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ABSTRACT
Basic properties and applications of SENQ powder neutron diffractometers are described. For
optimum use of the continuous neutron beams these instruments are equipped with position
sensitive detectors, and both high-intensity and high-resolution modes of operation are
possible. HRPT attaining resolutions 5d/d < 10"3, d = lattice spacing, at a thermal neutron
channel of the target station and DMCG at a cold neutron guide coated with m = 2
supermirrors, are complementary concerning the applications: The former will be mainly
used for structural studies and the latter to investigate magnetic ordering phenomena.

1. Introduction

I.I Why powder neutron diffraction ?
New materials are generally at first only available in polycrystalline, quasi

crystalline or amorphous form. Here powder neutron diffraction yields complementary to
powder X-ray diffraction on an atomic scale important first informations on average static
properties such as crystal structure and on magnetic ordering phenomena. Due to the
special features of thermal neutron waves (cf. table I) this technique represents a versatile,
interdisciplinary research tool in many fields of applications such as crystallography,
solid state physics, chemistry, materials science, geology and biology, which range from
basic science to technical applications. In particular the generally weak absorption of
neutrons facilitates essentially experiments as a function of external parameters such as
high or very low temperatures.

Therefore, two complementary powder neutron diffractometers will be installed at
SINQ: HRPT for thermal neutrons and DMCG at a cold neutron guide.

1.2. Optimum powder neutron diffractometers for continuous neutron sources of medium
intensity ?

Compared to the generally very high intensity of X-ray synchrotron radiation the
present neutron sources are rather limited in flux. Obvious ways to make efficient use of a
continuous neutron source for powder neutron diffraction are to maximise the number of
detectors and to use large vertical divergences. Presently the best such instrument is D2B
[1] at the high-flux reactor of ILL, Grenoble. It is based on 64 5' mylar-Gd-0 collimators
of Soller type (20 cm high) and 64 He3 detectors, spaced at 2.5° intervals and uses the
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high take-off angle 135 ° for a vertically focusing Ge wafer monochromator. With a pri-
mary mylar-Gd-0 Soller collimator of 5' highest resolution 8d/d ~ 5xl(H may be
obtained. To get a complete diffraction pattern in the scattering angle range of 160° with
angular step 0.025° 99 steps are necessary. This requires with a measurement time of ~
20 sec per point half an hour. Advantages of such an instrument are the now standard
technology and the fact that the resolution does not depend on the sample diameter.
However, to obtain the same counting statistics at the continuous spallation neutron
source SINQ with about an order of magnitude lower thermal neutron flux would require
about 5 hours. Therefore, at SINQ an instrument design to get this value down to the
order of minutes, has been chosen.

Table I: Basic neutron properties and resulting applications.
neutron properties
wavelength compar-
able to interatomic di-
stances
electric neutrality

nuclear particle/wave

low energy

' l imited' neutron
source intensity
magnetic moment

consequences
interference effects on an
atomic scale

generally weak absorp-
tion, mainly information
on volume properties

nuclear scattering isotro-
pic, constant amplitude
not depending on scatte-
ring angle, irregular de-
pendence on the atomic
number, isotope depen-
dent
almost no radiation da-
mage

weak scattering intensi-
ties
magnetic neutron scat-
tering, depending on
scattering angle

applications
investigation of crystal, quasi cry-
stalline, amorphous and liquid
structures
phase analysis, average over large
sample volumes,
ease of performing investigations
as a function of external parame-
ters such as temperature, pressure
etc.
precise location of light and/or
similar atoms, ions, isotopes such
as deuterium
precise determination of average
thermal motions such as isotropic,
anisotropic and anharmonic tem-
perature factors
non-destructive investigations of
internal strains (residual stresses)
or in biological experiments
compensation by sample size and
by multidetectors
investigation of magnetic ordering
phenomena in condensed matter on
an atomic scale

2. Design, Properties and Applications of the High-Resolution Powder
Neutron Diffractometer HRPT for Thermal Neutrons

At the 10 MW reactor Saphir of Paul Scherrer Institute we got very good experience
with the DMC [2] 'banana' type detector (BF3, 400 wires at 0.2° intervals at a radius of
1.5 m). Therefore, and in view of the as a function of time compared to a reactor certainly
considerably less stable neutron flux at SINQ, it was decided to use a large position-
sensitive (PSD) He3 detector system consisting of 25x64 = 1600 detectors at 0.1° inter-
vals at a radius of 1.5 m, similar to D20 of ILL. It has been shown by Popovici et al. [3]
that such a PSD system has particular advantages for smaller sample sizes (diameter < 15
mm, best figure of merit for sample diameter of 5 mm), which is frequently needed in
case of new materials available only in smaller quantities. Compared to D2B the 25 times
larger number of detectors compensates the lower source flux.
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Fig. 1: Schematic view of the high-resolution powder diffractometer HRPT for thermal neutrons.
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Fig. 2: Calculated resolution functions of HRPT for 29M = 120°.

The new multidetector powder neutron diffractometer HRPT, illustrated in figure 1,
will allow real-time experiments in a scattering angle range of 160° with a single position
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Table II: Characteristics of HRPT.

iINQ target hall, thermal neutron beam
1RNS41 (H2O scatterer)
imary beam width: 55,44 or 29 mm

'+ beam closed), height 150 mm
lary collimation:

alloy-Gd-O Soller collimators with
1 = 6', 12' (high resolution),

(high intensity)
jquid N2 cooled Si filter of 20 cm length
[onochromator:
fe (hkk), wafer type, vertically focusing
S wavelength X [A]

29M=90° 29M=120°

^100

I l l
311
400
511
533
711
733
755

54.74
25.24
0.00
15.79
40.32
11.42
31.22
45.29

5.658
2.955
2.450*
1.886
1.494
1.372
1.197
0.985

of the detector bank. It will be positioned
with an accuracy of ± 0.001° by means of air
cushions moving on a granite floor of high-
precision flatness, thus permitting to measure
e. g. at well-defined intermediate positions.

The instrument is situated at a
tangential beam tube for thermal neutrons of
the target station of SINQ, as it will be
important to reach small lattice spacings in
case of high-resolution structural studies
(large Q range). To obtain high resolution the
large take-off angle of the monochromator
29M = 120° as well as primary collimation of
6' may be used. On the other hand without
primary collimator and with 29M = 90° high-
intensity modes of operation are possible.
Corresponding calculated resolution func-
tions are shown in figure 2. Further charac-
teristics of HRPT are summarised in table n.

Because of the high energetic spallation
neutrons a 'high energy shutter' system and a
liquid nitrogen cooled Si filter are installed in
the plug. Different primary collimations may
be chosen by means of collimator drums in
this plug. A massive prototype monochro-
mator shielding should absorb unwanted ra-
diation. The vertically focusing wafer type
Ge monochromator [4] with mosaic spread =
10' + 15' will be 28 cm high, consisting of
11 slabs of 57 mm width, 25 mm height, 10
mm thickness and primary orientation (511).
Similar to D2B the horizontal slit system (0:2)

between monochromator and sample allows further optimisation of resolution and
background. Compared to D20 a unique feature of HRPT should be the large radial
mylar-Gd-O collimator suppressing Bragg peaks from the sample environment. A similar
device has been successfully used on DMC [2],

Applications of HRPT will be high-resolution determination and refinement of
chemical and magnetic structures including detection of structural defects such as stacking
faults and internal strains. In particular measurements as a function of external parameters
such as temperature will be possible on e. g. high-temperature superconducting materials
(HTSC) and related systems, nickelates with metal-insulator transitions, other ceramics,
ionic and proton conductors, zeolites, sodalites, metal deuterides and other hydrogen-
bond systems, supramolecular and other magnetic compounds, intercalates, fullerenes
and quasi crystals etc.. A particular feature should be real-time investigations of structural
and magnetic phase transitions as well as the study of slow chemical reactions. Moreover
phase analysis of novel materials, e.g. of composite systems and in situ investigations of
hydrogen storage systems will become possible.

4.620
2.413*
2.000
1.540
1.220
1.120
0.978
0.804

* PG(C) filter
012: concerning horizontal width variable
slit system
29 « 5° -165° , 529: ±0.001°
radial (1°) mylar-Gd-0 collimator
PSD detector:
He3(3bars) + CF 4 ( lba r )
25x64 = 1600 (150 mm high Au plated W
wires of 0 « 25 ji), angular spacing 0.1
Sample temperature: 7 mK •*• 2100 K
zero matrix pressure cell *
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3. Properties and Applications of the Double-Axis Multi-C_ounter Powder
Neutron Diffractometer DMCG at a Cold Neutron Guide

As the highest neutron flux will be attained at SINQ for cold neutrons, and as the
background conditions should be best on a neutron guide, the successful PSD neutron
diffractometer DMC [2] will be re-installed as DMCG (figure 3) at such a guide of SINQ
coated with m = 2 supermirrors. Due to a flexible monochromator shielding this

Fig. 3: Schematic view of the double-axis multi-counter powder diffractometer at a SINQ cold guide.

Table III: Characteristics of DMCG.
SINQ guide hall, cold neutron guide
= 1RNR12
Optional primary collimation:
rnylar-Gd-O Soller collimator (Xi = 10'
Monochromators:
Ge (hkk) or PG(C) (0 0 2), vertically fo-
cusing

Ge
(hkk)

111
311
400
511

JJ°[°] X [A] (29*, =128.4°)COM

54.74
25.24
0.00

15.79

5.882
3.072
2.547*
1.961

PG002 6M H
40.8
77.5

MA]
2.338*
4.200**

PG(C) filter, ** Be filter
SD detector:
F3 (1 bar), 400 wires with 0.2° angular

spacing
Sample temperature: 7 mK -5- 2100 K
zero matrix pressure cell
Future option: Polarised neutrons

instrument will provide either high-intensity
(vertically focusing PG(C) monochromator
and PG(C) filter for 2.5 A neutrons, Be filter
for « 4.2 A neutrons) or high-resolution op-
tions similar to Dl A at ILL, Grenoble and at
LLB, Saclay [5] (focusing Ge "(311)' mono-
chromator, = 2 and 2.5 A neutrons with
large monochromator take-off angles, see
table III). For highest resolution also the op-
tion of a primary mylar-Gd-0 collimator (oci
= 10') will exist. Without this collimator the
primary collimation will be defined by total
reflection from the guide, being proportional
to the neutron wavelength X. with a factor of
24' (for m = 2, X in A [5]). Corresponding
calculated resolution functions are shown in
figure 4. The best values are approximately a
factor of four smaller than those of DMC at
reactor Saphir with a monochromator take-
off angle 26M = 60°. An interesting option
will be the use of polarised neutrons to
separate ferromagnetic and nuclear neutron

intensities, e. g. to study undercooled ferromagnetic melts. Thus DMCG with 400
detectors (BF3, angular separation 0.2°) is expected to become a versatile SINQ powder
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Fig. 4: Calculated resolution functions of DMCG.

diffractometer which will be to a large extent complementary to HRPT. Also in case of
DMCG a well working radial collimator [2] will suppress Bragg peaks from the sample
environment such as of dilution refrigerators, other cryostats and furnaces.
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The applications of DMCG will focus on the investigation of magnetic ordering
phenomena with high-intensity (2.5 A neutrons) and high-resolution options, in particular
very low temperature experiments. Thus the temperature dependencies of structural and
magnetic phase transitions may be measured. Examples are e. g. antiferromagnetic rare-
earth ordering in HTSC compounds and related materials, magnetic ordering in nickelates
with metal-insulator transitions, in Kondo and heavy Fermion systems and in supramole-
cular magnets (with e. g. 4.5 A neutrons because of large lattice parameters). Other pos-
sibilities of DMCG will be Bragg peak indexing in case of unknown chemical structures
or analysis of complex magnetic ordering by means of well-resolved long-wavelength
neutron diffraction patterns. Similar to D1A refinement of chemical structures as a func-
tion of temperature (with < 2 A neutrons) should be possible. Moreover one may perform
in situ phase analysis, e. g. of hydrogen storage systems as well as real-time experiments
of slow chemical reactions with 2.5 A neutrons.
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