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ABSTRACT - Based on the assumptions , that the CHz uni t  is the basic unit
of polyethylene affecting the thermal neutron scattering and that the phonon 
spectrum of polyethylene can be approximated by a discrete set of three Einstein
frequencies , similar to a water molecule , a quantum mechani cal expression for 
double differenti al cross section for the thennal neutron scattering on a 
hydrogen atom nucleus of polyethylene has been derived. For twenty-eight 
inci dent thennal neutron energies E0t [1 rneV , 1 eV] the values of double and 
single di fferenti al cross sections , as well as the values of total scattering 
cross secti ons have been evaluated. The results obtained clearly show quantum 
inelastic effects of the creation and the destruction of polyethylene phonons,
as well as highly pronounced quasielastic peaks , that occur at forward neutron 
scatteri�g. The sarre p

r.
perty is also valid for inelasti c  scattering , but only 

when EQE L0.01 eV, 1 eV . However , when E0t [0 . 001 eV , 0.01 eV] then the destruc­
tion of phonons of the lowest energy shows a weak dependence on a scattering 
angle , which vani shes quickly with the increase of thermal neutron enerQy. 
1. INTRODUCTION

It is known that the thermal neutron scattering on the atomi c nuclei bound
into molecules , can be successfully described by the Zemach-Gl auber quantum­
mechanical formalism [1] . It is also known that the thermal neutron scattering 
depends on the value of incident neutron energy , on the molecular space orienta­
tion , the colli sion. time and mol ecular dynamical properties. Different methods 
have been deve l aped in order to incl .ude the influence of the basic dynami ea l 
nK>des of a molecule motion on the thermal neutron scattering. The application 
of the incoherent approximati on in the Zemach�Glauber formalism yields the fol­
lowing expression for double differential cross section of the thermal neutron 
scattering on the hydrogen atom nucleus of polyethylene (in the uni t system 
where Planck �s constant is n=1 and the neutron mass mn=1) 

( 1 )

where :  E and E are the energies of the incident and the scattered neutron ,  
0 

respecti vely ; v is the cosine of the scattering angle in the laboratory system; 
crb=81.66 · 1o-28m2 is the bound effective microscopic cross secti on of the hydro­
gen atom nucleus for thermal neutron scattering ; i is the imaginary unit , E=E-E

0 
is the neutron energy exchange ; the symbol < • • •  >Q denotes averaging over all 

-+ 
space orientations of the CH.2 unit and X(K , t )  is an intermediary scattering 
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function including the influence of basi c dynami c modes of a CH2 uni t motion 
on the thennal neutron scattering. 

Polyethylene is a simple polymer and therefore has been the subject_ of 
various intensi ve physi cal studies . It can be crystallized to a very high 
degree , and is quite di fferent from ordinary materials in  the sense that i ts 
three-dirrensional crystal is  made essentially of long linear chains of CH2
uni ts .  Due to that the dynami cs of crystalline polyethylene is  qui te di f­
ferent from the usual three-dinensional materials . For crystalline polyethy­
lene, a number of thermal neutron scattering kentels has been proposed . All 
these kernels utilize sone dynami c model of polyethylene obtained from various 
experirrental or theoreti cal studies .  In most of these studies the focus was 
mainly on the energeti c discrete modes; the proper account of the acousti c 
region has not been made. 

One of the earliest kernels proposed for polyethylene is the Goldman 
kernel [2] .  whi ch is  an extension of the Nelkin kernel [3] . used for water, to 
the case of polyethylene. Goldman suggested that �he frequency distributi on 
for the long chain molecules be represented by five Einstein frequenci es ana­
logous to those used by Nelkin  for water. In the present paper Goldman -s 
i dea has been used in such a way , that the CH2 _ unit ,  as well as a water molecule, 
has been consi dered as a basi c structural unit . Owing to its dynami cal properties 
it affects the thennal neutron scattering on the hydrogen atom nucleus of poly­
ethylene . Ki rouac 's et al. assumption [4] has been accepted that the phonon 
spectrum without the acousti c branch can be successfully presented by a set of 
three discrete Einstein 's frequencies w1=0 .36 eV, w2=0 . 1 7 eV and w3=0 .09 eV, ' 
wi th the corresponding effecti ve vibrational masses mv1 =2 . 94 and mv2=2.04 and 
effective rotational mass mr=2 .32 . In additi on it  i s  considered that the CH2 
unit - has the i denti cal mi crodynami cal structure of a water molecule as in [5] . 
The collision time of the thennal neutron and the hydrogen atom nucleus have 
been exactly described in [5] . The orientation averaging has been approxi mately 
perfonned by the Krieger-Nelkin procedure [6] , whi ch i s  applicable to the most 
general case of anisotropy of intramolecu] ar vibrati ons [7] . 

Based on the above assumpti ons the following expression for double di f­
ferential cross section of the thennal neutron scattering on the hydrogen atom 
n_Ufleus of polyethylene is deri ved: 

a(Eo-+E .v}  =k = �2 <A> 1 12exp{- [tlm +m + I x eh(�}] } 
2 n o q=t q 

8 +oc +co +a> 
• J l ' l - l ' IR.

(x1) Im(x2
) In (x3)exp(- &,..(e:-DJ.)

2) .  { 2 }
J= 1  R.=O m=O n=O a 

The defini tion of physi cal quanti ti es used in  expression {2) 1 is given in 
reference [5] • 
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2 . ANALYSIS OF THE RESULTS OBTAINED
Applying expression (2) for twenty-eight incident neutron energies

E0£ [1 meV, 1 eV] , double and single differential scattering cross sections , 
as well as total cross sections , for the thermal neutrons , of the hydrogen 
atom nucleus of polyethylene, have been calculated .  For the incident neutron 
energies E

0
=0.002 eV and E

0
=0 . 5  eV , in Figs . 1 a  and 2a the dependence of double 

differential scattering cross sections a(E0-+£ ,v) versus E has been presented, 
for the following three values of the cosine of the scattering angle v=-0 .93727, 
v=O and v=0 . 93727. Both figures clearly show highly pronounced quasielastic 
peaks , when the thermal neutron is forward scattered. From Fig . 1 a it can be 
concluded that the phonon · destruction of the lowest energy w3=0 .09 eV shows a
weak dependence on a scattering angle . This property is valid for every 
E0£ [0 . 001  eV, 0 . 01 eV] , and with the increase of the incident thermal neutron 
energy it quickly vanishes . From Fig .2a it can be concluded that the quantum 
inelastic effects of the creation and the destruction of polyethylene phonons , 
as well as quasielastic peaks , occur at pronounced forward scattering .  Quantum 
inelastic effects show this property only when E0e: [0 .01 eV , 1 eV] .

For the same incident thermal neutron energies , the dependence of dif­
ferential cross sections a(E0..e:) on the scattered energies has been shown in
Figs . 1 b  and 2b . These figures clearly show the effects of the creation and
the destruction of polyethylene phonons , as well as highly pronounced quasi­
elastic peaks . Fig . 3  shows the dependence of total cross section of the inci­
dent thennal neutron energy . The evaluated values of total cross sections are
in good agreement with the Armstrong experimental values [BJ .
3 .  CONCLUSION

The results obtained clearly show quantum inelastic effects of the crea­
tion and the destruction of polyethylene phonons, as well as highly pronounced 
quasielastic peaks . For all twenty-eight incident thermal neutron ener2ies stu­
died the quasielastic peaks occur at pronounced forward scattering ,only when 
E0e: [0 .001 eV , 0 .01 eV] , then the phonon destruction of enerov w3=0 .09 eV shows 
·a weak dependence on a scattering angle . T�is property quickly vanishes with 
the increase of the incident thermal neutron energy . 
4 . REFERENCES
[t] A. C . Zemach and R.J . Glauber,  Phys.Rev. 1 01 { .1 956) 1 1 8 .  1 29 . 
(Z] D . T . Goldman and F . D . Federighi , Proceeding IAEA conference 11I'nel astic scat-
[3]

tering of neutrons in solids and liquids11
, Vienna l 963, pp . 389 . 

M .S .Ne1 kin , Phys . Rev. 1 1 9  {1 960) 741 . 
[4] G. T . Kirouac, et . al. , Rensselaer Polytechnic Institute Progress Report for

October-December 1 964, and January-March , 1 965 . 
[5] M . I .Markovif , Nucl .Instrum.Meth . ,  1 95 { 1982) 597 . 
[6] T . J . Krieger and M .S .Nelkin Phys .Rev . 1 06 ( 1 957) . 
[7] M . I . Markovif , J .Phys .B :  1 974 L 305 . 
[8] S . B .Annstrong, Nucl .Sci . Eng . , 23 (1965) 1 92 .

64 




