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The interaction of neutral  atoms and molecules  with solid surfaces  at energies  f rom thermal  to a few 
electron volts has been studied very little, as often noted in the l i terature  [1]. 

In exper iments  repor ted  in [2-4] ,whiehencompass  the energy range indicated, only the angular d is t r ibu-  
tions of the intensity of the sca t te red  atoms were studied; their velocities were not measured.  Measured veloc-  
ities are  given in [5] but they have too large a spread to enable any definite conclusions to be drawn. Data on 
the effect of a layer  of adsorbed gas on the angular distributions of intensity and velocity are also lacking. 

We repor t  on experimental  studies of the scat ter ing of 0 .15-1.8- eV argon atoms f rom a germanium su r -  
face for  var ious states of an adsorbed layer .  Based on the angular distr ibutions of the intensity and the aver -  
age velocity of the sca t tered  atoms,  es t imates  were made of the energy accommodation coefficients.  Where 
possible compar isons  were made with cur ren t  simple models of the interaction of atoms with solid sur faces .  

The experiments  were per formed in a vacuum chamber  with a gasdynamic molecular  beam source  at a 
res idual  gas p r e s s u r e  of ~ 5" 10 -s mm Hgo The experimental  a r rangement  and the signal s torage  sys tem are 
descr ibed in [6]. Argon atoms were accelera ted  in A r - H e  and A r - H  2 mixtures  to energies  of 0.2 to 1.8 eV. 
The Ar component was separated f rom the mixture by recording excited Ar* atoms formed in the bombardment  
of the molecular  beam by a t r ansve r se  beam of e lect rons .  A secondary-e lec t ron  mult ipl ier  was used to detect 
the excited atoms~ The p a r a m e t e r s  of the sys tem for  exciting and recording Ar* atoms were chosen so that 
the main contribution to the recorded signal came f rom Ar* atoms [7]. The molecular  beam was modulated 
with a mechanical  chopper  for  t ime-of-f l ight  measurements  of the pa ramete r s  of the p r imary  and scat tered 
beams.  To decrease  the e r r o r  in the determination of the velocity each measu remen t  was per formed twice 
fo r  opposite direct ions  of rotation of the chopper. 

The chemical ly  polished (111) surface of a single crys ta l  of Ge was used as a target~ The distance f rom 
the target  to the center  of the excitation region, which was 20 mm wide, was 100 ram; the distance f rom the 
target  to the f i r s t  V~U dynode was 200 mm,  and the angular resolution of the de tec to r  was ~ 2.5 ~ 

The resul ts  were obtained in the form of angular distributions of intensity (scattering patterns) and the 
average velocity of the sca t tered  beam. The amplitude of the t ime-of-f l ight  signal was used as a measure  of 
the intensity, and the average velocity (energy) was determined f rom the position of the maximum of the signal. 
All the measurements  were per formed in the plane passing through the axis of the incident beam and the no r -  
mal  to the target~ The angle of incidence /3 and the angular position 3' of the detector  were measured  f rom the 
normal .  

The accelera t ing gas used in the experiments  w a s  H 2 or  He. Originally, the preference  was given to He, 
since it was assumed that the chemical ly more  active H 2 would be bet ter  adsorbed on the target  and would dis-  
tort  the scat ter ing pattern f rom the clean c rys ta l .  During the experiments ,  however,  it was found that the na- 
ture of the scat ter ing for  the same Ar energy did not depend on whether an A t - H e  or  A r - H  2 mixture was used. 
T h e r e f o r e ,  H 2 was mos t  frequently used as an accelerat ing gas since a higher  Ar energy was reached with it. 
In addition, the signal f rom e x c i t e d  H2* was considerably lower than the signal f r o m  He*, and at least two 
o rde r s  of magnitude lower than the Ar - H  2 mgnal. This enabled us to neglect the contribution of the acce le r -  
ating gas to the total signal f rom the mixture.  

The scat ter ing of Ar f rom a germanium surface was studied at target  tempera tures  T T = 20 and 600~ 
These  cor respond  to different  s tates  of the adsorbed layer :  at 20~ the target  is covered with an adsorbed !ay- 
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e r ,  while at  600~ the adsorbed l a y e r  e x e r t s  a negl ig ib le  effect  on the sca t t e r ing  pa t t e rn  f rom a c lean  ta rge t .  
This  conclusion was b a s e d  on a study of the s c a t t e r i ng  of t he r m a l  b e a m s  of Ar and He [6] f rom germanium for  
va r ious  TTo In p a r t i c u l a r ,  i t  has  been  e s t ab l i shed  that the shape of the s c a t t e r i ng  pa t t e rn  changes f rom diffuse 
at 20~ to lobu la r  at 400~ 

A compar i son  of these da ta  with the r e s u l t s  of o the r s  (e.g. ,  [8]), in which Auger  spec t ro scopy  and low- 
energy e l ec t ron -d i f f r ac t i on  techniques  were  used  to moni to r  the s ta te  of the su r f ace ,  shows that  diffuse s ca t -  
t e r ing  at T T = 20~ i s  due to the p r e s e n c e  of an adsorbed l a y e r ,  while lobu la r  s ca t t e r i ng  at 600~ c o r r e s p o n d s  
to a ta rge t  without an adsorbed  l a y e r .  The des t ruc t ion  of the adsorbed l a y e r  occurs  at lower  T T (300-500~ 
also,  but the t i m e  to r e a c h  a s t a t i ona ry  s c a t t e r i n g  r e g i m e  for  T T < 500~ is  r a t h e r  long (~ 1 h). The re fo r e ,  
we c leaned the s u r f a c e s  by heat ing them to 600~ at this  t e m p e r a t u r e  the t ime to reach  a s t a t iona ry  r eg ime  
was a few minutes .  

The s ca t t e r i ng  p a t t e r n s  obtained fo r  T T = 20~ fo r  va r ious  beam e n e r g i e s  E 0 show that as E 0 is  i n c r e a s e d  
the s c a t t e r i n g  does not become comple te ly  diffuse bu t shows  an app rec i ab l e  lobu la r  component in a d i r ec t ion  
between the s p e c u l a r  beam and the t a rge t  s u r f a c e .  As E 0 i s  i n c r e a s e d  the r e l a t i ve  value of the lobu la r  compo-  
nent in the pa t t e rn  i s  i n c r e a s e d ,  and i ts  max imum is  d i sp laced  toward the s u r f a c e .  

The angular  d i s t r ibu t ions  of the ave rage  ve loc i ty  v(T ) depend c r i t i c a l l y  on E0o F i g u r e  1 shows cu rves  for  
va r ious  values  of E0: 4) 0.18 eV; 2) 1.4 eV fo r  T T = 20~ and fl = 45 ~ F o r  s m a l l  E 0 cor responding  to a diffuse 
s ca t t e r i ng  pa t t e rn  the value of the average  ve loc i ty  i s  p r a c t i c a l l y  the s ame  for  all angles .  A pronounced d i f f e r -  
ence f rom a uni form d i s t r ibu t ion  begins  to appear  fo r  E 0 > 0.3 eV. 

We e s t i m a t e  the lo s s  of energy  of Ar  a toms s ca t t e r ed  in var ious  d i r ec t ions  by using the d i f fe ren t ia l  a c c o m -  
modat ion  coeff ic ient  a (~/), 

---  [ , , ;  - (v)] - d ] ,  

where  v 0 is  the ave r age  veloci ty  of the inc ident  a toms,  v(y) is  the average  veloci ty  of the s c a t t e r e d  atoms and 
depends on d i rec t ion ,  Vp = ~/2kTT/m is  the mos t  p robable  veloci ty  cor respond ing  to the ta rge t  t e m p e r a t u r e  TT, 
and m i s  the m a s s  of an Ar  atom. Two values  of c~ we re  de t e rmined :  c< m for  the d i rec t ion  co r respond ing  to 
the max imum of the s ca t t e r i ng  pa t t e rn  and an  co r re spond ing  to the no rma l  to the t a rge t .  Curves  1 and 3 of 
Fig .  2 show the dependence of a n and a m on E 0 fo r  fl = 45 ~ and T T = 20~ N e a r  the normal  to the t a rge t  a(T)~ 
1 for  a l l  E0, and the s ca t t e r i ng  p a t t e r n s  for  T < 20~ a re  c lose ly  d e s c r i b e d  by cos  T. It follows f rom this 
that c lose  to the no rma l  d i r ec t ion  the Ar  a toms a re  s c a t t e r e d  di f fusely .  Consequently,  at l e a s t  f o r  a qual i ta t ive  
explanat ion of sc~ : t e r ing  phenomena,  we a re  jus t i f i ed  in dividing the s c a t t e r i ng  into diffuse and lobu la r  compo-  
nents  with d i f ferent  accommodat ion  coef f ic ien ts  a m  and ano 

F o r  T T = 600~ andfl = 45 ~ lobu la r  s c a t t e r i n g  pa t te rns  with a negl ig ib le  diffuse component are  found fo r  
a l l  E0o Curves  3 and 1 of F ig .  1 show v as a function of T for  E 0 = 0.40 and 1.7 eV, r e s pe c t i ve l y .  It is  c l e a r  
that for  sma l l  E 0 there  is  a max imum of the ve loc i ty  in the d i r ec t ion  of the max imum of the sca t t e r ing  pa t te rn .  
F o r  E 0 > 0.5 eV there  is  no such max imum and the veloci ty  cons tant ly  i n c r e a s e s  as the de tec to r  is  d isp laced  
toward  the t a rge t  s u r f a c e .  

Curves  2 and 4 of F ig .  2 show the dependence of c~ n and a m on E 0 fo r  T T = 600~ and fl = 45 ~ The r e l a -  
t ive ly  l a r g e  s p r e a d  of points for  am(E0) is  due to the s m a l l  d i f ference  in t imes  of flight of the d i r e c t  and s c a t -  
t e red  beams .  The value of a n  i s  c lo se  to unity as i t  is  for  T T = 20~ This  means  that even in this case  there  
is  a diffuse component  in the s c a t t e r i n g  pa t t e rn .  

The d i f fe rence  in the values of a m fo r  T T = 600 and 20~ can be explained by the following model  of the 
in t e rac t ion  of Ar a toms with a t a rge t  covered  by an adsorbed l a y e r .  We assume that an incident  atom f i r s t  
co l l ides  with one adsorbed  p a r t i c l e  and l o s e s  p a r t  of i ts  energy  and then is  s c a t t e r e d  f rom the su r face  of the 
l a t t i ce ,  losing the s a m e  f rac t ion  of i ts  ene rgy  as in s c a t t e r i ng  f rom a clean su r f ace ,  i . e . ,  at  T T = 600~ We 
c o n s i d e r  a co l l i s ion  of an incident  and an adsorbed  p a r t i c l e  under  the following assumpt ions :  1) both p a r t i c l e s  
a re  s t r u c t u r e l e s s ;  2) the adsorbed p a r t i c l e  is  f ree ;  3) the veloci ty  of the incident  p a r t i c l e  before  col l i s ion  is  
much l a r g e r  than the ve loc i ty  of t he rma l  motion of the adsorbed pa r t i c l e .  Af te r  co l l i s ion  with an adsorbed  
p a r t i c l e  an atom of Ar  has  an energy  [9] E i = (1--})E0, where } = 2 m m l / ( m +  ml) 2, m is the m a s s  of the incident  
a tom, m i i s  the m a s s  of the adsorbed p a r t i c l e ,  and E 0 i s  the energy  of the incident  atom. After  sca t t e r ing  f rom 
the c r y s t a l  t a rge t  with an energy  accommodat ion  coeff ic ient  a m the energy of the s c a t t e r e d  atom is  

E = Eo(i - - U ( i  - - ~ )  + ~,~E,, 
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w h e r e  E s i s  the e n e r g y  of a t o m s  s c a t t e r e d  in e q u i l i b r i u m  with  the t a r g e t  t e m p e r a t u r e  T T.  The  e f f ec t i ve  a c c o m -  
m o d a t i o n  c o e f f i c i e n t  o~' f o r  s u c c e s s i v e  i n t e r a c t i o n s  of  an A r  a tom with a n  a d s o r b e d  m o l e c u l e  and with the t a r g e t  
h a s  the  f o r m  

~z' = (Eo - -  E ) / ( E o  - -  Es) = [I - - (1  - -  })(1 - -  a~)  - -  a m E s E o l / ( l  - -  E s E o ) .  
(1) 

The  a d s o r b e d  l a y e r  can  c o m e  f r o m  the A r  g a s  u n d e r s t u d y ,  the He o r  H 2 u s e d  as  an a c c e l e r a t i n g  g a s ,  o r  
the  r e s i d u a l  g a s  in the work ing  c h a m b e r ~  A c c o r d i n g  to [10], He i s  h a r d l y  a d s o r b e d  on g e r m a n i u m  at T T > 25~ 
and H 2 i s  v e r y  w e a k l y  a d s o r b e d .  The  m a s s  s p e c t r u m  of  the r e s i d u a l  gas  has  the  fo l lowing  c o m p o n e n t s  in o r d e r  

o f  d e c r e a s i n g  p e a k s :  H20 , CO, N2, CO2, etco It  fo l lows  f r o m  [9] that  CO and N 2 a r e  h a r d l y  a d s o r b e d  on g e r m a n i -  
u m  at r o o m  t e m p e r a t u r e ,  and CO 2 i s  a d s o r b e d  v e r y  weakly~ 02 i s  a d s o r b e d  wel l  on g e r m a n i u m  but  t h e r e  i s  
v e r y  l i t t l e  of i t  in  the  r e s i d u a l  g a s .  M o l e c u l e s  of H20 a r e  a l so  wel l  a d s o r b e d ;  the e n e r g y  of  a d s o r p t i o n  of H20 
in the  f o r m a t i o n  of a m o n o l a y e r  i s  0~ e u  and the d e s o r p t i o n  t e m p e r a t u r e  i s  about  350~176 Consequen t ly ,  the 
a d s o r b e d  l a y e r  i s  m o s t  p r o b a b l y  c o m p o s e d  of H20 m o l e c u l e s  f r o m  the r e s i d u a l  g a s .  Th is  i s  c o n f i r m e d  by  
the  va lue  of  the  t e m p e r a t u r e  T T ~ 300-500~ at which the a d s o r b e d  l a y e r  i s  d e s t r o y e d .  

A s s u m i n g  tha t  the a d s o r b e d  l a y e r  i s  f o r m e d  of H20 m o l e c u l e s  (m 1 = 18 amu) ,  and us ing  c~ m = 0.4 fo r  a 
c l e a n  t a r g e t  ( curve  4 of  F i g .  3) we f ind f r o m  Eq.  (1) ~ '  = 0.65 f o r  an i n c i d e n t  A r  a tom (m = 40 ainu).  The  c a l -  
c u l a t e d  va lue  of oz' i s  c l o s e  to the va lue  oz m = 0.60 m e a s u r e d  fo r  T T = 20~ fo r  E 0 > 0.8 eV~ I t  would p r o b a b l y  
be m o r e  c o r r e c t  to t ake  oz m < 0.4 f o r  the  c a l c u l a t i o n ,  s i n c e  the  e n e r g y  a c c o m m o d a t i o n  c o e f f i c i e n t o n  a c l e a n  t a r -  
g e t  d e c r e a s e s  as  T T i s  d e c r e a s e d .  Th i s  l e a d s  to a c e r t a i n  d e c r e a s e  in  the c a l c u l a t e d  value  of ~ ' .  

If we a s s u m e  tha t  02 i s  a d s o r b e d  on the t a r g e t ,  oz' = 0.7,  and f o r  H2, oz '=0 .45 .  

F o r  E 0 < 0.8 eV an A r  a tom m a y  m a k e  m o r e  than one c o l l i s i o n  with a d s o r b e d  H20 m o l e c u l e s ,  r e s u l t i n g  
in  an i n c r e a s e  in the  r e l a t i v e  l o s s  of e n e r g y  of A r  a t o m s .  Th i s  can be accoun ted  f o r  by the i n c r e a s e  in o~ m f o r  
a d e c r e a s e  in E 0 f r o m  0.8 to 0~ eV f o r  T T = 2 0 ~  

We note  that  the  n a t u r e  of the  c u r v e  f o r  ~m(E0) shown in F ig .  2 fo r  T T = 20~ a g r e e s  q u a l i t a t i v e l y  ~4th 
the  r e l a t i o n  c a l c u l a t e d  in [11] f o r  the e n e r g y  a c c o m m o d a t i o n  c o e f f i c i e n t  as  a funct ion  of E 0 fo r  p a r t i c l e s  i n t e r -  
ac t ing  with a so l id  s u r f a c e  c o v e r e d  with an a d s o r b e d  l a y e r ~  

T h e  b a s i c p a r a m e t e r s  of the  s c a t t e r i n g  p a t t e r n  f r o m  a c l e a n  t a r g e t  as s func t ion  of  E 0 w e r e  i n v e s t i g a t e d  
a l so .  T h e s e  can be used  to d e t e r m i n e  the i n t e r a c t i o n  r e g i m e s ~  In [2-4] the c o r r e l a t i o n  p a r a m e t e r s  fo r  d e t e r -  
m i n i n g  the beg inn ing  of  the t r a n s i t i o n  f r o m  t h e r m a l  to s t r u c t u r a l  s c a t t e r i n g  w e r e  taken  as the p o s i t i o n  of the 
m a x i m u m  of the AT(E0) c u r v e  o r  the p o s i t i o n  of the m i n i m u m  of the  A~ (E0) c u r v e ,  w h e r e  A~/= 7 m  - fi i s  the  ang le  
by  which  the  m a x i m u m  of the p a t t e r n  i s  d i s p l a c e d  f r o m  the s p e c u l a r  b e a m ,  and A~p i s  the  width  of  the p a t t e r n  
at h a l f - m a x i m u m ,  h e n c e f o r t h  c a l l e d  the h a l f - w i d t h .  F i g u r e  4 shows A.y and A q~ as func t ions  of E 0 fo r f i  = 45 ~ and 
T T = 600~ The g r a p h  of  A.y a s  a func t ion  of E 0 shows a t r a n s i t i o n  f r o m  s u p r a s p e c u l a r  (between the s p e c u l a r  
b e a m  and the n o r m a l  to the t a rge t )  to s u b s p e c u l a r  s c a t t e r i n g ~  The  m a x i m u m  va lue  of  A-y i s  ~ 19 ~ and in the 
e n e r g y  r a n g e  i n v e s t i g a t e d  shows  no t e n d e n c y  to d e c r e a s e  with i n c r e a s i n g  E 0 as in [2-4] in the s tudy  of the s c a t -  
t e r i n g  of  A r  f r o m  the (111) s u r f a c e  of Ag. In add i t ion ,  o u r  va lue  of A 7 i s  s o m e w h a t  l a r g e r  than the m a x i m u m  
v a l u e s  A T = 5-6 ~ ob ta ined  in [2-4].  T h i s  s e e m s  to be r e l a t e d  to the l a r g e r  t r a n s f e r  of  n o r m a l  m o m e n t u m  in the 
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A r - G e  system than in the A r - A g  sys tem,  since the atomic weight of Ge (72.6 ainu) is less than that of Ag 
(108 amu). 

The graph of the half-width of the sca t ter ing pattern/xga as a function of E 0 approaches a straight  line 
asymptotically,  in contras t  with the resul ts  in [2-4] where after reaching a minimum the half-width again in- 
c r e a s e s .  This may be a consequence of the fact  that s t ructure  scat ter ing is not achieved for  the A r - G e  sys -  
tem in the range of E 0 values investigated. 

A number of experiments  on clean targets  were per formed for  angles of incidence fl = 30 and 60 ~ The 
nature of the/x ~(E0) and Ay(E0) relat ions remains  the same as for  fi = 45 ~ As fi is increased at constant E 0 
the values of Ar  and/xy decrease .  The experiments showed that as the angle of incidence is increased a n 
remains  constant,  while c~ m decreases  for  all E 0. This agrees  qualitatively with calculations given in [10]o 

Our experimental  resul ts  were compared with those given by the hard-cube model [12] and the hard-  
sphere model [13]. We chose the following pa ramete r s  for the comparison:  the half-width of the scat ter ing 
pat tern Aq~(E0), the angle of deviation of the maximum f rom the specular  direction /x 3/(E0) , and the value of 
the velocity in the direct ion of the maximum of the scat ter ing pattern Vm~ Comparison showed that nei ther  of 
these models gives a complete explanation of all the results  obtained, although the hard-cube model descr ibes  
some of the resul ts  qualitatively cor rec t ly .  

The open curve of Fig. 4 shows A'/(E0) for  fl = 45 ~ calculated with the hard-cube model. The calculated 
curve has nearly the same  shape as the corresponding experimental  curve,  although there is an appreciable 
quantitative difference between them. 

Figure  3 shows the dependence of the velocity ratio VmSV 0 on E0; points marked 1 are the experimental  
resul ts ;  curve 2 was calculated with the hard-cube model; curve 3 was calculated with the hard-sphere  model; 
v 0 is the velocity of the incident beam. Fo r  all values of E 0 the measured values Vnv/V0 are close to those cal-  
culated with the hard-cube model. Bet ter  agreement  between the measu red  and calculated velocities can be 
obtained by taking the position of the maximum of the scat ter ing pattern f rom experiment and using the ~c t  
that in the hard-cube model the tangential component of momentum is conserved in reflection. In this case Vm/ 
v 0 = s in f l / s in  "Tin, where "/m is the angular position of the maximum of the pattern~ The values of Vn~/V 0 shown 
by points marked 4 in Fig. 3 were calculated with the above formula  for  fi = 450 and are in sa t is factory agree-  
ment with experiment.  Similar agreement  is found for  fi = 30 and 60% 

We note that the half-width of the scat ter ing pattern for both models is appreciably different f rom the 
experimental  value. Neither model gives the evolution of the angular distribution of the average velocity with 
increas ing energy of the incident atoms.  
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ESTIMATE OF THE AMPLITUDES OF THE 

BY AN UNSTEADY GAMMA SOURCE 

F I E L D S  CREATED 

YUo A .  M e d v e d e v  a n d  E .  V.  M e t e l k i n  UDC 537.530 

It is known [1-4] that an unsteady gamma source gives r i se  to an e lectromagnet ic  field in the 
surrounding space,  Most of the studies of the charac te r i s t i c s  of such fields have been pe r -  
formed in the approximation which is l inear  in the field [1-3]. An exception is [4] in which 
the slowing down of Compton e lect rons  by the e lec t r ic  field is taken into account. It follows 
f rom [1, 2] that the cha rac te r i s t i c  scale of the fields crea ted  close to the source  is of the 
o rde r  of 3" 104 V/re.* Although this value is appreciably lower than the value of breakdown 
fields in air ,  e lectr ic  d ischarges  are observed [5] in the vicinity of a gamma source,  indicat-  
ing the presence  of substantial ly l a rger  fields~ One effect not taken into account in the lat ter  
approximation which could lead to an increase  in the f ield is the increase  in e lectron t e r m p e r -  
ature due to the e lectr ic  field [6]. On the one hand, this dec reases  the e lectron mobili ty and 
consequently also the conductivity of the system. On the other  hand, it is known that the e lec-  
tron at tachment coefficient T for electronegat ive molecules s t rongly affects the charac te r i s t i cs  
of e lec t r ic  fields and depends on the electron energy. Therefore ,  the electron balance equation 
must  take account of the dependence of "Y on the electr ic  field through the electron energy,  and 
this leads to a fur ther  change in conductivity. We take account of these effects on the shaping 
of e lec t r ic  fields in air  in the vicinity of the source.  It is assumed that electron lifetimes are 
determined solely by their  attachment to molecules .  This is a good approximation for air 
p r e s s u r e s  nea r  normal  [1-3]. 

Let us consider  the dependence of the electron energy and mobility on the intensity of the e lec t r ic  field. 
It is shown in [4] that if the e lectron thermalizat ion time r = 1 / v 5 ,  where v is the frequency of collisions of 
e lectrons with gas molecules  and 5 is the average relative loss of energy of an electron in a collision, is very 
much shor te r  than the charac te r i s t i c  t imes determining the shaping of e lectr ic  fields, the p rocesses  are quasi-  
stat ic.  In this case one can assume that the electron energy e at a given instant is determined by the e lectr ic  
field E at that same instant. The relat ion between these quantities for 5 = const  and v = v 0 ~  is derived 
in [6] and has the form 

*A s imi la r  value is obtained also f rom the resu l t s  of [1] for  proper  values of the physical constants.  
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