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Energy and ang~flar distributions of ions reflected from metal single crystals have been computed. The neutralisa- 
fion process is involved in the computing model. The result indicates a strong dependence on the surface trajectories 
of the reflected particles. 

Until now there has been done very little work on 
the subject of  reflection of  tow energetic ions from 
single crystal surfaces. The energy region of  our inter- 
est ranges from 50 to 500 eV ion energy. For higher 
energies many results are known (see reviews [1,2]  ). 
Also there is an extensive literature about scattering 
at thermal and hyperthermal  energies. 

The reflection in the energy region under consid- 
eration has his own specific character differentiating 
it from the neighbouring regions: 

i. Thermal effects are of minor importance.  
ii. Most of  the ions reflect after collisions with 

atoms in the first and second layers of  the crystal on- 
ly. 

iii. Violent collisions do not occur. As a conse- 
quence the sole inelastic processes to be considered 
are neutralisation processes. 

It may be assumed that experimental  problems 
have been overcome nowadays. Heiland and Taglauer 
(unpublished) have done experiments in this energy 
region. But theoretical t reatment is complicated by the 
fact that the collision processes not always can be re- 
garded as successive binary collisions. 

So we have made a computer  simulation of  the re- 
flection process to search for the specific features of 
the angular and energy distribution of the reflected 
particles. This is done for the case of Ar-ions reflected 
from Ni single crystals with different orientations. 
The energy of the ions is 300 eV and the initial direc- 
tion of  the ions is always at an angle of  30 degrees with 
the surface, but lying in different planes of  incidence. 

The computing method involves solving of  the 
equations of  motion of  the participating atoms and 
the ion by a mult is tep-method with an accuracy of 
the 4th order. The t imestep is gliding. The energy con- 
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servation is within 1%. The initial conditions are given 
by the velocity vector and the impactpoint  of  the ion, 
and the positions of the lattice atoms from which in- 
teraction with the incoming ion can be expected. 
Mostly it is sufficient to take 10-15  atoms. The im- 
pact points of  the ion are chosen in a representative 
area, defined by the symmetry of  the crystal surface. 
The interaction potential  V(r) between the particles 
has been assumed to be of the Born-Mayer type: 
V(r) = A exp ( b r ) ,  where r is the distance between 
the particles, A and b are constants depending on the 
ion-atom and atom-atom interaction, but  independent 
of the charge state of the particles. Generally atom- 
atom interactions can be neglected, when the ion- 
atom mass ratio < 1. The moving atoms do not inter- 
fere with the ion trajectory in that case. 

The results show that the angular and energy dis- 
tributions are similar to that of  the reflection from an 
isolated atom chain, when the following conditions 
are fulfilled: 

1. The tangential component  of  the injection di- 
rection is parallel with atom chains in the surface. 

2. The atoms of  different parallel chains are lying 
exactly side by side. 
A characteristic example is given in fig. 1 (parts 3, 4) 
where the reflection data for ions impinging on an 
isolated chain fit the data for the whole surface (in 
practice: 3 atom rows) very well. 

For an isolated chain the scattering angle is lim- 
ited between a minimum and a maximum scattering 
angle (a min, c~ max), due to the fact that pure single 
or double collision events cannot occur. Before and 
after such collisions there is a weak interaction with 
other atoms of  the row. This explains too why the 
lower part of  the curve ("single" collisions) is in- 
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Fig. 1. Reflection of 300 eV Ar from Ni (110). The direction 
of incidence is lying in a {100} plane perpendicular to the 
surface at an angle of 30 ° with the surface plane. Born-Mayer 
potential parameters: A = 9 × 10-1sj, b = 6.1 × 10 ÷1° m -l  
for (1) and (3);A = 9 X 10-1sJ, b = 5.1 X 10 +1° m -1 for (2) 
and (4). (1) and (2): Spatial distributions of the reflected 
particles, polar angle 0 varies from 0 ° in the center to 90 ° at 
the outermost circle (linear scale), the azimuthal angle x from 
0 ° -360 ° . (3) and (4): Relative energy E/E o versus polar 
scattering angle a(= 120 - 0), for Ixl < 5 °. Continuous curve: 
reflection from one atom (binary scattering). Dotted curve: 

from a (110) chain. Black dots: from the (110) surface. 

creased to an energy higher than can be expected 
from binary collision theory.  

The case of  an isolated chain differs from that for 
the whole surface. 

i. An extra contr ibution of  ions, focussed in the 
forward direction. The ion moves in a so-called "semi- 
channel".  A similar effect at higher energy has been 
shown by Yurasova [3]. 

ii. When the depth to width ratio of  the channel is 
small the chains in the second layer contr ibute to the 
reflection, mainly in the forward direction (for in- 
stance: (110) chains in a (110) surface, fig. 1 parts 
1, 2). 
When the above-mentioned condit ion number 2 is not  

full'died cooperat ion between chains does not  occur. 
The reflection pattern appears to be disordered, how- 
ever with a tendency to scatter in azimuthal direc- 
tions where that  condit ion does apply (for instance: 
(10(3) chains in a (100) surface). 

The influence of  the interaction potential  has been 
investigated by varying the potential  parameters. 
Larger effective diameters of  the ions, realised by the 
choice of  smaller b values, result in 

i. increasing ami n and decreasing O.max, 
ii. larger deviations from the binary scattering, 
iii. increasing focussing effects. 
Comparison of  the results from these computat ions 

with the results from measurements may be difficult. 
Most of  the measurements are done for reflected parti- 
cles in ionised state. However, the mean probabil i ty to 
be in ionised state after reflection is very low ( ~  10 -4) 
[4]. That probabil i ty depends on the specific trajec- 
tory of  a reflected particle. 

To incorporate neutralisation via Auger processes 
or eventually resonance processes [5], simulations 
have been made by solving the equations of  motion si- 
multaneously with the differential equation describing 
the neutralisation. The equation used is 

N 
d in P(t ) /d t  = - -C  ~_j exp ( - a s i ) ,  

i=1 

with P(t) = probabil i ty to be in ionised state at time 
t, P(0) = 1, C = transition rate, a = constant,  s i = dis. 
tance between atom number i and the ion, N = num- 
ber of  lattice atoms. This neutralisation equation is 
proposed to preserve the atomic character of  the sur- 
face during the neutralisation process, in ccntrast  to 
the flat potential  model  commonly used. 

The preliminary conclusions from these computa- 
tions are for C = 3.4 X 1015 s -1 a n d a  = 2 X 10 +10 
m - I :  

i. p(oo) is generally a factor three larger for single 
collisions than for double collisions. 

ii. Particles scattered on chains lying in the second 
layer have a much smaller probabil i ty p(~o) than par- 
ticles scattered on atoms in the surface. Reflection 
from adsorbed metal atoms on the surface still gives 
a much larger probabil i ty P (oo) to be in ionised state. 
These differences will give a distinction between spa- 
tial and energy distribution of  reflected particles in 
neutralised and ionised state (for instance shifts in the 

379 



Volume 40A, number 5 PHYSICS LETTERS 14 August 1972 

positions of the maxima in the energy distributions). 
However, when it is possible to measure also the neu- 
tral component of  the reflected particles valuable in- 
formation comes available concerning both, the inter- 
action potential parameters and the parameters de- 
scribing the neutralisation process. 
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