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18- to 46-MeV 531 ions were scattered by thin 5, Te targets. The L x rays produced in the
nearly identical particles ;I and 53 Te were measured in coincidence with the scattered I ions.
The differential cross section for L x-ray emission shows a maximum at impact parameters
comparable to the L-shell radii. For the ion energies E investigated, the total cross section

for L x-ray emission in I and Te was found to be proportional to E%3,

The results are dis-

cussed and compared with theoretical models for inner-shell excitation.

I. INTRODUCTION

In collisions between swift charged particles
(electrons, protons, « particles, heavy ions) and
atoms vacancies in inner electron shells may be
produced. These vacancies are filled by electrons
from higher shells via radiative or nonradiative
(Auger) transitions. The fraction of radiative tran-
sitions is given by the fluorescence yield w. The
corresponding transition probability is strongly de-
pendent on the nuclear charge Z, and dominates in
inner shells of heavy atoms.

Atomic collisions can be characterized by a pa-

rameter 7= (v/u)z, where v is the relative velocity
of the collision partners and « the orbital velocity
of the electrons in the shell being excited.! In the
high-velocity limit, n>1, the excitation and ioniza-
tion cross section can be calculated by a simple
perturbation treatment (e. g., Born approximation,
cf. Refs. 1 and 2). In contrast to electron scat-
tering, excitation and ionization in collisions be-
tween atomic particles are still possible in the
“quasiadiabatic” velocity region, 7 <1. Here, the
calculation is generally more difficult. Under cer-
tain conditions, a simple perturbation treatment as
in the high velocity limit is sufficient: if Z; <Z,,
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the perturbation of the wave function of the bound
atomic electron is small; in case of small deflec-
tions of the primary, Born approximation can be
applied.® For this case, the equivalence of the
plane-wave Born approximation with a semiclassi-
cal time-dependent perturbation treatment in im-
pact-parameter approximation was shown by Bang
and Hansteen. *

This treatment has the advantage that the impact-
parameter dependence of excitation and ionization
is obtained. Deviations from the impact-param-
eter approximation (deflection of the incident par-
ticle in the Coulomb field of the target atom) can
be included in the calculation. The K-shell ioniza-
tion (and to a lesser extent the L - and M -shell ion-
ization) of various elements (10 <Z,< 80) has been
investigated experimentally in great detail for the
quasiadiabatic case. #°~% For K-shell excita-
tion, the agreement between experiment and the-
ory?™ is satisfactory. An excellent fit is achieved
if the Coulomb deflection and the increase in bind-
ing energy of the atomic electron by the presence
of the projectile Z, is taken into account. 9

In collision systems Z;=Z, and n <1, however,

a simple perturbation treatment is not valid any-
more. In this region, the experimentally deter-
mined cross sections are generally too high by or-
ders of magnitude if compared to the theoretical
values. 1'% [ _shell ionization of heavy atoms was
first studied systematically by Specht.'* This

work was a continuation of investigations by
Armbruster’® using a large variety of ion-atom
combinations. The projectiles were “light” and
“heavy” fission fragments from #5U. The L ion-
ization cross section showed fluctuations as a
function of the nuclear charge Z,. Characteristic
maxima occur if the L binding energies of the pro-
jectiles coincide approximately with the K, L, or
M binding energies of the target atoms. These
maxima were accounted for by the reduction in ef-
fective electron binding energy in the “quasimole-
cule” which is formed in the collision. More re-
cently, similar fluctuations in x-ray emission have
been observed for other collision systems. 16~18

For 1 <<1 and identical collision partners, Fano and
Lichten!® developed a model in which the inner-shell
vacancy production is caused by an “electron-
promotion” mechanism. This model is based on the
well-known concepts of molecular physics, since
for n <1 the electronic motion can adjust adiabati-
cally to the nuclear motion. Excitation is caused
by a transition of an electron to an unoccupied higher
level at a certain critical internuclear distance
(e.g., where two molecular energy levels approach
closely). On separation of the two nuclei, the elec-
tron has a chance of remaining in the higher level,
resulting in an inner-shell vacancy. This model
gives a qualitative account of inner-shell excitation
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in the case n <<1. Since it involves a semiclassical
treatment with well-defined nuclear trajectories,

the impact-parameter dependence of the correspond-
ing cross sections may again be obtained explicitly.
From this model certain features may be expected
and tested experimentally as, e.g., large cross
sections and critical transition distances in the or-
der of shell dimensions.

To obtain a more detailed knowledge of the mech-
anisms involved in inner-shell vacancy production,
we studied the impact-parameter dependence of L
x-ray production in “slow” collisions (n<1) of I
ions with Te atoms.

II. PRINCIPLE OF PROCEDURE

The x-ray production P, can be characterized by
the collisionally induced x rays measured in coin-
cidence with ions scattered in a single event by a
thin target,

Py(9)=Ny(9)/Ns(9) , @)

where N(9) is the number of ions scattered through
the angle 9, and N,(9) is the number of coincident
L x rays.

Transformation of the laboratory scattering angle
9 into the impact parameter p yields P,(p). This
transformation may be performed using a classical
calculation. If the total inelastic energy loss € in
the collision is small compared to the primary en-
ergy E, the 9, p relationship can be calculated from
the elastic-scattering law. The scattering angle 6
in the center-of-mass system is given by

* pdv
f=r- ZL, P VVE =TT @
where E ;= v%mmy/2(m,+m,) is the relative en-
ergy of the particles with masses m,; and m,, 7 is
the internuclear distance, and 7, is the distance of
closest approach for a given impact parameter p.
The laboratory scattering angle 9 can be calculated
from the center-of-mass scattering angle 6:

tan9= (m,sinb)/(mi,+m,cosb) . 3)

For the scattering system I-Te (mean masses 127
and 127.6, respectively), 9=36. The scattering po-
tential used was a screened Coulomb potential:

V(r)=(Z1Z,e%/r)e™’", 4)

where the screening length a=ay(Z%3+ Z2/3)™V/2

with ag=0.529%X10® cm.?® The scattering integral
(2) can be solved numerically using a method given
in Ref. 21. Throughout the paper, the impact pa-
rameter p is used as the characteristic collision
parameter. In the system investigated, it is prac-
tically equal to the distance of closest approach 7,
except at the smallest p (cf. Fig. 5).

The total x-ray production cross section may be
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FIG, 1. Schematic of experimental setup. The char-
acteristic dimensions were (in mm) a; =2820, a,=295,
a;=123,..., 1394; D;=20, AD;=1, D,=63, AD,=3; dj,
dz =1, ceey 3.

calculated by integrating the differential cross sec-
tion do,=2wP,(p)pdp over all impact parameters,

oy(cale)=27 o Py(o)pdp . (5)

Additionally, as a cross check, o, can be measured
directly and compared to the value obtained from
the differential scattering experiment,

Ux(meas)z (Nx,tot/Ns,tot)/n . (6) '

Ny, ot is the total number of x rays (corrected for
background) induced by the total number Ny ¢ of
ions transmitted through the thin target, and # is
the number of target atoms/cm? No coincidence
between N, 4.+ and N ¢ iS used in this case.

III. EXPERIMENTAL METHOD

The ion beam from the Heidelberg model EN tan-
dem accelerator was analyzed in a 90° magnetanda
20° electrostatic deflector? according to energy
and charge. After collimation, it is incident on a
thin Te target at an angle of 45°, Fig. 1. The
ions scattered in the target were detected in an an-
nular detector (see below). x rays produced in
collisions between ions and target atoms were ana-
lyzed in a flow- mode proportional counter. This
counter is located at an angle of 135° to the beam
direction opposite to the target surface.

The emission of L x rays from I and Te as a
function of ion scattering angle 9 was studied using
a 20-pg/cm?-thick Te target. Ion energies were
18.6, 30.8, and 46.0 MeV. The influence of tar-
get thickness was determined with a 50-pug/cm?

Te target at an ion energy of 30.8 MeV. The total
X-ray excitation cross section was measured di-
rectly with a 240-ug/cm? Te target at the ion en-
ergies 18.6, 24.4, 30.8, 38.0, 46.0, 54.8, and
64.3 MeV. The corresponding charges of the in-
coming ions ranged from 7" to 13*.

The Te targets were vacuum evaporated on thin
(15 to 20 pg/cm?) carbon backings. The carbon
backings were located in such a way that they did
not face the incident ion beam and the x-ray detec-
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tor. The target thickness was controlled during

evaporation with a quartz monitor and determined
to within +10% by weighing. The absolute thick-

ness of the 240-ug/cm? Te target directly enters
the determination of the total x-ray cross section
oy(meas).

In the differential scattering experiment, two
annular counters were used to record the scattered
ions. These counters consisted of an array of sur-
face-barrier detectors. They are located behind
two annular apertures centered on the beam axis
(Fig. 1). One detector (400 mm?) is used for the
inner aperture, and six detectors (300 mm?)
cover approximately 50% active area of the outer
aperture. The collimation apertures, the target,
and the annular ion detectors were optically cen-
tered on a common axis which was then aligned
parallel to the beam direction. The scattering angle
was varied by moving the detector system along the
beam axis. The angles covered with the inner ring
were 0.4° to 4. 6°, with the outer ring 1.3° to
14.7°. For all scattering angles, the primary
beam collimation was varied to give a maximum
over-all angular uncertainty of 10%.

To determine the total number of iodine ions
transmitted through the target, as is necessary in
the direct determination of o, (meas), a 400-mm?
heavy-ion detector was mounted directly behind
the target, replacing the annular counting system.
With this arrangement, ions scattered through an-
gles up to 8° could be detected. Events involving
larger scattering angles have a large x-ray excita-
tion probability; however, they are very rare. The
number of detected ions were corrected accordingly
using the Rutherford scattering law. At the lowest
ion energy (18.6 MeV), which is the most serious
case, this correction of the total cross section
o (meas) was 10%.

The x rays were detected in a flow-mode propor-
tional counter with side window subtending a solid
angle of Q/47=(2.5+0.15)x1072,

The detector efficiency € was (95 +2)x10 2for 4-
keV x rays, the escape correction k=0,94. The
energy resolution was 18% in case of the 6. 4-keV
line of a %'Co source. Care was taken to shield all
x rays from the x-ray detector, except those
created by the beam in the target.

To process the electronic signals from the x-ray
and ion detectors, conventional modules were em-
ployed. The electronic setup is sketched schemati-
cally in Fig. 2. The coincidences between ion-
scattering and x-ray events in the differential scat-
tering experiment were made using atime~—to-pulse-
height converter and single-channel analyzers.
Total and random coincidence spectra were thus
recorded simultaneously. This allows a relatively
straightforward subtraction of the background; the
background is caused by scattering processes which
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FIG. 2. Schematic of electronic setup, The coinci-

dences between x-ray detector and ion detector signals
are made by a time—to—pulse-height converter (TPC) and
two timing single-channel analyzers (SCA) to achieve
simultaneous recording of total and random coincidences.

are not recorded in the ion detector. It is propor-
tional to the square of the beam intensity, and prin-
cipally limits the beam intensity.

IV. RESULTS AND ANALYSIS

A typical total x-ray spectrum of the I and Te
radiation is shown in Fig. 3. The peak at approxi-

X-RAY ENERGY (keV)

0 1 2 3 4 5 e 7
T T T
| M RraDIATION } L raoiaTion
2 1000~ AND ESCAPE PEAK -
z \
< goof .
o
x
& 600 |
o /
2 Lok [ \ 4
8 «/ 3
\ l Y
2001 j N i
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FIG. 3. Total x-ray spectrum from I and Te (240-pg/

cm? target and 30. 8-MeV I energy).
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mately 4 keV is caused by the I and Te L radiation.
This L line is shifted to higher energies, com-
pared to the photon-induced characteristic radia-
tion. 14'2%-2 The peak at 1 keV comprises the M

x rays from I and Te and the escape peak from the
L x rays. M radiation is strongly absorbed in the
relatively thick window of the x-ray counter. (The
transmission is approximately 4% for 1-keV radia-
tion. ) In the following we concentrate on the L
radiation.

From the total L intensity we get the number of
coincident L x rays, N,(3) in Eq. (1), by the expres-
sion

N,(9)= [Ny~ N random)]/(keQ/4r) , (7)

where ﬁx and va(random)are the number of counts in
the L lines of the coincident total and random x-

ray spectra, respectively; for k, €, and Q/4m,

see above. The x-ray emission was assumed to be
isotropic. 2 The relativistic correction of the solid
angle for the radiation emitted by the moving par-
ticle varies between 2 and 4% for I-ion energies
between 18 and 64 MeV, and is disregarded. The
effect of x-ray self-absorption can also be neglected
in the 20- and 50-ug/cm? Te targets.

The directly measured x-ray production E(9) for
the collision energies 18,6, 30.8, and 46.0 MeV is
plotted in Fig. 4. The data were taken with a 20-
pg/cm?-thick target, except those indicated by open
circles, which were taken with a 50-ug/cm? target
at an ion energy of 30.8 MeV. The deviation of
the thicker target data is within the experimental
uncertainty except at the smallest scattering angles.
This shows that single scattering is predominant

in the angular region of importance. The x-ray
25 L rr T T 77T l_Il T
I—Te
20k ION ENERGY _J
. A 460 MeV
3 — @ 30,8 MeV (20 pg/cm?) B
X
o ---0 30,8 MeV (50 pg/cm?) /+
z IS W 186 MeV 7 4
o ——-
= /
Q /
: + tH
g ,10 - i}#d -
>~
E o
x A & + -
.05 4 +
> s
!/ -«
0 mﬂ'i L‘l’l/ R A 1
5 1 5 10

SCATTERING ANGLE ¥ (degree)

FIG. 4. L x-ray production in the system I-Te as a
function of the I scattering angle.
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FIG. 5. (a) L x-ray production in the system I-Te

(left-hand scale) as a function of the impact parameter,
For comparison, the distance of closest approach 7, is
indicated. The right-hand scale gives the L vacancy
production in I or Te, assuming equal number of vacan-
cies produced in both particles (w;,=0.14). (b) pP(p) as
a measure of the differential cross section for L x-ray
production; it shows a maximum at p values comparable
to the L-shell radius.

production increases steeply within a relatively
narrow angular region before it flattens out. At
high ion energies, a further increase of P,(9) may
be indicated at large angles. .

The transformation of P,(9) into P,(p) was per-
formed using Eqs. (2)-(4). Py(o) for the 20-pg/cm?
Te target is shown in Fig., 5(a), left-hand scale.
The right-hand scale gives the vacancy production
P,(p) in I or Te, respectively.? P;(p) is obtained
by

Pi(p)=3P,(p)/w , (8)

where the factor 3 arbitrarily implies that in the
practically symmetric system I-Te both collision
partners contribute equally to the x-ray emission.
A constant fluorescence yield w;=0. 14 was as-
sumed; this value is an average for the Ly, 11,111
subshells as obtained by Specht14 by extrapolating
photoexcitation and K@ emission experiments. Re-
cent calculations give fluorescence yields which are
about a factor of 2 smaller.® % It should be
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noted that P;(p) can only be used as a rough estimate

for the vacancy production. The fluorescence

yield may strongly be changed in a heavy-ion—atom

encounter, Firstly, the excitation of different sub-

shells is not known in the present work; this may

give rise to a different average w;. Secondly, the

degree of ionic excitation and ionization may have

a strong influence on the fluorescence yield. 3%37+38
The data points in Fig. 5(a) can be fitted em-

pirically with a Gaussian distribution, e.g.,

Pi(p)= a; exp(-p?/2p%,0) . (9)

a; is the vacancy production in a head-on collision.
The additional increase of P,(p) or P;(p) at small
impact parameters is indicated by dashed lines.
Figure 5(b) shows p P,(p) or p P;{p), which is a mea-
sure of the differential cross section. It displays

a maximum at Pg.~3.5x107% cm. Within the ex-
perimental uncertainty, the position of this maxi-
mum is independent of ion energy. It is comparable
to the radius of the radial charge-density maximum
of the 2p state in I or Te (4.3x107% cm ),

The total cross section o, or 0; as a function of
ion energy is shown in Fig. 6. o,(calc), as in-
dicated by squares, is calculated by integrating
the curves in Fig. 5(b) over all impact parameters
[Eq. (5)]. o4(meas), as indicated by circles, was
measured directly [Eq. (6)]. In the case of the
240-pg/cm? Te target the target self-absorbtion
of 4% was taken into account.

The energy dependence of the total cross section

can be approximated by c<E” n=0.8+0.1, This
T T T T T 10°
3 T— ; 48
MEASURED DIRECTLY
® CALCULATED FROM P(g] -
2 - /¢ 6
¢ -
7
¢ 44
< L4 e
5 y v G
= 105 — LV ] a
52 - ¢ ///y Ch
8 s
L ++// 42
7
6 -
L f—
1 L 1 IS SR R N B PO
10 20 40 60 80 100
ION ENERGY (MeV)
FIG. 6. Total cross section for L x-ray production in

the system I-Te (left-hand scale) or L vacancy produc-
tion in I or Te (right-hand scale, same assumptions as
in Fig. 5). The cross-section values as calculated from
P(p), Fig. 5, and Eq. (5), are in reasonable agreement
with the directly measured values,
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TABLE 1. Widths (FWHM) of the multiple scattering
distributions of I ions in a 20—;1g/cm2 Te target on a 15~
pe/ em? C backing.

Ion energy Width
(MeV) (deg)
18.6 1.07
30.8 0. 86
46.0 0.73

energy dependence is roughly determined by the en-
ergy dependence of the parameter o, [Eq. (9)]
since pya, remains nearly constant between 18. 6
and 46 MeV. The calculated cross sections are
generally somewhat smaller than the cross sec-
tions measured directly. Both the measurements
of the total and the differential cross section were
performed under the same conditions. A discrep-
ancy between o,(meas) and o,(calc) can, therefore,
only be caused by the interaction potential V(r),
which enters the 9, p transformation, and by a thick-
ness uncertainty in the 240-pg/cm? target.

The error bars in Fig., 6 correspond to the sta-
tistical uncertainty. The o,(calc) error bars also
include the angular uncertainty. The uncertainty in
target thickness only influences o,(meas). It is in-
dicated separately in the upper left-hand corner of
Fig. 6, and acts as a scaling factor. o,(calc) is
independent of any error in target thickness as long
as single-collision conditions prevail. A finite tar-
get thickness has two effects: (i) A detected ion
may have been excited repeatedly in the target; (ii)
the scattering angle is altered by multiple scatter-
ing of the ions in the target. It can be estimated
that the probability for a second L-excitation pro-
cess in the target is less than 2% for 30.8 MeV and
the 20-pg/cm? target. Additionally, a comparison
between the 50-pg/cm? target and the 20-ug/cm?
target (Fig. 4) shows that the effect (i) can be ne-
glected for all practical purposes. The second ef-
fect (ii) can be assessed by using data measured
by Rogge.®? The values in Table I give an upper
limit for the multiple scattering width of I ions in
the 20-pg/cm? Te target plus a 15-pg/cm? C back-
ing. Unfolding the P,(9) curves (20-ug/cm? target,
Fig. 4) with these multiple scattering distributions
shows a slight influence only at 9<1°, For larger
angles, the influence is smaller than the statistical
error,

In collisions involving small impact parameters,
a target atom may be knocked out of the target and
detected in the ion counter. These processes give
a large x-ray yield. However, they are so rare
that their contribution to the experimental results
discussed above can be neglected. In addition, the
knocked-on target atom can itself give rise to more
excitation events in the target. The x rays thus
created can cause an increase of the P,(9) values,
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particularly at large scattering angles 9. However,
in thin targets the magnitude of this undesired ef-
fect is negligibly small: at the largest scattering
angles 9=14°, and a primary ion energy of 46 MeV,
the knock-on energy is 3 MeV. The total x-ray
cross section at an ion energy of 3 MeV is smaller
than 6 x10° b, giving an x-ray yield smaller than

0. 006 per knock-on for the 20-pg/cm? target.- This
effect, therefore, cannot play any role in the dif-
ferential or in the total cross-section measurement
reported here.

V. DISCUSSION

The experiment shows that in the system I-Te
the large inner-shell excitation cross section is
caused by a large geometrical cross section. The
bulk of the contribution to the cross section comes
from impact parameters around pg., in the order
of L shell dimensions; the maximum ionization «;
occurs at small impact parameters with a;<1
[Eq. (9)]. The opposite case would be ppa<< L=
shell radius and &;>1, a combination which could
also give a large cross section. It follows that
multiple L-shell excitation is not dominant in the
collision system discussed, a result which is also
indicated by other experiments. ?*'%® The uncertainty
in the fluorescence yield (cf. Sec. IV) cannot alter
these conclusions, though it has the effect that the
contribution of multiple excitation cannot yet be
assessed accurately.

A detailed theoretical description of inner-shell
excitation in “slow” collisions between heavy ions
and atoms is not available at present. The ion
velocities in the cases considered are smaller than
the orbital velocities of the L electrons excited
(n=0.15-0. 3 for L excitation in I-Te collisions
from 18. 6 to 46 MeV). The initial atomic wave
functions are strongly distorted during the colli-
sion, and a quasimolecule with a rotating internu-
clear axis is formed. Thus, in contrast to excita-
tion by light ions the collision parameters derived
in this work (particularly the energy dependence of
o; and P,y cannot be explained by using atomic
wave functions. The inner-shell excitation mech-
anism proposed by Fano and Lichten'® may be a
more appropriate method in interpreting the exper-
imental results. This mechanism is based upon
molecular-orbital (MO) promotion for the limiting
case N <1, The energy of an electron can vary
considerably with the internuclear distance ». Lev-
els from different atomic shells can approach
closely or even cross at certain critical internu-
clear distances 7.. At such crossings electron
transitions to higher unoccupied levels may occur,
and after separation of the collision partners va-
cancies will be found in inner shells. These cross-
ings can be seen in a diabatic correlation dia-
gram!®; it shows H, -like correlations between
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the atomic levels of two identical atoms at large
distances (r — ) and the atomic levels of the united
atoms (» - 0).

L excitation occurs preferencially via the 4fo
molecular level. ! In the well-known case Ar-Ar,
the 4f0 level rises steeply at an internuclear dis-
tance of about twice the Ar L-shell radius. Kes-
sel®® assumes the vacancy production P,(ry) (ro
the distance of closest approach) to be an energy-
independent step-function: P;(¥g)=0 for r¢>7,,
and P,(ry)= 2 for 7o <7,, since via 4foc two electrons
are promoted and lost to higher unoccupied shells.
This model is reasonably substantiated by large-
angle energy loss® and total x-ray cross section®
measurements in the case of Ar-Ar.

The P;(p) distribution measured for the L-shell
vacancy production in the practically symmetric
system I-Te shows a somewhat different behavior.
(note that distance of closest approach and impact
parameter are practically equal, see Fig. 5): (i)
P;(p) increases smoothly with decreasing »,. No
sudden rise of vacancy production is observed. (ii)
The maximum number of vacancies created in both
particles is appreciably smaller than 2. (iii) P,(p)
seems to be energy dependent., A possible energy
dependence of the fluorescence yield w can influence
this behavior; however, considering the relatively
high value of w;=0. 14 it is unlikely that the entire
energy dependence is caused by a variable w ;.

Similar to L excitation in lighter systems the va-
cancy production occurs within an internuclear dis-
tance of about the sum of the L-shell radii of I and
Te; it can be neglected for larger distances. These
experimental facts may be understood qualitatively
from the correlation diagram of, e.g., two Te
atoms and a united atom with Z=104.% The 4f
level of the united atom Te+ Te lies between the 4d

0

and the 5s level. *® The promotion of the 4fo molecu-

lar level thus is much less pronounced than in the
case Ar-Ar. For small ion velocities, the levels
which may interact with 4fo are occupied, except
possibly 4f¢ (rotational coupling®®). The situation
is complicated by the collisional smearing of the
energy levels which makes the concept of localized
crossings ambiguous. Transitions to the higher
unoccupied molecular levels and possibly directly
into the continuum may occur over a broad range
of internuclear distance. In such a way vacancies

could be created in some levels before they “cross”:
4fo. A similar mechanism has been discussed for -

K-shell excitation in Ar-Ar collisions. 3 An addi-
tional difficulty is introduced by the use of solid
targets. 3"3% The presumption that the higher atom-
ic shells are in the ground state before each colli-
sion is not certain to hold true. For the 20-ug/cm?
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Te target single-collision conditions prevail only
up to L-shell dimensions (mean free path for a
collision involving impact parameters smaller than
L-shell radius, A= 50 ug/cm?). If the lifetime of
an M- or N-shell vacancy is long compared to the
ion collision frequency, outer-shell excitation will
accumulate while the ion is passing through the tar-
get. A molecular level from the L shell will find
more unoccupied levels at “crossings, ” resulting
in an enhanced vacancy production.

The effects discussed above may contribute to a
lower vacancy production and to a broadening of
the effective interaction region, giving rise to the
observed gradual increase of P;(o) with decreasing
p. It can be concluded that in heavier collision
systems L-shell excitation cannot be explained by
promotion of one or two L electrons at a well-de-
fined internuclear distance. From our experiment

/it can also be inferred that the high @ values for

large-angle scattering found in the quite similar I-
Xe collision system® are only caused to a small
extent by L excitation; moreover, the increase in
charge state of the scattered I ions*® at a distance
of about 12x10™ cm is unlikely to be produced by
L excitation: No L x rays are observed at that
internuclear separations, see Fig. 5. It seems
more likely that these processes are mainly caused
by multiple M excitation. From the correlation
diagram one may expect a large number of M elec-
trons to be promoted. This may be important, e. g.,
for the detection of superheavy elements by regis-
tering their characteristic x radiation in collisions
with heavy target atoms. It is expected that only
M radiation is excited in the superheavies with suf-
ficiently high cross section, %!

A more sophisticated measurement of the impact-
parameter-dependent x-ray production particularly
in asymmetric systems, and employing improved
x-ray resolution [Si(Li) detectors], should give a
further insight into the excitation mechanism. A
knowledge of this mechanism will also be a neces-
sity for practical applications of x-ray excitation
in heavy-ion-atom collisions.
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