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ABSTRACT

The aim of this paper is to summarize the sample environment which will be accessible at the
SINQ. In order to illustrate the type of experiments which will be feasible under extreme conditions of
temperature, magnetic field and pressure at the SINQ a few selected examples are also given.

1. Introduction

Only about one third of the neutron scattering experiments performed at the Saphir
reactor of the Paul Scherrer Institut were realised at ambiant conditions. Mainly low
temperature (T < 10 K) was needed for magnetic studies and accurate structural studies.

Variation of temperature, pressure or magnetic field may strongly affect the interatomic
or magnetic interactions. The modification of the corresponding potentials can lead either to
simple changes like rotation of atomic groups or magnetic moments, or to drastic changes
like phase transitions to energetically more favourable (nuclear or magnetic) structures. The
structural changes may also affect electronic interactions which might induce electronic
transitions, particularly when competing interactions are involved.

It is therefore extremely desirable to determine the (magnetic) structures and their
corresponding excitations in the whole (p, T, H) diagram. Of course some practical
limitations define the area accessible experimentally. On one hand the deeply penetrating
characteristics of the neutrons render transparent most of the sample environments. On the
other hand rather large sample volumes (= cm3) are needed for neutron scattering
experiments, which imposes severe constraints on, e.g., the highest pressure achievable or
the magnetic field and temperature homogeneities.

2. Temperature

3.1 Low Temperature

The study of magnetic systems usually requires measurements on a wide temperature
range since the strength of the magnetic interactions covers many decades, e.g.:

Nuclear dipole-dipole coupling = nK

Hyperfine coupling « mK (1 meV ~ 11.6 K)

electronic dipole-dipole coupling ~ K

electronic exchange coupling 1 -1000 K

While only very few exotic experiments have been performed in the nK temperature
range [ 1], the demand is much larger for mK temperatures, which can be routinely achieved
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with 3He-4He dilution refrigerators (Fig.l). Above 1.2 K liquid 4He cryostats can be used,
while above 10K closed cycle 4He gas compressors (Displex) are sufficient

Fig.l: Layout of components in conventional dilution refrigerates- (for more details see ref [2])

A good example of how several competing magnetic-interactions develop as a function
of temperature is given by the NdNiO3 perovskite. The temperature dependence of the
magnetic Bragg peaks have been measured between 300 K and 10 mK. First the Ni
moments order at about 250 K, as shown by the appearance of the 111 reflection. The
intensity increases until the magnetic moment has saturated. Around 20 K additional
intensity is observed (Fig. 2) due to the polarisation of the Nd atoms by the Ni atoms [3].
Finally, a third increase of the intensity has been observed below 200 mK (see insert of
Fig. 2), because of the polarisation of the Nd-nuclei through the hyperfine interaction [3].
A similar behaviour has also been observed in NdGaC>3 [4].
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Fig.2: Thermal evolution of the integrated intensity of the 111 magnetic reflection in NdNiO3.
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32 High Temperature

Since most metals have an appreciable neutron absorption, the heater element and heat
shields have to be carefully chosen with respect to their absorption and their finite lifetime
due to evaporation at the highest temperatures. Furthermore a large number of heat shields
are necessary to reduce radiation losses. Care must also be taken to avoid reactivity between
sample and container materials at high temperatures. Most metals soften well below their
melting points, and some have the tendency to recrystallise at high temperatures (e.g.
tantalum). Niobium is the best candidate for furnace components subject to the highest
temperatures.

Interesting systems for high temperature studies are the ionic conductors. U2S for
example shows a sudden increase of conductivity above 800 K, due to an increasing
mobility of the Li ions. The temperature dependence of the diffusion process has been
investigated by quasielastic incoherent neutron scattering [5]. The Q dependence of the
halfwidth of the quasielatic line (Fig.3) enabled the authors to determine the jump vectors
and the jump rates of the Li ions.

Fig.3: Experimentally determined
halfwidths for U2S as a function of Q
at 1170 K fitted with one Lorentzian.
The dashed line is a calculation using
the Chudley and Elliott model [5]. The
data have been taken on the D7-
spectrometer (ILL) using a single
crystal.

3. Pressure
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It is obviously clear that a high pressure cell for neutron scattering must be a
compromise between highest attainable pressure Pmax and largest sample volume Vmax .
This is due to the limited energy product P m a x 'Vmax which can be supported by the
pressure cell. This compromise must be worked out individually for each pressure cell. For
pressure lower than 10 kbar a cylindrical pressure cell and helium gas as the pressure
transmitting medium can be used (Fig. 4a). The pressure remains hydrostatic down to very
low temperatures. Such a cell allows also an in situ change of both pressure and
temperature. Above 10 kbar the only successful type of pressure cell for reasonable sample
volume (> 0.5 cm3) turns out to be the supported piston cylinder cell (Fig. 4b). Fluorinert
has to be used as a transmitting medium. Although fluorinert solidifies very rapidly with
increasing pressure, it remains amorphous in the solid state. Such a cell does not allow
changes of pressure in situ, however it can be designed to have a 2JC access in the
horizontal plane [6].

An additional problem occurs for high pressure experiments on powder diffractometers
equipped with multidetectors since, with conventional materials like steel or aluminum, the
diffraction data contain Bragg scattering from the cell itself. These unwanted reflections can
be order of magnitudes larger than the reflections from the sample, thus rendering
impossible a precise structure refinement. In order to avoid this problem, one can use a
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zero-matrix pressure cell made of an alloy of Ti and Zr. Having coherent scattering lengths
of opposite sign, it is possible to prepare a material whose averaged coherent scattering
length is equal to zero [7]. No Bragg reflections from the pressure cell will then contribute
to the diffraction pattern. The price to pay is an increase of the background due to
incoherent scattering. Very high pressure diffraction experiments (> 100 kbar) on powders
can only be achieved either at pulsed neutron sources or on Fourier diffractometers. In both
cases the 90° scattering geometry can be used to perfectly collimate the beam in such a way
that any scattering from the pressure cell can be excluded [8].

Fig.4a: Helium gas cell Fig.4b: Characteristic shape of the supported
piston cylinder cell

The feasibility of high pressure experiments at medium neutron fluxes is demonstrated
by the structural study of PrNiO3 up to 5 kbar and down to 5 K. These perovskites (see
paper by Medarde in these proceedings) show a strong decrease of the metal-insulator
transition temperature T\n under external pressure (dTi/a/dp »-4 K/kbar). A diffractogram
measured on the DMC diffractometer at the Saphir reactor is shown in Fig. 5. The data
analysis reveals that the superexchange angle Ni-O-Ni increases with pressure [9]. This
flattening of the Ni-O-Ni bond may indeed induce a broadening of the O-2p band and thus
stabilizes the metallic state. In addition the measurements performed at 5 kbar and 5 K
strongly suggest that the Ni-magnetic structure remains unchanged at 4.7 kbar (insert in
Fig. 5). This result is very difficult to reconcile with the reentrant metallic behaviour
reported in the resistance measurements [10]. Actually, very few high pressure studies on
magnetic materials have been reported so far.
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Fig.5: Neutron powder-diffraction pattern of PrNiO3 taken on the DMC (Saphir-PSI)- The peaks marked

with an asterisk are the (100) and (101) reflections of solid helium.

4. Magnetic field

The use of magnetic fields in neutron scattering experiments can be divided into two, not
necessarily mutually exclusive, areas. In one area, a field interacts directly with the neutron.
The most prominent examples are the polarisation analysis and neutron spin-echo
technique. In the other area, which we shall discuss in more detail, a field is applied to
modify the properties of the scattering sample. This modification may manifest itself in a
variety of ways. Magnetically ordered compounds are often in a multidomain state. By
application of an external magnetic field a single domain state can be created which is highly
advantageous for a rigorous data interpretation (see Fig. 6) [11]. Magnetic fields can also
be used to induce magnetic phase transitions as observed, e.g. in holmium phosphide [12].
In the area of inelastic scattering the application of a magnetic field is for instance
indispensable for the observation of solitons [13].
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Fig.6: Dispersion curves of the spin-wave excitations in CeAs at T=4.2 K:

a) in the multidomain state (H=0); b) in the z-domain state (Hz = 4 Tesla).
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For fields lower than 1 Tesla, electromagnets can be used, while at higher fields
superconducting magnets are necessary. In most cases superconducting magnets are
fabricated with multifilamentary NbTi wires. This alloy has a critical field of about 10 T at
4.2 K. The experimentalist usually requires access to the horizontal plane for incident and
scattered neutron beams, together with vertical access for the sample. This can be achieved
by means of the split pair configuration shown if Fig.7. In addition, an asymmetric
geometry can be designed in order to prevent the neutron beam to pass through any field
nodes. The bore diameter must be on the one side sufficiently large to accommodate for
cryostats or furnaces, and on the other side small enough to fulfil the field homogeneity
requirements. In order to support the extremely large forces generated by superconducting
magnets a set of wedges are required, however, the "dark angles" have to be carefully
minimized.

cwfl

Fig.7:6 Tesla asymmetric split pair superconducting magnets for neutron scattering (taken from Ref. 14).

5. Ancillary equipment at SINQ

a)

b)

Description

Temperature

Range

Uniaxial pressure device

Ti-Zrcell(Hegas)

AI2O3 cell (He gas)

Clamp / liquid cell (fluorinert)

F < 1 ton

P < 10 kbar

P < 10 kbar

P <, 20 - 30 kbar

Availability

Displex helium refrigerator (4)
4He cryostat (2)

Dilution cryostat

Dilution insert

Cryo-furnace
Furnace

Furnace
Furnace

Pressure

10 K

1.5 K
7mK

50 mK

1.5 K
300 K
300 K
300 K

<T<300K

< T < 300 K
< T < 1.4 K
£T£300K

£T£600K

£T<800K

< T < 1400 K
<T£2100K

now

now
now
1998

1997
now

now
now

now

1998

1998

1998
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c) Magnetic fields

Superconducting magnet

Superconducting magnet

H £ 5 Tesla vertical or now
5 Tesla horizontal
1.5K<T<300K
H£6Tesla vertical and 1997
2 Tesla horizontal
(50mK<T<800K)
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