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The final charge states of the scattered ions and the inelastic energy losses have been measured
for single collisions of 0.25—3.0-MeV Kr ions with Kr and Xe targets. The charge states of the
scattered ions were measured as functions of scattering angle (from 0.8° to 45°) jon energies from
0.25 to 3.0 MeV. The total inelastic energy losses were measured using the scattered- and recoil-
particle coincidence technique for 0.4-, 0.6-, and 1.0-MeV Kr*-Kr collision energies and from 0.4 to
1.4 MeV for the Kr™-Xe combination. The results show the impact-parameter dependence of
several inner-shell excitations and confirm the quasimolecular nature of heavy-ion—atom collisions
within the framework of the Fano-Lichten model. For the Kr-Kr case, excitations are observed for
values of the distance of closest approach, R, of 0.40, 0.30, and 0.20 Zx; and for the Kr-Xe case, ex-
citations are observed at R, values of 0.28, 0.18, and 0.09 A. The data show agreement with the
molecular-potential calculations of Eichler and co-workers.

I. INTRODUCTION

The present measurements represent the continuation of
a program to extend our knowledge of single-collision
phenomena to heavier collision systems at higher energies.
During such a collision the electron shells surrounding the
two nuclei are forced to interpenetrate, forming a quasi-
molecule for the duration of the collision. In this collision
process, vacancies are often produced in inner shells,
sometimes even with a probability of 100% for certain
collision conditions. Earlier studies of the lighter Art-Ar
system at lower energies' =3 led to the formulation of a
quasimolecular model by Fano and Lichten*~° as a frame-
work within which to explain these inner-shell excitations.
Several reviews describing these earlier data and the appli-
cation and remarkable success of Fano and Litchten’s
molecular-orbital (MO) model have been written.”~° In
brief, if the relative velocities of the nuclei are less than
the characteristic velocities of the electrons in the electron
shells under consideration, then the Born-Oppenheimer
approximation may be applied to the short-lived quasi-
molecule formed by the collision. It is then appropriate to
speak of radial and rotational coupling of the electronic
energy levels of this molecule and the excitations that may
be produced by them. As formulated by Fano and
Lichten, the model is a one-electron model and the energy
levels used to describe the collision are those of a single
electron in the field of two modified Coulomb centers.
This is expected to be a good approximation for the fast-
moving inner-shell electrons which feel the presence of the
nuclei most strongly. For the slower-moving outer elec-
trons, better shielded from the nuclei, the model is not ex-
pected to hold so well, if at all.

Because the collision velocities are what will determine
the range of validity of the model, it is expected that MeV
collisions between heavy nuclei, e.g., Xet-Xe, Kr*-Kr,
and Krt-Xe, will be similar in nature to the keV col-
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lisions of the lighter Net-Ne and Art-Ar systems first
used to verify the model. The heavy systems already in-
vestigated include the quasisymmetric IT"-Xe system'!
and the symmetric Xe®-Xe system.'>!3 Energy losses of
nearly 30 keV were observed to occur in 6-MeV It3-Xe
collisions' in which the scattered ion was deflected
through 8°. The resulting ionization states were as high as
+27.1' Similar ionization states have been observed fol-
lowing smaller-angle scattering of 60-MeV I*!° from
Xe.!> These final ionization states reflect the multiple
processes which can occur following the production of one
or more inner-shell vacancies by the collision. For a deep
inner-shell vacancy, cascade effects and Auger-type pro-
cesses can result in a multiplying factor whereby a single
inner-shell vacancy can result in the final charge state in-
creasing by more than one. It is for this reason that the
measurement of final charge state of scattered ions as a
function of scattering angle becomes a tool for impact-
parameter-dependent investigations of inner-shell vacancy
production.

Collision energies in the MeV range are required for the
investigation of Xe inner-shell excitation by heavy-ion
projectiles. Lower collision energies are not sufficient to
overcome the Coulomb repulsion of the nuclei and permit
the inner electron shells to interact with each other. The
detailed study of the Xe™-Xe system!>!3 investigated only
the phenomena of O-, N-, and M-shell ionization; at 1.2
MeV, the L shells of the two nuclei did not interpenetrate
sufficiently for significant L-shell excitation to occur.
Coincidence measurements made with Auger electrons
and x rays from the Xe*-Xe system have also been limit-
ed to M-shell excitations.!~!8 The present investigation
of the Krt-Kr system does allow interpenetration of the
L shells. The asymmetric Krt-Xe system was included in
the study in order to compare the results with MO model
generalized by Barat and Lichten for asymmetric col-
lisions.® The present data allow for a more detailed com-
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parison with the MO model than did earlier data for this
combination and confirms the details suggested ear-
lier.=2! Other confirmation is found in the recent letter
by Shanker and co-workers where x rays are detected in
coincidence with the scattered Kr ions?? and in this labo-
ratory where Auger electrons are being measured in coin-
cidence with the scattered ions.?

II. THE EXPERIMENTAL METHOD

The projectile Kr ions are produced in the terminal of a
Van de Graaff accelerator, mass analyzed, and directed
into a scattering chamber that has been described in a pre-
vious paper.?* The isotope 3Kr (not always fully resolved
from the lesser ®*Kr component of the beam) passes
through differentially pumped 0.76-mm apertures placed
31 cm apart and into the scattering region containing the
target gas, either Kr or Xe, with all isotopes present in
their natural abundances. A second collimator, using rec-
tangular apertures and subtending an angle of 0.3° from
the scattering center in the plane of the apparatus, sam-
ples those Kr ions that are scattered through 6 degrees by
single collisions with the target atoms. Another collima-
tor, also in the scattering plane and subtending an angle of
0.9° from the scattering center, but on the opposite side of
the incident ion beam, samples recoil ions emerging from
the collision center at an angle ¢. These latter collimators,
together with their associated electrostatic analyzers and
particle detectors can each be rotated through a range of
angles, 0 and ¢, respectively.

The ionization data are obtained by choosing an ion en-
ergy Ejy, and scattering angle 6, and electrostatically
analyzing the charge of the ions passing through the colli-
mator. After analysis, the number of ions having charge
state m, N,,, are counted with a silicon surface-barrier
detector. The probability of the ions scattered through the
angle 6 being found to have charge m is then given by

P, =N,,,/2Nm:. (1)

At each of several energies the values of P,, were deter-
mined for a number of scattering angles for 1—22 deg.
For each combination of E, and 6 and the average charge
mm of the scattered ions was also determined. This is given
by

m=ymP, . (2)

The values of P,, determined this way are single-collision
values. The target-gas pressure is kept in the range of
(1—4)%10~* Torr, and the path length of the ions in the
target gas is 2 cm. Tests showed that the final charge
states were not seriously affected by multiple collisions
until the target-gas pressure was raised above 1X1073
Torr.”

To measure the inelastic energy losses for these col-
lisions, delayed-coincidence techniques were used to iden-
tify scattered and recoil ions originating from the same
collisions. For a given E, and 0, the recoil-particle colli-
mator is rotated through a range of angles ¢. Pulses from
the scattered-particle detector are delayed to compensate
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FIG. 1. Probabilities P,, for finding 0.25-MeV ions scattered
through 6 degrees with charge state m, plotted vs 6. Data
scatter is of the same order of magnitude as the size of the sym-
bols themselves. Key for the symbols used for the different m
values in Figs. 1 —7 and 12— 15 is given in the figure. For addi-
tional clarity the numbers alongside the curves also indicate the
ionization states.

for the different ion time of flight. These pulses, together
with those from the recoil-particle detector (an electron
multiplier sensitive to the lower-energy recoil ions) are
passed through a coincidence circuit. When the angle 0 is
found for which the maximum number of coincident
pulses is observed, this value of ¢ may be used to calculate
the average inelastic energy loss Q =E, —E;—E, or in
terms of E,, 6, and ¢,

Q =Ey[1—sin’$/sinX(0+¢)—y sin®0/sin*(0+¢)] . (3)

Here E,; and E, are the scattered- and recoil-ion energies
and 7 is the ratio of the incident-ion mass to that of the
target-atom mass. Compared to instrumental effects, any
variations in Q through ¥, due to the different isotopes in
the target, may be neglected. Details of this delayed-
coincidence technique may be found in Refs. 1 and 3.
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FIG. 2. Similar to Fig. 1 except for the 0.4-MeV data.
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FIG. 3. Similar to Fig. 1 except for the 0.6-MeV data.

III. EXPERIMENTAL RESULTS

Kr*-Kr ionization data. Figures 1—7 present the prob-
abilities P,, of the scattered ion having charge state m as a
function of the scattering angle for collision energies of
0.25, 0.4, 0.6, 1.0, 1.4, 2.0, and 3.0 MeV. The 2.0- and
3.0-MeV data were obtained using doubly ionized Kr ions
from the accelerator. The key to the symbols for these
figures is given in Fig. 1; additionally, the ionization states
are indicated on the figures for each curve. Qualitatively,
these curves show the same behavior as similar curves at
both lower?® and higher!! collision energies for other ion-
atom combinations: As either the collision energy or the
scattering angle is increased, the degree of ionization in-
creases. These data do not show the obvious irregularities
observed in either lower-energy Kr*-Kr collisions?’ or the
0.25—0.4-MeV Xet-Xe collisions.!? For these latter data
it was observed for certain energies and ranges of 6 that
the P,, values would remain constant or even show irregu-
larities as the average ionization sometimes decreased as 6
was increased. An anomaly is observed in the present
data for the charge states 5, 6, and 7. The 0.4-MeV data
in Fig. 2 show that most of the P,, values reach maximum

T [ T [ T I T ] T I T l T l T l T | T ] T ] T |
Kr*—Kr 1.0 MeV —

FIG. 4. Similar to Fig. 1 except for the 1.0-MeV data.
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FIG. 5. Similar to Fig. 1 except for the 1.4-MeV data.

values of about 45%. The exception is the charge state 5
which peaks at a much lower value. In Fig. 3 the Pg is
low but P, reaches nearly 60%. This behavior is probably
not due directly to shell structure, but rather to an excita-
tion of the M shell occurring when the product Ey6
sxceeds 0.6. For the less-violent collisions the ionization
increases in a continuous fashion, but the excitation at
Ey6=0.6 MeV deg causes a jump in ionization, resulting
in Ps never reaching a maximum greater than 0.35. This
excitation will be discussed in greater detail later. Figure
8 plots the /m values from Figs. 1 —7 vs 6. This condensa-
tion of the data shows how the average ionization in-
creases as either E, or 0 is increased.

In Fig. 9 these same 7@ data are plotted, but this time
versus the product Ey6. This product is useful because
for the angles under consideration here there is nearly a
one-to-one relationship between the Ey0 value of a given
collision and that collision’s value of R, the distance of
closest approach of the two nuclei.?® Approximate values
of R, are also given in Fig. 9. At Ey6=0.2, 0.6, 1.0, and
1.7 MeV deg, /i is observed to increase nonmonotonically.

~ T T T T T T T

Krt’—Kr 2.0Mev —]

O ( deg)

FIG. 6. Similar to Fig. 1 except for the 2.0-MeV data. Kr*2
ions from a 1-MV potential were used to obtain 2-MeV incident
ion energy.
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FIG. 7. Similar to Fig. 6 except for the 3.0-MeV data.

For larger values of E(6, /m continues to increase with
only a suggestion of possible irregularities. Afrosimov
and co-workers observed similar increases at 0.2, 0.6, and
1.0 MeV deg for 50-keV scattering.?’” McCaughey and co-
workers?®30 and Fastrup and Herman®! have studied the
excitation at 0.2 MeV deg in detail and it may be attribut-
ed tlée promotion of two 3d electrons via the diabatic 6ho
MO.

Kr*-Kr Q-value data. In Fig. 10 the Q values corre-
sponding to ionization data in Fig. 9 are plotted; also in-
cluded are the lower-energy data of McCaughey and co-
workers.?’ As will be pointed out in the following discus-
sion, it is through a comparison of these two figures that
information on the underlying excitations may be derived.
For example, in going from Ey0=0.3 to 1.0 MeV deg
increases by 3 and Q by only a few hundred eV. On the
other hand, between 5 and 20 MeV deg / increases by
only 2 while Q increases by 3 keV. This is shown more
clearly in Fig. 11 which plots the Q values from Fig. 10
against the m values of Fig. 9. These different orders of
magnitude in the excitation energy are typical of those ex-
pected for promotions of electrons from shells of different
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FIG. 8. Average charge state /i of the scattered ions plotted
vs the scattering angle 0 for the Kr*-Kr collisions. Sum of the
electrons lost from both the target and the projectile during the
collision is estimated to be 27/ — 1.
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FIG. 9. The average charge state 7/ plotted vs the product
E 0 for the data in Fig. 8. Separate curves are shown for each
of the energies, and approximate values of R, are also shown
along the abscissa.

principal quantum number.

Kr*-Xe ionization data. Figures 12— 15 present the P,
values for the 0.4-, 0.6-, 1.0-, and 3.0-MeV Krt-Xe col-
lisions. The key for these symbols is also given in Fig. 1,
and, for clarity, the ionization states are indicated on the
figures for each curve. The data are similar in nature to
those for Kr*-Kr; however, here it is the + 7 curve
which is suppressed in the 0.6-MeV data. Again this
anomaly may be associated with a shell excitation occur-
ring at about 2.5 MeV deg. It might be noted that the
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FIG. 10. Inelastic energy loss Q plotted vs Ey6 with the ap-
proximate values of R, indicated. Also given are data from Ref.
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FIG. 11. Data of Figs. 9 and 10 displayed in a plot of Q vs
. Included are data from Ref. 29. -

suppression occurs for the + 7 in Kr*-Xe collisions and
for the 4 5 or + 6 in the Kr*-Kr collisions. This indi-
cates that the anomaly is not associated with levels in the
Kr atom itself, but with the collision system as a whole.
Figure 16 plots /7 vs 6. Again, /7 increases with either in-
creasing collision energy or scattering angle; however, the
irregularities in the curve show no systematic behavior un-
til they are plotted versus Ey0 or Ry. This is done in Fig.
17, and shows clear evidence for three excitations. These
excitations have onsets at 0.7, 2.0, and 10.0 MeV deg, cor-
responding to approximate R, values of 0.3, 0.2, and 0.1
A, respectively. '

Kr*-Xe Q-value data. The Q values for a subset of the
data of Fig. 17 are shown in Fig. 18. Experimental limita-
tions precluded obtaining data for lower values of E, and
6. The steps in these data have thresholds at 3.0 and 10
MeV deg and correspond to the upper two excitations of
Fig. 17. Comparing these two figures, it is observed that
the excitation at 0.7 MeV deg corresponds to an increase
in charge state of 2.5 for the scattered Kr ion, but of a loss
that must be less than 1 keV. The other two each result in
an increase in 7 of about 3. The increase in Q for the
Ey0=2.0 MeV deg excitation is 3 keV and for the 10-
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FIG. 12. Similar to Fig. 1 except for the 0.4-MeV Kr*-Xe
collisions.
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FIG. 13. Similar to Fig. 1 except for the 0.6-MeV Kr*-Xe
collisions.

MeV deg excitation, about the same or larger. The Q
values appear to level off, or even decline above 25
MeV deg and there is a corresponding leveling off of the
 values in Fig. 17. The error bars in Fig. 18 correspond
to an uncertainty of 0.02 deg in the measurement and cal-
culation of Q [Eq. (3)]. Whereas for low values of E, and
0 this contributes little to the uncertainty of the measure-
ments, beyond Ej6=25 MeV deg it becomes a significant
factor.

IV. DISCUSSION

This discussion will be carried out within the frame-
work provided by Fano and Lichten* with their one-
electron model. The MO’s used by Lichten and co-
workers>® are termed diabatic MO’s and are based on the
behavior expected of a single electron in the field of two
screened Coulomb potentials. This avoids direct con-
sideration of the electron-electron interactions responsible
for the avoided or pseudocrossings of MO’s of like sym-
metry found in all adiabatic calculations of multielectron

0.50}— Krt*—Xe 1.0 MeV —-
040— —
m

0.30
0.20—

.10

FIG. 14. Similar to Fig. 1 except for the 1.0-MeV Kr*-Xe
collisions.
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O (deg)
FIG. 15. Similar to Fig. 7 except for the 3.0-MeV Kr*2%-Xe
collisions.

systems. The diabatic orbitals may, however, be con-
sidered dynamic orbitals resulting from the perturbation
of the adiabatic orbitals. For this reason, it is appropriate
to base the following discussion on the adiabatic calcula-
tions of Eichler and co-workers,?? and the results of these
calculations for the Kr-Kr and Kr-Xe molecules are
shown in Figs. 19 and 20. This does lead to a certain con-
fusion in the nomenclature used for identifying individual
potential curves. In the adiabatic case it is convenient to
identify them as o, , or 8, gerade or ungerade states by
simply counting up from the lowest level i.e., lo,, lo,,
204, 204, etc. Because of the noncrossing rule, this leads
to a relatively simple labeling system. On the other hand,
this is not practical for diabatic diagrams and Lichten
adopted the united-atom designation for the specification
of diabatic curves. For example, in this notation the Kr-
Kr 4f0o level would connect the united-atom (UA) 4f level
with the separated-atom (SA) 2p level. The diabatic 4fo
level is thus the continuous potential curve made by join-
ing sections of the adiabatic 30, and 40, curves. Thus a
collision can “promote” an electron from the SA n =2
level to a UA n =4 level via the diabatic 4f o level in this
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FIG. 16. Average charge state /m for the scattered Kr ion

plotted vs @ for the Kr*-Xe collisions.
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FIG. 17. Average charge state /7 of the scattered Kr ion plot-
ted vs Ey0 for Kr*-Xe collisions. Separate curves are shown for
each of the energies, and approximate values of R, are also
shown along the abscissa.

example. This is a physically appropriate connection be-
cause radial coupling, due to the motion of the nuclei,
make it highly probable that an electron’s energy will be
most accurately described by the 4fo curve during a col-
lision. Where necessary for clarity, both designations will
be given in this paper.

The Kr*-Kr collision. The first of the excitations evi-
dent in the 7 data of Fig. 9 is the rise occurring at
Ey6=0.2 MeV deg, corresponding to an Ry=0.40 A. It
should be noted that /7 —1 gives the average number of
electrons lost by the scattered ion. It has been shown for
other symmetric collision systems that the average charge
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FIG. 18. Inelastic energy loss Q plotted vs Ey6 with the ap-

proximate values of R, indicated.
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FIG. 19. Adiabatic molecular-potential calculations by

Eichler and co-workers for the Kr-Kr system (Ref. 32). Elec-
tronic energies are given in a.u. along the ordinate. Along the
abscissa the internuclear distance is also given in a.u. Since a
length of two a.u. is equal to one A, the values along the abscissa
should be divided by two before comparing with the R, values
given in this paper. Boxes indicate possible couplings not in-
cluded in the “Barat-Lichten rule.”

of the recoil ion usually equals that of the scattered ion,
i.e., the total number of electrons lost is 2/ —1.>7 This
excitation was identified by Fastrup and Herman’! as be-
ing due to the promotion of two 3d electrons from the M
shells of the Kr atoms. The binding energy of this level is
90 eV,* a figure consistent with the energy-loss value of
about 200 eV for these data. The first MO capable of pro-
moting 3d electrons is the adiabatic 60, (the diabatic 6h0)
level which is not shown in Fig. 19. However, Ref. 18
does include this level in the Xe-Xe diagram presented
there, and it experiences a sharp promotion at 0.25 A.
Simple 1/Z scaling gives an estimate of 0.38 A as the R
value at which it would experience a similar promotion
for the Kr-Kr case. Therefore, all data indicate this exci-
tation as being the promotion of two 3d electrons along
the diabatic 640 MO.

The second excitation in Fig. 9 occurs between
E;6=0.6 and 1.0 MeV deg, corresponding to R, values
from 0.30 to 0.25 A. The Q values in this region continue
to increase gradually, but Fig. 11 shows that the energy
lost per ionization is similar to that for the promotion of
the two 3d electrons already discussed. Therefore, it is
reasonable to look for another MO originating in the SA
3d level to explain the ionizations. Reference to Fig. 19
shows that the 37, MO (the diabatic 5g7 MO) fits the
description: it originates in the SA 3d level and is sharply
promoted between 0.3 and 0.25 A (1 a.u.=0.5 A).
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FIG. 20. Calculations by Eichler and co-workers (Ref. 32) for
the Kr-Xe system. See the caption to Fig. 19 for further ex-
planation.

The third excitation in Fig. 9 occurs at E,6=1.7
MeV deg, corresponding to Rqg=0.20 A. Here 7 is about
8 and the slope in Fig. 11 is about double what it was for
the electrons promoted from the 3d shell. While this exci-
tation must still originate in the M shell (the 2p binding
energy is about 1700 eV as opposed to 90 eV for the 3d
shell and about 220 eV for the 3p shell) neither the data
nor Fig. 19 provide definite information as to which
subshell the vacancy is produced in. A diabatic MO
rising dramatically at 0.20 A (0.4 a.u.) can be constructed
from the gerade 60 and 70 MO’s in Fig. 19. However, the
SA limit of the diabatic MO so constructed is not clear.
Possible couplings, indicated by the boxes in the figure,
would allow the promoted electrons to originate in either
the 3s, 3p, or 3d level. This laboratory is presently under-
taking coincidence measurements between the resulting
Auger electrons and the scattered ions in order to provide
further information on this.

Figures 10 and 11 suggest the presence of a fourth exci-
tation. The slope in Fig. 11 increases dramatically at
m =11 with Q increasing by as much as 2 keV for an in-
crease in m of less than one. Reference to Fig. 9 shows
that 77 =11—12 corresponds to a range in Ey60 of 10—20
MeV deg and in Ry of from 0.08 to 0.05 A. Both this
range of R, and the order of magnitude of the Q values
suggest that this excitation corresponds to the promotion
of 2p electrons along the 30,-40, path (the diabatic 4fo
MO), consistent with the results of Ref. 22.

The Kr*-Xe collision. The first of the excitations ob-
served in Fig. 17 is centered about E,0=0.9 MeV deg or
R,=0.28 A. The m for the scattered ion increases from
2.5 to 5. Reference to Fig. 20 shows that the only likely
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possibilities for promoting Kr electrons are from the n =2
and 3 shells. The n =2 shell may be eliminated from con-
sideration because the Q values for these collisions are 1
keV or less and the 2p binding energy of Kr is about 1700
eV. This leaves the n =3 shell which is only partially
shown in Fig. 20. The most likely explanation for this ex-
citation is the promotion of Kr 3d electrons by the diabat-
ic 6ho MO whose promotion may be expected to occur in
this range of Ry.%

The second° excitation, centered at Ey6=3.0 MeV deg
or Ry=0.18 A, results in an increase in /7 of 3.5 and in Q
of about 2 keV. The Q value could be accounted for by
the promotion of one or two electrons from the n =3 shell
of Xe which has binding energies of about 1000 eV; it is
unlikely that the n =3 shell of Kr, with binding energies
of 90—220 eV could account for this loss. Sections of the
adiabatic 70, 80, 90, 100, and 110 MO’s can be pieced to-
gether to form a highly promoted diabatic 5go MO at the
correct value of Ry,. However, the data in Fig. 17 pertain
to the scattered Kr ions and would not reflect such an ex-
citation of the Xe target. The present data provide no de-
finitive explanation of this excitation. It would appear
that Xe n =3 electrons have to be promoted in order to
account for the increased energy loss. At the same time,
perhaps, some of the collisions may result in promotion of
n =3 Kr electrons. These might, in a certain fraction of
the collisions be promoted along the 5goc MO or along
some MO not shown in Fig. 20. Coincidence measure-
ments are being undertaken by this laboratory in an at-
tempt to provide further information on this matter.??

The third excitation, centered at E;6=13 MeV deg or
R,=0.09 A is also accompanied by an increase in Q of 2
or 3 keV. In this case there is an appropriate diabatic
MO, the 4f0o, comprised of sections of the adiabatic 50,
60, 70, 80, and 90, and 100 MO’s.??> This is highly pro-
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moted near Ry=0.09 A and the binding energy of the
n =2 shell of Kr 1600—1900 eV. The original prediction
of Barat and Lichten is that such an n =2 electron would
originate from the Kr 2p shell. On the other hand, the
coupling between the 50 and 60 levels (indicated by a box
in Fig. 20) caused Eichler and co-workers to predict that
the promoted electron will be from the 2s shell. Electron
spectra showing the presence of electrons with energies in
the 190—600-eV range for both Kr*-Kr and Kr*-Xe are
consistent with this latter prediction.?*3> Coster-Kronig
electrons resulting from the filling of a 2s vacancy from
the 2p level of the Kr during the collision could have ener-
gies in this range. Another suggestion, by Woerlee and
co-workers, is that ejected electrons in this range might be
the result of direct coupling with the continuum.3¢

V. SUMMARY

The experiment has provided information on a number
of inner-shell excitations through the observation of the
ionization states of the scattered projectiles and the related
inelastic energy losses. The shells probed were the M and
L shells for the Kr*-Kr collisions and the Kr M and L
shells and the Xe M shell for the Kr*-Xe collisions. With
the aid of calculations from Eichler and co-workers it is
sometimes possible to extract information on the specific
subshell from which the electron was promoted. The
analysis, within the remarkable framework provided by
Fano and Lichten, confirms the validity of their model for
the description inner-shell excitations in these very-
heavy-ion—atom collision at MeV energies.
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