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Projectile charge-state dependence of transfer ionization to single capture ratio in collisions
of multiply charged ions with He
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The ratios of the cross sections for the processes of transfer ioniZdtipand single capturéSC) were
measured for 2 MeV/u CIF 913514015 and Tit5*18+ projectile ions on He targets. The ratio was deter-
mined using a cold He gas target and measuring the coincidences between the projectile and the charge states
of the emerging recoil ions. The measukef]/ og¢ ratio shows a strong dependence with the projectile charge
state that is well described by calculations based on the independent electron model. A model to take into
account the effect of the electron screening of partially dressed projectiles in the target ionization is also
presented[S1050-294{@7)02603-9

PACS numbe(s): 34.50.Fa, 34.80.Kw, 32.80.Cy, 52.20.Hv

[. INTRODUCTION system is expected to be understood.
In the intermediate-to-high velocity regime, the collision
Collisions involving multiply charged ions and neutral at- channels that occur with higher probability are the ionization
oms are characterized by the presence and the simultaneoaisd excitation of the target. Target ionization and excitation
action of several collision channels, resulting in multielec-cross sections can reach very high values in collisions with
tron transitions within and between the participating systemshighly charged ions and, under these conditions, any attempt
In general, these many-electron processes can be as likely &s describe the collision system within first-order theories
the single-electron ones, a characteristic that renders difficuftils. This means that simple questions such as, for example,
a comprehensive theoretical description of the collision syswhat is the dependence of some particular process with the
tem. On the other hand, single-electron processes are simplprojectile charge state or velocity, cannot be obtained by
to calculate than many-electron ones, a feature that makesmple extrapolation of the results obtained from a similar
potentially useful the class of simple models that are able t@ystem working in the perturbative regime.
express many-electron probabilities in terms of the single- Collisions involving highly charged ions with He are ba-
electron probabilities. This is the main merit of the indepen-sic to our understanding of multielectron processes, not only
dent electron moddlEM), which has been successfully used to verify if the IEM works properly but also to establish if
in several collisions systems and at different velocity re-and how the parametrizations given by first-order theories
gimes [1]. Although the IEM considerably simplifies the break down. For example, the projectile charge stpt-
analysis of the collision dynamics, its practical use in de-fects all collision channels and, i increases, there is a
scribing collisions involving highly charged ions is narrowed strong deviation from some of the first-order predictions,
by the fact that some single-electron probabilities cannot bguch as the quadratic dependence of the ionization or excita-
determined in a straightforward way. tion cross sections with. In this work we report the depen-
This difficulty arises because collisions involving multi- dence, on the projectile charge state, of the ra@plfetween
ply charged ions usually have a channel that cannot bansfer-ionizationTI) and single-capturéSC) processes in
treated within first-order theories. Even if all other participat-2 MeV/u CI’+:97 137,141,155 gng Til5* 18+ collisions with
ing channels have sufficiently small probabilities to beHe. The Tl involves the removal of two electrons from He
treated up to first order, this dominant channel affects thavhile the SC restricts the action of the projectile mostly over
experimental outcome of all other channels. Consequently, itne electron of He. For both processes the IEM should be
must be well known if the whole behavior of the colliding invoked and, because both of them include electron capture,
the ratioR is expected to have a weak connection with the
capture channel, presenting the characteristic quadyate:
*Permanent address: Departamento dgck) Pontifcia Univer-  pendence of the ionization channel, at least for small values
sidade Catlica do Rio de Janeiro, Caixa Postal 38071, Rio de Ja-Of q. This behavior was observed previously for bare light

neiro 22452-970, Brazil. ions (q=1-98 [2]. For large values of this first-order in-
"Present address: Lawrence Livermore National Laboratory, P.Csight cannot be used. Previous measurements by @atl

Box 808, Livermore, CA 94551. [7] with U2 and U**" projectiles show, in fact, a strong
*Present address: Oak Ridge National Laboratory, P.O. Box 200&jeviation from theg? law.

MS6377, Oak Ridge, TN 37831. The present measurements are carried out using bare as
Spresent address: GSI, Darmstadt, Germany. well as dressed projectiles. The understanding of collisions
IPresent address: Pacific Bell, 2600 Camino Ramon, 1E800B, Sanith bare projectiles is essential to proceed towards dressed
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cannot be used indiscriminately to predict the behavior of the

latter. Although for distant collisions a dressed ion can be ,% 1004  Ti15+ +|'-|e 2Mevr/u ' ' &
considered as a “bare” projectile with a net charggefor 2 80_‘ : ]
close collisions the effective charge increases towaigs §° :

the projectile nuclear charge. Thus, the effective projectile ‘g‘f 60‘_ R

charge has an impact parameter dependence that modulates £ 40 4

the probabilities associated with the bare ions and the corre- & 1

sponding cross sections cannot be inferred from bare ion 3 20’_

measurements. ¢ 0 —

This paper is arranged as follows: in Sec. Il the experi- L S S S R )
mental setup and data analysis are described; in Sec. Il the ] GateA He++ He+
experimental results and the IEM are discussed; in Sec. IV ]
the unitarization procedure including the role played by the 32 1
excitation channel is discussed; in Sec. V the effect of the > 207

screening for the dressed projectile cases is shown; and, fi-

nally, in Sec. VI a summary of the work is presented. 10 MJ M
04— L‘,‘ "ﬂ, iﬂ I"L' o L ﬂ IM 'mj_l
-

Il. EXPERIMENT 90
The experiment was performed in the J.R. Macdonald 75 - Gate B Herr He*

laboratory at KSU. The high charge state beams13) 1

were obtained through the LINAC while the lower charge - 60'_

states were obtained directly from the Tandem Van de Graaff 2 45

accelerator. The collimated €1 and Ti9" beams, with typi- :

cal currents of 50 pA, passed through a low density 30+

(~10% atoms/cn?) He gas jet target pointed transversely 15_‘

relative to the beam direction. Before and after the collision | L 1

chamber there were a magnet and an electrostatic deflector, 0 ]5'“'--'1,“"‘“? - bl L N~y
located at 0.5 and 0.05 m from the gas jet, respectively. The 0 50 100 . 150 200 250
combination of electric and magnetic fields makes a clear Time of Flight (arb. units)

charge state selection, eliminating undesirable contributions s 1 Two-dimensional scatter plot of recoil time of fligm

from beam contamination. arbitrary unit$ vs recoil longitudinal momenturrim, in arbitrary
The He jet was collimated in such a way that the thermal,nitg in coincidence with true-capture detected projectiles for 2

momentum along the beam is smaller than 0.6 @e&[3-5]  Mev/u Ti5* incident ions. Gate A is the time-of-flight spectrum
for detaily. The He" and H&* ions produced in the inter- gated on random coincidences and ionization evérgso recoil
action region were extracted by a 5-V/cm uniform electriciongitudinal momentum These events correspond to a window lo-
field and directed into a position-sensitive channel-plate decated at rim~60 in the scatter plot. Gate B is the time-of-flight
tector. The projectiles emerging from the collision regionspectrum gated on the true capture events. These events correspond
were charge state analyzed by a magnet that directed thetw a window located at rlm-70 in the scatter plot.

into another position-sensitive channel-plate detector placed

abou 4 m downstream, where the main beé&chargeq) is relative contributions of these processes can be assessed in
blocked and the charge-changed be@margeq—1) is de- the plots labeled Gate A and Gate B in Fig. 1. Gate A is the
tected. The capture projectiléshargeq— 1) were measured time-of-flight spectrum gated on the chance and ionization
in coincidence with the He recoil ions. A typical two- events(zero recoil longitudinal momentumThe He" and
dimensional scatter plot of the recoil time of flight, which He?" peaks are thus the contributions from single and
separates the Hé from the He" recoils, versus the recoil double ionization of He by thg—1 impurity beam. Gate B
position along the beam direction, which is proportional tois the time-of-flight spectrum gated on the true capture
the recoil longitudinal momentum, is shown in Fig. 1 for 2 events (recoils thrown backwards The He" and H&™"
MeV/u Ti'®* on He. The Hé" and the He are readily peaks in this spectrum represent the SC and Tl events, re-
visible at ~150 and~210 on the time-of-flight axis. The spectively. One other important piece of information can be
recoil ions are thrown backwards in a capture event but nogleaned from this type of data. It is clear from the scatter plot
in an ionization event. Therefore, events involving a singlethat Tl is indeed single capture plus ionization and not
capture will occur at a different location on the detector com-double capture followed by autoionization. The latter would
pared to an event involving only ionization. The events in-occur at a recoil momentum twice the former and therefore
volving the capture of one electron, either Tl or SC, occur awould appear as a peak &80 (arbitrary unit$ on the recoll
~70 (arbitrary unitg on the recoil longitudinal momentum longitudinal momentum scale.

axis and are well separated from the chance coincidences or

events involving single ioniza_ltion (_)f He bty—l impurity IIl. EXPERIMENTAL RESULTS AND THE IEM

beam ions. Even though the impurity fraction is very small,

typically 1% or less, the ratio of the cross section for pure Figure 2 shows our present measurement® édr He as
ionization to that of pure capture at 2 MeV/uisl00. The  a function ofq, together with the &" and F¥*:°" measure-
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25 BecauseP,(b) is approximately constant over the range
of impact parameters wheRg-(b) is relatively largg 8], one

can makeP,(b)=P,(0) in Eqg. (1) to obtain R=P,(0)
=q°p(0), with p(0) being the ionization probability by pro-
20 tons with the same velocity at zero impact parameter. This
simple reasoning shows not only the dependencRk ofith

- g? but also the weak dependenceRfto the details of the
capture process. However, as shown in Fig. 2, the validity of
15+ S the quadratic law is restricted p<8.

; channels calc For large values of], the approximatiorP,(0)=q?p(0)

R i breaks down because the collision goes outside of the scope
of the perturbative regime. Furthermore, for largehe ion-
ization and excitation probabilities can be near unity. Under
these conditions, according to the IEM, thigle capture
probability is no longer given by Rg(b), but by
2Pc(b)[Po(b) + Pe(b)], where Py(b) and Pg(b) are the
probabilities that the second electron of He either stays in the
ground state or is excited, respectively. AssumiPgb)
+Pg(b)+ P, (b) + Pc(b) =1, the ratioR is given by

k=0%

® Ti

d gn_

Osc * '
FIG. 2. Ratio of the cross sections of transfer ionization and s¢ 277f b db{2 P¢(b)[1 —Pc(b)—P,(b)]}
single capture for 2 MeV/u projectile ions incident on He. Experi- 0
ment(this work): solid squares are €f:9":13.14.15" gatg points; 2

solid lozenges are Ft"18" data points. ExperimentRef. [6]): The term[ 1 — Po(b) — P,(b)] in the denominator of Eq2)

solid circles are &" and F'* 8" data points; ExperimeriRef.[7]): . . .
solid triangles are 1 MeV/u &35 data points. Theory: the thin 9/V€S an additional dependence grpreventingR from fol-
lowing the simpleg? law as suggested by E¢).

solid curve indicated by? is the square law relative to the Bie : ¢ ) ,
projectiles; the thin solid curves indicated ky-0% andk=13% Another |n.1p0.rtant point that can be seen from Fig. 2 is
are the present model calculatiofsee text considering 0% and the systematic difference petween _the measured values of the
13% contributions of the excitation channel relative to ionization, atdressed and undressed ions having the same charge state.
small impact parameters; the open squéveth the dashed curve to  This feature is more prominent for small valuescpénd is

guide the eypare the results of our model calculations obtaineddue to the decrease of the electron screening in close colli-
through the excitation to ionization ratik, at small impact param-  sions. This point will be recalled in Sec. V.

eters, given by coupled channel calculations; the dotted curve is the

screening-correcteki=0% curve for Cl projectilegsee texk V. MODEL CALCULATIONS: UNITARIZATION

AND THE ROLE OF THE EXCITATION CHANNEL
ments of Shinpauglet al. [6] and the B’ 35" results of

Datzet al.[7] for 1-MeV/u projectiles. The figure also shows ~ As mentioned before, the theoretical estimates of the
theq? law, obtained through normalization to the Hecase, probabilities corresponding to the inelastic channels in colli-
and which is clearly not followed by the present highly Sions between swift highly charged ions and neutral atoms
charged ions data. It is also apparent from this figure that thare difficult to be obtained. This difficulty comes from dif-
present measurements point towards a different trend frorferent sources, such as the presence of strongly dominant
that shown by the previous measurements of Ratal. for channels, like ionization and excitation, which have very
U9* projectiles. However, it should be recalled that thelarge cross sectior{®], the strong nonperturbative character
U9" data were obtained for 1-MeV/u projectiles. Although ©f the collision, and the presence of muItieIectr_on transitions
R shows a weak energy dependence for tpprojectiles[6],  that can occur through either single- or multiple-step pro-
this behavior might be not true for the highcases. cesses. o _

There is a tendency @R to follow the g2 law for small Within this scenario, simple models based on first-order
g. This trend was observed by Shinpaughal. [6] for calculations that incorporate somen-ad-hocprocedure to-
g=8 and can be explained with the aid of the IEM as fol-force the necessary unitarization for the set of participating
lows. If the single-electron ionization and capture probabili-Channels can be useful. In fact, in some complex cases, this
ties of He, P,(b) and P¢(b), respectively, are much less €an be the only available methodology able to give some

than unity,R can be written within the IEM as guidance in interpreting the existing experimental data. In
’ this paper we use an extended version of the unitarization

0 procedure given by Sidorovickt al. [10], which conve-
” Zﬂfo db b2 Pc(b)P(b)] niently allows the use of probability distributions obtained
R= " — . ) independently for the various competing channels.
Osc wa“b db[2 Pe(b)] Let us denote by, (b), pc(b), andpg(b) the probabili-
0 ties for a target electron to be ionized, captured, or excited,
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respectively. As mentioned above, these probabilities are cal-

culated independently, and usually, although not necessarily, 05 [ ;gzi’:ﬁ“aﬂm)
through first-order theories. Following R¢1.0] and includ- > | Z(=6)onHe | ---- P(Exc?/aPl(?:r)n
ing the excitation channel, the unitarized probabilities %0-4 B
P,(b), wherea denoted, C, or E, is given by 803 [
003 |
Pa(b) Sl
P.(b)= e 1— e~ (Pi(b)+pc(b)+pe(b)). 02
()= 5(B)+ pe®) + pe(b) | ] L

©)] 01}

In this way, although the excitation channel does not ap- 90
pear explicitly in Eq.(2), it is implicitly included in the

calculation of the probabilitieB, (b) andP(b). This inclu- 10
sion is necessary because excitation is one of the dominant
channels in these highly charged ion collisions. The question >°'8 B Z(=14) on He
that can arise, however, is whether the excitation channel £ |
plays an important role in the numerical value of the TI/SC %€ [
ratio. 5
It can be seen from Ed?2) that P-(b) appears as a mul- ao4r

tiplying factor to both integrands in the numerator and in the
denominator. Because.(b) is important only at relatively 02
small impact parametercompared to the other collision -
channelg, one should expect that the significant contribution 0.0
from Pg(b) andP,(b) to R should also come from the small

impact parameter part of the corresponding probability dis- Impact Parameter (a.u.)
tributions.

T g T

0.0 0.5 1.0 1.5 2.0 25 3.0

Althouah the total cross sections for He excitation and FIG. 3. Coupled-state calculations of target ionization and exci-
9 tation probabilities as a function of the impact parameter for bare

Ior!lzatl_on by h_lghly charged ions ?‘re.b"t.h large, the_y haveprojectiles with(a) Z,=6 and(b) Z,=14 on He. Solid line, target
O_I“'te dlffer_ent |mpact-parameter dlstrlbutlon_s. Th.e dIStrIbu'ionization; dotted line, target excitatiofto all single-electron
tion Py(b) is maximum around=0, decreasing witlh, an  giates dashed line, ratio between the excitation and the ionization
indication of the predominance of close collisions in the ion-propapilities.

ization process. On the contrar?g(b) is a much flatter

distribution, indicating that soft collisions are relatively more o probabilityP<(b) is calculated using the model of
important in the excitation process. These features can bgen_|tzhaket al.[12], which follows the lines introduced by
seen in Fig. 3, which shows the coupled-channel atomicgonr ang Lindhard13]. The probabilitypc(b), used to ob-
basis calculations fog=6 and 14 bare projectiles on He, for 5in ynitarized probabilities for the other collision channels

these two processes, as well for their ratio. The generetIEq_ (4], is defined through the equatiorP(b)
theory of the semiclassical close coupling method can be:l_e—pc’(b)_ In this way, if one set,(b)=0 in Eq. (4)

found in the review by Fritsch and Lifi1]. Briefly, target- o canture probability given by RétL2] is recalled. On the
centered closed-coupling expansions were used to obtain trbe(her hand, if we setpe(b)=0 in Eq. 4 we obtain
single ionization and single excitation probabilities for He. p (b):[l_,e—(1+k)pi(b)]/(:lc-+ k), which reduces to the uni-
For the collision velocity used in this work, the use of Singletalrized ionization probability O’f Ref(10], if k=0%. The
Cer!“?red atomic (_)rbltal' expansion should 'be. valid for de'ionization probability by a projectile with charggis calcu-
scribing the dominant ionization and excitation channelsIated through the scaling lawp,(b)=q2p..{b), where
- 1 i Z | - sc ’
The two-electron He target was described by a quasi Onepsca(b)=|asce(b)|2 is the semiclassical calculation of the

electron model in which the active electron moves in an ef'ionization probability by protons, taken from RéL4].

fective potgntlal due to the He puclegs and the passive e_Iec- Figure 2 shows the theoretical estimates of the r&ijo
tron. The single centered atomic basis used in this work is a

Slater-type orbital. We found a good convergence by includ® alculated from Eqs(3) and (4) as described above, and

i =09 = 0, = 0, i -
ing target statesbound and continuujmup tol=5. As the usingk=09, k=13%, andk=3.2% obtained from coupled

dashed lines in Fig. 3 show, the relative importance of thestates calculations. These estimates were obtained for bare

excitation with respect to ionization increases withafter ions. An important point emerging from these calculations is

) . . : thatR is very sensitive to the ratik. Furthermore, it is clear
being approximately constant for small This behavior al- from this fiaure that the valuk=0 aives qood aareement
lows us to setPe(b)/P,(b)=k, wherek is independent of 9 9 9 9

b in the region where capture is more important. i.e forWith the experimental data, a result that clearly indicates that
small valueg ob. With thisg roximation E(?(:B) beéor'n.e’s excitation is very small at small impact parameters, even for
: PP o highly charged projectiles. This conclusion is corroborated

by our coupled-channel calculatiofBig. 3), and is consis-

Pa(b) —(14K0p1(b) + D(b tent with the fact that the use of values lofobtained from

[1-e ((1+K)py(b) +pc( ))] ¢ . .
(1+k)p;(b)+pc(b) | these calculations also gives a good description of the trend
(4) of the experimental data.

P.(b)=
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two contributions. An impact parameterand an amplitude
asc{b) are associated to the point nuclear chafge An
electronic charge densityp(£)|?, an impact parameter, ,
and an amplitudea,.{r,) are associated to each element
d& of the electronic cloud, located &twith respect to the

Z
P

——) . . . . . . g .
v ¥ 2. p_rOJecnIe nucleus. The resulting ionization probability is
0@ S ’ given by

- -

PI:|Zpasca(b)_f |q)(§)|zeiwyvasce(rL)d§|2: )

subject to the constraint

Np:f |D(&)]°dé, (6)
FIG. 4. Sketch of the targe®() ionization caused by a dressed
projectile Z,. The ionization is due to a coherent superposition OfwhereNp is the number of projectile electrons.
the amplitude corresponding to the target nucleus, with an impact |t js instructive to note that iN,<Z, and the collision is
parameterb, and the amplitudes corresponding to the electrongistant enough, we can make the approximatios b in Eq.
cloud. Eac_:h e_Iement of the electron cloud,_locateé waith respect (5) (see Fig. 4. Neglecting the phase factor in the exponen-
tp th_e projectile nucleus, has a local dengify(¢)|2 and an effec- tial appearing in this equation and using E6), we obtain
tive impact parameter, . the “bare” approximation, P,=g%|las{b)|?, with
gq=Z,—N,. For close collisions, however, these approxima-
tions cannot be done and the effective charge of the projec-
If one compares the G °* with the O’ and PP* data tile is larger tharg.
points in Fig. 2, it can be seen that the Cl data is systemati- The electronic distribution of the projectile can be esti-
cally above the corresponding lighter ion data points with thenated through a Bohr-like potential
same charge. Although these differences are not large, they
are greater than the experimental uncertainties and indicate V(&)= " ME Ao aif &
that different results are obtained if dressed projectiles are £ e '
used, instead of bare, in this kind of experiment.
The deviation of the CI*'°" points from the curve cal- which is related td®(£)|? through the Poisson equation,
culated for bare ions, witkk=0% in Fig. 2, is due to the
partial electron screening, which occurs in close collisions. V2V(§)=—4m[Z,8(8)—|P(9)]?]. (8)
The contribution from the partial screening of a dressed pro-
jectile in the ionization process can be estimated using the Combining Eqs(7) and(8) we obtain
semiclassical approach of Montenegro and Meyerhof as de-
scribed in Refs[15-17]. Following this model, the ioniza- |q)(§)|2:ﬁ wA e @i (9)
tion probability by a dressed projectile can be viewed as a Aaes T '
coherent superposition of two amplitudes: an amplitude re-
lated to the projectile nucleus and an amplitude related to the Substituting Eqg. (9) into (5 and noting that
electronic cloud of the projectile. Figure 4 illustrates theseé=(|r, —b|?+2z?)2 we have, after some calculations:

V. SCREENING

Zp_Np

b 0 2
P1=|Zpased ) = Np 2 Aicaf| Kol ib) fo lo(¥iX)@sed X)xdx+ o %ib) fb Ko(7iX)ascd X)xdx|| (10

with v =[(w/v)?+a?]¥? and K, and |, being modified increases witiN,, as expected, and its magnitude is in good
Bessel functions. Equatiofl0) was evaluated numerically agreement with that given by the experiment. The effect of
with the approximationag.=(|as.4%)*% In these calcula- the screening is large enough to produce measurable devia-
tions the effective charge of the He target electrons wasions from the bare data but it is not sufficient to make sig-
taken as 1.7 and the parametéssand «; (i=1-3 were nificant changes in the general trend of the TI/SC ratio.
taken from the Hartree-Fock results of REE8], calculated
for neutral atoms, and considered the same for all projectile VI. SUMMARY AND CONCLUSIONS
charge states.

The resulting screening contribution of TI/SC ratio for CI  The purpose of this paper is threefold. The first purpose is
ions with charge states<2q<17 is shown by the dotted to obtain new and improved experimental data of the TI/SC
curve in Fig. 2. The deviation from the bark=£0) curve ratio of highly charged projectiles on He. This was achieved
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through the combination of a cold-gas-jet and a recoil-ionelectron in a bound state accompanied by a capture of a
detector in a system that is able to record both the positiosecond electron in the continuum.

and the time to flight of the recoiling ions. This combination ~ The third purpose is to make a guantitative comparison
allows a clear separation, from the background, of the singlebetween dressed and undressed projectiles with the same
capture events. The capture channel has low intensity fogharge state. The proposed model gives a good estimate of
high projectile charge states, and contributes to the errors i€ observed differences between these two kinds of projec-
the TI/SC ratio measurements. In fact, because the SC cro§ies- However, because highly charged ions have a great
section is much less than the target ionization cross sectiofPility to capture or ionize target electrons at large internu-
for the cases studied in this work, small beam impurities caff'€a" distances, the effect of the partial screening, which oc-

be a major source of error in this kind of measurement if nofl:nL;IrS (nessenrt:atllrlly ;t cIosre dcc_;_lllggnrs,tidoes not have a large
oroperly separated. uence on the measure atio.

The second purpose is to verify the adequacy of the IEM Finally_ we should Comme”t that, within our present un-
in a collision system that has several channels that cannot grstanding of the behavior of the TI/SC ratio, we do not see

treated perturbatively. The calculation of the various channel ow to Cg'gﬂl'gti t?e trelgdf p7res|_<|ented in this vr\:orkl dW'th. tthe

probabilities through the use of a simple unitarization proce_measure data from e [7]. However, we s oula poin
cQut that there is still a large gap between the projectile charge

Slates used in these two sets of data, and the projectile energy

to be fortuitous. Recent studies, based on the direct measurkged in these measurements. As the collision systems shown

ment of the impact-parameter dependence of SC and TI prdq Fig. 2 are highly nonperturbative, any attempt to make

cesses, have shown that such model calculations give a go an]e extrapolations in these collision regimes is not fully

agreement with the experiment at the impact-parameter Ievélt'St'f'ed'

[8]. '_I'h|s_ behavior, together with the fact that the measu_red ACKNOWLEDGMENTS

longitudinal momenta for Tl and SC are the same, points

towards the conclusion that Tl is not due to the transfer of Discussions with S. Hagmann and C.P. Bhalla are greatly
two electrons followed by autoionization. A conclusion appreciated. This work was supported in part by the Division
pointing in the same direction was reached by Detal.[7]  of Chemical Sciences, Office of Basic Energy Sciences, Of-
through the analysis of the emitted electron spectra. Thesfice of Energy Research, U.S. Department of Energy and by
authors concluded that TI is not due to the capture of on¢he CNPg(ECM).
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