The sensitivity of a neutron scattering model to the
mode parameters

(Recwlved 27 February 1969)

Some additional results on the mode! previously published by Sertovast and Grant (1965) are given
heze. The exteasion an the seasitivity aspoct of the model is boped to helpin providing a hasis for the
developmeat of similar models for ofhes malecules, The saattering model for poly phenyls comprises
a free translation of mass 78, & hindered rotational oscillator of efective srsss 21-3 at an eaergy of

0-0Z eV and two vibrational ocscillators at caecgies of D-146 and 0-38 eV with equal masses of 2:128.
In Tabdle 1, the effects of variations of' tranclationsl mass M, rolational mass m.. the ratio of the

vibratiooul mass at the lower coerey ta that al the uppes ciergy R, rotational encegy ., and the

s of the lower vibrational m% @, on the diffusion length L, diffusion constant 0,, difusion
heatiog constant K, scattering cross section at encigy D233 oV, a, ((M0243), the heights of the Quasi-
elastic peaks at encrgles 0401 ¢V, QF (001) and 0-41 eV, QF 10:41), the heght of the pesk in the
differentinl mtlcsigs €ress section from 01 eV nectrons due to rotation R(O-D1), and the heights of
the peaks ju the difiereatial scattering cross sections from 001 o¥ and 0-4) ¥ acutrons due Lo the
vibraiwonal mode at Jower encrgy Vi(0D1) and ¥,(0:41) are given, The values giveo are all jo
percentages,

The seasitivity of the scattering cross section ta the variarion of paramercss and temperature are
shown in Fig. 1. Tbe model's predictions for scattering Sross sections are in rather good agreement
with the experimental results of Asronit (1968) and co-workers on dipkeny] and benzence over a
wide range of coergy. The model docs not represent the physical sutuation below 0006 ¢Y well, Ta
Fig. 1 thie dotted lines are the least square curves fitted to the experimental points for liquid and solid
benzeae at 25° and —15°C, eespectively. The difference Jo experimental results between liquid and
solid phase are a iable mostly in the low tnz:P- range which is mest sensitive (o translations snd
rotaions,  In solid beozene rotations sre hindered in respect 1o liquid phase.  For diphenyl
and rerphenyls the hindered effects are even more severe since, o peaeml, the hindering of molecular
rotations increnses with the deviation of the molecular striclure fram the spherical syouetry. This
madel pezds 1o be celfined 1o predict these offocts adequately. A series of sccumte measurements on
scattering cross sections for subthermal neutrans on various polypheayls i being perforned to
provide & proper basis for such refloements.

The diffusion constant of Dowtherm-A as a function of temperature fitted to the expression
p P = AT, where o is density at lem ure 7(K") and 7, — 293-15 resulted in the theoretical
value o — 0-485 for the model compared ton — 0:424 | 0-042 according to the prescat experiment.

TaBLE |.—EFFECTS OF PARAMETER VARIATION

Modes varied M m, R, w, N

From-1o T8-16% 10-21-3 0-524-10 002-0-05 0124 146

Modeks compared Ar-D L-K B FE EH Ar-E

% elfect on

L -0 -] —3.3 -N2 -33

D, 116 ~249 0 02 -G-8

i 14 - 254 280 ~300 —§S

a,(0-0253) +4:5 =25 ~2:4 2.5 22

QEML O - 36-4 10 - 10 S8 i 1:0

QE((-4]1) 218 57 438 +190 +4:2

R{0-01) +332 — 68N +2:6 + 389 428

¥{001) -+ 330 +337 167 - 86 242

Vo (0-41) +20 R —49.6 —56 +500







