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State-of-the-art and own previous work:


The evaluation of the “two-photon” decay width is important in the theory of cosmological hydrogen  recombination and in the atomic spectroscopy field of research.


The interest to the theory of the multiphoton transitions in hydrogen during the last decade was triggered by the accurate measurements of the asymmetry in the temperature and polarization distribution of the Cosmic Microwave Background (CMB) [1], [2]. The launching of the Planck Surveour enables to perform the measurements with accuracy  0.1% . It is a challenge to the theory to perform the calculations of the properties of CMB with the same accuracy. For this purpose the adequate theory of the cosmological hydrogen recombination should be developed. The modern theory of this recombination starts from the works by Zel'dovich, Kurt and Sunyaev [3] and by Peebles [4]. According to [3], [4] the one-photon transitions from the upper levels to the lower ones did not permit the hydrogen atom to recombine, i.e. to reach the ground state. Each photon released in the one-photon transition in atom was immediately absorbed by another atom. This re-absorption process did not allow the radiation to escape the interaction with the matter. However if the atom arrives in the  2s -state, then it decays via the two-photon transition. These two photons escape the re-absorption and the recombination occurs. It was first establishment in [3], [4] where  2s-1s transition was found to be the main channel for the radiation escape and formation of CMB. Hence the recent properties of the CMB are essentially defined by the two-photon processes during the cosmological recombination epoch.


Apart from 2s-1s transition, as it was noted recently in [5] the two-photon decays from the excited states with the principal quantum number  n>2  also can contribute at the 1%  level of accuracy. This idea was further developed and intensively discussed in [6]-[8]. There is a difference between the decay of  ns  (n>2) ,  nd  states and the decay of  2s  state. This difference is due to the presence of cascade transitions as the dominant decay channels in case of  ns   (n>2) , nd  levels. For the 2s  level the cascades are absent. The cascade photons can be effectively reabsorbed and therefore the problem of separation of the "pure" two-photon emission from the cascade photons arises in connection with the escape probability.


In our previous works the ambiguity of the separation of cascades and pure two-photon emission was shown (see, for example, [9], [10]). As a continuation of this investigation two papers “QED model of the radiation escape” and “QED theory of multiphoton cascade transitions” were  prepared for publication. In the last one we analyze the problem of the multiphoton transitions with cascades taking as an example the two-photon 3s->1s+2γ,  4s-> 1s+2γ  transitions and the three-photon  3p-> 1s+3γ  transition. Contrary to the statement of the authors of [11] we proved that the regularization of the singularities in the expressions for the cascade contributions to the transition rates includes the widths of the initial states. Accuracy of the planned astrophysical experiments (about 0.1%) requires exact evaluation of the multiphoton emission processes in hydrogen atom and ,consequently, question about widths inclusion in the resonant emission processes is important for the astrophysical studies of the cosmological recombination in early universe.

Aim of the project:


Definition of the one-photon width of the atomic level as the imaginary part of the one-loop self-energy Feynman diagram is well known. Usually authors prolongate this result to the definition of the "two-photon" width, see, for example [12]. However, it is not obvious  and have to be proved. The main goal of this project is the analytical derivation of the “two-photon” width of the energy level in H-like ions  in frames of Quantum Electrodynamics theory. The two-loop self-energy Feynman graphs depicted in Fig. 1 should be considered for this purpose.
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Fig. 1. Feynman diagrams representing the two-loop self-
energy correction in the external binding field. The double line
represents the electron propagating in the field of the nucleus.




Brief work plan or outline of activities:


The aim of the present project is to derive the “two-photon” decay width in H-like ions in frames of Quantum Electrodynamics using Feynman graphs Fig. 1. The direct evaluation of the “one-photon” decay width via the imaginary part of the Lamb shift can be found, for example, in [9].  The “two-photon” decay width can be obtained in the same way. 


We plan to consider imaginary part of the two-loop self-energy radiative corrections to the energy levels (see Fig. 1). As the results of these calculations, the most accurate theoretical studies for  the “two-photon” decay width will be obtained and combined with the our previous results [10]. 


The results of the calculations will be presented in Master of Science thesis and in a paper  which will be submitted to a high reputation journal.
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· Requested funds and justification

Total requested G-RISC funds are 2300 EUR. They are necessary for:

(i) Support for 2 months  (1000EUR per month) research activity at BESSY and TU-Dresden for Timur Zalialiutdinov and additional 300 EUR for travel expenses.



