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Abstract 

The paper describes the configuration and performance of a new 

TOF type small angle neutron scattering spectrometer SAN 

installed at the pulsed cold neutron source in the National 

Laboratory for High Energy Physics(KEK). The spectrometer has a 

special advantage over the conventional small angle scattering 

machine in following two points. One is its ability for 

simultaneous measurements of wide Q range (3 x 10m3 A-' < Q < 4 

A-') and another is new information which it provides by 

employing the wavelength dependence of scattering. For example, 

the inelastic scattering can be separated from the elastic one 

without making energy analysis. The discussions have also been 

made on the design principle of this type of spectrometer. 
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§ 1. Introduction 

The small angle neutron scattering spectrometer (SANS) is a 

special machine for investigating macro-structures and it becomes 

now one of the most important instruments for neutron scattering 

because of its application to wide scientific fields as solid 

state physics, chemistry, material sciences, polymer and biolo- 

gy.(Kosterez 1979) The demand for this machine is still increa- 

sing and therefore this machine is installed or at least 

planned to be installed in most of the research reactors in the 

world. The situation would be the same for the pulsed spallation 

neutron sources which are just coming out in the world as the 

next generation neutron sources, but because of its new feature; 

pulsed character, there was no agreement on the design principle 

of the TOF type SANS when we planned to install our small angle 

neutron scattering spectrometer llSAN" at the cold moderator of 

our spallation neutron source KENS in National Laboratory for 

High Energy Physics (KEK) (Ishikawa and Watanabe 1978). Only few 

papers had been published to r.eport the results of preliminary 

tests of this type of spectrometers (Cser, 1975, Borso, 1981). 

Some people even suspected the installation of this machine to 

the spallation neutron source, partly because of small advantages 

of spallation neutron source (pulsed short wavelength neutrons) 

to this machine and the complexity of handling the 3 dimensional 

(3D) data (2D-position sensitive detector + TOF channels). 

We have shown, however, by our four year's successful 

utilization, that the small angle neutron scattering spectrometer 

is also quite an appropriate spectrometer for the spallation 

neutron source, giving new information which is difficult to 

obtain with the conventional small angle scattering machine 
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installed at the reactor. The paper describes in the next section 

the overall layout and configuration of the spectrometer. Some 

instrumental devices newly developed for this spectrometer such 

as the two dimensional (2D)-converging Soller slit, which would 

also be useful for the conventional SANS,are also discussed in 

this section., Then the characteristics of the TOF-SANS are 

summarized'in Section 3 with experimental results obtained with 

our spectrometer SAN. In the final section the design principle 

of the TOF-SANS is discussed in comparison with that of the 

conventional SANS in the steady reactor. The design principle of 

this spectrometer(SAN) as well as its scientific yields are 

reported in many short papers published in KENS Report 1(1980)- 

V(1985) and in a review article (Ishikawa, 1983). The problems 

for data analysis of this spectrometer are discussed separately 

in a succeeding paper (Furusaka et al, 1985). 

52. Structure of SAN at KENS ._ 

2.1 Overall Layout 

The layout of the SAN is displayed in Fig.l(a) and (b). The 

spectrometer is installed at the exit of a bent neutron guide 

from the KENS cold moderator with effective dimensions of h =lO 

cm, w = 8 cm, d = 5 cm made by solid methane at 20K (Ikseda et 

al., 1983). The distance between the source and sample is fixed 

tobe Rs=19m, where are located a 3.5 m long straight guide, 

a tail cutter Cl, a 1 lm long bent guide tube and a 2m 

long 2D-converging Soller slit. A 2D-position sensitive detector 

(PSD) (60 x 60 cm21 is accommodated inside a large vacuum scat- 

tering chamber, 10s2 mmHg in pressure and the distance between 
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the sample to the detector R2 can be changed between 1 and 5 m 

without breaking vacuum. The SAN is also equipped with several 

normal 3He counters noted as A, B, . . . . F in the figure in order 

to expand the-dynamical range of the Q measurements. The 2D-PSD 

consists of an array of 43 lD-PSD as described later in detail. 

The photograph of the SAN spectrometer as well as the 2D-PSD 

inside the' vacuum chamber are shown in Fig.2. The tail cutter C., 

is designed to avoid the frame overlap of pulsed white neutrons 

operating with 20 Hz at the positionofthe detector, 25 m apart 

from the source. Arange of wavelength [A], which can be em- 

. 
ployed in the experiment is 

neutrons with 3 A AX I 11 A. 

covered with.this wavelength 

different 2D - PSD positions 

[Xl = 8 A and we usually use the 

The range of momentum transfer Q 

band is displayed in Fig. 3 for four 

noted as Gl - G10(R2 = 1, 3, 5 and 

10 m). The last position G,O is still in a stage of planning. 

The solid straight lines (A - F) are the ranges of Q covered with 

six single 3He counters. From this figure, it is seen that the 

SAN with 2D - PSDatthe position;of 5 m can measure simultane- 

ously a wide Q range between 3 x 10v3 A-' and 4 A-'. 

2.2 Vacuum scattering chamber 

In order to meet the requirement that the vacuum pressure 

of the large scattering chamber, 1.2 m in diameter, 6 m long, 

should be always 1 x 10e2 mm Hg, whilethatofthe sample chamber 

can be varied between 10e6 mmHg and 1 atmospheric pressure 

depending on the experimental conditions, we put a specially 

designed vacuum shutter in between both chambers as shown in Fig. 

4. The shutter valve in the open state is equipped with an 

immovable thin Al foil window, 0.3 mm thick and 200mm in diameter 
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which serves to keep two chambers in different vacuum states of 

10v2 mmHg and 10s6 mmHg respectively. When we need to make the 

sample chamber to the atmospheric pressure for sample exchange or 

installation of other equipment as an electromagnet, a thick Al 

plate shutter with a 2mm thick Al window was closed behind the 

thin Al foiL to support it against the atmospheric pressure. 

This device reduces significantly the time for changing the 

experimental conditions and saves the machine time. 

Another convenient device we designed is .a movable beam 

stopper in front of the 2D-PSD. It is preferable that the direct 

beam stopper can be removed for the transmission measurement or 

can be moved for centering. Therefore we put first a movable 

beam stopper which was hanged vertically by a rod of 10 mm 

wide and was driven electronically from outside in both hori- 

zontal and vertical directions. This system was, however, found 

not ideal because it reduces the detecting efficiency behind the 

hanging rod as shown in Fig. 5(a) where we demonstrate the scat- 

tering intensity from water detected by 2D-PSD. The time chan- 

nels are integrated for simple demonstration. The beam stopper 

we finally adopted consists of a thin Al plate 0.4 mm thick 

covering the whole 2D - PSD with a small beam stopper(42 x 42 

mm2) made of Cd at the center of the plate which is shown in 

Fig. 6. The Al plate can be moved in the horizontal direction 

from outside. This system insured the homogeneity of the detect- 

ing efficiency as shown in Fig. 5(b). 

2.3 2D-Converging Soller slit and background level of SAN 

Although the principle of the 2D-converging Soiler slit 

had been reported earlier(Nunes, 19781, no small angle neutron 
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scattering machines had hitherto adopted this slit, partly be- 

cause of the difficulty of fabricating it and partly because of 

the anxiety for increasing the background level due to this slit. 

We designed a' simple two dimensional converging Soiler slit and 

found that the adoption of the slit is particularly important for 

the TOF type,small angle neutron scattering machine. 

The. principle of the converging Soller slit is displayed 

in Fig. 7. This is the Soller slit system which collimates, the 

incident neutrons so as to converge them into the center of the 

2D-PSD. Therefore the scattering angle 4 of the neutrons scat- 

tered from any sample position is conserved even if we use the 

large sample (4 = +. in Fig. 7(a)). The layout of the 2D 

converging Soller slit finally we designed is shown in Fig. 8. 

The slit consists of two sets of one dimensional converging 

Soller slits, each making the neutrons converge in horizontal and 

vertical directions respectively. The slit is made of Gd203 

coated thin iron plates, 0.2 mm thick. The results of using the 

2D converging Soller slit is displayed in Fig. 9, where the 

incident neutron beam divergences at the position of 5 m from the 

sample are displayed as the contour maps of equal intensity for 

three different wavelengths. The lower curves correspond to the 

case without the slit, while the upper one is the result of 

insertion of the slit. We can see in the lower figure that 

without collimation (i) the divergence of the beams is larger for 

longer wavelength corresponding to the larger critical angle 

Cl.(x) of the neutron guide and (ii) the beam intensity is shifted 

to the left hand side for 4 A,because of existence of garlandtype 

reflections inside the guide for this wavelength. Note that the 

concavity of the intensity map at the left hand side is due to 
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the presence of the beam stopper. Such a difference in the 

divergence as well as the inhomogenous intensity distribution for 

different wavelengths are completely disappeared, when we use the 

Soiler slit as shown in the upper figures. Since the spatial 

homogeneity of the intensity is usually achieved by connecting a 

long straight guide to the bent guide, we found that the con- 

verging Soller slit is particularly useful for the TOF machine 

which requires a shorter flight path than the conventional SANS. 

The effect of the background by this collimator was examined 

as shown in Fig.10, where the background under four different 

conditions are compared with the scattering from a standard 

sample, Sic powder. The background marked as Al window :LS the 

case where the sample case has two Al windows, 0.5 mm thick, 

while in case of Si(Single), the windows are replaced by single 

crystal Si plates, 3 mm thick.(See also Fig. 4). In the latter 

case, the background level was found to be reduced almost to the 

real background (BG) which corresponds to the case of no window. 

The background is of course three,order of magnitude smaller than 

the signal intensity for small Q values. The background at high 

Q values was also compared with the scattering from pure water, 

2 mm thick in Fig. 11, which indicates that the S/N ratio is 

about 100 for Q > 0.02 A-', sufficiently high for the study of 

solution, but the background starts to increase below this Q 

value. The increase of background is partly due to a small 

leakage of the direct beam and presumably partly to the small 

angle scattering from the Soller collimator. Although the S/N 

ratio in this Q range reduces less than l/5 for water, the situa- 

tion is much improved for the actual small angle scattering 

because of the increase of signal intensity at small Q side. 
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Total neutron intensity is about lo6 of the background at Q = 

0.01 A-'. Note that the 2D-PSD has no shield and the scattering 

chamber is shielded only by a Cd sheet, 0.5 mm thick. 

The incident beam collimation realized by the converging 

Soller slit is quite important, because it determines the final 

resolution o,f the spectrometer as will be discussed in Section 

4.3; all other resolutions can be matched to this resolution. 

Referring to Fig. 7(a), the angular resolution of the converging 

Soller slit is given by 

(1) 

where 2d,, 2dl, and 2d2 are respectively the slit widths at the 

positions of entrance of the collimator, and that in front of 

sample and detector. The characteristic feature of the con- 

verging Soller slit is thatA$does not depend on R, or R,, the 

positions of the incident beam on the collimator or sample. If 

the beam convergence is ideally.realized (Fig. 7(a)), 

2do/Rl = 2d, Ma, + l/a,) (2) 

This relation also corresponds to the resolution matching. 

Therefore 

= Ae2col + A0 2 
det * 

The momentum resolution AQ/Q is then given by 

(3) 

(.AQ) 2 
Q 

= (y2 + (y2 . 
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Since Ax = 0.25A for SAN, (Ax/xj2 (<< 0.01) can be practically 

neglected in (4). The minimum 2D - PSD resolution being about 

+5 mm and A6det2~l/2(1/500)2 - = 2 x 10s6 forR2 = 5m. Therefore 

AQ g *eco1 2;r 

Q 

or 

@ 
AQ "= *ecol x , ( 5 ) 

Our convergning Soller slit having an angular divergene ~6,:~~ = 

2.9 X 10-3, AQmin = 1.65 x 10s3 A-' for A= llA, which is 

about l/2 of Qmin (= 3 x 10 -3 A-') of our spectrometer. 

In case of 3 m scattering;R2 = 3 m, we use a half set of our 

converging Soller slit, one pair of vertical and horizontal 

collimators, each being 50 cm long. Aecol then becomes 

5.8 x lo-". This configuration, however, breaks the condition of 

beam convergence (Fig. 7(b)), resulting in adding another term 

A82 nc in Eq(3). A simple geometrical calculation shows that 

Ae2nc is given by (Ishikawa et al 1980) 

*s AR 2 
Ae2nc = ; +j--_) , 

22 12 
( 6 ) 

with notations defined in Fig. 7(b). By putting R, = 18 mm,Ro2 = 

5 ml 22 = 3 m, AR = 2 m, t0 Eq(6), Aenc2 = 2.9 x lo-6 is 

obtained, which is much smaller than 66*,,1 = 3.4 x 10-5. 

Therefore the converging Soller slit given in Fig. 8 can be used 

for both 5 m and 3 m scattering measurements. The latter 

configuration increases the intensity of incident neutrons by a 

factor four compared with the 5 m scattering and can cover the 

momentum transfer higher than 0.01 A-'. For the 1 m scattering, 

we use only a vertical convergning Soiler slit with appropriate 

dimension. 
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2.4 Detector system 

The 2D-PSD we adopted consists of an array of 43 x 1 D - 

PSDs, l/2" in-diameter and 24" in active length with 6 atom 3He 

originally developed at Missouri University (Berlinger et al. 

1981) (Reuter - Stokes). This is the charge sensitive PSD with 

low resistive anode wire (3.6kQ), particularly suitable for the 

TOF measurement because of rapid time response. Since the 2D - 

PSD with a bank of 90 preamplifiers is accommodated inside a 

vacuum scattering chamber with a typical operating pressure of < 

1.5 x 10 -2 mmHg, a voltage as high as 1900 V can be safely 

applied to eachlD - PSD, enabling a position 

to be achieved. We could not apply more than 

pressure because of high humidity in Japan. 

A block diagram of the data processing 

resolutionof 7mm 

1 kvinatmospheric 

system for the 2D - 

PSD is shown in Fig. 12. The neutron event position is calcu- 

lated by charge division method. The position is determined by 

the following expression 

x= QA 

QA + Q, I 

(7) 

where QA and QB are the charges detected at each end of a ID - 

PSD. Charge sensitive preamplifiers convert QA and Q, to voltage 

signal, directed to the main amplifiers and its outputs are 

summed and fed to a single channel pulse height analyzer 

(Discriminator). When the sum of QA and QB is within a preset 

limit, a standard-set signal is generated, which is used as a 

gate signal for the sample & holder circuit,analogue to 

digital converter (ADC) andtime analyzer. Since the 

conversion speed of the ADC is prompt ( 5v set), a single ADC 
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can handle the signals from 4 different detectors. The digitized 

values of QA and QA + QB are transferred to the address register 

of the P-ROM, where the positions calculated according to the 

expression (7) are tabulated. The operation time for calculation 

of the position is reduced to be lpsec - access time of P-ROM by 

thi's table, The discriminator output is used to determine the 

neutron time of flight. Finally the data corresponding to the 

position, detector number and time of flight creates one address 

and add-one process is performed to this address of a bulk 

memory. 

The advantages of adopting the array of 1D - PSDs for the 

TOF-2D-PSD are summarized below. 

(i) The interference between X and Y directions can be avoided 

absolutely. 

(ii) Some troubles of a single detector never result in a fatal 

wound. This is particularly true for the TOF measurement because 

the same information can be obtained from different detectors by 

employing different wavelengths. 

(iii) The total dead time of the detector can be reduced (501.1 

set in our system). 

We encountered little troubles of 2D-PSD during four years 

operation. 

§ 3. Characteristics of TOF type SANS 

- experimental results obtained with SAN - 

3.1 Simultanedus measurements of wide Q range 

The most important characteristic of SAN is its pot;ential 

for measuring simultaneously a wide range of momentum transfers 

as shown in Fig. 3. Such a wide dynamical range of measurements 
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is indispensable when we study nonequilibrium phenomena as phase 

separation process (Furusaka et al 1983). One typical example 

of the results obtained with SAN is displayed in Fig.13, where we 

plot the temporal variation of the scattering function I(q,t,T,) 

of an Fe6OCr40 alloy in a process of phase separation when the 

sample is annealed at T, = 550 C for annealing time t. Note 

that simultaneous measurements of nearly two order of magnitudes 

of momentum transfers (0.02 I Q L 0.6 A-') are required to get 

the complete profiles of the scattering functions of I(Q,t,Ta) in 

the whole decomposition process, which is impossible to practice 

with the conventional SANS employing a monochromatized beam as 

indicated by a line in a lower part of the figure. We have 

shown in a previous paper (Furusaka et al, 1985) that the mea- 

surements of the tail part of the scattering function are quite 

important to distinguish the early stage of decomposition from 

the late stage. In the latter stage the scattering function 

obeys the Qm4 law for large Q and the scaling law holds, while in 

the early stagethetailpart obeys the Qq2 law and the scatter- 

ing function cannot be scaled in a similar way. 

Another typical example of the simultaneous measurement of 

wide Q range is provided by the study of the magnetization proc- 

ess in a single crystal of-90FeTi03-10Fe203, a typical cluster 

type spin glass (Arai et al 1985 a, b). In this study, in 

addition to the small angle scattering detected by 2D - PSD, the 

magnetic scattering around the (l,O,l) and (l,O,-0.5) reciprocal 

lattice points was measured simultaneously with two 'He counters 

placed at high angles as shown in Fig. 14. The (l,O,l) 

scattering is equivalent to the (O,O,O) scattering and they give 

an information on the ferromagnetic short range correlations, 
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while the (l,O,-0.5) scattering suggests the presence of 

amplitude modulation of the ferromagnetic correlations inside the 

short range order. The scattering patterns around three 

different Bragg points are displayed in Figs.l4(a), (b) and (c). 

We have studied the effect of the magnetic field on the 

scattering .around these three reciprocal lattice points (Arai et 

al, 1985 b) and found that no change occurs in the magnetic 

structure inside the short range order if the magnetic field is 

less than 5 kOe. Such simultaneous measurements of small angle 

scattering and Bragg reflections are quite important for the 

study of the irreversible process, but cannot be realized with 

the conventional SANS. 

3.3 Studies of small angle Bragg scattering with single crystals 

The TOF type small angle scattering machine is particularly 

suitable for the study on the single crystal, as described in the 

previous section. In case of small angle Bragg scattering with 

SAN, the same Bragg reflections around (O,O,O) are detected by 

different wavelengths at many different positions on the 2D - 

PSD. A typical example of measurements is provided by the 

scattering from a single crystal of MnSiwhichis knowntohave a 

helical spin structure with a long period of 180 A along ~1 ll> 

below TN = 29.5 K.(Ishikawa et al, 1976) Therefore four 

satellites appear at <qs, q,, q,> with qs = 0.035 A-' as shown in 

Fig. 15, but in many different positions on the 2D - PSD for 

different wavelengths. The value of q, determined with different 

X is plotted againstAin Fig. 16(a), which indicates tha-t q, 

does not vary withA. This is the best way to check the accuracy 

of the position determination of 2D - PSD and the result 
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indicates it satisfactory. Thus q, = 0.035 +0.005 A-' is 

determined at 13 K (Ishikawa et al, 1984), in good agreement with 

a previous measurement with D 11 spectrometer at ILL (Ishikawa et 

al, 1976). Fig. 16(b) is plotted the intensity of the satellite 

reflections as a function of X e The1 dependence of the 

sat'ellite intensity can be understood, if we consider that the 

simultaneous detection of four satellites in the (l,l,O) 

reciprocal plane with the 2D - PSD placed perpendicular to the 

incident beam is a result of the finite size of the satellites as 

shown in Fig. 17(a); the Ewald sphere can cross with the 

satellites even if it does not cross the (l,l,O) plane. Thus the 

gradual decrease of intensity of the satellites with increasing X 

is due to the decrease of overlapping area because of the 

decrease of the radius of the Ewald sphere. The size of the 

satellites can be determined directly from' the rocking curve 

which is obtained by rotating the sample around the vertical 

axis. The rocking curve thus obtained has a FWHM of 2.57 degs 

as shown in Fig. 17(b), which corresponds to the momentum spread 

Aqg of 5.57 x 1O-3 A-l. The helical spin structure of MnSi has 

therefore a coherent length<= 2r/Aqg = 4000 A. TheI dependen- 

ce of the intensity of satellites can be calculated by using this 

satellite size and the result of calculation is plotted by a 

broken line in Fig. 16(b). The agreement between observation and 

calculation is quite satisfactory, indicating that the satellite 

size can be determined automatically from theAdependence of the 

intensity without rotating the crystal. In Fig.lG(c) are plotted 

the width of satellite (Aq/q)2 plotted against 1/X2. The solid 

line is calculated by (22) which takes into account the instru- 

mental resolution as will be discussed later. The agreement 
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between the observation and calculation is again satisfactory, 

indicating that the instrumental resolution can accurately be 

taken into account for SAN. The extrapolation of Aq/q to l/X*= 

0 gives in principle the resolution free momentum spread AqB, 

but the previous method (Fig. 16(b)) can make a better determina- 

tie.n. Thus.a single measurement of Bragg reflections with our 

SAN provides much more information than that obtained with the 

conventional SANS. 

3.4 Separation of inelastic scattering with a chopper 

One of the important problems for small angle scattering is 

to distinguish the scattering due to the heterogeneity (static 

origin) from inelastic scattering as magnon scattering. This can 

in principle be performed by chopping the incident neutrons in 

front of the sample and by measuring the TOF spectra of the 

scattered neutrons. Since, however, it looses significantly the 

neutrons to be used in the experiment and increases the size of 

data 

have 

memory bank by one order of 'magnitude, only few experiments 

ever practiced the separation of the inelastic scattering. 

Our spectrometer is quite suitable for this purpose. It is 

enough for us to put a chopper(C2 in Fig.l(a)) in front of the 

sample. Our SAN is equipped with two different types of choppers 

for different purposes. One is a chopper with many windows (Fig. 

18(a)) to modulate in time (wavelength) the incident neutrons and 

another has only one windows (Fig. 18(c)) to monochromatize 

incident neutrons, both are operated with a frequency of 80 Hz 

synchronizing with the neutron pulse(20 Hz). The former is used 

to reject the inelastic part, while the latter for measuring the 

inelastic scattering as schematically shown in Fig. 18(:b) and 
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(d). One example of the test experiments with the first type 

chopper is shown in Fig. 19, where the time spectra measured with 

three different detectors are demonstrated. The upper two figure _. 

are the spectra obtained with a fixed counter at the position of 

150 degs scattering while the lower two are those with different 1D 

- PSD by di,sregarding the positional information to increase the 

counting rate. The lowest pattern obtained with 22th lD-PSD 

shows the time modulation of incident neutrons, thus it corre- 

sponds to the pattern of elastic scattering. Except this case, 

the modulated spectra do not go to zero because of presence of 

the inelastic part, suggesting that the inelasticity is involved 

in the scattering. The elastic part can be separated by deconvo- 

luting the modulated part. The energy resolution of the spectro- 

meter with 2D - PSD at 3 m from the sample is about0.6 meV for 4 

A. Although the measurement is still in a stage of preliminary 

test, the method will be applied successfully in some practical 

problems. 

3.5 Separation of magnon scattering without chopper 

We have also found that the inelastic scattering as magnon 

scattering can be separated from the small angle scattering of 

static origin simply by-analyzing the dependence of the 

scattering functions. The principle is that, in case of elastic 

scattering, the scattering function is independent of the 

wavelength of incident neutrons, which is not the case if the 

inelasticity is involved in the scattering. In case of magnon 

scattering with a momentum and an energy transfers of q and h m 

respectively, the scattered neutron wave vector kf varies from 

the incident neutron wave vector ki as 
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h2k.2 1 h2kf2 
---= +ClJ 
2m 2m -m' 

-. 

(8) 

ki - kf = +q. 

Since&, = 'Dq2, a simple calculation shows that the scattering 

occurs within the critical angle Gc given by (Hatherly et al, 

1964) 

which is independent of the incident neutron wavelengths. In 

Fig. 20(a), we plot the small angle scattering from Fe3Pt for 

different wavelengths separately against Q, which shows clear:Ly 

that the scattering at high Q side has a dispersion for different 

wavelengths, but if we plot the scattering intensity multiplied 

by ki2 against scattering angle 8 (Fig.ZO(b)), all the scattering 

for different wavelengths fall on‘ a single line suggesting that 

the small angle scattering athigh Q side is duetothe magnon 

scattering. Thus the measurement of the wavelength dependence 

of the scattering function gives an information on the existence 

of inelastic scattering and in case of magnon scattering we can 

separate its contribution from the small angle scattering of 

other origins, which is difficult to practice with the conven- 

tional small angle scattering machine. In this way, we success- 

fully measured the small angle scattering of static origin in 

Fe3Pt and the results as well as the detailed method for analysis 

will be published separately. 
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3.6 

slow 

Real Time Spectroscopy 

By realtime spectroscopy, we mean the measurement of the 

relaxation phenomena with a relaxation time of order of 10-L 

1 set, where the external condition as magnetic field or tempera- 

ture is varied abruptly and the change of positional correlations 

which follows is measured in realtime. Though this technique 

can also be applied to the conventional small angle scattering 

machine at the continuous reactor, the TOF type SANS is more 

effective than this because of the simultaneous measurement of 

wide Q range. In order to make the real time spectroscopy 

possible, the KENS-SAN is equipped with a large external memory 

bank of 2 M bites so as to make possible the collection of data 

in eight different conditions sequentially as shown in Fig. 

which show a preliminary result of measurements of variation 

the spin glass state under a pulsed magnetic field. The 

21 

of 

squared pulsed field of 5 kOe was applied in a certain time 

interval with a rise time of 10 m set and the variation of the 

spin correlations in a typical cluster type spin glass of 0,9Fe- 

Ti03-0.1Fe203 was observed in a time interval of 50 m sec. 

This experiment was realized by employing a micro-processor 

LSI 11/23 and a bulk memory bank of 2M bites. The schematic 

diagram of the SAN's data acquisition system for this purpose is 

shown in Fig. 22. The pulsed magnetic field is applied 

synchronizing with the neutron source and the 2D -PSD data giving 

the temporal variation of the spatial correlations were sent 

successively to eight different memory area in the external bulk 

memory by the control of the 1-1 processor. The system is 

particularly suitable for studying the nonequilibrium phenomena 

with relaxation time more than 50 msec. The detailed result of 
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the relaxation phenomena in the spin glass system will be 

published in a separate paper. 

54 Design Principle 

The design principle of the TOF 

scattering spectrometer installed at the pulsed neutron source 

type small angle neutron 

should be somewhat different from the conventional one because of 

employing a band of wavelengths. In this section we will discuss 

this problem based on our experience. 

4.1 Neutron Source 

The intensity of scattered neutrons with wavelength between 

X andX+AX, from a sample with cross section , I(X)A given 

in general by 

(10) 

where i(x)A the intensity of i.ncident neutrons withX between X 

and x + Ax and is given by 

x4 
T 

i(X) =- 
x5 

exp(-XT2/h2) - 
(11) 

XT is the characteristic wavelength of the moderator at 

temperature T defined by 

h 
T= 

h/J= . (12) 

ARir and ARd are the solid angles of initial and final beams 

respectively. Ani is given by squares of de: angular resolution 

of the incident beam. If we define the momentum resolution A Q, 

by the request of the measurement, Ae depends on1 and is given 
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A% =AAQ, (13) 
2?T 

while in the 2D-PSD,An d can be determined so as to satisfy the 

relation , 

da(@) AOd’ 
dQ (14) 

independent of X. d% being the solid angle in the Q space, n, is 

the scattering efficiency at the sample and may be proportional 

to l/X, if the neutron absorption by the sample obeying the l/v 

law. The detecting efficiency nd can be assumed as 1 for cold 

neutrons. Ax is determined by the, TOF time channel width At, and 

can be selected to satisfy. 

Ah -= at,= AQ _- (15) 
x t Q l 

If AQ)Q is selected to be 0.1, .' At, can be much longer than the 

neutron pulsed with At, which is about 150~ set for X = 6 A, t, 

total flight time being an order of 30 msec. 

Finally by assuming that dc/dC$is independent of1 , theX 

dependence of the scattered..neutrons I(X) in Eq(l0) is reduced to 

be 

de T 
-x 2/x2 4 

I(X) = 
x4 

c(AQ) . 

The optimal wavelength hopt giving the maximum intensity is 

therefore given from dI/dh= 0 to be 
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A 
1 

opt = *l/4 
XT z 0.84 XT . 

('17) 

The incident neutron collimation AOcol is determined as 

x 
A0 :co1 = 

2. .OP+- (AC21 
2Tr 

min ’ 
('I 8) 

since AQmin is usually determined referring to the smallest Q 

value. The total scattered neutron intensity IT.(XT) in case of 

employing the incident neutrons withXbetweenXmin and Amax is 

given by 

i 

x 
IT(XT) = C max I(J,)dX z C AT4 co1 

~4 exp(-XT 2/h2)dh = CJ;;' XTJ19) 

x 
min 

0 

The result indicates that even in case of the TOE type small 

angle scattering machine which utilizes all wavelengths, it is 

preferable to use the cold neutron source. Note that the peak 

intensity is higher for the normal moderator than the cold mod- 

erator as showninFig. 23 where the neutron spectra from the 

KENS normal moderator (polyethylene plate at 295 K) and cold 

moderator (solid CH4 at 20 K) are compared in a normalized scale. 

Note also that, in case of small angle scattering machine at 

the steady state reactor, the employment of the cold neutrons is 

indispensable to avoid the multiple Bragg scattering, but the TOF 

small angle scattering machine inevitably uses the shorter wave- 

length than the Bragg cutoff in order to expand the dynamical 

range of measurements. The effect of multiple Bragg scattering 

can be estimated because of making the same measurement with 

longer wavelengh. Therefore the neutron source spectra should 
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have good intensities for both of shorter 

wavelengths. The cold moderator is better 

satisfy this condition. 

_- 

4.2 Neutron Guide 

(A< 4 A) and longer 

than thermal one to 

In case,of the continuous reactor, it is preferable that the 

SANS is installed at the exit of the bent neutron guide, because 

it significantly reduces the background. This principle is not 

necessarily applicable to the TOF-SANS with the pulsed neutron 

source because the background due to the high energy neutrons can 

automatically be separated from the signal by time channels. The 

first merit of using the guide tube is to conserve the beam 

divergence in long distance. The situation is demonstrated in 

Fig.24. If we don't use the neutron guide, the beam divergence 

(AU2 is determined by the solid angle (A8m)2 which the cold 

moderator spans to the sample; 

(A8m)2 = = . 

!t2 
S 

(20) 

In case of KENS oold moderator with heff = 10 cm and weff = 8 

cm, the solid angles for R, = 9 m is given by 98-8 (mrad)2 and 

for R, = 19 m, 4.8 (mrad)2 assuming the cross section of flight 
“. 

path to be 3 cmw x 5 cmh, independent ofX . If the neutron guide 

with Ni coated mirror is employed, the critical angle o,(X) being 

given by 

Be(X) = 1.73 x 10-3h (A) : (21) 

The beam divergence is then determined by the collimatorA col 

for longer wavelength and for1 for which e.(X) < A6 col' the 
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divergence follows a et(X) line in Fig. 24 and for e,(X) c Aem, 

the divergence becomes equal to the direct glancing angle A0, , 

independent of X. In case of the bent guide tube with cut off 

wave length xo (4 A in case of KENS), there is a steep decrease 

of intensity of neutrons with1 less than h, as shown by solid 

lines in Fig. 24. The difference in total intensity on the 

sample in three cases of without guide (NG), with straight guide 

(SG) and bent guide at the positions of 9 m and 19 m are more 

clearly seen in Fig. 25, where the energy spectra-of these three 

cases are plotted against X. We can see clearly that the neutron 

guide significantly increases the neutron total intensity and the 

gain in the intensity for the straight guide against the bent 

guide in the short wavelength region becomes also more signifi- 

cant for shorter 1,. Therefore if the fast neutrons contribution 

to the background is not important, it is better to install the 

SANS spectrometer as close as possibletothe source byusingthe 

straight guide. In KENS we finally adopted the bent guide 

because of the unknown factor forcthe background coming from fast 

neutrons. This choice was found successful and we have 

encountered no troubles for the background even if the 2D - PSD 

has no shield as described in the previous section. If the 

emphasis is put on the lower Q measurements, our choice would be 

still correct, because no difference in the intensity appears for 

longer Awhich is important for low Q measurements. 

4.3 Resolution 

In the TOF-SANS, it is better to define the resolution not 

by AQ/Q, but by AQ, because the incident neutron collimation 

A0 col'being fixed, the incident neutron resolutionAQ/Q varies 
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with X. The total momentum transfer resolution AQ is given by 

AQ2 
Ah2 2 *92 2 

= I--_) Q +k-_) Q + AQana12 
x (P 

= (?,$-, 2Ax2 + (II,. (af12c01 + Ae2det) + AQ 
2 

x2 anal ’ (22) 
x 

where the last term AQ2anal is the momentum resolution introduced 
*. 

in a process of data analysis. SinceAX (time resolution) and 

AOdet(positional resolution on 2D-PSD) as well as AQanal should 

be chosen so as to match to Aecol in data analysis, it is better 

to select the original time and PSD channel widths as small as 

possible. Eq(22) shows that for a givenAQ2,(AQ/Q12 varies with 

as 1/x2 as actually found in the measurement of Bragg reflections 

(Fig. 16~). Note that the slope of the solid line in this figure 

is determined not by A8det by bQanal. 

§5. Conclusion 

The TOF type small angle scattering machine SAN we have 

installed at KENS cold neutron.source has been proved to be a 

unique and useful machine, having provided many interesting re- 

sults in many fields of sciences in this four years. Note that 

the cold neutron source of KENS is very small; it is cooled by a 

small refrigerator of 40 W (15 K). The machine is particularly 
. 

powerful for the study of nonequilibrium phenomena because of its 

unique ability for the wide Q measurements. The separation of 

inelastiac scattering will be another promising aspect of this 

spectrometer. We should also remark that the machine was also 

found to give good results for the studies of polymer (Okano et 

al, 1983) and biological materials (Hirai, 1985) in solution. 

One reason is that the contrast matching of solvent can 
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accurately be realized by measuring theX dependent transmission 

(Hirai et al, 1985). We believe that the utility of this type of 

SANS will be increased more by further studies. 

Although-.we have thus found that our SAN is quite satisfac- 

tory, we suggest that the installation of SAN directly to the 

straight guide from the cold neutron source would give a better 

performance, which we would like to test one day. Finally we 

should also remark that the TOF-SANS should be installed as close 

as possible to the source to avoid the frame overlapping problem 

and the improvement of the positional resolution of 2D--PSD is 

indispensable for it. 
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Figure Captions 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. i0 

Layout Of KENS SAN (a) overall arrangement and 

(b) around sample and detector chambers. 

(a) Photograph of SAN's vacuum scattering chamber and 

(b) 2D position sensitive detector installed inside the 

vacuum chamber. 

Ranges of wave vector Q measured with SAN. Solid lines 

are ranges covered by single counters, while broken 

lines are those by 2D-PSD installed at four different 

positions. 

SAN's vacuum scattering chamber with a special vacuum 

shutter to separate the sample chamber from the detec- 

tor chamber. 

Scattering intensities from water detected by 2D- 

PSD in cases of (a) employing a movable beam stopper 

hung from the top and (b) adopting a new beam stopper 

described in the text.'; 

(a) A new movable beam stopper system composed of a 

large thin Al plate of 0.4 mm with a Cd beam stopper at 

the center. The Al plate can be moved horizontally by 

an electric device. (b)its photograph. 

Principle of converging Soller collimator system (a) in 

converging condition and (b) in non converging condi- 

tion. 

SAN's converging Soiler slits designed for 5 m 2D-PSD. 

Direct beam profiles without Soller(lower figures) and 

with (upper figures) converging Soiler collimators. 

Comparison of backgrounds with signals from SiC sample 
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Fig. 11 

Fig, 12 

Fig. 13 

Fig. 14 

Fig. 15 

Fig. 16 

Fig. 17 

detected by 5 m 2D-PSD in case of with only thin Al 

windows, si single crystal windows and without any 

window materials (BG). 

Comparison of background with signal from water 

detected by 5 m 2D-PSD. 

Block diagram of data processing system for TOF-2D-PSD. 

Temporal variation of scattering functions measured 

with SAN for Fe60Cr40 at room temperature in a process 

of phase separation ,when the sample was annealed atT, 

= 550 C. (Furusaka et al. 1983). 

Simultaneous measurements of (a)small angle scattering 

and (b) and (c) Bragg reflections from a single crystal 

of 90FeTi03-10Fe203 which exhibits a typical character- 

istics of cluster type spin glass. (Araiet al 1985 a) 

Detector configuration is shown on the reciprocal lat- 

tice plane in a upper left part of the figure. 

Four satellite reflections from MnSi at 15 K around 

(O,O,O) in the (O,l,l).reciprocal plane. The satel- 

lites along [l 0 01 and [O 1 l] would be multiple 

reflections. 

(a) Wavelength dependence of satellites position q,, 

(b)integrated intensity of satellites I, and 

(c)linewidth of satellites Aq/q. A broken line in 

(b) and solid line in (c) are calculated (see text). 

Observation of satellites in the (O,l,l) plane by 

neutrons with different wavelengths impinging perpen- 

dicular to the plane. (a) Ewald spheres and satellites 

with finite sizes. (b) Rocking curve (open circles) of 

a satellite obtained with a single wavelength by rota- 
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ting the crystal around a vertical axis. 

Fig. 18 Second chopper C2(Fig. 1) for inelastic scattering. 

(1) chopper for rejecting inelastic scattering and 

(2) chopper for measuring inelastic scattering. 

Fig. 19 Time modulation of small angle scattering from Fe3Pt at 

room temperature when a chopper of the first t,ype in 

Fig. '18 was operated. (a) time spectra at 150' counter, 

(b) a part of (a) indicated by a horizontal line is 

plotted in an enlarged scale. (c) time spectra of 24th 

ID-PSD, where positional information was disregarded. 

(d)time spectra of direct beam obtained with 22th ID-PSD 

which corresponds to the case of elastic scattering. 

Fig. 20 (a) Small angle scattering from Fe3Pt, plotted against 

Q for different wavelengths, (b) that plotted against 

scattering angle . 

Fig. 21 Time variation of small angle scattering from 90FeTi03- 

lOFe203, when a squared pulsed magnetic field of 5 kOe 

was applied to the sample, 

Fig. 22 Block diagram of data acquisition system for real time 

spectroscopy. 

Fig. 23 Energy spectrum of solid methane cold moderator at 20K, 

compared with that of polyethylene plate at 295 K. 

Fig. 24 Beam divergence of neutrons with and without guide and 

with an-appropriate collimator. 

Fig. 25 Wavelength dependence of neutron intensity at different 

positions. SG(9m) (SG('l9 m)): at the exit of straight 

neutron guide 9m (19 m), far from cold neutron sourcel 

BG: at the exist of bent guide with a cut off wave- 

length xc = 4 A. NG: at the position of 19 m far from 

cold moderator, but without guide. 
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KENS - SAN Arrangement 
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Fig. 1 
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Fig. 2 
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(a) Converging Slit CoNmator System. 

b) Non Converging Condition 

Rd 

Fig. 7 
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Direct Beam Profiles 
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