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ABSTRACT

Small angle neutron scattering is a general purpose technique to study long range

fluctuations and hence has been applied in almost every field of science for material

characterization. SANS instruments can be built at steady state reactors and at the

pulsed neutron sources where time-of-flight (TOF) techniques are used. The steady state

instruments usually give data over small q ranges and in order to cover a large q range

these instruments have to be reconfigured several times and SANS measurements have to

be made. These instruments have provided better resolution and higher data rates within

their restricted q ranges until now, but the TOF instruments are now developing to

comparable performance. The TOF-SANS instruments, by using a wide band of

wavelengths, can cover a wide dynamic q range in a single measurement. This is a big

advantage for studying systems that are changing and those which cannot be exactly

reproduced. This paper compares the design concepts and performances of these two

types of instruments.
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INTRODUCTION
Small angle scattering using x-rays and neutrons is a nondestructive technique

which can provide information on the size, shape, volume fraction and interactions of

particles of ten to a few thousand A in size. This size range is not easily accessible to

many techniques, so small angle scattering has been widely used in a variety of fields,

including biology, chemistry, polymer science and material science. Small angle neutron

scattering has served as an unique technique for studying supramolecular structure in

biology and phase transitions and kinetic phenomenon in biology, polymers, metallic

alloys and magnetic systems (Jacrot.1976; Kostorz, 1979; Wignall, 1987).

Tremendous growth in SANS applications has occurred due to the success of the

first generation instruments (Ibel, 1976; Koehler et a!., 1986) developed at the

reactor sources. Cold moderators such as liquid hydrogen and deuterium were used to

enhance the flux in the long wavelength region and consequently high quality data were

obtained in the very low q region. In order to maximize the information that can be

obtained from any small angle scattering experiment it is necessary that the data be

available in a wide q domain. At the reactor based instruments (steady state) this is

obtained by making multiple measurements on the same sample using several

reconfigurations of the instrument. This works well for samples which do not undergo

any variation during the measurements. However this becomes a huge drawback for

studying systems undergoing continuous variation or systems which cannot be accurately

reproduced; e.g. , quenching an unstable alloy. The second generation SANS instruments

at the pulsed neutron sources, developed during the last few years (Borso,1982;

Epperson et al., 1990; Ishikawa et al. 1986; Heenan, 1986; Seeger et al., 1990), are

more suitable for studying such systems as they cover a wide dynamic range in the q

space.

In principle SANS instruments thus can be built to use either steady state or

time-of-flight (TOF) techniques. So far the steady state instruments have been built at

the reactors and the TOF instruments have mostly been built at the pulsed neutron

sources. In the TOF method, the whole polychromatic spectrum is pulsed in time, so that

the beam reaching the sample contains all the wavelengths that were initially present

but their arrival at the sample is spread out in time (Fig.1). Each wavelength

corresponds to a specific neutron velocity, and so arrives at the detector at a different

time t relative to the initial pulse and must be separately recorded by the data

acquisition system. The wavelength A. is related to the time of flight t by
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Fig.1. The shape of neutron pulse in a TOF-SANS Instrument.

where L is the total flight path from the source to the detector, m is the mass of the

neutron and h is the Plank's constant. At a pulsed source the time of arrival of the

neutrons in the pulse at the detector can be histogrammed into several time channels of

width At such that

At/t = A\/\- constant. (2)

This width can be altered in the data acquisition schemes commensurate with the

resolution needed in the measurement. We will discuss about this later. TOF techniques

can be used at reactors as well by using a mechanical chopper to pulse the beam (Cotton

and Teixiera,1986). Choppers can be designed to provide any desired pulse length, but

this pulse length will be approximately the same at all wavelengths, and this is not

optimum for resolution requirements (Hjelm.,1987). There are some similarities but a

large number of differences exist in the design concepts of the steady state and TOF types

of instruments (Crawford and Carpenter, 1988). This paper deals with some of these



issues and compares these two types of instruments in terms of source, collimation,

detection, methodology and performance.

At present there are several instruments at the steady state reactors throughout

the world, of which D11 instrument at ILL, Grenoble, France serves as a standard with

which others are judged. Several papers describe the instrumental parameters of some

of these instruments (Child and Spooner, 1980; lbel.1976; Glinka et al., 1986,

Koehler et al., 1981; McElhaney and Vandermolen.1990; Mildner et al., 1981;

Schwahn et al., 1991). There are five TOF instruments in the world at the spallation

sources, SAD at IPNS (Argonne National Laboratory, USA) (Epperson et al.,1992), LOQ

at ISIS (Rutherford Appleton Laboratory, UK) (Heenan, 1986), LQD at LANSCE (Los

Alamos National Laboratory, USA) (Seeger et al., 1990) and SAN and WINK at KENS

(National laboratory for High Energy Physics, Japan) (Ishikawa et al., 1986; Furusaka

et al., 1990) and one at a pulsed reactor at the Joint Institute for Nuclear Research at

Dubna, Russia (Ostanevich, 1988) The performance of the spallation source based

instruments in terms of q resolution and dynamic q range is similar, except that of SAN

and WINK at KENS which cover a much wider dynamic q range as they are equipped with

additional detector banks.

At IPNS a new instrument SAND is under construction (Crawford et al., 1988b)

which will become operational in spring 1993. This will use two sets of Soller

collimators and beamstops to vary the angular resolution, a larger area detector and a

bank of linear position sensitive detectors for data collection and two choppers to

eliminate the epithermal part of the neutron spectrum and delayed neutrons . The delayed

neutron chopper can also be used as a frame elimination chopper by changing its

rotational frequency (Crawford et al., 1990). This will eliminate every alternate pulse

and permit access to neutrons with wavelengths up to 20 A so the instrument can cover

a q range of 0.002 to 2 A"1 in a single measurement.

GENERAL INSTRUMENTAL CHARACTERISTICS

i) Source Spectrum
For elastic scattering of neutrons of wavelength X through a scattering angle 29,

the momentum transfer q is given by

q= 4jisin(9)A (3).



From this it is seen that small values of q can be achieved by using large values of X as

well as small values of 9. A cold neutron source providing long wavelength neutrons is a

definite advantage for both the steady state and TOF SANS instruments. At a reactor cold

moderators are large so that the source spectrum is well moderated and can be described

by a Maxwellian. At a pulsed source the moderators are usually small so that the

neutron pulses will be short at the moderator and will expand in the time domain for TOF

measurements at the detector. Consequently the neutrons are undermoderated, so that,

in addition to the Maxwellian-like spectrum characteristic of thermalised neutrons, the

spectrum also contains a significant epithermal and fast components (Carpenter and

Yelon, 1986). The fast neutrons, although not useful for small angle scattering

purposes, can create detector recovery problems and affect the SANS data.

Both types of instruments vary A. and 9, but in different ways. At the steady state

instruments neutron wavelengths are selected by either a monochromator or velocity

selector with bandwidth AAA typically in the range of 6 to 25%. The data are measured

using an area detector at various sample-to-detector distances. In the TOF instruments

neutrons of a wide range of energies (analysed by time of flight methods and assigned in

several time channels) are used simultaneously and the data corresponding to each time

channel (wavelength) are measured in a single geometry and stored separately. The

relative intensity distribution and the q ranges covered as a function of time channel

(wavelength) are given for IPNS-SAD in figures 2 and 3 respectively. The relative

intensity distribution of the neutrons as a function of time channel has to be accurately

determined for proper normalization. Accurate determination of this is complicated by

the presence of a time-independent delayed neutron background when the target

materials such as 238U and 2 3 5U are used for producing spallation neutrons.

The short flight path necessary for the TOF instruments at a pulsed source

introduces several constraints in the building of the instrument. The epithermal portion

of the neutron spectrum and associated y rays have been observed to introduce detector

recovery effects which can persist to long times. Hence those have to be reduced or

eliminated from the spectrum incident on the sample. One way to do this is by bending

the beam so that the detector is out of sight of the source. The reflecting bent neutron

guides for such beam transport become too long and are not readily applicable to the

pulsed source instruments operating at fast repetition rates, due to frame overlap

considerations. The SANS instrument at the KENS pulsed source in Japan has been built



on a guide, but uses band width limiting choppers and a relatively low source pulsing

frequency (Ishikawa et al., 1986). One
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Fig. 2. The distribution of neutrons in the time channels at
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way to overcome this length problem is to use a beam bender which in effect is an array

of short narrow curved guides placed side by side and such a beam bender is used on the

LOQ instrument at the ISIS pulsed source in the UK (Heenan,1986). This, however, cuts

off the neutrons with wavelengths below 2 A which would have been useful for such

applications as resonance small angle neutron scattering (Epperson and

Thiyagarajan.1988). Another way to eliminate problems associated with the fast

neutrons and y rays is by inserting a filter made of crystalline material which can

eliminate the neutrons in the short wavelength side (\ < 1 A) by either Bragg diffraction

and/or inelastic scattering. Liquid nitrogen cooled polycrystalline MgO filters are being

used at SAD at IPNS and LQD at LANSCE for reducing the fast neutrons. These filters still

provide up to 75% transmission for the long wavelength neutrons. In the new SAND

instrument at IPNS a "to" chopper is being planned to eliminate the initial fast part of

the spectrum and thus utilize 100% of the long wavelength neutrons.

ii) Collimation Systems
The short flight paths available in TOF-SANS leave less room for the angular

collimation elements. In order to achieve the desired q resolution, the range of allowed

angles in the incident beam must be tightly restricted. Tailoring the beams for SANS

applications has been described by Crawford and Carpenter (1988). Once the

instrument resolution has been chosen, it is desirable to configure the instrument to

provide the maximum count rate per q bin. Most of the reactor based instruments utilize

single aperture collimation, although a multiple converging aperture with intermediate

beam scrapers to prevent cross talk has also been used (Glinka et al., 1986). The main

advantage of such multiple-aperture collimator is that, for the same resolution and

count rate, it allows roughly V"M -fold (M is the number of single apertures in the

collimator) shorter instrument than does a single-aperture system. This is more

attractive for TOF-SANS instruments and such apertures are planned for LQD, although

both LOQ and LQD utilize pinhole collimation at this time. An alternate approach is to use

mutiple converging Soller collimators. Collimation in both horizontal and vertical

directions can be achieved by using two such collimators, one after the other, with their

collimating planes oriented at 90° (Fig. 4). These collimators depart from the

principle of avoiding reflecting surfaces for the small angle cameras. Soller collimators

made with absorbing material and smooth surfaces generate background wings which

were not isotropic as ssen at SAD (Crawford et al., 1988a). The wavelength dependence

of these wings clearly indicated that the wings are due to reflections and a new set of

collimators with rough surfaces eliminated such background.
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Fig. 4 Crossed pair of Soller Collimators focussing the
beam at the area detector used at SAD.

The Soller collimators help to achieve the necessary angular collimation without

sacrificing flux on the sample or q resolution and while still maintaining the lowest

possible q (Nunes, 1974). Both SAD at IPNS and SAN at KENS employ Soller collimators

for collimation and the new SAND instrument also will use two sets of Soller collimators

for different angular collimation purposes.

iii) Detection Systems
The detection system used for SANS applications at both reactors and pulsed

sources consists of an incident beam monitor, a transmitted beam monitor and an area

detector to detect the scattered neutrons. Some instruments use the area detector itself

for transmission measurements.

At SAD the incident beam monitor is a low efficiency pulsed ion chamber

containing BF3 which monitors the intensity as a function of wavelength of the

neutrons, with wavelength being assigned by neutron TOF. Surface-barrier detectors,

consisting of an evaporated layer of 6Li on a Si surface, are not appropriate for this

application as they degrade very fast under neutron radiation. A long cylindrical gas

proportional counter containing BF3 as the absorber is used as a transmission monitor
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which again measures the intensity of neutrons as a function of wavelength. At SAD this

monitor is inserted into the neutron beam only for doing the transmission measurements

and retracted during the scattering measurements, by computer control. The wavelength

dependent transmission coefficients are determined for each sample and used for

normalizing the scattering data. In LQD the transmitted beam is measured using the area

detector, by moving the beam stop away from an attenuated direct beam.

The SANS instruments at both reactors and pulsed sources use either 3He or BF3

area position sensitive detectors for scattering measurements. Since the reactor

instruments can be built with long (right paths the detectors can be placed at long

distances from the sample, covering smaller solid angles but with very good angular

resolution. The spatial resolution offered by these gas detectors matches with the

resolution requirements of these instruments well and slight nonlinearities do not affect

the data from these instruments significantly. On the other hand, the TOF-SANS

instruments at the pulsed sources require short sample-to-detector distances so that

the detector covers a large solid angle, and this situation puts stringent demands on the

spatial resolution of the detector if the same angular resolution has to be maintained.

Furthermore, the nonlinearities present in the detector, if not corrected properly, will

affect the data in the whole q region. Characterization of the 3He area sensitive

proportional counters used at IPNS in terms of spatial resolution and nonlinearity

provides ways to correct for the nonlinearity and thus use data from the whole detector

area for SANS applications (Thiyagarajan et al., 1992). The area sensitive gas

proportional counters, although very good for discriminating against the fast neutrons

and y rays, can handle only low data rates and their spatial resolution is usually not

better than 5-10 mm (FWHM). This may not be sufficient when high intense pulsed

sources become available and when high resolution TOF-SANS instruments are built, so

detector technology has to be developed for those newer applications. At present, a set of

linear position sensitive detectors with high spatial resolution can be employed to handle

high data rates.

iv) Data Acquisition
The data acquisition for the reactor based instruments is fairly straightforward,

in that a beam monitor to detect incident neutrons and an area detector to count the

scattered neutrons can be set up. It is quite complicated in the case of TOF-SANS

instruments and some kind of optimization is necessary. In principle, a number of

schemes can be used, limited by the spatial resolution of the detector, the duration of the
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neutron pulse, the resolution of the clock, the time resolution of the detector and the size

of the data acquisition buffers and the capacity of the computers. The TOF measurement

is initiated by a high energy proton pulse hitting the heavy metal target. The neutron

pulses produced by spallation are moderated and are separated. These neutrons with

various energies travel along the flight path and broadened in the time domain (Fig.1)

such that they can be binned into a number of either constant At or constant At/t

schemes. Each scattering data thus contain an array of counts per channel C(x,y,X) in Nx

X Ny X Nx elements, where Nx and Ny are the numbers of x and y spatial channels and hl\

is the number of time (wavelength) channels. For example a constant At/t =0.05 scheme

covering a wavelength region of 0.5 to 14 A generates 67 time channels at SAD while a

constant At/t=0.025 scheme used at LQD generates 168 time channels. Depending on the

resolution and q-range requirements, the data are then combined in the data reduction

stage and mapped into q space. SANS using TOF techniques is thus equivalent to

performing a large number of small angle measurements at the reactor simultaneously.

Although the data aquisition is quite complex requiring enormous amount of memory, it

can be mapped in q space, depending on the resolution requirements of a particular

experiment at the data reduction stage. If a particular feature such as a peak in a certain

q range has to be analysed it is possible to select the appropriate time channels and bin

the data such that best possible data can be obtained in that q range. In the case of reactor

based instruments decisions have to be made about the required q region and resolution

before the experiments are made.

v) Resolution
"Resolution" in the small angle scattering terminology can have two meanings,

the minimum q accessed, or the width by which observed features are broadened by the

instrument, the latter being a function of both geometry and wavelength.

The qmjn is simply given by the minimum angle observable in the presence of the

penumbra o' the unscattered beam and by the maximum wavelength of the neutrons used.

o.min = 4 l t s i n 9min/*max. (4)

The q resolution is mostly determined by the geometrical factors rather than the time-

of-flight effects (Mildner and Carpenter, 1984; Seeger and Pynn, 1986). Resolution

for a single aperture and multiple aperture systems for the reactor based instruments

can be calculated using the analytical expressions given in several papers. The
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calculation of q resolution in the case of TOF methods is quite complicated and has been

dealt with by both analytical treatments and Monte Carlo simulations (Mildner and

Carpenter, 1984; 1987; Seeger and Pynn, 1986). Hjelm (1987; 1988) has given a

simple method where the resolution in q space can be described by taking into account

the variances of time and spatial channels of the measurement. This is quite useful in

determining the type of binning scheme that can be used in the data acquisition and the Aq

which might result in the whole q region.

EXPERIMEfvITAL METHODOLOGY

i) Wave length Distribution

There are a number of differences in the way SANS experiments have to be

performed at the reactor and pulsed source instruments. In order to combine the

information from the different time channels into the more conventional S(q) array, it

is necessary to normalise the data from the TOF-SANS instruments by the wavelength

distribution of the neutrons incident on the sample. In principle, determination of this

can be made from scattering measurements of the incoherent scattering from vanadium

or 1mm H2O or by a direct measurement of the attenuated beam. The scattering

measurement of vanadium takes a prohibitively long beam time and thus is not

applicable for routine use. Since the scattering cross section as a function of energy of

the incident neutrons is not exactly known for H2O this again is not readily useful.

Hence the direct beam measurement is used at SAD at IPNS and at LQD at LANSCE. If the

spallation target is made up of 238(j o r 235(j then one faces the presence of delayed

neutrons which are emitted in a time-independent fashion with a wavelength spectrum

similar to the distribution in the prompt pulse. These are due to the long lived nuclear

species produced following the initial spallation process in the prompt pulse, which

later decay resulting in neutron production. Although delayed neutrons are very small

in percentage compared to neutrons in the prompt pulse, (0.44% in the case of 238^ an£j

2.83% in the case of 77.5% enriched 2 3 5 U at IPNS for the 15 uA-450 MeV Protons)

they can create problems in the correct determination of the wavelength distribution

which in turn can affect the quality of the scattering data. At IPNS we have used both

238(j a nd enriched 235|j targets for neutron production while KENS and ISIS have been

using 2 3 8U targets. We have developed a method to determine the delayed neutron

fraction in the beam and correct the data for the delayed neutron fraction which is

satisfactory (Epperson et al., 1990). If the delayed neutron correction is not made, the

intensity of the incident neutrons in the long wavelength region is overestimated and
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normalization using such a wavelength distribution leads to a smaller incorrect

differential scattering cross section in the low q region.

ii) Transmission Coefficients
Another parameter which has to be accurately determined for proper

normalization is the wavelength dependent transmission coefficients. The transmission

coefficient is defined as the ratio of the intensity of the sample attenuated neutron beam

to that of the unattenuated beam. These data again have to be corrected for the delayed

neutron fraction. Measurement of these coefficients can be a problem in the case of very

strong scatterers. Alternate methods also are available as used at ORNL (Manual for 30m

SANS) but they tend to fail in the short wavelength region for the TOF-SANS

(unpublished measurements of Epperson and Thiyagarajan at IPNS-SAD). Care should

be taken in the correct determination of the transmission coefficients for normalising

the scattered data.

iii) Detector Sensitivity and Nonlinearity
The detector sensitivity can be determined offline by a flood pattern

measurement using a neutron beam from a PuBe source, moderated by a 6" block of

paraffin. The nonlinearity of the detector can be characterized by measuring a flood

pattern using a mask (Thiyagarajan et al., 1992). If the position of one detector

element is accurately known, it is possible to determine all the spatial bin locations and

widths from the flood pattern and these can be used for mapping the scattering data in

the q space.

iv) Absolute Calibration
Absolute calibration of the scattered data in units of cm"1 is essential to

calculate parameters such as molecular weight of the system under study (Wignall and

Bates, 1988). This is being done at the pulsed sources by using secondary standards for

which data are available from such instruments as D11 from ILL, Grenoble, France and

the 30m SANS instrument at ORNL. We have accumulated a few samples for this purpose.

One of the samples that is routinely used is a polymer melt sample which is made up of

50:50 by volume of hydrogenous and deuterated high molecular weight polystyrene

(Bates poly). This sample exhibits a power law in its scattering whose slope is -2 in a

wide q region. We have measured data at D11 at ILL and at the 30m SANS instrument at

ORNL and from this we determine the scale factor to place all the data on an absolute

scale. A similar procedure is used at LQD as well by sharing the same samples and data
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for absolute calibration. The agreement of the data from SAD with the ORNL instrument

is shown in Fig. 5. The data from LQD and D11, not shown, also agree well with this.

Note that the data from either ORNL or D11 have to be measured in two camera settings

in order to cover a q range of 0.0035 to 0.08 A"1, whereas the data from SAD and LQD

can span a much wider q range (0.005 to 0.25 A"1) in a single measurement.

103 ,
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Fig. 5. Comparison of absolute differential scattering cross
section of Bate poly measured at SAD (filled circles) and
at 30m SANS at ORNL (open circles).

v) q calibration
A silica gel sample has been measured at ORNL and D11 which is quite good for

checking the q calibration and cross checking the absolute calibration. The scattering

from the silica powder sample yields a Guinier radius of gyration of 44.9±0.5 A and

l(0) = 72 ± 1 cm"1. The data from SAD scaled using the Bates Poly data also yields a Rg

of 45±0.9 A and l(0) = 68 ±1.5 cm'1 . Thus the radius of gyration and l(0) values

from SAD reasonably agree with the data from D11.
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vi) Assessment of q resolution
In order to compare the q resolution of SAD with that of D11 we have selected the

vycor glass sample. This sample is a phase separated system exhibiting a peak in its

scattering. We have measured this sample at D11 at 5m and 10m sample to detector

distances and compared the data from SAD. In Fig. 6 we have shown the data from SAD

and D11 instruments. It is seen that the q corresponding to the peak agrees well between

these two instruments. However the intensities at the peak are not quite the same due to

resolution effects. The low q region again differs slightly from the 10m data from D11.

The width of the q bins for SAD in the low q region is about three times larger than that

for D11. However the SAD data agree well with the 5m data of D11 which are on the

right side of the peak. Thus the q resolution for SAD is quite reasonable in the middle q

region, but poor in the low q region. All these observations hold true for the TOF-SANS

instruments at the other spallation sources as well.

10
Q (A-1)

Fig. 6. Comaparison of absolute differential cross section
of vycor glass at SAD (filled circles) and at D11, ILL (open
circles).
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EXAMPLES

The TOF-SANS instruments are powerful in providing data in a wide q region in a

single measurement. This is quite useful for studying fractals, polydisperse systems,

and systems undergoing continuous variation or those which cannot not be reproduced

accurately for multiple experiments. Several examples have been already published

demonstrating the power of pulsed source based instruments by (Ishikawa, 1986;

Seeger and Hjelm, 1991; Hjelm et al., 1990). In the following we give a few examples.

i) High Pressure Studies of DMPC.

We have investigated the pressure dependent phase behavior of model

biomembrane systems, such as pure and cholesterol containing 1,2-dimyristoyI-

phosphotidylcholine (DMPC) bilayers (Winter et al, 1991). In order to gain insight

into the thermodynamic and structural consequences of the incorporation of anaesthetics

into the membranes we have used a drug tetracaine (TTC). The pressure dependent

behavior of these systems has been followed using SAD at 35° C . The data are shown in

Fig. 7. It is seen from the figure that the DMPC -23 mol % cholesterol system shows a

typical lamellar diffraction pattern with a single Bragg reflection corresponding to a

lamellar repeat distance of 64 A. The d-spacing is similar to that found for pure DMPC

liposomes. By addition of 0.2M TTC, the diffraction pattern changes drastically: the

Bragg reflection and the large scattering at the low q disappear. The diffraction pattern

for a DMPC containing 0.2M TTC also shows similar behavior. It seems that the

anaesthetic drug TTC disrupts the lipid multilamellar assembly. The prominent feature

of both scattering patterns of the TTC containing samples is a broad diffraction peak

around q=0.06A*1, which can be explained by the formation of a new phase consisting of

mixed micelles of lipid and TTC. The effect of increasing the hydrostatic pressure is to

expel the TTC, resulting in reformation of the lamellar structure which is evidenced by

the reappearance of a diffraction peak corresponding to the DMPC bilayer. This study

clearly shows the usefulness of a wide dynamic range in q space for systems undergoing

phase transitions.
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Fig. 7. Pressure effect on the DMPC+4 mol-% cholesterol in
0.2M TTC at T=35O C.

ii) Phase Separation in Fe-Cr Alloys.
The advantage of having a large dynamic range in the q space can be seen from a

recent study on the characterization of the phase separation in a series of Fe-Cr alloys

(Epperson et a!., 1992). In situ measurements from a polycrystalline Fe-40 at.%Cr

alloy, at 525° C in a He atmosphere were made and a few spectra are shown in Fig. 8.

The peak in these scattering profiles reflects the formation and the coarsening of the ot'-

phase, a Cr-rich phase which is responsible for the well known 475° C embrittlement

in many Fe based alloys. In addition to the chemical phase separation, there are major

contributions from two magnetic effects in these profiles, it seems that the majority of

the scattered intensity during the 0-15 minute run is due to critical magnetic

scattering. In the low q region, in the absence of an external magnetic field, an effect

associated with magnetic domain boundaries dominates the observed scattering. Had a

steady state instrument been used, it might have been necessary to carry out the entire

annealing sequence two or more times and then piece together the profiles from the
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Fig. 8. SANS data of the Fe-40%Cr alloy annealed at 525° C
as a function of time.

separate measurements, Aside from the work and beamtime involved in the repetition of

such an experiment at a steady state instrument, there would always be a nagging

question about the reproducibility of the samples.

SUMMARY

As we have seen so far the TOF-SANS instruments provide data in a wide dynamic

range in the q space, while the steady state instruments require several reconfigurations

to cover the same q range. At present the steady state instruments provide data of higher

resolution in the very bw q region (0.003 to.0.02 A-"1} than their counterparts in the

pulsed sources. In the middle q region (0.02 to 0.08 A*1) the resolutions of both

reactor and pulsed source instruments are comparable. The high q data become better in

the case of pulsed source instruments. Since the pulsed source instruments use fixed

geometries additional detector banks can easily be added and increase the solid angle to

obtain very high quality data in a wide q region. Matching the performance of the TOF-
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SANS instruments with the best steady state SANS instruments in the low q region will

be a challenge for the pulsed source based instruments. However this is quite feasible by

the use of a combination of long wavelength neutrons, tighter collimation and detectors

with better spatial resolution. Simulations have shown that choppers can be developed to

eliminate alternate pulses to permit access to long wavelength neutrons (Crawford et al.,

1990). This will require very efficient moderators such as coupled H2 moderators

which will increase the long wavelength neutron flux. When needed, better Soller

collimators can be used for obtaining data in the low q region. In the high repetition

sources, accelerators can be designed to provide one out of 2, or one out of 3, pulses to

the SANS instruments which can then be optimized to have better angular resolution and

use long wavelength neutrons to produce best data in the low q region. On the whole the

future looks bright for TOF-SANS facilities at the pulsed neutron sources.
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