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Processes:
a) resonant coherent excitation;
b) dielectronic recombination;
c) radiative electron capture.

Theory:
a) channeled ion as an open quantum system (density matrix approach);
b) statistical tensor formalism to describe polarization and correlation phenomena in collisions;
c) relativism in treating ion movement and transformation of the electromagnetic field of the crystal 
into the projectile frame. 



Angular anisotropy of the X-ray radiation in the RCE process as an evidence 
of alignment of resonant coherent excited channeled ions





Density-matrix approach to describe resonant coherent excitation 
of  highly-charged Ions in crystals
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Resonant coherent excitation 
of channeled 94 Mev/u ions Ar17+ in oriented Si crystal 

Measurements:
Y.Nakai, T.Ikeda et al. - NIM B 205 (2003) 779

Theory:
V.V.Balashov, A.A.Sokolik – Optics and Spectroscopy (2006).

Time oscillating lattice potential in the projectile frame:
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V.V. Balashov, A.A. Sokolik, Optics and Spectroscopy (to be published)

94 MeV/u Ar17+ → (220) 7 µm Si
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94 MeV/u Ar17+ → (220) 7 µm Si
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94 MeV/u Ar17+ → (220) 7 µm Si

photons emitted 
inside the target
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Coincidence measurements on X-ray radiation from swift 
highly-charged ions in matter

- “…Future experiments are desirable such as coincidence measurements of X-rays 
and exit  ions tagged with the charge state and the deflection angle…” :

Y.Iwata et al., Kα X-ray emission from resonant coherently excited F8+ ions ..; NIM B48 (1990)163.

- A series of measurements of X-ray spectra in coincidence with transmitted channeled ions of 
various charge states:

S.Andriamonje et l., NIM B 87 (1994) 116;
S.Andriamonje et al., Phys.Rev. 54 (1996)1404;
D.Dauvergne et al., NIM B 205 (2003) 773.

- Unified density matrix (statistical tensor) formalism to describe angular anisotropy and angular 
correlations of cascade photons in dielectronic recombination (RTE) and radiative electron capture 
(REC) processes:

V.V.Balashov et al.,- Optics and spectroscopy,  77 (1994) 801;
S. Zakowicz, Z. Harman, N. Grün, and W. Scheid, - Phys. Rev. A 68 (2003) 042711;
A.Surzhikov et al. - Phys.Rev. A73 (2006) 032716.



Angular correlations of cascade photons 
in dielectronic recombination (RTE) and radiative electron capture (REC) processes:
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Angular correlations of cascade photons 
in dielectronic recombination (RTE) of channeled ions
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