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Experimental investigations aimed at the comprehensive  ,4[
study of various processes in low-energy heavy ion-atom
collisions are anticipated at GSI and FAIR facilities (Darm
stadt, Germany) [1, 2, 3] and require the corresponding the-

0.8—

oretical calculations. In a recent experiment [4], thennte 27
sities of the post-collisional x-ray emissions have beenre  §£°7
solved for collisions of Bi** ions with Xe target atoms *oar
at the projectile energy0 MeV/u. In the present contri- o3
bution we study the x-ray emission following the collision 0z

theoretically [5].
At this energy the ionization of the target is the dominant i S
process, but the target excitation and the electron capture  ° ' o aul’
by the projectile ion are also possible. The excited xenon
and bismuth ions decay via Auger processes or radiativelyigure 1: The probabilities of the Xe-K-shell-vacancy
In any case, the de-excitation processes (Auger or radiatiproduction in the Xe-BP* collision as functions of the
decays) take much more time than the electronic dynamimpact parametér.
processes during the collision. Therefore, the collisiona
and the post-collisional decay dynamics can be viewed ) L . .
being independent from each other and thus we can tre b'e.gg; Rel:_;lt!ve intensities of th(_a x-ray radiation for the
them separately. Xe-Bi®*T collision. Both the relativistic (Rel.) and nonrel-

For the collision part, we solve the time-dependent Dirgftivistic (Nonrel.) results of the theoretical calculatsoare

equation within the semi-classical approximation and aRresented.
independent electron model using the coupled-channel ap-
proach with the atomic-like Dirac-Fock-Sturm orbitals [6,
7]. The many-electron excitation, ionization and charge-
transfer probabilities are calculated in terms of single-
particle amplitudes employing the formalism of inclusive
probabilities [8]. The inner-shell atom/ion processes are
comprehensively studied and the corresponding probabili-
ties are presented as functions of the impact parameter. As

an example, one can see the probabilities of they;®e  jon-atom collisions seem very promising for tests of rela-
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Theory [5] Exp. [4]
Rel. Nonrel.
(Xe, L)/(Xe, K) 4.2(6) 4.4 3.6(2)
(Bi, Ku,)/(Xe, K) 0.43(14) 0.62 0.59(3)
(Bi, Ku,)/(Xe, K)  0.83(30) 0.88 0.69(3)

shell-vacancy production in Fig. 1. tivistic and QED effects in scattering processes.
The analysis of the post-collisional processes resulting i
the x-ray emission is based on the fluorescence yields, the References

radiation and Auger decay rates, and allows to derive in- _ _

tensities of the x-ray emission. The relative intensitied a [1] http://www.gsi.de/en/research/fair.ntm.

comparison with the experimental data [4] are presented [B] http://www.gsi.de/sparc.
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ical study demonstrates a very significant role of the rela-, . L

tivistic effects, up t050% for the bismuth x-ray radiation %4] A. Gumberidzeet al, GSI Scientific Report 365 (2011).
intensities. Thus, investigations of heavy highly chargetp] Y-S.Kozhedubetal, Phys. Rev. /00 042709 (2014).

*Work supported by RFBR (Grants No. 14-02-31418, No. 13-[6] I.1. Tupitsynet al, Phys. Rev. 485, 032712 (2012).

02-00630, No. 12-03-01140-a, and No. 14-02-00241), GR(ES [7] Y. S. Kozhedubet al, Phys. ScrT 156 014053 (2013).
and SPbSU (Grants No. 11.50.1607.2013, No. 11.38.269,2am0d . . .
No. 11.38.261.2014). Y.S.K. acknowledges the financiapstpfrom (8] H- J. Ludde and R. M. Dreizler, J. Phys.18, 107 (1985);
the Helmholtz Association and SAEC “Rosatom”. The work ofGA. P. Kurpick, H. J. Ludde, Comput. Phys. CommB, 127
was supported by the Alliance Program of the Helmholtz Aission (1993).
(HA216/EMMI)

t kozhedub@pcqntl.phys.spbu.ru

DOI:10.15120/GR-2015-1-APPA-MML-AP-01 215


https://core.ac.uk/display/52604013?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

