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Abstract The coherent vers ion  o f  the Renormalized Mul t ip le-Centre Poten- 
t i a 1  Model (RMPM) has been extended t o  t r e a t  the e l a s t  i c  sca t te r i ng  o f  
low energy e lec t rons  by H 2  molecule. I n  the  present study, the Intramol- 
ecular  Mul t i p l e  Scat te r ing  (MS) e f f e c t  has a l so  been included. The com- 
par ison against  the experimental data shows tha t  the i nc lus ion  o f  the MS 
improves s i g n i f i c a n t l y  the agreement w i t h  experiment. The extension o f  
the present method t o  study' electron-polyatomic molecule i n te rac t i on  i s  
a l so  discussed. 

1, INTRODUCTION 

The e lec t ron  sca t te r i ng  by gaseous atoms and molecules has been 

a subject  of considerable t heo re t i ca l  and experimental i n v e s t  i g a t  i o n s  
1 - 3  

dur ing  the  past decades . 
P a r t i c u l a r l y  i n  the low impact energy region (below the f i r s t  

i on i za t i on  threshold) ,  considerable progress has been made. In  t h i s  en- 

ergy range on l y  few reac t i ve  channels a re  open and there fore  soph i s t i - 
cated ab initio formulat ions are computat ional ly  feas ib le ;  hence, they 

have been wide ly  app l ied  t o  study e lec t ron  l inear-molecule and e lec t ron-  

-atom s c a t t e r i  ng successful 1 y4 ' 5 .  

Neverthel ess , even i n the  low energy range the study o f  c01 1 i s ion 

processes by.ab initio methods i s  very expensive i n  computer t ime and 

there fore  a formidable computational e f f o r t  w i l l  be required t o  extend 

these theo re t i ca l  methods t o  an energy range above the f i r s t  i on i za t i on  

threshold.  This f a c t  d r a s t i c a l l y  l i m i t s  the ove ra l l  a p p l i c a b i l i t y  of ab 

initw methods . 
On the  o ther  hand, m d e l  po ten t i a l  approaches have beenproposed 

t o  study the electron-molecule in terac t ion ,  p a r t i c u l a r l y  i n  the i n t e r -  
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mediate and h igh  eriergy range. Among them, the coherent vers ion  o f  the 

RMPM (~enormal  ized Mu l t i cen t re  Potent ia1 Method) , proposed by Lee and 

 reit tas^-^ has been appl ied t o  ca l cu la te  D i f f e r e n t i a l  C ross  S e c t  i o n s  

(DCS; f o r  e l a s t i c  and v i b r a t i o n a l l y  i n e l a s t i c  processes i n  e1 e c t r o n -  

-molecule c o l l i s i o n s  a t  intermediate energies. 

The RMPM formal ism was extended (Ja in  e t  a ~ ~ " \ n d  Bote1 ho e t  

a2"'12) by the inc lus  ion o f  the intramolecular  Mul t i p l e  Scat ter ing (MS) 

e f f e c t s  i n t o  the electron-molecule c o l l i s i o n  dynamics. Results from the 

RMPM and RMPM-MS ca l cu la t i ons  a re  encouraging when compared aga ins t  ex- 

perimental measurements and other t heo re t i ca l  data. 

I n  the  present paper the a p p l i c a b i l i t y  o f  the RMPM-MS approach 

i n  the low energy range i s  inves t iga ted through the study o f  the  elec-  

tron-Hydrogen molecule sca t te r i ng  a t  7-15 eV impact energies. 

The RMPM theory has al ready been described i n  d e t a i l  by Lee and 
6- 8  

Fre i t as  and the general formulae f o r  the cross sect ions w i t h  the i n -  

c l us ion  o f  the Mul t ip le- Scat te r ing  terms can be found i n  a r t i c l e s  o f  

Hayashi and ~ u c h i t s u ' ~  and Ja in  and Tayal14. 

I n  sec t ion  2 we b r i e f l y  present some o f  the  RMPM fundamental 

equations and i n  sec t ion  3 our r e s u l t s  and conclusions w i l l  be reported. 

2. THEORY 

I n  the  o p t i c a l  p o t e n t i a l  model the e f f e c t i v e  electron-molecule 

i n t e r a c t i o n  po ten t i a l  can be w r i t t e n  as 

where 

polar  

t i a 1  . 

VSt, VEx and V a re  respect ive ly ,  the s t a t i c ,  exchange  and 
pol 

i z a t i o n  con t r i bu t i ons  t o  the electron-molecule i n t e r a c t i o n  poten- 

I n  the  RMPM approximation the  s t a t i c  con t r i bu t i on  i s  g iven by: 

w i t h  

296 
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where Za i s  the atomic number o f  the a ' t h  atom i n  the molecule Ca i s  a 

charge renormal i z a t  ion constant and pa i s  the  e1 ec t ron ic  charge gener- i 
ated by the  i - t h  occupied molecular o r b i t a l .  i s  a non-spherical par t  

o f  the po ten t i a l  resu l  t i n g  from the delocal  i z i n g  o f  the e lec t ron i c  charge 

dens i ty  (due the format ion o f  chernical bonding) and belongs t o  the  same 

po in t  group symmetry o f  the molecule. Therefore, i n  the  RMPM formalism 

a11 the terms i n  equation (2) can be generated from the molecular wave- 

func t ion .  

I n  the  present work the p o l a r i z a t i o n  po ten t i a l ,  V isassumed 
pol 

t o  have the  ad iabat ic  form proposed by Henry and ~ane" .  

F i n a l l y  the c o n t r i b u t i o n  o f  the exchange e f f e c t  i s  included 

through the energy-dependent free-electron-gas approxímation suggested 

by   ara'^. 
The ~ o s e n "  Hydrogen mo1 ecul e wavefunct ion was used t o  generate 

the charge dens i ty  C l i s t r i bu t i on  which i s  needed f o r  the s t a t i c  and ex- 

change po ten t i a l  ca lcu la t ions .  

A par t i a1  wave ana lys is  was performed t o  eva l ua t e  t h e  phase- 

- s h i f t s  and the DCS was obtained i n  the  framework o f  the Ad i a b a t  i c  

Nuclei Approximation, as discussed i n  our ea r l  i e r  papers. 

As the  DCS experimental data a re  not  r o t a t  i o n a l  1 y and v i - 
b r a t  iona l  l y resolved, our theore t  i c a l  values were obta ined by performing 

the summation over a l  l the r o t a t i o n a l  and v i b r a t i o n a l  l e v e l s  o f  the  

hydrogen molecule through the tec'hnique o f  c losure,  which leads t o  a f i -  

nal  DCS values averaged over the o r i en ta t i ons  o f  the molecule. 

3. RESULTS AND DISCUSSION 

I n  f i gu res  1-3 our present t heo re t i ca l  resu l  t s  a r e  compared 

against  absolute experimental measurements o f  Shyn and Sharp '' and 

Nishimura e t  a v 9 .  

One can observe tha t  the  agreement between theoret  i c a l  and ex- 

perimental r e s u l t s  improves as the e lec t ron  impact energy increases.The 
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Fig.1 - E l a s t i c  D i f -  
f e r e n t i a l  Cross Sec- 
t i o n s  (DcS) f o r  Elec- 
tron-Hydrogen Moi ecul e 
Sca t t e r  i ng .- RMPM+MS; --- RMPM; A Exp. Shyn 
and sharpl'. 
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Fig.2 - E l a s t i c  D i f -  
f e r e n t i a l  Cross Sec- 
t i o n s  (DCS) f o r  Elec- 
tron-Hydrcgen Mol ecul e 
Scattering.-RMPM+MS; 
--- RMPM; A Exp. Shyn 
and sharpl'; e Exp. 
Nishimura e t  a219. 
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SCATTERING ANQLE DEG. 

Fig.3 - E l a s t i c  D i f f e r e n t i a l  Cross S e c t  i o n s  
(DCS) f o r  Electron- Hyd r o g e n  Mo1 e c u l  e Scat- 
te r ing .  - RMPM+MS; A Exp. Shyn and sharpl'; 
e Exp. Nishimura e t  a219. 

inc lus ion o f  intramolecular mul t i p l e  sca t te r i ng  e f f e c t s  s i g n i f  i c a n t l y  

improves our ca lcu la ted DCS. A s im i l a r  achievement was a lso  found in the 

ear l  i e r  work o f  Botelho e t  a?!" and Lee e t  a2 l2 .  

tiowever, approaching the low energy i i m i t ,  our theory i s  not  

ab le  t o  reproduce the experimental DCS a t  la rge sca t te r i ng  angles. 

This discrepancy can be a t t r i b u t e d  t o  the f a c t  tha t ,  i n  the 

present work, higher terms i n  the mu l t i po le  expansion o f  the non-spheri- 

ca l  p a r t  o f  the  electron-molecule'interaction po ten t i a l  were neglected 

and probably a l so  due t o  the t runcat ion o f  the intramolecular M u l t i p l e  

Scatter ing ser ies,  which has been included i n  the present work on ly  up 
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t o  second order (double scat te r ing)  . The con t r i bu t i ons  o f  the h igher 

order terms might  be s i g n i f i c a n t  a t  lower energies. 

An o v e r a l l  ana lys is  o f  the present r e s u l t s  clearlydemonstrates 

the need o f  in t roduc ing Mul t ip le- Scat te r ing  e f f e c t s  t o  ob ta in  the DCS 

i n  agreement w i t h  experimental data. 

The good agreement between our t heo re t i ca l  DCS w i t h  the exper- 

imental data i n  a wide range o f  sca t te r i ng  angles ( 0 - 1 0 0 ~ )  i s  i n d i c a t i v e  

o f  a poss ib le  appl i c a b i l  i t y  o f  the RMPM-MS approach i n  t h e  study o f  

electron-molecule sca t te r i ng  a t  low energies. 

P a r t i c u l a r l y ,  a poss ib le  extension o f  the present formal ism t o  

inc lude e lec t ron  sca t te r i ng  by non- l inear molecules i s  a l s o  encouraging. 

I n  these cases, cor rec t ions  t o  take i n t o  account h igher terms i n  the 

m u l t i p o l e  expansion o f  the electron-molecule i n t e r a c t i o n  po ten t i a l  and 

re la ted  con t r i bu t i ons  t o  the intramolecular  M u l t i p l e  Scat te r ing  e f f e c t s  

could be included through the distorted-wave approach. 

Another important quest ion t o  be inves t iga ted i s  connected t o  

the f a c t  tha t ,  a t  low energy the c o l l i s i o n  process i s  more sens i t i ve  t o  

the d e t a i l s  o f  the po ten t i a l  sur face and consequently t o  the q u a l i t y  o f  

the wavefunction used t o  generate the molecular charge dens i ty .  

These inves t iga t ions  a re  i n  progress and w i  1 1  be  r e p o r t e d  

l a t e r .  
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Resumo 

A versão coerente do Modelo do Potencial M u l t i c ê n t r i c o  Renor- 
mal izado (MPMR) com a inclusão do Espal hamento intra-mo1 ecul a r  ( E  I )  é 
extendida para o estudo do Espalhamento e l á s t i c o  de e lé t rons  de baixa 
energia pela molécula de H2. A comparação com as medidas experimentais 
mostram que a inclusão do E l  melhora sensivelmente a ccncordância en t re  
os resultados calculados e experimentais. A poss ib i l idade do presente 
método ser extendido ao estudo da interação de e lé t rons  com m o l ~ c u l a s  
pol iatômicas é tambem d iscut ida .  


