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14. exTAS - next-generation TAS for small samples 
and extreme conditions

J. Kulda (1) and A. Hiess (1)

(1) Institut Laue-Langevin, Grenoble, France
Abstract

The currently used implementation of horizontally and vertically focusing optics 
in three-axis spectrometers (TAS) permits efficient studies of excitations in sub-
cm3-sized single crystals [1]. With the present proposal we wish to stimulate a 
further paradigm shift into the domain of mm3-sized samples. exTAS combines 
highly focused mm-sized focal spots, boosting the sensitivity limits, with a 
spectrometer layout downscaled to a table-top size to provide high flexibility 
in optimizing acceptance angles and to achieve sub-millimeter positioning 
accuracy.

Motivation

For many materials of current interest single crystal samples cannot be grown 
large enough to reach present standards of 0.1-1 cm3. Even if large single crystals 
can be grown, this introduces significant delays before neutron spectroscopy 
experiments can be performed. This is particularly annoying in emerging fields. 
As a recent example may serve the field of pnictide superconductors, in which 
unique details of the interplay between magnetism and superconductivity were 
revealed once large single crystals became available. In many materials the 
relevant parameters are ‘fine-tuned’ by doping, whose chances for homogeneity 
increase with decreasing sample volumes. It should be noted that all laboratory 
measurements, such as specific heat and susceptibility, are performed on well-
characterized (sub-) millimeter-sized samples. In this respect the neutron 
results from large volumes or multi-crystal mounts can exhibit sample-
dependent features and often remain disputed for a while. In general, for 
parametric measurements small sample sizes are either directly imposed by 
the equipment like high-pressure cells or required to reduce gradients of the 
external parameter, like temperature or magnetic field. The latter aspect may 
be of crucial importance in studies of phase transitions. Finally, reduction of 
sample volumes minimizes radiation levels and environmental risks.
 
We believe that in a wide range of situations the background count rate can be 
pushed below the level 10-2 s-1 making possible a reliable detection of signals 
3-10 times higher. Let us recall that already our present experience (Paris-
Edinburgh cells etc.) shows that at an incident flux of 1.108 cm–2s–1 and at 
usual resolution conditions, a signal count-rate of 10-1 s-1 would correspond to 
the elastic (incoherent) scattering from ≈ 0.1 mm3 of vanadium or the inelastic 
signal of TA phonon at 10 meV in 10 mm3 of Si or InSb which are both relatively 
weak scatterers. On the other hand the value of 10-1 s-1 represents a reasonable 
low count-rate limit still permitting to achieve a 10% counting accuracy within 
1000 s.

Figure 1:  General layout of exTAS at an end-position of a sub-thermal neutron guide.

Description of the instrument 

The basic idea of exTAS is to reduce the total number of neutrons incident 
on a small sample just to the strict minimum contributing to the measured 
signal. On the other hand precise focusing with an optimum beam divergence 
should provide an as intense sample illumination as possible. These goals can 
be achieved with a compact and highly flexible exTAS setup (Fig 1) illuminated 
by a neutron beam from a relatively modest 40 x 40 mm2 end position on a 
high-flux sub-thermal (warmish) guide filtered by a velocity selector. A high-
precision input slit (virtual source) will be placed at the entrance of an evacuated 
shielding box of about 1.5 x 1.5 m2 footprint, housing the monochromator, 
sample and the secondary spectrometer. The sample space will be equipped 
with a vacuum lock to have its own vacuum during sample change (only). In 
operation, a common vacuum - similarly to modern TOF instruments - will 
minimize the amount of material in the beam, reduce the necessary distance to 
the sample slit and at the same time ensure thermal isolation. The secondary 
spectrometer will be a multiplexed analyser/detector (FlatCone-type) system 
[2].

The crystal optics of the monochromators and analyzers are key components 
of a spectrometer optimized for mm3-sized samples. Contrary to the widely 
used mosaic crystals the bent perfect crystals, at present mainly silicon, but 
potentially also germanium and diamond, are capable of producing a sharp 
image of the virtual source at the focal spot (Fig. 2). Such monochromators 
were so far designed to closely match the properties of the traditional mosaic 
ones in terms of focal spot size (> 10 mm), flux and energy resolution to 
provide an easily usable alternative solution. Here we propose to develop new 
variants producing focal spot widths adjustable down to 1 mm widths with the 
same or even somewhat higher flux density than presently available. Equally 
important is efficient vertical focusing provided either by an advanced design of 
the monochromator devices and/or by a combination with focusing supermirror 
devices close to the sample [3].

In addition to real space focusing the exTAS setup will be highly flexible in 
optimizing the Q (momentum) and E (energy) resolution to match the peculiarities 
of the investigated S(Q,E). The compact layout will enable relaxation of the Q 
resolution, beyond the presently accepted limits, by changing the lateral width 
of the irradiated monochromator/analyzer surface, bringing a possible gain of 
an order of magnitude in luminosity.
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Moreover, in monochromatic focusing geometry with a small source size the 
variation of the monochromator/analyzer thickness can be used to tune the 
energy resolution and to achieve focusing on narrow non-dispersive excitation 
branches (e.g. gaps in spin systems) in (Q, E)-space. 

At this stage exTAS represents above all an instrument development concept, 
whose elements are individually applicable to the present TAS instruments. In 
the framework of the ILL Millenium II instrumentation program we would like to 
make this concept concrete in a new instrument, exTAS, marking a milestone in 
the design evolution of crystal spectrometers at steady state neutron sources 
and opening new possibilities in science areas dealing with inherently small 
samples and/or necessitating extreme sample environment conditions. 

exTAS  might be best placed at an end position on of a sub-thermal (warmish) 
neutron guide of some 40 x 40 mm2 cross-section. Its price tag should not exceed 
1 – 1.5 M€ (apart from guide and site infrastructure) thanks to its reduced size, 
on the other hand it calls for development efforts and necessitates availability 
of a neutron testing facility (equivalent to IN3). Clearly, such evolution would 
also pose challenges to adapt the sample environment and detector equipment 
to the reduced size.
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Figure2: Ray tracing (RESTRAX 3) simulation of an image of a virtual source 1mn wide over a 
distance of 2m by horizontally focusing monochromators: (a) PG002 with its usual 35’ mosaic, (b) 
Cu200 with a reduced 15’ mosaic and (c) 10mn thick elastically bent Si 111; note the extended 
(2x) horizontal scale in panel (c). 
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Abstract

Neutron Spin Echo (NSE) spectrometers typically cover a dynamic range of 
three orders of magnitude at a given wavelength. At long Fourier times the li-
mits are given by the homogeneity of precession fields. At short Fourier times, 
the quasi-elastic approximation and the NSE formalism mark a methodological 
limit. We propose to overcome this limitation and by combining Time Of Flight 
with LArmor precession to extend the capabilities of Neutron Spin Echo spec-
trometers towards short Fourier times. TOFLAR should be easily implemented 
on NSE spectrometers equipped with a chopper system such as IN15 or the 
planned WASP. 

Motivation  

NSE spectroscopy measures the energy transfer, which takes place at the sample, 
by individually labeling each neutron through the Larmor precession of its spin 
in a magnetic field. The velocity changes of each neutron are then detected 
independently from the beam characteristics and the highest possible energy 
resolution is reached with poorly collimated and monochromatized neutron beams.
One of the powers of NSE is in the simplicity of the formalism, which holds at 
the quasi-elastic limit, hω <<kBT where the structure factor S(Q,ω) is an even 
function of ω. In this case the normalized NSE modulation INSE  is equal to the 
intermediate scattering factor, with t the Fourier time [1]:

NSE has been very successful in studying slow dynamical processes in soft and hard 
condensed matter. The new developments aim at reaching the maximum possible 
Fourier times and highest possible energy resolution by improving the design and 
homogeneity of the precession fields. The NSE spectrometer IN15 recently reached 
Fourier times as long as 1 μs at 27 Å, corresponding to a sub-neV energy transfer.
NSE spectrometers cover a typical dynamic range of three orders of magnitude 
with the shortest Fourier times limited by the lowest magnetic fields required 
by the flippers and for overcoming ambient magnetic fields. Besides these 
instrumental features, a severe methodological limit is that NSE cannot 
be used at very short times, i.e. beyond the quasi-elastic approximation.  
We propose to overcome these limitations and extend the dynamic range of 
the NSE spectrometers at ILL towards the shortest possible Fourier times by 
implementing a new method, TOFLAR, which combines Larmor precessions 
with Time Of Flight (TOF) spectroscopy. TOFLAR will have low-resolution TOF 
capabilities and will be performed under the same experimental conditions as 
NSE. This is an important issue, because the analyzer transmission function of 
NSE spectrometers distorts the integration over the energy domain in (1). For 
this reason direct comparisons between NSE and backscattering or TOF are not 
always easy. Also NSE spectra collected at different spectrometers may differ 
due to different analyzer transmission functions. 
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