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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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With TOFLAR the dynamic range accessible the NSE spectrometers of the ILL 
will be extended by more than two orders of magnitude towards the short 
Fourier times. It will be then possible to follow Q-depended dynamics from the 
sub-ps to the hundreds of ns time range with the same set-up. The combination 
of NSE and TOFLAR will be unique and will strengthen the position of the ILL in 
high-resolution neutron spectroscopy with impact on biological, soft and hard 
condensed matter investigations. 

Description of instrument/infrastructure

TOFLAR does not need additional hardware - it will use the existing instrument 
components on IN15 [2] and in the future on WASP [3] but in a different way that 
in NSE. Both IN15 and in the future WASP have TOF capabilities on top of NSE. 
Typical monochromatizations of 15% FWHM are obtained by a velocity selector. 
The chopper system of IN15 simulates the pulsed structure of a spallation 
source and allows for TOF-NSE measurements [4]. On WASP a proposed chopper 
system will lead to a continuously tunable monochromatization, adapting it to 
the needs of the experiments.

On these spectrometers TOFLAR will combine the velocity selector, for a rough 
monochromatization of the incident neutron beam, with the chopper system 
and time-of-flight data acquisition system. With this combination it will be 
possible to improve and tune the monochromatization, better than 1%, of the 
neutrons detected at each time channel. 

Figure 1: schematic representation of the precession magnetic fi eld confi guration for NSE (left) 
and and for TOFLAR (right). 

Figure2 (after 5): calculated TOFLAR signals assuming a complete Maxwell incoming neutron 
spectrum. The modulated intensity of the scattered beam is given for certain TOF values as a 
function of the precession magnetic fi eld integral (left). The Fourier transform (right) yields the 
spectrum of the scattered neutrons as a function of their wavelength λ2.

A rough description of the technique was given in [5] and is a variant of a more 
general analysis of the NSE signal proposed in [6]. Fig. 1 gives a schematic 
representation of the precession magnetic fields and flipper arrangement of the 
TOFLAR in comparison to that of NSE. Fig. 2 shows calculations demonstrating 
the performance of the method assuming a quasi-elastically broadened signal. 
We have further developed the simulation tools, which we may use to optimize 
the set-up before implementation. Also we have recently performed some first 
feasibility experiments at the research reactor of the TU Delft, where however 
the intensity is too low for real “inelastic” experiments. An important feature 
for a successful implementation of TOFLAR is the existence of a comfortable 
overlap with the Fourier time range of conventional NSE. This will require highly 
homogeneous magnetic field integrals and those realized on IN15 will be perfectly 
suited to that. In conclusion, we think that we will be possible to implement 
this additional option on IN15, and later on WASP, without restrictions on the 
sample and beam geometries. 
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