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Neutrons from the source are pulsed and monochromated.
Monochromatic bursts of neutrons strike the sample.

Some of the neutrons are scattered.
Some of the scattered neutrons are counted in the detectors.

The time between pulses, T, is divided into N time channels of width
At=T/N. (At the DCS, N=1000). Detector events are stored in a 2-d

histogram (1,]) [i labels the detector, j labels the time channel].
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How do we obtain S(Q,®) from I(i,})?

Number of atoms of

Number of neutrons per second scattered at i
sample in the beam

angle 26 into solid angle AQ), reaching
detector within time interval [t,ty+At]

Solid angle subtended
Raw data

/ by detector

2
1(i,j) < 1(26,1) = NCDLd ° }AQAt

Qdt
Width of time channel
Number of neutrons per second  pgyple differential scattering cross section

Eer un(ij[ ar.za in gle i)ncident (w.r.t. time); depends on 26 and t
cam (1ncident flux

2

To the extent that AQ and At are constants, d(ilzt oc 1(26,1)
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How do we obtain S(Q,®) from I(i,j) (contd.)?

Double differential scattering | | Double differential scattering
cross section w.r.t. energy cross section w.r.t. time

: : [ d'o o 1(26, t)}

I 1, _do _do dt ddt
E,=—mv; =—m—— = ' . .
D T deEf dQdt dEf (from previous slide)
2
Since E, o i dE, oc%, ioc iD,andd—GocI(%,t)tzD
£, dt t;, " dE, dQdE,
do _ o5k $(Q,0) k. is fixed and k, o —
J0dE,  dmi k, e R
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How do we obtain Q and ®?

L Dpg
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Knowing D, and v;, we obtain ty = D,g /v, .

Knowing Dy, tg, and t;,, we obtain v, = Dgp /(t,, —t).

Knowing v., we obtain E, = Emvi‘.

[ my; Hence im=E, —E, o my,
.= = . = .=
" oh and Q=k, -k, h
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The Disk Chopper
Spectrometer (DCS)
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The Disk Chopper Spectrometer - schematic
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The Disk Chopper Spectrometer
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Neutron guides in the confinement building
WWww.ncnr.nist.gov/expansion2/yqims2

1322 (May 25 2011) From right to left, the casings for guides NG-1, 2, 3, and 4. The
n n n monolithic casing for MG-5, 6, and 7 is visible to the lefl. m
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The choppers and the quide
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Pulsing Choppers

The pulsing and monochromating choppers are counter-rotating pairs,
permitting a choice of pulse widths; they normally run at 20,000 rpm. The
order removal choppers (also 20,000 rpm) remove contaminants. The
frame removal chopper alleviates the problem of frame overlap. It runs at
20,000/m or 20,000(m-1)/m rpm; m is a small integer (typically m~\/2).
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The flight chamber and detectors

The flight chamber is argon-filled to reduce
scattering of neutrons traveling the 4 m
distance from sample to detectors.

There are 913 detectors in 3 banks, from -30°
to +140°,
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Why do we need all those
choppers?
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Counter-rotating choppers

One chopper Two choppers
time

transverse
position

transverse
position

With two choppers and the same resolution
width, we get twice the intensity.
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Time-distance diagrams - single pulse
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Time-distance diagrams - multiple pulses
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Removal of frame overlap
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What are “contaminant’” wavelengths (““orders’)?
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Removal of “contaminant” wavelengths
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Considerations when
running an experiment:
1. Wavelength
2. Chopper speeds/periods
3. Widths of slots
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Choice of wavelength A

Intensity at sample I(E) Resolution width AE
a8 - 10000
i — AE =13220 2%
8x10° 1000|——# --- AE =3948 )%
F =
2 610 g
2 = 100
_E ax10° E

10

wide slots

5
2x10

0 2 4 6 8 10 12 14 0 2 4 6 8 012 14
narrower slots | MA)
e I(E) peaks around 2.5-4.5A; at long A, I(E) drops ~ 50% for every 2A.
e Energy resolution width AE varies roughly as 1/A°
e Qrange and Q resolution oc 1/A

e Bragg peaks can be troublesome at short A (4.8A is a popular choice)
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Choices of chopper periods and slot widths

Chopper master period T, and period at sample Ts.

e Minimum T is 3000us (corresponds to maximum speed 20,000 rpm)
e Resolution width AE oc T
e The intensity in a single pulse is I,(E) < T’
e The frequency of pulses at the sample is 1/T
o Thus the intensity [(E) o T?/T, =T/m,
where m =T, /T is known as the "speed ratio denominator"

e Jio range increases with m (frame overlap becomes less of a problem)

Slot widths W
e I(E) varies roughly as W’
e AE varies roughly as W
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