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Why TOF for PD? 
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 Why Monochromatic for PD? 
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Science Drivers for a GPPD 
A general purpose powder diffractometer (GPPD) MUST address a wide user community: 
•  Nuclear & magnetic structure (crystallography) 

–  Small to medium unit cells (< 2000 Å3) 
–  Good Q-range coverage (Qmax at least 12.0 Å-1, preferably 20 Å-1) 
–  Medium to high resolution (Δd/d <1%, preferably approaching 0.1%) 
–  Flexible set-up 

•  In situ processing 
–  High flux 
–  Large detector coverage 
–  Large, open sample space 
–  Availability of wide range of sample environment 

•  Additional specialist capabilities? 
–  Texture 
–  Single crystal 
–  Polarisation 
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GPPD using monochromators 
•  Nuclear & magnetic structure (crystallography) 

–  Small to medium unit cells (< 2000 Å3) 
–  Good Q-range coverage (Qmax at least 12.0 Å-1, preferably 20 Å-1) 
–  Medium to high resolution (Δd/d <1% preferably approaching 0.1%) 
–  Flexible set-up 

•  In situ processing 
–  High flux 
–  Large detector coverage 
–  Large, open sample space 
–  Availability of wide range of sample environment 

•  Additional specialist capabilities? 
–  Texture 
–  Single crystal 
–  Polarised beam 
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Variable resolution NPDs 

WOMBAT-ANSTO D20 - ILL HRPT - SINQ 

Area detector coverage / ° 120 153.6 160 

Number of detectors 960 1536 1600 

Detector angular resolution / ° 0.125 0.1 0.1 

Sample – detector distance / cm 70 147 150 

Detector solid angle / Sr 0.6 0.28 0.28 

Flux for HOPG(002) at 42° takeoff / n cm-2 s-1  1.3 × 108 (est.)  4.2 × 107  - 

Flux for Ge(115) at 120° takeoff / n cm-2 s-1  - 8.0 × 106  2.4 × 105 

WOMBAT	
   D20	
   HRPT	
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Initial model 
•  D20 on the ESS source cf. verified ILL 

model (based on flux measurements in H11, 
at sample position and real data) 

•  D20 uses only 1/3 of beam from H11 
•  Single λ performance as expected 
•  Non-optimised model 
•  Lower backgrounds 
•  No extra use of TOF capability of the 

detector 

How can we modify the instrument to take 
advantage of a long pulse source time 
structure? 
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Multi-wavelength diffraction data?  
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Yes! – separate using TOF channel 

•  Gain in count rate and Q-range 
•  Resolution minimum for each λ at different Q 
•  Increase overall instrument length to increase TOF λ separation 

hhh	
   h00	
  (h=4n)	
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Using TOF to separate λ at detector 
For ≈22 m total flight path length (D20) using 
(h00), 118° takeoff angle: 
(400) – 2.42 Å take 13.46 ms  
(800) – 1.21 Å take 6.73 ms 
(1200) – 0.805 Å take 4.477 ms 
Wavelength difference required ≈ 0.9 Å 
Maximum wavelength in 1st frame 11.5 Å 
 
For 50 m total flight path length: 
(400) – 2.42 Å take 30.6 ms 
(800) – 1.21 Å take 15.3 ms 
(1200) – 0.805 Å take 10.2 ms 
Wavelength difference required ≈ 0.4 Å 
Maximum wavelength in 1st frame 5.1 Å 

Look	
  to	
  develop	
  monochromator	
  materials	
  with	
  desired	
  properPes	
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 Extended λ range - bispectral extraction  
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Incoherent / inelastic 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.
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Summary 
•  MODI is a flexible GPPD instrument optimised for powder diffraction 

and in situ processing 
–  TOF detector channel is used for energy dispersive measurements (elastic or 

inelastic) 
–  2D detector allows texture and single crystal measurements 

•  MODI can profit from bispectral extraction to extend useable λ range 
•  MODI has an open sample space required for the use of complex in situ 

sample environments 
•  MODI matches detector coverage (±10°) to restricted geometries 

available for complex sample environments 
•  Possibility for diffraction farm 
•  Need to optimise the thermal moderator performance 


