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Energy spectra of the projectile ions have been measured following electron capture by slow Ne?*
ions on He for 3 <q <8. Both single-capture and transfer ionization were observed. The reactions
are all exoergic with positive energy defects between 3.6 and 31 eV, and with crossing radii between
8 and 2.1 A. Capture is found to selectively populate states whose crossings lie at a radius which
can be calculated on the basis of a simple prescription. The total transfer cross sections range up to
55% of the geometrical ones deduced from the measured crossing radii.

I. INTRODUCTION

The capture of an electron from a neutral target by a
multiply charged projectile whose velocity is much less
than that of the target electron is usually described as
proceeding via localized crossings between potential
curves of the incident channel with the Coulomb-
promoted exit channel. By this mechanism only exoergic
reaction channels can be fed, with the positive energy de-
fect ( Q) increasing the translational kinetic energy of the
collision partners. Excited states with the electron in a
high-n level about the projectile core are selectively popu-
lated in the process. A great deal of theoretical and exper-
imental work on the process has now been reported'—*
and several discussions of the relevance of the process to
applied concerns have been given.>¢

Most of the experimental work deals with total cross
sections which integrate over all final states. Information
on the specific final states populated has come from
translational energy spectroscopy of the reaction products
and from photon and electron spectroscopy of the final
states. A high n selectivity was found early in the K x-
ray and Auger-electron spectroscopy of necn on various
targets by Mann et al.” and Beyer et al.,® where capture
onto metastable cores of Ne was used to produce fast elec-
trons and similar hard radiation from capture to bare O
and C nuclei has been reported by Bliman et al.® Softer
photon spectroscopy has recently allowed both n and [
differentiation of final states for O?%, C?*, and Neft
projectiles on He and Li for g up to 8.1%11

Translational energy sPectroscopy has been carried out
by the Nagoya group'?— ! for C?+, N?+, 07+, and Ne?*
on He at projectile energies near 1 keV-g for g <9 and by
Mann et al.'® for Ne’* and Ne!®* on various targets at
projectile energies of 50 eV-q. !> Huber, Kahlert, and colla-
borators!”~! have reported high-resolution translational
energy spectroscopy for multiply charged rare-gas Ne pro-
jectiles Ar on rare-gas targets, as have Kamber and Hast-
ed? and Nielsen et al.?!

A consistent picture of highly selective capture to excit-
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ed states emerges from the above results. The most com-

monly used model for predicting the n value populated is

the classical over-barrier model,?* which has been quite
successful.

In this paper we present a systematic study of electron
transfer in slow Ne?* on He collisions for g between 3
and 8. When combined with the results of Mann et al.,'®
these data complete the systematics for this system for all
projectile charge states above 2. Both intermediate resolu-
tion translational energy spectra of the neon projectiles,
referred to hereafter as energy-gain spectra, and total
transfer cross sections are now available. The intent is to
provide a comprehensive study of the states populated and
the transfer probabilities for a single system from a low
charge state (for which capture is quite weak) to the bare
nucleus.

II. EXPERIMENT

The neon ions were produced in a secondary ion recoil
source by pumping a dilute neon gas with fast fluorine
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FIG. 1. Schematic of apparatus.
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and iodine beams from the KSU tandem. The source is
discussed in detail elsewhere.”> The extracted neon ions
were charge-state and momentum analyzed by a double-
.focusing magnetic spectrometer with a momentum resolu-
tion Ap/p of 1.2% and directed into a He gas cell 2 cm
long (see Fig. 1). . The entrance and exit apertures of the
cell were 2 and 3 mm in diameter, respectively. Ions exit-
ing the cell passed through a short retardation system into
a hemispherical electrostatic analyzer which analyzed the
energy and charge state of the post-collision projectile
ions. Target pressures were typically below 1 mTorr, with
a background pressure in the chamber of 2 10~ Torr.
The effective extraction voltage ¥, in the primary cell
was set near 25 V, limiting the energy spread of the in-
cident neon beam to AEp=0.6 e¢V-q, where q is the neon
charge state. The collision energy was varied by applying
a variable negative voltage of size V, to the gas cell. The
collision energy was then given by ¥V,..q, where the effec-
tive acceleration potential V,..=V,+ V. The ions were
retarded after leaving the cell by applying a voltage V. to
the entrance slits of the hemispherical analyzer. The
analyzer was operated at a fixed plate voltage so as to pass
ions having an energy of 12.5 eV:q’, where g’ is the
charge state of the neon after the collision. The overall en-
ergy resolution for the direct beam was expected to be less
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than 0.7 eV-g; measured values ranged from 0.4 to 0.6
eV-q for cell voltages below 120.9 V. For large cell volt-
ages, and correspondingly large retardation factors, the
measured resolution deteriorated, reaching 2 eV-g at

. V.=500 V. We attribute this deterioration to aberrations

in the hemispherical analyzer, since for large retardation
factors the angular divergence of ions inside the analyzer
becomes large. The energy resolution per charge expected
for charge exchange to a single final state, in the absence
of kinematic broadening, can be shown to be close to that
for the direct beam.

In most cases, the resolution of final states is limited by
kinematic effects. At scattering angles other than 0° some
energy is carried away from the collision by the helium
recoil, and the energy gained by the projectile is a function
of scattering angle. The acceptance angle of the analyzer
was sufficiently large that, in most cases, all of the reac-
tion products of interest were accepted (see below).
Within this acceptance window, however, lie an appreci-
able range of scattering angles and a corresponding range
of energy gains. We have estimated the size of this effect
using a model whereby the neon projectile is assumed to
follow a classical trajectory through the collision. Under
such conditions, every impact parameter (b) corresponds

to a unique scattering angle (0) with the relationship de-
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FIG. 2. Energy-gain spectrum for single capture by Ne’* on He at projectile energies of 224.07 and 76.93 eV-g. The favored Qf
calculated according to the prescription in the text is indicated by vertical arrows.
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FIG. 3. Similar to Fig. 2, but for Ne*+ on He.

pending on the potential curve which the system follows
through the collision. The electron transfer was taken to
proceed at a localized crossing between incident and final
potential curves, leading to a minimum scattering angle

corresponding to a collision for which the impact parame-
ter is just equal to the crossing radius R.. This scattering
angle was calculated on the assumption that the projectile
of charge g proceeded undeflected to an internuclear
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FIG. 4. Similar to Fig. 2, but for Ne*+ on He.

separation of R, (half-Coulomb scattering model) and
then exited on a Coulomb trajectory characterized by neon
and helium charge states of (¢ —1) and 1, respectively
(for single capture). The radius R, is related to the Q
value for the reaction by R; =[(g —1)e?]/Q.

In order to display the kinematic effect, we show, in
Figs. 2—7, line segments showing the projectile energy
gain versus laboratory scattering angle for a selection of a
final state. The kinematic lines are calculated from stan-
dard two-body kinematics. They have been truncated on
the low-angle side at the minimum scattering angle calcu-
lated as described above. On the large-angle side, a trun-

cation was made at an angle corresponding to a trajectory
with an impact parameter of b =R, /2, where the half-
Coulomb scattering model was again used. While in reali-
ty the kinematically determined maximum scattering an-
gle is much larger, one would expect most of the cross
section to lie between R, and R./2. The kinematic effect
can be quite large, especially for small bombarding energy
or for large Q, and in some cases essentially renders im-
possible our observation of capture to states involving
very large energy releases.

The angular acceptance of the analyzer was investigated
by numerically solving Laplace’s equation and integrating
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the equations of motion for an ion traversing the
geometry of the retarding lens system and spectrometer.
These calculations showed that, for a parallel incident
beam and no cell voltage, ions scattered near the cell
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FIG. 5. Similar to Fig. 2, but for Ne®* on He. States indicated by (2s2p 3/) are core excited.

center through an angle less than approximately 2.8° will
be accepted by the spectrometer. This result is nearly in-
dependent of the retardation factor, a surprising but con-
~ venient feature which occurs because of the shortness of
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FIG. 6. Similar to Fig. 2, but for Ne’* on He. The notation (n,n’) TI refers to transfer ionization proceeding through doubly ex-

cited states with electrons in shells denoted by n and n'.

the retarding lens. This cutoff angle is indicated by a
dashed line in the figures. In some cases, the large-angle
limit deduced from the kinematic exceeded 2.8°, and we
have truncated the kinematic line segments slightly

beyond 2.8° for these cases. Larger-angle events are lost
from our analyzing system, and we measure only partial
cross sections for such cases. Experimental evidence is
seen for this cutoff angle in Figs. 3 and 6 and is discussed



30 ENERGY-GAIN SPECTROSCOPY STUDIES OF ELECTRON . ..

SINGLE CAPTURE

MAIN PEAK

1667

T x T Al T T l Ll T 1 v L Ll Nl68+ 'ON' ge
. V, ..=224.61V
s 2004 A ace
* *
‘e o+
.O
[72] A
+ =
: 5 100 £ 2 (a)
4
1 ! Q AW 1°
- o LW e * O°
a0 g
M G)S}LQ %
w._’#!___ ) b
P — T T
2004 . Ne8* ON He
i : Vac=121.95V
* N
o‘ :'
(/2]
2 T (b)
. . 2 100¢ .'&‘ 150
%,
(&) p—rt (0)d
.t ) : 4‘].‘I .
. 6 5% 3% .
;s * R ""’& N
. Illz L WP RN o g ! \w w» AR 0'..
0 50 150

50 100
ENERGY GAIN (eV)

FIG. 7. Similar to Fig. 2, but for Ne*+ on He.

further below.

Investigation of effects of the lens created at the cell en-
trance by the cell voltage showed that, for ¥, . less than
120 V, the 2.8° cutoff remains approximately valid. For
Vace =220 and 520 V, the beam converges sufficiently
close to the cell entrance that the spectrometer samples a
wide range of scattering angles with nearly equal weight,
thus making the effective cutoff angle larger, although at
cost in transmission efficiency. For such large V. cases,
however, the capture events are sufficiently forward
directed that we do not expect cutoff effects to be large.

Spectra were taken by scanning the retardation voltage
Vr. The energy gain Eg corresponding to Vy is given by
Eg=q' (Vg —VR)+(Vaeo)(q@'—q), where V3 is the retar-
dation voltage for which the main beam is passed. The
retarding voltages were measured with digital and dif-
ferential voltmeters, and ¥V, was determined with the use
of the experimentally determined spectrometer calibration
constant. Events corresponding to ¢'=gq are separated
from single-capture events with ¢’=¢g —1 by lying in a
different portion of the Vg spectrum. Double-capture
events were not sought, since this channel is known to be
weakly fed in most cases.?*

III. RESULTS AND DISCUSSION
A. General features

Energy-gain spectra are shown in Figs. 2—7. Due to
the kinematic effect discussed above, identifications must

be made by associating observed peaks with the kinematic
line segments, rather than unique energy gains. Each
kinematic line segment is identified on the 0° intercept by
the state whose population it represents. A simplified no-
tation is used on the figures to indicate only the n, and
sometimes /, of the captured electron. Only states based
on the ground-state projectile core are so identified in the
figures. Core excited states are important for the cases of
Ne** and Ne®* projectiles, and in these cases the full
electronic configuration is given. The energies are taken
from Refs. 25 and 26, and channels leading to excited
He™ are not considered since they are not expected to be
strongly populated and in most cases do not lie in the in-
teresting regions.

Before entering a discussion of the individual collision
systems, it is useful to discuss some general features
which are expected to determine which capture channels
will be most strongly fed. For the low velocities used
here, capture may be expected to proceed at localized
crossings between the incident Ne?t + He channel and
the final Ne!? =D+ 4 He* systems. When only a single
exit channel is available with a crossing at R., a Landau-
Zener treatment of the process?’ gives a maximum cross
section if the potential coupling matrix element H{,(R)
between incident and exit channels, evaluated at the cross-
ing radius, has a magnitude given by

| Hi5(R,) |2=0.42v9 AF /277 , (1
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where v is the projectile velocity and AF is the derivative
with respect to internuclear radius of the energy differ-
ence between the two potential curves.. (Unless otherwise
indicated, atomic units are used throughout.) The
transfer cross section under these optimized conditions is
given by 0=0.4527R2. Several universal prescriptions
for H,, based on calculations for atomic hydrogens, have
been given. We use that of Olson and Salop,?® who find

Hy,(R)=(v2)9.73V/q exp(—1.32aR /V7q ) , 2)

where a=V"2I, and I, is the target ionization potential.
We have inserted the V2 because there are two He elec-
trons for this case. If polarization effects are ignored,
AF=(q —1)/R?. By inserting Eq. (2) into Eq. (1), one
can solve for a “favored” crossing radius Ry for which
conditions for transfer are optimized; the corresponding
favored Q value is given by Qy=(g —1)/Ry. Because
H,; is such a steep function of R, the values of Ry and

- Qy thus obtained are not very sensitive to the leading nu-
merical factor in Eq. (2). The Ry differs httle from the
“absorption” radius used by Olson and Salop?® for cases
discussed here. It is only very weakly dependent on the
collision velocity. In Figs. 2—7 the results of the above
prescription for obtaining Qf are indicated by arrows on
the energy axes.

For cases where a single channel is found experimental-
ly to dominate the capture process, the energy-gain spec-
trum can be used to define an experimental crossing ra-
dius through R,=(q —1)/Q, where Q, is the experimen-
tally determined Q value. By combining this with the ex-
perimental cross section o, we may deﬁne an average
transition-probability parameter P=o,/mRZ2. In a two-
level Landau-Zener model, the maximum value of P
would be 0.452. In an absorbing sphere picture, with
many crossings participating, one would expect P to be
near unity.

For the cases where two (or more) major groups are
populated, the parameter P is defined for each group by
assigning to each a fraction of the cross section propor-
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tional to its fractional population in the energy spectrum.
In Table I we summarize major experimental results de-

. duced from Figs. 2—7 and total capture cross section

measurements.

‘In general, if several capture channels have crossings
near the favored region of R, lowering the collision veloci-
ty will tend to enhance the population of those channels
with larger crossing radii. This occurs because crossings
at large R, with smaller H,, will behave less diabatically
the lower the velocity. This effect is exhibited in the
above prescription by the moving of Ry outward, and Qf
to smaller values, as the collision velocity is lowered, al-
though the arrows in Figs. 2—7 show this effect to be
small. Unfortunately, the effect of the experimental an-
gular cutoff acts in the same direction as this diabaticity
effect. The lower the velocity, the more likely large-Q
events are to be lost, thus enhancing the apparent relative
population of low-Q channels. These two effects are not
always cleanly separable in our spectra.

B. Discussion of individual collision systems

Ne3* + He (Fig. 2). For this system, the only states with

‘the correct parent cores which can be populated exoergi-

cally are the !D and 'S with Q values of 36.3 and 32.6 eV.

" These lie far from the favored Q region, and no evidence

for their population is seen. The major capture channels -
appear to be the >P° and !P° states, both based on excited
cores, lying at 14.1 and 3.6 eV, respectively. Values of P
for these channels are only 0.034 and 0.008, respectively,
at V,..=224.07 V. These low values we attribute to the
very weak coupling of the incident channel to core-excited
configurations. The total cross section for capture is quite
low for the same reason. The smaller relative population
of the 3P° state at collision energy of 76.93 eV is due to
the spectrometer angular cutoff as well as the diabaticity
effect.

Ne** 4+ He (Fig. 3). The population of n =3 is now
substantially exoergeric. The 25%2p*(3P)3s(>*P) states at

TABLE 1. Summary of collision parameters for single capture for Ne?* from He at a projectile ener-

gy of 220 eV-q.

(10716 cm?) '
g (V) -

o(10~16 cm?)

Projectile total partial R, (a.u.) P
Ne’+ 2.1+0.3? 14.1° 1 0.45+0.1 3.86 0.034+0.088
3.62° 1.6+0.2 15.0 0.008+0.001
Ne*t 11.0+1° 11.5+1° 11.5+1 7.1£0.61 0.26+0.05
Ne’+ 15+3°¢ 19+2° 5+3 5.7£0.6 0.52+0.15
Neb+ 11122 32.1° 69+1.2 4.24 0.441+0.07
19+2° 4.1+0.8 7.1+£0.7 . 0.09+0.02
Ne’+ 19+3°¢ 19.5+1° 1943 8.410.4 0.321+0.06
Ne¥+ 18+6° 31+1° 186 6.1+0.2 0.55+0.19
Ne’+ 10+2.5¢ 24.8+24 10+2.5 8.8+0.7 0.151+0.04
Nelo+ 16+2¢ - 29+3¢ 16+2 8.4+0.9 0.26+0.06

2From Refs. 23 and 36, interpolated for V.o~

=220 V, excluding transfer ionization.

*Present mean values for V,.,,~220 V, excluding transfer ionization.

°Average of present values with those of Refs. 23 and 36, mterpolated for ¥,

transfer ionization.
dFrom Ref. 16, for V,..=49.2 V.

Vaee=220 V, excluding
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13.1 and 11.9 eV lie nearly at the favored Q value, and
their population is seen to dominate for all accelerating
voltages. The value of P is 0.26, much higher than that
for the previous case, and a substantial fraction of the
Landau-Zener maximum.

Ne’* + He (Fig. 4). The favored Q value now falls in
the midst of a large number of unresolved states built by
the addition of an n =3 electron to the projectile core.

The experimental peak is substantially broader than the

resolution function, showing that the capture strength is
shared among 3d and 3p states; little evidence for 3s pop-
ulation is seen. There appears to be some shift of the cen-
troid toward population of the more weakly bound 3d
states as the projectile energy is decreased, as would be ex-
pected from the diabaticity arguments given above. Un-
fortunately, the angular cutoff acts in the same direction,
and thus unambiguous interpretation of this effect is not
possible. The value of P obtained for an average crossing
radius at 3.2 A is 0.52, slightly larger than the maximum
Landau-Zener value.

NeS* + He (Fig. 5). This is a particularly interesting
transition case. The population of even the 3d state has
now become so exoergic that the corresponding crossing
radius is far inside Ry. The n =4 states, on the other
hand, involve quite distant crossings substantially outside
Ry. There are many states near the favored Q, but these

. are all based on a 2s52p excited core, and thus are only
weakly coupled to the incident channel involving a
(25%)'S projectile. The result, as seen in Fig. 5(a), is that
no clear-cut favorite emerges. Substantial 3d population
is still present, with a P of 0.44, but the total cross section
still is smaller than that for either + 5 or + 7 projectiles
due to the small crossing radius for this channel. This re-
sult is in agreement with that of Gordeev et al.? who
find strong emission from 3d levels in this reaction at
higher projectile velocities.

As the acceleration voltage is lowered to 222.7 eV [Fig.
5(b)], apparent population of the core excited states in-
creases at the expense of the 3d population, as would be
expected from the v dependence of Ry in the model dis-
cussed above. This effect becomes even more marked at
Vace=124.2 and 72.4 eV [Figs. 5(c) and 5(d)], but is at
least partially due to loss of 3d events because of the an-
gular cutoff. '

Ne’* 4+ He (Fig. 6). The population of n =4 is favored
and observed to dominate the spectra. The value of P for
this population is 0.21. An additional group appears with
a Q value near 35 eV and an intensity of approximately
15% of the n =4 single-capture intensity [Figs.
6(a)—6(c)]. We interpret this group as due to the popula-
tion by double capture of a group of doubly excited states
with (n,n')=(3,4). Evidence for this process has been
previously seen for C’* and N7+ on He by Tsurubuchi
et al.’® and Tawara et al.'* In the present case, no
theoretical calculations of the energies of the doubly excit-
ed states are available. We have estimated the centroids
of expected groups from the known experimental binding
energies of n =3 and n =4 electrons in singly excited
states based on a Ne’t ground-state core.?® There is ex-
tensive multiplet splitting to be expected about this cen-
troid, however, and identification of individual states is

not possible. The previous work of Justiniano et al.?* -
showed a transfer ionization cross section for Ne’* on He
at V,.=500 V which was approximately 13% of the
single-capture cross section, consistent with the present
interpretation.

Energy-gain spectra at V,..=1 kV have been reported
for this system by Tawara et al.,'* who found population
of groups with Q values of 20, 38, and 68 eV in agreement

_with the present results. They interpret the group at 38

eV as due to population of (2p3]) core excited states in
single capture; this interpretation cannot be excluded. We
prefer the transfer ionization interpretation, however, in
view of the results of Justiniano et al.?* and the fact that
our systematics seem to show that the population of core-
excited states away from the favored Q region is improb-
able. The group at 68 eV, which appears clearly only in
Fig. 6(b), is attributed to transfer ionization to
(n,n')=(3L,nl’'). Evidence for population of this channel
also appears in their spectrum for F’* on He. Double
capture to final Ne’* states are outside the voltage ranges
scanned for the figures displayed.

Neb* + He (Fig. 7). Capture to n =4 continues to dom-
inate for this case with P=0.55. A group with Q near 48
eV is also populated, and probably due to double capture
to (n,n’)=(3,4) again, although the kinematic shift is

- large and renders unique identification of this group diffi-

cult. In addition, it is not clear whether the electron emis-
sion occurs during the capture process or afterwards from
decaying doubly excited states, which also effects the posi-
tion and width of those peaks. This identification is con-
sistent with the results of Justiniano et al.,’* who found
population of a transfer ionization channel with an inten-
sity of 20% of the single capture. This group is not
resolved in the spectra of Tawara et al.'* :

Ne&’*+ and Ne'®* 4+ He. These systems have been stud-
ied previously by Mann et al.!® and by Tawara et al.;'*
their properties are summarized here for completeness.
For Ne’*+ on He, the population shifts to n =5, but the
favored crossing radius is inside the actual crossing with
n =35, with the result that a rather low value of P=0.15
is obtained. Their cross section for this case is less than
that for either Ne®* or Ne!®* projectiles. For Ne!* on
He, the cross section rises, as the n =5 crossing radius is
now quite close to Ry, and P rises to 0.27.

IV. CONCLUSIONS

The present results indicate that the energy balance of
the capture reaction is the most important parameter in
determining which levels are most strongly populated in
the process. If curve crossings occur for which the
strength of the potential coupling between incident and fi-
nal channels is optimized, those states will be selectively
populated. A simple prescription for calculating the
favored internuclear radius, or the corresponding favored
Q value, does remarkably well at predicting which states
will be selected. Although the prescription given by Eqgs.
(1) and (2) is based on a very simplified two-level
Landau-Zener analysis, nearly the same results for the
favored radii can be obtained by taking the absorption ra-
dius described for the many-crossing case by Olson and
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Salop. This result occurs because H;, is so steeply R
dependent. The favored radius idea is very similar to that
of a “reaction window” discussed by several au-
thors'#3°=3* which_favors crossings occurring between
about 2.5 and 5 A. In the present prescription, the
favored radius is system dependent.

For cases where configurations based on the projectile
ground-state core have crossings near the favored radius
(Net+:5+:7+.8+,104)  sopulation of those configurations is
selected. For cases where crossings with favored configu-
rations lie sufficiently far from the favored radius
(Ne3*+6+), population of core excited configurations be-
comes competitive. It appears that the steep dependence
of the coupling matrix element on R has the result that
having a crossing at the favored R can be more crucial
than having the right configuration. In particular, no
favoring of any [/, within a given n manifold, is found ex-
cept as dictated by the energetics. For example, for Ne*+,
3s states are selected, while for Ne’* 3p and 3d states are
preferred. This difference is directly attributable to the
proximity of the populated levels to the favored Q value.

It is possible that our beams have, in some cases, meta-
stable components which can lead to the population of
systems which have not been considered in the discussion.
However, the binding energy of a single n =3 (or higher)
electron to a metastable core will differ little in most cases
from that to the ground state. Thus the energy balance
for capturing into a particular n will be nearly indepen-
dent of the excitation level of the core, if the core does not
change its electronic energy in the collision, and the dis-
cussion based on the assumption of a ground-state projec-
tile core remains approximately valid.

Except for the transition cases of Ne’* and Ne®, tran-
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sitions to a single group of levels dominates the transfer,
and a semiquantitative interpretation of the average tran-
sition probability P is possible. Since in every case several
channels are being fed, one might expect the absorption
value of P~1.0 to be obtained. This does not occur, as
our experimental P never exceeds 0.55 for the most
favored case (Ne®*). In a simplified model in which both
projectile and target are taken to be point charges, the
latter clothed by a single electron, only a single level out
of a given n manifold couples to the incident channel, and
this apparent multicrossing case is really only a two-level
case. It is not clear to what extent such a model approxi-
mates reality for a case where the subshell degeneracy is
lifted. If one views the coupling of many levels with
n =3 as really only a single coupling to that linear com-
bination of states with different / which couples to the in-
cident channel, the Landau-Zener result that P maximizes
at 0.52 is quite consistent with the present results. We
note that other authors have reported cross sections up to
nearly 100% of wRZ, corresponding to P of unity, for
similar systems.'>!* We do not find this. It is perhaps
the case that in order to really satisfy the multilevel ap-
proximation, the density of states with different n near
the favored radius must be high. Such is the case for, for
example, a Li target, for which the absorbing sphere
model was found to work well.?
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