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Abstract

An investigation has been made into the practicability of combining the

neutron spin echo and time-of-flight techniques on the Rutherford

Laboratory Spallation Neutron Source.

Preliminary specifications are

presented for a quasielastic instrument with an energy resolution down to

~n 10 neV and an inelastic spectrometer for measuring excitation widths

~ 1 peV.
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INTRODUCTION

The neutron spin echo (NSE) technique for high resolution inelastic
neutron scattering is a relatively new technique, and was introduced

by Mezeil in 1972.

In conventional inelastic neutron scattering the energy change on
scattering is deduced by selecting the incident and scattered
neutron energies. High energy resolution implies good momochro-—
mation and a resultant reduction in neutron intensity. In the
neutron spin echo technique the energy change on scattering is
measured directly as a change in the precessing polarisation of the

neutron spin.

The spin echo technique is described in detail elsewhere!=12,

The main advantages of the technique are:

(i) Energy resolution and monochromation are, in principle,

decoupled, resulting in good neutron economy.

(ii) Energy resolutions of the order of ten times better than that

obtained using other techniques are achievable.
(iii) The intermediate scattering law S(Q,t) is measured directly.

(iv) Resolution corrections are applied by a simple divisiom, rather

than by a deconvolution.

The spin echo technique was first developed on the IN1l
instrument!3514 2t the Institut Laue Langevin (ILL) where it is
combined with a classical long wavelength basic spectrometer to
provide conventional momentum transfer resolutions (10 to 20%) for
high energy resolution quasielastic studies3>4, It is also

proposed to combine the spin echo technique with a triple axis basic
spectrometer for the study of elementary excitations with high

energy resolution319’11’12. More recently Mezeild has

proposed using the spin echo technique on a pulsed neutron source,
that is on a time—of-flight spectrometer. In discussing the
practical consequences of combining the spin echo and time-of-flight
techniques on the Rutherford Laboratory Spallation Neutron Source
(SNS), extensive use will be made of the method suggested by
Mezeil5. 1In order to utilise the main advantages of the

time-of-flight technique on a pulsed source we require,

(i) a maximum incident wavelength band, A}, and
(ii) a large detetor solid angle, implying the use of a multi-

detector.

The length of the instrument, its distance from the source, and the
pulse repetition frequency of the source will determine the maximum

wavelength band AX that can be used without frame overlap.

The possibility of phasing the spin turn coils with the SNS pulse
means that the degradation of the spin echo signal which occurs on
steady state sources for poorly monochromatic beams due to the
wavelength dependent action of the spin turn coils, can be avoided
or at least minimised. In most pulsed source spin echo instruments
the resolution in the scattering vector Q (AQ/Q) will in general be
dominated by 46/6, the uncertainty in defining the scattering angle,
rather than the uncertainty in determining the neutron wavelength,
8A /X =8T/T. This should allow better AQ/Q's to be achieved than
on steady state source instruments where the 6X/A contribution to

the Q resolution is often significant.

In this paper the principles of the spin echo technique are briefly
reviewed. The scientific case for providing spin echo on the SNS is
then discussed and specifications presented for both quasielastic

and inelastic spectrometers.

PRINCIPLE OF THE NEUTRON SPIN ECHO TECHNIQUE

Detailed descriptions of the spin-echo technique are presented

elsewhere1'15; we will consider here the main principles only,



and discuss briefly its application to studying quasielastic and
inelastic processes, particularly in combination with the time-of-

flight method.

In the neutron spin echo technique a neutron polarised perpendicular
to the magnetic field direction traverses a well-defined field
region, in which it performs a precession through Qo radians. -The
neutron spin is then flipped, that is, the polarisation direction is
turned about an axis perpendicular to the field direction. The
neutron spin then enters a second field region where it undergoes a
precession through §; radians which appear to be in the opposite
sense to the Q, Precessions. Let us first consider the experiment
where the sample is placed at the spin flipper position and the
scattering is purely elastic. If the field integrals experienced
before and after the sample are identical,then the precessional
phase shift Q,-Q; = 0. This is the so-called "focussed” echo
condition, where the measured polarisation is a maximum. Inelastic
processes give {i, # Q] that is a measured polarisation which

is less than the maximum.

The resultant change in the Larmor precession angle for the
generalised case of inelastic scattering and non-identical field
integrals before and after the scattering is3
QoHo JI’IHI
=06~ 9 =Y, [— - ——] (2.1)
v v
1 1
where vy, = 2.916 kHz/Oe is the Larmor precession constant for
neutrons, ¢ and H refer to the coil lengths and fields, v is the
neutron velocity, and the subscripts o and 1 refer to the situation
before and after the scattering. The basic idea behind NSE is to

use ¢ as given by equation (2.1) to measure the energy transfer:
Tw = E; - Eg = } w2 - 4 mwy? (2. %)
on scattering. Since Q and y are different functions of v, and

v] this is only possible locally with respect to an arbitrarily

chosen ﬁmo, with

8 -~ =tlw - we) (2.3)

where © is an average precession angle change corresponding to
incident and scattered beams of average velocities v, and vy,
and t is a proportionality constant. Mezei3 has shown that this
condition can only be satisfied if

poge s ’;oHo _ Ty B ’;1H1 (2.4)

mv mv
o 1

and that a further practical comsequence is that the incident and
scattered beams must be roughly monochromatic. Note that t is
independent of the subscripts o and 1 for the incident and scattered

beams. The two most useful forms of these expressiomns are:

ILoHo 603
e (2:5)
171 v

which describes the general focussing condition for inelastic

scattering (or in fact elastic scattering where L H, = £1H1)

and
[ %)
= ‘ﬁ-YL _H3 = — (2'6)
mv 2E

The sample scattering is characterised by the scattering function
S(Q,w), which we shall consider at first to depend only on y. This
defines the probability that neutrons are scattered with energy
transfer fw, and consequently determines the distribution of
precession angles { in the scattered beam. The average analysed

polarisation, assuming zero spin-flip scattering, is given by

+
<py> = b, <cos(Q - 5)>= po_f S(Q»w) cos [t(w-wg) Jduw (2.7)

where p, represents the maximum instrumental polarisation. Note
that NSE measures the polarisation component in the direction of the

analyser, here denoted as the y direction.

The significance of W, is that the energy transfer hwo
determines the centre of the NSE group, and that the /'py \,
4



measurement determines £ - Q, or w —w,+ For quasielastic
scattering a further simplification is possible since wy = 0, and

w gives the total energy transfer Hu.

In order to obtain full information about the scattering function
S(Q,w), Py has to be measured at several values of the Fourier
parameter t. This is most commonly accomplished by scanning the

precession fields H, and Hy-.

The above equations have been extended further to include dispersive
elementary excitations. The results will not be discussed in this

paper; we simply refer to the original textsarg’lo’ll’lz.

Figure 1 shows examples of different (Q,s) relationships for
quasielastic and inelastic scattering which may be studied using

NSE.

Mezeild was the first to describe an instrument which combines

the spin echo and time-of-flight techniques. Details were given of
its application for measuring quasielastic scattering where the
precession field regions before and after the scatterer have
identical field intengrals H, %, = Hlll = HL. In this case

the NSE polarisation Py  depends on the time difference t of the

neutron times of flight in the precession fields:
t = R,/vl - E/vo (2.8)

and this is combined with the total time of flight T:

Ll
T=—+
Vi

(2.9)

<|OH

o]

where L, and L; are the incident and scattered neutron flight
paths respectively, to give full information on the scattering
<< vg):

process. For quasielastic scattering (VI =V

Q v 2 mv, sin §/H, (2.10)

T~ (Ly + Ly)/v, » and (2.11)
11, %
v v 2
1 o v
o
wh 3 m2
N v [(2 8inb)”, —— .w] (2.12)
3 ﬁZ 3
o Q

The NSE polarisation measured in a given time—of-flight channel of a

detector at fixed scattering angle 26 is:

+ [ Y, HR Y HL\
Py = Po | S(Q,0) COSK 3 = —-——5 dw (2.13)
- 1 o
+ YLHZmz
= po J 5(Q,w) cos [ (2 Sin 8)3 —S—5 Juedw (2.14)
_—_ »'h Q

The Fourier time T is

2
T= (2 sin 6)3. YLHlm
'hZQS

(2.15)

Figure 8 shows typical (Q,T) scans for a quasielastic TOF/NSE

instrument.

Similar arguments apply to the case of finite energy transfer
experiments such as the study of the lifetimes of elementary
excitations. As discussed earlier in this section the spin-echo
condition corresponding to the velocity change v, to v; is tuned

using equation (2.5).

A spin-echo T scan is usually performed by changing the precession
field H. In time—of-flight experiments, however, each detector time
channel corresponds to a different Q. It may therefore be possible

to scan T merely by comparing time-—of-flight channels belonging to



the same Q at different angles 6 (see equation (2.15)), without the

need to change the precession coil currents.

SCIENCE

In discussing the science possible using the spin echo technique on
the SNS, the pattern of research emerging on IN11 will be described.
We shall also attempt to identify possible fields of study that may
emerge in the future. These will be considered broadly under the
headings of either quasielastic or inelastic scattering. The range
of studies and the corresponding instrumental requirements are
summarised in Tables 1 and 2, and are discussed in more detail

below.

3.1 QUASIELASTIC SCATTERING

Neutron spin echo can be used to study relaxation phenomena and
diffusive motions at low Q over a large time range and directly in

the time domain.

(a) Macromolecular diffusion

Slow diffusive motions may be investigated in a number of
macromolecular systems at low Q. Examples include colloidal
dispersions (micelles and microemulsions), polymers in solution and
melt, and biological systems (for example, haemoglobin, viruses and

proteins).

Dynamic small angle neutron spin echo measurements on concentrated
colloidal dispersions yield an effective particle diffusion
coefficient which is related to the structure factor resulting from
interparticle interactions. Such studies on concentrated micellar
solutions of sodium dodecyl sulphate have recently been used to
provide self-consistent verification of the interpretation of static

small angle scattering datal6,17,

Measurements can be performed at low Q to investigate the internal
motions of single polymer chains in solution and melt!8-20,

7

Polymer chain relaxation in solutions of polydimethylsiloxane and
polymethylmethacrylate have been investigated. The results largely

confirm theoretical predictions.

Quasielastic and inelastic experiments have been used to identify
low frequency motions in large biological structures, such as
haemoglobin, viruses and protein521_23. Efforts are being

directed towards differentiating between translational, rotational
diffusion and low frequency collective internal motions (“breathing”

modes).

(b) Diffusion in liquid crystals and superionics

High energy resolution is required to measure the small energy
broadenings associated with low frequency collective motions in
liquid crystals. It has also been proposed that the measurement of
the temperature dependence of quasielastic scattering in materials
such as Srclz22 above the "superionic” transition should show

whether the quasielastic scattering is due to anionic diffusion.

(e¢) Spin relaxation

Much of the recent interest in disordered magnetic systems concerns
the spin glass transition and whether or mot it is a true phase
transition. To test the various models so far proposed it is
desirable to measure the dynamics of spin glasses over as large a
range as possible; data at low frequencies is particularly
important. Using a combination of neutron spin echo and
polarisation analysis the time dependent spin correlation function,
S(Q,t), can be measured in the time range 10712 o 1079 seczé;

this has hitherto been inaccessible to neutrons. The spin dynamics
of Alen351301223 and CuMnZ% have been investigated and yield

a broad spectrum of relaxation rates.

(d) Phase transitions

High resolution quasielastic scattering has been used to investigate
critical neutron scattering at the nematic-smectic A phase tramsition

8



in the compound cB00a23 where the quasielastic scattering

results from fluctuating clusters of the disordered nematic phase.

(e) Diffusion of hydrogen/deuterium in metals

The diffusion of hydrogen and deuterium in metals has been
extensively studied by conventional neutron scattering and other
techniques. Correlation effects in diffusion can be studied by
observing the coherent quasielastic scattering of deuterium; spin
analysis is required to separate the coherent and incoherent
scattering. Good Q and energy resolutions are required for

diffusional studies near Bragg peaks.
3.2 INELASTIC SCATTERING

Neutron spin echo can be used to study the widths of elementary
excitations of energies tw,. The resolutions obtained for non-—
dispersive optical branches are limited only by field
inhomogeneities, and the "focussed" echo condition can be relatively
easily satisfied. Dispersive excitations satisfy the focussing
condition only to first order and experimentally complicated methods
such as the use of tilted fields are required to achieve
focussing3:9_12. It is these second order effects which limit

the potential energy resolution to perhaps a factor ten worse than
those achievable where the limiting factor is the field

inhomogeneity.

(a) Nuclear scattering

Neutron spin echo has been used to extend the study of the lifetime
of rotons?? in superfluid bHe at low temperatures by measuring

the width of the roton line at a momentum transfer corresponding to
the roton minimum. Measurements have also been made on rotoms in 4.
dilute mixtures of SHe and “He where energy widths fiw of the

order of 1 ueV were observed.

Pynnll’12 has studied the feasibility of measuring transverse
and longitudinal acoustic phonons on a triple axis spin echo

9

spectrometer. Typical examples were taken as the 1107 Ty phonon
and [100] L branch phonon in Nb as measured using a conventional

triple axis spectrometer by Shapiro et al.28,

Several other inelastic problems utilising nuclear scattering have
been suggested. Lovesey29 has proposed measuring long
wavelength density fluctuations in super-cooled liquids. Coherent
inelastic scattering can be used to measure the spectrum of
spontaneous density fluctuations. The long wavelength density
fluctuations can be described by thermodynamic derivatives and
transport coefficients. Low momentum transfers, hQ, and good energy
resolution are required. Lovesey and Schofield30,31 have
calculated the coherent scattering function describing the density
fluctuations in spherical fluid particles at wavelengths long
compared to the interatomic spacing. Models suitable for the liquid
droplets, spherical viruses and proteins were described. Inelastic
peaks at non-zero frequencies are predicted in the low Q region.

The measurement of these excitation widths requires high resolution.

(b) Magnetic scattering

The dynamical properties of ordered nuclear spin systems have been
calculated by Word, Heidemann and Richter32 and the feasibility
of measuring nuclear spin waves discussed. Such measurements
require high energy resolution at extremely low Q's and are well

suited to the NSE method.

Neutrons are a unique tool for measuring crystal field splittings in
metallic alloys and compounds33. By combining polarisation
analysis with the improved energy resolution provided by spin echo,

this should allow peak assignments to be verified34,

SPECIFICATION FOR A QUASIELASTIC SCATTERING INSTRUMENT

Table ! summarises the quasielastic scattering programs currently
being studied using neutron spin echo. These include macromolecular
diffusion, diffusion in liquid crystals and superionics, spin

10



relaxation, phase transitions and the diffusion of hydrogen in

metals.

With the exception of the measurements of diffusion in superionics
and of hydrogen in metals all these experiments could be performed

on a spectrometer with the following specification:

(i) Energy resolution, Ty ~ 0.01 to 10 yeV
1

o=
(ii) Wavevector transfer range, Q ~ 0.02 to 0.4 A i

o=
(iii) Wavevector transfer resolutiom, AQ ~ 0.005 to 0.025 A .

For the SNS instrument it is proposed to aim for 4Q/Q "~ 5%. This Q
resolution is ™ 4 times better than that most frequently used on the
IN11 spectrometer where most experiments use AQ/Q ranging from 18%

to 35%.

To utilise the main advantages of the pulsed source we require both
a large wavelength band, AX, and to cover a large scattering angle

range with a multidetector.

The first requirement can be achieved by phasing the 7/2 and 7 coils
of the spin echo spectrometer with the SNS pulse; details will be
given in section 4(g). Good momentum transfer (fiQ) resolution is
possible as the time—of-flight measurement gives a flight time
uncertainly ST/T < 0.5% and AQ/Q is effectively determined by A8/9

even at large scattering angles 29.

The maximum wavelength band AX that can be used is limited by the
band pass of the polariser and analyser systems and by frame

overlap. Due to the possible interference from magnetic material
from neighbouring instruments and the instrument beam shutters we
have estimated that the critical magnetic precession field regions
of the spectrometer must extend out to ™~ 15 to 20 metres from the

source.

The use of a large angle detector bank dictates that a solenoidal
field geometry similar to that on INll cannot be used. A vertical
field geometry has been proposed, and it will be shown that it is

11

possible to achieve field homogeneities consistent with the fiy

resolutions specified above with such magnet geometries.

The following detailed design aspects of a pulsed source

time-of-flight quasielastic instrument will now be described:

(a) Q range and detector bank,
(b) Flux and wavelength band, Al ,
(c) Detector solid angle,

(d) Q resolution, 4Q/Q,

(e) Magnet design,

(f) Energy resolution, Huw,

(g) Phasing of spin turn coils,
(h) Q, T range,

(i) Polariser and analyser designs.

(a) Q range and detector bank

The optimum choice of the mean incident wavelength, Xo, is

determined by:

(i) the values of %,H and v, Tequired to achieve the

specified energy resolutions (see section 2),
(ii) the source spectrum, and

(iii) limitations associated with the design of the polariser

and analyser systems.

These conditions dictate that the mean incident wavelength on the
0
SNS spin echo instrument should be A, ~ 6 A, and that the

spectrometer should ideally view the cold moderator.

We propose to use a static detector array with scattering angles 20
o—1
ranging from 1° to 21°, This gives Q = 0.018 A and

o= & min
=0.38 A at A, = 6 A.

Qmax

12



0
It will be shown in section 4(b) that a wavelength band AX ~ 3 A can

be accommodated on the instrument; fhis means that the effective @
- o-1

o
range is extended to Q = 0.015 A and Qax = 0.51 & .

min

(b) Flux and wavelength band AX

The most suitable SNS beam hole for a spin-echo instrument is Né&;
this views the cold moderator and is situated between the low Q and
constant Q spectrometers as shown in Figure 2. 1In order to avoid
any magnetic interference from the iron in these neighbouring
instruments and the beam shutters, we have placed the polariser at
17 metres from the moderator. If we then assume that the instrument
is v 6 metres long, then the total neutron flight path to the

detector is v 23 metres.

In order to avoid frame overlap whilst using each SNS pulse we

require,
Ax § 108/£.1. 252.82 (4.1)

where A\ is the maximum wavelength band in X, f = 50 Hz is the pulse
repetition frequency for the SNS and L is the total flight path in

metres.
)
This gives AX = (79.11/L) A and therefore

)
Akmax v 3444 A
By designing the spectrometer to operate at a mean wavelength
0
Ao = 6 A, this gives a useable wavelength band between 4.5 % and
0
7.5 A.

In order to calculate the flux at the sample we shall assume that a
straight nickel neutron guide can be placed between the moderator
and the start of the spectrometer. To calculate the guide
transmittance we assume that the guide and moderator are fully
matched for illumination as shown in Figure 3. For a 10 cm square
moderator and a guide starting at 2 metres from the moderator, the

13

matched condition for I 7.5 % gives a guide width of 4.8 cm.

If we assume that the fractional losses in the guide are due to

surface irregularities then the loss can be expressed as33

Lg B 1 1
By, = dg vyl (4.2)
where,
Lg — guide length,
a;b = cross—sectional dimensions of the guide,
B - surface waviness

then for 8 v 1074 radians, L, = 15 m and a=b=4.8 cm, fj is

=4
of the order 3%.

Assuming that the differential neutron flux at the moderator surface
is equivalent to the differential neutron flux at the guide entrance
when fully illuminated36, the flux at the guide exit I, 3%

then given by

Ig = ¢p % (1 - £) 0 evl gec”l

where,
¢m ~ differential neutron flux at the moderator surface
Qp — guide solid angle of acceptance

and Qf - 4Yc2 = 4 (0.00173 2)2 for nickel guides.

For the cold (20K) moderator in the 1/E region on the SNS we can

write37
1 2 E2E 1
I, = 4.4 x 1012x(0.97)x4(0.00173)% x 0.081787.[ =5 . s
iy (10)
-2 -1
n.cm sec
E,
= 4.06 x 10* N/E] " n.ca 2 sec”! (4.4)
1

o
and for a wavelength band between 4.5 A and 7.5 K we obtain

14



I, = 1.78 x 107 n cn 2 sec™l
2 o 38
If we further assume a polariser transmission of 0.4 and a
beam divergence loss of 30% in the polariser to sample distance of 2

metres then the calculated flux at the sample position is
I 2.14 x 108 a0 em™2 sec”l
This should be compared with a flux at the ggmple position for IN1l
0
at A, = 6 A £ 10% of 4.0 x 10 0 em™2 sec™l” . Note that we
have ignored any attenuation effects due to air scattering and have

assumed that all flight paths are evacuated.

(c) Detector solid angle

We propose using a 20° 26 detector array, a sample to detector
distance of 3 metres and a detector height of 10 cm. This gives a
detector solid angle of the order of 1072 sterad. This compares
with the following detector solid angles at other existing or

proposed high resolution inelastic spectrometers:

IN11 =~ the spin echo spectrometer at ILL, 1074 sterad.
IN1O - the ILL backscattering quasielastic spectrometer,
0.4 sterad.
'IRIS - The currently approved SNS quasielastic spectrometer,

0.8 sterad.

The gain factor in solid angle over INll is ~ 100. By taking into
account the difference in incident flux the resultant increase in

counting rate for the SNS instrument is of the order of 50.

It should be noted that the IN10O and 'IRIS instruments are optimised
for incoherent scattering where the neutrons are scattered more or
less isotropically into 47 steradians. The complete solid angle
available on the SNS instrument may not necessarily be utilised for
small angle coherent scattering where the scattering is strongly

peaked in the forward direction.

15

(d) Q resolution, AQ/Q

For a time-of-flight diffraction measurement the Q resolution, AQ/Q,

is given by40:
(8Q/Q) = [(88 cot®)? + (AT/T)2 + (AL /(L2 (4.5)

where 2 6 is the scattering angle, T is the total time-—of-flight and
Lys Ly are the incident and scattered flight paths.

The time—-of-flight uncertainty arises from two sources: the
moderation width At g at the source and the detector chamnel

width At For the wavelength band proposed Atmod v

et”
100 psecg1 and if we select detector channel widths ~ 20 usec we
obtain AT/T "V 0.5%, which is much greater than the flight path
uncertainty. For the proposed instrument the Q resolution is
effectively determined by the A6cot® term, even at the largest

scattering angles.

The experiments listed in Table 1 show that AQ values v 0.005 to
0.025 Kﬁ (AQ/Q ~ 5%) will in general be required. Many of these
experiments have in fact been carried out on IN11 with AQ/Q ~ 20%
over the Q range 0.02 to 0.2 X—l. For diffusive processes the
averaging of the scattering law over a wide Q resolution is
justifiable. It is however advantageous to improve the Q resolution

to the values suggested in Table 1, where possible.

We shall now consider the beam divergences in the proposed quasi-
elastic instrument (see Figure 4). If a;, o, are the half
maximum divergence angles in the incident and scattered arms, then
the optimum geometry requires oj % ap, and Aeeff is given

by:
X
B8 gr = (02 + 0y2)7 (4.6)

The suggested polariser and analyser systems have multichannel
Soller type geometries, and are described in more detail in section
4(i). The effective divergence is then determined by, (i) the
analyser and polariser channel widths, (ii) the sample size, and

16



(iii) the polariser to sample and sample to analyser distances. where Fl is the Fourier transform of the field inhomogeneity

distribution.
If we assume that the polariser to sample distance Lj and the
sample to analyser distance Ly are ™ 2 metres, p and a are the In practice it has been found that the precession fields must be
polariser and analyser channel widths, and s is the sample size, designed such that ¢ .o < 8 rad otherwise the precessing
then typical values of A8 .¢¢ for different geometries are shown polarisatiqn is destroyedz.
below:
The field integral inhomogeneity is also important in determining
(i) p=a=s=1cm a] =ap=0.29% ABofg = 0.41° the maximum field Hp,y utilisable in a spin echo instrument, ie
it effectively determines the limiting resolution. This limiting
(ii) p=a=0.5¢cm, s=1lem; aj 0oy = 0.21%; A8 g = 0.30° resolution may be expressed as:

(ii1) p=a=1lecm s=3 cm o) =ay = 0.55%; 48 ¢c = 0.78 e = A [Hdn/[Hde (4.10a)
The Q resolutions AQ/Q calculated for these cases are shown in = ¢/ (4.10b)
Figure 5. The Q resolution normally obtained on INIll is included; e 21.59 ¢max
the improved Q resolution of the time-of-flight instrument over most = (-Hik ) = ¢ TR ) (4.10¢)
of the Q range is clearly evident. It is possible to improve the Q max
resolution on IN1l by using a graphite analyser, but only at the Equation (4.10¢) shows that for given & and A the additional phase
expense of a great loss in flux. shift ¢ increases with the precession field H but only up to the

limiting field Hp,x Corresponding to ¢ .y ~ 8 rad, at

(e) Magnet design which point the spin echo polarisation signal is destroyed. For the
solenoidal precession fields used on the INIl instrument the field
Spin echo measures a polarisation which is proportional to the integral inhomogeneity € ~ 0.00012. We now demonstrate that
cosine of the accumulated phase angle so for an ideal system we have comparable € values can be obtained for the vertical field
(see equation (2.1)): geometries required in the SNS spin echo instrument.
S RS o ld
<py> acos Ry —921) ocos (——Vo— ——-;,-1——) (4.7) Pynnl2 has shown that for “"racetrack” type windings as

illustrated in Figure 6 the maximum line integral inhomogeneities
In a real system there are field integral inhomogeneities which give (along the Y-axis in the figure) are given by:

an effective additional phase shift term ¢:

€
VHL v HR vert = cy2/g(L' + l.4g) (4.11)
/o a cos(_Lo_‘l__ﬁ_,p) (4.8)
\"e O
where ¢ is a constant "~ 0.4 to 0.7 which depends on (3Hh/3Z) at y=0,
Hayter7 has shown that the measured polarisation <py>m can be L' is the magnet length and g is the half gap of the magnet. (L' +
approximated by: l.4g) = % represents an effective precession length. Pynn12
recommends that a minimum ¢ value v 0.42 should be attainable and
i ~
\px>m =“}{<py>, (4.9) this is the value we have used in our calculations. We present

17 18



three possible designs for the SNS instrument precession fields:

(A) g=25cm L' =100 em, y = 1.5 cm (this accommodates a 3 cm
o
sample height), € = 0.00028, Hyayx v 760 Oe for A ~ 6 A.

(B) g=35ecm L'=100cm, y=1.5cm €= 0.00018,
Hoax © 1070 Oe for A v 6 &.
(c) g=25c¢cm L'=100cm, y= 1.0 cm, € = 0.000124,

Hoax © 1230 Oe for A ~ 6 X

These magnet designs are considered to be relatively easy to produce
at reasonable cost. Shimming and careful optimisation of the design
would be required to achieve the stated e values. & may be further
reduced by the addition of correction coils; this has already been
done successfully on the INI1 speCtrometeIZ’ZB. The multiple
correction coil being designed at the Rutherford Laboratory by

J Coupland for the Oxford Spectrometer Magnet42 may have

interesting possibilities. Hayter and Pynn43 are currently
considering the problem of applying corrections to vertical field
geometry precession regions, and investigating the possibility of
alternative field configurations to allow large angle detector
banks. More detailed magnet design work will be a vital requirement

in developing a viable instrument for the SNS.

(f) Energy resolution, Hw

In the calculation of the energy resolution, v, we assume that for
a Quasielastic Scattering Law S(Q,w) which is a Lorentzian, an

intermediate scattering law of the following form is measured:

P = Ppax e YLt (4.12)

where

r
|

= hQ,/2E,

For p = (1/e)Ppayx»> then Y = ZEO/Qéh; where hy is the half
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width half maximum of the Lorentzian.

Further it is assumed that the energy resolution is determined by
the field inhomogeneities of the precession fields and that the
maximum number of precessions 2, is determined by equation

(4:106)«

For magnet design (C) in section 4(e), € = 0.000124, and for E, =
2.27 meV ie Ay = 6 % then Hiy ~ 70 neV.

It appears therefore that the required energy resolutions (see'ﬁw in

Table 1) can be achieved using a vertical field geometry.

(g) Phasing of the spin turn coils

The 7/2 and 7 spin turn coils have a wavelength dependent

action5,6; for a large wavelength band A\ serious degradations

of the echo ratio and hence the signal to noise ratio cam occur. On
the pulsed source the currents in the spin turn coils and spin
flipper can in principle be phased with the pulse and their
wavelength dependent efficiencies can either be eliminated or at

least minimised.

We present a representative calculation to show that the currents in
the spectrometer spin turn coils can be phased with the machine
pulse. A typical spin turn coil of the type that can be used on the
SNS instrument is shown in Figure 7a.

The coil magnetic field, H,, can be approximated by

Hev HoNi/L (4.13)

where N is the number of turns in the coil, i 1is the coil current

and L is the length of the coil.

N is typically of the order of 100-150 turns. Following the

treatment given for a m—turn coil in reference 5 we have:
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g (see Figure 7b) > O (4.14)
H, = I' H,, where Hy is the guide field (4.15)
'y = 1/sin 8 (4.16)
H (0e) = 67.824/d,%, | (4.17)

where d, ig the coil thickness in cm and Ao is the neutron

wavelength (in X) at which the coil is perfectly tuned.
For fixed g = 10° we have

(i) At A
(ii) At X

= 28.3 Oe, H,
Ho = 14.13 Oe, H

= 4.9 Oe, 1 v 2.25 amps
= 2.45 0e, i ™ 1.12 amps

1
R
>0 o

(]

It is relatively straightforward to change the coil current i to
follow the times at which neutrons of different velocities reach the
coil: the optimum coil current is, as expected, inversely

proportional to the neutron wavelength.

It is also necessary to provide a correction field to adjust for the
optimum Hj - This can be produced by a simple Helmholtz pair. We
present a typical calculation for the above case where a field
compensation n 2.5 Oe is required for a wavelength band between 4 X
and 8 .

The field from a Helmholtz pair is given by
Hhp = (0-8)3/2 N i/a (4.18)

where N is the number of turns in each coil, i the coil currents and
'a' the coil radii. For a = 15 c¢m, N = 20 we require i~ 2 amps to
provide a compensating field~ 2.5 Oe. 1In the case of the SNS spin
echo instrument the time required for this AA band to cross the coil
is n 20 msec, ie a ramping rate A 1 amp in 10 msec is required;

this is easily achievable.
(h) (Q,r) range
If we define T as the Fourier time constant then equation (2.4) for
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quasielastic scattering gives
T = 11.53 HY/V3 (4.19)

where H is the precession field in Oe, v is the neutron velocity in

cm sec_l, and (= 2, = 21) are the lengths of the

precessional fields in cm.
Further, for the time-of-flight instrument (see equation (2.10))

Q = 2 mv siné/h = 3.1764 x 107> v sin8 (4.20)
Some typical (Q, 1) scans for & = 150 cm and H ranging from 50 to
900 Oe are shown in Figure 8, for 3 detector angles, 1°, 10° and
21°. A tocal t range of 1078 to 5.0 x 10710 geconds is
covered. This is almost identical to the IN11 spectrometer T range

of T=1.19 x 1078 to 4.8 x 10710 gec.

(i) Polariser and Analyser design

Polariser

We propose that the polariser can be of the form of a simple
straight Soller since the instrument geometry means that the beam is
well collimated before and after the polariser. A description of
the characteristics of a single channel Soller has been given by
Mezei and Schaerpf38. The polarisation and reflectivity

profiles of the Soller with supermirror surfaces as a function of
(/1) are shown in Figure 9, where g ..~ 0.23°/% and

8in ¥ 0.02°/& (non-reflecting substrate) and 0.06°/8

(glass substrate). The criteria used in designing the single

channel Soller are illustrated in Figure 10a, with

$/Ly = Apax ~ Apin (4.21)
Amax = ZD/LM (4-22)
Alsn = [2D/Ly ~ 8/Lp] (4.23)
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It is convenient to discuss the properties of the polariser in terms
of the variation of its polarisation transmittance product, P * T,

at the following wavelengths:

M = Apin/® pax (4.24)
Ny = Ao /8 oy (4.25)
A3 = Apin/®nin (4-26)
X4 = Amax/emin (4.27)

The wavelength depeundence of P * T for the single channel polariser
is shown in Figure 11. Some typical designs, where the P *# T
product has been optimised over the wavelength range of interest to
the spin echo spectrometer are shown in Table 3. The 110 cm long

Soller design is close to the optimum for this instrument.

In order to cover conventional sample sizes we propose using a
focussing system as shown in Figure 10b. Five channels, each 1 cm
wide, are sufficient for a 3 cm sample. The parameters given in
Table 3 show that over the wavelength range of interest (4.5 to

7.5 Z) the design is relatively straightforward.

It is not at present technically feasible to build a curved Soller

polariser to cover the required wavelength range.

Analyser

A possible analyser system for the spectrometer is shown in Figure
12a where the analyser consists of a multichannel V-shaped Soller
and each analyser channel is viewed by a single detector element.
The important design parameters for a single channel of the analyser

are shown in Figure 12b where,
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Apax ~ Apin = S/Lsa (4.28)

Aoy = 2d/Ly (4.29)
6M = [Apax ~ Amin]/2 (4.30)
Lgp = Lga + LM/Z + Lg (4.31)

A possible set of values for the analyser parameters are listed in

Table 4. This design should be relatively easy to construct.

(3) Summary

The proposed quasielastic scattering instrument is shown
schematically in Figure 13. A comparison of the important
parameters of the proposed quasielastic instrument with those of
IN11, IN10 and 'IRIS is presented in Table 5. A summary of the
types of measurement appropriate for the respective high resolution

instruments is given in Table 6.

Detailed design work is required particularly on the precession

fields though the preliminary work suggests that the required field
integral homogeneities should be attainable. A simple disc chopper
is required to select the spectrometer wavelength band; its design

is very straightforward.

The resolution that can eventually be attained on the instrument
will be very dependent on the degree of magnetic interference from
neighbouring metallic structures. Unfortunately this is very
difficult to quantify, however we do urge, where possible, that any
future design of instrumentation in the vicinity of the N4 beam port

should attempt to take this into account.

In conclusion, the time-of-flight neutron spin echo spectrometer for
high resolution quasielastic scattering studies has been shown to
have a comparable performance with existing high resolution
spectrometers, but it has the additional advantage of having a
superior Q resolution.
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SPECIFICATION FOR AN INELASTIC SCATTERING INSTRUMENT

We shall now consider the design of a time—of-flight spin echo
spectrometer that can be used to measure the widths of elementary
excitations. The basic instrument is a chopper spectrometer as
suggested by Mezeild, Although some of the features of the

design are similar to those of the quasielastic spectrometer there

are several important differences.

The "focussed” echo condition can be satisfied for quasielastic and
non-dispersive inelastic excitations such that the energy resolution
is limited only by the precession magnetic field inhomogeneities,
and energy resolutions of the order of 1077 to 1078 &V have

been achieved?. For inelastic excitations which are dispersive,

the energy resolution is limited to about 1075 to 1076 ev

due to second order effects of the "focussing” condition3,9-12,
Furthermore the "focussed" condition can only be satisfied to first
order if a "tilted" precession magnet geometrya’“r12 is

employed.

The types of inelastic scattering studies envisaged are summarised
in Table 2, and discussed in more detail in Section 3. Some of
these measurements such as density fluctuations in supercooled
liquids, compression modes in molecular aggregates, aund the study of
nuclear spin waves are highly speculative. The phonon studies in
superfluid He and Niobium are typical examples of a wide range of
phonon studies. The problem of detecting nuclear spin waves32
and the need for very low scattering vectors suggests that such
experiments would be beyond the capability of the first generation

time-of-flight spin echo spectrometers.

The quasielastic time—of-flight spectrometer can be used to study
non—-dispersive excitations, however, we would recommend, that
because of the incompatibilities of the precession field require-
ments, there should ideally be a separate instrument dedicated for
inelastic experiments. In view of the second order effects of the
focussing condition we have designed the precession field magnets

for the inelastic instrument to give an energy resolution in the
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range 1 to 10 peV. The lower number of precessions required means
that shorter magnets may be used; the total instrument length need
be no longer than v 4 metres.

o—1 o-]
The Q range required (0.02 to 0.2 A and 0.4 to 2.0 A ) suggests
the need to use two detector banks; a 50° bank for the Q range
associated with normal phonon studies, and a low angle array for
studying density fluctuations in supercooled fluids and the collec-
tive modes in molecular aggregates. The designs for the spin turn
coils, the polariser and the analyser are similar to those presented
for the quasielastic spectrometer, and will not be considered

further.
The following aspects will be considered in more detail:

(a) Flux and wavelength band AX

(b) Q range and detector array

(c) Energy resolution and magnetic field design
(d) Maximum energy transfer, Hu

(e) Chopper

(a) Flux and wavelength band

The factors affecting the choice of the mean incident wavelength
Ao are similar to those presented for the quasi-elastic instrument
in Section 4(a). The choice of two possible mean incident wave-
lengths, namely A, v 4 R and 6 X, will be considered for the
inelastic instrument and we shall assume as for the quasielastic
instrument that the inelastic instrument will view the 20K cold
moderator and start at n 17 metres from the moderator so as to
minimise the magnetic interference from adjacent metallic

structures.

For a total instrument length of 4 metres the wavelength band that

can be used without frame overlap becomes
AX = 79.11/21 = 3.5 &
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The wavelength limits and corresponding sample fluxes, calculated (c) Magnet design and energy resolution

assuming chopper transmittances n, 70% are shown below:
The magnetic field design and the resulting energy resolution

follows the arguments presented in Sections 4(e) and 4(f). The

T T T T

Mean Maximum Minimum Sample Flux following design parameters are considered suitable for a vertical
Haalespth hemsleagrl [l [Memelemgrh field precession field magnet with "racetrack” type windings:
Ao Amax S [ n cn~? sec™! |
4& 5-5@ 2458 Z 1.0 x 106 ! y=1.5¢cm, L' = 25 cm, g = 10 cm giving ¢ = 0.0023,
68 7.54 4.5K ! 1.5 x 106 | Hpax = 480 Oc (at do = 4 8) and H_, = 320 Oe
(at A, = 6 A).
(b) Q range

Assuming a Lorentzian lineshape the corresponding energy resolutions

In order to have the capability to carry out experiments over the Q are hy =3 ued fak o = 4 X) and Ty = 1.3 yeV (at Ay = 0 X)'

range discussed in Section 3 we suggest the following possible

This design means that the energy resolution in the proposed
detector arrangements.

inelastic instrument is limited by field inhomogeneities rather than

(i) At X = & X. by second order focussing effects. More detailed calculations will
° 0
be required before a firm decision can be made on the optimum magnet

design. h i ilti i
(A) A 50° detector bank with Zemin = 200, esign. These should include the effects of tilting the precession

&
= o — .

26, = 70°, and A = 3 & to give Qg v 0.39 A

and Qpax ™ 2.9 A .

1 fields to obtain focussing as' suggested by Mezei? for a triple

axis spin-echo spectrometer.

(B) A 4° low Q detector array with 28 , = IO, (d) Limitation in energy transfer ranges"ﬁua
min

. o1
26 .5 = 5%, and A =3 R, to give Qpin "~ 0-02 A

and Q. v 0.22 K-l' For inelastic measurements where the two precession field lengths

before and after the scatterer are equal the focussed echo condition

(ii) At X, = 6 X‘ for the non-dispersive case (see equation (2.5)) is:

3 3
(A) A 50° detector bank with 28 40 = 50°, (Ho/H1) a (vo/vy)® o (A1/2g) (9.1
20, = 100°, and 8 = 3 R to give
o- o-1 and this restricts the maximum energy transfer fw, to which the
~v0.71 A and Q. v 2.2 A . (s

Q i
min
spectrometer can be tuned. This is essentially because there are

practical limits to the magnitude of (Hy/H;) ie (HO/Hl)max v 100,

(B) A 4° low Q detector array with 28 . = 1°,
e /Hy) .~ 1/100
(Ho 1/min *

20 = 6° and AL = 3 A to gi = 0.037 §!
% 5 give Q .

o1 min
and Qmax =0.15 A .

For neutron down-scattering:

27 (Ho/Hp) v 102 & (A pan/2o)3 (5.2)

28



ie Almax ~vobL64] Ao
This relation gives the following energy transfer limits at incident

wavelengths A, = 4 R and 6 X:

A | = (meV) % E . (mev) M (meV)
0 o lmax | Imin max
[ 0 | H
4A 5.11 18.6A | 0.24 4.87 |
5 i
64 2.27 27.98 | 0.11 2.16

For neutron up-scattering:

(Ho/Hp) © 17102 n (A2 /2g)3

1min

ie Almin v 0,215 Ay

o o
The energy transfer limits at A, = 4 A and 6 A are:

|
A Eo(mev) Mumin Elmax(mev) ‘ﬁmmax(mev)
o]
4a 5.11 0.864 110.6 105.5
o
6A 2.27 1.298 49.1 46.8

A further limitation is imposed if the same energy resolutions are

required at all energy transfers. This point may be illustrated for
the case of a Lorentzian scattering law where the energy resolution
may be expressed in terms of the linewidth parameter y, as discussed

in Section 4(f), where

2E1 2Eo
By = g— =7 (5.4)
1 Q

For down-scattering,

fl“’max =B~ Elmin (5.5)
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is limited by Hlmin in the scattered beam. Substituting

Q= (Hypin U Mgax/21-59) rad. (5.6)

o
where H is in Oe, % in cm and X in A, gives the limiting condition

for down-scattering:

= (" Rl‘EY/4.77)2/3 meV 5.2

Elmin 1min

and hy is also expressed in meV.
As a typical example we shall take

Hipin ~ 10 05 By v 3x 1073 mev, 2; = 50 cm,

and this gives ﬁwma v 4.64 meV at an incident wavelength

X

o . ™ . - A
Ao ~ 4 A. Note that this is very similar to the E“hax value

calculated ignoring the emergy resolutiom.

A different result is obtained for neutron up-scattering. Here

o,

ig limited by Hlmax ie

ax
= . 2
Ejmax = (H) nax RlvﬁY/4’77) /3 mev (5.8)
and using Hyp.. = 103 oe, % = 50 cm, fiy = 3 x 1073 pev .
we obtain ﬁwmax ~ 7.8 meV at an incident wavelength A, ~ 6 A,

which is significantly smaller than in the calculation which ignores

the energy resolution.

We conclude that for inelastic NSE experiments with cold neutron

beams at resolutions of a few microvolts, the energy transfer ranges
Hw measurable are limited to ~ 10 meV for both neutron up-scattering
and down-scattering. The energy transfer values presented in Table

2 for the experiments so far suggested are all within this range.

(e) Chopper

Adding a chopper phased with the SNS pulse before the first
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polariser gives a time-of-flight spectrometer combined with spin
echo. In the absence of the chopper each time-of-flight channel in
the detector collects data over large regioms of S(Q,w). Spin echo
acts as a focus for a given part of the scattering (determined by
equation (2.9)) and the rest of the scattered intensity appears as
an unpolarised background. If weak inelastic effects are being
investigated in the presence of, for example, strong Bragg
scattering it will almost certainly be necessary to use a limited
incident energy band. This chopper should have a wavelength
resolution AA /X v 2 to 20% at variable A, . Either a multi-slot
straight velocity selector at a variable angle to the neutron beam

or a single disc chopper could be used to provide this function.

(f) Summary

The design of an inelastic NSE scattering spectrometer for the SNS
has been outlined. Comparisons with other inelastic NSE
spectrometers are not possible since very few measurements of this
type have been carried out to date. As with the quasielastic
spectrometer, the inelastic spectrometer would provide a unique

facility.
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TABLES

Table 1: Quasielastic Scattering Experiments (hw, = 0) using NSE

I System | Hw Q range AQ |
(a) Macromolecular diffusion
Vit 16,17 I 2 e
Micelles*®» 10 to 200nev | 0.02 to 0.2A 0.005A
| Polymers (in solution and
melt)18-20 [10neV to 1uev ' 0.05 to 0.158 ![0.00587"
=~ —1
HaemoglabinZl22 10 to 500neV | 0.02 to 0.254% ' |0.0054
i 22.23 o—1 o1
Viruses<“4» 10 to 500mnevV 0.02 to 0.254A 0.005A
i d 3 T o—1
Proteins 10 to 500mneVv 0.02 to 0.25A 0.005A
(b) Diffusion in liquid crystals and superionics
. . 93 | o—1 o-1
Liquid crystals 0.5 to 10peV 0.1 to 0.4A 0.01A
P 22 [ o—| o-1
Superionics (eg SrClz) 0.8 to 80ueV | 1.0 to 2.0A 0.14
(c) Spin relaxation
| :
| Spin glasses
; -1 -1
(i) Cu-Mn24 50neV to 10ueV| 0.1 to 0.44 & |0.0258
(i1) AL Mn,Sij0,,23 500eV to 10uev| 0.1 to 0.28 ' [0.0187"
v Cal il b ]
(d) Phase transitions
Critical dynamics in organic !
molecules and liquid crystals
1 i
(i) P-terpheny123,25 [ 0.1 to 1uev | - 0.018"
(ii) Nematic—-smectic A phase I i i
o- o—
l transition in CB00AZ3 10neV to 1peV = 0.01 to 0.05A |0.01A
(e) Diffusion of hydrogen/deuterium in metals
! o-1 =
B 0.1 to 0.5V | 0.5 028 [0.058 |
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Table 2: Inelastic Scattering Experiments (fiw, ¥ 0) using NSE Table 3: Polariser Design (See Figure 10)

- o
— ” : ! @ — 0423
A = o
System Hwg l e Q range qQ ’ Comments J Oy = 0-02
1

Sample size = 3 cm
Polariser to sample distance = 200 cm

(a) Nuclear Scattering

o ' (o] o (o]
| D) | g (em | a_ | oA 4@ ,d ] ad [ ad
 Roton 1ifetime 1 | i 1.0 50.0 | 2.29° | 1.43° | 6.23  9.97 | 71.6 | 114.6
i o— . ! . . . - | . - - -
' in ‘pe 0.8meV  lueV 1.94 0.023 | non-— | |

idizpenaive | 1.0 60.0 | 1,91° | 1.05° | 4.57 ' &3 ° 52.5 95.5
| other phonons in | i ‘ = = ‘ -
| bge2? 0.85meV | lueV 1.7 tq 0.04% Dispersive 1.0 70.0 | 1.64° | 0.78 3.38 7+l 38.9 81.9
244 ‘ 1.0 80.0 | 1.43° | 0.57° | 2.49 | 6.23 | 28.65 | 71.6
. . . F . ;
Niobium [110] Tp |2.38meV | 1 ;guev B B Disgeslve [ 1.0 90.0 | 1.27° | 0.41° | 1.8 | 5.54 20.69 | 63.7
ooy 111,12,28 |6 emev | 1 to ‘ 1.0 100.0  1.15° | 0.29° | 1.25 4.98 14.23 | 57.3
| 50pev | I o o
! 1.0 110.0 ' 1.04° | 0.18° | 0.79 4.53 | 9.12 | 52.1
Density fluctua-— 3 I
tions in 0.2 to |0.1to | 0.01 ta 0.00587" |
o— 1
il:\per':zo;;ed Q=5aay Lelp=x =052 i i Table 4: Analyser Design (See Figures 12a and 12b)
iquids ;
i = 0.23°
Compression modes o] “max :
in molecular 0.1 to 1.0 to 0.02 to | 0.0025A - O ™ 0.06°
aggregates30’3l 0.5meV | 10.0ueV 0.18_1 |
! i 1 Detector angle = 2.0°

Sample size = 3.0 cm

) Analyser channel width = 1.0 cm
(b) Magnetic Scattering

Sample to Analyser distance Lgp, = 3 m, Ly = 110 cm,
Lg = 26.32 cm

IlNuclear Spin 0.5 to l < luev 1672 t? 2.5 x 1073 !Dispersive
32,33 ; =387 5 ? = o
| WavesZ, 4.0ueV - 10734 £ Aoy = 1-062
Crystal field 0 to 1}'\4 10ueVv ‘0.5 tq A . = 0.47°
T 33,34 i o= o1 min
splittings”~» SmeV | 3.0A | 0.05A = o o o o
M =2.03K =453 A A3=7.81 A ) =17.4 4
Angle of mirror 1 with respect to detector angle, straight through
33 position = 0.76°, 2.76°

Angle of mirror 2 with respect to mirror 1, straight through
position = 0.76°, 3.14°
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Table 5: Comparison of High Resolution Instruments

|
Flux @ Detector Solid | Energy
Instrument sample Angle (sterad) Resolution
in nem 2 sec”! (FWHM)

"IRIS 3 x 103 0.8 2.0 eV
INIO 103 0.4 1.0 pev
INLI 4 x 106 1074 0.030 yev
SNS NSE 2 x 106 1072 0.070 yev
(Quasielastic) |

Table 6: Use of High Resolution Instruments

for Different Types of

Measurement
Type of

measurement 'IRIS IN10 IN11 SNS NSE
Tunnelling,

hyperfine v/ v X X

splitting
Spin incoherent

scattering v/ v/ X X
Single Lineshape

analysis X X v v
Strong Q

dependence X X X 4

around Q = 0
Q dependence at

small 8 X X v 7
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FIGURE CAPTIONS

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Qualitative (Q,w) representation of the various types of inelastic
scattering processes.

SNS beam layout showing the position of the most suitable beam hole
(N4) for a spin-echo instrument.

Matching condition for a neutron guide between the moderator and the
quasielastic spin—-echo instrument.

Beam divergence criteria which determine the Q resolution of the SNS
quasielastic spin-echo instrument.

Q resolutiomns, AQ/Q, for various geometries of the quasielastic
spin-echo instrument. 4Q/Q for the IN1l instrument is also included
for comparison.

a = IN1ll instrument

[ ] - p=a=s=1cm, L1 =L, =2nm

o - p=a=0.5em s=1lcm L] =L =2m
X - p=a=1lcm s=3cm L; =L, =2n

Vertical Field geometry precession magnet with "racetrack” windings.

Schematic representation of a typical spin turn coil. (a) Coil
geometry and (b) coil axes. Hy is the guide field, B, is the
spin turn coil field, and Hy is the resultant field inside the
coil.

(Q,71) scauns for a quasielastic spin—echo instrument. Precession
field lengths, & = 150 cm, scattering angle range, 26 = l°, 109
and 20°.

(a) H = 50 Oe.

(b) H 450 Oe.

(c) H 900 Oe.

Reflectivity and Polarisation profiles for a typical polarising
"supermirror”.

(a) Representation of one channel of a Soller polariser.

(b) Representation of a full focussing Soller polariser system.
P(1) *T()) product for a typical Soller polariser.

(a) Representation of a focussing Soller analyser system.

(b) Representation of one channel of the spin analyser system
suggested for the SNS NSE instrument.

Schematic diagram of the proposed spin-echo Quasielastic TOF
instrument.
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