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LPSS and t-o-f diffraction 
•  Diffraction requires low Δ∆λ/λ uncertainty 
•  Instrument length (moderator – detector) is given by: 

L = τ/( (Δ∆λ/λ)αλmean) 
 

•  For ESS where τ = 2.86 ms, α = 0.2528 ms Å-1 m-1 and 
a thermal neutron (λmean is 1.5 Å) 

•  0.1 % resolution requires a 7.5 km instrument 
•  0.5 % is 1.5 km 
•  Even a ‘cold’ neutron instrument with λmean of 4 Å and 

1 % resolution is 283 m. 
•  We cannot use the full pulse for any type of diffraction 
•  A pulse-shaping chopper is needed 
•  Pulse-shaping brings other limitations 



Pulse-shaping chopper 

1 Introduction
This is a short report describing a way to simulate and analyze the 2D data sets coming from a

narrow bandwidth powder diffractometer (NBPD) designed for ESS. The data sets used in this

report are virtual data simulated using the Monte Carlo ray tracing program McStas [1] software

package.

2 Design of NBPD
The moderator used in the virtual experiment has a surface of 12 × 12 cm

2
, a pulse width of

τ = 2.86 ms and a period of T = 71.4 ms (14 Hz). The wavelength distribution is described by

the McStas ESS long-pulsed thermal source [2, 3].

Figure 1: Layout of NBPD.

In this simulation we have used a simple straight guide of 2× 2 cm
2

with a coating of m = 2. The

choppers are counter rotating disc choppers with a set of resolution choppers (140 Hz) at 6 m from

the moderator and at 75 m we have the frame overlap choppers (14 Hz). The detector is a 10 cm

high cylinder with a radius of 1.5 m and the sample is a cylinder with 10 mm height and a diameter

of 3 mm. A schematic drawing of the instrument can be found in figure 1. The instrument has a

mean wavelength λmean = 1.5 Å and a resolution at λmean and 2θ = 90◦ scattering angle, given

by the
δd
d calculated from the pixel size of the detector (3× 3 mm

2
).

2.1 Instrument length
From the time-of-flight diagram in figure 2 we can calculate the instrument length (moderator to

detector distance (Ldet)) using simple trigonometry.
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equally, the opening time of the pulse shaping chopper at 6m can be calculated

δt =
1√
2

δd

d
tchop1 to det (6)

=
δd

d

1√
2
· 56.80ms

=
δd

d
40.16ms

where tchop1 to det is calculated in equation 3.

To calculate the bandwidth of the instrument we use that the arrival time of the last neutron

tmax minus the arrival time of the first neutron tmin must be equal to the pulse period T together

with equation 2. So

T = tmax − tmin (7)

= αLdetλmax + τ − αLdetλmim ⇒
T − τ = αLdet(λmax − λmin)

where τ is the pulse length, and we get

λmax − λmin =
T − τ

αLdet
(8)

=
(71.4− 2.86)ms

0.2528 ms
Åm155.8m

= 1.74Å

2.3 Divergence limit
The uncertainty of the scattering angle is a convolution of the divergence of the incoming beam

and the precision of the detection of the outgoing angle.

From the sample to detector distance (r=1.5 m), the pixel size (p=3 mm), and the sample size

(s=3 mm) we can calculate the FWHM of the unsertanty in the outgoing angle δ(2θf ) by

δ(2θf ) =
s√
2 r

(9)

=
0.003m√
2 1.5m

· 180
◦

π
= 0.081◦

We use the distance from the end of the guide to the sample to collimate the beam, so in order

to calculate the distance we first find the maximum divergence limit of the diffractometer. We use

the same resolution condition as in section 2.2 and hence by equation 5 with 2θ = 90◦ scattering

4

How much of the long-pulse can be used? 
 
For a 150+6 m instrument: 
Δ∆λ/λ 0.1 % useful τ is 57 µs (2 % of full pulse), wavelength band 1.81 Å 
Δ∆λ/λ 0.5 % useful τ is 285 µs (10 % of full pulse), wavelength band 1.80 Å 



 Powder possibilities 
•  Wavelength frame multiplication (WFM) 

–  Increases available bandwidth 
–  Shorter instrument 
–  Flexible resolution 
–  Flexible choice of bandwidth 
–  Uses less of long pulse at constant Δ∆λ/λ cf. natural length instrument 
–  No flux gain cf. SPSS instruments, except at larger Δ∆λ/λ 
–  Mechanical choppers limit Qmax (λmin) 

•  Monochromatic 
–  Uses full pulse 
–  Short(er) instrument 
–  Flexible resolution/flux trade 
–  Limited choice of incident wavelengths 
–  Limited Qmax 
–  No source gains 
–  No gain factor cf. D20 



ILL v ESS time average 



ILL v ESS single pulse 



Concept: Pulsed D20 
•  Primary guide 

–  Feeder 
–  Half-elliptical guide? 
–  Straight v non line of sight guide  
–  Possibility of farm (as with H11 at ILL) 

•  Investigate monochromators 
–  Germanium 
–  Diamond 
–  Composite 
–  Others? 

•  Larger area detector  
–  t-o-f resolution 
–  Event recording 

•  Sample environment 
–  Optimise for instrument geometry 

•  New capabilities cf. reactor instrument 
–  Multi-wavelength data collection 
–  Separate coherent/incoherent scattering 
–  Elastic/inelastic/QENS measurements 
–  Fast kinetic measurements 



Science Drivers 

•  As current generation of instruments 

•  Chemical crystallography 
–  Qmax ~ 12.5 Å-1 
–  Variable resolution 
–  Trade flux for resolution 

•  Parametric studies 
–  In-situ chemical processing 
–  Fast kinetics 
–  Phase diagram mapping 
–  Complex/multi-role sample environments 

•  New Science? 
–  Incoherent scattering separation/suppression 
–  Elastic/QENS/inelastic options 



Monochromators 

•  Separate λ/2 and/or λ/3 as well as reflection coexistence in t-o-f- at 
detector 

•  Immediate gain in Q-range coverage 
•  Immediate gain in effective count rate 
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Detector 
•  Issue is limited/no? access to 3He 
•  Investigate other technologies 

–  Solid state boron thin films 
–  Scintillation with wavelength shifting fibres 
–  ZnS scintillators with PMTs? 

•  Event mode data collection offers advantages 
–  Separate multi-wavelength data 
–  Energy resolution 

•  Usability 
–  Data visualisation/reduction familiar to users 
–  Data format easily handled by existing software 



New Capabilities 
•  Multi-wavelength data collection 

•  Depends on instrument total length (e.g. 1 Å on 35 m instrument takes 9 ms, 1.8 Å 
takes 16 ms) 

•  Developments in available monochromator types 
•  Develop ‘dirty’ monochromators 
•  Investigate sandwich monochromators 

•  Separate coherent/incoherent scattering 
•  Depends on sample-detector distance 
•  Sample temperature 
•  Incident wavelength 
•  Beam tailoring? 

•  Elastic/inelastic/QENS measurements 
•  Depends on sample-detector distance 
•  A PSC to tailor incoming pulse on monochromator 

•  Fast kinetic sampling measurements? 
•  Sampling time around 4ms 
•  Repetition rate 14 Hz 



Incoherent scattering 

A. R. Wildes: Inelastic scattering measured on a neutron reflectometer 7

Fig. 6. The spectra of the scattering from water and polycarbonate, measured using on D17, measured with both the monochro-
mator and time-of-flight in operation. The spectrum of the beam from the monochromator, measured with no sample in the
beam, is also presented.

resolution-dependent, as the instrument will integrate the scattering over some energy range. Putting the intensity
on an absolute scale will therefore require a detailed knowledge of the instrument parameters and of the dynamic
structure factor, S (Q, h̄ω), of the sample so that a correctly convolution integral can be made. Effects such as neutron
Compton scattering may also be important in water, further complicating the calculation.

Incoherent scattering from hydrogen, and in particular water, is also a major limiting factor in measuring reflec-
tivities and SANS to large Q. This incoherent scattering dominates the background. It is currently very difficult to
measure to relative intensities below 10−6 in SANS from dilute samples and in reflectivity from solid-liquid interfaces
as the coherent signal, which falls roughly as ∼ Q−4, becomes lost in the large sample-dependent background. Figure
6 shows that most of the water scattering is inelastic, however, hence using some form of energy discrimination in
the measurement may be highly beneficial for certain measurements to achieve the coherent scattering that has much
lower intensity at larger Q.

Figure 6 also shows an equivalent measurement through 1.8 mm of polycarbonate. The data are qualitatively
similar to the water although the spectral weight at large energy transfers is smaller, being ∼ 23.5% of the total. This
makes polycarbonate at room temperature marginally better than water as an intensity calibration standard, however
it has an advantage in that it does not dry out and need replenishing. It can also be put in to a cryostat and cooled
which will suppress the high neutron energy gain scattering, making it much better as an intensity calibration [3].

4.2 Magnons in single crystal dysprosium

Dysprosium is a magnetic rare-earth metal that can be deposited as an epitaxial single crystal using molecular beam
epitaxy techniques [12,13]. The most commonly grown epitaxial orientation has a hexagonal unit cell with the c-
axis essentially parallel to the surface normal. Dysprosium has a magnetic moment of 10 µB, which is the largest
of the elements, and has an exotic magnetic phase diagram. It is paramagnetic at room temperature, and orders
helimagnetically at TN = 179 K. The moments are constrained to lie in the (a, b) planes and the helix propagates
along the c-axis. It undergoes a second transition to a ferromagnetic phase below TC = 85 K. The spin wave dispersions
along the c-axis have been measured in bulk [14,15] and it has been recently shown that spin waves in an epitaxial
film that is 1 µm thick can be measured using neutron three-axis spectrometry [16].

The same sample was used to gauge the ability of using D17 as an inelastic spectrometer. The TC in this sample is
slightly lower than bulk, consistent with other observations in epitaxial samples [17], with helimagnetic Bragg peaks
appearing at 85 K. At this temperature, one of these peaks appears at Qz = 0.165 Å−1, where it is easily accessible
on a reflectometer.

6 A. R. Wildes: Inelastic scattering measured on a neutron reflectometer

Fig. 5. The main beam spectrum on D17, measured in time-of-flight with a ∆λ/λ = 1%, and the shifted spectrum given by
the scattering from water.

4 Examples

4.1 Incoherent scattering

An incoherent scatterer is often used to calibrate the spatial response of a position sensitive detector. For the re-
flectometers and SANS instruments at the ILL, a transmission measurement through water is normally used. The
scattering from water is known to be highly inelastic, which is unimportant when calibrating the spatial response of a
detector but is very important when using it as an intensity standard. It has been suggested that some plastics such as
polycarbonate will be better calibration samples [3]. The inelastic response from both water and polycarbonate were
measured on D17.

Figure 5 shows the wavelength spectrum of the direct beam on D17, measured in time-of-flight without the
monochromator. The nominal wavelength may be calculated from the time-of-flight using equation 3 with D = Di+Df .
A measurement of the transmission through a 2 mm water sample is also shown. For this measurement, the detector
was moved to a small scattering angle while making sure that it was not measuring the direct beam. The water distorts
the spectrum, shifting it to shorter time-of-flight, meaning that the neutrons have gained energy from the sample. The
nominal wavelength calculation for these data is therefore incorrect.

The degree of the energy change becomes apparent when both the monochromator and the chopper are used. Figure
6 shows the wavelength spectrum of the monochromated beam, measured directly in the detector with no sample in
the beam. The beam was highly collimated and only appears in a few pixels of the position-sensitive detector. The
wavelength can, and does in this case, vary slightly from 5.5 Å due to small variations in the instrument alignment.
The incident wavelength was calculated using equation 3 to be λi = 5.393 Å, or ki = 1.165 Å−1. The time width of
the spectrum is 420 microseconds. Equation 6 may be manipulated to use this time width and the chopper-detector
distance to calculate the wavenumber spread, giving ∆ki = 0.035 Å−1 which confirms that ∆ki/ki = 3 %.

The measurement of the inelastic scattering from the water is consistent with previous, similar measurements [3].
Again, the detector was moved to small angles while being sure that it was not measuring the direct beam. The
scattering was spread homogeneously across the whole detector and the data in figure 6 has been integrated over θf .

The data show significant broadening of the elastic line, consistent with quasielastic scattering due to low energy
excitations. A large spectral weight, ∼ 27% of the total, is also observed at much shorter wavelengths, corresponding
to large neutron energy gains. This has been previously observed and explained as molecular vibrations [3], including
torsional modes at around 55 meV. Equivalent spectral weight is not observed at longer wavelengths because, as shown
by the kinematic constraints of equations 1, the incident beam has insufficient energy to excite these modes.

The data are very interesting in their own right as they reveal a number of issues with measuring hydrogen-
containing samples, particularly water. Clearly, using water as an intensity calibration, even on cold neutron instru-
ments, is problematic as the scattering is highly inelastic. The measured intensity will thus be highly wavelength- and

Figures from A. Wildes  (ILL) Figure from C. Carlile (ESS), 
M. Karlsson (Chalmers) 



Inelastic scattering mapping 



Fast kinetics 



ms sampling? 
D.P. Riley, E.H. Kisi, T.C. Hansen, A. Hewat, J. Am. Ceramic Soc. 85 
(2002) 2417-2424. 
 
Data collection ~120 ms at 5-6 Hz 
Histogram binned 
Allows kinetic information to be extracted 
 
What would be possible with 4ms data collection at 14 Hz coupled 
with event mode detection? 



Summary 
•  Investigate an instrument based on monochromators 

–  Simulate and optimise beam transport 
–  Quantify feasibility of added value techniques 
–  Compare with existing instruments 
–  One instrument or several on guide 
–  Detector development 
–  Monochromator development 
–  Begin development of sample environment 

•  Timeline 
–  Post doc position 

•  2-year position 
•  50% science / 50% instrumentation 

–  Instrument concept initial submission in 2013 (round 2) 


