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Electron capture from a directed Stark-Rydberg state: Fore-and-aft ratios
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Electron capture by Cs K*, or Li* from a Na Rydberg target in an extreme Stark stat@ef24, m
=0 has been measured and compared with both a classical and a quantal calculation as a function of the
reduced veIocityB:O.15— 1.6. Peaks and shoulders are foundyat0.25, 0.5, and 1.0 in the ratio of the
measured capture cross sections for electronic charge polarization antiparallel and parallel to the ion-beam
direction. A close-coupling calculation reveals similar features in the total capture cross sections near those
same scaled velocities. A classical trajectory calculation attributes this structaveapipingof the electron
between the two positive charge centers as they pass one another during the collision. The total classical
capture cross section of a Rydberg atom having an upstream-directed charge distribution is shown to be the
sum of five-and-greater-swap, three-swap, and one-swap contributions, which result in the structare near
=0.25, 0.5, and 1.0, respective[y\51050-294®8)03312-5

PACS numbd(s): 34.10+x, 34.60+2z, 34.70+e

[. INTRODUCTION the contribution of velocity matching alone to capture would
be identical for an upstream-directauegative-charge polar-
Experiments that measure electron capture by heavy sirization angle 180°) and downstream-directgublarization

gly charged ions from oriented and aligned Rydbgtg7]  angle 0°) Stark state, based on the state’s inherent symmetry
and laser-aligned8,9] low-n state targets have revealed in velocity space, any departure from equality of cross sec-
much about the Coulomb three-body dynamics of electrofions from these two extreme states would be a signature of a
capture and have demonstrated that velocity matching béPatialphenomenon. We refer to it apatialbecause it mat-
tween the projectile and electron is an important feature oférs where the electron is primarily located in the target

these rearrangement collisions, as known since the early dafd0Mm. as opposed fo in what direction and how fast it is

of quantum mechanic§10]. Both classical[11-19 and moving. We have observed peaks and shoulders in the mea-
quantal [20-26 theories have been developed to modeSured ratio of the upstream and downstream cross sections,

. . . the fore-and-aft capture ratipas a function of reduced ve-
these collisions. The theories have demonstrated the |mpo"— i ~_10 05 4 0.25. Th toat
tance of velocity matching and the classical formulations o¢'Y nearv=21.9, 9.5, and U.25. 1hese features are pre-

have recently revealed another phenomenon in electron cag'Cted in both a close-couplingCC) calculation by Lunds-

A - aard and Lin[31,32 and by classical-trajectory Monte
ture that is significant near=vion/vgon=1[12,14,19, @ Carlo (CTMC) theory[17]. The close-coupling calculation
follows. It was shown by Homan, Cavagnero, and Harmingf 5 proton incident on atomic hydrogen in Stark levels of
[14,17 that a spatial mechanism called three-swap capturéy=4 is in good quantitative agreement with the scaled ve-
similar to the high-velocity Thomas capture mechanismigcity dependence of the present measurements. The CTMC
[27,28 in that the electron interacts successively with bothea|cylation attributes this observed structure to one-, three-,
the projectile and the target, became importanb&tl.0  and higher-order odd- swaps. The classical calculation is
[5,14,17,29. A swapis a single passage of the pointlike also in good qualitative agreement with the measurement. It
electron across the moving midplane that divides the twdas been demonstrated in Rgf4] by examination of trajec-
heavy positive centers. To study this low-velocity phenom-tories that the one-swap contribution is direct capture and the
enon we have measured electron capture by a singly chargedree-swap contribution in the high-velocity limit is a double
ion from a Rydberg atom prepared in a top Stark state neascattering of the electron first by the projectile and then by
the matching velocity, which enhances its effect. By meanshe target nucleus resulting in capture of the electron by the
of an external electric field directed parallel or antiparallel toincident projectile. This is the Thomas capture mechanism
the ion beam we direct the atom’s electric dipole momen{27] classically or the second-Born approximatif2s,33
d.=3n(A) either antiparallel or parallel to the ion beam, quantum mechanically. The empirical results along with the
respectively, wherd\ is the Runge-Lenz vectdB0]. Since  classical explanation for the structure have greatly enhanced
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our knowledge of this three-body system in the correspon- Experimental Setup

dence principle regime near the reduced velogity1. lon
The oscillations seen in the measured capture cross sec- source
tion at low energies may also have a quantum explanation
similar to symmetric resonance charge transfer. This phe-
nomenon is observed in homonuclear collisions, for ex-
ample, between a proton and a hydrogen atom in arow-
state. Here the oscillation is clearly seen in the charge- Platos
transfer probability as a function of the impact parameter Electron
[34] and is attributed to the oscillation of the electronic wave }F’Iuétiplier
function between the target and projectile during the colli- Hbe
sion. This oscillation in the probability, however, is su-
pressed in lown total-capturecross sections because of av-
eraging, although oscillations in total cross sections have
been observed and analyz€85,36. The resulting nearly
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constant capture cross sectigat low energies contrasts Charge—
starkly with the structure seen in our measurements. Avakov Helmholtz Jransfer

et al. [37] have obtained suggestive oscillations in proton—
alkali-metal-atom capture reactions from calculations based
on the Faddeev three-body equations written in the Alt-
Grassberger-Sandhas fqrm. More recently SCP’&IIHI.[SS] ment of the total capture cross section in ion impact with
have proposed that oscillatory structures are more unlversﬂa(24 top).
than initially supposed and may be attributed to a collective
coherent phenomenon involving more than two molecular )
levels. Hanseret al.[39] have demonstrated related featuresb€am for two reasons. First, we had to ensure that we were
in minimal-basis-set atomic-orbital calculations qf  Populating mostly the top Stark level of the=24 manifold,
+H(1s) and a+H(1s) collisions, where structures appar- indicated by the cross in Fig. 2. For this reason the linear
ently result from a shift from direct excitation at high veloc- Stark splitting (0.5 cm*) had to be greater than the line-
ity to two-center molecular effects at low velocity. width of the blue dye laser, which is typically 0.15 cfor

In Sec. Il we give the experimental details. In Sec. Ill a4.5 GHz. Second, we needed to ensure that we were popu-
classical and a quantal description of the heavy-ion—atorfating mostly them=0 azimuthal quantum number with re-
collision are briefly presented. In Sec. IV the experimentaSPect to the ion beam and for this reason both the initial
results are described and compared with the theories. In Seglectric field and the planes of linear polarization of laser

V we give concluding remarks and suggest future objectivesP€ams had to be parallel to the ion beam. o
According to Harmin[42], the condition for adiabatic

evolution of then=24m=0 top Stark state of Na during the
Il. EXPERIMENTAL METHOD transition fromFg to Fy, is F<10* Vem ! us L. A typical

F in the barrel is 100 Vcm! us !, which is extremely
. _ o ~ adiabatic. The wave function is essentially independent of
The experimental apparatus is shown in Fig. 1. The interthe electric field, as in the case of a parabolic state of H. We

action region is the interior of 8tark barrel[40]. The Stark_ aweasured the charge-transfer cross section at a 5i\ma
barrel (SB) is an arrangement of electrodes and associate

electronics that creates an electric field initially para{f@t)

FIG. 1. Schematic of the experimental setup for the measure-

A. Interaction region

or antiparallel (180°) to the ion beam and then inu —185’/
smoothly alters it to a smaller electric field in any direction Na(25p)

in the plane of the ion and target beams. In this paper we are ~188 ecaton)

only concerned with the electric fields parallel or antiparallel - g

to the ion beam and not with field rotation, but in a separate Iz —191 798

paper the full two-dimensional capabilities of the SB will be L

discussed and exploitéd1]. Furthermore, we will look spe- B —194¢ ]
cifically at the extreme Stark states of the target in this elec- Na(25s)

tric field, which leave the electron cloud of the target di- T S
rected maximally either towards or away from the

approaching ion beam. —=00 : : :

0 40 80 120 160 200

The magnitudes and directions of the initial Stark fiEld F (Vem-)

and final barrel field-, were chosen in view of experimental
constraints. The final electric fiel&, was chosen in the FIG. 2. Na Stark energy levels near=24. The Na(24 top)
range 0.5-2 V cm ' to ensure that the ion beam would Nnot state is excited near 150V ¢chand then switched adiabatically
be deflected or defocused significantly as it entered and eXown to 0.5-2V cm * without rotation or zero crossing of the field.
ited the barrel. It was necessary to create an electric figld Measurements of capture from the NagpState are interspersed
initially both large and parallel or antiparallel to the ion for normalization.
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Top Hydrogenic Stark State n=24 SB into a pair of condenser plates, where 48 after the
laser flash they undergo state-selective field ionizatiFl)
in a pulsed electric field. The SFI signal detected in an elec-
tron multiplier tube is used to monitor the target state and to
normalize the capture cross section.

The(0.5-5 nA alkali-metal ion beam (Cs K™, or Li™)
is extracted from a thermionic-emitter ion soureet] and
accelerated tdc=50—-2000 eV. This corresponds to a re-

duced velocity range v=0.0063&* JE(eV)/M(amu)
=0.15-2.5, depending on the mabtof the ion.[n* is the
quantum-defect corrected principal quantum number of the
initial Rydberg state. For the 24 top staté =n and for
Na(ns) statesn* =n—1.65[45].] The ion beam is steered by
X a set of vertical and horizontal deflectors, which are used to
. ) maximize the ion current measured in a Faraday cup beyond
funztli%ﬁ 3. Perspective representation of the Na(24 top) wavgne gp A second set of deflectors is used to randomly deflect
: the ion beam to average out possible nonuniform ion density

function of F and found our results to be constant within the [46] ThiS' random deﬂeCtiO(f‘Sme_aring”) is needed at low
range 33<F<200 Ve ! us ! that was available to us acceleration voltages when the ion beam is poorly focused
The Na target cloud is prepared in the atomic beam abouI r;d bn;:z,l r;;)t dzzer::?;?joﬁﬁge;:i St? feoarr?] rg:;:;(;r;g g;e Sei)cg]et
3 mm from its intersection with the alkali-metal ion beam in . ; hile th pstr y h'p' P
the presence of the Stark electric fieldys=150 during 3400.'“5 perlo_dw lle the SB IS atasmap. T IS1S
200 Ve ! either parallel or antiparallel to the’ i%n beam done to avoid charging of surfaces in the barrel during long
The top Stark state of the= 24 linear manifold is populated . perlo_ds of operation and to accurately measure the lon cur-
by a 20-Hz two-step pulsed laser excitation?Ss rent in the downstream Faraday cup whgnis applied to
—.32P,, Na(24 top). The necessary laser wavele/rzwgth the SB. A 3-mm aperture is placed before and after the SB to

are 589 nmiyellow) and 410 nm(blue), respectively. A per- ‘Collimate the ion beam.

» tation by? f Na(24. t f At the center of the SB the ion beam interacts with the
spective representation ora _a( op) wave func- target beam and some of the ions are neutralized by charge
tion ¢ is shown in Fig. 3, where it is seen that the electron

> A : transfer. Only two or fewer captures take place in the target
probablllty, represented by the def‘s'ty of dots in SPaCehar |aser flash. The ions and the neutral atoms then exit the
is directed away frqm the_nucleus_ln the shape of a fille B and enter a region of constant transverse electric field,
cone. The cone widens in the direction of the eXtem‘""k/vhich deflects the ions into the downstream Faraday cup

elt.actrtlihﬂelle ?wa)(/j.fr;)rg tthe n_ucleus anld thllfsservgf TO di where the beam-current pulse is measured in a fast current
orient the electron distribution In space. in an oppositely I'sampler.(The small deflection field, obtained by applying
rected field the electron probability density in configuration

- approximately 10% of the accelerating voltage across plates
%eparated by 1 cm, would ionize capture products in very
high Rydberg states. Direct tests, in which the strength of the
deflecting field was varied widely, showed that the total cap-

ture signal at ion velocity = 0.8 was unaffected by the de-
g_ection fields at the chosen operating pginthe neutral

switched adiabatically in approximately Zs to an electric
field F,=0.5—2 Vcm ! parallel toFg. The target cloud of
directed Rydberg atoms drifts towards the ion beam at
roughly 0.7 mmu s~ ! during the electric-field transition so
that when the target volume intersects the ion beam the ele . )

tric fields have stabilized. We refer to these as directed state§2PtUre products, which are not deflected, continue on to the
rather than aligned states, to emphasize their off-center elegharge—tra_msfer detectpt], armving in 5-15 M. 'I_'he de-
tronic asymmetry and definite axial direction without tread-€CtOr registers Rydberg-atom arrivals for 15, limited by

: the technical ; f ali a8, its 15—kV/cm strippin_g f.ieldz anah Ies; tha_n approximately
ing upon the technical meaning of alignmeAg] 40, limited by prestripping in deflection fields. The charge-

transfer counts are recorded in both 5- andulwindows
after their first appearance. Use of two electronic counting
A crossed-beam collision geometry is used in this experiwindows allows us to detect whether the target states are
ment. A thermal beam of Na atoms is extracted from abeing progressively altered during its exposure by processes
200°C oven. After the Na beam passes through two 3-mnsuch as blackbody radiation, ion-Rydberg collisions, or
apertures at its thermal velocity, it enters the SB, where, 2. Rydberg—background-gas collisions. We observe no differ-
mm or 3 us before it reaches the center of the SB, it isence in relative cross section results between short and long
exposed to an 8-ns pulsed two-step laser excitaf@na windows. We also observe a small amount of contamination
20-Hz repetition ratein the presence ofg to populate the from unwanted alkali-atom ions from the thermionic emitter
Na(24 top) state. NexEg is switched toF, in 2 us, and in our ion beam and have used their differing flight times
the target state evolves adiabatically with it. The preparedetween the interaction region and the detector to eliminate
target-state atom@bout 1000 atoms per pu)sthen collide  counts that result from them.
with the ion beam in the presence IBf and charge transfer Three projectile ions were used to measure charge transfer
occurs. Most of the unreacted target Rydberg atoms exit thever the largest possible range of reduced velocity. @as

B. Beams
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used to covep =0.15-0.55. K" was used to cover=0.3  [49]. The calculations were done within the impact-
+ ' ~ parameter approximation, in which it is assumed that the
—1.05, and Li was used to cover=0.9-1.6. In the over-  g|ative motion of the nuclei follows a straight-line trajec-

lapping regions, the ratios of the fore-and-aft cross- sectiofy, plane-wave electronic translation factors were used. For

ratios were similar betw_een th_e differ_er_1t ion species. Theq target state with eccentriciy we use the notatiofin
cross section becomes increasingly difficult to measure fog4e> in the following

each ion at its lowest energy since the ion current falls off Expressingn=4.¢) in terms of the usual spherical har-
rapidly with decreased acceleration voltage. In the case onics|nimy, it was shown in Ref[22] that the cross sec-
Li* the cross section also becomes increasingly difficult %ion for electron capture frorm=4.g) for any collision ge-

measure~a5>1.6, for the cross section decreases precipipmetry may be obtained analytically once the reduced
tously atv>1 [28]. density matrix

*
C. Measurement procedure pkk,=2 gy (1)

To measure the fore-and-aft capture cross-section ratio
we first measured the ratio;gy of the Na(24 top) and ) , .
Na(25%) capture cross sections for the electric field antipar{S known. Hereay is the scattering amplitude for the capture
allel to the ion beam as a function of reduced velocity andProcessk)—|f) and the index represents thenlm) set of
then repeated this to measuggfor the electric field parallel guantum numbers. To obtain the electron-capture cross sec-
to the ion beam. We ignored the 1% differencaiat each tion in the general casg@ncluding the case of a linear Stark

beam energyE attributable to thes state’s quantum defect. ?;?t§||vtvﬁem553§§a ttgsc;r%eoﬁacrﬁ(s)zcoupllng calculations
The Na(25) state is indicated in Fig. 2 by an open circle. X

> . . For the close-coupling calculations presented here we
The fore-and-aft ratia is the quotient of these two ratios, have used a two-center atomic-orbital expansion of the elec-
r=r4g0/to, Which was then independent of the Nagp5ap- P

ture cross section and equivalent to the quotient of upstreartrqomc.Wave fun_ctlon. On l_)oth centers all theh<5 states
and downstream cross sections directly. The Na)28p- were included in the b_a3|s set. The states themselves were
ture cross section was utilized to cancel out systematic eigenerated from Gaussian-type orbitef].

fects due to the deflection or defocusing of the ion beam by

the (0.5-2)-Vcm ! barrel field in its two orientations. IV. EXPERIMENTAL AND THEORETICAL RESULTS

The fore-and-aft ratios for the combined experimental
data of C$, K", or Li* on Na(24 top) targets are shown in

We present results of two different theoretical approache&ig. 4 as solid dots. The experimental error bars are based on
to the present scattering problem in the form of a pure clasestimated statistical errors and run-to-run variations. Each
sical and a quantum mechanical model, respectively. BotRoint is an average of ten or more measurements, which span
models have already been discussed in the literdfiBe21] three different occasions. The ratio has distinct features at
and will therefore be described only briefly. =0.25, 0.5, and 1.0. The experimental results are compared
with both CT (open circley and close-coupling(open
squarep calculations for the corresponding hydrogen 24
andn=4 Stark states, respectively.
. Arecently presented model study of charge transfer and  hg fore-and-aft ratio as a function ofrises as high as
ionization channels for ion collisions with circular and ellip- ) ~ . . . .
tic Rydberg atom$14,17] has led to a clearer understanding 5.5:1 (at v=0.25). As mentioned earlier, this favoring of

of the structures observed in total capture cross sections nef pture from the upstream-directed Stark state may be attrib-
uted to a spatial phenomenon because the upstream- and

v=1[15-17. The total capture cross sections were showry,\nstream-directed Stark states have identical electronic
as contributions of one-swap, three-swap, and hlgher-orda

Ill. THEORY

A. Classical trajectory model

. “momentum distributions. That is, without some role played
odd-numbered swaps, where the number of swaps is defingg, yhe spatial locationof the electron in the target atom,
as the number of times the electron crosses the potenti

: , - X respective of its motionr would be identically one. Not
saddle between the two ions. In this classical-trajectd)  ony doesr differ from one, it also shows a structure that
model the target state consists of an electron in a singlguggests a theoretical explanation
Keplerian orbit chosen to satisfy the appropriate mean initial 1,4 close-coupling calculation agrees well with the mea-
conditions[47]. In the present calculation the top Stark level . ~ . .

sured ratio fromv =0.5 to 1.0. The classical calculation de-

was represented by a single elliptical orbit with an eccentric: ribes well th litative structur nin the experiment
ity of e~1 (actually,e=0.995), classical angular momen- scribes wel the guaiitative structure see € expenment,

tum perpendicular to the alkali-metal ion beam, and abut the CTMC ratio is too large by approximately a factor 4.

Runge-Lenz vector parallelelectron charge polarization (We attribute this below to a fourfold shortfall of the calcu-

o - N . . - lated 0° capture cross sectip®ince the cross section at 0°
angle 180°) or antiparall€l0°®) to theion-beam direction. is nearly featurelesésee Fig. 5 the CTMC ratio in Fig. 4

was normalized downward for purposes of comparing the

structure inr that primarily originates in the capture at 180°.
We have also performed CC calculatidd$] for protons  Both theoretical calculations, however, become large at low

colliding with H(n=4) in a general coherent elliptic state reduced velocities due to the fact thids the ratio of a large

B. Quantum-mechanical model: Close coupling



PRA 58 ELECTRON CAPTURE FROM A DIRECTED STARK .. 4569
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FIG. 4. Velocity dependence of the fore-and-aft ratio of the total _
capture. The solid circles are the measured values. The open FIG. 6. Total CTMC capture cross section verswsfor ¢
squares are the result of a close-coupling calculation fér H =180° shown as open circles. The contributions of the one-, three-,
+H(n) for the extreme Stark levels in tlne=4 manifold. The open five-, seven-, nine-, and greater-swap capture cross sections are also
circles represent a CTMC calculation for H H(e=0.995), where  shown. The measured relative capture cross section is shown as
the ratio is calculated from cases having the Runge-Lenz vectosolid squares for comparison, normalized to the CTMC restit at
parallel and antiparallel to the ion beam. The CTMC results have=0.9.

been scaled down by a factor(dee the tejt ] . ]
cross section and a decreasing small one. It is better to com-

pare the calculations directly with the measured relative
cross sections for interpretation of the structure. In Fig. 5 the
measured relative capture cross sections from @sd K"
impacts on an upstream-directed (180°, solid triangesl

16 T T T ) . N
a downstream-directed °, open triangleselectron distribu-
14 —e— CTMC Homan 180° | | tion are compared to the quantugequares and classical
—=— CC Lundsgaard 180° (circles calculations. The 180° measurement is normalized
0 . ~ .
12 °— CTMC Homan 0" | to the CTMC calculation at =0.9 and the relative scale for

—o— CC Lundsgaard 0°
4 measurement 180°
4 measurement 0°

0° measurements is then set by the measured ratios shown in
Fig. 4. Both the measurement and the calculations show a

broad peak neap=0.9 for the 180° plots shown as solid
markers. The measurement and the calculations all have a

similar minimum nearv=0.7 and then a small shoulder
aroundp =0.5. At lower reduced velocities our greatest mea-
% sured relative capture cross section wasa0.25. Both the

Relative 6¢ap
[o0]
|

4 classical and the quantal calculations have maxima near this
reduced velocity. It is clear that the structure seen in the

2 measurement ofr(180°) is present in the calculations and
may be understood in the context of the classical theory.

04 . IR — T To gain further insight into the origin of the structure seen

in the measurement, we separate the classical calculation into
o~ contributions of oddi swaps as was done in Ref&,14—
reduced velocity v 17]. Figure 6 shows the total CTMC capture cross section as
FIG. 5. Measuredo,,{180°) (solid triangles and oe(0°) open circles, yvhere each datum represents 40000 trajecto-
(open trianglelsfor K* or Cs" and Na(24 top) impact compared to €S, and statistical error bars are smaller than the marks.
both CTMC circles and CC(squarescalculations. The 180° mea- There is a structure seen in the cross section nedt, 1, £,
surements are normalized to the theories a0.9. The normaliza- andz. The contributions of the one-swagolid dots, three-
tion of experimental data at 0° follows from that for 180° and the swap(filled squarey five- and seven-swaffilled triangles,
measured ratios in Fig. 4. The approximately fourfold shortfall ofand nine-swap capture cross sections seem to be the under-
the CTMC calculation at 0° is visible hefsee the text lying causes of the structure seen in the total capture cross

Y T 1
0.0 01 02 03 04 05 06 0.7 08 09 1.0
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section in Fig. 6. These peaks mark the onset, for decreasing V. DISCUSSION AND CONCLUSIONS
ion speeds, of each oddswap contribution to the total cap-

ture cross section as the electron passes many times betwe&
the two slowly approaching ions before being captured by,
the projectile ion. The close-coupling measurement shows a

structure similar to both the measurement and the CTMC’{. . .
calculation ributions to th_e _total capture cross section can acco_unt for
: the strong variations of cross sectio1180°) with velocity

¢ In_FBgO. 5che Oﬁenhsymbolls ac:‘? tge cap;u(rje Cross SeCtIOI:Eat are seen in the measurements. The close-coupling calcu-
or §=0°. Here the charge cloud is directed downstream angl;ns gre in good agreement with the 180° measurements

the CTMC capture cross sectidapen circleyis almost en- ~

tirely due to one-swap contributiorisontributions of swaps 223 ﬁlgo reveal the peaks and shoulders nea®.25, 0.5,

;ahre not showhtThls IS not SLir%rlst!ng stlrr:ce flortther,e tto t_)e & A similar structure was seen in earlier work of MacAdam
ree- or greatér-swap contribution, the €lectron's rajec- o 4 151 and Hanseret al. [1], where capture by a singly

tory would have to pass near the two re_ceding ions twice 0Eharged alkali-metal ion from Na(#% and Na(25) showed
more before becoming bound to the projectile. However, bebeaks in the relative capture cross section at reduced veloci-

fore the electron is likely to encounter the projectile at all in ~
this configuration, the projectile ion itself will have moved ties of 0.5 and 0.8. In. both measurements the peak a_t
past the target ion. It is unlikely that the electron would be = 0:5 Was shown classically to be a three-swap contribution
scatterecbackand then be scatterddrward again to over- to the total capture~cross section and the peaks found in both
take the advancing projectile. One-swap capture is mor&easurements near=0.8 can be attributed to a one-swap
likely, for the electron would only need to move into the contribution to the classically calculated capture cross sec-
potential well of the passing projectile ion for those portionstion. The only difference between the classical modeling of
of its orbit spent nearly parallel to the ion’s velocity. This is the targets then and now was that the Na(24 rtop0) in
a mechanism of direct capture resulting from a velocitythe present work had a fixed Runge-Lenz vector, directed
match of the electron and the projectile. There is a broadparallel or antiparallel to the ion beam direction, while the
maximum in the downstream capture cross section near N&(241,m=0) had a randomly directed Runge-Lenz vector
=0.7. This has a classical interpretation as the velociyind Most of the capture was found to be from the Runge-
matching between the ion and the mean speed of the eIectr(ﬁ?nz vector _dlrected nearly paralle_l or antiparallel to the ion-
during its trajectory between peri- and apocenter. eam dlreptlon. It was this classical study of'the.capture
The deviation of the measured downstream-directed relsC/0SS Section versus the Runge-Lenz vector direction for a
tive capture cross sectidopen triangles in Fig. 5from the ~ 9iven beam energy that led the authors to study charge trans-
calculations(open circles and squaeat low velocity may ~ €f from these extreme Stark states.
be the difference between Na andlbbth theories assumed a | N€ next step in this work is to understand how the cap-
hydrogenic targator experimental error. More data will be ture cross section for these collisions evolves as the electron
needed for 0.185<0.40 to determine whether the 0° and distribution is swung from§=0° to 180° at a giverw
180° capture cross sections have more structure than canl-0- A separate paper will address this task.
currently be resolved. Furthermore, the shortfall of the
CTMC calculation relative to the CC calculation in the 0°
target configuratiorfwhich is the source of the fourfold dis- This research was supported in part by the Division of
agreement of the CTMC calculation that was removed byChemical Sciences, Office of Basic Energy Sciences, Office
normalization in Fig. #is apparent here. It may be the result of Energy Research, U.S. Department of Energy; the Re-
of ignoring differences between the Na(24 top) andsearch Corporation; and the NSF under Grant No. PHY-
H(24 top) states or the modeling of the 24 top Stark stat®704544. We are grateful for helpful discussions with T.
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We have established that electron capture depends
Pongly on the position, not merely the momentum, of the
ectron in the collision complex of target and projectile for

=<1. It has also been shown that classical odsiwap con-
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states. The latter approach is referred to generally as the
classical-trajectory Monte Carl@CTMC) approach, but the
terms CT and CTMC will be used interchangeably here. In our
CT calculations for the 24 top state only the dynamically in-
determinate initial position of the electron in its Keplerian or-
bit and the impact-parameter vectors of incident ions were av-
eraged. The full CTMC approach is represented, e.g[ 1t}



