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Abstrae!.  Some confusion has developed with regard to the correct procednre necessary to 
compare charge exchange to the continuum (c k c ) theories and experiment for ion-beam 
foil collisions where the emitted electrons have velocities iit =  y;. In order to make such a 
comparison, we einphasise that (« )  the instrumental resolutions in anglc ¡itul absolute valué 
of velocity must lie lolded ¡nto the llieoretical double dillerential crossseclion, aiuUM that if 
the eniission of < i:i'  electrons occuisonly because of inicraction with the outermost atomic 
layers, those electrons onginating from íurther inside the loil musí he subtiacted as 
background. Unfortimately, these consideralions weie not pioperly accounted for by 
Steckelmaclier and colleagues as they compared tlieir recent residís with theory and 
published experiments.

In a recent paper by Steckelm aclier  et a l  (1 9 7 8 ) ,  later referred to as s s k l , entitled ‘On 
ihe validity of beanv-foil experiments tlesigned to test theories of c h a r le  exchange to 
lite continuum states of energetic  ions’, two points are discussed: (i) the instiumental 
resolution, and (ii) the treatment of the baekground. Witli regard to both of Ihese, their 
paper is niisleading. Jn the present note we wish to contribute to a better understanding 
of these two aspeets because of their impact upon evaluation of experimental results.

Our discussion is based on the theory of charge exchange to the continuum (c n e )§  
(M acck 1970 , Salin 1 9 6 9 a ,  b, 1 9 7 2 ,  Band 19 74 ,  D ettm ann et a l  1974) which treats the 
interaction between the ion and a target atom untler single collision conditions 
(low-density gas target). However, according to D ettm ann et al  (1 9 7 4 ) ,  the mechanism 
of e ne  is also considered to be applicable for the case of ion-beam -fo il  interactions, if 
one assumes that the single-collision process of electrón capture into the continuum of 
the emerging ion occurs elfectively only in the last atom ic layers of the foil (which might 
be a contaminant).

With the restriction that the ion velocity i ; ¡ » Z 'd h  and that |i>c — v¡\<Z'vlu where 
Z'v,i is the outer-shell electrón velocity of the target atom, the c e o  theory of D ettm ann 
et al  leads to a cross section

d<r/dDeoc|i)c — r,|_1. (1)

ÜThis has also been referred to as charge transfer to the continuum (c t c ).
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A s explained ¡n detail by M eckbach  e ta l  (1 9 7 7 )  and in a rcv iew on th e s u b je c t  given 
by M eckbach and B aragio la  (1 9 7 7 ) ,  wlien ineasuring the electrón distribution as a 
function of ve and 0, the angle with respect to the direction of the ion beam, the 
diverging cross section at vc = v¡ (equation (1)) leads to a drastic dependente  of the 
ineasured electrón spectra on the instrumental acceptances on electrón velocity Soe = 
± R v e and solid angle Sfl.  In a velocity space generated by vc, 8i\. and SÜ determ ine a 
resolution volunte

v ;S ñ (2 8 v c) = 2 R i) l$ n  (2)

where R is the relative half-width at half-ntaximum (hw iim ) velocity resolution. T h e  
apparatus integrates over the cross section contained in this volunte: consequently, 
wlien comparing theory with experim ent, the cross section (equation ( I ) )  has to be 
folded into the resolution volunte (equation (2)).

Mere we restrict our discussion to the case of longitudinal electrón velocity dis- 
tributions taken by scanning vc at 0 =  0  in the direction of i,\.

Resolution

In order to facilítate comparison with experimental results, Dettm ann et a l  ignore the 
resolution |¿dc| =  R vc in the absolute velocity and integrate equation (1) only over the 
surface vlfiCl = tt(vc0u)2 determined by an analyser acceptance cone of half-angle (),>. 
F or  small this integration is readily performed and leads to

d(r(0o)/t\vc cc(vc/v¡){[(vc -  v f  t- VcVjll]'*2 - |ue -  u,|}, ( 3 a )

which describes a cusp-shaped peak centred at v¡. D ettm ann et a l  approxiniate 
equation (3a)  by

á(r(0¿) /  áv e cc[(ue -  v f  + v2 Ol]'n  -  \ve -  v\. (3I>)

Note that equation (3h) cannot account for the asymmetry introduced into the peak by 
the increase of vi  d í l  with increasing ve. T h e  iiwiim of the cusp Auc, described by 
equation (3 b) is:

Avc Cupp î

where C app =  4tfo.
Although equations (3a ,  b)  are attractive because of their simplicity, we must 

recognise that they iré the result of an approxintation where the instrumental velocity 
resolution has been neglected. W hen the resolution voluiae (equation (2)) is a tliin disc 
such that

\Svs\ = vc R « v j ) u or R / 0 o « l  (5)

then cusp-shaped peaks, as resulting from equations (3a, b),  approxintately describe 
the experimentally measured peaks.

W e can represent equation ( 3 a )  in terms of a reduced velocity given by x =  ve/v¡, 
such that, with uf  dropped,

da(On)/dx  oc jc{[(a: -  l ) 2 +  xflo]1/2- | *  -  1 1}. (6)
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It is obvious that the simpes o f  peaks,  obtained with ions o f  different velocities, are 
idéntical when represented in tenns of x. T h cre fo re ,  wlien re p u se n te d  in tenns of ve, 
the peak widths are proportional to ¿)„

F o r  a correct comparison with experiment, we integrate the <t.:c cross section 
equation (1) over the resolution volume equation (2). A s  equations (3a, l>) are already 
the result of integration over f ifi,  only the integration over the acceptanee in 
reinains. This is equivalent to integrating equation (6) with respect to c í a . For a square 
transmission window [.v(l -  A’ ), v(l  A’ )]t, we obtain

■'x(l-K)
-0C

d i' 2.i R .

wliere the factor 1/2xR  normaliscs the cross section through the window. This 
integration, which is elem eniary, removes the singularity in the slope of the integrand at 
.i — l ,  aiul leads to a rounded p<'ak.

T he above analytical expression is again  a function of x =  vc/v¡: henee the propor- 
tionality o f  the peak width to v¡ is conserved, and we can vvrite

Aue =Ci>¡ (8)

where C  is the relative peak width. This proportionality of Ave to v, has been used 
vvidely as a test for the validity of c e c  theory (D ettm ann el a l  19 74 ,  M eckbach et a l  
1977, M eckbach  et a l  1 9 7 8 ,  Chiu et a l  1978 , I.aubert et a l  1 9 7 ; and sski.).

It is obvious that the cusp described by equation (3/>) cannol be considered as the 
ultímate result of c r : c  theories. í low ever,  s s k i . have incorrectly stated that this cusp is 
the ‘only acceptabk- looking peak shape’ ; that the ‘ct:c: predicted peak widths’ are only 
those which are derived from equation (3/>), for example equation (4) ;  aiul 
consequently that tliere are ‘severe experimental constraints imposed by the n  i 
rnodel’ witli respect lo ‘the resolution required of any analyser with which we may wisli 
to examine such a p e a k ’.1 »

There  is no reason to say that an analyser which does not cope with the condition set 
by equation (5) is ‘running out of resolution’. T h e re ío re ,  there is no reason to state that 
the heights and widths of peaks, which show a ‘rounding at the to p ’ are in error. T h e  
appearance of such rounded peaks is what one  actually has to expeet!

l ’igure 1 shows the derived peaks resulting from the integration of equation (7) as 
well as of the approximate equation (6) for the equipm ent of M eckbach et a l  (1 9 7 7 )  and 
Chiu et al  (1 9 7 8 )  (0U ~ I o; R  =  0 -0 0 2 5 ) .  Note the slight asymnietry of the peak.

Table  1 shows: the resolutions R  aiul 0t, of the equipm ent used íu dilferent 
laboratories as well as their ratios R / 0 (); the relative peak half-widths C, í-’a,,P; the 
percentage deviation />' -  (C  — C api,)/C x  1 0 0 % ;  and the correspondiug peak broaden- 
ing b of s sk i .  defined as d(Aü)/Au x  1 0 0 % .

It is seen t.iat the condition of equation (5) is closely met by mo¡,t of the equipm eiu 
used for investigating va — v, electrons, except for that of Duncan and Meriende/. ( 19 7 6 )  
whose angular resolution is the best. T he ir  resolution results in the narrowest tv-  ̂o, 
peaks obtained to date. T he ir  peaks are rounded at the top. sski constm eted an 
analyser with R =  0 -0 2 5  x  10~2 and 0() =  0 -0 2 4  rad so that R / 0 {) =  0 -0 1 1 .  Consequently

t  We have also carried out this integration numerically with the Gaussian velocity distribution folded in. The  
results are similar.
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Figure 1. Longitudinal dilferential cross section plotíed as a function of reduccd velocity 
x  - v c / The fui! curve represents equation (h) which has the angular acceptunce 
í í l  — 7tO* folded in; tlie hroken curve represents ei|iiation (7) wliich lias both angular 
acceptance á ! i  and velocity acceptance í a  = R x  íolded in. The inset shows llie expansión of 
the cusp. The resolution acceptances used are t){¡ -  (MU 8 rad and R  -  0-0025 (Meckbach el 
al 1977).

Table 1. Transverse H0 and longitudinal R  instrumental resolutions and their ratio; 
longitudinal relative i iwiim, C  — S v c/i\, obtained by íoldin;; tliese resolutions into the t t - r  
cross section, equation (7) ;  and approxiiuate iclalive iiwiim, < —jWu. obtained liom 
equation (4). The percentaje deviation h' (% ) is conipared witli l> (7u) estimated by 
Steckelmacher el al.

«o

Reíerence degrees radians R R/tt» C  =  ( A i v . / n , ) ^  i i pp - 1 ^ 0 / > ' ( % ) 1' ( % )

Dettmann
t i  a l  ( 1 9 7 4 ) 4 - 6 8 - 0  x  t i ) " 2 (1-5 x  1 0  2 0 - 0 6 0 - 0 6 3 O-OhO 5 - 0 1 0

Duncan and
Menendez ( 1 9 7 6 )  0 - 3 6 0 - 6 3 0 - 5 0 - 8 0 - 0 0 8 6 0 - 0 0 4 8 44 -0 133
l.aubertel
et al 11 ->78) 1 - 3 2-3 0-35 0-15 0 - 0 1 9 5 0 - 0 1 7 0 12-8 —

Meckbach
et al ( 1 9 7 7 ) 1-0 1-8 0 -25 0 - 1 4 0 - 0 1 4 8 0 - 0 1 3 0 12-2 25
Steckelmacher
et al ( 1 9 7 8 ) 1 - 3 5 2-4 0 -0 2 5 0-011 0 -0 1 8 0 0 - 0 1 7 7 1 - 6 7 1-8

ssKL-measured peaks com e closest to the cusp-shaped peaks given by the approxinta- 
tion contained in equations (3íí, b ) .

O ur p e rce n ta je  deviation at h w h m ,  b ' ,  disagrees with the valúes of b  given b y  s s k u  

T h e ir  results are derived from equation (3 b )  b y  itsitig a crude and questionable
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procedure in which ‘an error in the total hcight’ is determined by the level at which the 
instrumental acceptance in velocity is equal to the width of the cusp. In issence ,  
their dcrivation follows from an improper use of dillcrential error analysis.

fíockground

If, as was done by ssk i. ,  the background is included when rneasuring the peak width at a 
certain fraetion of its máximum height, is it possible to obtain a unique determination of 
the characteristic peak width dep end ente  as a function of Ihe ion velocity? No! O í  

course not.
If the relative contribution of the background to the total peak height were a 

function of o¡, the resulting dep end ente  of the peak width would ehange according to 
the particular fraetion of the peak height chosen. As a m atter ol lact, the authors slate 
that the shape of the lower-velocity wing would lead to an infinite width ‘il the 
half-width were eomputed at half the peak height with the background included at these 
high projectile  velocities’. This iinplies that the background is more than half the peak 
height, a situation which is not at all compatible with equations (3 b) and (4) on which 
their discussion is based.

A  second question— are we allowed to include the background when rneasuring 
peak widths? No! Particularly in the case of ion-b eam -to il  collisions where we are 
dealing with ion-induced secondary electrón emission from a :.olid foil. This process has 
been described by M eckbach  (1 9 7 6 )— energetic  electrons are produeed thruugh 
collisional-energy transfer inside the solid. On travelling to the surlace these electrons 
lose energy and are scattered from their initial direction. It is therelore  obvious lliat 
c i - c  electrons cannot origínate from inside the l'oil. For  this reason, Dettinann et ol  
introduced their ‘last-layer m odel’: c :e c  electrons, if emitted from a foil, niust have been 
captured into the continuum of the ion in its lasl atomic layers. T h ere lo re ,  il we wish lo 
f.tiidy this mechanism, we must subtract the contribution from the iiulepemlent secon- 
dary-electron emission process which has to be considered as a background. It woulil 
appear from s s k i . (p 2 7 1 6 ,  first paragraph) that when the secondary-electron emission 
background is subtracted, they also dem ónstrate the independence of the peak widths 
observed by M eckbach e ta l  (1 9 7 7 )  which were further discussed by Brandt and Ritchie 
(1977) ,  M eckbach  e t a l  (1 9 7 8 )  and reeently conlirmed for the case of h eavy -ion -beam - 
foil interactions by Laubert et o l  (19 78 ) .

The  entire discussion of s s k i . has been based upon the validity of the theory of 
Dettinann et o l  which depends upon single-particle collisions. With respect to this 
point, further confusion developed when they wrote: ‘ In the solid, single-collision 
conditions are absc;it  so that the measured quantity ‘yield’ is inlluenced by any energy 
dependence of the elfective target thickness as well as that ot the cross section . Ih is  
statemein negates the very applicability of c h o  theories to the ion-beam -fo il  e lectrón 
emission process, which they actually wanted to defend in their paper.

I'inally, we reconlirm that the conclusión of M eckbach  et o l  (1 9 7 7 )  that charge 
transfer to the continuum theories do not correctly describe the emiss.on of vc -*v¡ 
electrons in ion-beam -fo il  collisions, is not invalidated by the report of s s k i  . T h e  
mechanism for the production o í  these electrons reinains an open question.

Support for this study com es in part through the U S Departm ent of l-.nergy; Ihe 
C'anadian Natural Science and Engineering Research  Council ;  the Multin¡tlional 
l’ro ject in 1‘hysicsof the Organisation of Am erican States (O A S ) ;  the C o nse jo  Nacional



L152 Letter to the Editor

de Investigaciones Científicas y Técnicas , A rgentina; and the C entre  for Chemical 
l 'hysics through its Visiting Fcllowship l 'rogram.
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W e agree lliat there has been some confusión in the literature regarding the co r red  
pi icedure when com paring charge exchange to the continuum (c i -r )  theories and 
experiment for ion -b eam -lo il  collisions, and that this concerns both the co r red  
treatment of instrumental resolution and ionisation background. In Steckelm aclier  <7til 
( W X ,  to be referred to as s s k i  ) we had dem onstraled that by catcful experimental 
design, we had overcom e possible errors due lo insulliciently low valúes in the tatio ol 
velocity resolution to angular acceptance. W e are gratelul lor the correction lo our 
dillerential error analysis, which does not alfect our own results and soinewhat reduces 
tile possible errors in the literature. l low ever, as we discuss bel >w, we titul that our 
main point of disagreernent concerns the treatm ent ol dircct ionisation backgroand.

(a) Resolution

Let us first be clear that the dillerential cross section drr/di;e proposed by D ettm ann et til 
( 1 9 7 4 ,  lo be referred tu as Din.) and given as ei|iiation ( I )  m the above letter only 
diverges if both Ii and tí„ are equal to y.eroi\ A s soon as one incorporales a limte 0» lor 
the measuring spectio m eter  d<r/d¿>c becom es linite everywhere, I h o u g h  it A’ were, in 
principie, again zero the slope of d</-/duc would slill exhibit a iliscontinuity at i\. -  «>, as 
ni ligure l)  of d i  ii.. l ile ineorporation of a linite I i  removes this last discontinuily so ol

§ This is a soinewhat academic point since the measured signal imist then drop to /ero.
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course we agree that one must in practice expect to see ‘som e rounding at the top’. T h e  
questions to be asked are: ‘how much rounding?’ and ‘under what conditions is it severe 
enough to cause a given error in peak lieight and henee peak widtli at any chosen 
height?’. F or  example, in figure 1 o tC h iu < ’/«/ (1 9 7 9 )  the yield curve has been coneetly  
noimalised to the cusp peak (corresponding to zero R )  and not to the approximately 
10%  lower rounded peak as in M eckbach  el al  (1 9 7 7 ) ,  to which this ic fe is .  l i l i s
int roduces  an e r r o r  in i i w i i m .

O ne purpose of our article (s s k l ) was to show that because the function describing 
the peak is vectorial the important quantity to be considered when designing a 
spectrom eter is not R  alone but R/tío- T hat constraints a ie  seveie  is seen Irom table I 
of the article by Chiu et a l  (1 9 7 9 ) .  If R/()o is reduced to ()• 14 oí ()• 15 the systematic 
broadeningof the peak asdelined  by their // is more than 1 2 % .  Now if h w i i m  are to lie 
plotted against v, equation (4 .1 8 )  of Di n.  will predict a slope of ~AUu but only il R/Ut)«  1. 
The measured <'lope C  (in Chiu t7a/’s notation) should always be greater than this by an 
amount depending on R ¡ 0 .̂ ( lie amount by which C  dilleis from ¿0a is the amount by 
which we m eant the analyser to have ‘run out of resolution’. N otice we did not say the 
cusp is the ‘only acceptable pt .ik shape’ but that even when the peak has been 
substantially smeared it will still look  acceptable to the casual obseiver.

Tw o alternative inethods are available to deal with the resolution problcm expres- 
sed by the linite nature of R / 0 U. O n e  can feed the linite R  into the theory as is done in 
equation (7) of Chiu et a l  (1 9 7 9 )  or one can inake a spectrom eter with R / 0 t> so much 
smaller than 0 -1 4  that the errors so introduced approach the 1% level where we leel 
tliey can reasonably be ignored. Since we reduced the resolution problems to arountl 
this level by careful attention to experimental design our data presented in s s k l  are not 
subject to any inconsistency or correction from this point of view. T hey  stand as they

are.  . .
W e agree that it is instructive to look at the effect of linite velocity resolution with a

rectangular window as is done by Chiu et al. lak ing  their equation (3 a ) ,  whiclMS 
obtained directly from d i i l ,  we can com pare the cross section at the peak tr,,e“ 
expected for R  ~*0 with that for linite R.  Since we are at the top of the peak we have 
ue = 11, and so drop the factor in front of the curly brackets of (3 a )  and perform the 
integiation exactly as in equation (7). F or  the case of R /0 n «  1 a simple expansión in 
powers of R / 0 o gives the successive corrections which must be appliedt.

írSTAU 1 =  <'*><>(1 - * R I + ■ • •ürder R
The mistake in our ‘improper dilferential error analysis’ was to forget the \ and for that 
we unreservedly apologise. This  half should enter equations (5) and (K) of s s k i . and will 
reduce the ‘Ar’ and 'b' valúes of our table 1 so that the latter are not too dillerent Irom 
those of table 1 of Chiu et al. O ne must still emphasise however that the correction lor 
linite instrumental resolution has a greater than 1 2 %  eífect on half-width lor much of 
the data reported if those data are-to be com parcd with equation (4 -1 8 )  of ni i l . If the 
data are to be com pared with wake riding or other theories in the manner of Brandt and 
Ritchie (19771 or M eckback  et a l  (1 9 7 8 )  an expression appropriate to tlióse theories 
must be used in an equation analogous to (7) of Chiu et a l  to make a similar correction.

W e note however tlia* without the resolution correction, data such as those^of 
Meckbach et a l  (1 ‘>77) would give slopes C  (Chiu et al's  notation) g ieater  than

t  ln the case of Duncan and Menendez (1 9 7 6 )  where R  and 0  are comparable a dillerent expansión is 

rcquiied. Il gives />’ =  4 4 %  as quoted by Chiu el al.
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ratlier than the iiw hm  alinost independent o f  u, rep on ed  by theni. W e nmst therefore  
loolc for another source of disagreement and we believe this hcs in their treatnient o f  the 
dírect ionisation background.

(/>) ¡Utckgromut

It is dillicult to better the discussion provided by M acek (1 9 7 0 )  for gas targcts and we 
recoinniend his paragraphs 2, 3 aiul 4 on page 23<> as ihe starting point.

W e have ro find the scaltering amplitude for an electrón in the field of two Coulom b 
centres, one  slationary, one moving, for all velocities ol the electrón relative ti) each 
t\ ntre. O nce  we have this amplitude the ilerivation o í  the cross section follows 
rigorously Iron Ihe resultaut í  malrix. I he central dilliculty is thal we cannot write 
down a single waveíunction wlncli will represen! the electrón for all possiblc situations. 
W e have to eonstidCl separate amplitudes íor the situations (a)  when Ihe interaclion 
between the electrón and (argel is strong and (l>) vvlien llie interaclion between the 
electrón and projectile is slrong.

I laving done this we have counted twice— there is only one e lectró n— so we rnust 
introduce a counter term so arranged as to cancel (a)  wlicn (/>) is dominan! and vice 
versa. T hese  three terms are respeclively í / > :í, «|i and a of M ace k ’s equation (1 (>). Sinee 
the Horn approximation may be more familiar we write them out below in the notation 
of m u .,  figure 6, restrieting outselves to lusi order since lluit is sullicient to make the 
point.

T  = <e|A"' • V <D | VU>,K) + (c ,k-' % t.(r’)| ’ K,‘ " ’l l',|<A,hi>.

Now the lirst term can represent target ionisation: that is the electrón 'ni' moving 
slowly away from the target Al, and A/’ movin,; rapidly away from A/ and in. Henee if 
ipt, (r) is a Coulom b w av ece n fred o n  M  this term is the usual Born amplitude and we cali 
it ‘direct ionisation’. T h e  second term is ri-;c with r )  the Coulom b wave about A/', 
which represents A-/' and n¡ moving slowly away from one another, bul both moving 
rapidly away írom M. W e coukl cali this ‘rearraiiged ionisation’ lliongh stiictly such a 
term implies a two-step process and (he use of a secoml order approxi mal ion. T h e  third 
term is the counter term in the limit of all three partióles separating quickly. Noliee 
how it works. II c u c  dominates (second term) the electrón has large k  with respect lo 
the target.  T h e  Coulom b wave ¿p¿ ( r ) becom es e a '* and the lirst and third terms cancel. 
T h e re  is no other source of electrons to próvido a ‘background’ which has lo be catled 
‘direct ionisation’ and subtracted. A s we move into th-■ wings the caneellation from ihe 
counter term becom es piogressively imperfect so that il is neeessaiy to calcúlate all 
three lerms lo predict the whole velocity speetrum. This of eourse is what M acek has 
done. W e see here the great similarity between the D ctlm ann and M acek  approachcs. 
M acek has only a fust-order approximation bul can compute the whole speetrum, 
D eitm ann retains an analytic approach and to second order but can only describe the 
neighbouih.jod of the peak in the speetrum. Notice that if exaci com putations were 
applied to D ettm an n ’s three tc .ins , at the cost oí a loss of analytic form, interlerence 
elíects  would arise just as they do in M a c e k ’s approach. T o  say iliai the ‘situation where 
the background is more than half the peak height is not at all com patible  with 
D ettm a n n ’s dillerential cross sect ion’ is to exhibit a serious misunderstanding of ihe 
way the Y’ matrix is constructed and of the nalure o í  Ihe direcl ionisation.

W e now have to m ake the connection with the solid. T o  do this one must understand 
that secondary electrón emission from a solid is just the result o) ionisation of the atoius
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of that sol id (Sternglass 1 9 57 ) .  Further, as M acek  says, ‘there is no physical distinction 
between ionisation and charge exchange to a continuum state, indeed the latter is only 
one inechanism for ionisation'.  Menee the vc ~ u , peak.% trom a solid, and the direct 
ionisation too, are intimately connected with ionisation in a gas. T o  include the direct 
ionisation in the gas case and subtract it for the solid is totally inconsistent. I he solé 
coinplicating factor is the ability of the electrons, once produeed by ionisation, to leave 
the solid where seattering and absorption are very strong.

W e believe, as does Cross (1 9 7 7 )  for proper charge exchange, that the process of 
capture to the continuum state and subsequent loss, as well as direct ionisation, 
continúes througbout the passage of the pro jectile  through the solid. Most of the 
electrons so produeed never reach the surlace of the solid with sullicient energy to 
escape. T h e  vast m ajority  of those that do escape have energies of less than 10 e V  
(Krebs 1968).  í;'or an electrón captured in a continuum state inside the solid to he 
subsequently detected outside the solid in a spectrom eter sel for the forward direction it 
mtist preserve both its : peed and direction in spite of the strong seattering to be 
ex|)ected. W e therefore turned (diii .)  to the data and calculations which are known as 
the ‘escape depths’ of e lections from solids (D uke et al  1 970 ,  l'owell 1 97 4 ,  Carlson 
1974). These  inelastic mean free paths A¡ are obtained from Auger electrón spec- 
troscopy and x-ray photoelectron spectroscopy of solids. W here data are available the 
latter technique is particularly apposite since the x-rays generate electrons at all depths 
in the solid just as we believe our pro jectiles do. 1 lowever both techniques give similar 
results. For  2 6 2  e V  electrons in carbón, i.e. those having the same speed as 481 keV  
protons, A, =  7-5  Á ( J a c o b ia n d  Hólzl 1971).  B o t h  t h e o r y  and experiment show that in 
the energy range 1 0 0 — 1 5 ( )0 e V ,  A¡ is approximately proportional to H w2 (Carlson 
1974, C árter et al  1974) so that for an electrón of 123 e V  (225  keV  proton) we expect 
A í~ 5 -0  Á. Henee our choice of one  atomic layer as a rough estímate of the ellective

target densi ty in t he  d m l  paper .
Let us now apply these arguments to the relative ion energy dependence of the yield 

as measured by M eckbach et al  (1 9 7 7 ) .  W e recall that the yield (electron/proton) is 
given by the product of the cro¡¡s section aml target density. T hey  observe a yield 
proportional to E  J 1 from carbón foils in an energy range where the ellective target 
uensity is increasing as J i in  because of the energy dependence oí Ai. This  therefore 
imphes an energy dependence for the cross section ot h  in exact agreem ent
with the valué 1: J vul 1 reported by the same group (Chiu et al  1978) using the same 
apparatus but a helium gas  target under single collision conditions!

It is really so clear that there is some fundamental ditíerence between gas and solid 

targets?

We should like to thank R ob in  Shakeshaft for discussing the importance of the direct 

ionisation with us.
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