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r-\ *.e e las t i c  scattering of electrocs by :;i has been stuclled 
=I 
e 

together wit3 t'ae pure v f i ra t io ra l  excitstion (rotaational levels are 

not resolvc2). Rn~clax- distrfiutions of the elas t i ca l ly  ncd x.clas - 
t i c s l l y  scattered electrons causing t.~e fu~daraen'tal and f i z s t  and 

s e c o d  overtoce excitations have jeen c e a s ~ r e d  i n  the 8' t o  80' range. 

Cer-ain as_?ects of the ex?erL:e:.tal proceZures acd Yne angular be:?avior 

of soae of t3e inelast ic  to  elast ic  scattering intecsity ratios (3.) 

a t  7 an& 60 eV 5inrl1)act energies are presented here. 

Tze expzrkental 3rocedu-e consists of scattering an energy 

se lec te i  electron t e a  by a szat ic  low-aressure Ea tzrget gas a:.8 

r;ers;l--irz t';e sca tbred  sign& Ia te rs i t i es  a t  fixed electron in?act 
<-- 

e r s r d e s  (3) a& s c a t t e r i w  a r ~ k s  (6)  as a function of eeersy-loss. 

Da? "4 t se  w& ioelast ic  s i g d  Icteosities a long :,ttegration time i s  iecuired 

+to ackieve zideqwte zignal-'&-noise ratfos a d  the experimental conriitior; 

c0rrespsr.L:~~ '2 ,?easi;-acz*& a t  cliifercnt angles acC encr,nies arc ;o.xc- 

u';zt &ifferert. 3% q ~ ~ t i t y  Vait 0r.e can extract fro;, Ccesc neasure~ents 

.. u?kk is L c a r  s;lj;ect t o  experizer.ta1 urcer'vzizties i s  R and i ts  angular 

dexrderxe a t  differer t  erisrgies. 7igure 1 shows t'ne rzt io  3, of the 
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scattered signal intensity a t  an energy-loss correspocding to the excitati 

of the fundamental vibration to the signal intensity of the elastic peak 

a t  incident energies of 7 and 60 eV. The individual points are experi- 

'mental values. The curves are ca lcu l~ ted  i n  the Born approximation 

. with s t a t i c  and polarization potentials which take'account of the non- 

spherical nature of the molecule and with exchange included i n  the 

Ochkur-Rudge &proximation. me  calculation i s  discussed in more de ta i l  

elsewhere. The ratios fo r  excitation of the second vibratLonal s ta te  

have been determined wit'n less  accuracy. They are about ten times snaller 

bu€ hzve approximately the sane angular dependence as the ratios 3 .  

. =I. 

The elast ic  different ial  scattering cross sections (DCS) have 

been determined under identical experimental conditions i n  arbitrary units 

and a t  7 eV nonna?.ized to the absolute scale by using the to ta l  scatterirq 

cross' sections of Golden, Bandel and salerno.' The shape of elast ic  C$S 

2 curve agrees very well with the experimental curve of Ehrhardt, e t  al., 

,From the intensity ratios and from the elast ic  DCS the inelastic GCS 

have also been obtained i n  absolute scale. Extrapolation 05 the DCS to  0' 

and to 180' yields an integrated cross sgction for  the fundmental 

vibrational excitation of 0.61 a: (& 440, including an es'iina'ie of the 

extrapolation error) as coffipared to that of 0.76 a: 02 Ehrhardt, e t  al., 

I The vibrational excitation DCS a t  60 eV has a ninhlzil a t  30' and r ises  

t o  a p l a t e a ~  a t  50' -80'. , 
t l  r. ... Measurements carzied out a t  different scattering angles corres- 

pond to different ( A  d n)eff (explained below) and cannot be directly 
. . 

Conpared even when other ex erimental conditions (target density, beas 
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ii.ee:.si:y, 5-stri-..cr.z eI'Clc:ency, dzc. &'t the 32112. ?LC uzual cz;jrcs- 

s ions  reLiL:< cross scci.ior.s zr.2 scatzered s i g c a l  i n t ens i t i e s  cor.tain 

tke  -t:; Ie-zc:? i n  an ovezly sL:.?l;SeL iray. I n  a  realist;^ ei:perLxent, 

ooc ;;.-.:: c irtr~s r.l;&cr of :.-.r;mt. pnrt. io3ns rlist.rihit!:nrl o v o r  l.:;n zcntt.,nr-i.ng 

1 vo2cie an2 r 3a2.z c o c t a i n i a ~  zany electrans wit:? sose kin2 of er.er,y sc2 

s c a t z e r i : ~  evezts v s o c i a t e Z  with Cif ferez t  ?ask lengths, cross 

s ec t to r s  az8 soXd  ar&es 02 ietecclon. 0r.e can def ise  orLy an ef fec t ive  

t ke  acz%ze-i-:q a q k  a-8 :?= t o  be 1cnwn.n ?or absolute JCS Ler;er.s.icsatiot 

(or its r e k t 2 v e  vaaue as a f i l x t i o n  0:' s cz t t e r ing  angle has t o  32 kcoirz 

3 e v i o - i  cal.cOtio:s of (2 2 R)eff involved s i s p l i f i c a t i o r . ~  as2 

azgdr  t ep rLence  of 1 a r i / o r  G. The e f f e c t o f  a nore rigorous t r ea t -  

aezz is tesc-"* - ~ o e d  hers. Circular apertures define the  be22 cone and 

s h i k r l y  z p r t u r e s  and P. define the  view cor,e (see Fig. 2). 
,, 

Scsccere8 s i g d  ccin be detected fro= the  vol.ri'*,e le f ined by ti,e surfaces 

o f  tkese two itizersecti- cones. 3 s  incczisg electron b e a ~  dess i ty  

bist.zij;=ioc is regresested Sy a Gaussiar. function k v i n g  i t s  maxLx~f 

Cerslcy i l a c g  t:ze coze w-5s. % each VOLT& eleaes t  within the scatter:ng 

v o k e  a ::ai~:-.tisg :actor i a  assigr.ei w?.r:-.',c:? i s  cor:.>osed o-2 three factors:  

(rj zke eleczro:. be= l e r ~ i t y  a t  e i ~ t  v o 2 a e  elec,e:.t, (b) the  so l id  angle 

sL3terdeC by zke detec tor  a t  =:-,at voluze eleaent,  ark (c) the agarogriate 

CO-"-.-+ -.rc+.i~~ Zor t:?e cianee of DCS w:th er.zle within <:a cose. The 

..,.reiG:'i3i va:c:.s ilexenzs i:'e 'i:;an ir,tc::-~';ed over X-.s sc;ttorLcz v o l . ~ e .  

("te ~1.7.1.~~ 35 :~i;ecrztloz zre  &c'iezr.lr;i.8 by %he eqai'c:or.s of t?.@ coce 

su:.;'zces. ) y:-is i n t ez ra l  i s  Sy cle"'-'--' , , , ,LuL~n ~rogor';ior,al LO ( 2  6 1) e l f  

ace i s  r j x a ~ i z z 2  t o  usicty a t  ga* ;'or ~ e l a z i v e  X S  2eterr.Lr.ii~lon and 

sec i ion  constant over the whole s ca t t e r i cg  volme the icl;ccral i s  

ir,versoiy 2ropo'rtionsl t o  s i n  6. The e z c r ~ y  de~endence of the X S  ar,d 

Cnnr energy s_orend of the electron be= were nenlected. T%e in tegra t ion  

was tru-cated a t  2 e i n  the  bear. cone. The sca t t e r i sg  geozetry f o r  Cze 
B 

case consi2ered here: e = a = P ,  s = 3.89 ca, sv = 0.98 c2, B v 3 

DL, = 0.89 cm, and A,, = Aa = 0.038 ca. ' i s  the  bea.3 cose angle >i.'iere 
e, . 

r a d i i  of c3.e e x i t  apertures;  f o r  t he  CefLnition of 'i%e other quznti t ies,  

see Pig. 2. Figure 3 shows .t:?e e r ro r  ($) i n t r o h c e d  i n t o  the  DCS by 

using s i n  8 ics tead of the  inverse (a d correction f o r  the  variocs 

cases 01 ~(8). The e r ro r  ' i s  defined as  

PKcer. DCS a r e  deternine8 f r ax  exper inentd  rlata, tbe  &-oceCu=e f o r  f i z d i r z  

a be t t e r  X S ( ~ )  can be CetersizeC, arid s o  on. 

Eere wa 80 calculetions designed t o  t e s t  t';e e r ro r  i ~ r 0 6 u c a d  

by using an i a p o a e r  s ca t t e r ing  lengkluh cor-ection. :n zhese calculations 



.a gaessed ~ ~ ~ ~ ~ ~ ( 6 )  i s  used ( in  s tep C above) t o  compute th2 (2 d 

correction without iterating, and we deternine what error this w i l l  

cause i f  the actual DCS is a given dif5erent one G (8). The cecu-  actual 

h t i o n  shows that fo r  this  scattering geometry an6 for a c u e  where 

. ~ a o ~ ~ ( B ) . =  10").0322 (Ha elast ic  DCS a t  60 eV) one introduces a 4 6 ,  

1b$, or la error i n  the DCS a t  10' by using a s in 8 correctioc, a 

(I d a ) s P  coriection with uguess(8) = 1, or a ( A  d n ) k ,  correction 

with 5guess 
(e) = 10-0.0122 (H, elast ic  DCS a t  10 eV), respectively. 

Relatively large (but not uoreaso;lable) cone angles have been 

co&i&ered here co i l lus t ra te  the h-rtance of the proper paYn Length 

... - correction. The errbrs introduced into the DCS a t  lo-rr scattering angles 

nran be significant even for  very s l ight ly diverging beems. 

i r e  . Vibrational excitation t o  elastic s c a t t e r i r ~  i ~ t e r s i t y  ratios 

+ t  7 acd 60 itV inP3act energies. 

FLgure 2. Scattering geaxetry. Dzshcd l lnes  draa8n t:?~p'ih the axes of 

the ';ear2 and view cooes define t'ne n o s i ~ 5 1  sczcteri:, angle a. 

9. w e  3. Error ($) ictroCucee8 into t'ae DCS by rising (sin 8) instead of 
/ .-- 

(A' d correction ,"or V ~ ~ L O C S  ~ a s ~  'of. ~ ( 8 ) .  












