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Abstract

The new backscattering spectrometer IN16b will go into commissioning end 
2011, providing in its final state about ten times higher count rate than its 
predecessor, IN16. Here we propose to increase its dynamic range by a factor 
of 7 with the TOF mode extension, BATS. This will make IN16b the leading 
high resolution backscattering spectrometer for incoherent quasi-elastic and 
inelastic neutron scattering; it will be competitive to the coarser resolution 
inverted geometry backscattering spectrometers that are being brought online 
at spallation sources. The increased dynamic range will extend the scope of 
science addressed on IN16b, generating considerable potential in fields such 
as the hydrogen economy (proton conduction, fuel cells, hydrogen storage), 
soft matter, biology and nano-science (nanoscale confinement, functionalised 
polymers). Such a large impact can be achieved using only a moderate 
investment.

Introduction

We describe preliminary studies of a time-of-flight (TOF) mode proposed for the 
backscattering spectrometer IN16b that is currently being constructed at the 
ILL. This TOF mode would increase the dynamic range accessible on IN16b by 
a factor of seven for a modest investment. 

IN16b: the sub-μeV resolution spectrometer

The ILL has a strong reputation in backscattering spectrometry with the 
instruments IN10, IN13 and IN16. We are continuing this tradition through 
the 3rd generation neutron backscattering spectrometer IN16b, one of the M1 
phase instruments of the ILL Millennium project. This will provide the ILL with 
the best performing sub-μeV backscattering spectrometer in the world in terms 
of flux and signal/noise. It will use phase space transformation (PST) in the 
primary spectrometer to increase the incoming flux on the sample. The PST 
chopper is therefore a key element of IN16b. Further gain factors are obtained 
from an optimized guide design, a faster Doppler drive and an extension of the 
available analyser surface. Moreover, the whole spectrometer is now placed in 
a vacuum, thereby increasing the signal to noise ratio. 

Developments in instrumentation around the world

The different neutron backscattering spectrometers in the world can be divided 
into reactor based and spallation-source based instruments. Of the former 
category, (for instance HFBS (NIST) or SPHERES (FRM II)) IN16b should 
become the ‘best in its class’ with special attention paid to the signal to noise 
ratio. IN16b will also out-perform spectrometers in the second category with 
respect to energy resolution. Within  an  energy  window  of +/- 30 μeV it will 
also compete with these spallation-based spectrometers in flux, but spallation 
based spectrometers benefit from a significantly larger energy window than can 
be achieved on reactor based spectrometers.

The (Q,ω) space covered by the spallation-based  TOF backscattering  
spectrometers overlaps partly with IN16b and partly with IN5. For the last 2 years 
the BASIS spectrometer (SNS, USA) has been in user operation and a similar 
instrument is being built in Japan (DNA, J-PARC).  The dynamic range of IN16b 
may be increased by a factor of 7 by substituting the Doppler-monochromator 
energy selection with a time-of-flight (TOF) energy selection using a pulse 
chopper. This BATS – ‘Backscattering and Time-of-flight Spectrometer’ – 
transformation will greatly improve the overlap in (Q,ω) between IN5 and IN16b. 
Where IN5 covers only small Q at its highest resolution, IN16b in its BATS 
configuration will have the full Q range available (for Si(111):0.1<Q<1.9Å-1 

and for Si(311) up to 3.7Å-1). 

The scientific case

The extended dynamic range provided through the BATS transformation will serve 
the scientific community that needs to cover a larger time scale range typical of 
complex (e.g. biological [1]) systems . It will also allow elastic scans to be performed 
with coarser resolution to separate the dynamics on different time scales. BATS 
would enable spectroscopy guaranteeing high energy resolution up to high 
Q-values (1.9Å-1 ≅ Si(111) and 3.7Å-1 ≅ Si(311)) over this wide dynamic range.
The relaxational dynamics of complex systems is known to be spread over a 
wide energy range and the separation of the purely elastic scattering is crucial 
to understand the underlying mechanisms. Several examples of the need 
for an extended energy range can be found in the field of nano-confinement 
[2] like polymer dynamics in confinement [3]. In tunneling spectroscopy we 
would benefit  from the Q range, energy resolution and the energy range 
accessible [4]. Most topical issues in spectroscopy require access to long time 
scales and therefore need high energy resolution over a wide Q-range. At the 
same time dynamics of complex, sometimes hierarchical systems (soft matter, 
biological samples, glass-forming systems) are stretched over a wide time or 
frequency range. The same requirements often need to be met to investigate 
the dynamics of new materials designed for the hydrogen economy (fuel cells, 
proton conduction and hydrogen storage)[5]. Both requirements are fulfilled 
with the combination of TOF and backscattering in BATS. 

Perspectives for IN16b: the BATS transformation

With its own guide, IN16b now has the possibility to extend its dynamic range 
from +/-32μeV to +/- 250μeV with only minor adaptations. In the design of IN16b 
these adaptations are foreseen. To obtain the 7-fold increase in the dynamic 
range the instrument has to be set into an operation mode that resembles the 
inverted TOF backscattering spectrometers on spallation sources. 
In normal IN16b operation the beam impinging on the sample arrives from the 
Doppler monochromator. When run in the time-of-flight mode, the Doppler-
monochromator is removed and the secondary spectrometer rotated, so that 
the beam from the guide is directly transported to the sample. This neutron 
beam is pulsed by a chopper upstream in the guide and the neutrons are 
energy-separated by their time-of-flight (see figure 1), which allows for the 
much larger dynamic range. This dynamic range is limited by the velocity 
selector (dλ/λ = 12% FWHM) that is needed for standard IN16b operation.  
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The only instrumentation required for this TOF mode of operation is 1 pulse 
chopper and 1 bandwidth chopper. The change-over from the classical 
backscattering setup to the BATS setup takes several hours. The performance 
of this mode of operation can be compared to the BASIS spectrometer at SNS 
Oak Ridge, USA, which can have a resolution of  3-4 μeV FWHM for elastic 
scattering. 
For the TOF mode of IN16b we trade the energy resolution for intensity. Since 
the dynamic range of +/-35 μeV is covered by the normal mode of operation 
with sub-μeV resolution, quasi-elastic scattering wider than this dynamic range 
can be measured well in the TOF mode with relaxed resolution.The analysers of 
IN16b are aligned in perfect backscattering, which implies that the duty cycle 
of the pulse travelling through the secondary spectrometer has a maximum 
of 50%. With that, the overlap between pulses as well as the overlap of the 
‘tail’ of one pulse with its ‘head’ is prevented. Further, the pulse length is 
defined from the flight path through the secondary spectrometer (4 m) and the 
neutron speed (630 m/s), giving pulses of 6.3 msec. The maximum repetition 
frequency of the pulses is 1/(2*6.3x10-3) = 78.85Hz (4731 RPM). Since the 
energy resolution of the TOF mode will be largely defined by the time of flight 
uncertainty of the pulse we minimize the pulse width (in time) using a double 
disk chopper. With a 5° opening on a R = 0.7 m double disc chopper at 78.85 Hz 
we obtain a 90 μs FWHM pulse width which yields a minimum energy resolution 
of 6.7 μeV FWHM when placing the pulse chopper at about 34 m upstream 
from the sample. From McStas simulations (figure 2) we estimate the flux on 
the sample at 6.271 Å (Si111) is about 1.4x104 n/s/cm2/μeV (cf. 5 x104 for 
BASIS @ 1.5MW). On IN16b both Si111 and Si311 analysers are available. The 
TOF mode of operation can be exploited for the Si311 analysers as well, with 
an expected resolution of about 30μeV and a dynamic range 3meV maximum 
(depending on the transmission of the guide and the velocity selector).

We estimate the budget required for the BATS transformation to be approximately 
900 K€, mostly taken up by the pulse and bandwidth choppers as well as the 
velocity selector. 

Figure 1: (left) 
distance-time 
sketch for BATS. 
(right) Expanding 
the dynamic range 
7-fold (mcstas 
simulated spectral 
distribution at the 
sample).
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Abstract

PANTHER will build on the success of IN4, the world’s most intense time-of-
flight (ToF) spectrometer. A large position-sensitive detector (PSD) will improve 
data collection rates significantly, the background will be greatly reduced, and 
it will incorporate features indispensable for magnetic studies (small angles, 
polarisation analysis, high magnetic field devices). The new instrument will 
enable rapid surveys of (Q,ω) space, as well as more detailed studies in fields 
ranging from magnetism to the structural excitations - phonon densities of 
states, dispersion of collective modes and molecular vibrations – that govern 
the behaviour of many important physical and chemical systems.

Scientific case I – magnetism

Magnetism underpins society, from information technology to electromechanical 
devices. It is central to the growing spintronics industry, and is likely to play a 
key role in quantum computing. In order to understand and ultimately exploit 
the materials on which such devices are based it is necessary to understand 
their magnetic structure and excitations, often beyond simple classical models. 
Seemingly exotic phenomena – for example the unusual magnetic order 
displayed by heavy-fermion systems, unconventional superconductors and 
magnetically frustrated compounds – are often essential in rationalising their 
bulk properties. Neutrons provide the most incisive tool to study such behaviour, 
directly probing the magnetic spin state of the compound in question giving us 
spatial and temporal information. The magnetic excitation spectrum in many of 
these compounds, particularly strongly correlated electron systems based on 
transition metals, sits firmly in the thermal neutron range, 5 - 100 meV. 

Figure 1: (a) 
Experimental results 
for integrated magnetic 
scattering (i) and 
dispersion (ii) of the 
excitations in the high 
Tc superconducting 
cuprate
La1.875Ba0.125CuO4 [6], 
(b) Total S(Q,ϖ) of 
deuteronium jarosite 
measured with 
Ei = 40meV [3] 

There are two, complementary forms of neutron spectroscopy most commonly 
brought to bear on such systems: triple-axis techniques that focus in on specific 
points in (Q, ω) space, and ToF methods more suited to surveys of (Q, ω), and 
the mapping of more diffuse features. For many ‘‘exotic’’ magnetic materials, 
the latter technique – particularly employing large-area detectors - is crucial 
in distinguishing broad weak continua from background, as in low dimensional 
quantum antiferromagnets [1] or spin liquids [2, 3]. 
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