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1. Introduction 
~ 

Among the corrections necesoary to find accurate structure 

factore from the diffraction measurements, the correction for 

thermal diffuse scattering (TDS) plays an important role. The 

di~fractometer integrates the inelastic processes. Ir the result 

of this integration I T ( s , , SoL , s! ) is, in the neighbourhood 

of the Bragg peak, a monotonous flillction of the scan parameters 

S4' the inelastic contribution can be substracted as a 

backround • .But the backround s ubt r ac t i on eliminates only a 

part of the inelastic ecattering if 1T ( s, " s, , s.3 ) ia peak 

ahaped, In figo ia shovm a diffraction peak obtained in a 

one-dimensional acan over the parameter S. The unhatched peak 

( ]B) is the Bragg scattering and the right hatched peak ( IT) 

ia the TD acattering. The meaeured integrated intensity will 

be the area in the range (- <;o , 50) (the limite of the Bragg 

peak) minus tbe illelaatic backround represented by the 1eft 

hatched rectangle: 

( ta)p =- q>& + f?T - ~b = 01 (Ho<) 

So 

o( =- 9T -~b :: h [f. lT(s)ds - 2.So 1 (So)J. (1b) . 

~B _~ T(J'B 

Fig. 1. Intensities measured in 

a one-dimensional scan in the 

-50 O 50 5 neibourghood of the Bragg peak. 

- .
~(;)1.C.ílh ilnii il:in !fHCrnffi'I 
gâ~~H~l UC~~ eHOB~ uaQ 

'-6IrtSJlk ~JTEKA 



Here ~ and 9r are the Bragg and TDS integral intensi t,iea 

and C( ia the TDS correction. The index b means backr-ound , 

It ia well known that only the one-phonon coherent scat

tering by low frequency acoustic mod es pr'oduce s a maxírnum IT(s) 

under the Bragg peak (see,e.g.,f1] ). But taking into account 

only these modes it is possible to calculate the TDS'correction 

without a priori knowledge of the unit cell atructure. Only 

the elastic constants.are necessary to know,and these can be 

found by measuring the sound velocities along some directions 

in	 crystal. There are 3 constants for t~e cubic crystal, but 21 

for the triclinic. But even for cubic crystala the exa~t calcu

lation of ~ needs a long computer time because 9 multiple 

integral must be performed. The time is drastically reduced by 

using some approximations, the most important being the omission 

of	 the instrumental resolution, the high temperature of the 

semple and the mean veloci ty approximation [2,.3] • The price 

which must be payed for, evaluated on some compounds by different 

authors, ia 1% error in o< for the first approximation (4J , 

0.04% for the sacond one and ..5 5% for the third {5 J • In 

compensation, the correction ~ can be expressed by a third 

order integral which can be made analytically in a rough appro
\\ 

ximation (infinite vertical detector aperture [2J ) or reduces to 

a double integral numericaly solved [3J • 

The theory of the TDS correction initialy developed for 

X - rays was extended to the neutron diffraction. Hera two 

different situations can be distinguished depending on whether 

the ratio ~ between the sound and neutron velocities ia smaller 

or greater than unity [6,7J • In the first case the TDS correc

tion is identical to that for the x - ray diffraction, but for 

'p> > the quantity o( decreases drastically with increas
ing p and could be even zero. The profile I,-(s) inthis 
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case was,v~itten for alI the types of one-dimensional scans 

used in the angular dispersive (AO) method [8J but no quanti 

tative analysis was provided up to now for the neutron time-of

-flight (TOF) diffraction on monocrystals. In TOF were conside

red valid the conclusions found for the AD method [9J • In fact 

thia is true only if the ratio ~ between the flight path 

after the sample and the total flight path is very amall. Many 

diffractometers fulfil this condition but there are situations 

when -; is near t , like i t is wi th the diffractometer for 

irradiated samples in Hãrwell [10] • In the general case TDS 

measured by TOF shows some peculiarities lost in the limiting 

case ~~O. These peculiari ties were ignored in t)1e paper of 

Cole & Windsor 111) which describes the basis of a program 

computing the TDS profile in the TOF diffraction on powders. Phis 

program llses less approximations but is time consuming and does 

not work for monocrystals. In the following a TDS correction 

formula'for the TOF diffraction on monocrystals ia found. Working 

for any TOF diffractometer this formula contains a function .. 
numericaly computable in a short time and two parameters which 

can be determined from the elastic constante or alternatively, 

in the refinement process together with the structure parameters. 

2.	 TDS differenti~l ~~os~-se~t~on ~d th~ s2at~erin& 

surface 
~ 

In the TOF diffraction the following differential cross

-section [12] is measured: 

d l (' 01 c7 (-E )V~ VZ (, d~ )-7-::: ) fi :j-(Ef,Ee).? t(E1 ,Ee) d-d (2a)run. z. L1 E. /12 e. JL E,2 E - Utf 
t e. L	 2.- r 1 

~lE4JEe.)=L~/(L~E4IEe -L4 )2,. (2b) 

where E~ IE~ are the energies of the neutron before and after 

scattering, LA I L2, are the corresponding flight paths, L:. L1T L2, 
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and Ee is the energy of the neutron elasticaly scattered.
 

The f'ac t oz- g:.{E.1 ,Ee. ) takes into account the energy dependence
 

of the incident flux, the absorbtion in semple and air and the
 

dete.ctor efficiencY.;..Y(Ee,E ) : -1 • The one-phonon cross-section 
t 

of the acoustic modes which must be replaced in (2a) ia [13] : 

d 1- f -)
3 1f 12. J ~ . \& cr: (t) 12

(J _ \..'Lu Q '.<.2, \ '\" '" "'.\ '"
 

d.adE - t\lt. 2- ne ~ c: L- WJ' (L )
 
Z J "-f i ...... 

~ 

,.." 

·L 1}1 [~~ (!)J+ -I + i ~ X- ['" +~ k)J' (t)J~ (~ -.t: -.t ) (Ja) 

(=t1 

ex ::: ~~ -\« '"t LJ =- E2 - E I\ I 
rv rv rv I (Jb, c) 

where flJ"c: and Me are the uni t cell volume and maas , F~ 

is the structure factor, H is the reciprocal vector, \(. , \(,2. are 
rv rv ~ 

the wave vectors .of the incident and scattered neutron, .&3 (t) , 

c..Jj (1) are the polarization vector and frequency of the moda 

(j ,2. )j and Yl{w)] the Bose factor; the number ~ ia +1 
rv 

and -1 for phonon creation and annahd.Lat.Lcn, respectively. 

Firstly we performe the summation over t in the Brilouin 

zone (Z.B. in (3a» and further the integr~ion over E1 

(in practice over 'v<" ); as a result one obtaina: 

dCf' -=- V IFQ \ 2l L t L I~ l1 K;- 'fIl I i ~ (l) 12. 
tV: f\. 2. l1e ~ . K1.dJl. e J=~ t=t~ .,. e W; (!} 

~[Wj(.g)J+U+~)/2. (4) 

IH 'I''/~L,IL2 ;-Iv> t/h j • (i, +'I'L,/Lz"lz, JV't<l/!) I' 
where V ia the sampLe volume, 11 ~ ..;,. are the unit vectora 

rv "'" 
along K4 and K'Z.- ,respectively,

IV rv 

tIL -:=. cQ - H :::: K,"L - ~~ - H (5) 
'" rv rv '" f'V rv 

and )<1. are the roots of' the 'following equation: 

4. 

(6)l(; [t' (11<4 I Ke. ') -AJ + 2. 'N\/i) li s Wi (!) =- O, 

The sum over ~ in (4) means the sum over these roots. We are 

interested only in small {t I (then Q near H ); in thia 
,.., ('\J rv 

case the dispersion relation ia LJJ'{ ,t) =--l. (2.11) 4J '.c. being 
I"J J"" A, iJ 

the sound velocity in crystal, a quantity dependent on the 
I ~ 

acouatic wava direction and polarizationo.Now let U8 use the 

two velocities approximation [61 stating that alI the acouatic 

waves are pura longitudinal and transversal (valid in fact only 

for some directions in cryatal) with phasa velocities ~4 (lon

gitudinal) and -<=2 (transversal) (..(..,t:.c.z.) independent of 

direction. As a consequence \1% WJ' rI:,) ';::.~J·1 / f- ; on the 

other side the sum over j =~1,J, in (4) reduces to a aum 01' 

two terma, first being proportional to I~ ()~(t)l"L~ HZcos'.f and 
"V '" '" 

the second one to \~üz.('pl2.+I&lJ'~(t)\!.:H2.v,~2.P ,where c>I ...... "" (V ".., .> J'V "V 

ia the angla between ~ and f . A more draâtic approximation 
rv rv 

ia ~:.",c (full isotropy) and in this case the sum over J' 
f 2

df.sappeaz-s , However, following Willis [6 1 , a weaker approrl

mation is prefered. In thia appz-oxãmatLon -c, j. -<1.. but CoS 's 
r_' 2.and ~K Sare replaced by their averaged values 1/3 and 

2/3, respactively. ·othar quantities in (4) a'l so can be approrl

mated; thue , by virtue of small energy transfer \(.4 ~ ~e.. and 

conaequontLy g:~ ~ • At laat, for high temperatura t\W/l<BT«-1. 

which implies VIl""} -= [exr(tW/L<.8T)-1J-(~ \(&T/1\w»! ,than 

wa can ,noglect &+1) / L • In general thia ia valid for T >T,l) 

(T Debye). but for the low frequency acoustic waves it ia valid 

alao for I' <Tb • The difi'erential cross-section becomes: 

J(f V IF~ \1.j.l2. ~6~ ~ ..:h I. Lq-2./.+ &.i é [-SL
4 
+ (1-!:)~2.Jtr~ 

-=:.- 3 L.<.-· f L loJ r- ,"" 1,d<z- 'Ç 111. j =1 J ... . ('1) 

where wa have denoted: 
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.~ ~ L I L2 ) ~ j -::. -G" VV1/tr t<el,j : -l:J" /v,J (8a,b) 

Here Keo ia Ke.. which fulfils exactly the Bragg condition 

for the mean Bragg angle €f F:, ,and lIfo ia the corresponding 

neutron velocity. 

For the further calculations, the scattering surface given 

by the equations (5) and (6) must be investigated. Convenient 

handling can be done with 

1:: ";. (\(1- Ke }/Ke ~ '=-(Ke -l(~o)/)(eo (9a,b)
/ 

in place of K1 ' Ke • In the neighbourhood of the Bragg peak 

d {<! ; ~ is also small; indeed, with (8a) and (9a),
 

't'//2 :; 3 / (:l +"3) and sdnce 'f ~ 4 , it resulta 3I!:/-S«-1
 

and ~« 1 • As a consequence ~ -1 ": ( t I/z..+" ) {'f' (/~ 1) ~ _2 */~
 
and the equation (6) becomea: 

.i ~ /(eo Z :x:./ f-> ~ . (10) 

Thus for phonon creation *" > O and conversely, 1= <O for 

phonon annihilation. To write down '(5), let ua denote by ~:fO' 

to-Lz..o the uni t vecto-ra along the mean incident and diffracted 

beams, by L2.0 the unit vector perpendicular to Á... in the 
~ ~ zo
 

diffraction plane (see figo 2) and 210 =-Ã-2.0 X 7: • Neglecting

2 0 

IV "" '"' 

Fig. 2. The diagram of the scat

tering measured QY the TOF dif

fraction. In a given direction 

( t) and at the aame TOF can be 

meaaured (i1' there are) an elas-

tic proceas and inelastic proces

ses with the wave-vector trans

fera ge=l:tT~ o and, respectively, 

~t =li -+ '}.{/(Phonon creation), 

Qt':: H + 7f (phonon annihilation).
rv ,..., _-r: 1. 

. "'"' 
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. . 
the instrumental r-eso Iutí.on (what allows us to write f,=-1;10. 
and denoting by Y: ,b the angular divergencea of 12. with . ~ 

respect.to ~z~ in and perpendicular to the diffraction plane, 

(5) becomes~
 

i ~. ~eo [ ( 1- + '<t - ~(1' )~2. a + t ~.zo + ~~fO - (-l ~ ) i 4o ] . (11)
 

I /VI "' 

By equa'[Lzí.ng f..2. :from (10) and (11) one obtains: 

( ..:/-- _ 4/ f'2.) l: 2- - 2 -; M ~ + "5 Z-N.t = O, (12 ) 

where the follovdng notations are used: 

M:: 2 ( 1- CD ç 2 eS) d - S t(1 )a) 

N2 == ~ d2 ~V\ 4eB + (r + ~ ~~.2 9g ) '2 + 12
('Ub) 

. 1. ...,.. -( . 1.. 2. '2... (14a,b,c)~~~-2~~Yl ê g I J=- S YJV\.Wt,) -v :::, +c; . 

Por a given .~ the equation (12) represents, depending on the 

value 01' ~ p a rotational hyperboloid 01' two sheeta or a r-o t at í,o

nal ellipso~g. The particular ~ values 

(n pU.. )-=- ~ /17 1 ) (~<: (!,(1)<: fel») (15a, b ) 
~ -:: ~ /v 

define three regions for f . In the first region (O <P <.f (I) 

the equation (12) has one positive and one negat~ve root for 

any t and b . The scattering sur-race is a hyperboloid 01' two 

sheet.s, one inside the Ewald sphere (-l:-) O - phonon creation) 

and the second one ou t aí.d e (-l-< O - phonon annihilation). In 
. (i) (2. (1.) ,

the second r-ega on (f <,- « p. ) the roots =l, /f.2. of (12) 

exist for .any ~ , but only for t ~ t1 and t) t where
2 

~ ,t are:z 

J-. (16)_~} ~n 16B (~- ~'l?) +V(~1. ,l-- ~) [4J;Yt \~B ~ \(1-f3??2)~lJ 
()~ '2. 

J /I~f2?2
 

For t ~ t1 both solutions t-0\ ' :t- 2 are positive, and on the 
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contrary, are negative for ô~ (2,. Like in the first region 

the scattering surface ia a hyperboloid of two sheets, inside 

and outaide the Ewald sphere, but the angle of the asymptotic 

cone ia acute and the rotation axis ia inclined,enough togive 

rise to a forbidden region in c;) where no TDS occura, In the 

third region ( f ~ ?C~) the equation (12) haa roota only for r:l
t\ .$. t.$ t2.. and ~2. ~ ~ J1~ 4egd'-(f2ry'2._~) • The roota 

have the aign of M; the'scattering aurface ia an ellipsoid 

inside or outside the Ewald sphere. In fig. 3 are diaplayed the 

scattering surfaces for the three regions of f and two válues 

d» D ; for 6<O they pasa Lnto the configuration obtained by 

inverting the figure with respect to the origine 

The main difference (concerning TDS) between the TOF and 
(c)AD method ia the existence of three distinct regions of /3 

0.10 
in the former, comparatively with two regions in thé latter. Fig. 3. The acattering aurface 

0.08If "'5, is not very sma.L1 , the location and extension of these (croas-section (-r' */'{ » fOi) 
"( as 0.5, 9 = 45 0 <ji) =(2; ,ft =:

regions are ~B dependente Remarkable sIso ia the angle in 0.06 a 
=: 2), two valuea for the acan 

the acattering plane ( Õ = O) between the rotation axis of the 0.04 parameter ~: (1) ~ =: 0.0025, 
(2) ~ = 0.01, and three valueascattering surface and the normal to the Ewald sphere (approxi
forfl: (a).J3= 1, (b)j.3 1.7,0= 

mated in fig. J by the plane 11: = O): 
,I I 

1 (c)]3 =: 2.4. 
-0.08 - 0.06 -0.04 -0.02
 

~ = o.s ~J,[-23'-Z; /(V?_S2-: A/fl"2.)]· (11) -0,02 f\
 

~ • , D) ~) 
If ~~ O, then 1~ 1. , ""5 -7 O • 1-40 O and f -) 13 ~ 1 
hence the second region disappears and TDS differential cr088

(can be seen maKing x = O in (11». Thua for ~ c fl~) the TDS 
-aection measured by TOF becomes identical with that measured 

differential cross-aection measured by TOF ia similar to the 
by the AD method. 

croBs-aection meaaured in AD method for r4( ~ • The atructure 
With the roots 1t1 '*=2- once round , it ia no.. poasible ~ of N suggeats us to define the orthogonal coorcÚnates (M, 

to aum over 'f' and E. in (7). As f. is just the sign of 1:."2. ' rV , ~ ) ~n Place· of (~, t ,~ ) for to determine a point in thé 
the sum has , in fact, only two t erma, In the region (1) of p 

neighbourhood of a lattice node: 
the resul t 'will be proportional to N-2.. But l.(eo IV ia juat the 1 

0

,A.l ! ~ ~ \'\'1. e-~ I f\l -= t + (t &-l V\ 2 &p.. o (18a, b)-;: 

module of the vector 'f with the end on the Ewald aphere 

f 
x 
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s:In these new coordinates the TDS differential cross-section i8: 

.z,
dõ I FH \'2. H~ l.<.(!.T 

N'1- L ~ f· (u,v,~), (19 ) 
z,CIn-:: ,c. j

II!c Me 5 \(eo j ~i Jwhere
 

t, [lA. 1 V'I ~ =- ~ lo J for ~j ~ /-,cn (20a)
) A/ ( I..l"1-I-","l -+ 
\ 

f' 2,20) (?u- -ç-V-) , 
- õ) J --- for 

.. rjlLl"V e =- (l.\."l+v"l+81.) (4 -~t 7'2) ('Ir-1f1 )(~ -112) 

'.rhe values ~ , OV2.. are obtained by (18b) from 

fj:> ~U). (20b) 

t~, Yl.. ; 

the constants r2.' 2: l corresponding to the second and the 

third region are:
 

~2.= 1 ('\T~ I\F,,) ) Z"l -= O t». <:. tIJ< '\TL) I êl. -= - 1 (IV} .v-z.) (20c)
 

:c-3 := ~ d~ (lu...) (I\)' I s -r ~ N'L) I z-3 :::. O (nJ< 'V""1 J 11'> 'V'2. ). (20d) 

3. TDS correction for mqnocry,stals . 

For the TOF diffraction on monocrystals the parameter S 

01' the commonly used one-dimensional scan is the time-of-flight 

or the wavelength 6Àe • Let us denote by 2. AÀ O the range of 

the b Àe.. acan and by ('l 'to 12.bo ) the àperture of tlie detector 

with rectangular window. The three-dimensional window 

Z (~Ao I to I ~o) ia taken so large to see wholy the Bragg p eak, 

Ignoring the resolution, the TDS profile for this acan ia: 

I (~Àe) = Sç di' ai b ~~ ( IJ.Af'. I t , h). (21)
T 

~ (bA e Ito/~O ~ 
where the integration domain ~ ia the interaection (common 

area) between the detector window and the definition domain of 

the integrand. 

dependa on the 

taking account 

one obtaina: 

In the region (2) and (3) of f the latter 

scan parameter. Introducing (21) in (16) and 

of (9b), '(18) and of g6 ='V \fH \2. ).e~ /2.llc2.h·~79 
"V ~ 

o( ~ tJc. Keo.tt:. v-& T ) ~.'L 'f {fJ' I ~g 
(~) 3 M 3. fc J

C J-1 

Here the following notations were used: 

. 1. . '2 \ 1
Mo -= 'l-d- 0 &1\'\ eB == 2ch\1 ()& /:.1\0 / "'eot 

i (.tIO 
'), 

'f ~ 2..J I(u.)J~ - 2lL D I (t.toJ 
~ 

I I[ü.) -=. 

o 

{S Jódt\f Fj(lÁ,'\f/~)' 
~ «(.L, t OI ~o) 

J /Ã..oI (DI ~o), (22) 

(23) 

(24) 

(25) 

/ 

In the firat region of ~ , o<} i8 given exclusively by the 

detector' a wí.ndow, Uaing (20a) for Fj " the integral over 
I 

, ; in (25) can be performed and the result ia: 
, . ~o 

lt?lA.) :. 2.SJõ~ [~ to + u. ciJf1 B +Mtf; ~o-UtfJ9B] .(26) 
O {1J.;.+b JVu.1fX~ ,fVu~+õl. 

This integral can be performed only numericaly. For u.-"> O 

r(I~l{)-> 00 , but thia aingularity ia an integrable one, 

In theregion (2) and o of f the pr-of'dLe I{lAJ haa 

discontinuity pointa for derivatives. They are thoae pointa 

where the geometry of ~ changea. For example, in the region 

(2) one or other or the two sheets of the hyperboloid can be 

seen by the detector'a window; in the region (3) the ellipsoid 

can be seen totally or partially. Thua, two diacontinuity 

points are o-btained. equalizing '/;1 and ,tz. with ± to 

lÁ ~ I ~2~Z.--:1 \. to /( \ ~-r'2ry I ciJ&{l +~~~v2-=-1 ) (27a)i 

U2. =l~~~L_1\ tD/(llt-r~1\etde€-Jf2v'2-~ \).I (27b)

l In addition, for the'reeion (3) there i8 the point 

(27c)lÁ3 -=. (f2ry1_~) to ta e~ /14 - f'2 71 

11 
.~ obtained by equalizing [f .+(z.) /2.. with ± t~ alwaya Ui <U~ <. 112. 

\ 

! 
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•
The integral over J", in (25) can also be made analytioally 

if the integrand (20b) ia preliminary rationalised. The result 

. of integration can be expressed by means of the follovdng primitive~ 

cP (li I BI c , R I $ f {) = fl, Sdt (R+s t) / ( A(1+ Z &t + C) 

.i. Rife - s/I/If ~ 'Jht"2. +{2 ~{i;C - & i + fC 
:L fi Vfi..C - & "{Ã i L

_ fi Vfi;C -8 i' t {C 
(28) 

+ pJ{f -s/VÃ 4 'fi: f'-- {C
 

\fi Vffi +fS «: (VÃC t&.
 

where we denoted: 
7. ,1. 'L

A::. l.A + o -\- rv~ B =U'1.+ X2.f- rvZ ) \
 
:(29 )
 

"Z el-e. ?- u. + o +-~ f\f'l- R~1U--Z;'tiL ) S-:::?U--Z;11 ' 

The TDS profile in the regions (2) and (3) then i.8 (only for u.. ~ O ~: 
_('lo) I' - ' 
1 lu.) -::. A(lA) + 12-(1l) for O~U"U4 

t2.\ 1I ~ (lA) Lt ~'2-~- i >O \ (30a)for Ui <LA <. ~I l'-') ': I -l '2 
_ '2..l"') 0\ 1 ? ~-, <O 

.,..('t) • 'lo + V :for 
1(.1.l.)::.0 (rlf~-\ludei)<r'2~'l-1
 

1\1"14)
 

I)")~~~ Jdb 4>(A,-R)C,-R ,S)-t)jT, 
~ O ~1 

~ t-+.J- ~ 00 .<.t 'lf4~tô OOb)'\ z Do 

01 =11/1(+11"0 ' I\"=' Vt,~to if t ">t 
t-4- t o • o 

j)~( ..... ) 

I 2 (u) ~ 1J~(~p'2ni jd~ p(c ,-B} A/; J-R ,t) 1~2. 
J o 102

(300)
(~1-1fo t ~ .(.,. t'2..~-t~ 

1;;2 =~t.-t ) T2. ~ ~'1+t-o '. <-t: z o .,.. t Ao. t 02,. o 
02. + o 

12 

1'

t
 for tA...O.
 

b(~) ~ 
~ 

L» 2e~d~~ ('Ç-Á(Aoc.. )J'iI lu.) ~ je(o <±' II~I cRll,t f O~u<bO~ - ~~'2.ry1_! o ". T-j or ~

-1 Ú if .t1.~ to {OO if t(7-t (31a)
I~ ~ ~ o 
~ ~t,-t'o if 't, »s, ) 2 ~ íl'2+{0 if r,<-t, 

~-~ -~-G 

lC~)l\A.) ~ e L\- \~ - r')~ 'cÍd&g >Vf\?"?- 'l. 

b(u,.)~'M~~(bD/u../~rZ11.-1. ') if o s u s u; 

D lu..) ~ Vv\i't) ~ s, ) (J1b) 
. ." L 
( to- U~ 9-g ~(111)1..+u..'2.- ~~(~to-uetJft(\ 6éP'\~) ] ~/2..?

[ . R2'Íl'2_~ J 
r trLJ..>lJ.1 

I 
~ Like in the region (1), the integr~la overd~ in (30) and (31) 
I 

are computed numericaly. 

The t~pical profiles for the three reeions of ~ are 

displayed in fig. 4; they were computed using the sarne values 

for ~ as in fig. 3. Both 1('1.) , r-3 
) are zero for u >u.l.. 

and It» is constant for ~ (U 1. • In general r(3) is inde

pendent of' U for lA. ~ u. lt ' where 

UI, -= ~ i\tl (l.t-i , ~o 0 1'1. 2 ~ 1_ '\ J. (J2) 

lj 
Amthematicaly thia can be shovm by replacing the integration 

variable }: in (J1a) by U.Õ(/~~2~'l_, • For lA~U", the ellipsoid 

(acattering surface in reg. (3» is wholy seen in the detectorla 

windo~. 1(» ia constant because the ellipsoid volume tend to 

b (v.) ~ ~;h 1~ [(te~ U j~ee.)2..+u.7._ fL(, to:r U e1j91l J1J'Il J (30d) 
A,1. o I '2. .,1. Af "-'1 . 

r 1 
In contrast with l(~~~) the profile \ \.\.) is finite 
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zero when lA ~ D , but the cross-section tends to infinity 

wi th the same rate. Since the profile I (}) is constant, i t is 

evident that the TDS correction ia zero if Uo s UI, • For f Z f'l) 
this condition canno t be realized since Ui, is very srnall; 

but u.~ increases monotonicaly with ~ • and if 

U o < UI, (f!' "'- r/'» =-I~ I Td{}/t to (3) 

.~ the function 'f is zero for 1'3, '> fU) , where:
 

(~)- )( i1 f-r Uo~ -v't-'rt -\- Vv~ + ~f (t~:'-~l
15 _h.ui. '\2. ) - ~ (J4a) 
I '1 \ °0 '2. r2-. 

<34b,c)f': 7'l{o/40 - I~} ~g J t =--~z>/úo-,n~~? cfJ0B' 
If the condition (3) is no t fulfilled ~("J) =- 'bO 

The,function ~ from (2~) ia computed by numerical 

integration;a two-dimensional gaussian grid of 225 points 

ensures a good accuracy for any regian of F" wi th a amall 

expediture af time. Far illustration, the factor 'f versus f 
is displayed in the figo 5 for a given Brugg angle, detector 

window and scan range and for different values of 5 . 
'I'he averaged velocities "cf ' rC.z. from (22) can be caLcu

lated in principle from the elastic constants. Alternatively, 

these velocities can be considered as free parametera in the 

structure refinement proce~s. This can be done only if the factor 

'f is computed a priori as a function of two variables f and 

~o • Indeed, for a data set measured at a given Bragg angle, 

the detector aperture and the range of scan necessary to see 

wholy the Bragg peak are (neglecting the contribution to reso

lution of the sample dimenaions and detector thickness): 

ta ~ ~ ~ I>t; +<,?:': 1 lo ~ 3 ,11>.; ... ",.: h'~?eA 05a, b ) 

. l d 2./ 2. 'l.. ih 1 05c)UD =" k\VI 913 \J \S""-l:- Te o + 1M ~·ó fTg . 

H 

Fig. 4. The TDS profile r (u,)l Tlul 
35 measured in the one-dimensional 

TOF scan for the detector aper

ture ro :: 0.035, 8O = 0.060. 
30 

a, b , c maan the first, 'aecond 

and third region ofjY • The vaJ 

I
I lues of 5 , fJB andj3 are the 

sarne as in figo 2. The arrOW8 
show the points Ud, and U2J • 

çP 
u U.U1 0,02 0.03 0.04 0.05 

0.6 

Figo 5. Theofactor lf versus./3 ~ 
0.5
 

for (38:: 15 , U o = 0.05, '1: =: 
0.4
 

0 
:: 0.05, ~ f) = 0.01 and seven vaí.u 0.3
 

es for S • 0.2
 

0.1 

'f 
'" "'-' , ,='='- ~-1~I 

Fig. 6. The factor 'f versus fi 
for ~ = 0.05 t e8 =500

, ro = 
= 0.05, go = 0.01 and five values 
for U(}. 

Here 7~ ia the mosaic divergence of the sample U-~.
~ 

, ~.
~ 

l I 

are the dis~ersions of the angular distributions in the incident 
~ 

beam (in and perpendicular to the diffraction plane)~is the 

dispersion of its time distribution and ~ is the TüF for 

8jJ5 

0,7 

0.5 

0,6 

0,4 

0,3 

0,2 

0,1 

0,8 

l· the Bragg maximwn. 

guide, \)t. 
t'\ lJ""S. 

(

,J arrange to measure 

constant tD , do) 
I, 

I 

I 

If the incident beam is formed by a neutron 

have a weak dependence on À but we can 

alI the peaks (at a given ~6 ) with 

. In general U" cannot be taken constant 

15 



I ~ I.e 
~ \ 
I',f 

~I~ r 

in ~ '( except f'or (fé'" À ), therefore the faetor 'f mus t be d· 
comput'ed a priori with both and UD variables. Henee it ia 

.obtained H two dimensional table (an exemple is given in figo 6) 

f 
li 

needed in the minirnization proeeaefrom whieh the values of 'f 'v 
are extracted by interpolation. 

;t is a pleasure to acknowledge helpfull discussions with 

my collegue A.M.Balagurov. 
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nonl1 }oI.I\. E14-87-180 
nonpllDt<ll /111 TeIUlOBOe ,nH<P<PY3Hoe pacceaaae B JJ:H<ppaKTOMeTpHIl 
no MOTOJlY npeMeHH nponera 

C HcnOnL30BaHHeM 'T~HllHOHHbJX npH6nH)I(eHHH BLI'lHcneHbI norrpamea lia renno
noe ,!lH<P<PY3Hoe paccesnae (T,UP) ,nnll cnYIIaJI',!lH<ppa~HH HeifrpoHoB no MOTOJlY BpeMeHH 
nponera (MBn) na MOHoKpHCTannax. BKJJaA T,UP B cnysae 3KcnepHMCHTa no MBn 6YAeT 
OTJIH'laTLCll OT cnYIIaJI Yrno-,nHcncpCHBHoro MeTo,na H3MCpeHHII ,nH<ppàKUIIIl HempoHoB, 
'lT0 MO)l(eT 6bITL 06'bRCHeHO c nOMoIULIO paccssorpenaa nOBepXHocTH paccernran. B cny
sae MBn nOBepXHocTL pacCe1lHHII HMeeT pasmonrsre reosserpaa B TpeX 06naCTnJC orao
WeHH" Me~y CKOpOCTLIO 3BYKaB xpacranne H CKOpOCTblO aeürpoaa; B yrno-nacnepcaa
HOM MeTo,ne HMelOTCII TOJILKO nae TaKHe 06naCTH. Paarrnsae Me:lic,n;y ,nBYMII MeTo,naMH 
H3MepeHHlI ,nH<ppaKUHH HeHTpOHoB HC'Ie3aeT, xorna nponernoe paCCTORHHe B cnysae 
MBn Me~y 06pa3UOM H nerexroposr MHoro MeHLwe nonaoro nponernoro paccTOIIHHII. 

Pa60Ta asmonaeaa B fla60paTopHHHeHTpOHHOH <pH3HKH üIUU1. 

Ilpenpmrr 061oe.n:HHeKKoro HHCTHTyn RJlepKblX HCene.n:osBKHA. ,Uy6H8 1987 

Popa N.C. E14-87-180 

Correction for Thermal Diffuse Scattering 
in the Time of Flight Neutron Diffraction 

Using traditiona1 approxímatíons, the corrcction for thermal diffuse scatteríng in the 
neutron time-of-flight diffraction on monocrystala ís calculated. Thís scatteríng measured 
by the time-of-flight method differs from that measurcd by the angular díspersíve diffrac
tion method and this can be explained with the aíd of the scatteríng surface. In time-of
flight the scattering surface has different geometríes in three regions of the ratio between 
the sound velocity in crystal and the neutron volocity; in lhe angular dispersive method 
there are only two such regíons, The difference between the two methods disappears if 
the flight path after sarnple ia very amall comparntively with the total flight path. 

The ínvostígatíon hlUl been perfonned at tho Lnbomtory of Neutron Physics, JINR. 

Proprlní or Lho Jolnt lnatitute fo'r Nuclear Research. Dubna 1987 


