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4.4. NEUTRON TECHNIQUES

particle pulse is short enough, the duration of the moderated
neutron pulses is roughly inversely proportional to the neutron
speed.

These accelerator-driven pulsed sources are pulsed at
frequencies of between 10 and 100 Hz.

There are two fundamental differences between a reactor and a
pulsed source.

(1) All experiments at a pulsed source must be performed with
time-of-flight techniques. The pulsed source produces neutrons
in bursts of 1 to 50 ps duration, depending on the energy, spaced
about 10 to 100 ms apart, so that the duty cycle is low but there is
very high neutron intensity within each pulse. The time-of-flight
technique makes it possible to exploit that high intensity. With
the de Broglie relationship, for neutrons

J(A) = 0.3966 ¢ (us)/L (cm),

where ¢ is the flight time in ps and L is the total flight path in cm.

(2) The spectral characteristics of pulsed sources are some-
what different from reactors in that they have a much larger
component of higher-energy (above 100 meV) neutrons than the
thermal spectrum at reactors. The exploitation of this new energy
regime accompanied by the short pulse duration is one of the
great opportunities presented by spallation sources.

Fig. 4.4.1.2 illustrates the essential difference between
experiments at a steady-state source (left panel) and a pulsed
source (right panel). We confine the discussion here to
diffraction. If the time over which useful information is gathered
is equivalent to the full period of the source At (the case
suggested by the lower-right figure), the peak flux of the pulsed
source is the effective parameter to compare with the flux of the
steady-state source. Often this is not the case, so one makes a
comparison in terms of time-averaged flux (centre panel). For the
pulsed source, this is lowered from the peak flux by the duty
cycle, but with the time-of-flight method one uses a large interval
of the spectrum (shaded area). For the steady-state source, the
time-averaged flux is high, but only a small wavelength slice
(stippled area) is used in the experiment. It is the integrals of the

—

two areas which must be compared; for the pulsed sources now
being designed, the integral is generally favourable compared
with present-day reactors. Finally, one can see from the central
panel that high-energy neutrons (100-1000 meV) are especially
plentiful at the pulsed sources. These various features can be
exploited in the design of different kinds of experiments at pulsed
sources.

4.4.2. Beam-definition devices
(By I. S. Anderson and O. Scharpf)

4.4.2.1. Introduction

Neutron scattering, when compared with X-ray scattering
techniques developed on modern synchrotron sources, is flux
limited, but the method remains unique in the resolution and
range of energy and momentum space that can be covered.
Furthermore, the neutron magnetic moment allows details of
microscopic magnetism to be examined, and polarized neutrons
can be exploited through their interaction with both nuclear and
electron spins.

Owing to the low primary flux of neutrons, the beam definition
devices that play the role of defining the beam conditions
(direction, divergence, energy, polarization, efc.) have to be
highly efficient. Progress in the development of such devices not
only results in higher-intensity beams but also allows new
techniques to be implemented.

The following sections give a (non-exhaustive) review of
commonly used beam-definition devices. The reader should keep
in mind the fact that neutron scattering experiments are typically
carried out with large beams (1 to 50cm?) and divergences
between 5 and 30 mrad.

4.4.2.2. Collimators

A collimator is perhaps the simplest neutron optical device and
is used to define the direction and divergence of a neutron beam.
The most rudimentary collimator consists of two slits or pinholes
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Fig. 4.4.1.2. Schematic diagram for performing diffraction experiments at steady-state and pulsed neutron sources. On the left we see the familiar
monochromator crystal allowing a constant (in time) beam to fall on the sample (centre left), which then diffracts the beam through an angle 26,
into the detector. The signal in the latter is also constant in time (lower left). On the right, the pulsed source allows a wide spectrum of neutrons to
fall on the sample in sharp pulses separated by Az (centre right). The neutrons are then diffracted by the sample through 26, and their time of
arrival in the detector is analysed (lower right). The centre figure shows the time-averaged flux at the source. At a reactor, we make use of a
narrow band of neutrons (heavy shading), here chosen with A = 1.5 A. At a pulsed source, we use a wide spectral band, here chosen from 0.4 to
3 A and each one is identified by its time-of-flight. For the experimentalist, an important parameter is the integrated area of the two-shaded areas.

Here they have been made identical.

431

Copyright © 2006 International Union of Crystallography

references


http://it.iucr.org/Cb/ch4o4v0001/references/
http://it.iucr.org/Cb/ch4o4v0001/fig4o4o1o2/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [641.000 859.000]
>> setpagedevice


