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A  four-parameter function is proposed to describe the posit ion, shape and integrated inlensity of the Bragg peaks in a powder 
neutrón time-of-flight diffraction spectrum. The wavelength dependence of  the parameters is discussed in terms o f  geometry and time 
uncertainties. The proposed function and the variation of  its parameters along the time scale are compared with experimental results.

1. Introduction

The use o f pulsed neutrón sources has proved to be a 
valuable tool in neutrón diffraction studies of con- 
densed matter. It has been pointed out that one of the 
more prominent features o f an accelerator based pulsed 
source lies in its ability to produce a significant flux of 
epithermal neutrons, thus allowing powder diffraction 
measurements to be extended into the range of high 
valúes of the scattering vector ( Q ~  25 A~ '), which in 
turn renders possible a greater accuracy in the de- 
termination of thermal and structural parameters.

The analysis o f scattering spectra taken on powders 
using time of flight (TOF) techniques requires the 
knowledge o f the shape of individual Bragg peaks. Their 
overlapping increases with Q,  that is to say, at shorter 
times of flight. The base-line also increases with Q and 
has to be determined simultaneously with the coherent 
elastic spectrum. The ability to separate both compo- 
nents largely determines the upper Q limit which can be 
reached in the analysis and furthermore, the shape of 
the peaks in that región has to be extrapolated from the 
low Q  región, where no overlap exists.

A precise description of the lineshapes is also rele- 
vant in the case where the powder spectrum is used for 
the calibration of the elastic Q scale in scattering experi- 
ments on liquid or amorphous materials.

It is well known that the peaks are asymmetricai. and 
several empirical models have been used by different 
authors to fit them:

a) two Gaussians joined at the top [1],
b) the convolution of a “triangular function” with 

the product o f an exponential times a step function [2],
c) the convolution of a Gaussian with a two-ex- 

ponentials composed function [3],
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d) the joining o f two Gaussians and an exponential 
tail [4],

The convolution-based models reflect the separation 
of the detection time “error” into a geometrical function 
and a source emission-time function. The drawback in 
those models was the large evaluation time required.

This work presents an alternative approach to the 
problem of peak shape description. The convolution 
method is employed using two different models to rep- 
resent the emission-time distribution; the resulting in­
tegráis are solved in terms of analyticai functions which 
require four parameters to describe the position, shape 
and integrated intensity of a Bragg peak. The depen­
dence of these parameters on the neutrón wavelength is 
illustrated through the analysis o f scattering data tak'en 
on polycrystalline molybdenuiri.

2. Experimental

The scattering experiment was performed using a 25 
MeV electrón LINAC with a lead target as a pulsed 
neutrón source.

The sandwich-type moderator was disk-shaped poly- 
propylene, 152 mm in diameter and 25 mm thick with a 
0.6 mm Cd sheet 6 mm beneath the víewed surface. The 
sample-sotirce distance was 490 cm and the sam ple-de- 
teetors distance approximately 40 cm. The mean angle 
of the detectors was 161°.

Eight 3He detectors (10 atm pressure, 1" diameter, 
6" active length) were placed in pairs forming a square. 
Each symmetrical pair was placed in a configuration 
that simulated a surface of 

4 ™ .
~~— jj— /sin<? =  constant, (1)

where t is the neutrón TOF, is the elastic scattering 
vector, m n is the neutrón mass, h is Planck’s constant, I
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F ig .  1. T h e  r e c o r d e d  t i m e  o f  f l igh t  s c a t t e r i n g  s p e c t r u m  f r o m  p o l y c r y s t a l l i n e  m o l y b d e n u m .  F o r  t h e  s a k e  o f  c l a r i t y ,  M i l l e r  í n d i c e s  fo r  

o n l y  s u m e  o f  t h e  p e a k s  a r e  i n d i c a t e d .

is th e  to ta l  f l igh t  d i s ta n c e .  a n d  2 0  is t h e  s c a t t e r in g  ang le .  
T h i s  ¡s ca l led  a  t im e  fo c u sse d  d e t e c i o r  c o n f ig u ra t i o n  [5].

S c a t t e r in g  d a t a  f ro m  p o ly c ry s ta l l in e  m o l y b d e n u m  
w e r e  c o l le c te d  d u r i n g  72 h, w i th  a  L I N A C  r e p e t i t io n  
r a t e  o f  100 p u lse s  p e r  s e c o n d .  T h e  o b s e rv e d  T O F  s p e c ­
t r u m  is s h o w n  in  fig. 1.

3. T h e  p e a k  simpe

T h e  e x p e r ie n c e  g a in e d  in  n e u t r ó n  s c a t t e r in g  us ing  
s t e a d y  State n e u t r ó n  b e a m s  c lea r ly  i n d ic a te s  t h a t  g e ó m e ­
t r a  e f fe e ts  d i s to r t  t h e  B rag g  l ines in to  G a u s s i a n s  [6]. T o  
d e s c r ib e  t h e  s o u rc e  e m is s io n - t im e  d i s t r i b u t i o n  in T O F  
e x p e r im e n t s ,  w e  t r ie d  tw o  d i f fe r e n t  fu n c t io n s :

1
/ í ( ' )  =  n o

/í(') = *(' )

- í / a < M

<*(A)

1

2 a 3( \ ) '

(2)

(3)

w h e r e  Y ( t )  is th e  s t e p  fu n c t io n .
Eq. (2) is s u g g e s te d  b y  th e  b e h a v i o u r  c o r r e s p o n d i n g  

to  th e  o n e -c o l l i s s io n  m o d e l ,  w h e r e a s  eq .  (3)  is th e  
a s y m p to t i c  f o rm  ( in f in i t e  e n e rg y  s o u rce )  o f  t h e  t im e  
d i s t r i b u t io n  fo r  a n  in f in i t e  m o d e r a t o r  in th e  s lo w in g  
d o w n  e n e rg y  reg ión .

P ro v id e d  th e  g e o m e t r i c a l  e f fe e ts  a r e  neg l ig ib le ,  th e

t i m e  d i s t r i b u t io n  f u n c t io n  s h o u l d  b e  r e p ro d u c e d  a t  th e  
d e t e c t o r  w i th  a  d e l a y  e q u a l  to  t h e  t im e  o f  f l igh t  f0 fo r  
t h e  w a v e le n g th  c o n s id e re d .  F o r  e x a m p l e  eq. (2)  b e c o m e s

l

<x(\) (4 )

T h e  e o m b i n e d  e f fe c t  o f  g e o m e t r y  a n d  e m is s io n  t im e  
d i s t r i b u t i o n s  is r e p re s e n t e d  b y  th e  c o n v o lu t io n  o f  eq .  (4)  
w i t h  t h e  G a u s s i a n

* ( ' )  =
1

v/r( 2 7r ) < j ( X )
(5)

t h a t  is

l Á ! ) z= f Á í ) * g ( t )

1 (6)

w h e r e

„ 3  '  ( I Z i í - i ) .
O «  /

a n d

2 clt 2 
H rf(n )s s——- f  e y d>\

J i r  •'o

In  a  s im i la r  w a y  b u t  s t a r t i n g  w i th  eq .  (3 )  w e  a r r iv e  a t



the  se c o n d  fu n c t io n  
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x A
[ l  +  E r f ( u ) ]  ■ (1 +  2 « i ) +  j n e '

(7 )
w h ere

1
lí - -  ~ z r  

/ 2

Kqs. ( 2 )~ (7 )  a re  n o r tn a l i s e d  to  un i i  a rea .
T liu s .  th e  th re e  p a r a m e t e r s  l Q, o a n d  a  ( o r  i u . a  a n d  

a )  c h a r a c t e r i i e  th e  sh a p e  a n d  p o s i l i o n  o í  a s ing le  p e a k .  
a n d  a n  a d d i t i o n a l  sca le  f a c to r  A  g ives iis in te g ra te d  
in tens i ty .

O u r  fo rm u la e  (6) a n d  (7)  i n d íc a te  th a t  th e  p e a k  
l e a d in g  e d g e  ( o n  th e  s h o r t  T O F  s ide)  h a s  bas ica l ly  a 
G a u s s i a n  b e h a v io u r .  w h i le  th e  t r a i l i n g e d g e  is c o n t ro l le d  
b y  th e  s o u rc e  e x p o n e n t i a l  decay .

¡t is w o r th  e m p h a s i z in g  th a t  th e  d i re c t  a s so c ia t io n  o f  
g e o n ie t r i c  u n e e r t a in t i e s  w i th  a  G a u s s i a n  d i s t r i b u t io n  
a n d  the  n e u t r ó n  s o u rc e  e m iss io n  w i th  the d i s t r i b u t io n  
d e f in e d  by  eq. (2)  [o r  eq. (3)] r e p re s e n t s  a n  ove rs im p l i f i -  
c a t i o n  o f  th e  a c tu a l  s i tu a t io n .  I n d e e d .  a n y  sy m m e t r ic a l  
e f fe c t  will c o n i r i b u t e  to  th e  p a r a m e t e r  o  (as  d o e s  th e  
e l e c t r ó n  t im e  d i s t r i b u t io n  in  e a c h  L I N A C  pulse ) ,  
w h e re a s  n o n s y m m e t r i c a l  e f fec ts  will a f fe c t  a  o r  a  (ü k e  
th e  sp a t ia l  u n c e r t a i n t y  o f  th e  d e t e c t i o n  p o i n t  in s id e  th e  
3H e  tube) .  T h is  to p i c  is f u r th e r  d isc u sse d  in  s e c t i o n 4 .

T h e  so l id  a n g le  c o v e re d  by  o u r  d e i e c to r s  is sniall .  
a n d  it is t h e r e fo r e  p o ss ib le  to  c h o o s e  a  m e a n  v a lu é  o f  
sin 9  t o  r e la te  Q  a n d  T h e  use  o f  eq. (6) o r  (7) a s  they  
are .  wi’ih o u t  a n y  ¡ n te g ra t io n  o v e r  th e  \  w in d o w ,  is a  very  
g o o d  a p p r o x i m a t io n  in  t h e  p r e s e n t  case. T h e  e x te n s ió n  
to  w id e r  so l id  a n g le s  is d isc u sse d  later .

I n d iv id u a l  le a s t - s q u a re s  fi ts  to  e ig h te e n  i so la te d  p e a k s  
s t a r t i n g  w i th  th e  (211)  a n d  e n d i n g  w i th  th e  (732)  c a n  
re a d i ly  be  p e r f o r m e d  o n  th e  m e a s u re d  M o  sp e c t ru m  
s in c e  th e  ba s e - l in e  c a n  eas i ly  b e  s u b t r a c t e d .  In  all c a s e s . 
th e  leas t  s q u a re s  fu n c t io n  is s m a l le r  w ith  eq. (6) t h a n  
w i th  eq. (7),  b u t  th e  d i f fe r e n c e  is sm a ll .  In  fig. 2 the. tw o  
c u rv e s  a r e  s h o w n  t o g e lh e r  w i th  th e  e x p e r im e n ta l  p o i tu s  
fo r  th e  p e a k  (321).  B o th  fits  a r e  i n d e e d  in d i s t in g u i s h a b le  
in  th e  l in e a r  sca le  o f  fig. 3, w h e re  th e  b r o k e n  lines 
r e p re s e n t  th e  e m is s io n - t im e  d i s t r i b u t io n s  for  th e  tw o  
m o d e ls .

F o r  all  th e  w a v e le n g th s  c o n s id e r e d  th e  C d  sh e e t  in 
the  s a n d w ic h  m o d e r a t o r  is a  b la c k  sh ie ld ing .  th e r e fo r e  
the  t im e  d i s t r i b u t i o n  o f  th e  e m iss io n  o f  n e u t r o n s  w i th  a 
g iven  X is o n ly  c o n t r o l l e d  b y  th e  6 n im  th ick  m o d e r a t o r  
d isk .  A  s h o r t  2 h ru n  w a s  d o n e  su b s e q u e n t lv  w i th  the  
sa m e  sa m p ie ,  b u t  w i th  th e  C d  she e t  r e m o v e d  f ro m  the  
so u rce .  th u s  leav in g  th e  full 25 m m  th ick  m o d e r a to r .  It
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Fig .  2. T h e  ( 3 12)  p e a k  o f  M o .  T h e  d o s e d  e i r c le s  s h o w  th e  
o b s e r v e d  i n t e n s i t y  w h e n  th e  6  m m  th i c k  m o d e r a t o r  w a s  u s ed .  
T h e  fu ll l ine  s h o w s  t h e  c o m p u t e d  p r o f i l e  f r o m  eq .  (6).  w h e r e a s  
th e  d o t t e d  l in e  is t h a t  f r o m  eq .  (7).

</>
z
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Fig .  3. T h e  (3 1 2 )  p e a k  o f  M o .  T h e  c l o s e d  c i r c le s  s h o w  th e  
e x p e r i m e n t a l  d a t a  a n d  t h e  fu ll l in e  is t h e  f i t t e d  l i n e s h a p e .  T h e  
b r o k e n - l i n e  c u r v e s  c o r r e s p o n d  to  th e  t w o  m o d e l s  u s e d  to  d e ­
s c r i b e  t h e  s o u r c e  e m i s s i o n - l i m e  d i s t r i b u t i o n .
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Fig .  4. S a m e  n o i a t i o n  a s  in  fig. 2. b u t  w it l i  t h e  25 m m  thick 
n e u t r ó n  so u r c e .

w a s  c x p e c te d  th a l  th e  th ic k e r  s o u rc e  w o u ld  sh o w  m o re  
s ig n i f ic a n t  d i s c r e p a n c ie s  bcuwecu b o th  m o d e ls .  T h is  d id  
h a p p e n .  b u t  th e  b es t  fit a g a in  f a v o u re d  the  s im p le  
e x p o n e n t i a l  m o d c i  a g a in s t  th e  in f in i te  i n o d e r a to r  m odei .  
F ig .  4  s h o w s  th is  fact  for  th e  s a m e  (321)  peak .

4. Variation of the parameters

A s s t a te d  b e fo re .  the  u se fu ln cs s  o f  tiie k n o w le d g e  of  
th e  p e a k  s h a p e s  lies in  tl ie p o ss ib i l i ty  o f  e x t r a p o l a r o n  
lo w a r d s  th e  h igh  Q  región .  In o r d e r  to  d o  Ihat .  the  
o b s e rv e d  v a r ia t i o n s  o f  t h e  p a r a m e t e r s  s h o u ld  b e  c o r rc -  
i a ted  to  the  ph y s ic a l  r e a s o n s  th a t  in d u c e  su c h  v a r ia t io n s  
a l o n g  (he T O F  scale .

4. ! .  Variat ion o f  i 0

F.q. (1) gives t - - c / Q .  a n d  t a k in g  in to  a c c o u n t  the  
e f fe c t  o f  a n  e le c t ro n ic  de lav :

l » -  (' / Q  +  'ó - ( 8 )

Fig. 5 sh o w s  th is  d e p e n d e n c e  for  th e  m e a s u re d  p eak s .  
w h e r e  l 0 is th e  bes t  fit a n d  Q  is d e t e r m i n e d  f rorn  B ra g g ’s 
law. the  M i l le r  Índ ices  a n d  the  cell  p a r a m e t e r  [7].

W e  o b ta in e d  th e  va lúes

( 1 6 7 2 4 . 0 ^ 3 . 5 )  ¿ i s / Á .  

í,j =  (1 4 .8  ±  0 .4 )  ¡is,  

fo r  th e  p r e s e n t  e x p e r im e n t .

4.2. Geomet r ía  ef feets

Leí us e o n s id e r  th e  u n c c r t a in t i e s  in th e  sp a t ia l  c o o r ­
d in a s e s  o f  th e  th r e e  ev en ts :  em iss io n .  s c a t t e r in g  a n d  
d e te c t io n .  T h e  ax ia l  s y m m e í r y  in h e r e n t  in the  p o w d e r  
s a m p le  e x p e r im e n t  a n d  th e  re la t ive ly  sm a ll  va lúes  o f  th e  
p e a k  w id th s  a l low  the  p r o h l e m  to be l¡neari?.cd in t e rm s  
o f  th e  u ng le  8 a n d  the  len g th  !. th a t  is, to  e o n s id e r  the 
effec t  as c a u s e d  b v  tw o  i n d e p e n d e n t  e r ro r s  in 0 a n d  I. 
W e  wiil e o n s id e r  a  s ing le  d e t e c to r  in  th is  ana lys is :  the  
a d d i l i o n  o f  m o re  d e t e c to r s  s h o u ld  n o t  s ig n i f ican t lv  
m o d i fy  the p e a k  b r o a d e n i n g  in a t im e  focussed  c o n f ig ­
u r a r o n .

4.2.1. ¡n f luence  o f  M
Leí A# be  th e  to ta l  a n g u la r  u n c e r t a in ty  in th e  sc a l te r -  

in g  p ro cess  vvhich is d u e  to  the  l'inite d im e n s io n s  o f  ihe  
e m i t t i n g  s u r f a c e  a n d  d e te c to r .  T h e  d i f f e r e n t  m o v in g  
D e b y e - S c h e r r e r  c o n e s  * d o  e ro ss  th e  fixed d e t e c to r  on e  
a f t e r  the  o th e r ,  ca c h  h a v in g  th e  s a m e  a n g u la r  b r o a d e n ­
in g  w h e n  C rossing . B oth  the  t im e  w id th  o f  th e  p e a k  a n d  
ils in te g r a t e d  in te n s i ty  a r e  p r o p o r t i o n a l  to  the t im e  of  
o v e r l a p  oí c o n e  a n d  d e te c to r ,  a n d  th is  t im e  is inverse ly  
p r o p o r t i o n a l  to  th e  sw e e p in g  " a n g u l a r  v e lo e i ty "  d O / d t .  
F ro rn  th e  B ragg  c o n d i l i o n  a n d  th e  e x p re ss io n  o f  the  
w a v e ie n g th  A in te rm s  o f  the  n e u t r ó n  T O F  o v e r  a 
d i s l a n c e  /, the  ve lo e i ty  is c a í c u la te d  to  be

d  0  i h \ tg  0 
d i  \  m , j  ! X

a n d  th e re fo re

__ AO

( d e / á t )  ~ ’ [ h / tg  0

T h e  s a m e  k in d  o f  d e p e n d e n c e  o n  X h o ld s  fo r  the  
in te g r a t e d  in te n s i ty .  a n d  th is  is th e  u l t ím a te  r e a so n  for 
t h e  e x t r a  X f a c to r  m u l t i p ly in g  th e  c ro s s  sec l ion  in a T O F  
p e a k  in te n s i ty  e a lc u la t io n .

4.2.2.  ¡nf luence  o f  A /
T h e  e x p e r im e n ta l  a r r a n g e m e n t  in o u r  c a s e  w a s  such 

th a t  n tos l  o f  t h e  e r ro r  in th e  p a t h  l e n g th  d e t e r m i n a r o n  
re su l t s  f r o m  th e  u n c e r t a i n t y  in th e  s c a t t e r in g  p lace  
in s id e  th e  sa m p le .

In  a s t e a d y  S ta te  p o w d e r  d i f f r a e t i o n  e x p e r i m e n t .  B r a g g ' s  la w  
d i e t a t e s  t h a t  p a r t i c l e s  o f  a  g iv e n  w a v e i e n g t h  a r e  s c a t t e r e d  
i n t o  c o n e s .  e a c h  o n e  c o r r c s p o n d i n g  t o  r e c i p r o c a !  l a t t i c e  vec -  
to r s  o f  m o d u l u s  r .  T h i s  c o n e e p t  lo se s  m u e h  o f  it s  m e a n i n g  in 
n e u t r ó n  T O F  d i f f r a c l i o n  e x p e r i m e n t s .  a s  n e u t r o n s  o f  d i f f e r ­
e n t  w a v e l e n g t h s  a r e  s c a t t e r e d  by  l 'ne s a m e  fa m i ly  o f  p l a n e s  ^ 

i n t o  s u r f a c e s  w h ic h  e v o lv e  i n  t i m e  a e e o r d i n g  to  t h e  e q u a t i o n

i r  -- m  n / h  ) /  s in  tí.

H o w e v e r ,  sve c a n  r e c o n c i l e  th i s  p i e t u r e  w i th  t h a t  o f  D e b y e -  
S c h e r r e r  c o n e s  if w e  i h i n k  o f  t h c m  as  m o v i n g  co n e s .



Fig. 5. Variation of the parameter  r0 of  eq. (6) with the inverso
o í  s c a t t e r i n g  v e c to r  (.).

hig h  e f f ic ienc ie s  ( l o n g  w av e le n g th s ) .
A ¡o u g h  c a l c u l a r o n  p e r f o r m e d  h y  c o n v o lu l in g  this 

a s y m m e t r i e a l  t im e  effec t  w i th  th e  e m is s io n - t ím e  effect 
s h o w s  th a t  the  m e a s u ra b le  s lo p e  o f  th e  t r a i l in g  e d g e  wil! 
o n ly  be  t h a t  o f  the m o d e r a t o r  e m íss io n - t im e .  T h e  co n -  
t r ib u t io n  o f  th is  e ffec t  ( e o n s id e re d  as sy m m e t r i c )  to  th e  
G a u s s i a n  a m o u n t s  to o n ly  a b o u t  10% o f  th e  m e a s u re d  o 
v a lu é ,  a n d  a n y  d e v ia l io n  f r o m  ih c  A / ~ X  will h a r d ly  b e  
d e ie c le d .

A s im i la r  a s y m in e t r i c a l  t im e  effec t  w o u ld  b e  p ro -  
d u e e d  by  a s t r o n g  a b s o r b í n g  s a m p ie  a n d  th e  d isc u ss io n  
w o u ld  then  fo llow th e  s a m e  l ine as  th a t  for the d e te c t io n  
time.

W e  can  th e re fo r e  e x p e c t  th a t  th e  c o m b i n e d  effec t  of  
g e o m e t r í c  u n c e r t a in t i e s  will p r o d u c e  a G a u s s i a n  w id th  
p r o p o r t i o n a l  to  the  n e u t r ó n  w a v e le n g th

a t X ) oH />A , ( 9 )

w h e r e  the  c o n s t a n !  h a s  b e e n  a d d e d  to  a e c o u n t  for  
a d d i t i o n a l  sm a l l  c f fe e t s  su c h  a s  th e  w id th  o f  th e  e le c t ró n  
I . .1NAC pulse ,  Fig. 6 s h o w s  ct(X )  d e r iv e d  f ro m  th e  p e a k s  
u n d e r  c o n s id e ra t í o n .  c lea r lv  s u p p o r t i n g  th e  p a r a n ie te r i -  
z a t io n  o f  eq. (9).

W e  o b ta in e d  fo r  o u r  e x p e r im e n t  th e  va lúes

o , , - -  ( 0 . 1 8 . ^  0 .2 5 )  k s . 

h --- (4 .5 5  t  0 .1 5 )  i ! - A .

If th e  n e u t r ó n  b e a m  is n o t  sevcre ly  a t t e n u a t e d  in the 
s a m p le  th e n  all v o lu m e  e lem eri ts  a r e  likelv ¡o p r o d u c e  
th e  s a m e  n u m b e r  o f  s c a t t e re d  n e u t r o n s .  T h e  u n c e r t a in ty  
in  t im e  will be  inve rse ly  p r o p o r t i o n a l  to  the  n e u t r ó n  
ve locitv .  a n d  th e re fo re

T o  b e  c o n s i s t e n t  w i th  th e  o n e -c o l l i s io n  m o d e l .  w h ic h  
is f a v o u re d  in th e  s h a p e  a n a ly s i s  o f  in d iv id u a l  p eak s ,  we 
s h o u ld  a lso  a s s u m e  th a t  th e  p ro b a b i i i t y  o f  e m is s io n  is a 
c o n s t a n !  a s  a f u n c t io n  o f  d e p th  in s id e  th e  6 m in  thiek 
m o d e r a to r .  A u a in

A/ A/source '

T h e  e q u iv a le n t  e f fe c t  in th e  d e t e c t o r  is n o t  s y m m e t ­
ric. T h e  d i s t r i b u t io n  in t im e  of  the  d e te e t e d  n e u t r o n s  is 
a n  e x p o n e n t ia l  i n d e p e n d e n t  o f  X as lo n g  as th e  a b s o rp -  
t io n  c ro ss  se c t io n  o f  ’ H e  b e h a v e s  as  \ / v .  T h e  e x p o n e n ­
tia l is cu t  d o w n  a l  the  d e t e c to r  edge ,  th a t  is a i  a  t im e  
L / v .  w h e re  L  is th e  d e t e c to r  th ick n ess .  T h e  m e a n  
d e t e c t i o n  t im e

í t e á t
____

1 ( l. / r
L e á t

( w h e re  „v =  üp, o — c / v ) ,  will b e  p r o p o r t i o n a l  to  X for 
sm a l l  e f f ic ienc ie s  ( s h o r t  w a v e le n g th s )  a n d  c o n s t a n t  for

Fig .  6. V a r i a t i o n  o f  t h e  l i n e s h a p e  p a r a m e t e r  o  w i th  n e u t r ó n  
w a v e i e n a t h .



X  /Á

Fig .  7. V a r i a t i o n  o f  ¡lie l i n e s h a p e  p a r a m e t e r  a  w i th  n e u t r ó n  
w a v e l c n g th .  T h e  fu!I Une b c l o w  I A  is t h e  c a l c u l a l e t l  m e a n  
c m i s s i o n  l im e  f r o m  s l o w i n g  d o w n  th e o r y  l 'or o u r  p o l v p r o p y i c n e  
m o d e r a t o r .

4.2.3.  Variat ion o f  a
T h e  o n e -c o l l i so n  m o d e l  in c lu d e d  in eq. (6) w as  

f a v o u re d  b y  th e  s h a p e  an lys is  as  s t a te d  b e fo re .  T h e  leas t  
s q u a re s  fit p e r f o r m c d  u s in g  this m o d e l  y ie ld ed  o n e  a  
v a lu é  fo r  e a c h  p eak .  T h e  re su l t s  a r e  s h o w n  in  fig. 7. T h e  
s t r a ig h t  l / v  lirie b e lo w  I A  c o r r e s p o n d í  to  th e  m e a n  
e m is s io n - t i in e  c a l c u la te d  fo r  o u r  m o d e r a t o r  m a te r ia l  
u s in g  s lo w in g  d o w n  th e o ry  [8]:

a [ /x s ]  =  4.51 A [Á]

A c c o r d in g  to  th e  e x p e r im e n ta l  r e su l t s  a c o n s t a n t  
l im i t  is r e a c h e d  a t  lo n g  vvaveleng ths s h o w in g  a  th e rm a l i -  
za t io n - l ik e  b e h a v io u r .  H o w e v e r .  th is  sh o u ld  n o t  be  d u e  
to  t h e  a t t a i n m e n t  o f  a n  e q u i l ib r iu m  s i t u a t i o n  b u t  c a u s e d  
b y  n e u t r ó n  le a k a g e  in o u r  la rge  b u c k l in g  m o d e r a to r .

5. D isc u ss io n

T h e  d e s c r ip t i o n  o f  the  B rag g  p e a k  sh a p e  t h r o u g h  an  
a n a lv t i c a l  f u n c t io n  d e p e n d e n !  o n  few p a r a m e t e r s  s im- 
p l i f ies  th e  a n a ly s is  o f  a  T O F  s c a t t e r in g  s p e c t ru m .

T h e  e las t ic  Q  sca le  c a n  be  c o m p le te ly  k n o w n  in 
t e r m s  o f  th e  m e a s u re d  t im e  c h a n n e l  n u m b e r  b y  u s in g  a 
p o ly c r y s t a i l i n e  s a m p le  as  a c a l ib r a t io n  s t a n d a r d .  T h e  
ce ll  p a r a m e t e r  o f  a  s t a n d a r d  c o u ld  p r o b a b l y  b e  k n o w n  
w i th  five s ig n i f ican !  dig its ,  m u c h  m o r e  a c c u ra c y  t h a n  
t h a t  g iven  by  the  m e a s u r e m e n t s  o f  fl ight  d i s t a n c e s  a n d  
s c a i t e r in g  ang les .

Bach  d i f f e r e n t  se! o f  p l a n e s  gives a n  in p u t  fu n c t io n  
to  th e  s p e c t ro m e te r  w h ich  c a n  b e  c o n s id e r e d  a fi-func-  
t io n  ¡n O.  T h e  re so lu t io n  f u n c t io n ,  w h ich  is th e  r e sp o n s e  
o f  th e  s p e c t ro m e te r  to  such  in p u t .  is th e  o b s e rv e d  B ragg  
p e a k .  ín  g e n e ra l

1 ) R e s o lu t io n  *

The  e x a c t  d c p e n d e n c e  o f  Q  o n  t a s  g iven  by eq. (1) is 
r c p la c e d  in  th e  c a l i b r a t i o n  p r o c c d u r e  by  a n  em p ir ic a l  
r e la l io n  Q ( r " )  o b t a i n c d  bv a rb i t r a r i l v  a s s ig n in g  a /.ero 
to  th e  t ax is  o f  th e  r e s p o n s e  f u n c t io n .  T h e  d e c o n v o lu -  
t io n  o f  th e  c a l i b r a t i o n  s p e c t ru m  gives a se t  o f  S ' s  
s i t u a t e d  a t  p o i n t s  t "  w h ich  a r e  d e p e n d e n t  o n  th e  ch o ice  
o f  th e  ze ro s  a n d  a r e  th e  c a l ib r a t io n  p o in t s  for  Q { i ”). 
U s e fu l  p o in t s  to  take  a s  z e ro s  are:

1) í 0 in o u r  m o d e l  o f  eq. (6),
2) th e  m á x i m u m  o f  th e  p e a k ,
3) i ts c e n t r e  o f  m ass .
O n c e  a n  e x p re s s io n  is f o u n d  a n d  a z e ro  is c h o s e n  for  

R ( í ) ,  a n y  m e a s u r e d  s p e c t ru m  c a n  b e  d e c o n v o iu t e d  lo 
o b t a i n  th e  t r u e  one .  T h e  t r u e  s p e c t ru m  o b t a i n e d  in  this 
w a y  is o f  c o u r s e  i n d e p e n d e n t  o f  th e  p a r t i c u l a r  c a l ib r a ­
t io n  Q ( t " ) .

If on ly  a  f irs t  a p p r o x i m a t io n  is to  b e  u se d  in  th e  
d e c o n v o lu t io n  p rocess ,  n a m e ly  to  s u p p o s e  R  to  b e  a  
í - f u n c t i o n .  th e n  it  is c o n v c n ie n t  to  c h o o s e  th e  c e n t r e  o f  
m a s s  o f  th e  c a l ib r a t io n  p e a k  as  th e  z e ro  fo r  R ( t ) .  In  this 
c a s e  the  m e a s u r e d  s p e c t r u m  c a n  b e  t a k e n  a s  th e  real  
o n e .  A  p r o c e d u r e  l ike th is  will u su a l lv  g ive sa t i s f a c to ry  
r e su l t s  in  t h o s e  c ases  w h e r e  th e  l ' O F  d i f f r a c t i o n  p a t t e r n  
c o n s i s t s  o f  a s low ly  v a ry in g  f u n c t io n  (i.e. l iqu id  ó r  
a m o r p h o u s  s a m p le s )  a n d  all t h a t  is required.  is a p r o p e r  
c a l i b r a t i o n  o f  (he e las t ic  O  scale.

A n y  m a th e m a t i c a l  d e s c r ip t i o n  o f  th e  d i f f r a c t io n  l in ­
e s h a p e  s h o u ld  b e  e q u a l ly  va l id  a s  fa r  as  th e  e x t r a c l io n  
o f  th e  t ru e  s p e c t r u m  is c o n c e r n e d  ( in  th e  e la s t ic  Q  
sca le) .  N e v e r th e le s s .  it  is a lw a y s  use fu l  to  e x t r a e t  in-  
f o rm a t io n  f ro m  o u ts id e  th e  r a n g e  in  w h ich  th e  e q u a t io n  
c a n  b e  te s te d .  T h e  e x t r a p o l a t i o n  to w a r d s  h ig h e r  Q  is 
m o r e  re l iab le  if th e  d e s c r ip t i o n  is b a s e d  o n  ph y s ic a l  
g r o u n d s ,  a s  o u r  eq .  (6),  w h ic h  p r e v e d  t o  r e p ro d u c e  
sa t i s f a c to r i ly  th e  B rag g  p e a k s  fo r  b o t h  th e  th ick  a n d  
th in  m o d e r a to r s .  I n  p ra e t íc e .  w e  d id  o b t a i n  r0 a n d  o 
f ro m  th e  fo u r  p a r a m e t e r  leas t  s q u a re s  fit p e r fo r m e d  on  
th e  18 c o n s id e re d  p e a k s .  a n d  a f te rw a rd s .  b y  v i r tu e  o f  
th e i r  well d e f in e d  w a v e le n g ih  d e p e n d e n c e ,  w e  per-  
f o rm e d  a  se c o n d  m in im iz a t io n  c o n s id e r in g  o n ly  the  
n o n - l in e a r  a  a n d  A  p a r a m e t e r s  a s  va r iab le s .  T h e  e r ro r s  
a s s ig n e d  to  th e  q u o t e d  a  va lúes  c o u ld  b e  sl igh t ly  un- 
d e re s t im a te d .

In o r d e r  to  in c r e a s c  th e  c o u n t i n g  r a te  w i th o u t  signifi-  
c a n t ly  c h a n g in g  th e  r e so lu t io n ,  th e  so l id  an g le  c a n  be  
in c r e a s e d  b y  a d d i n g  m o r e  d e t e c to r s  s i t u a t e d  o n  the  
Q i  — c o n s t .  su r face .  T h e  p e a k  sh a p e  c o u ld  t h e n  be



c u lc u la ie d  hy ¡n teg rn t io n  o f  eq. (6) o v e r  th e  so lid  angle ,  
o r  m o r e  p ree ise ly  o v e r  th e  c o r r c s p o n d i n g  r a n g c  o f  n e u ­
t r ó n  w av e lc n g th s .  a n d  w e ig h te d  vvith the  A - d e p e n d e n t  
c r o s s  se c t io n ,  in c id e n t  s p e c t ru m  a n d  d e l e c to r  eff ic iency .
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