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Polarization degrees of lines emitted by Krexcited ions produced by single-electron capture during
Kr8* +Li(2s) collisions were experimentally measured for projectile energies between 0.1 and 2.5
keV amu !. They were compared with theoretical polarization degrees obtained rirém, distributions
calculated by using the classical trajectory Monte C48dMC) method; radiative cascades have been in-
cluded in the calculations. The fair agreement between experimental and calculated polarization degrees con-
firms the reliability of the CTMC method and allows one to analyzenthelistributions in terms of dynamical
couplings responsible for the state-selective electron capture process.

PACS numbes): 34.10+x, 34.70+e

. INTRODUCTION (6—5) emission line at 465.7 nm emitted irff GNa(3s)

o ) o collisions over the 3—7 keV ami energy range. The polar-

Collisions between very slow Ri ions and lithium at- ization is found to be 0.33 and independent of the collision
oms in their ground state are performed for collision energiegnergy. In both cases, classical trajectory Monte Carlo
between 0.1 and 2.5 keV amtiby high-resolution photon  (CTMC) calculations agree with the experimental findings
spectroscopy in the 200—-600 nm wavelength range. For thiggicating preferential capture intm, =0 states.
collision energy range, the prevailing_process is the capture \we have previously studied both experimentally and
of the 2s electron of the lithium atom into7, 8/, and 9 theoretically the influence of the projectile energy on ine
sublevels of the Kr* alkali-metal ion[1]. Our interest is gjstributions of the AF* excited states produced by electron
focused here on the, distributions of the most populated capture during A" -Li(2s) collisions in the 0.1-4.5 keV
n/ sublevels. These, distributions indicate the degree of 5yt energy rang¢6,7]. By measuring the polarization of
alignment of the produced states and consequently refleghe emitted light, we have investigated, for the levels8
through this geometl’ical effect, the mechanisms inVOlvernd 9 which are the most popu|ated by the sing|e electron-
during the collision2]. capture process, the/7-8/ and 8°'-9/ radiative transi-

This study follows several other studies dealing with col-tions subsequent to the decay of thé 8nd 9 sublevels of
lisions between stripped or fully stripped ions and alkali-Ar viii. The experimental polarization degrees were found in
metal targets. agreement with those obtained from CTMC calculated

Gauntt and Danzmanf8] have measured the intensities m-distributions and dynamical couplings between the rel-
and polarization degrees of fine-structure lines in khe9 evant electronic potential-energy curves for thar’"
—8 manifolds of Nevii and Arvi spectra produced in col- +Li}* molecular system. In particular, a projectile core-
lisions of very slow (=0.05-0.15 a.u. N& and Af* electron effect was demonstrated at low energies from addi-
ions with atomic sodium. They have determined alignmentional CTMC calculations for the & projectile. For the
and partial cross sections for electron capture as functions dfighest energy investigated.5 keV amul), the polariza-
projectile energy. For the neon projectiles, the polarization otion ratios corresponding to transitions involving high angu-
the Bohr line is approximately 0.3 and independent of velocdlar momentum value states reach 30%. For the 1.5-4.5 keV
ity; for argon projectiles, the polarization is about 0.15 andamu ! energy range, the polarization ratios decrease slightly

increases with increasing velocity. when the energy decreases; for projectile energies lower than
Schipperset al. [4] have investigatedh, distributions of 1.5 keV amu?, the polarization ratios decrease strongly
the Heil (n=4) states formed during Hé+Na(3s) colli-  with the energy. In the case of/7-8/ transitions, this

sions by measuring the linear polarization of theiH@gt strong decrease is followed by an increase at the lowest en-
—3) emission. Over the energy range investigatedergies. The large polarization ratios indicate that, after the
(2-13.3 keV amul), the polarization of the line they have collision, the electronic cloud tends to be aligned parallel to
measured increases from 0.2 to 0.3 indicating a strong aligrthe incident ion beam direction. It means that the probability
ment of the captured projectile charge cloud along the interef capture into sublevels with lown, values (m,=0,+1,
nuclear axis. The same gro{ip] have also studied the3C +2) is enhanced for the highest energies investigated, show-
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ing that the Stark effect and intershell rotational couplings Il. EXPERIMENT
are effective. According to a discussion based on electronic
energy curve calculations, we have shown that the strong

decrease of polarization degrees with decreasing energies in ' ne krypton ions were produced by an ECR source of the
the case of the &F’-Li(Zs) collisional system is due to a GANIL - test bench; they were extracted from the ion source

decrease of the intershell rotational couplings while the in-V‘;ift_h_a poter;tiz;llIU(): 12 kv, correspﬁnding to the maximL:m'
trashell rotational couplings remain effective to populate€fiCiENcy of the source. After a charge and mass analysis,

e o .
large value ofn, . At very low energies and for high angular E)hne ;]rsef;ggivbeeaé? ;\]{aﬁt;ﬁfgszﬁom:'dfoiiggg'sgonacnh%?gﬁr
momentum value states, the radial couplings become effiz. : P P Y& :
cient while the rotational couplings are weakened; this re-SInCe the energy ra_ng(é).l_—2.5 ke_\/ amu_) |nvest|gated_

. . Lo .’ . ~here cannot be provided directly with the ion source, the ion
sults in an increase of the polarization for the emission line

%nergy was modified just before the collision area. For col-

of the capture_ Ievelg. . . lision energies lower than 1.0 keV amb the ions were

l,n order to Investigate exper|ment§II¥ thg mfluence of thedecelerated before the lithium jet and reaccelerated after in
projectile core electrons on the fina¥” distributions of the 4 4er to be analyzed by a Faraday cup. For collision energies
electron capture, the Rf-Li(2s) collision has been recently larger than 1.5 keV am, the ions were accelerated before
studied[1]. As for the AP*-Li(2s) collision, the most popu-  the collision area and decelerated after. The decelerating de-
lated levels are@=8 andn=9 states, but, because of the vice has already been described several tif6e& 1] together
overlapping of the various manifolds, thel,77f, 7i, 10s,  with the optical device used for polarization measurements.
and 1@ states are also populated especially for the lowest Photons emitted in Kf -Li(2s) collisions were detected
energies. The 8- and ¥ -distributions have been experi- in the direction perpendicular to the ion beam and the lithium
mentally determined for collision energies between 0.1 anget. They were wavelength-selected by a grating spectrometer
1.5 keV amu! and theoretically calculated by using the in the 200—-600 nm range. The polarization of each line was
CTMC method between 0.1 and 5.0 keV amuln spite of Measured using a polarimeter composed of two polarizers:
some discrepancies, experimental and theoretical results a@e polarization direction of the first one can be oriented
in fair agreement. The analysis of the molecular electronid@rallel or perpendicular to the direction of the ion beam; the

energy curves of thekr’* +Li}* molecular(which presents second one is a Glan-Taylor prism and its polarization direc-
particular features with respect to théar’* +Li}* system tion is fixed at 45° to the ion beam direction. It compensates

due to the overlapping of the various manifolds of molecularfo.r the poIarlzatlo.n effects of thg spegtrome(gratlng and
energy curvesin connection with the CTMC results of the mirror). The polarization degree is defined by

a(n/) cross sections has shown the first importance of pri-
mary radial couplings for populating the nondegenerate
levels(low / values and the importance of the Stark effect
due to the residual Li ion for populating degenerate/
levels (high / values from nf andng states and probably
also from (+1)p levels by rotational coupling. In the
present paper, we extend the experimental study of the pro-
jectile core electron influence on time” distributions to that

on them, distributions. Using the same experimental setup As we have shown, during Rf-Li(2s) collisions, the

as for the AP"-Li(2s) collision [6,7], the polarization de- single electron-capture process populates the" Kexcited
grees have been measured for th&™KLi(2s) collision in  configurations witm=7, 8, and 9. These states decay radia-
the 0.1-2.5 keV amu! energy range, for transitions from tively and we have observed the lines corresponding to tran-
the most populated levels. The experimental techniques wilitions from these stateid]. For all these transitions, the
be recalled. The polarization degrees are then compared witpplarization rates were measured for collision energies from

1
those obtained from the CTMC calculated distributions, ~0-1 10 2.5 keV amu®. _ e
by a method which is described in more details than in our The experimental polarization rates and their uncertainties

similar study for the A¥* projectile, while the well-known Versus the collision energy are reporteq in.TabIe I. The ac-
CTMC method is just outlined. The CTMC calculations have€uracy of the determination of the polarization rate depends
been extended to energies up to 5 keV afmuAs for the N the ql_Jallty of the optical de\_/lce but also on the errors in
Ar®*-Li(2s) collisional system, the experimental polariza- € reading of the recorded signals. However, preliminary
tion degrees are then analyzed from the CTMC results. ThEeStS.W'th dgpolarlzeq I|ght_0f a mercury lamp and tests of
calculated polarization degrees are discussed in terms of fingPlarization in the various diffraction orders have shown that
m, distributions and then in terms of dynamical couplingst e uncertainties due to the defects of the optical device

responsible for the state-selective electron-capture processé:é’,l"ld be neglected in c_ompgrison_ \_Nith those deduc_:ed from
from an analysis of electronic energy curves of fe’* the recordings. The emitted intensitigsand|, are defined,

+Li}* system. Finally, they are compared with the CTMC
results obtained for the Ar-Li(2s) and G*-Li(2s) colli-
sional systems. 1Grand Accérateur National d’lons Lourds, Caen, France.

A. Experimental measurements of polarization rates

i
|||+|L,

(€Y

wherel andl, are the intensities of the emitted light polar-
ized along or perpendicular to the ion beam direction.

B. Experimental results
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TABLE |. Experimental polarization ratg86) of the emission lines correspondingAm=0 andAn=1 transitions resulting from single
electron capture in K -Li(2s) versus collision energgin keV amu!). No value is indicated when the line is too weak to measure the
various intensities.

Energy 0.1 0.2 0.5 0.8 1.0 1.4 1.5 2.0 25
Transition

7Py 7d3) 7.0+37 —34£30 -49*14 -10+27 —2.8+3.0 —8.4+33

7Pz~ 7ds), 7232 —6.4t23 —-46£28 —-48£33 -29x34 -—-85x3.2

Tdz-7f5 9.7£4.1 3.2:3.6 0.02.7 —-56+24 —-6.1*+54 —-3.5+32 —-51£26 —-92+25 —-56*+26
T7ds;- 770 11.6x2.9 1518 0.3:t49 —-52+42 -6.0+x40 —41+34 —-46+x3.7 —10.1x3.8 —4.0£4.0
8py»-8ds), 13.1+84 —-4.0x6.4 17456 —3.1£46 —-4.4+42

8p3»-8ds), 6.5£9.7 0.4-6.1 3.6:4.8 1.5£4.0 5.2:3.5

8d/-8f ), 5.6+2.8 —15.1+26 —8.9+47 —85t52 —12+46 2.4-2.4 1.0:54  2.5-6.8
6fs7dy,  —0.3:3.2 0.0:0.1 0.4-15 0.3t04 —-22+62 —3.1+35

6f7-7ds), 2.7+3.6 —23t6.2 —34*t46 —-1.0t42 -—-23+44 —-35+£4.1

6g-7h 20.5+6.3

738D 12 25+6.6 —3.1+*41 0041 —-26+38  1.2t54 —1.4+57
7ds8D3) 0.8+52 —26+3.2 —23t39 -07+38 —26+42 —14+57

7f5/,804) ~9.9+738
7f-8g 21.9+8.1 6.1+8.2 18.8:6.4 12.5:6.1
79-8h 15.1+2.8 7.4-3.7 13.0-4.0 13.6:4.0 11.’A#3.6 15233 17.6:2.9 20.4£2.2 21.8:51
7h-8i 7.0£3.5 8.0-2.3 18.3:2.7 23.6:3.6 21.6:28 21.5-1.7

7i-8k 5.1+2.6 6.1-3.1 22.0:3.0 26.0:25 25.0:2.7 255-1.8 255:24 27.125 28122
817951/ —25+54 —15+7.1

8p3r9Sy,  —07+43 —24+28 -13+42 —09+28 -21+45 —1.9+56

8dyy9py, —35+35  0.8:22 -23+74 —05:62 —15+58

805/,-9P3 8.3+39 —20.2+35 —222+44 —9.0+33 —11.4+6.8 47464 15964  3.0:95
8f-9¢g 24.6-5.7 22.7%6.3 21.4-3.3 18.x3.3 20.3t8.1 22.0:7.2 18.3:6.0 16.6:4.8 19.2£4.7
8g-9h 19.8+4.3 22.5:4.3 23.8:2.7 24424 222040 23.7#4.0 24937 24.9:3.0 28.3:2.7
8h-9i 19.24.0 24.4-3.2 27429 26.7%24 22.3:24 258-1.7

8i-9k/8k-9I 24321 26.6:15 28.9-3.8 31.0:28 31.6:2.3

respectively, ag|— i min andi, —imi,, whereij andi, are the IIl. CALCULATION OF POLARIZATION RATES

measured intensities recorded for the two polarization direc- For a further analysis, the polarization rates have to be

tions andi,;,, the intensity obtained for crossed polarizers.re|ated to the population of, magnetic sublevels. The po-
The experimental uncertainties were evaluated from the r'9arization of a line can be expressed as a function ofithe
cordings and several measurements of each intensity Wetgquip, ition of the decaying level, taking the ion beam direc-
performed for each line in order to minimize the stausucaltion as the quantization axis. In the studied energy range, the
erroLs. larizati fthe i itted f __collision time being small with respect to the spin-orbit in-
The polarization rates of the lines emitted from states W'thteraction time, no change of spin occurs during the collision

large 7 values are always positive. For the highest energiesand only states with definite orbital angular momenteim
the polarization rates reach values up to 30% and decrea%ﬁ:ld its projectiorm, are populated

with decreasing energies as already observed in the case of However, the spin-orbit interaction has to be considered

8+ . . . .
Ar”"-Li(2s) collisions. These states are always poIanzeqn the calculations of the intensity of the light emitted after

along th_e lon be_am direction. the collision because spontaneous emission is much longer
The lines emitted frons and py/, states are found to be 4 - spin-orbit interaction time.

unpolarized, showing that the optical device is well oriented. An atomic excited statéi) will be described by its total

The lines emitted from states with lové values(excepts > .
andp,;,) and intermediate’ values are found to be weakly angular mom_enturﬂi. It Qecays by spontaneous emission to
polarized or have negative polarization rates. Since thesgnother atomic staté) with the angular momentud . The
transitions involve rather smaii values (=7 and § and  quantum numbers which correspond to the operatp(d;)
since the collision populates states uprte-10, one can and their projections along the quantization axis are denoted
expect that the cascade polarization effects are very impow; (J¢) andm; (my).

tant for these transitions. Following the theory developed by Fano and Maggk
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the polarization rate of the emitted light corresponding to theransitions and if LS coupling is valid, the relation between
transition betweefi) and|f) can be expressed as a function Jiag and Ji+1ag can be easily deduced. It corresponds to the
of the alignment of the excited stdie¢ produced during the anisotropy transfer. Then, for each sequence of allowed tran-
collision. Let us point out that, in our experimental setupsitions as ny/NSkh—Nn-1/N-1Sh_1—--—N1/1ST,
characterized by a cylindrical symmetry, the alignment tenthe relation betweeﬁio-g and JNUS is establishedny/ ySd

sor has a single nonzero component: the longitudinal alignandn,/;SJ, define the initial and final state linked by cas-
mentAS. In the basigJ;m;), Aj is defined as follows: cade. The'ng¥ state multipole has to be expressed as a

function of the9N05 state multipole since the collision popu-

> 3m2—Ji(J;+1)o(my) lates the/’'m, states. |
A2(3)= m; 2 Finally, assuming that the longitudinal alignmelkﬁ(/)
o ' is proportional to the expected value of the33- L2 operator
‘]i(JiJrl); o(m;) and that fine structure is not resolved for the final state, Lin
' and Macek[10] have carried out a linear relation between
where o(m;) is the partial cross section for capture in the A(z,(/l) and AS(/N), namerAg(/l)=§A§(/'N). The defi-

|J;m;) state. nition of the paramete¢ can be found in Ref.10].
Using the alignment parameta¢, the expression dP(i) In the same paper, the paramefeis numerically calcu-
takes a simple form: lated forS=3 and /=2 to 9 for transitions withA/'=1.
Actually, several cascade channels leading to the studied
_ 3h(i,f)A3(J) statei have to be taken into account; each cascade channel
P(i)= 4+h(i,HAZJ)’ 3) may contribute to the alignment transfer with various
v weights. Taking into account all the cascade channels, the
where alignment for the statecan be expressed as
o2 > S o DIEDAN Do)
1 1 Jf A2 /): =ik (5)
hi,f=(~ 1) It (4) o o '
. 33 2] ,Z. 2 ool
11 9
In the expressior5), the sum is over all the cascade chan-
33 24 ) nelsk and the initial stateg, o(j) andAg(/j) are, respec-
and{y i' 5} is the 6§ symbol. tively, the production cross section and the initial alignment
The simple algebraic theory allows us to express thef statej, w,(j) is the branching ratio for the radiative tran-
o(m;) cross section in terms of the(~'m,) ones. sition from statej to statei via branchk, and &(j) is the

In our case, radiative cascades have to be taken into aadignment transfer coefficient for the same radiative transi-
count. Radiative cascades from upper levels may produce téon.
variation in the alignment of the studied levels since the In the case of transitions between fine-structure levels, the
alignment of the studied levels and the alignments of uppepolarization rate is given by expressi¢?), so we have to
levels usually differ. The polarization rates are then directlyca|cu|ateAg(J)_ Using the Wigner-Eckart theoremg(J) is
affected by this transfer of alignment. The problem is tojinked to A2(/) by the expression
evaluate this transfer of alignment.

For the hydrogenlike ion, the problem of the transfer of ) XX+ -4+ /(7 +1) ,
alignment has been discussed in detail by Lin and Macek  AdJ)= 337573y 2/=1) A7), (6)
[10] and successfully applied to the states with unresolved
fine structures. We have also observed transitions betweenherexzs(s+ 1)-JJ+1)—/(/+1) ands=J+/+3.
fine-structure levels and we were able to experimentally de- For transitions between fine-structure levels, the align-
termine the corresponding polarization rasee Table)l In . mentA2(/) including radiative cascade effects is calculated

order to underline the radiative cascade effects and analyzlfsing expressiors). Ag(J) is deduced fromA(z)(/) using
our experimental data, we have directly applied the theory Ofaxpressior(G).

Lin and Macek[10] to the n/—n’/’ transitions and
slightly modified their theory for the case o#’J—n’'/"J’
transitions. In the following, the main steps of this theory
will be recalled.

Their calculation is based on anisotropy transfer theory. It In order to analyze the experimental polarization rates, we
means that, in the frame of the matrix density formalism, thenave performed calculations of polarization rates using the
kqth state muItipoIeJiag is introduced for the given level method described above for the observed transitions. This
J;. This multipole allows us to calculate the values of an-method requires first to know the branching ratios and the
isotropy parameters, in particular the alignment parameter. l&-(n/m,) cross sections.
the two levelsJ; and J;; are coupled by dipole radiative For the branching ratios, we have used the same as those

IV. COMPARISON BETWEEN EXPERIMENTAL
AND THEORETICAL POLARIZATION DEGREES
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TABLE Il. CTMC m, distributions(%) versus the projectile enerdin keV amu ) for single electron
capture into 7’ sublevels during K" -Li(25s) collisions.

Energy 0.1 0.2 0.5 0.8 1.0 14 2.0 3.0 4.0 5.0

Sublevel
7s 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
p 0 100.0 25.0 37.8 29.5 25.6 22.1 33.6 26.4 29.3 31.4
+1 0.0 37.5 31.1 35.2 37.2 38.9 33.2 36.8 35.3 34.3
7d 0 194 20.0 13.8 17.8 15.2 12.2 17.4 17.4 16.7 19.8
+1 18.1 15.6 19.2 18.4 16.6 18.3 18.0 17.4 19.3 19.6
+2 22.2 24.4 23.9 22.7 25.8 25.6 23.3 23.9 22.3 20.5
7t 0 15.0 16.3 9.8 11.8 9.5 125 10.8 9.7 11.9 13.7
+1 15.6 17.1 13.0 9.7 11.1 9.2 11.7 10.6 11.3 12.2
*2 14.2 13.4 12.4 12.4 12.6 11.1 10.8 13.2 14.0 14.0
+3 12.8 11.3 19.7 22.0 215 23.4 22.1 21.3 18.7 17.0
79 0 12.4 13.0 12.3 15.1 13.0 12.3 11.2 14.6 16.8 14.7
+1 11.8 13.2 11.2 10.2 10.2 11.0 9.0 13.1 13.4 16.7
+2 11.5 10.7 11.5 11.1 7.6 8.9 11.4 10.6 9.0 11.7
+3 10.1 11.3 8.1 9.7 12.9 10.5 7.9 7.3 9.5 9.6
+4 10.4 8.4 13.0 11.4 12.9 135 16.1 11.7 9.7 4.6
7h 0 6.2 10.1 10.0 7.0 11.1 10.5 15.0 175 19.2 14.0
+1 7.0 6.4 7.6 8.4 8.6 10.9 12.7 13.8 12.3 13.0
+2 9.0 8.1 8.1 7.6 9.0 8.9 9.2 10.0 105 10.9
+3 8.1 8.9 8.8 9.4 7.4 7.4 6.0 6.2 9.0 104
+4 12.6 10.1 9.3 9.4 9.5 6.3 4.6 7.2 6.5 7.0
+5 10.1 11.5 11.2 11.7 9.9 11.3 10.0 4.0 2.1 1.7
7i 0 8.1 7.7 8.4 9.6 10.0 11.6 12.7 14.2 11.9 11.6
+1 10.7 6.8 8.1 9.8 11.3 115 12.4 12.8 12.8 11.7
+2 8.7 5.4 7.2 7.8 8.2 9.5 8.6 11.1 10.9 115
+3 7.7 7.5 6.7 8.3 7.7 8.4 8.3 9.2 9.5 9.4
+4 6.9 7.6 6.2 5.7 5.6 5.8 5.4 5.7 7.0 7.8
+5 6.2 10.8 6.4 4.7 5.6 4.1 4.9 3.0 3.4 3.2
+6 5.8 8.1 11.1 8.9 6.5 4.9 4.0 1.2 0.4 0.6

already calculated to determine tén/) cross sections for large number of trajectorie¢between 7.%10* and 1.25
single electron capture into tie=8 andn=9 states of Kf* X 10° trajectories, depending on the projectile engrbgs
ions. Namely, the transition probabilities were calculatedoeen used to ensure statistical errors of less than 15% for the
from radial matrix elements obtained with the parametricmost populatedh/'m, sublevels (=7, 8, 9, and 10 The
potential method of Klapisil1] optimized with some en- CTMC m, distributions are reported in Tables II, Ill, and IV,
ergy levels from Readest al. [12,13. respectively, for 7, 8/, and & sublevels. Than, distri-

The classical trajectory Monte CarldCTMC) method butions strongly depend on the collision energy and ornrthe
[14,15 has been used to calculate thén/'m,) cross sec- value of the sublevels.
tions. Indeed, we have already shown that the distribu- In expression(5), in addition to the branching ratios and
tions calculated by the CTMC method can be used to calcuthe cross sections, we have to choose which radiative cas-
late theoretical polarization ratef7]. These calculated cade are taken into account. We have chosen to include ra-
polarization rates are in fair agreement with experimentatliative cascades up to=10 levels and cascade channels for
results in the case of Af-Li(2s) collisions. The CTMC  which the total branching ratio is larger than 0.010. In Table
method is based on solving the Hamiltonian equations for th&/, the number of radiative cascades taken into account is
motion of a three-body systefthe valence electron, the Li  indicated for eacm/” level. For eachn/" level and each
alkali-metal core, and the ionic projectileThe final quan- collision energy, we have calculated the alignment which
tum numbers, //, andm, were determined through a bining takes into account the radiative cascades. For example, Table
procedure of the classical quantitiggectronic energy, elec- VI indicates the number of branch&sthe upper statg the
tronic angular momentum, and its projection along the quanbranching ratiow,(j), and the alignment transfe,(j)
tization axig, taking into account the asymptotic defects of which have been used for the calculation of treel@vel.
the atomic energy levels of the Kr ion [16] in the deter- Calculated polarization rates taking into account radiative
mination of the finaln/m, distributions. The details of the cascades have been deduced from the alignment parameter
bining procedure may be found in Refd7] and[18]. A  for each observed transition. They are reported in Tables VII
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TABLE lll. CTMC m, distributions(%) versus the projectile enerdin keV amu!) for single electron
capture into 8 sublevels during K" -Li(25s) collisions.

Energy 0.1 0.2 0.5 0.8 1.0 14 2.0 3.0 4.0 5.0

Sublevel
8s 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
8p 0 31.8 27.4 28.3 27.6 28.3 27.6 31.6 28.0 30.3 32.0
+1 34.1 36.3 35.8 36.2 35.9 36.2 34.2 36.0 34.8 34.0
8d 0 22.6 19.7 17.6 16.8 15.3 16.1 17.2 20.4 20.9 23.1
+1 20.7 19.1 17.1 16.3 16.4 18.1 18.6 20.3 22.7 24.4
+2 18.0 21.1 24.1 25.3 26.0 23.8 22.8 19.5 16.8 14.0
8f 0 18.5 16.5 14.8 14.4 15.1 14.6 16.1 19.7 20.0 23.7
+1 16.7 15.4 14.4 14.3 13.8 14.8 15.2 17.1 18.2 18.3
*2 13.6 13.7 13.3 13.1 13.7 14.0 14.2 14.5 14.7 14.1
+3 10.4 12.6 14.8 15.4 14.9 14.0 12.5 8.6 7.1 5.7
89 0 15.1 14.7 12.9 14.5 15.4 14.7 17.1 20.4 26.8 25.0
+1 14.3 14.0 13.3 14.1 15.1 12.3 14.5 19.9 18.1 16.7
+2 11.6 12.7 11.0 11.9 9.8 12.2 12.1 11.9 11.0 11.4
+3 9.5 9.3 10.2 9.5 9.3 10.0 7.4 5.8 5.9 7.6
+4 7.0 6.6 9.0 7.3 8.1 8.1 7.5 2.3 1.5 1.8
8h 0 11.2 12.9 12.1 14.2 12.4 16.0 21.6 21.6 19.3 17.9
+1 11.5 9.5 11.1 12.0 12.9 15.2 15.3 16.8 154 16.3
+2 10.4 10.2 9.8 9.6 9.2 10.7 9.7 9.4 11.3 12.7
+3 9.3 9.0 9.0 8.7 8.7 6.9 6.7 7.0 8.0 8.0
+4 6.8 7.9 8.4 7.2 7.3 5.1 5.0 4.1 4.8 3.6
+5 6.5 6.9 5.7 54 5.7 4.2 2.5 1.9 0.9 0.4
8i 0 9.9 9.6 12.1 13.4 13.3 16.5 14.0 14.6 14.8 16.7
+1 9.8 10.6 10.7 11.8 12.9 14.1 13.8 13.3 13.6 14.8
+2 8.7 8.2 9.1 9.4 9.4 9.8 11.0 12.8 12.6 11.6
+3 9.2 7.5 7.8 7.6 7.4 7.5 8.0 8.8 9.2 9.0
+4 7.3 7.2 6.6 5.6 5.7 4.5 5.8 5.1 5.4 4.9
+5 5.5 6.8 4.8 4.8 4.2 2.9 2.9 1.9 1.4 1.3
+6 4.4 4.8 4.8 4.2 3.8 2.9 1.6 0.9 0.4 0.0
8k 0 10.1 8.7 11.0 12.5 13.7 14.7 15.1 14.0 12.9 14.5
+1 9.7 8.5 10.8 11.2 12.4 13.6 13.2 13.4 13.6 14.1
+2 7.3 7.7 8.2 9.3 10.1 11.2 12.7 12.3 11.9 12.0
+3 7.3 7.0 6.8 7.4 6.8 7.1 8.1 9.9 9.6 9.3
+4 7.6 6.0 5.8 5.1 4.9 4.5 4.3 5.4 6.3 55
+5 55 6.6 4.4 3.6 3.8 2.5 2.0 1.6 1.7 1.7
+6 4.5 55 4.1 3.9 2.8 2.1 1.2 0.3 0.3 0.2
+7 3.1 4.4 4.4 3.3 2.4 1.7 1.0 0.2 0.1 0.0

and VIII together with the calculated polarization degreesHowever, some calculated values are well outside the experi-
obtained without taking into account radiative cascades. Theental errors bars. The most serious discrepancy between
cascade effects are found to be depolarizing for transitionge calculated values and the experimental ones are for the
from n=9 whereas the polarization degrees of transitions’ fs28dz2,  np;-ndj.;  (n=7,8), 8d579ps,, and
from n=7 and 8 sublevels are enhanced because of aligrdsiz-8f7 transitions. It is worth noting that the experimen-

ment transfer from upper levels. The radiative cascade ef@l Or calculated polarization degrees are never outside the
fects are found to be weak for transitions frone8 and 9,  IMits Py and P, of the polarization degreesee Table

but for transitions fromn=7 sublevels, significant devia- 'X)- We also note that the polarization degrees approach the

tions are found between the polarization rates calculategax'mum/ values at large Energies for transitions from the
without radiative cascades and including radiative cascaded!ighestn/” sublevelgsee Figs. () and 1c)].

_ On the wholg, the behqwo_r of the experlmental polariza- V. DISCUSSION

tion degrees with the projectile energy is fairly reproduced

by the CTMC calculations including the radiative cascades. In our previous study of the transition polarization de-
Some representative examples are shown in Figs—1(c).  grees for AP*-Li(25s) collisions[6,7] it was shown that the
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TABLE IV. CTMC m, distributions(%) versus the projectile enerdin keV amu 1) for single electron
capture into 9 sublevels during K" -Li(25s) collisions.

Energy 0.1 0.2 0.5 0.8 1.0 14 2.0 3.0 4.0 5.0

Sublevel
9s 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
9p 0 32.3 32.7 29.5 29.9 314 33.7 37.7 40.0 45.6 47.1
+1 33.8 33.6 35.3 35.1 34.3 33.2 31.2 30.0 27.2 26.5
9d 0 23.8 22.1 20.9 21.8 22.7 24.8 28.4 315 355 37.9
+1 20.4 19.9 19.9 20.6 20.9 22.9 235 25.7 25.3 25.9
+2 17.7 19.1 19.6 18.5 17.8 14.7 12.2 8.5 6.9 5.2
9f 0 23.5 23.4 23.4 24.1 24.3 26.5 26.8 28.8 29.6 32.9
+1 19.3 18.4 19.7 20.8 20.3 20.8 20.3 22.3 23.4 23.5
*2 12.2 13.1 12.5 12.5 13.1 11.9 13.2 11.2 9.9 9.0
+3 6.8 6.8 6.2 4.7 45 4.1 3.2 2.1 1.9 1.1
99 0 20.7 17.3 19.2 19.3 22.2 26.1 235 25.8 32.8 34.4
+1 17.4 14.9 17.6 18.0 17.6 19.1 19.1 20.4 19.8 19.4
+2 10.9 12.5 12.0 11.3 12.5 11.4 11.9 11.5 9.7 8.6
+3 6.7 8.4 7.3 7.9 6.4 4.6 55 4.5 3.9 4.7
+4 4.7 55 3.5 3.2 2.3 1.8 1.9 0.7 0.2 0.2
9h 0 18.6 13.2 16.9 18.9 19.8 21.3 24.7 27.2 24.4 25.2
+1 13.2 13.3 16.5 16.1 17.3 18.9 18.7 19.0 18.4 19.5
*2 11.3 11.0 11.4 9.8 11.1 12.9 11.5 10.3 12.0 11.9
+3 7.7 9.5 7.7 8.4 7.1 5.6 51 5.2 5.8 4.9
+4 4.4 5.6 4.2 4.3 3.4 1.3 2.1 1.7 1.5 1.0
+5 4.0 3.9 1.7 2.0 1.2 0.7 0.3 0.3 0.2 0.0
9i 0 16.0 16.3 18.8 21.0 19.6 21.4 18.4 194 19.5 22.2
+1 13.4 14.0 16.7 15.9 18.2 17.6 17.8 17.3 18.7 20.0
+2 9.1 10.0 10.0 10.8 10.8 12.6 13.4 13.8 13.9 12.8
+3 8.6 5.7 6.6 6.0 5.6 5.9 6.5 6.6 5.9 4.7
+4 4.4 5.9 4.4 3.3 3.2 2.5 2.1 2.0 1.4 1.3
+5 3.6 3.5 1.9 2.6 1.7 0.6 0.8 0.4 0.2 0.2
+6 2.9 2.6 1.0 0.9 0.7 0.1 0.3 0.2 0.1 0.0
9k 0 11.4 14.1 18.0 20.2 20.1 20.1 17.5 16.7 15.8 16.0
+1 12.2 11.2 14.2 15.8 16.6 17.5 17.6 16.1 16.7 17.7
+2 10.3 10.8 9.4 10.1 115 11.6 13.4 14.9 15.2 15.2
+3 8.2 7.0 6.3 5.9 55 6.6 6.9 7.9 8.0 6.9
+4 6.0 5.4 4.9 3.6 3.1 2.5 2.0 2.1 2.0 2.0
+5 3.8 3.8 3.5 2.3 2.0 1.1 0.8 0.4 0.2 0.3
+6 2.2 2.8 1.6 1.4 0.8 0.6 0.4 0.2 0.0 0.0
+7 1.6 2.0 1.2 0.8 0.5 0.1 0.1 0.0 0.0 0.0
9l 0 11.6 11.1 13.7 16.5 17.5 20.7 17.3 17.4 16.5 15.2
+1 11.0 12.0 11.8 12.5 14.8 16.5 18.3 16.7 16.2 16.3
+2 9.3 8.5 9.8 10.2 11.0 11.4 12.6 14.3 15.1 15.0
+3 5.0 6.4 7.5 6.7 6.0 5.3 6.6 7.7 8.1 8.6
+4 5.4 5.9 4.7 4.7 4.3 3.0 2.2 2.0 1.9 2.0
+5 3.9 4.7 3.7 3.7 2.4 1.6 1.0 0.3 0.2 0.3
+6 2.7 3.2 3.0 2.1 1.7 1.1 0.6 0.0 0.0 0.0
+7 2.7 2.0 1.9 1.3 0.7 0.5 0.2 0.0 0.0 0.0
+8 4.3 1.7 0.8 0.4 0.3 0.2 0.0 0.0 0.0 0.0

variations of the CTMC calculatenh, distributions with the  shown in Fig. 1a), it is impossible to conclude about the,
projectile energy for the upper levels of the transitions reflectistributions from the experimental polarization degrees and
well those of the calculated polarization degrees. More coreonversely about the polarization degrees from the knowl-
rectly, this should be valid for the polarization degrees cal-edge of only then, distributions without estimating the cas-
culated without including the cascade effects. Therefore, asade effects. In some cases, as for the polarization
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TABLE V. Number of radiative cascades taken into account in

the calculation of the alignment.

Level Number of radiative cascades
7d 20
7f 16
7h 8
7i 8
8p 9
8d 13
8f 7
89 6
8h 4
8i 4
8k 4
9p 6
99 3
9h 3
9i 3
9k 3
9l 3

degrees of transition from upper levelg” with large values

of /, this may be found to be possibleee Figs. (b) and
1(c)]; but, even in that case it cannot be generalized, as seeabove. In order to illustrate, for a given/ level, the strong
for example, for then=7 level where the cascade effects arecorrelation between the variation with energy ofran dis-

found to be quite importar(see Tables VIl and VI, transi-

tions 69-7h and &h-7i).

PHYSICAL REVIEW A 62 022712

In the following, we analyze in detail the variations of the
polarization degrees for the K¥-Li(2s) collision, calcu-
lated without taking into account the cascade effects, in
terms of the calculatech, distributions(Tables II, 1, and
IV). This is done for some upper levels of the transitions for
which the polarization degrees have been reported in Tables
VII and VIII. Then, from the knowledge of the electronic
potential-energy curves of thiKr’* +Li}* molecular sys-
tem, we tentatively draw some conclusions about the colli-
sional mechanisms responsible for the variations of the po-
larization degrees.

As seen in Tables II, lll, and IV, for a givem” level, the
m, distribution tends generally to be peaked on low
values at large energies; then, with decreasing energies, it
enlarges more or less and large  values can be signifi-
cantly populated. However, tha/m, distributions have
quite different behaviors with the collision energy. As dis-
cussed later on in the paper, this is due to the energy-
dependent efficiency of the various dynamical couplings
contributing to the population of tha/m, sublevels. In
particular, this competition between the dynamical couplings
is probably responsible for most of the oscillations which
may be seen in severalk’m, distributions. However, some
fluctuations in the distributions may result as well from the
statistical errors in the CTMC calculated distributions
(<15% for the most populate/'m, sublevels, as indicated

tribution and that of the polarization degree of a correspond-
ing transition(that is issuing from this/ level), calculated

TABLE VI. Number of brancheg, upper statg, branching ratios®), and alignment transfer which have
been used to calculate the alignment parameter for thievel.

Radiative cascade

Branchk Statej ® state ) state ® Statei wi(]) &)

1 7d 1.000 ! 1.000 0.76000
2 8p 0.117 ! 0.117 0.34533
3 9p 0.081 ! 0.081 0.34533
4 10p 0.069 ™ 0.069 0.34533
5 8d 0.167 7 0.497 ! 0.083 0.51649
6 8d 0.223 & 0.117 ! 0.026 0.25555
7 9d 0.078 7 0.497 ! 0.039 0.51649
8 9d 0.137 & 0.135 e 0.018 0.51649
9 9d 0.161 D 0.081 e 0.013 0.25555
10 1ad 0.063 7 0.497 ! 0.031 0.51649
11 7f 0.497 ! 0.497 0.64718
12 8f 0.135 ! 0.135 0.64718
13 8f 0.338 &l 0.167 7f 0.497 ™ 0.028 0.44260
14 of 0.057 ! 0.057 0.64718
15 10 0.029 ! 0.029 0.64718
16 89 0.109 7 0.497 e 0.054 0.59296
17 9 0.115 7 0.497 ! 0.057 0.59296
18 1Q 0.113 7 0.497 ! 0.056 0.59296
19 1Qy 0.074 & 0.135 ! 0.010 0.59296
20 % 0.186 & 0.109 7 0.497 ! 0.010 0.56078
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TABLE VII. Theoretical polarization rate$%) calculated fromm, distributions versus the projectile
energy(in keV amu'?) for lines corresponding to the observat=0 andAn=1 transitions.(1) Without
radiative cascade effect€) Including radiative cascade effects.

Energy 0.1 0.2 0.5 0.8 1.0
Transition (1) 2 1) 2 1) 2 () 2 1) 2

TPy 7ds, -5.4 55 -10.3 30 —-115 -14 -70 -21 -156 -3.2
Tps-7ds), -4.3 44 -8.2 24 -91 -12 -56 —-17 -124 -25
Tds- 715 3.8 5.9 8.1 41 -125 -—-27 -182 —-46 -176 -5.0
Tds;- 77 3.4 5.3 7.2 36 —-11.2 -24 -161 —-41 -156 -—44
8py>-8ds), 5.3 6.0 —26 1.3 -104 -38 —-137 -58 -16.0 -6.8
8p3>-8ds), 4.3 48 -20 11 -83 -30 -109 -46 -—-127 -54
8ds;-8f 4 9.1 7.4 4.2 35 -03 03 -15 -01 -0.7 0.6
6f5-7ds) -1.0 11 -20 06 —-22 -03 -14 -04 -30 -06
6f,-7ds), -15 16 -—-29 09 -32 -04 —-20 -06 -43 -0.9
6g-7h -73 112 -6.8 106 —4.9 147 —-6.8 175 -1.2 19.7
6h-7i 73 128 55 9.0 40 13.4 3.8 18.2 8.1 21.7
7d3-8p1)2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7ds-8p3)2 -0.4 03 -13 -01 -11 -03 -13 -04 -11 -04
7f5-8d30 11 12 -05 03 -—-20 -038 -26 -1.1 -31 -13
7f-89 116 11.3 12.1 11.8 6.3 9.4 10.8 13.3 10.2 13.9
79-8h 9.1 10.2 6.8 9.0 9.1 13.4 11.8 16.2 10.8 16.5
7h-8i 10.3 12.0 8.6 10.9 11.9 15.3 14.4 18.8 16.2 20.8
71-8k 12.2 125 7.5 9.5 125 14.6 16.2 18.8 19.9 22.4
8d3-9p1)» 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8ds-9p3)2 -0.2 00 -01 00 -09 -02 -0.8 -0.2 -0.4 0.0
8f-9g 20.5 19.0 15.9 14.7 21.8 203 22.1 20.7 25.1 26.5
8g-9h 189 17.9 16.0 15.2 23.8 226 23.2 22.2 26.5 25.4
8h-9i 195 18.8 20.1 19.2 26.7 25.7 27.1 26.2 29.0 28.0
8i-9k 21.0 20.2 20.1 19.4 24.7 24.0 278 27.1 29.8 29.0
8k-9I 15.0 15.2 19.7 19.2 228 225 25,8 25.2 28.6 28.0

without taking into account the cascade effect, let us contargest in the 0.2—2 keV amd energy range and go to a

sider a few typical examples. maximum at 1 keV amu'. Consequently, the polarization
For the & level, the populations of then, = *1 sublev-  gegrees of the 8-8d and 7-8d transitions are positive at

els are the largest over all the energy range, whilerthe 1 kev amu?, decrease to a negative minimum at

=0 sublevel has a population approaching these at SOMg e\ amu?, then increase and become positive above
energies. It turns out that the polarization degrees are negd oy amu?

tive and approach zero when the populations of rtiye=0
and =1 sublevels are nearly equal. For the ®%vel, the
populations of them,=*1 sublevels are the largest up to
1 keV amu ! where the population of then,=0 sublevel

Finally, let us consider theh levels. For the T level, the
m,=*4,+=5 sublevels are the most populated or have
populations comparable to that of the.=0 sublevel up to

increases quickly. Consequently, the polarization degree fo]"4 keV amu™. Above this energy,_the populatlon_ of the
the 8ds;,-9p4), transition is negative up to 1 keV amb m,=0 suble_vel is the largest and increases continuously.
then becomes positive and increases at high energies. ~ 1he populations ofm,==1, =2, and =3 sublevels are

In the case of the @ level, the populations of then, nearly constant up to an energy mcreasmg_wnh the value of
— =2 sublevels are the largest over all the energy rangel, (from 1.4 to 3 keV amu'), and then increase. As a
Consequently, the polarization degrees of the7dl and  result, the polarization degree for they-Gh transition is
6f-7d transitions are found to be negative. For thitl8vel, — Nnegative up to 1 keV amit and then increases quickly.
the energy variations of thm, distributions are quite differ- However, for the & level, the population of then,=0 sub-
ent. Them,=0 sublevel is the most populated at the lowestlevel is the largest over all the energy range, except at
energy (0.1 keV amul); then its population decreases to a0.1 keV amu?l, and increases with the energy up to
minimum at 1 keV amu? and increases above this energy.3 keV amu*. The populations of the othen, sublevels
However, the populations of the,= =2 sublevels are the decrease withm, and oscillate. Consequently, the polariza-
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TABLE VIIl. Theoretical polarization rate$%) calculated fromm, distributions versus the projectile
energy(in keV amu ) for lines corresponding to the observad=0 andAn=1 transitions.(1) Without
radiative cascade effect€) Including radiative cascade effects.

Energy 1.4 2.0 3.0 4.0 5.0
Transition D 2 6N (2 N i) D 2 8] 2
7Py 703 -163 -29 -85 —-10 -1.0 01 -66 20 —-12 45
7P3-7ds) -129 -23 -68 -08 -8.0 01 -53 16 —-10 36
7day7fsp -206 —-42 -171 -27 -176 -06 —-11.1 29 -65 56
7dsy 775 -182 -37 -151 -24 -156 -06 -99 26 -58 50
8p1/2-8d3 -105 -36 -75 -—-17 1.3 4.4 74 82 139 126
8p3/2-8ds) -83 -29 -60 -14 1.1 35 59 6.6 11.2 10.2
8ds/,-8f ) 1.0 2.6 4.1 5.3 122 117 151 142 185 17.1
6fg-7ds0 -31 -06 —-17 -02 -20 00 -13 04 -02 09
6f-7ds), -45 -08 —-24 -03 -28 01 -19 06 -03 13
6g-7h 0.4 236 71 252 165 27.6 195 29.0 183 295
6h-7i 132 2538 146 285 222 302 219 302 21.0 304
7d3/,-8P 1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
7ds/,-8P3) -13 -03 -04 -01 -12 00 -07 01 -03 03
7f5-8d3), 20 -07 -15 -03 0.3 0.9 15 17 29 26
7f-8g 81 141 129 18.0 26.1 26.4 281 278 255 269
79-8h 183 224 22.6 249 247 26.8 247 280 265 293
7h-8i 209 25.1 220 264 248 284 26.1 292 275 299
7i-8k 237 265 265 294 286 309 28.1 308 29.0 311
8d3,-9p1/ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
8ds5/-9P3) 0.1 0.2 1.0 0.5 15 0.7 27 11 31 12
8f-9¢g 28.7 267 27.4 259 31.0 291 33.8 316 335 319
8g-9h 30.7 295 31.3  30.1 321 307 31.6 305 330 319
8h-9i 31.7 307 31.1  30.2 31.7 308 32.8 320 340 33.0
8i-9k 31.7 309 321 314 324 318 327 321 331 324
8k-9l 31.1 305 327 322 33.4 33.0 335 330 333 329

tion degree of the @-8h transition is positive, oscillates up ~ TABLE IX. Minimum and maximum value® ;, and P of

-1 : : - o
tol keV amu-, increases quickly, and finally decreases atthe polarization rates for the observed transitions.

the largest energy. For theh9evel, the populations of the

m, sublevels are quite similar to those of thh Bvel, but  Transition P min P max
the population of them,=0 sublevel is comparatively
larger. Then, the polarization degree for thg 8h transition Puzdar —10.4 47.9
takes large positive values over all the energy range. Pz dsr2 —53.8 39.6
Now the different variations of then, distributions with dazfsr2 —84.3 44.8
energy for the various/” levels may be analyzed in terms of sz f7 —73.1 40.6
dynamical couplings involved in the collision. In previous 4 p 0.0 0.0
works for AR* projectiles[6,7] we have shown, by a quali- dalz_ vz 25 4.9
tative analysis of the electronic potential-energy curves o 5’2_53’2 711'9 11' 0
7+ it — H 5/2743/2 . .
the {X’"+Li}" molecular systemX=0, Ar), that radial d 172 155
. . . . . . 7/2-Usg/2 . .
and rotational couplings, combined with the projectile-core
electron effect and the Stark effect due to the ionized target-g -90.4 42.6
are responsible for the final”’m, distributions. We proceed g-h -935 41.0
in the following to a similar discussion in the case ofKr  h-j —-05.3 39.9
projectiles. The electronic energy curves for thigr’* i-k -96.5 39.1
+Li}* molecular system have been previously calculated fok-| -97.3 37.9

the 3 electronic state$l] and are shown in Fig. 2. Obvi-
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FIG. 1. Experimental and CTMC calculated polarization degrees of lines correspondimg-i6/”’ transitions.(@) 7ds-7fs, and

7ds;-7f 4, transitions.(b) 7i-8k transition.(c) 8i-9k and &-9I transitions(these lines were not resolved experimendally

ously, thell electronic states and other electronic states of
higher symmetries should also participate in the couplings.
But, since the entrance channel i aelectronic state, it is
presently sufficient to discuss the electronic states. These

-03 |- (Kr"'Li)" =-states

11s
10d

—_ 10p.9f
states show up several avoided crossings with the entrance @ 105
channel. In particular, they occur in the region of internu- > -05 9d
clear distancd&r=15—-20 a.u. for the avoided crossings as- o g1€8f
sociated with the @, 8s, 8p, 7f, and &l levels of KF'*, and o g5
in the rangeR=22—-32 a.u. for those associated with the 5 8d
9s, 9p, 8f, and A levels. These avoided crossings are re- ¢,

sponsible for the primary radial couplings leading to electron Z 7L
capture into then=7, 8, and 9 levels and of the so-called & 97 it
projectile core-electron effect previously discusgsde[1] '5 8s
for Kr®* and also references therein for®rand G). T

This core-electron effect is more efficient when the energy W 7d

splitting at the avoided crossing is large, and it varies
strongly with the projectile energy. At large energies the
avoided crossings become adiabatic. When the energy de-
creases the radial couplings become first more efficient for
the avoided crossings with large energy splittings. Conse-
qguently, the electron-capture cross sections go through
maxima which occur at decreasing energies with decreasing
energy splittings. At high energy, most of the couplings at

|
o
©
T

|
0 20 40
INTERNUCLEAR DISTANCE (a.u.)

the avoided crossings go to zero and the electron-capturgear distancda.u) for {Kr’* +Li}" 3 states.
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FIG. 3. CTMC calculated polarization degrees without taking into account the radiative cascades of lines correspanding/to
transitions.(a) 7f-8d transition.(b) 7i-8k transition.(c) 8k-9I transition.(d) 7f-8g transition.(e) 8f-9g transition.

cross section for these levels decreases. In contrast, the crdbg entrance channel. This level is then populated mainly by
sections for electron capture into/ states with large”  the primary radial coupling. That means that the=0 sub-
values should increase with energy due to the Stark effect dével is first populated and then the population is redistrib-
the residual ion. At much higher energies, rotational cou-uted nearly equally to largam, sublevels by postintrashell
plings between levels of differemtmay cause a decrease of rotational couplings. We have about the same situation in the
these cross sections. case of the population of the, sublevels of the 8 level,

In the case of th¢Kr’*+Li}* molecular system, it may where a large energy splitting is also observed with the en-
be seen that thed’level has the largest energy splitting with trance channel. For thed9level, however, the energy split-
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ting is much smaller. In that case, the-=0 sublevel is first  for Ar®* and K8* projectiles. At low energies, the polariza-
populated and its population is quickly redistributed. Withtion degrees are higher for Kt than for AB* because of
increasing energies, because of the Stark effect and intershetlore efficient primary radial couplings. One should expect
rotational couplings, then,=0 population increases while that at high energies, the polarization degrees increase simi-
those of them, = = 2 sublevels decrease. In the case dt'Ar larly for the two projectiles, because of the Stark effect and
projectiles, the same situation was also observed, but, for th@tershell rotational couplings. However, it is interesting to
same value oh, the effect of the projectile core electron is Note that they increase much faster fof’Kithan for AP
less important than for B projectiles. This can be seen for We attribute this enhancement of the alignment for
the 7f-8d transition[Fig. 3(@)], where the polarization de- Kr®*-Li(2s) collisions at high energies to the large popula-
grees for AB* and K" have nearly the same behavior, but tion of the nf levels by postcollisional radial coupling or
the polarization degrees in the case of Atake larger val- rotational coupling with ther{(—1)p level[1], which is then
ues and go through a minimum at lower energy than fo,re.dlstrlbuted to theng levels by radial and rotational cou-
Kr8*. We may draw similar conclusions concerning the cou-Plings, followed by the Stark effect.
plings responsible for then, distributions of thenp levels. As seen in Figs. @—3(e), the polarization degrees for all
As for the{Ar”* +Li}* molecular system, the manifolds the transitions in the case of®O-Li(2s) coII|S|ons_ are al-
of levelsn/ (with /=5) are degenerate at large internuclearays positive and larger than for Ar and K" projectiles.
distances. Therefore, the lowest valuesmfshould be more  They decrease also with decreasing energies, but much less
populated with increasing energies, by Stark coupling andhan for Af* and KF*. As discussed previousf,7], the
intershell rotational couplings, and the more quickly theStark effect and intershell rotational couplings are respon-
larger n. For transitions from these upper leveig” with  Sible for the population of low values ofi, at high energy.
large values o¥, the polarization degrees for Ki-Li(25s) As the energy decrgases, the |nt§rshell rotatllonal coupllngs
and AB*-Li(2s) collisions should vary similarly with en- d_e_crease, while the intrashell r_otat|onal co_upl_mg_s remain ef-
ergy. This is indeed observed in FiggbBand 3c) for the ficient and cause the broaden!ng of ting dlstrl_butlons. At_
polarization degrees of thei-Bk and &-9l transitions. much lower energies, these intrashell rotational .couplmgs
However, in the case of R, the variations with energy of decrease also and only the subleveis=0,=1 will be
the m, distributions of the 7 level are quite different from POpulated by primary radial coupling and rotational coupling
what is observed for the other” levels with large/ (see  Petween theX and Il molecular states. Therefore, at very
Tables I, 11, and V). This seems to be associated with the!OW energy, the polarization degrees should increase with
core-electron effect which persists over a larger energy ranggecreasmg energies, as it is observed for most of the transi-
for the low values of” of then=7 level. Concerning this, it tlONS-
is worth noting the parallelism of the energy curves associ-
ated with the h and 7 electron-capture channels, observed
in the rangeR=8-15 a.u. In conclusion, we have shown by experimental studies of
At large internuclear distances, ting levels are degen- the A®"-Li(2s) and KE8*-Li(2s) collisions over a large
erate with then/ levels (=5), while thenf levels are energy range that the polarization degrees of transition, from
nearly degenerate with then{-1)p levels. It can be seen upper levels which are the most populated during the one-
from Fig. 2 that the potential-energy curves associated witlelectron capture process, are compatible with most of the
the nf andng channels show smooth avoided crossings apolarization degrees calculated from the distributions ob-
R=16—-18 a.u. forn=7, R=24-27 a.u. forn=8, and tained from CTMC calculations. A discussion of these
R=37-40 a.u. forn=9. Such avoided crossings were not CTMC calculatedm, distributions in terms of dynamical
observed in the case of tér’* +Li} ™ molecular system, couplings responsible of the state-selective electron capture
where both thexf andng levels are degenerate also with the has been possible by an analysis of the electronic potential-
n/ levels (/=5). Figures &) and 3e) show comparatively energy curves for thgX’*+Li}" molecular systemsX
the polarization degrees for thé-Bg and 8 -9g transitions =0, Ar,Kr).

VI. CONCLUSION
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