring number and neutron
wavelength.

The geometrical contribution to the HRFD resolntfanction (3) is connected also with
the incident beam divergence. This contributionasfrom ring to ring due to the differences in
the Bragg angles$ir. The beam divergends® can be regulated by putting collimator before the
sample. The simple calculations show that the gé&aeakcontribution from the whole detector
can be as small as1®* if sample of 2.5 mm diameter and collimator witB ghm slit and 1.1 m
length are used.

6. Conclusions

The Fourier diffractometer, compared to a converaid OF machine, ensures obtaining
a very high resolution at a quite short flight pattowing the neutron flux to be increased and
the cost of the instrument to be reduced. Alsas iimportant that its resolution (as for TOF
mashine) only slightly depends @k being practically constant in the lardespacing range.
The pulse overlap problem, which is so upsettinghigh resolution TOF-diffractometers with
long flight paths, does not exist for the Fouridfrdctometer.

From technical point of view the only additionahituof HRFD in comparison to a
conventional TOF-diffractometer is a Fourier chappéh a motor control system, which is, in
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principle, quite simple device. It should be no#dsb, that it does not require a synchronization
of its rotation with the neutron source. The onlggsing problem requiring special attention is a
peak shape, which, as we hope, can be solved toglinting the list-mode of data acquisition.

With HRFD the resolution level of- B0* has been practically achieved for chopper —
sample distance of 20 meters and chopper rotagieadsof 610° rpm. The level of 20* can be
definitely achieved for slightly faster Fourier gper (11,000 rpm) and a bit longer flight path
(30 meters) at least for several internal ringstleé new back-scattering detector. These
improvements could transform the Fourier techniqn® the most prospective one for
construction of neutron diffractometers with reson of about 0.0003 at pulsed neutron
sources. At least, this technique can be considaseithe real alternative to the long-flight-path
and to the multi-chopper diffractometers.
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