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RR and DR: different recombination channels?

Radiative
recombination

Dielectronic
recombination

• To the zeroth order, radiative recombination (RR) and dielectronic
recombination can be considered as two independent recombination channels.

• More accurate calculations take into account the quantum interference 
between RR and DR.

• If we are interested in the effect of the electron-electron interaction, RR 
and DR cannot be meaningfully separated. The standard DR mechanism is just 
a resonant part of the electron-electron correction to the RR.



MotivationMotivation

• The off-resonant DR can induce the contribution  of the same order of 
magnitude as, e.g.,  the screening of the nuclear charge by the core electrons. 

• This effect is not accounted if one just calculates RR with the correlated 
wave functions, as is often done (e.g., MCDF calculations).

• In a recent experiment on RR into an H-like uranium [R. Reuschl et al., Phys. 
Rev. A 77, 032701 (2008)], a deviation from the relativistic one-electron 
theory was observed on a level of 10%, whereas theoretical estimates for the 
electron-electron interaction effect  yielded about 2%.



ObjectiveObjective

• Perform an ab initio calculation of the electron-electron interaction 
correction to RR of an electron with an (initially) H-like high-Z ion. To the first 
order in 1/Z, the effect is treated rigorously within QED, whereas higher 
orders in 1/Z are accounted for approximately within the screening-potential 
approximation.

• Try to explain the disagreement with the experiment.

• Identify the situations when the off-resonant DR mechanism needs to be 
taken into account and when it can be omitted.

V.A. Yerokhin and A. Surzhykov, Phys. Rev. A 81, 062703 (2010)



Feynman diagramsFeynman diagrams

Notations: p denotes the incoming electron, a is the initially bound (core) 
electron, v is the captured (valence) electron, wavy line with an arrow 
denotes the emitted electron. 



LetLet’’s take diagram (4) as an s take diagram (4) as an 
exampleexample

To represent the Dirac spectrum, one may use the finite basis set (e.g., B-
splines) if the energy in the electron propagator E is E<mc2.  When E>mc2,  the 
exact representation of the Dirac Green function is required.



InterpretationInterpretation

Caution: separate pieces are not gauge-invariant.  

Screening of the nuclear charge by the core electron
(can be accounted for to all orders in 1/Z)

Off-resonant DRCorrelation on the bound wave function



ContributionsContributions



Results: DR resonancesResults: DR resonances

The dielectronic-recombination contribution for the capture into the 1s2s, 
1s2p1/2, and 1s2p3/2 states of initially H-like uranium as a function of the 
energy of the incoming electron E, in percent of the zero-order cross section. 



Results: total cross sectionResults: total cross section

Individual two-electron contributions for the capture into the ground and the 
1s2s states of initially H-like uranium as a function of the energy of the 
incoming electron E, in percent of the zero-order cross section. 



Results: differential cross sectionResults: differential cross section

Individual two-electron contributions for the capture into the ground state of 
initially H-like uranium as a function of the energy of the incoming electron E. 



ConclusionsConclusions

• Off-resonant DR mechanism provides an important contribution to the total 
electron-electron interaction effect in the case of capture into the ground 
state of an initially H-like ion.  

• For the capture into excited states, it might be of some significance in the 
region below the resonant DR threshold, even at relatively large distances from 
the resonant peaks.

• For the excited states and energies beyond the DR threshold, the effect is 
very small.

• For the conditions of the experiment [R. Reuschl et al., Phys. Rev. A 77, 
032701 (2008)], the calculated two-electron effect is much smaller than the 
one observed. 
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