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A B S T R A C T 
Autoionizing electrons emitted following low energy ion-atom collisions may scatter 
significantly from the receding spectator ion's attractive Coulomb field. In such cases the 
observed electron intensity is "focused" in the direction of the scattering ion as a result of 
the effective compression of the emission solid angle. In addition, interference may occur 
between trajectories, correspondiong to electrons scattering around opposite sides of the 
ion, which lead to the same final laboratory electron energy and emission angle. This 
Coulomb "path" interference mechanism manifests itself in the uncharacteristically rapid 
angular dependence of the He target 2 s 2 1 S autoionizing state measured near 0° following 
low energy He + + He collisions. A classical trajectory model for Coulomb focusing is 
presented and a semi-classical approximation is used to model the Coulomb "path" inter
ference mechanism. In this description we account for the evolution of the phase of she 
autoionizing state until its decay and the path dependence of the amplitude of the emitted 
electron following decay of the autoionizing state. Calculated model lineshapes, which 
include contributions from adjacent overlapping resonances, reproduce quite well the angu
lar dependence observed in the data near (f. 

1. Introduction 
In low energy ion-atom collisions, post-collision interaction (PCI) of ejected au-

toionization electrons with the attractive Coulomb field of the slowly receding spectator ion 
leads to spectral lineshapes which are broadened and shifted towards lower electron ener
gies. In the classical description of this effect, as first proposed by Barker and Barry1, the 
spectral intensity as a function of electron energy may be written 

I B . B . ( A E ) = ^ e x ^ j (1) 

where the parameter AE = e„ — E = q/R is the shift in the electron's kinetic energy as mea
sured in the laboratory frame which results when an autoionizing state with a resonance en
ergy £„ decays at a distance R from the spectator ion of charge q. The term \=qr^Vp, is 
a measure of the strength of PCI on a given state with decay width r n , where v p is the ve
locity of the ion. Eq. 1 represents a asymmetrically broadened lineshape with a shifted 
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peak intensity E P E A K = e^ — XJ2. In dris model the ejected electron velocity u n is much 
greater than that of the receding ion, u n » v p , and the electrons are assumed to follow 
straight line trajectories as they emerge from a time-independent potential. Therefore, in 
this basic description, only the laboratory energy of the detected electron is affected by the 
presence of the ion. 

For the more general case where the electron's velocity is on the order of the ion 
velocity, u„ ** v p , the previous approximation is not valid. Depending upon the direction of 
emission and tne proximity of the spectator ion, significant deflection of the electron's 
classical trajectory may result as it emerges from the interaction region. Such an influence 
is illustrated in Fig. 1. In low energy collisions, an autoionizing state with resonance er. 
ergy E„ (He**)Jjkcays exponentially with a lifetime x„ = 1/Tn, emitting an electron with a 
velocity u„ = "y 2e„ (atomic units) at a time t, when the collision partners are separated by a 
distance R(t) = v p t + S. The "unknown" quantity 5 is the separation at t = 0 at which the 
autoionizing state is populated. The parameters u ,v and #, 6 are the electron velocity and 
emission angle before and after scattering, respectively. 

Figure 1. Effect of spectator ion's Coulomb field on the classical trajectories of ejected au
toionizing electrons following low energy He+ + He collisions. Paths A and B represent 
scattering around the near and far side of the ion, respectively such that the electron 
emerges with the same final energy E=iP/2 and emission angle 8. 

In this picture the electron interacts with a time-dependent Coulomb field. The lab
oratory-frame energy shift experienced by the electron is now AE = q/R + vt- A ~vt, where 
AT? = u^ - t? is the total change in the electron's velocity due to the Coulomb deflection. 
The shift now depends upon the ion velocity and the angle through which the electron is 
scattered2. For velocity changes AT? in the direction of the moving ion (i.e. for forward 
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electron emission) the shift towards lower electron energy is increased since the effect of 
the ion motion is to extend me time the electron spends under the influence of the Coulomb 
fie'd. For electron emission away from that of the ion the magnitude of the energy shift is 
decreased due to the reduced interaction time. For electron velocities less than that of the 
ion the electron's energy may actually be shifted towards higher energies since the ion leads 
the electron, "dragging" it forward. 

In addition to the angle-dependent energy shift, there are other notable aspects of 
Coulomb deflection which manifest themselves in the spectra of autoionizing electrons 
emitted in low energy ion-atom collisions. The most apparent of these is the redistribution 
of the ejected electron's intensity which results in a strong enhancement or "focusing" of 
intensity in the direction of the spectator ion. This effect was shown to be important in the 
autoionizing spectra produced in low energy H e + + He collisions measured near the colli
sion axis 3. A further interesting aspect arises if we consider that it is possible for the elec
tron to scatter around either "side" of the projectile-ion and emerge widi a given energy E = 
ju 2 and angle 9 (see Fig. 1). Electrons following these trajectories are indistinguishable 
and therefore, the spectral intensity is computed as a coherent superposition of the ampli
tude for scattering along each possible path which leads to the same final state. For each 
laboratory energy E in the continuous spectrum, there are, in general, two indistinguishable 
paths which lead to a given final state. Interference between these "paths" has been re
cently shown to produce anomalous structure in the post-collision broadened autoionizing 
lineshape which has an uncharacteristically strong dependence upon emission angle near 
zero degrees4. 

In this paper we will present the classical trajectory model for Coulomb focusing 
and the semi-classical approximation used to model the Coulomb "path" interference mech
anism. We use as a basis for the semi-classical approximation, Morgenstem's PCI-in-
duced "overlapping" resonances model, which was first used to explain the complicated 
interference structure observed in quasimolecular electron emission in 1400 eV He+ + He 
collisions5. We make a simple extension of diis model by accounting for the deflection of 
the electron in the Coulomb field and the path dependence of the amplitude of the emitted 
electron following decay of the autoionizing state. Calculated model lineshapes, which are 
coherent sums of contributions from adjacent PCI-broadcned "overlapping" resonances for 
both near-side and far-side scattered trajectories, are found to reproduce the angular depen
dence observed for the He target 2s 2 'S state produced in 10 keV He+ + He collisions near 
0°. Finally we calculate the lineshape for the isolated 2s 2 i s state, in the absence of contri
butions from adjacent PCI-broadened states. V/e observe a similar interference structure 
which is solely attributed to the path interference mechanism. 

2. Experimental H e + + He Autoionization Spectra 
The dominant mechanism through which autoionizing states are formed in low en

ergy collisions (v p < 0.5 a.u.) is electron promotion. For symmetric systems such as H e + 

-i- He, this mechanism populates singlet autoionizing states with equal probability in both 
target and projectile6. Indeed, Bordenave-Montesquieu et al . 7 have shown, for collision 
energies ranging from 10 to 30 keV and observation angles from 20" to 160°, that electron 
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emission from target and projectile autoionizing states is characterized by identical differ
ential cross sections which are symmetric about 90° in the center-of-mass frame. In con
trast, we have measured, at 0° and 180° emission angles, a strong enhancement in the in
tensity of autoionizing electrons produced in low energy (2-15 keV) He+ + He collisions 
which we have attributed to deflection and focusing of the ejected electrons in the Coulomb 
field of the charged collision partner3. More recently, interference effects resulting from 
the diffraction of the electron by the Coulomb center have also been reported4. 

The experiments were performed at the Oak Ridge National Laboratory ECR ion-
source facility using a target chamber and electron spectrometer temporarily transported 
from the Hahn-Meitner Institut, Berlin. Details of the experimental technique have been de
scribed previously4-8. Fig. 2 shows the background subtracted He target autoionizing 
spectra, acquired in non-coincidence or "singles" mode, measured at 0°, 5°, and 10° rela
tive to die incident beam direction for 10 keV H e + + He collisions. The spectrum was also 
measured at 30° and is similar in character to the 10° spectrum but is not shown here. 

10keVHe+ + He 

25 30 40 45 50 55 60 
Electron Energy (eV) 

Figure 2. Experimental autoionizing electron spectra from 10 keV He+ + 
He collisions, measured at 0°, 5°, and 10° with respect to the collision axis. 
Dominant target autoionizing transitions 00 are identified and aie to be 
compared with the corresponding transitions in the projectile (P). The 
strong enhancement due to Coulomb focusing is evident in the 0° spectrum 

The autoionizing states which are predominantly populated in both target (T) and 
projectile (P) in these low energy collisions are the 2s 2 lS, 2p 2 >D, 2s2p !p, the 2p 2 'S 
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transitions. The effect of Coulomb focusing as seen in Fig. 2, represents a factor of-4 en
hancement in intensity of the He target autoionizing transitions compared to the projectile 
transitions at 0°. This enhancement is dependent upon many factors including collision en
ergy, electron energy, and lifetime of the state in question. For the fastest decaying transi
tion, the 2s 2 'S state, which exhibits the most pronounced PCI broadening, the target to 
projectile intensity ratio is ~8. This strong enhancement disappears for angles larger than 
about 5° where our results are in agreement with the electron promotion model and earlier 
measurements. At lowest collision energies where the enhancement is expected to be the 
greatest, the angular scattering of the heavy particles, which is -10 keV'deg (1° @10 keV) 
for H e + + He collisions which populate these doubly-excited states 9, washes out the 
Coulomb focusing effect3. 

Upon closer examination of the He target spectra, one notices a pronounced shoul
der in the 2s 2 'S lineshape which becomes equal in intensity to the main part of the peak at 
5°, and has essentially disappeared in the \<F spectrum. This uncharacteristically rapid an
gular variation in the J S lineshape is direct evidence for Coulomb "path" interference4. 
This mechanism is also active in the other nearby coherently excited 2p 2 'D, and 2s2p *P 
transitions. These two states are separated by -0.25 eV and are unresolved in the spectra 
of Fig. 2. Post-collisional broadening of the spectral lineshapes cause all three resonances 
to overlap (see Fig. 3). The resulting composite lineshape is therefore calculated as a co
herent sum of amplitudes for emission from each of these transitions5. In the low energy 
portion of the PCI-broadened 'S state, constructive interference makes the angular variation 
in the lineshape readily observable. However, due to the destructive interference which 
exists in the low energy portion of the *D + *P composite lineshapc, the observed intensity 
is reduced, thus making any variations in this spectral feature more difficult to observe. 

3. Time-Dependent Semi-Classical Model for PCI 

3a. Coulomb Focused Autoionizing Lineshape 
For target electron emission, the electrons are emitted and detected in the laboratory 

frame. However, the Coulomb deflection occurs in the moving projectile frame. We there
fore write the doubly-differential electron emission cross section in the laboratory frame as 
a time integral over of the exponentially decaying autoionizing state of width r n and energy 
£„, approximated by a delta function natural lineshape7, as 

<Po do [^ r T , , f i , . / r e , E V / 2 d e ' dA' 

d ^ i = d i J r " e x p l - r « , , 8 ( E - E n ) [ r F j d ¥ ^ d t ( 1 ) 

0 

where we use a prime (') to indicate those parameters evaluated in the moving reference 
frame of the ion. The parameters, A and fl, are the laboratory-frame emission solid angles 
before and after scattering respectively. The terms in the square-root are the solid angle 
transformations to and from the projectile frame 1 0. We now make a change integration 
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variable from dt to de utilizing the projectile-frame energy conservation relation AE' = e' -
E' = q/Vpt, where, for simplicity, we have neglected the small distance 8. We have, 

where the term, 

q dE' de' . dt = —^— de (2a) VpAE'2 de' de 

^ = e + e ' - £ P (2b) 
de 2e 

derives from the kinematic relationships between the electron energy in the lab and projec
tile frames as a function of emission angle where the parameter Cp = ̂ v p

2 is the "reduced" 
ion energy10. Integration over the delta function now picks out the resonance energy e = e„ 
in each of the functions in the integrand and we are arrive at the target autoionizing line-
shape, 

J*L = *> J ^ j ^ ^ ' - ^ f j t f . ( 3 ) m dfldE dA AE'2 {&&){ 2e„ )[***•') d£l' 

This result consists of a Barker-Berry lineshape modified by kinematuc transforma
tion terms and a term, dA'/dC = dcosti'/dcos9', which describes the scattering of the 
ejected electron in the ion-frame. In this way, the scattering once again, takes place in a 
tent-independent Coulomb field. The kinematic terms are typically ? 1 for low energy col
lisions and approaches unity as the projectile velocity goes to zero. The main modification 
to the PCI lineshape, therefore, derives from the scattering function which has its greatest 
effect for target electron emission in the forward direction near 8' = 0° where this function 
is singular. A similar relationship may be derived for projectile electron emission where the 
focusing is found to be peaked at 180° in the direction of the ionized target atom. 

The explicit form for the scattering function depends upon the physical approxima
tions used to model the post-collision deflection of the ejected electrons. In our time-de
pendent description, the electrons are deflected in the single-center Coulomb field of the re
ceding spectator ion and therefore follow classical hyperbolic trajectories11. In this simpli
fied two-body "half collision" the relationship between the angle of emission before and 
after scattering is written as a function of the dimensionless parameter K* s AE'/e,,', as 

2sind'sin(d'+9') 
K ' = — ; S T - • W 

I + cos6 
where the -(+) sign corresponds to scattering around the near(far}-side of the ion. For 
electron emission into 6' = 0°, the above relation simplifies to K' = sin2^'. Differentiating 
Eq. 4, remembering that the electron energy e,,' is a function of the projectile frame emis
sion angle ff, the scattering function takes the form, 
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K' sinfl'cos(TVT6') 
dA' 2 ~ sin8' 
d i i ' K ' ( l + cos9') sin(2d'T9') 

-y/e n7e p + cos*' s i n * ' 

where the upper(lower) sign again corresponds to the near (far)-side scattering. We see 
that as 9'-»0, dA'/dQ'-»l/sin8'. Therefore, a singularity exists in the classical differential 
cross section at 8' = 0. However, when the differential cross section is integrated over the 
acceptance solid angle of the electron spectrometer the observed cross section is finite. In 
addition, other effects tend to wash out the observed intensity enhancement. These include 
the inherent divergence present in the ion beam and the heavy particle scattering which dis
tributes the orientation of the intemuclear axis along which the enhancement occurs. 

Using the above results, we may now calculate the Coulomb focused lineshape for 
the 2 s 2 1 S , 2 D 2 lD and 2s2p lP He autoiomzing states, with resonance energies e„ = 33.28 
eV, 35.29 eV, 35.54 eV, and widths T n = 0.138 eV, 0.072 eV, 0.038 eV respectively 12. 
The 2p 2 XS state, which is not included in this calculation, is much longer lived and ex
hibits no significant PCI broadening or enhancement due to Coulomb focusing. Figure 3 
shows the Coulomb focused lineshapes for the three states (solid curves) calculated for the 
near-side scattering (A) evaluated for an emission angle of 9 = 1°. We assume equal popu
lations for each state and an isotropic initial angular distribution. In this way the resulting 
lineshapes reflect purely the effect of the redistribution of intensity caused by the Coulomb 
deflection. We find that trajectories which make a significant contribution to the Coulomb 
focused lineshape originate from pre-scattered emission angles ranging up to i> - 30°. The 
dot-dashed curve in the 2s 2 lS lineshape is the calculation for far-side scattering (B). Here 
the calculated intensity from the far-side scattered trajectories is suppressed by nearly 30%, 
owing to the fact mat the probability for scattering around the far-side of the ion is decreas
ing rapidly with emission angle. The dashed curves represents the Barker-Berry lineshapes 
given in Eq. 1. From this figure it can be seen that the largest enhancement is found for 
2s 2 'S state which is the shortest lived of the three transitions and which exhibits the most 
significant PCI-broadening. In addition to the overall enhancement in intensity observed 
very near 0° we find an increased broadening the spectral lineshape. On the other hand, for 
observation angles out beyond 10° where the Coulomb focusing enhancement factor be
come less than unity (see Fig. 4), broadening in the spectral lineshape is actually reduced. 
Examining the detailed lineshaps here would provide an interesting comparison with this 
model. 
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Figure 3. Calculated lineshapes for three He auloionizing transitions evaluated at 0 = 1° 
for 10 keV collision energy. The solid curves are the Coulomb focused lineshapes given 
by Eq. 3 for near-side scattering (path A), The dot-dashed curve is die far-side (path B) li
neshape and is shown only for die's slate. The dashed curves are the Barker-Beny line-
shapes evaluated die absence of Coulomb focusing. 

We now calculate the angular dependence of the intensity of target autoionizing 
electrons, emitted from the 2s 2 l S autoionizing state in He for 10 keV collisions. The in
tensity is found by numerically integrating the Coulomb focused lineshape, as calculated 
above, adding the results for near-side and far-side scattering to obtain the total intensity at 
each observation angle. A polar plot of the log 1 0 of the total integrated intensity, 
log(doydil), is shown as the solid curve in Figure 4. The most notable feature of the "tear
drop" shaped distribution is the strong enhancement in the direction of the projectile ion (P) 
at 0=0° . The dot-dashed curve represents the integrated lineshape where no deflection or 
focusing takes place, obtained by setting the scattering function dA'/dQ' = 1. Comparing 
with the essentially isotropic non-focused result, we see that there is a corresponding de-
enhancement in the electron intensity, as indicated by a narrowing of the calculated line-
shape, for angles greater than -10°. The result cf the Coulomb deflection is simply a redis
tribution of electron intensity where the total cross section for electron emission, in this 
classical approximation, is conserved. 
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Figure 4. Polar plot of the logarithm of the integrated intensity as calculated 
from Eq. 3, i.e. Log(da/dQ), as a function of emission angle 8 for focused 
(solid) and non-focused results (see text). 

3b. Model for Coulomb "Path" Interference 
In the above analysis of He target autoionizing electrons emitted near the forward 

direction, we computed the angle-dependent electron intensity as a sum of the probabilities 
for scattering around the near and far-side of the ion. As we have pointed out, trajectories 
which lead to the same final electronic state are indistinguishable. Thus the intensity at a 
given energy and observation angle may be computed as a coherent sum of the amplitudes 
for emission along each of these paths4. In addition, the spectral intensity in the region of 
PCI-induced overlap between adjacent transitions can be expressed as a coherent sum of 
amplitudes for emission from the respective states5. Due to the restriction to the extreme 
forward angles, the enhancement due to Coulomb focusing is not significantly influenced 
by the weaker angular variation in intensity, resulting from constructive or destructive inter
ference between adjacent overlapping resonances, which might be present Nevertheless, 
to explain the detailed lineshape we observe for the He target 2s 2 I S state and its unusually 
strong dependence upon observation angle near 0°, such interference effects must be prop
erly included in the time-dependent PCI model. 

Analysis of the measured lineshapes was performed using, as a startir.g point, the 
"overlapping" resonances model (OR) of Morgenstern et al.5. As we have shown, due to 
the induced PCI broadening of the spectral lineshapes, the 2s 2 'S, 2p 2 ID, and 2s2p *P 
states overlap. As a result of the indistinguishabiliry of the detected electrons in the region 
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of overlap, the composite lineshape is calculated as a coherent sum of amplitudes for emis
sion from each of the three autoionizing resonances. Our extension of this semi-classical 
model derives from the observation that the OR model only accounts for the phase evolu
tion of the autoionizing state from the time it crosses into the continuum to the time of its 
decay. The emitted electron is then assumed to "instantaneously" recede to infinity thus ac
cumulating no additional phase. However, for He target autoionizing electrons produced in 
low energy He + + He collisions, where the electron velocity is "finite" and comparable to 
that of the projectile ion (u„/vp * 5) this approximation is no longer valid. A correct de
scription of the near-forward autoionization spectrum must therefore include the scattering 
of the emitted electron by the spectator ion. 

In our semi-classical approximation we write the angle-dependent spectral intensity 
which is a sum over the n autoionizing states ('S, 'D, and 'P) each having two separate 
indistinguishable paths which contribute to the observed intensity at E and 9, as 

I(E,9) = ^ Xwn(*,<p)C(E,9)exp { -i[a(AE') + |J(p',/')] } 

paths 

(5) 

where the effects of Coulomb scattering have now been properly included. This expression 
differs from the original result given by Morgenstern5 in that the Barker-Berry amplitude 
has been replaced by the Coulomb focused amplitude, C(E,6), which we take as the square 
root of the differential cross section given above in Eq. 3. In addition, we include the 
semiclassical scattering phases p(p',0 and the sum over the paths (A and B) which con
tribute to the observed intensity. The phase accumulated by the autoionizing state prior to 
decay5 a(AE'), is now evaluated in the ion frame, and is written 

«^)=^l - f S + lo g ( f ) ] . (6) 
The term Wn(i>,<p) is the angle dependent autoionization transition amplitude, written as 

Wn(t>,9) = Za n

m (0).©m(fl,(p)-exp[-^m(0)] (7) 
m 

which consists of contributions from different magnetic sublevels m, where am(0) and 
X m (0) are the initial level populations and phases, and where (ti.cp) is the angular coordi
nate of the outgoing electron prior to Coulomb scattering. These initial amplitudes and 
phases are treated as free fitting parameters. We emphasize that by including the effects of 
Coulomb scattering of the ejected electron into this semi-classical model, we introduce no 
additional degrees of freedom which may be used to fit our experimental results. 
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The path dependent scattering phase p(pV) is derived from a classical action inte
gral in the central field WKB approximation13. The accumulated phase from the classical 
turning point at r = r 0 to some distance r is given by 

p(p,r,/) = | p r d r - r - p r + ; - c o s - l ^ (8) 

where Pr = "V P 2 ~ ^/r 2 • ' s * e radial component of the electron's linear momentum p, and 
/ = unRsind is its angular momentum. For convenience we have left off the primes on the 
various momenta and the radial coordinate r since these are all ion-frame quantities. Upon 
performing the integration we arrive at the result 

where p„ = u is the electron's ion-frame linear momentum at r = °°. The paths that the 
ejected electrons follows subsequent to emission are broken up into two parts which origi
nate at the classical turning point of the trajectory. For the outgoing portion of the trajec
tory, the upper integration limit is chosen to be some large distance r = r m u , where she po
tential is negligible and any further accumulation of phase is path independent. For the in
coming portion of the trajectory the upper limit is amply the intemuclear separation, R = 
RA>RB> a t the time of emission for paths A and B, respectively. The total scattering phase 
is then the sum of these two contributions as given by 

WW) = K P A D I **• + P(p,r,ni'm K. (10) 

It is important to note that, although the total phase a(AE') + (J(p',/') is evaluated in the 
projectile frame, the phase differences which result from squaring the amplitudes in Eq. 5 
are frame independent. 

Figure S shows the results of the evaluation of the phase a(AE') and the scattering 
phase P(p',0 over the range of electron energies corresponding to the 2s2 lS lineshape, for 
an emission angle 6 = 5°. For the near-side scattering (path A), the phase (3A-> 0 as the 
electron energy E -» en, the resonance energy for the *S state. This behavior results from 
the fact that E = e„ corresponds to electron emission when the collision partners are at 
infinite separation where the Coulomb field q/R=0. Therefore, the scattering phase, which 
depends upon the radial distance from the scattering center, P(p',0 = 0. For the far-side 
scattering (path B), the phase PB -»<» as E -» e,, due to the fact that the emission angle •dg 
-» 0 corresponding to the scattered electron passing through the origin at r = 0. Thus for 
small changes in the final scattering angle one can expect to produce large changes in the 
far-side scattering phase. The contrasting behavior in the scattering phase for the near-side 
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and far-side paths is the source of the rapid angular variation in the interference structure 
observed in the 2s 2 lS lineshape near the forward direction. The slight differences in the 
magnitude of the phases a A and OR are due to die different emission angles flA and •dn, 
thus, ion-frame electron energies which contribute, to the spectral lineshape for the near and 
far-side scattered electrons. 

0 I I I I I I 1 Ll—I 
27 29 31 33 

Electron Energy (eV) 
Figure 5. Calculated phases a(AE') and jj(p,0 for 2s 2 J S state in He 
following 10 keV Hc++He collisions. Solid(6ashed) curve corresponds 
to near(faO-side scattered trajectories. 

4. Angular Dependence of He Target 2 s 2 XS Lineshape 
Figure 6a shows the relevant portion of the He target autoionizing spectra of Figure 

2 normalized to constant maximum intensity to remove die effects of Coulomb focusing 
and allow easy comparison of the three emission angles. Figure 6b shows the result of our 
calculations evaluated at 0.1°, 5°, and 10°, convoluted with a Gaussian spectrometer reso
lution function with a FWHM = 0.3 eV, also normalized to a constant maximum intensity 
at each angle. Calculations are done at 0.1° rather than at 0° due to the singularity which 
exists in the Coulomb focusing differential cross section mere. For simplicity we assume 
each state consists of only a single magnetic sublevel which decays isotropically, as is the 
case for an ''S state. We then have only four parameters, consisting of the initial ^S and *D 
level populations and phase angles relative to die l p amplitude with which we fit the exper
imental spectrum at 0°. Holding their values fixed, we then simply vary die emission angle 
to obtain die calculated lineshapes at 5° and 10°. The solid curves in Figure 6b are the re-
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suits of this fit ( a l g (0 ) = 0.3, a , D (0) = 0.4, Xi s(0) = O.ln, and x , D (0) = l.Oit, cti p(0) = 
1, Xip(0) = 0), wh'ich include Coulomb path interference. The dashed curves are these 
same calculations, where we have now excluded the "far-side" or path B amplitude, thus 
suppressing the path interference mechanism. Although the path-dependent phase is still 
included in this "near-side only" calculation, the angular variation in the lineshape is essen
tially negligible over this range of emission angles. Clearly, only by including both "near
side" and "far-side" paths in the calculation do we reproduce the rapid angular dependence 
of the interference structure observed in the data. For comparison we show the lineshape 
obtained firm the OR model alone which we obtain by suppressing both the path depen
dence of the amplitude and Coulomb focusing in Eq. 1. This result is shown in Figure 6b 
at 0°, as the dot-dashed curve. A comparison of the OR lineshape with the full Coulomb 
path interference calculation at 0° reveals that incorporating the Coulomb-focused amplitude 
eliminates the necessity to artificially decrease the lifetimes of the autoionizing states in 
order to increase the width of the lin- shape thus improving the fit to the experimental spec
tra, as has been done in the past5. 

30 32 34 36 
Electron Energy (eV) 

Figure 6. (a) Experimental He target autoionizing spectra for emissi.n angles of 0°, 5°, and 10°.(b) 
Calculated lineshapes using Eq. 7 which includes "path" interference (solid) and where near-side 
(path A) only is accounted for (dashed). Dot-dashed curve in 0° calculation is best fit using the 
Morgenstcm model alone which does not change significantly for the range of angles shown. 

Finally, as an illustration, we calculate the path interference lineshape for the case of 
a single isolated resonance, keeping only the term in sum in Eq. 5 corresponding to the 2s 2 

lS state. The coherent lineshape is shown in Figure 7 for a range of emission angles near 
0°. Here we have normalized the result at each angle to the maximum intensity in the inco
herent lineshape to again remove the strong Coulomb focusing enhancement and to also 
show the change from constructive interference near 0° to destructive interference at larger 
emission angles which severely distorts the calculated lineshape from its monotonic 
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incoherent form. As can be seen from the figure, we obtain an angular dependent lineshape 
similar to that which is observed in the previous calculation which includes contributions 
from the 2 P and *D states. We note that there is qualitative agreement with the calculated 
lineshapes of Barrachina and Macek 1 4 obtained using a CDW approximation to the final 
state in the autoionizing matrix. Observation of such isolated resonance lineshapes, which 
is not possible for the H e + + He system, could provide a definitive test of our semi-
classical model for post-collision interaction effects in low energy ion-atom collisions. 

C/5 

S3 

i 
CO 

g 

30 31 32 33 34 
Electron Energy (eV) 

Figure 7. Isolated 2s2 *S lineshape calculated from Eq. 7 showing effect 
of Coulomb path interference in the absence of contributions from adja
cent PCI-broadened states. 
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