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Excitation and alignment effects in A¥*-Cs(6s,6p) collisions at low energies
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The influence of the excitation and the alignment of a laser-prepared target on the/finaldistributions
are studied in A¥"-Cs(6p3) and AR -Cs(6plIl) collisions. These collisions are studied experimentally by
means of near UV and visible photon spectrosc9§0—-600 nmin the 0.4—4.0 keV/amu energy range, and
theoretically by using the three-body classical trajectory Monte G&TMC) method at 0.1-4.0 keV/amu.
Calculations of electronic energies for the one-elecfrar! *-Cs * molecular system have allowed an analy-
sis of the results in terms of dynamical couplings. Polarization rates for single-electron-capture lines corre-
sponding to transitions between highvalues states are also measured. The comparison with those calculated
from the CTMC results provides information about the magnetic sublevel distributions and the influence of the
initial alignment of a laser-prepared target.
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[. INTRODUCTION The anisotropy parametérdepends on the projectile veloc-
ity [23—25 and on the size and the charge of the projectile
In a previous papefl], we studied A¥"-Cs(6s) colli-  [22]. In order to study the influence of these parameters, not

sions at low energie€.4-5.0 keV/amuby UV and visible  only on then/ distributions but also on the/m, distribu-
photon spectroscopy. In this energy range, the main proces®ns when the target is prepared in an excited state, we have
that occurs is the capture of the active loosely bound electronhosen to extend our previous work on the® ArCs(6s)
of the target by the incident ion with a large cross sectiorsystem to the study of the Ar-Cs(6pS) and
[2,3]. We determined tha/ distributions of the most popu- Aré*-Cs(6pll) systems. Apart from the fact that the cesium
lated levels of the Ar" ions. The measurements of the po- atom is an alkali atom such as lithium or sodium atoms, the
larization rates of the single-electron-capture lines and thehoice of a cesium target is purely technical. Indeed, the
comparison with the polarization degrees calculated frommarketing of power single-mode laser diode working at 852
o(n/m,) cross sections determined by using the classicalam, i.e., corresponding to thes@p caesium transition, al-
trajectory Monte CarldCTMC) method[4—6] allowed us to  lowed us to realize a compact laser excitation setup.
have information on then, distributions. The knowledge of In this paper, we present the results obtained for collision
the finaln/ and n/m, distributions gives information on energies from 0.1 to 4.0 keV/amu. After a brief outline of the
the importance of the various mechanisms that take placexperimental setup, we describe in details the optical prepa-
during the collision. In the present paper, we study the effectsation of the cesium target. We explain on one hand, how the
of the initial alignment of a laser-prepared target on the finakexcited cesium fraction is determined and on the other hand,
n/ andn/m, distributions: the cesium atoms are excited inhow fine and hyperfine effects are taken into account. Since
the 6pX and oIl aligned states, i.e., the electronic orbital the CTMC method was already described in our previous
cloud is, respectively parallel and perpendicular to the inci-study [Ar®*-Cs(6s) collisions[1]], we just outline it here,
dent ion bean{Fig. 1). laying emphasis on the determination of the initial conditions
Some systems with laser-prepared target have already
been studied. Most of them concern low-charged projectiles
[Na"-Na(3p) [7.8], H"-Na(3p) [9,10], He"-Na(3p) [11],
He?"-Na(3p) [12-15, He?-Li(2p) [16,17 and APY,
Ne?*-Na(3p) [18]]. However, some studies have been real-
ized with highly charged ions, Af-Na(3p) [19,20,
O%*-Na(3p) [21], and C"-Na(3p) [22]. These works al-
lowed us to determine the;(n) and/oro(n,/)(i=%,11)
cross sections and showed an important anisotropy, charac-
terized by the parametéy defined by

_9=2"9n ) FIG. 1. Spatial alignment of charge cloud versus laser polariza-

0'2"‘0'1'[. tion.
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for Cs target excited and aligned in the® or 6pll states. T Y 57
After this presentation, we report experimental results, in 251.1 MHz
particular, spectroscopic results, emission cross sections, ant
polarization rates of single-electron-capture lines corre- T 4 7
sponding to transitions between highvalues. The experi- 201.5 MHz 6p 2P3p
mental emission cross sections and polarization rates are T 7y 3 1
compared with the calculated CTMC ones. In particular, 1310 MHz
comparisons between experimental and CTMC calculated
polarization rates give information on the”’m, distribu-

tions versus the collision energy. Finally, the dynamics of the

collision is analyzed from calculations of electronic T
potential-energy curves for thdAr’*-Cs™ molecular | 6p 7P
system. =

Il. EXPERIMENT F
A. General features of the experimental setup

The experimental setup used to study the collisions be-
tween AP ions and a pure Cs& ground-state target has
already been described in a previous witk The ion beam
is produced by an ECR source of the GANIGrand Accé
erateur National d’lons Lourds, Caen, Francafter a g/m
selection, the A" ions are focused inside a collision cham- 4
ber on a well-collimated jet of cesium atoms. The cesium 9-19 GHz I I 6s2S1p
beam whose direction is at 45° from the®Arion beam is - 3
producepl in an oven. In the opposite direction, a movable g5 2. Hyperfine splitting of the $2S,,— 6p 2P, transition.
Langmuir-Taylor detectof14,2€ is used to measure the
atomic caesium beam density0° atoms per cr. level and 56% for the §2S,,,(F=4) level. In order to opti-

A decelerating device was installed at the vicinity of themize the number of excited cesium atoms, both hyperfine
collision area in order to investigate the low-energy ranggundamental levels have to be pumped in the dnfigura-
(0.4—4.0 keV/amp[27]. tion. Note also that the pumping of these two levels allows to

The photons emitted in AF -Cs(6s,6p) collisions are de- cast off the trapping effedi28] that can reduce the excited
tected perpendicularly to the direction of the incident ioncaesium fraction. As a consequence, two pumping frequen-
beam. They are wavelength selected by a normal incidencgies are needed. Two powerful single-mode distributed
grating spectrometer and detected by a photomultiplier in th@ragg reflector laser diodg$SDL 5712 H1 and SDL 5722
(200-600-nm wavelength range. Emission cross sections oH1) were then used to pump the s&S;,(F=3)
ArVIll lines are determined from photonic spectra. In order —6p 2Py (F=3) and 62S;,(F=4)—6p2P5,(F=5)
to measure the intensity of the emitted light polarized alongransitions since no electro-optical modulator inducing side-
(I,) or perpendicularl(;) to the ion beam, a polarimeter is bands on the primary frequency of a laser works at 9193.3
installed in front of the entrance slit of the spectrometer. It isMHz [23] (see Fig. 2 The laser light is linearly polarized
composed of two polarizers: a rotating Polacoat whose poand crosses both ion and caesium beams at right angles.
larization direction can be oriented parallel or perpendicular At the operating temperatuf800 K), the Doppler broad-
to the direction of the ion beam and a fixed Glan-Taylorening of a hyperfine line is about 380 MHz and then is upper
prism that compensates for the polarization effects of thehan the gap between two successive hyperfine levels of the
spectrometefgrating and mirror. The polarization degre  excited statd 29] (Fig. 2). In these conditions, a saturated
of the emitted lines is determined from the direct measureabsorption setup has been used to resolve the hyperfine split-

ments ofl, andl, and is defined by ting of the §2P;, level [30]. An example of saturated ab-
sorption profile is shown in Fig. 3. The observed dips are
_ =1 @) called Lamb dips and correspond either to hyperfine transi-
L+ tions or crossovel30]. Since the laser linewidttB MHz) is

very weak, the dip width corresponds mainly to the natural
Cs(6p) linewidth (about 30 MHz [31].

Finally, each laser frequency is locked to one of both hy-

In our experiment, we are only interested in th&®,,  perfine transitions so that the pumping may be efficient. The
—6p2P,, transition whose wavelength is equal to 852 nm.principle consists first in modulating at low frequen@r73
The caesium has a nuclear spir%. The &°S;, and Hz in our casg the detected saturated absorption signal
6p2Py), fine levels are split into hyperfine level§ig. 2. around the Lamb dip corresponding to the cesium
Initially, the population is distributed statistically among the 6s2S;,(F=3)—6p2?P3,(F=3) or  6s2S;(F=4)
fundamental hyperfine levels: 44% for thes?6,,(F=3) —6p 2Pg(F=5) transition. Then the signal is derived by

B. Optical preparation of the cesium target
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crossover 68 zsl /Z(F = 4)_‘6P2P3 /2(F = 3)
65 281(F = 4)26p°P3(F = 4)
+ crossover
Crossover
FIG. 3. Experimental saturated
absorption profile.

68 81(F = 4)~6p?Py,(F = 5) Intensity
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using a lock-in amplifier. As the obtained curve is asym-files with laser “off” and laser “on” (Fig. 4). Generally, the
metrical and changes sign, an integrator is used to cancel tleverage excited cesium fraction is about 10%.
derived signal that corresponds to the maximum of the Lamb The weak fraction may be explained by the vertical Dop-
dip. pler effect due to the laser-beam divergence. It is about 24
MHz and is more or less equal to the natural Gsy@ine-
width. It is, therefore, possible that the outputs of the laser
. ) diodes are not tuned to the corresponding hyperfine transi-
The target beam is composed of atoms in the ground stalgyns and contribute to decrease the excited cesium fraction.
and in the excited state because the cesium atoms are not fjhte that the earth magnetic-field effect is too weak to de-

excited in the  state. The average excited cesium fractionyne the laser diodes. At best, it is equal to 3 MHz. It is not
is defined by the ratio between the excited-state density angecessary to compensate for it.

the total cesium density. The recorded photonic spectra are
due to AP*-Cs(6s) and AP*-Cs(ép) collisions. Theoss g, D. Fine and hyperfine coupling effects
emission cross section is, therefore, expressed as

C. Determination of the excited cesium fraction

The laser polarization and then the Cpjecharge cloud
can be aligned parallel or perpendicular to the ion beam by

0'65,6p:f0'6p+(1_f)0'65y 3
Intensity (nA)
whereoyg, is the emission cross section with cesium atoms in 6 Laser beam direction
the ground state andg, the emission cross section with D I —— Jaser off
cesium atoms in the® excited state. Laser on

The excited fractionf is determined from the laser-
induced deflection of the cesium beam and the results ob
tained previously by Schlatmani4] in He2+-Na(3s,3p)
collisions. The average excited cesium fractfocan then be
determined by the following formula:

f< vd 4
Noo 4

wherev is the average velocity of the cesium beainthe
average deflection due to the radiation pressure of the lase
N the maximum number of excitation cycles, ang the
velocity change by the absorption of one photon. The deflec- FIG. 4. Langmuir-Taylor profile with laser “off” and laser
tion is determined by recording two Langmuir-Taylor pro- “on.”
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using a half wave platé-ig. 1). However, due to the fine and . CTMC CALCULATIONS
hyperfine couplings effects, a target polarized pardiiet
spectively perpendicularto the ion beam does not corre-
spond to a target prepared in th@X¥ state (respectively
6pll state but only to a target polarized in majority in the
6pX state(respectively ®II statg. Thus, to compare ex-
periment and theoryge,s and ogp; Cross sections have
been expressed as functiomﬁé, and agp cross sections by
using the alignment parameter formalism. The alignment p
rameter of the Cs(6m,) target is expressed §32]

Details of the three-body CTMC method have already
been given in our paper on Ar-Cs(6s) collisions [1],
where the parameters of the model potentials used to de-
scribe the interactions between the active electron and the
Cs" and A®" cores were reported. For the 3rCs(6p)
collision, the binning procedure of the relevant classical
guantities to determine the fina] n//, andn/m, distribu-
%Fions remains identical. Nevertheless, in the case dPa
aligned target, the initial conditions for the excited and
+/ aligned target must be carefully examined. As u$dglonce
=2, [3m2—/(/+ 1)1pm, (5) the_ e_zlectronic energy of the Cgfp is given (the energy
=7 splitting of the fine-structure levels can be neglegteate
‘ initial classical orbit of the active electron about the core
with /=1 for ap state. This parameter is calculated in thetarget is pseudorandomly determined from a microcanonical
photon frame in which the quantization axis is parallel to thegistribution by using the method of Reinhold and Falco
polarization vector of the laser light. In the stationary condi-[33]. In addition, the initial orbital quantum numbef is

tions,a,=— 17 that corresponds tpo= 17 andp.,=1. specified by the classical angular momentugand the con-

For a comparison with the theory, the populations have tQjition
be expressed in the collision frame in which the quantization
axis is chosen parallel to the ion beam. Because of the axial /<
symmetry of the collision system, both orbitals perpendicular /sbes/tl 12
to the ion beam axis are equivalent and are summed to form. DY -
an orbital calledI. The third orbital that is parallel to the ion with #=1. For a”P aligned target, a collision plan must be

. : . specified. The collision plan is chosen to ®XZ with OZ
Sggng els ci?cr:]lj)lt:tid-l;zetr?:Fz:LgﬁlitsKi)onnoftaﬁé eainndtfeprg Sc:;;;?]lg parallel to the incident ion beam. Then, since the laser light

onulations is linearly polarized, we proceed as it follows to determine
p=x1 POD L . . ._the X andIl symmetry states of the target. The quantization
When the electric vector is parallel to the ion beam axis _ . ~. ;
axis is chosen successively amaddy, OY, andOZ For each
choiceOZ of the quantization axis, the electronic cloud will

2 a : L - -
plépnzp,l-l— p1=3+ 30 (6)  be parallel to this axis if the projectidr of L verifies the
condition
and
2m/—1< Z<2m/+1 13
| 1 a, 2/+1 ¢ 2/+1 (13
Peps=P0=3~ 3 - (7)

with m,=0. Thus, the choic®Z as quantization axis with
When the electric vector is perpendicular to the ion beanthe condition(13) defines the electronic cloud of the initial
axis orbit to be parallel to the incident ion beam, the initial orbital
is denoted,. For the choiceDX, the electronic cloud is per-
N 2 ap pendicular to the incident ion beam, in the collision plan, the
Pepi=P-11Po=37 & (® initial orbital is denoted1 ™. Finally, for the choiceDQY, the
electronic cloud is perpendicular to the incident ion beam
and and perpendicular to the collision plan, the initial orbital is
denotedIl ™. For each choice of the quantization axis, the
N 1 aq Hamilton’s equations are solved and the corresponding state-
Pep2:P1:§+ 6 9 selective cross sectionss , o+, andop - are determined.
For each calculation, betweenkd 0* and 2.5< 10° trajecto-
The Uﬂip and o-ép measured cross sections are then ex_ries have been used to ensure fimal distributions with

pressed in terms Ofrgys and o,y Cross sections. Finally, statistical errors of 3—10% for the most populated levals

the formulas are easily transformed to correspondiggs :1.1‘ .12’ 13, and ])4thIe the n/m, distributions have
and o4,y Cross sections via statistical errors of 8—20% for the most populated sub-

levels. However, because the experiment cannot specify the
Oeps=20g,— Log (10)  orientation of the electronic cloud perpendicular to the inci-
P P P dent ion beam, we define an averaged cross section

and
o+ toq-
(11 s (14
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12 v T T T T T T T T T T TABLE |. The observed line¢l) HFR calculations(2) present
6pZ  6pIl experimental results.
10 | o 0.25 keV/amu —e— —o— 4
b 4 keViamu ~ —A— —bo— Wavelength(nm) Wavelength(nm)
8 . in vacuum in air
+ Transition ) %)
o 6} -
= ] 10i-13k 348.72
T . 10k-13 348.74 348.640.08
1 10-13m 348.73
7 10m-13n
. D ey v ] 11k-13 606.62
12 14 16 18 20 11-13m 606.59 606.4%0.16
Quantum number n 11m-13n
. L . 11n-130
FIG. 5. CTMC calculated cross section at projectile energies of
0.25 keV/amu(circles and 4 keV/amutriangles for electron cap- 1%k-14 450.24
ture into n levels of Ar* from Cs(62) (full symbolg and 11-14m 450.24 450.040.08
Cs(6pII) (open symbols 11m-14m 450.25
11n-140 450.25

corre sponding to an initial orbitdll. The CTMC calcula-
tions have been performed in the 0.1-4 keV/amu energyv. EXPERIMENTAL RESULTS AND COMPARISONS
range. WITH CTMC CALCULATIONS
For comparison with the experimental data, line-emission
cross sections have been calculated from cross sections for ] )
electron capture into the/ sublevels. Transitions probabili- ;I;he recorded photgnlc spectra correspond to a mixture of
ties calculated by Lindgd and Nielser{34] for states with A -Cs(6s) and AP’-Cs(€p) systems. Most of the ob-
/<4, otherwise hydrogenic transition probabilities, haveS€rved lines due to the single-electron-capture process were
been used in the calculations that take also into account pog_lready identified in a previous WOM_]? However, three
sible cascading radiative transitions from high levels (up more lines corresponding on_Iy to transitions between high-
to n=20). Details of the calculation of polarization rates values states have bee_n |dent|f|eq n tmO—GOQ—nm
from CTMC calculatedh/'m, cross sections can be found in wavelength _rang.e_t.)y using theor_e_t|cal data obtained from
o o . spectroscopi@b initio pseudorelativistic Hartree-Fock cal-
Rlegse'[?’?;’d_[:?]'e-r:ae g:ljcé‘l:ftf'ggt of t;;plalarlzatlon rates In- o jations[35]. These lines are presented in Table I. They
cludes radiative cas s u o correspond taAn=2 to 3 transitions frorm= 13 and 14. As
. Before presenting the experimental results, it is worth ”Ot‘already noticed above, as the @lectron is less bound than
ing that the CTMC calculated total electron capturethe gs one, the reaction window for electron capture from
'(;‘;C(’ 6':)r7+Aflrsoom C;’_(lg))thﬁg ee?:((:)tlrjé |$ L?;?rrz I?r:)grirg];)r(]ﬁ _f;om Cs(6p) is shifted towards highen values centered around
. » whi u ! n=12. Among these lines, only klI,m,n-14,m,n,o tran-
predominantly into then= 10 level for the low energies and sitions are clearly identified. The two other lines are super-
also into then=11 level at 4 keV/amy1], it is predomi- posed unfortunately with lines already observed in
nantly into then=12 and 13 levels from a Csfj target Ar8*-Cs(6s) collisions. Nevertheless, taking into account
at low energies, then distribution broadening much at the increase of each line intensity and the identification of
large energies. This can be seen in Fig. 5, where the influtlk,|,m,n-14,m,n,0 transitions, one can assume that
ence of the alignment of the excited state is shown to bd0i,k,I,m-13k,I,m,n and 1X%,l,m,n-13,m,n,0 transitions
negligible. are respectively superposed witth,9,k,I-11i k,I,m and

A. Spectroscopic results

TABLE Il. Experimental emission cross sections (#®cn?) versus projectile energgkeV/amy for
single electron capture in Af-Cs(6p3) collisions.

Energy
n/-n'/" 0.4 1.0 2.0 3.0 4.0
9h,i,k,I-11i,k,I,m
+ 24571229 191.6955 269.74134.9 416.%2208.4 241.3120.7
10i,k,I,m-13k,I,m,n
9h,i k,I-12 k,I,m 190.9£103.1 176.295.1 146.7#79.2 3.8£68.6
10i,k,I,m-12,I,m,n  232.9+116.5 216.3108.2
11k,lI,m,n-14,m,n,0 19.3+9.7 58.2£29.1 30.215.4 38.0:19.0
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TABLE lIl. Experimental emission cross sections (6 cn?) versus projectile energgkeV/amy for
single electron capture in Af-Cs(6pIl) collisions.

Energy
n/-n'/" 0.4 1.0 2.0 3.0 4.0
9h,i ,k,I-11,k,I,m
+ 208.3-104.2 263.4132.7 250.6:125.3 356.5178.3 44.822.4
10i,k,I,m-13k,I,m,n
9h,i,k,1-12 k,I,m 63.8£31.9 104.152.1 109.7#54.9 107.5-53.8
10, k,I,m-12k,I,m,n  264.4-132.2 249.3124.7 310.4155.2
11k,I,m,n-14,m,n,0 31.2+15.6 59.7-29.9 57.5-28.8 67.6-33.8

9i,k,I —10k,I,m transitions. A further checking of the iden- shown in Figs. éa)—6(c). On the whole, the CTMC calcula-
tification of the lines has been made also from relativistictions are found in good agreement with the experimental

semiempirical pseudopotential calculatidi3$)]. results, taking the large experimental uncertainties into con-
sideration. Nevertheless a few disagreements we do not ex-
B. Emission cross sections plain are observed at 4.0 keV/amu. Thus, we note an impor-

Th . tal emissi i f th . btant difference between theg,s and o, experimental
€ experimental emission cross sections ol theé main 0Bz, ¢ sactions that behave randomly in accordance with the
served lines are reported in Tables Il and Il for projectile

; lines. Note also that no experimental result is shown at 1.0
energies between 04 and 4.0 keVj amu. They correspond "%eV/amu because of the bad quality of the spectra for this
spectively to transitions between high-values states in

Ar8*-Cs(6p3) and AF*-Cs(6pll) collisions. They are de- energy. Apart from these disagreements,digg(9/-12/"'),

termined from line intensities, the cesium density, and the TABLE IV. CTMC emission cross sections (1& cn?) versus
optical response of the experimental device for each transprojectile energy (keV/amy for single electron capture in
tion. As the efficiency curve of the grating photomultiplier Ar*-Cs(6p2) collisions.
couple is known in relative value, experimental emission
cross sections are calculated from a reference cross section Energy
[o(3s6h Hs-3s7i 1l5) in Ar8*-He(1s?) collisions at 3.0
keV/amy [37]. Moreover, as the resolution of our optical
device is not sufficient to resolve these groups of transitions, 9h-11i 11.0 107 11.3 108 11.9 151 144
the individual emission cross sections are not determined. 9j-11k 269 286 283 280 349 36.0 317
However, we can note that the individual emission cross sec- gk-11l 476 588 589 615 67.3 63.8 553
tions might be deduced from the emission cross section of gj.11m 606 861 852 938 925 837 784
the unresolved structure and the CTMC intensity ratios ob- Suml 146.1 184.2 183.7 194.1 206.6 198.6 179.8
tained from the CTMC calculated emission cross sections q5.13« 146 117 94 73 64 67 66
(assuming the CTMC results are ;ufﬁmently accuraide 10k-13 200 183 159 131 149 146 115
can also notice that the determination of the electron-capture ,q ;5 208 233 207 188 249 215 16.0
cross sections from the expe_rlmental data should not give ;. 13, 115 160 156 17.7 204 191 155
more information. Indeed, radiative cascades have little ef-
fect on the most populated staté?/ and 13"), the deter- Sumz2 66.9 693 616 569 666 619 49.6
mination of the electron-capture cross sections would be theﬁumHs.umz 2130 2535 2453 251.0 273.2 2605 2294
equivalent to duplicate the CTMC results. Therefore, it is 9_h-12| 120 110 95 82 74 79 69
justified to discuss only the emission cross sections. Except 9i-1 226 204 199 162 186 188 16.2
for two cases (the emission cross sections for the 9k-12 311 319 302 277 327 310 255
oh,i,k,I1-12i k,I,m group of lines at 1.0 and 4.0 keV/ajpu ~ 9-12m 238 288 275 292 306 279 238
the relative uncertainties are about 50%. They are mainly due ~ SUm 89.5 9210 871 813 893 856 724
to the uncertainty about the reference emission cross section, 10-12  21.9 199 193 157 181 183 158
the quality of the spectra, and the uncertainty about the ex- 10k-12 389 399 377 346 408 387 319
cited cesium fraction. 10/-12m 50.8 61.6 589 624 654 59.6 509
The individual CTMC calculated emission cross sections 10m-12n 50.7 716 685 739 739 651 631
are reported in Tables IV and V for the only lines corre- Sum 162.3 193.0 184.4 186.6 198.2 181.7 161.7
sponding to transitions observed experimentally with a target 11k-14! 36 49 51 45 51 61 57
prepared in & or II state. For each group of transitions,  111-14m 34 58 67 63 94 98 75
they are summed for direct comparisons with the experimen- 11m-14n 25 51 69 86 120 107 9.2
tal results(Tables Il and Il). For three examples, the com-  11n-140 13 27 42 66 94 79 81
parisons between experimental and CTMC calculated emis- sum 10.8 185 229 260 359 345 305
sion cross sections as functions of the projectile energy are

Transition 01 025 05 1.0 2.0 3.0 40
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TABLE V. CTMC emission cross sections (18 cnm?) versus 400 — T - T T . r r .
projectile energy (keV/amy for single electron capture in | (@) —=—EXPT. (6p3)
Ar8*-Cs(6pll) collisions. e~ EXPT. (6o 91-12r
300 _ —oO— CTMC (6pZ} i
Energy &E\ —0— CTMC (6pIT)
(53
Transiton 01 025 05 1.0 20 30 40 g 200 - . T
9h-11j 119 117 11.8 102 11.0 117 102 Q& I T 1
9i-1% 277 302 306 285 328 300 254 & or gaoy S—— S
9k-11I 486 606 639 687 730 637 53.3 i ’ i T ]
ol-11m 588 849 923 111.1 111.0 988 87.2 N I
sumi 147.0 187.4 198.6 2185 227.8 204.2 176.1 00 05 10 15 20 25 80 85 40
10-1% 124 127 116 82 71 68 56 Energy (keV/amu)
1k-13 186 205 19.0 143 164 131 105 LTV A R s e e s
10-13n 184 243 247 229 252 193 151 OO oo  —m— epr ([ o+ toeiar ]
10m-13n  11.1 166 193 223 233 184 150 oo  oTMOHIEm —e— en T ]
Sum2 605 741 746 677 720 576 462 ¢ et
Suml+Sum2 207.5 2615 273.2 286.2 299.8 261.8 22235 T | ]
9h-12i 111 99 87 70 66 66 56 2 [ / ]
9i-1  21.7 207 195 155 17.4 154 120 = i ]
9k-12 290 308 298 290 321 262 211 I of ——— 1
ol-12m 225 27.8 292 337 346 284 228 ® [ ]
Sum 841 892 872 852 90.7 76.6 615 [ po—f—p o —
10-1%  21.0 201 189 151 169 150 11.6 ol e
10k-120 362 384 372 362 401 327 264 Energy (keV/amu)
10-12m 481 594 623 719 739 60.7 487 . —
10m-12n 450 645 712 921 883 77.9 69.8 ¢ |
Sum 150.3 182.4 189.6 2153 219.2 186.3 156.5 © —=— EXPT. (6p%)
11k-14) 32 52 58 47 53 55 50 Cr . —e—eerem 1
—o— CTMC (6p3)

11-14m 3.1 54 7.1 6.8 85 87 7.6
11m-14n 19 46 6.5 77 112 938 9.9
11n-140 0.6 2.0 3.7 6.2 8.6 80 86

Sum 8.8 17.2 231 254 336 320 311 or l
L /_é_\ — =

f% 1

0?0 0?5 1I I I

5L —o— CTMC (6pI)

a(11F147)(107° cm2)

aﬁpi(lo/”-lZ/’), and a6pi(9/’—11/’+10/-13/’) (i . . . .
=3, II) cross sections are almost constant over all the en 0 15 20 25 30 35 40
ergy range. Energy (keV/amu)

Concerning the{9/-11/"+10/-13/"} group of lines _ i
that could not be resolved in the experiment, the CTMC__F'C: 6. Comparisons between experimerifall symbols and

calculated emission cross sections corresponding to thg ?ﬂglIiz?;iuﬁs?(oﬂspgsﬂ’;o(geg’;s‘_'olq/ﬁrisfojiclt';ﬂs} E’be)rsus
9/-11/" and 107-13/" groups of lines are shown in Fig. 9y PR CT :

6(b). Because of the fair agreement observed between thaenOI 1¥'-147" wansitions(c).

experimental and theoretical dafgables Il and V, we can - . i
reasonably think that the CTMC calculated emission crosd\ -CS(6s) collisions[1]. As discussed later on, the popu-
sections give a good picture of the reality. Thus we can conlation of the highest 14 angular momentum is very weak at

clude from Fig. that theow. (9/-11" +10/-13/") (i low energy and increases quickly with the projectile velocity,
9. &) 06"'( ) ( similar to the highest 11 angular momentum in the case of

:u%e’ g) t r?;(pce(;g?r?k;ﬁf}gssmgsttzg Cr?;’i_i?[??fzaée Hn;a'nlyAr8+-Cs(Gs) collisions. The cascade effects being negligible
Bpi\ - g ' in both cases, the emission cross sections for these lines in-

emission cross sections. Moreover, the CTMC calculationgrease quickly with energy.

indicate that the 14 states are both populated by direct cap-  Taking into account the uncertainties, no experimental an-

ture and important radiative cascade effects from upper levisotropy can be shown for the studied lines. This result is in

elsn=12to 14. agreement with the CTMC calculations that do not predict
Concerning the 14-14/" group of lines[Fig. 6c)], itis  any anisotropy effect in the 0.4—4.0 keV/amu energy range.

important to note that theg, (11/-147") (i=X, II) emis-  All these results confirm those reported by Schippeiral.

sion cross sections have the same behavior with energy $82] in a comparative study of Hé, O**, and " -Na(3p)

the 0g(9/-11/") emission cross sections observed insystems: when the size and the charge of the projectile in-

032712-7



V. BAZIN et al. PHYSICAL REVIEW A 65 032712

TABLE VI. Experimental polarization rate®6) versus the projectile energkeV/amy for single elec-
tron capture in A#"-Cs(6s,6p2) and AP*-Cs(6s,6pIl) collisions (see text

Ar®"-Cs(6s,6p2) collisions

Energy 0.4 1.0 2.0 3.0 4.0
8g-9h 20.2¢1.1 20.6:4.6 25.8:4.1 16.7-3.0
8/-9/" 19.8+1.2 29.4-1.6 28.9-1.6 29.7:1.0
8/-10/" 257t 4.6 30.0:3.4 29525
107-12/" 17.2+1.9 23.9:3.9 30.4:5.3 30.2:5.0
107-137"+9/-11/" 22.4+3.8 28.8:0.7 28.5:2.0 29.9:1.7

Ar8*-Cs(6s,6pIl) collisions

Energy 0.4 1.0 2.0 3.0 4.0
8g-9h 16.7+3.5 12.4-3.5 21.5:2.1 23.9:1.4 22.9:1.9
8/-9/" 19.1+1.5 29.9-1.6 28.1+2.1 28.71.3 28.4:1.2
8/-10/" 20.0£7.5 25.8:9.1 28.4:2.7 24.8-6.3 24,143
107-12/" 17.5+1.8 19.6:5.3 22.3:3.6 32.6:4.3 29.3:3.3
107-137"+9/-11/" 19.1+2.5 29.9-0.7 28.1+1.9 28.73.7 28.4:2.0

crease, the anisotropy decreases because the electron captpe and €Il aligned statesthis has been verified in the
takes place at larger internuclear distances. The projectile iogase of the 18,i,k,I,m-12i,k,I,m,n group of transitions
is then less sensitive to the initial preparation state of therherefore, our experimental results should be compared
target. with  CTMC polarization rates corresponding to pure
In conclusion, in spite of experimental difficulti¢gery Ar8*-Cs(6s) and AR -Cs(6p3) [respectively,
weak excited caesium fra_lction, stability of laser dio_des,Ar8+_CS(6pH)] collisions.
geometry of the y experlmentgthree, beams CTroSSING — The CTMC calculated polarization degrees are reported in
oven], oep(9/-12/"), 06 (107-127), 07 (9/-11/ Table VII for Ar¥*-Cs(6p>) and A" -Cs(6pll) collisions.
+107-1377), and g, (11/-1477) (i=X%,II) emission The calculations include radiative cascade effects up to
cross sections are in good agreement with CTMC calcula=14. The CTMC results are seen to be in fair agreement
tions for the absolute values of the emission cross sectiongith the experimental data both for the behavior of the po-

and for the absence of anisotropy. larization rates versus the collision energy and for their ab-
solute values. The CTMC calculations do not show any
C. Polarization degrees of lines alignment effect, in agreement with the experimental results.

From these comparisons between CTMC and experimental
o . Py results, and taking the experimental uncertainties of mea-
and 107-12/" groups of lines and those of Ha/-11/ sured polarization rates into consideration, no significant dif-

8‘ ioﬁ_cl)alé\}//?raxl:ngngfrg:y?;ngzvﬁ'Eee;/alrdeeiggIrrt]eeéj ilr? _Fgﬁlgerence is observed between polarization rates obtained for
. - . . +- +- . .
VI. As in Ar8*-Cs(6s) collisions[1], it was only possible to pure AP'-Cs(6s) and AP'-Cs(épX,orl) colisions. In

. - . - " the case of A¥"-Cs(6s,6p,) collisions, the experimental
determineP for transitions whose intensities are enough im- L ;
o . and CTMC calculated polarization degrees of lines versus
portant, that means for transitions between states with lar o )
e collision energy are shown as examples in

/" values. Moreover, because the cesium target is not com. : ;
pletely excited, the measured polarization degrees corrr%éisi' IZ(?? 11.”?( m Jg[] tEeI rimlékkllnq]nj}z'(glro?pr; an;if

Spgfd respectively 1o ,&‘r*—(_:s(e_s,Gp”) and lines. Note that, for the clarity of the figures, only CTMC
Ar®"-Cs(6s,6p,) collisions. The polarization rate being L ?
) calculated polarization rates corresponding to the borders of
defined as o ; .
groups of transitions considered experimentally have been
reported. The CTMC calculated polarization degrees for
(15  Ar®"-Cs(6s) collisions [1] are also shown in the figures.
Except for the ®-11i transition[Fig. 7(b)], no significant
difference is observed between the CTMC calculated polar-
it is very difficult to separate the polarization rates corre-ization rates for the target in the ground state and in the 6
sponding to AP*-Cs(6s) collisions from the ones corre- excited and aligned state.
sponding to A?"-Cs(6p,) collisions [respectively, The polarization rates are found to be always positive and
Ar8*-Cs(6p,) collisions]. Note also that since the anisot- to increase with the energy from about 15% to values be-
ropy is found to be zero or almost zero, it was not necessartween 25% and 30%. Since the experimental and theoretical
to change the g, and 6o, initial states of the target into the data are found in fair agreement, we can say that the CTMC

The polarization degreeB of the 87-9/"', 8/-10/",

=
i+l
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TABLE VII. CTMC calculated polarization rate86) versus the
projectile energy (keV/amy for single electron capture in
Ar8*_Cs(6p3) collisions and A#"-Cs(6pIl) collisions.

Ar®*-Cs(6p2) collisions

Energy 01 025 05 1.0 2.0 3.0 4.0
8g-9h 156 167 175 152 225 255 26.6
8h-9i 171 186 191 19.2 256 265 269
8i-9k 169 200 200 231 276 278 28.1
8k-9l 136 201 229 26.7 296 295 293
8h-10i 161 179 180 164 240 257 26.1
8i-10k 173 190 192 213 26.1 263 27.0
8k-10l 164 204 206 241 281 281 26.6
9h-11i 159 153 149 124 223 272 29.1
9i-11k 148 170 174 16.7 251 264 279
9k-11 157 190 193 220 265 265 28.2
9l-11m 157 200 214 250 286 286 29.1
10h-12i 138 130 164 136 255 301 30.6
10i-12k 172 159 174 169 278 303 296
10k-12 17.3 189 187 20.7 287 291 299
10-12m 164 20.1 203 244 284 293 30.2
10m-12n 159 214 23.0 274 298 299 30.2
10h-13i 198 214 243 254 252 316 322
10i-13k 222 243 255 254 301 325 319
105-13 244 232 245 262 315 321 318
10-13m 242 259 26.1 278 320 324 326
10m-13n 249 256 256 289 316 324 322
Ar8*-Cs(6plIl) collisions
Energy 0.1 0.25 0.5 1.0 2.0 3.0 4.0
8g-9h 160 163 173 166 21.2 220 223
8h-9i 176 192 205 214 239 240 241
8i-9k 184 213 225 245 258 258 255
8k-9l 168 219 252 270 279 277 274
8h-10i 169 175 185 187 219 222 231
8i-10k 179 202 21.0 225 245 247 245
8k-10 183 215 232 253 264 261 26.0
9h-11i 145 142 154 171 214 236 248
9i-11k 158 17.8 185 20.7 23.7 238 251
9k-11 172 206 209 237 249 255 256
9l-11m 180 216 238 26.2 268 26.7 26.8
10h-12i 13.3 136 155 175 249 276 269
10i-12k 16.7 16.7 202 206 259 26.6 27.8
10k-12 179 199 206 240 26.7 275 279
10-12m 189 222 226 258 272 279 28.0
10m-12n 185 231 252 275 284 284 284
10h-13 221 220 244 233 270 30.2 30.8
10i-13k 237 240 245 259 295 304 3038
10k-13 248 253 269 271 302 305 308
10-13m 25.0 264 271 286 303 309 305
10m-13n 259 27.1 286 295 303 305 303
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FIG. 7. Comparisons between experimerifall square$ and
theoretical (open symbols polarization degrees of the lines
for the 1(,ik,I,m-12i,k,I,m;n (& and {9h,ik,1-11 kI ,m
+10i,k,I,m-13k,l,m,n} transitions(b). The experimental polariza-
tion rates are reported for Af-Cs(6s,6pIl) collisions, while the
CTMC calculated rates for individual transitions are reported for
pure Ar*-Cs(6s) and Ar *-Cs(6pIl) collisions (see text

n/'m, distributions give a good picture of the reality for the
studied transitions. Therefore, as previously concluded from
our study of AP*-Cs(6s) collisions[1], the magnetic sub-
levels ofm, <4 are mainly populated at the highest energies,
whereas most of then, sublevels are populated when the
energy decreases.

V. MOLECULAR ANALYSIS OF THE STATE-SELECTIVE
ELECTRON CAPTURE

Details of electronic-energy calculations for the one-
electron{Ar’*+Cg* system have been already reported
[1]. These calculations are based on a pseudopotential
method and use a linear combination of numerical atomic
orbitals for the Cs atom and the Ar ion [38]. The elec-
tronic energies can be calculated for various symmetyie$
the molecular system, wherk is the absolute value of the
projection of the total orbital momentum of the system along
the internuclear axistaken as the quantization axisThey
allow us to discuss CTMC and experimental results of state-
selective electron capture in terms of dynamical couplings:
radial couplings between molecular states with =0 and
rotational couplings witAA=*1. In order to discuss the
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-0.15 T T T T T manifold of curves and going through the manifold of mo-
lecular states corresponding to the 12 and 13 levels is the
entrance channel for a Csftarget. In Fig. &) theI1(6p)

. entrance channel is the firkt energy curve above the mani-
3 ~0.20 fold of states corresponding to=11 level of Ar* and that
g emerges aR~72.5 a.u. from the manifold of states corre-
] sponding to then=13 level. This entrance channel goes
o through numerous nearly diabatic crossings to th&lGtate
s of Cs at largeR values. In the first place, the sets of energy
g -025 curves(X or II) correlating to then=12 and 13 levels show
w a similar behavior than the sets of energy curves of same
symmetry correlating to the main populated levgls-9 and
7 10) in Ar8*-Cs(6s) collisions(see Fig. 2 of Ref{1]). So, we
o0 A can reasonably assume that the coupling mechanisms for
@ 25 | 50 7 100 125 populating then=12 and 13 levels in A -Cs(6p3,orll)
nternuclear distance (a.u.) collisions should be similar to those populating the9 and

046 — 10 levels in AF*-Cs(6s) collisions[1]. In the second place,
the 2 or I molecular channels for electron capture into the
n=12 and 13 levels of Ar" exhibit about similar avoided

14p crossings with the entrance channel of same symmetry for
= the low/” sublevels of each manifold (except that for thél
8 020 =]
5 1317 40 T T T T T T T T
2
2 - [ ® 1
(=] I
8 025 " 380 }
u L g - total —
Eo20 -
2
-0.30 = L i
by 2 > 125 5
( Internuclear distance (a.u.) .8 10 - B
FIG. 8. Electronic energiedn atomic unit$ versus the internu- o L A \
clear distancdin atomic unit$ for the {Ar’* + Cg* system.(a) 3 . ) i _,__“ﬁw
states(b) II states. 0 B A e vt i S L

0 10 20 30 40 50 60 70

AréT-Cs(6p3 or IT) collisions, the electronic energies for Impact parameter b (a.u.)

the A=0 and 1 symmetriesi.e., the3 and II molecular

state$ are reported in Figs. (8 and 8b), for the R 30 ' ' ' ' ' ' '
=25-125 a.u. internuclear distance range. They are centere(
on the main capture channels corresponding tothd 2 and

13 levels of AF™.

In Ar8*-Cs(6s) collisions, or more generally for colli-
sions between an A ion and an alkali-metal atom target in
its ground state, the only entrance channel & molecular
state. However, in the case of a Cs target excited ip= 6r
6plIl aligned state, the entrance channel may have two pos-.
sible symmetries: & state for a Cs(pX) target and dl
state for a Cs(pII) target. In Fig. 8a), the (6p) entrance
channel corresponds to the secaheénergy curve above the
manifold of electronic-energy curves correlating to the S S~
=11 level of A *; it emerges aR~ 75 a.u. from the mani- 0 10 20 30 40 50 60 70
fold of curves corresponding to thre=13 level after under-
going numerous avoided crossings or nearly diabatic cross-
ings with the electron-capture molecular channels. Then, this FiG. 9. CTMC calculated probability timesversus impact pa-
entrance channel goes, through numerous nearly diabatigmeterb for total electron capture and electron capture imtev-
crossings, to the |62 state of Cs at large internuclear dis- els of A”* from Cs(6pIl) (as indicated in the figuyeat projectile
tances. Note that the fir& energy curve above the=11  energies of 0.25 keV/am(@®) and 4 keV/amub).

total

— — N
o [3)] o
I I
| 1

Probability times b (a.u.)

[,

(=]

Impact parameter b (a.u.)
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molecular states, the energy splitting at the avoided crossingss(6pll) target, the maximum of the distribution fof=2
are comparatively a little smaller than for themolecular  at 0.1 keV/amu takes a value as large than the maxima of the
state$. So, on the whole, the cross sections for electron capeistributions for/=1 at 0.25 and 0.5 keV/amu. This may be
ture into then/ sublevels of Af* from Cs(3) and attributed to larger-energy splittings at the avoided crossings
Cs(6pll) targets should vary similarly with the projectile involved in the electron capture into the Alsublevels, in
energy. comparison with those involved in the capture into higher
As seen in Fig. &) the 3(6p) entrance channel crosses N/ sublevels. Relating to this, it is interesting to remark that
nearly diabatically the manifold &,,, (/>3) exit channels the maximum at low energies in the Adistribution is al-
correlating to the 12 and 13 sublevels of Af*. Then, it ~ ready appreciably broadened with respect to that in the 13
shows up avoided crossings wilfy,, and 3,5 electron distribution. We can consider, however, that the coupling

capture channels/(<3), respectively in the 4755 a.u. and Mechanisms for populating the Alsublevels are the same
60-70 a.uRvalue ranges. Similarly, thél(6p) entrance than those for populating the 22and 13 sublevels. As
channel exhibits avoided crossings with tHeg,, and1l 3, Seen in Fig. 1(x) the low values of” in the_14/ d'smbl.l'
electron-capture channels/€3), at approximately the tions becomt_a more ar_1d more populated with decreasing en-
sameR-value ranges than for the symmety(i.e., respec- ergies(but without taking values as large the}n those of the
tively 46-53 a.u. and 60—68 alln both cas,es these largest/” values at large energigsat the detriment of the

Hed . ible for the ori dial largest values of”. This particular behavior of the state-
avoided crossings are responsibie for the primary radial CoUggactiven distribution has been pointed out already for the

plings (AA =0) leading to populate first the low values of 11 gistribution in the case of A -Cs(6s) collisions[1].
the 12” and 13" sublevels; then, in each manifolds, the  therefore, as in Ref1], primary intershell rotational cou-
population of these low” values is redistributed by succes- plings between the entrance chankébp) andIl exit chan-
sive rotational couplingsXA =*1) and Stark effect of the ne|s and between th (6p) entrance channel an¥ or A
residual C$ ion. As examples, for Af"-Cs(6pll) colli-  exit channels, have to be invoked to populate the k6w
sions and for two projectile energi€®.25 and 0.4 keV/amu  yalues of then=14 level (and also, other highen levels.
Figs. 9a) and 9b) show that the maximum impact parameter This is substantiated by the fact that, above the manifold of
b that contributes to the total electron-capture cross sectioBnergy curves correlating to the=13 level of AF*, the
and to the electron capture into predominantly populatgd 3(6p) and II(6p) entrance channels cross nearly diabati-
levels agrees with th&value ranges of the primary radial cajly the electron-capture molecular channels of same sym-
couplings. metry. In addition, as expected from our study on
At the highest energies, the intrashell rotational couplinggg\r8+_CS(es) collisions[1], the CTMC calculated cross sec-
and the Stark effect of the residual Cin are important, so  tjons for electron capture into thelevels (1=14) are found
that, large values of” are mostly populated. When the en- 15 increase continuously with increasing energy due to more
ergy decreases, the rotational couplings become less impQgficient rotational couplings, while the cross sections for
tant while the primary radial couplings that populates the loWg|ectron capture into thew=12 and 13 levels decrease
/" values become successively more and more efficient &{uickly (this can be seen in Fig)5
low energiegbeginning with those relating to avoided cross-  The anisotropy parameters, defined ag]
ings with the largest energy splittingé\s a consequence, the
population of the highest’ values decreases more or less at  0gpx(N/)—0ogpn(n/)
the benefit of the lowest” values(this is the so-called pro- A(n/)= 0o0s (N7 )+ g (N7’ (16)
jectile core-electron effegt Figures 10a) and 1@c) show opx opll
such a behavior with the projectile energy of the CTMCmeasure the influence of the alignment of the excited Cs
calculated cross sections for electron capture into th€ 12 target on the state-selective electron capture intotheub-
and 13 sublevels. Note that, as for electron capture into thdevels of AF*. TheA(n/) parameters have been calculated
9/ and 10~ sublevels in Af"-Cs(6s) collisions[1], the  from the CTMC calculated cross sections for electron cap-
CTMC calculated 12 and 13~ distributions go through a ture into then/ sublevels for the most populated levels (
maximum forl =1 at low energies, but these maxima take a=11-14), in the 0.1-4 keV/amu energy range. In general,
larger value than for the largestvalues of the distributions the variations with the projectile energy of the anisotropy
for a projectile energy smaller thas0.1 keV/amu only, parameter are quite different of one another. For example,
when it is smaller tharn~0.4 keV/amu for a Cs(§ target the A(12/) anisotropy parameters are found to vary much
because, in this case, of larger-energy splittings at the infor energies above 0.5 keV/amu, for the lowest and largest
volved avoided crossings. values of/, while at the lowest energies they all take small
Similar variations of then/ distributions with the projec- values. Thus, theA(12s) anisotropy parameter is nearly
tile energy are also observed for=11 [Fig. 100c)] and for  equal to+0.4 at energies of 1 and 2 keV/amu; it takes nearly
n=14 [Fig. 10c)], but with some appreciable changes. Ina 0 value at 0.1 keV/amu and a value=60.2 at 4 keV/amu.
the case of the 21 distributions, the core-electron effect is More generally, it is found that th& alignment influences
still quite important and the maxima at the lofwvalues are  strongly the lowest” values of then/ distribution, while the
the largest for/'=1 at energies~0.25—1 keV/amu for the largest/” values are on the whole influenced by ealign-
Cs(6pX) target, while the 17 distribution exhibits a broad ment. This can hardly be deduced from Figs(al@nd 1Gc).
maximum centred on/=2 at 0.1 keV/amu. For the As the radiative cascade from upper levels do not contribute
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much to line-emission cross sections for transitions from thdrings insight on the single-electron-capture process. From a
12/ levels, this fact could be deduced from the results respectroscopic point of view, three more lines corresponding
ported in Tables IV and V. However, since the experimentonly to transitions between largé values have been identi-
could not discriminate between the individual transitions, wefied. From lines intensities, the emission cross sections cor-
have judged useless to discuss further the anisotropy paramesponding to the most populated levats=11 to 14 have
eter. In conclusion, except a few cases, the CTMC calculatedeen determined and compared with CTMC calculations. In
electron-capture cross sections for thandlIl aligned states general a fair agreement is found, taking into account the
do not show any significant difference to be appreciated exexperimental uncertainties. In particular, the experiment and
perimentally. The changes in the calculated cross sections atke CTMC calculations both indicate that there is no appre-
generally much smaller than the experimental uncertaintieciable anisotropy effect. This result confirms the findings of
It is interesting to note, however, that in general the CTMCSchipperset al. [22] in a comparative study of Hé C**,
calculations find that the electron capture into thé sub- and G* —Na(3p) systems. When the size and the charge of
levels present large differences whether the electron captutbe projectile increase, the anisotropy parameter decreases
is from 6pIl* initial state or from a @I1~ initial state. This and is nearly equal to 0. At large internuclear distances, the
was already pointed out in Refl8], where the electron- projectile ion is almost not sensitive to the initial alignment
capture cross section into the dominant final state from @f the laser-prepared target. Our results have been analyzed
npll* initial state was found generally larger than from ain terms of dynamical couplings from calculations of elec-
npll~ initial state. In the present CTMC calculations, how- tronic energies for the one-electrgar’*-Cs* system. The
ever, the electron capture is found predominant also from aneasurements of the polarization degrees df'Apn emis-
6pIl~ initial state for capture into/ sublevels with the sion lines corresponding to transitions between lafgeal-
largest/” values; it is generally found predominant from a ues have been realized experimentally and compared with
6pIl* initial state for capture into/ sublevels with the theoretical ones obtained from CTMC calculateth/m,)
lowest/” values. cross sections in Af-Cs(6s) and A" -Cs(6pSorll) col-
Concerning them, distributions, the decrease of the po- lisions. The polarization rates increase with the projectile
larization rates with the projectile energy indicates that theenergy. In other words, after the collision, the electronic
electronic cloud has more time to adjust itself adiabaticallycloud tends to be more aligned parallel to the incident ion
to the rotation of the internuclear axis. Therefore, the beam: them, distribution of then/” produced states is more
distributions are more sensitive to the radial couplings, thaind more peaked on lom, values. Moreover, this effect
is to the projectile core-electron effect. In other words, thedoes not seem to depend on the initial alignment of the laser-
rotational couplings become less efficient, in particular, theprepared target.
intershell rotational couplingsi.e., for A/#0). Only the
intrashell rotational coupling6.e., for A/'=0) remain pos- ACKNOWLEDGMENTS
sible, leading to an intrashell broadening of the distribu-
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elsewheresee, Refs[38,40). scopic calculations of high-energy levels of the’Arion
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