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ABSTRACT

A Fortran IV computer program has been written which gives a means of
calibrating the quasi-elastic peaks obtained from the time-of-flight data of the
ISPRA-1 Double Chopper Spectrometer in terms of the widths of Lorentzian
distributions.

Plots of quasi-elastic peaks calculated by the numerical convolution of the
instrumental resolution, which may be of any shape, with Lorentzian functions
of various widths are produced by the program. These plots allow a comparison
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1. Introduction *)

Diffusive motions of hydrogen containing molecules or hydro-
gen atoms in samples such as hydrogenous liguids or metallic
hydrides may be conveniently studied by the technique of
inelastic neutron scattering. These mctions generally re-
sult in a "quasi-elastic" broadening of the infinitely sharo
elastic peak which would be ouserved in the case of a solid,
provided that the thermel motions were zero and the intru-
mental resolution was perfect. From this broadening, in-
formation may be gained about the exact nature of the dif-
fusive motions in the particular samgle of interest.

Experimentally however, finite instrumental resolution al-
ways imposes a limit on the energy transfers which are ob-
servable. With present chooper time of flight spectrometers
the smallest detectable energy transfers are about $.05 meV.
The largest quasi-elastic broadenings of interest are nor-
mally around 5 meV so that this energy transtfer and the a-
bove lower limit cover a time scale from 1.% x 10—13 sec

to 1.3 x 10-11 sec. As typical incident energies are about
5 meV with resolutions ~ 0.5 meV, it is therefore alwavs
necessary to correct the experimental quasi-elastic peak
widths for instrumental resolution in order to extract

the true widths of the quasi-elastic pesks, resulting from
the broadening process alone.

For a given instrumental resolution function ang assuning
a scattering law /17

S(K,w- AEN ]
BEJ2) +(hw)* v

of TLorentzian form, the program calculates and olots

theoretical quasi-elastic peak shapes for a series of

*) Manuscript received on 16 June 1970
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widths (X)AsEL of this Lorentvzian function. Constants
have been omitted from equeation /1/ as the absolute va-

lue of the scattering law is not required.

Depénding upon the theoretical model used to describe

the samplé under observation, the Lorentzian width ﬁ&ElL
is usually a function of the moaentum transfer and it is
this AEEL(EJ relationship which is noruaaily desired from

eny quasi-elastic scattering expcriment.

From the calculated gquasi-elastic peak shaves generated
--by the program a calibration curve may be obtained, re-
lating the widths of the calculated vpeaks AEcalc to the
true Lorentzian width AE,, for a given incident energy Eqp.

If now the shape of a given experimental quasi-elastic
"peak, with width'zﬁEg&q is represented accurately by the
calculated quasi-elastic peak of identical width, i.e.
AEobs = AFcale then the true Lorentzian width AEL ,
corresponding to ZXEL&, may be obtained immediately from
inspection of the relevant calibration curve. As the K
value of each gquasi-elastic peak is known from the parti-
cular scattering angle of the relevant detector, the
Z&ELaf)relationship may thus be determined for further
analysis. ’ '

2. Theory

Most theories of gquasi-elastic scattering predict a
scattering law S(K, w ) of Lorentzian form /27, /37, [4]
independent of the type of sample being analysed. Hence
it is assumed here that the experimental quasi-elastic
peak shap may be represented by a Lorentzian line shape
convoluted by the resolution function of the avvaratus.

(¥) All "widths" described in this report refer to the
full width at half peak height. '
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The line shape of the resolution function is normally
taken as the elastic peak of a vanadium time of flight
spectrum obtained under identical ccnditions as the ex-
perimental sample svectra. After corrections ror the
filtering effect have been made The vanadium elastiic
peakks obtained for difierent counter angles should ove
identical since tihe scattering is incoherent and iso-
tropic. The rcom temperature Debye-Waller factor of va-
nadium is given by exp (-0.006 K2) and nence varies very
little over the normal K2 range covered, which is from
zero to about 10 R _2, so that no correction is neces-

sary for this effect.

Alternatively the elastic peak from one of the sample
spectra may be used for the resolution function, provided
that the spectra were obtained whilst the sample was kept
at a temperature which rendered the broadenings of the
elastic peaks effectively zero. The difficulty with this
method of obtaining the resolution function is that the
elastic peaks of the sample spectra may be distorted

a) from finite coherent scattering of the sample, and

b) from any remaining inelastic scattering. Hence the
elastic peak shapes at different angles may not be iden-
tical, making the choice of the best shape for the reso-
lution function difficult. As vanadium has a negligible
coherent scattering cross-section and a region of inelas-
tic scattering, well separated from the elastic peak for
normal incident energies of interest, no difficulties
arise in this case. However, if the above two eifects
are not important for the sample of interest, then the
alternative method of obtaining the resolution function
may be used. This then provides a useful check on the
consistency of the apparatus, by comparison with the
vanadium results.



-8 -

With certain chopper-time of flight spectrometers it may

be reasonable to represent the resolution function by a
Gaussian Gistribution. In this case the Lorentzian width

A E, may be obtained directly from tables, (see section 4).
In general, however, the resoliution function is coasiderably
distorted froma SZaussian shape, decending unon the chop-
per transmission function and the reactor spectrum, and
hence varying according to the incident energy Eo. The ad-
vantage of the present program is that the shape of the re-
solution function of the instrument can take any form and
still allow a.AEQ_ value to be exiracted.

The resolution function is now represented as a function
of energy by N(E). Folding of this distrivution with a
Lorentzian energy distribution then ;ives an energy dis-
tribution:

N

T(E) - fL(E-E’) N(E)dE 27

L(E-E)- AE[2 5
2
(DE ) +(E-E)
Putting equation /2/ in a form suitable for computer cal-
culation we have, as a time of flight distribution

where

7,0\ {EL) - NifE)
B f2)" + (E: ‘Eﬁq

-

1=

[y

where Ni(E) is the 'value of the resolution function as a
time distribution in terms of counts/channel, for the

time of flight channel nuaber i and similarly for Tj(E)
the function produced after Ni(Z) has been convoluted with
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the Lorentzian. NS and NF are time of flight channel num-
bers, chosen symmetrically about ig, the channel number
corfesponding to the incident energy Eg such that (NF—NS)

> 6AEg where NEg is the resolution function width
neesured in terms of channel numbers. This criterion en-
sures that the Tj(E) values obtained from the above inte-
gration are sufficiently accurate, for all practical purpo-
ses, in revresenting the complete integration of equation Z?].

The time of flight distribution Tj(E) is calculated and
plotted by FOLD for a series of AE, values, as a function
of channel nwnber j. In addition TJj(E) is converted into
an energy distribution TEj(E) where

TE}(E) =T E) ‘}3 57

which is also plotted as a function of channel number j.

Strictly, the resolution function Ni(E) in equation /47
should first be converted to scattering law form by multi-
plication with (i4/io) X exp (-{3 i/2)

where ﬁ[ = (El - EOB/-RT [67

is the energy transfer for channel i in units of kT. The

final distribution Tj(E) will then be in scattering law form
which has to be multiplied by (io/j%)x exp O-ijQ) for reconver-
sion to a time of flight distribution.

Inclusion of the above factors however, leaves the widths

of the functions unchanged and they have therefore been omit-
ted. 1In addition the X dependence of the scattering law of
the sample, through the Debye-Waller factor exp(-2W), is
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omitted in this program. For elastic pezks with wavelength
resolutions better than 15% the variation of exp(-2W) over

the peaks may be considered negligible.

3. ©Program Description.

The program is listed in the Appendix. Moet of the variables
have comnent labels, and will not be discussed further. The
~data insut, with the necessary format is as follows:

CARD 1: (TITLE (I), I = 1,18) (18A4)

This is the title card which is printed out on the first
line of +the output.

CARDS 2 - 20: (NG(I), I = 1,300) (16I5)

These integer values reonresent the resolution of the appara-
tus at the incident energy Eg, as a function of time of |
flight channel number i and correspond to the variable
Ni(E) of equation /3/. Vhere the resolution function is
zero, blanks may ve used to fill in the data.

CARD 21: 1IBAR, CHWD, FPL (I5,2F10.6)

IBAR is the channel numbér io corresponding to the incident
energy Eo. CHWD is the time analyser channel width in/usec.
FPL, is the sample-detector flight path length in metres.
CARD 22: NS, NF (215)

These are the channel numbers defining the limits of the
numerical integration of ecuation /4/ discussed in section 2.

CARD 23: DELTAE (F10.6)

DELTAE is the width of the Lorentzian function used in equa-

tion /47 and is given in eV. As many DELTAE values as re-
quired may be fed in on subsequent cards.



- 11 -

CARD 2% + N: 0.2 : (FI0.6)

N is the total number of cards being used to feed in se-
parate DELTAE values. This final data card acts only as
a switch to stop the progran.

On output the program prints all the above input parameters
together with the incident neutron energy and the corres-
ponding wavelength and reciprocal velocity. Using the
plotting routine GRArH, (5), plots are given of the reso-
lution function and tlhie final Lorentzian broadened func-
tion, as botn time of fiignht and energy distributions, be-
tween channel nwivers NS and Ni, The plotted functions
are all normalized to unity at maxioun inteasity and ere
also printed in a normalized format. The reciprocal velo-
city in.Psec/m and energy in meV corressconding to the res-
pective channel numbers are printed at the end of the woro-

gram for reference.

The widths of the Lorentzian broadened functions are calcu-
lased, in channel nu.ibers, by linear intervolation at the
half height positions of tne peaks, from the time of flignht
distributions. These widths, togetiner with the corresnon-
ding values in meV, are listed in the print out.

Typical FOLD output for a sin.le Z&EL value is shown in
the Avpendix. This required 0.6 mins for execution.

4. The Calibration Curve.

A few typical Lorentzian broadened resolution curves conputed
by FOLD are given in Fig. 1 for three different AE, values,
on a time or flight scale. The invut s»ectru: in this cas
was chosen to be a perfect Gaussian with an incident energy
of 5.24 meV and a resolution of 5.25% in wavelength. The
channel width and flight path taken were those currently

used on the Double Chooper facility on ISPRA 1 and are 8 usec

and 1.5% m respectively.
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Fig. 2 shows a few points, calculated by FOLD, revresenting
the widths AEcalc of a few typical broadened curves as a
function of AEiL for this Gaussian resolution spectrum. To
test the procedure, these points have been compared with a
calibration curve, dashed line, obtained from tabulated
convolutions of Lorentzian and Gaussian functions /6/ using
the same Gaussian width as above. Both scales on the graph
are given in meV.

Agreement is seen to be good, over the range of broadenings
AE, shown, for this particular case of a Gaussian input
function. Hence it can be taken that FOLD will enable re-
liable [}EL values to be obtained, using any arbitrary
shaped resolution function.

Fig. 3 illustrates two typical calibration curves for the
double chopper facility for two different incident energies
of 8.6 meV and 5.2 meV, both with resolutions of 7% in wave-
length. Both the Lorentzian and the calculated widths are
quoted in meV. The actual resolution functions for these
two energies were obtained from vanadium spectira.

Finally it should be noted that the FOLD Program may be

used quite generally to obtain calibration curves for quasi-
elastic scattering from any time of flight apparatus. There
is no upper limit on the incident energy which can be used

by the program. The lower limit cn the incident energy is
determined by the number of channels available for the in-
put resolution function. In the present program 300 channels
are used but this number can easily be extended if required.
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APPENDIX

PROGRAM LISTIWG AND TYPICAL

OUTPUT DATA.
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