


INTRODUCTION ‘~

The main objectrve of the experrment at an elast1c neutron scattenng spectrometer
(neutron drffractometer small-angle neutron scattering setup, neutron - reflectometer)
" is to-measure the" neutron scattermg cross-section(the- scattering -law ' F(q))in relatron
to the absolute value of the scattering vector q. The generahzed “scheme "of ‘the
spectrometer (see " Fig. 1)) includes angle collimation” of the ‘neutron’ ‘beam in  the
source-sample flight path and detectlon of neutrons scattered by the sample at'an
angle 6. In the case of a spectrometer at a pulsed neutron source, the time-of-flight -
method is employed, making it possible to use -a wide range of neutron wavelengths
Asa result of a ‘narrow. spectrum width, neutrons with different wavelengths are used
,unequally In the present paper, time- of- ﬂrght collimation of the’ phase volume of
neutrons incident-on the sample Vphase is proposed. The collimation is performed by
varying the cross-section of the diafragms placed in the  source- sample flight path-
with time t. As a result, the solid angle Q(tecA) at which ' the neutron source is
visible, -and - the . cross- -section - of ' the neutron beam:on, the  sample Sbeam(tock) are
chosen’ for each concrete neutron wavelength A. This allows us to obtain optimal
measuring - conditions . following - certain- collimation..laws, 'when  the maximum
scattered neutron intensity Jscar, is achieved at a fixed distortion of the scattering law k
Res(F). In what follows, the optimization cntena are considered using . the . small-

angle neutron scattering spectrometer as an “example ‘and then " their -application “is -

’ demonstrated for small- angle drffusron and d1ffractron scattenng and reﬂectron of the .
neutrons o -
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. OPTIMIZATION CRITERIA .
,We shall consider the ‘optimization criteria in more-detail for a small-angle kscattering
spectrometer. Figure 2 presents. the ‘scheme of a small-angle scattering spectrometer
with axial geometry. The main functional elements of the spectrometer-are: . the first
and the second diaphragms used for angle collimation of the incident beam, placed at
distances of Lo and Lo+ L, respectively, from ' the source; sample position
“(coincident ‘with the second diaphragm); and, a scattered neutron detector placed at a

distance Lo+Li+L, from the neutron-source. The dependence of the scattering cross- -

~ section do(q)/dS2 (the scattering law is F(q)) on the absolute value of the scattering

vector q = 47sin(0/2), where A is the. neutron wavelength .and 8 is the scattering

angle, is measured with the spectrometer. For the intensity of the scatteredk beam

J(K,q) and the root-mean- square deviation, G4(A), the following relatlonshlps apply -

L
I (Ag) = jo(A) R12R22F(q>RAR/L12/L22,
“Oq(A) = n/?»((RllLl) +RZ(1/Ly+1/Ly) +(AR/L2)2/3+(RIL2) (AM)2/3)”2 6}

" where jo(A) is the neutron flux before the first diaphragm, R, and R; are the rad11 of

¢ the first and second draphragms respectively, R and AR are the radius and width of .

the detectmg element in the detector and M is the wavelength uncertamty

The well known approach in optlmlzatlon [1,2]. mvolves the achlevement of ‘

maxrmum intensity ‘at fixed values for the root-mean-square, dev1at1on of «.q, - q itself,
neutron. wavelength - and total ﬂlght path, L1+ L,. . This .can_ be atta1ned if - thev
~follow1ng relatronsh1ps are satisfied [2] :

L1 Lz,R1 2R, = (23)7AR = (2/3)”2RAm gy

However condrtlons should be schosen approprlate “for the’ whole interval of ‘q

: values It'is apparent that the scattenng 1ntens1ty should be represented 1n relatlon to
o the q [3] ) . ; :

r

H‘—IJo(q) fD(q) dq,, o (3)

-~where _]o(q) is’ the : scattermg mtensrty at’ a_ definite value of q and - unit-value -of

scattermg “law, CD(q)—l F(q’)R(q,q’)dq’ -is - the " scattering -law_ distorted - by . the -

“resolution of. q; R(q,q’) :is’ the resolution - function. - For _]o(q) .and-. R(q,q) the
' ,followmg relatronslups should be satlsﬁed

Jo(q>-ql jMdx  and R(qq)—l RGT) o) dMI o, ,;,(45'}.

' 2
where _]s(?») = A R12R2 _]o(?t), R(q,q X) is'the resolutlon functlon at a deﬁnlte value of
: A, hnu—ZRmax/qu, Ln,n—ZRm,n/qu are the integration limits, Ryax-and Rmm are’ the
maximal and minimal radii of the detect1ng area of the detector
> .
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. We introduce a devrauon of the scattering law 8F(q) = I((D(q) F(q))| and a
root-mean-square deviation of -the scattering law OFs(q), caused by the statrstrcs of | '
counting . scattered .- neutrons. Now - we can - write -the opttmlzatlon condltlons as
follows ; :

A= l(SF(q)/F(q))dq/ldq-const / - L
B= l(5Fsz(q)/5F(Q))2dq I(F(q)/SF(q))2/0o(q)F(q))dq min. 6]

Additional conditions are the fixed neutron spectrum and ﬁxed wavelength mterval .
as well as measuring “time, total neutron flight path and detector size. The:
relationship between the flight paths, a=Ly/L, and:the relatronshrp between the radii
of the' draphragms in relatron to - time,: starting -from - the moment - of . the pulse is
initiated, : b(t)= Rl(t)le(t) should - be - determined. Since  the . time: of | fllght of . ‘the -
neutron from the source-to the draphragm is: drrectly proportronal to the. neutron
wavelength, b(t) can be transformed to b(A).. C e T i

DIFFUSION SMALL—ANGLE SCATTERING

The resolutlon functron ‘within - a ‘certain approxrmatlon may be represented‘bv a

- Gaussian (3] with a variance.of the scattermg vector Dq(q)

Dq<q>-qu"(xns(x)dmIcq"(xns(mx TRl ©

In thlS case, in the first approxrmatlon for the dlstortron of the scattenng law we
obtain dF(q)- —1/2(dF (@/dq )Dq(q) Then we. choose: the approxrmatrons AR = "0.and
A = 0, at which og(}) is: inversely proportronal to the neutron. wavelength and it is
possible, under certain conditions, to obtain-an analytrcal solutron This takes place in
practice and - is- realised: for the case-of - hrgh lumrnosrty, .whenthe: resolutlon is
determined: only -by’ the - sizes -of ‘thie neutron. source and . the - sample. ; ;Let us.next
represent the.. diaphragm radii as Ry =t Rlo(NKmm) and Ry = Rzo(N?\,mm) _The
problem can be formulated as follows: optimal values of the a,b and n parameters
should be deterrmned so that conditions (5) are fulfilled. To this end the equatlon
dB/dX 0, where X = 4,b,n, should be satrsﬁed This gives us a=1-and b=2." '

. To determine the optlmal value of the n parameter, numerical: calculatlons
should be made Frgure 3 presents the results of these calculatlons When carryrng
out the calculatrons the’ Maxwellran spectrum with a charactenstrc wavelength 7\4 =
1.8 A was taken The followrng parameter values were chosen Li=Ly= 40m, Rmm
= 5cm and Rm,ix = 50cm. The wavelength mterval 0. 5 —‘. OA corresponds”t
mterval 0.0008 - ’0 161“.'1 The dependence of parameter n(n) B(nQ-O)/B(n)'
(hereinafter referred to. as the gain factor) for different scattering . laws is given in
Fig.3. From this figure we notice :that for the l/q law:(curve :1). the. maximum for
n(n) is achreved at n = -0 98. For the exp(-pq) law the maxrmum for n(n) is at




pos1t1ve values of the n parameter (curves 2 and 3). As an 1llustrat1on F1g4 shows
the dependence §Fy (q)/SFz(q) for the scattering ‘law ‘F(q) = exp(-lOO(A )q %y-for n—O
and n=1/4. It is-seen from the figure thatin certain regions, where ' q*.varies, “curve
1 goes below curve 2. One can see, however, that curve 2 (n=1/4) runs integrally
_-below curve 1 (n=0). This means that the mode with n=1/4 is more optxmal We also
notice that at large g, the stat1st1calmg accuracy decreases.
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NEUTRON REFLECTION .
E ' T . : o . . LA ; : .E': PSR
_ Figure 5 presents the scheme of the reflectometer.’ The neutron beamis incident: on 7 é" i
the sample - at ‘a grazing angle. 0 ... Two: diaphragms, ‘placed :in the XZ. plane at —:u’ %5
distances L and L; from the source, are used to collimate the beam. Assume.that the v ; i u'é
- diaphragm sizes are considerably greater:in: the X-axis direction than in the -Z-axis = -8
direction. Then, for the variance of the wave vector transfer, -p, we have (AL .is >D.' _;
assumed to be 0): ’ Ce = ‘(’\, E
‘ _ i - A T
Dy(p)= Keos?®)( 2+ 285 - S (D, ' g € " 'g g
‘ o o 5 2 .-
*.where k is the wave vector, z; and 72 are the d1aphragm s1zes in the drrectron of the .a U')D : 8 — 9
Z-ax1s Lo=L;-L4, p-2ks1n(9) T ' ' Ty ‘: = - %, g
‘ - Femh e
~~ The following relation holds for ]o(p): o . o PR ‘E =
o < . : N + L k4 . 8 ) . x5 o
o — — - -
Jo(P) —J0(7»)Z1(7»)X122(7»)X2/ Lo /P ER R ) . 2% el T8 o
‘where ‘x) ‘and - x5 ‘are: the- d1aphragm sizesin the direction . of the X -axis.: Let us % w Y Fal 'S_ §
represent zi-and z; as zj ='22 =z (AMAmin) ™ ‘Figure. 6. gives:the M(n).dependence for mo. >Q' > a
‘different reflection laws at the angle of reﬂectlon 9 ‘6 mrad and wavelength interval O - *Z 5
0.7°- IOA It can: be- seen that, as.in the case’ of the small—angle spectrometer;. the " "; IO
optlmal n: value may: be either pos1t1ve or negatlve dependmg on: the type of : 3 . S TaRTT ;-4‘3-;5
reﬂecnon law. " Lo T / i _CC’ o= »:"6’%
- . p a L@ o5 =
s =T x BRI
. o e
SMALL-ANGLE DIFFRACTION - ‘ o0 o
Let us cons1der the case of small-angle powder dlffractlon In thls connectxon we . u 5 ' E E 4
choose a diffractometer scheme identical to ‘the scheme for small-angle d1ffusron g_ 8 v E %
scattermg spectrometer(Flg 2). Dependmg on q, the’ scattermg law for the Bragg CE R B

d1ffract1on as’ is - well- known, is a. delta-functxon 'I'herefore the employment of

condmons (5) presents dlfficultles Because of thls 1et us formulate s1mp11fied ;
: {3 2 {
cntena , : ‘

s C ISq(q)/q dq = const and E Ijo(q)d)(q)dq max . - (9) ‘ - \[ v
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) FIGURE 2 a) Scheme of the small- anglc nculron scallermg spcclromclcr wnh a time-
~ of-flight colllmauon of the neutron: beam: two diaphragms on the fll[,hl path to the
sample have an area of Si(1) and :Sa(t) Wthh ‘change witli time starting from the
moment of” mlualxon of the source pulse
~'b) time dlagram which explams the operauon of the. spcclromclcr for the
perlod T of recurrmg power pulses of the neulron source,
c) a-possible version of the dlaphragm design in lhe form of two.disks
- made of absorbmg neutron material, rotating at the frequency of lhe power pulses.
Slots in the disks meet m mutually perpendicular directions.
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FIGURE 3 Dependence of the m(n) parameter for different small- angle diffusion
neutron scallermg laws: F(q) = 1/q - curve 1;. F(q) = exp(-pq ) and p—lOA - curve 2,

p=100A% curve 3
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“FIGURE 4 Depcndence of SFZS.(q)ISFz(q) for lhe scattering ‘law F(q) = exp(—lOOq ) at

Ln(q)

different values for the n parameter: 1- n=0; 2 - n=1/4.
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FIGURE 5 Neutron reflectometer with- a time-of-flight collimation  of “the neutrcn ' , e 10—-2 s 51 0-2 : Cgxd 0f2 <
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FIGURE 7 Dependence of Sq(q)lq at dlffercnt values of lhe n panmeler 1 n—l 2 -
n=0, 3 - n=-1, )
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FlGURE 6 Dependence of the n(n) parameter for different neutron reflection laws: 7 . )
F(q).-‘ 4 - curve 1; F(q) = ' - curve 2; F(q) = exp(-rq) and r = 50 A -curve 3, r= ’ FlGURE 8 Depcndcnce of the n E(n)lE(n—O) paramcler for lhe case of lcn reﬂexce m k
100 A - curve 4, . s : ‘ * the Bragg neutron dxffracllon RS e :




The dependence 8q(q)/q for different values' of the n parameter is given in Fig.7.
Compared to the case when n= 0, 8q/q increases at small q and decreases at large q
forn=1. Atn=-1 the pattern of the 3q/q behav1our, compared to the case when n
=0, appears to be the reverse. From this, it follows that if a higher resolution of
reflexes -at small (large) q is requlred it is more preferable to use the power law of
draphragm radius variation with an exponent of n = -1 (n = l) Figure 8 presents the
dependence of the n = E(n)/E(n = 0) parameter for the scattering law F(q) = >.9(q-
q.), where vectors of the inverse lattice are chosen from condrtron (qgj-q5-1) ~ (qj+qj-1)
and equal (in- units A h to: qi=7. 94E-04," q;=8.16E-04, q3=8. 7E-4, qs=1.0E-03,
q5—-1 35E 03, q¢=2.2E-03, q7-4 345E-03,” qs=9.7E-03, qo=2. 31E-02, qio =5. 65E-02
respectlvely It is apparent that negatrve values of the n parameter are the most
optrmal for the ten reﬂexes grven : (RIS

i

CONCLUSIO‘NA '

In- the present ; paper, - the trme—of flrght mode of neutron. beam collimation in the
source-sample flight path’ is consrdered The calculations show that at a fixed
distortion of the scattering law and following certain collimation laws, the statistical
accuracy of measurements increases greatly. The proposed operating regime for the
elastic scattering spectrometers is ‘simple to realise. Its use is the most effectrve ‘at
low-frequency pulsed sources where a broad wavelength interval is available. This -
. method makes it possible to_form an optimal (according to_neutron wavelength)
neutron phase volume on the sample and it is suitable for Both hot and cold neutron
sources. : ;
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