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This qmt gives detsils of analysis pfo&~8ms which arc available for directly fitting eVS 
time of flight data Titat of flight data fbm samples ccmtaining a number of diffimnt 
m m c s c a a b e M t c d ~ ~ g t k c o d  >TFTfJrsE. AsampkcontainiagN 

d y s i s  that each peak c8n be cbafscterised by three parameters; 
tlif&m#-f@proctuoeNpcaLsin the time of flight specmm It is assumoAinthe 

(1) the standard deviation CT , of the (assumed) Gaussian momentum distribution 
ComspoIKiing to mass i. This can either be set at a fixed value, or used as a fitting 
parameter. In isotropic samples 6,  is related in a simple way to the mean kinetic energy 
of the atom (see equation A1.7) 

(2) The peak area A,. The area A, can be related to the product of the concentration and 
the scattering cross-section for atomic mass i .  It can be fixed, if the sample composition is 
known or included 8s a fitting parameter. In the latter case the fitted values of the A, can 
be used to determine the sample composition. 

(3) The peak position. This can be accurately calculated from the atomic mass and is 
always fmed by the value of mass which is input to the program. 

Tbtre are therefore only two fiee parameters defining each peak. For peak i these are the 
area A, and 0,  , the r.m.s momentum of the atom. Thus for a sample containing N 
diffGlllent masses there are 2N fitting parameters for each time of flight spectrum. 

The output of the pf08ram is a file which contains the values of 0 ,  and A, , for each time 
of flight,spectrum and for each atomic mass. This file can be examined and analysed using 
further pmgrms, to determine the sample concentration and the atomic kinetic energies of 
each atomic mass present. For single crystal samples the r.m.s atomic momentum can be 
CGsCrmirrclA along difkent crystalline symmetry k t i o n s .  

The Ppincipks behind the data analysis are given in Appendix 1. Sections 2 and 3 of this 
guide tell you how to run the programs and analyse the program output for samples with 
no p d k c d  orientation, i.e. powders, liquids, glasses etc. Section 4 provides f k t k  
inforrmatioa cm how to analyse single crystal nata_ 
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(a) It takes some time (-10-20 minutes) to run 

(b) Once a commaad file for me run has been created, it can be easily modified ( w d y  
by changing only the run number) to process other m s .  As well as saving labour, this rlso 
ensures that all runs are processed in the same way. This is impwtant if you are looking 
for systematic changes with e.g. temperature, composition, pressure , sample angle etc 

(c) The batch job will pmiuce a log file which can be examined for ercofs etc. 

A command file can be written and submitted to the batch queue by the command 
$ @SUBMIT. You will be prompted for a queue number. Numbers 1 and 3 are d y  
good. (To find the status of the queue, type $QU). 

Note that the program uses a fast Fourier transform routhe to incorporate the instrument 
resolution function. 'Ibis routine WW fail if the number of points in the data set 
contains a prime factor greater than 19 and give the emr message '' WA&dn. 
It is suggested that the data set is rebinned so that the number of data points is a power of 
2 (eg 64,128,256 or 512 points). This can be done in Genie using thc >REB command 
(see the example command file below). The bin size s h d d  be a multiple of 0.25 pet, 
okwise spurious shifts in the peak position will be produced by the >REB c o d .  

As an example to illustrate the programs, a data set from a 5096 mixture of HzO and 020 
is used. The command file run in batch to process the H2O/D20 data is listed below, with 
comments in italics. The comments should be omitted in a real file. The input to the 
>"I'-FSE routine should be compared with the program description in Appendix 2. 

$ USER 
$ GENIE Opens Genie package 
$ DIFF 
3467 Runnumbet 
1 First spectfum 
32 
>REB 
1 First spectrum 
32 Lust spectrum 
30 Lower limit for binning 

Specijks directory for program output. 

Takes d#erence between foil in and foil out data 

Last spectnun. Spectra 1-32 are processed in this commandfile. 
Rebins data to give nu of data pts which is power of2. 
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1 
32 
4912 
135 
3455 
0 
3 
1.0079 
81 
0 
2.01 5 
7.63 
0 
16 
4.234 
0 
>Ex 

Uppcr iimit for b h h g  
m 3ddkk z k m  QliG fW30)h2+1=2% 
WMCkrta into Gedefilts. 
NapncofGcniedhtafilc. 
Fbst spectrum 
LaJtspGctrrmr 
Runs time offlightpfting pmgtams 
Nfmtqfdatcrfilcconkurun ' g output. HDOEd69T.DAT will be created 
Il;hcpmgram also cmates GEMIEfiles containing thefits to individrral 
s;pcctra. Zhese have the names HDU346TT_FIT.l, HD03467T-Fm.2 etc. 
T I r C ' k  hertcd here should be the same as that used in the prevww 
>G1C;VRITLS c o d  
First spectrum 
Last spcchwn 
Analysis energy (obtained from calibration) 
Encrgy resolution (obtainedj'kom calibration) 
Number of instnunent parameter file. 
No linear background is included in the fit 
Number of masses in the sample. 
Mass 1 (H) 
Product of bound cross-section and no Of atoms (i.e 81x0.5~2) 
Width of Hpeak is fitted 
Mass 2 (D) 
Product of bound cross-section and no of atoms (Le 7.63xO.5~2) 
Wmh of D peak isjitted. 
Mbss 3 (0) 
Product of bound ctoss-section and no of atoms (i.e 4.234~1) 

pa$rts 

Note that 256 points have been chosen in the rebin command. It is suggested that 
the bin width is chosen as a multiple of 0.25, the grid over which the raw data is 
wllceted. Otherwise the GENIE rebin command can produce spurious shifts in the 
peak positions. 

It was ztssumed that the concentration of the mixture was 5096 H20 and 5096 &O. 
Thus the area of e.g. the hydrogen peak should be 81 (bound cross 
sadion)*2(numbcr of atom)*O.S (dative concentration of H20)=8 1. Using a 
m-llro vduc 8s input for the product of cross-section and number of atom fixes 
this pararachtr. If zero is enttrcd at this point, the area will be included as a fitting 

0 I t  is suggested that all files are given the same name. Tbc example above used the 
nam HDO3467T. Thus HDO is a mnemonic for tht sample, 3467 &notes tht run 
mmberllELd T specifics that analysis is in tim of night (otkrO\rtints can be used 
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0 The @SUBMIT command will produce a log file HD03467TJxKi in the 
dhctxxy from which you submitted the command file. Tbis is very uscfbl fir# 
diagnostic pu~poscs, particularly when you at first d g  a command file, 

0 It is suggested that when the command file is first created it is tested and debugged 
by running on a single detector, rather than 1-32. 

The command file above produced a GENIE data file for each spectrum, together with a 
fit to the data The data file name is specified in the =WRITE command as HDO3467T 
and these files will be of the form . HDO3467T. 1, HDO3467T.2 .... ..fIDo3467T.32, Tte 
fit fde name is specified in the "FIT-FSE routine as HDO3467T (note this must be the 
same name as in the *WRITE routine) and will produce the fit files HDO3467TJlT.1, 
HD03467T-FIT2 etc. 

ndG ENIE Fi leg 
The data and fit can be examined by use of the commands >FITREAD and >FITPLOT in 
GENIE. The former reads in the data frles and fits fiom the created GENIE files. Tbt 
latter plots data and fit. An example of how to use these pmgmms is given below. 
Prompts 8 ~ e  written in normal type and replies to the prompts in bold. 
>FITREAD 
>FmENAME HDo3467T 

> Last Spectrum 32 
The responses are for the output of the file HDO3467T. The program reads in tbt files 
HD03467.n which were creafed by the SWJUTE routine thc tbc example command file 
above and the files HDO3467T-FT.n which were created by the >TFIT_FFSE routine. 

> First Spectrum 1 

Tbe h d e X  n NIU froRI 1 t0 32. 

>FITPIAM[' 
> Lower limit? 100 

> Plot E or M? E 
> Bin width? 2 

Tbe above series of fesp011ses and replies would plot points in the time of flight spcctnm 
of dttector number 9, as error bars, with thi fit to the data shown as a solid line. Tbe data 
and fit will be plottad b e e n  100 and 500 pseconds with a time bin width of 2 W. Tbe 

>Upperlimit? 500 

> Spectnun number? 9 
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plotpsoduceBoa the suw3l in this c118t is &own in fip 1. I b  paogrrraawill olOaQigpe60 
prmanpt you far a spactcwn numbtr. To exit tt# routine pr#rs tbe CM a d  J keys 

Visual- 'on of the data and fit is very important 8s it is d y  immeAipbeht 
obvious to the eye if there are any serious problems in tht fitting. When you have 
examinodd spectra and made amte of all detectors where there appe8fs to be aprobkam 
with either data or fit and obtained any hard copy you require, it is rccornumbd that tb 
raw data and fit files are deleted since they take up a lot of disk space. Hard oopy of any 
GENIE plots can be obtained using the >LAS command. 

0 . 

tion of Data Files 

"'he "FIT-FSE routine also produces a data fde which contains all the fitted parameters 
with errors. This can be examined by the command STPROC. Note that this must be m 
outside GENIE. To exit GENIE, while still retaining any data you have created in 
workspaces type >j/p. To return to genie type $LOG. ( NB '>'denotes corrmmd in 
GENIE, '$' denotes command outside GENIE). 

The TPROC routine allows you to examine the set of values from the whole range of 
detectors to check for internal consistency and whether any detectors am giving 
consistently unreliable results (e.g. due to electronics probiems). Mean values of widths 
and areas of peaks from different atomic masses can be calculated and &tcctm which can 
be identified as giving incorrect values can be eliminated. An example of how to use this 
routine is given below. Prompts from the program are written in normal type , your replies 
in bold  type^ Comments (which will not appear when you are running the program) appear 
in italics. 

$ TPROC 
Name of file containing output of TFI'I' routines? 
HDo346Tr 
Number of masses- - 3  
Number of detectors= 32 
The file contains data on the following masses. 
1 M=1.0079 List of different masses in the datafile 
2 M=2.0 150 
3 M=16.000 
Examine the data on peak areas (1) or widths (2)? 
Either areas or widths of peaks fiom different masses can be examined 
Type 0 to exit program 
1 Examine peak areas 
Massnumbtai, 
1 
Pcaknumbcr 1 Mass=1.0079 

The name of the datafile 

Arrangeinor&rofincmasingangle(y=l,d) 
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HD03467T M= 1.0079 Area Voiues 

t 

t 

‘ t  
t t + +  ttt t+t+’ 

4- +t t+ tt t+ ++ tt t t t 

Detector No or anqle 

Figtm2. Plot produced by STPROC. In this case 8tw1s of the H peak am plotted as a 
function of scattem g angle. Note that detectors 1 and 2 arc producing obviously 
d o u s  values and have been eliminated bcfm the calculation of rman values. . 



. .  

TlbG &tu in tAcfilc con bt cxamincdc'idktras a j h c t h  of- mmkr(tk b 
w&d furdctcmdnhg which dctcctors ate giving qurha m&) oras afirnctiorr qf 
s-hgmgle.(W corrldgive an indiconoor ' o f w h d h e r k m m m y ~  
emom. e.g. a cooIsistGnt trend in the size of pe& atea ot width as a fiactbn of 
sc#me?i?8g ungle) 
1 
I3ntcrn-ofinstnrrnt nt parameter file 
3455 
ThC angle cortepuding to a prrrticrrlar detector is readftom thisjile. rfplotting cw a 
fiorction of detectot number you are not Qskcd for the IP nrunbcr. 
Plot area values (y=l,n=O) 
1 
Enter title of plot 
BD03467" M=1.0079 Ares Values 
Whatever you Vpe here will appear as a header in 'he plot. 

f x  
Change limits? (Y=l ,N=O) 
1 
Current values are 
XMIN=22.62 1 XMAX=79.17 
YMINa.7976 yMAx=l. 173 1 
ENTERNEW VALUES OFXMINXMAX 
I 
ENTER NEW VALUES OF YMIN, YMAX 
I 
Graphics devicdtype (? to see list) 
Ips 
You can replot with specified limits. If you type 4 the limits will not be changed Tirccs you 
can produce a postscript file by aping I in response to the prompt "Change limits?" 
then / in response to the request for new limits, folluwed by /PS when asked for the &vice 
vpe. l%is will produce a PGPLOT.PSfile which will produce hard copy of what JWU 

have just seen on the tenninal screen. The postscript file can be turned into hard COD 

the command $PPS. You will be prompted for the numbcr ofthe lasGrprinkr. e.g. 3 will 
produce owut on laser printer 3 in the LAD instrument cabh To p r o h e  ourprct m a 
different laser printer, change 3 to a diflerent number. llhe different printers and 
locations are; 
0. FirstfZoor of R3 1.37 
1. Top Floor of R3 2.25 
2. RSS DAC 
3. Rss LAD 
The plot produced by this sequence of respnses is shown in figure 2 

Graphics devicehype (? to see list) 
For a plot on the screen type /x. For a postscriptfile type RS: 

CHANGE LIMITS? k- 1 ,n=O) 
0 
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9F DBTFCRX TQ 3s ImwrmD (0 TO END) 
2 
Nu#IBEBoHDETEcToR To BE Exam (0 TO END) 
1 

8 
It mcly be crpparentfi.osn the plot (orftom enamincrtion #the &tu and fit files (using 
>FREAD anii >FPWT) that some spectra are unreliable. In the above case &tectws I 
and2 WlcTCpnducing ttnwliablc results and were Glrctulscdfnrnr any c&htion of 
average mlues. Thc prcrccdctre of excluding detectors should be treated with cautitm as 
some values will lie outside the expected deviation from the man due to p u d y  statistical 
j l i u ~ ~ & ~ ~ .  Only exclude Q dGtcctor ifyou are sure it is pmdwing unreliable res&, 
e.g. if it gives QlumtQIous resdts in every run or if visual observation of the fit sbws that 
them ate problems. 
Tbc following &kctors are excluded from averages. 

OF DE"ECT0R TO BE EXCLUDED (0 TO EM)) 

2 
1 

Calculate mean of area values 
Fvst and last pints? 
1 8  
3 XV=30.097 Xa.88288 +- 1.26E-02 
4 XVr31.811 X4.88421 i-1.006E-02 
5 XVr33.084 X=0,86024 t 9.099E-03 
6 XV134.927 X4.87525 +-8.897E-03 
7 XV=35.820 Xa.87530 t1.351E-02 
8 XVe37.8 10 Xd.8791 t1.353E-02 
WTD MEAN10.8748 d. 155E-03 

Note that dGtGctors 1 and 2 are excluded from the average as specijied by the replies to 
thepmdous txmmand In this case XVis the scattering angle. If you type 0 in response 
to tk prvurrpt "Amange in order of increasing angle" XV would be the detector nwnber. 
lk wtd wan is the mean ofdiierent values, weighted by their statistical errors and the 
mw is the &itMcat error of the mearuremcnt, The standard deviation ftom the mean is 
a lll01y1 reliable indication of the true error, since there generally other sources of error 
which cc0 ltot crlppccrr in the statistical etror. e.g. Variation of extracted vulues with angle. 
l%e pmsmce Spcsystenaatk errors, in &ition to statisticcll errors is reflected in the fact 
trhat the stondarddcviation from the mean is generally Larger than the e m r  on nhc 
weighted mcon. Note that there is little point in getting very g o d  statistics, f the 
sykmatic emrs  am dominatnt, This should be taken into account when you a n  
&temMng du run timcS.( a suggested run time is m e  which gives a statistjcal e m r  
which is Wf that of thc stmrdatddcviationfim the man) 

MEAN4.8762 ST. DEVs3.53E-03 



FRSTANDLASTPOINTS 
0 0  
rfthefitst and last points cite the same the pmgtam litnulls to the jimt p-t. You cm 
now examine either thc weQs or widths cornspodkg to another mass tn tkfirc. 
Examine data on peak areas (1) or widths (2) 
'l)p 0 to exit program 
0 
Exit program. 

Atom 
Hydrogen 
Carbon 

Determination of Sample Compodtim 

Mass Area Cross-section I 

1.0039 0.960 k 0.006 81.7 baras 
12 0.034 * 0.004 5.56 barns 

By examination of the peak arca the composition of the sample can be determined. As an 
example of how this is done, consider data taken from a caiibration sample of polyethykne 
( C H Z ) .  The peak areas derived from TPROC were 

The numbers of atoms are in the ratio H=0.960/81.7 : c--O.034/5.56, i.e. 0.01 18:0.0061 
or 1.93: 1. Within error (f 0.2) this agrees with the actual sample composition. 

Note that the relevant neutron cross-sections are the bound cross-sectionr listed in 
standard tables such as those on the wall of the eVS instrument cabin. 

Determination of Atomic Kinetic Energies or Equivalent Frequencies 

In isotropic samples, the values of the peak widths can be converted into atomic k h t k  
energies by use of the command $KE. You will be prompted for the atomic mass, the 
width and the error. The program calculates the atomic kinetic energy in a variety of units. 
It also calculates the equivalent frequency, i.e. the frequency of an isotropic harmonic 
oscillator at zeto temperature, which would give the measured value of the peak width. 

If you are running a sample with preferred orientation, or a single crystal sample, you will 
be inkrested in tk variation of peak widths (and componding kinetic energy values) with 
sampk- *on. ~n single crystals tht f~ll directional compton profile J(&Y) can bt 
measmdasafunctionofthedirectionof~ (sceAppendixl).DatafromginnlccryStals 
canbcfinthcranalysedfor anisotropy, after fitting in filHt of flight. The routiats dtscrri$ad 
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As an example of these procedm, we consider data fiom a sample of pydytie $npbiee 
which has a single prefencd direction [0002] perpendicular totbehexagaMlplpneeiathe 
graphite st~ctme. Three runs were ptrfonnod with a slab sample with the c axix 
perpendicular to the slab; (a) The slab was at 4 5 O  to the beam, with tbe [0002] Bmgg 
reflection appearing at a scattering angle of -87.5' (Figure 3a) (b) with the slab at an 
angle of 25' to the beam with the [Oooz] Bragg reflection at a Scattering angle of -127 
(l3gurc 3b) and (c) with the slab at 65' to the beam and the [Oooz] Bra@ peak at a 
w r i n g  angle of 50° (Figure 3c). 

The orientation of the sample in the beam can be dctcrmined by examination of tbt tinr. of 
flight spectra, which will contain Bragg peaks from the sample at long tinlts (>#nn, pace) 
It is assumed that the crystal is already aligned so that a known symmetry -on occwr~ 
somewhere in the horizontal plane. It is suggested that you choose a long d spacing Braeg 
peak and then rotate the sample about the vertical axis in steps of -10' until this peak 
appears in one of the detectors, since it is often difficult to unambiguously assign a peak at 
short d spacing. The time of flight spectra can be converted to d spacing using tbt 
command >DTRANS which is described in appendix 2. 

4b Creation of a Cornmite Data File from a Number of R m  

The first step is to analyse the data from each run as described in sections 2 and 3, to 
produce the files C3598.dat, C3599.dat and c36OO.dat. The ATlREAD, >FITPLOT and 
$TPROC programs should be used to determine which detectors arc producing unreliable 
results. The unreliable detectors can be eliminated fiom the data files using the m u t b  
$BAD-DET. In the example run detector 25 was giving significantly broader values for 
peak widths in all three runs. A new file C3598M.dat was c m k d  fhm tbt f*rlt C3598.dat 
as follows 

$ BAD-DET 
ModifL output files from TFIT routines to 
eliminate bad detectors. 
ENTERFILENAME 
C3598Xdart 
NUMBER OF BAD DE"OR?  (0 TO END) 
25 
NUMBER OF BAD DETECTOR? (0 TO END) 
0 
Ddectar 25 will be d e l d h n t w  file. 
NumbCrof-1 



lANGaiEfLoT 
Wez number of instrument parameter file 
3s94 
AMlytwmeigy in mPV? 
4908 
htcr data fdcllamc 
C3598a.n 

Number of mass of intemst 
1 
Number of detector containing crystal Bragg peak 
29 l lw  [ooo2J Bmgg peak occurred in spectrum 29 for run 3598. 
Bmgg peak is at Scattering angle of -87.55 deg. 
Read in 8mhcr data file ? (Y=lJ+J=a) 
11 
Rnterdatafiknamk 
c3s99m 
Nurnbcr of &tector containing crystal Bragg peak 
21 
Bmggpeakisatscattem 8 angle of -127.100 deg. 
Rerd ia e cintn fik 3 (Y=l,N=O) 
1 
l%mt&t%- * 
14 
h g g  pedr is at Scatteriag angle of 49.199 deg. 

1 Atomic masS=l2.00 

Thc [tX@2] Bmgg ptak occIu7Gd in spectrwn 21 for run 3599. 

N-of-cc#triainecrystalBrags@ 
Tkr fooo2J B r a g g m  ~~~aurd in spcctnon 14 for run 3608. 
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Read in another data 
0 

? (Y'lJVd) 

Enter title of plot WlurtGvcr is C n t c d  here wilt oppcoras tirc PtOJ h e u z & ? a  
Graphics &vi* (3 to stc list) 
Ih 
change limits? (Y=l,N=O) 
0 
Output to file? (Y=l,N=O) 
1 
Name of output file 

Apbt ofthe widths as ajhcticm of angle witt &e s?wm 

simdat 

This series of commands will create a file sigma .dat with three columns. Column 1 
contains the angle between 4 and the crystal symmetry direction. Column 2 contabs tbt 
s i p  value and column 3 the error in the sigma value. 

4c Fittinn S innle CN stal Data 

The file produced by SANGLEPLOT can be read into a GENIE workspace by the 
command >LOAD as follows. 

>LOAD 
Enter workspace number: 1 
Enter data file name sigma.dat 
Enter X caption Angle of q 
Enter Y caption Sigma 

This series of commands loads the data into workspace 1. It can be plotted by the 
command >D Wl. The x axis will have the caption " Angle of q " and the y axis " Sigma". 
The routine > E m  fits an anisotropic Gaussian distribution to the data. Thc start vdw 
for the fit can be estimated by examination of the data (see figure 4). If0 is entered far 
the angle of the primitive axis, the angle is fixed at zero. Otherwise this paramerer can also 
be fitted. ('Ibs allows a cross check on the crystal orientation dttermined from the angles 
of Bragg reflections). 

>EFIT 
Number of workspace containing data 
Start value for width along principal axis 
Start value for width perpendicular to principal axis 
Start value for angle of principal axis ( 0 to fm) 

1 
10 
12 
0.1 

Fitted values for paramettrs; 
Principal Axis sig1md.9675 +- 1.19E-02 
Perpendi&axis sigma=13.407 t 1.34J2-02 
Angle of principal axis--;Q.83+-0.26 



"i -t 

+ 
+ + 



Notc that the poor value of chi-square (a good fit would give chi-sqwre -1) dwum &at 
systematic errors am greatea than the statistical emm. "he e m  given to tbe 
sf#wlld be tmtcd with caution ifchi-square is sisnificantly patier than 1, since tbt 
are purely statistical and do not take amount of any systematic clfors. The poos chi- 
square value is also refelected in the fact that the fit does not pass through all tbdata 
points. Systeinatic errors may be due to multiple scattc~ g, faulty detectors or o t k  
causes. 

. -. 

13 



(Al. 1) 

whene $(#,a) is the incoherent dynamic structure fsrctor, n(j5) is the nuclear momentum 
dirrtributioa, j5 is tht atomic momentum and M i s , k  nuclear mass. The two essential 
fhtms of &e IA rn that the neutron interacts with a single nucleus in the sample and 
a total kinetic energy of the nucleus and neutron is conserved. The latter condition is 
u p s m d  formally by t&e 6 function in equation Al. 1. Using the identity 
6(ax) = 6(x) f a ,  gives 

I 

y=- a--- "( Q ::) 

(A 1.2) 

(Al.3) 

(A 1.4) 

J(&y)dy is the probability that the nucleus has a momentum component along the 
direction with magnitude between y and y+dy. For an isotropic sample them is no 
dependence of J(&y) on the direction of $ and J(&y)dy = J(y)dy is the probability that 
an atom has a anonrtntwn component of magnitude between y and y+dy along the an 
arbitmy dindon in space. 

Thc W o n  J(&y) is known as the 'Compton profile' and due to its physical sigmfkamx 
should be symmtric with a maximum at y=O. Equations A1.4 thus implies that S(q',o) at 
constant 
comsponding physical interpmation is that a neutron scanem from a stationary atom with 
m emqy brrrasftr a, and Dappier €xw&mn g due to atomic motion produces a range 
of tflcd~ly tmsfkrs centred at aw. 

cmsists of a single peak centred at the 'nxoi~ energy' a, = # / 2 ~ .   be 
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If& system under mvestigation is bound by harmcmk fc#ces and the impulse 
appmxirnation is strictly valid, J(&y) has tht G a k h  fosm 

In an isotropic system, the direction of 
atomic kineticenergy K via 

is ifielevant and 0 is related to tht man 

(A1.6) 

The factor 3 enters because there axe three equivalent directions in space for an isotropic 
system and cr is the m momentum component along one of these (arbitrary) directions. 

Find State Effects 
One can include a correction for deviations from the impulse approximation, due to the 
non-infinite momentum transfer i j  and energy transfer o in the measurement, using the 
method suggested by Sears’. He showed that the effects of finite and o can be 
accounted for by writing J(y) as, 

+. . . . . . (A1.7) J(Y) = J, (y) + M(v2v) d3JI,dy) + M2(F2) d4J,,,(y) 
36tt2q dy) 72#i4q2 dy‘ 

where JIA (y) is the impulse appoximation result. (V V) is the mean value of tht 
Laplacian of the potential energy of the atom and F is the force on the atom. As q 
becomes sufficiently large, all terms other than J,A (y) can be neglected. In the eVS data 
analysis routines, the first and second terms on the right are included in the anldysis. It is 
also assumed that the potential is harmonic so that the Compton profde is a G ~ M ,  of 
the form given in equation A 1.5. In this case (V * V) can be calculated from the r.m.s. 
atomic momentum cr . For a 3-D isotropic harmonic oscillator, of frequency to, 

(A1 -8) (V2V)=3m~2 =12A 2 2  a / M  

wheras for a Debye solid, 
(V2V)=12.8xh 2 2  / M  (A1.9) 

I 

I 

! 

Thus FSE can be accounted for in this approximation, without introducing any 0 t h  
parameters than a. 



(A1.lO) 

(A 1.1 2) 

Tbe important point is that t uniquely &&mines o , ij and y and conversely, o , 
uniquely spacify t In particular a, defines a unique time of flight tw which varies 
with M and which is fixed by the insttument geometry and the atomic mass. Whether the 
rwmlts arc analysed in o ij y,, or t space is a matter of convenience. However in many 
ways it is most convenient to analyse the data directly in t and this approach is followed in 

or y 

the programs describtd in this report. 

We consider tht case where the sample contains a number of different atomic masses. To 
distinguish between atom of different mass we add a subscript M. The contribution fiom 
rrsomns.of-Mis 

(A1.13) 

, 

Therate at which counts are coIlccted in a t h e  channel of width At and centmd at timc 
offlightt is' 

(A1.14) 

The first expession in pamthcscs is the intensity of incident neutrons with times of flight 
betwacnt andt+Llt.Thtsocoadfactor istheproductofthedetedorefficitncyq at 
csergy Z , , t h e w s o l i d a n g k  Mandtheenagyresolution AE, andisaccmstant, 
dewmind by tbe iastnuncsnt geometry and the type of detector. The third factor is the 

C 0 Windsolr 'Puhed NtubKM Scatkrhg', Taylot and Frarrcis (1981) 



(Al. 15) 

where b, is the scattering length of atoms of mass M and squation A1.13 has baen d 
Taking into account the instrument resolution and the pmenct of different masses in t& 
sample the fmal expression for the intensity of scattering at time of flight t is 

P 

(A1.16) 

where 8 denotes convolution and RM Cr,) is the (mass dependent) instrument msolution 
function in momentum space. The tern in square brackets are sample indcpcn&nt and 
can be calculated from the calibrated instrument parameters and the time of flight t 
Equation Al.  16 directly relates the measwed time of flight spectra to the atomic 
momentum distributions of atoms in the sample. 

There are two fitting parameters for each atomic mass,A, anda,. The value of 0, 

is determined by the relative scattering intensities of different atomic masses in the sample, 
ie by the sample composition and neutron scattering cross-sections. 

obtained determines the atomic kinetic energy for atom of mass M ,  while A, = Nub, 2 

la). The "FIT FSE Command File 

>TFIT-FSE 
ENTER NAME OF OUTPUT FILE. The output ofthe program will be stored in a Antn 
file with the specijiedfile name. 7'hisfile can be anaZysed using the routines $TPROC 
and ??. 
ENTER FIRST SPECTRUM. First spectrum to be processed 
ENTER LAST SPECTRUM. Lust spectrun to be processed. All consecutive spectra 
between thefirst and last will befitted 
ENTER ANALYSER ENERGY. Energy of foil obtained from calibration. 
ENTER ENERGY RESQLUTION. Foil resolution obtainedfrom calibration. 
ENTER NO OF INSTRUMENT PARAMETER FILE. Number of IPlflle. 
ENTER BACK. If1 is entered here a linear background is included in the fit. If zero, 
then no linear background is included Generally no background is fitted. 
ENTER NUMBER OF PEAKS. The number of dzrerent Masses in the sample. 
ENTER ATOMC MASS 1. Mass of atom 1 in a.m.u. 
ENTER PRODUCI" OF x-SECT AND REL CONC (0 TO FIT). Ifzero is enfered 
here,theprogrm willfit the peak amplitu&?. ,This parameter can befixed by mtcringa 
non-zero value which is the product of the number of atoms per fonnula amit and the 
bound scattering cross-section. 

i 

I 

17 



sequence of responses will convert spectra 1-32fim run 3467from time offright to 
&pacing. 7%e instrument lengths and angles required for the conversion are readpom 

t paruuruterfile- in this case 3455. 
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