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LETTER TO THE EDITOR

Auger decay of excited Ar projectiles emerging 
from carbón foils

R A B aragiolaf, P  Ziem  and N  Stolterfoht
Hahn-M eitner-Institut für Kernforschung Berlín Gm bH, 1000 Berlin 39, W Germany

Received 26 July 1976

Abstract. The absolute yield of Ar L Auger electrons emitted by 48-722 keV argón beams 
emerging from carbón foils has been measured. It is found that the Auger process is 
not the main effect which determines the difference between the mean charge of Ar projec­
tiles in solid and gaseous targets in this energy range.

The electronic states of fast projectiles moving through solids has been a subject 
of great interest since 1951, when Lassen (1951) found th a t the average charge qs 
of heavy ions emerging from solids is higher than the m ean charge State qs for 
ions emerging from  gases. Several argum ents have been given to explain this effect. 
Bohr and  L indhard  (1954 to  be referred to  as b l ) suggested tha t collisions with 
the target atom s lead to  excitation of the m ost loosely bound electrón in the heavy 
ion and  th a t because of the rapid  frequency of collisions the excitation will not 
be dissipated by radiation  or electrón emission like in a gas, bu t w ould lead to 
an enhanced probability  for electrón loss in subsequent collisions. A further increase 
in the m ean charge would also occur by Auger transitions im m ediately after the 
excited ions emerge from the solid into vacuum. O n the basis of experim ental data  
on collisions in dense gases. Betz and G rodzins (1970, to be referred to as b g ) sug­
gested that the electrón loss per atom  is hardly affected by the excitation of a single 
electrón and, as a consequence, tha t substantial excitation due to successive collisions 
is probable for all of the outer electrons. These highly excited ions would then decay 
by electrón emission after emerging from the solid, thus increasing the m ean charge. 
In this model supported  by the similar stopping powers in gases and  solids, the 
mean charge q¡ inside the solid is assum ed to  be sim ilar to qg in disagreem ent with 
the model by b i.. Therefore, the am ount of electrón emission by Auger processes 
needs to be m uch larger in the b g  model than  in the b l  model. O ther factors 
which have no t been included in these m odels are the dynam ic screening of the 
projectile charge by the target electrons and the electrón capture of correlated elec­
trons at the target surface (M cLelland 1968, B randt 1975) and the fact tha t bound 
highly excited electrons with large orbits may no t exist as such inside the solid.

Recently, several attem pts have been m ade to  deduce the average charge inside 
the solid from the projectile charge-state dependen ce of target x-ray production  cross 
sections (Brandt et al 1973, D atz et al 1974) and  from  the energy shifts in projectile
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x-ray spectra in solids caused by outer-shall vacancies (K nudson et al 1974, F o rtn er 
and G arcía 1975). The results are however conflicting; the reported  valúes of q¡ are 
smaller and larger than  qs. This m ay reflect the fact tha t due to  screening produced 
by electrons from the solid, q¡ will depend on the distance r from  which the projectiles 
are observed. F o r sufficiently large valúes of r, q{ is even zero, in the case of metáis.

A dditional inform ation on this problem  can be obtained by the m easurem ents 
of the contribution to  the m ean charge qs given by the inner-shell Auger effect outside 
the solid. In  this w ork we present the first absolute Auger electrón m easurem ents 
w ith projectiles emerging from  solid targets; the system chosen is medium-energy 
argón projectiles passing through th in  carbón foils.

Beams of 100-800 keV A r+ or A r2+ ions were collim ated by 2 m m  diam eter 
slits and entered the scattering cham ber described in detail previously (Stolterfoht 
1971, Stolterfoht et al 1975). In this work, the cham ber was modified to incorpórate 
a multiple-foil holder. Beam currents were kept low (~ 1 0 n A ) to minimize dam age 
to the (10 ±  2) (ig cm ~ 2 carbón foils. Energy and angular distributions of forward- 
em itted electrons were m easured with a calibrated, ro tatab le  electrón spectrom eter 
of 2-6% energy resolution (Stolterfoht et al 1975). The foils were positioned norm al 
or tilted by 45° w ith respect to  the incident-beam  direction. W ith the tilted foils 
it was found tha t the angular d istribution of forw ard-em itted electrons is symmetrical 
to the norm al to  the foil.

Figure 1 shows a typical spectrum  taken with 400 keV A r+ incident on a tilted 
foil. The plot indicates Ar L and C K  Auger electrons superim posed on a continuous 
background. (The background may contain unknow n contributions of spurious stray 
electrons at energies larger than  400 eV.) The inset of figure 1 shows the Auger spec­
trum  after background subtraction. The uncertainty in the subtraction procedure 
is small since in all cases the Auger peaks were substantially higher than the back­
ground. After subtracting the small (~10% ) contribution of C K  electrons, the Auger 
peak was integrated to obtain dT/dco, the probability for producing Ar L Auger 
electrons per incident ions and unit solid angle. Typical angular distributions for 
beam s incident norm al to  the foils are shown in figure 2 after correcting for kinem atic

Figure 1. The number of electrons emitted per unit energy and solid angle and per argón 
ion incident at 400 keV on a tilted (45°) carbón foil. The observation angle is 90° relative 
to the beam, i.e. 45° relative to the foil normal. The inset shows the Auger spectrum 
only.
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Figure 2. The angular distributions of forward-emitted Ar L Auger electrons for 100 
and 800 keV incident argón ions norm al to the foil, eorrected for kinematic effects. 
A8 =  6o is the angular acceptance of the spectrometer.

effects (Stolterfoht et al 1975). (The da ta  at angles larger than  75° may be influenced 
by effects of surface topography and foil distortion.) In  table 1 results are given 
for r  which were obtained by integrating d r ¡áco in the forw ard 2n hemisphere. Also 
shown in table 1 are the m ean charge qs (W ittkower and Betz 1975, Turkenburg 
et al 1975) and the average energy E e of the emerging beam  particles calculated 
from the incident energy and know n valúes of electronic and nuclear stopping 
powers (Der et al 1971). ■

The contribu tion  of Auger electrons em itted inside the foils is expected to  be 
small, since their escape depth (~ 8 Á )  is short (Powell 1974) com pared with the 
decay length of 30-50 Á at our lowest velocity, using the lifetime valué

Table 1. Probability r  for Ar L Auger electrón production in the forward 2n hemisphere. 
Ei and E e are the incident and emerging energies of the Ar projectiles, respectively. The 
average charges qs of the emerging ions are taken from W ittkower and Betz (1975) and 
Turkenberg et al (1975).

£¡(keV) £ e(keV) qtf r

100 48 0-40 0-027 ±  0-005
200 146 1-03 0-076 + 0-012
400 340 1-83 0-10 +  0-015
600 535 2-26 0-11 ±  0-016
800 722 2-62 0-12 ±  0-016

t  W ittkower and Betz (1975) and Turkenberg et al (1975).
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Ene r g y  (keV)

Figure 3. The increase in mean charge due to Auger processes, 2T , and <j5 -  qt , the 
difference in the mean charge of Ar ions after traversing carbón foils and nitrogen gas.

6-1 —9-5 x 10” 15 s of Fortner and G arcía (1975). Thus we suggest tha t the observed 
Auger electrons originate essentially from Ar particles which have left the foil. Further- 
m ore, the contribution  of backw ard-em itted electrons which are elastically reflected 
from the surface and  detected, is expected to be small (Sternglass 1954). Assuming 
that in the projectile rest-frame the Auger emissions are equal for the backw ard 
and forw ard hemisphere, the fraction of the emerging beam with vacancies in the 
L-shell is given b y / L =  2V. The radiative decay of the 2p vacancies can be neglected 
since the fluorescence yield for Ar projectiles of low average charge is small (Fortner 
and G arcía  1975). The p re se n t/L valúes are substantially smaller than  those derived 
indirectly by F o rtner and G arcía (1975) from the analysis of thick-target x-ray yields. 
This is probably due to the approxim ations m ade in the model from which F ortner and 
G arcía (1975) extracted their results.

N ear the surface the Auger process increases the charge State of the Ar projectiles 
by one. Henee, the contribution of Auger processes to the projectile charge 2 r  
as shown in figure 3. U nfortunately, the mean charge State qg of Ar particles emerging 
from carbon-gas targets is no t known. However, it is expected tha t qg for carbón 
(Z =  6) is nearly equal to that of nitrogen (Z =  7). In figure 3, the difference in 
the m ean charge of Ar emerging from carbón foils qs(C) and nitrogen gas qg(N) 
is plo tted  (W ittkower and Betz 1975, T urkenburg  et al 1975). I t is clear th a t Auger 
processes account only for part (at our highest energy only 25%) of the difference 
in the m ean charge between solids and gases in the studied case. For o ther projectile- 
target com binations this contribution is expected to be even smaller, since in the 
A r-C  system the cross section for inner-shell vacancy production is particularly high 
due to  level m atching (G arcía et al 1973).

In conclusión, Auger electrón emission by projectiles emerging from solids is not. 
at least for C foils and Ar projectiles in the studied energy range, the m ain effect 
which causes the difference in the m ean charge between solid and gaseous targets.
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