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atomic systems in a Black-body radiation field  

V V Buyadzhi, P A Zaichko, M Y Gurskaya, A A Kuznetsova, E L Ponomarenko,  

and V B Ternovsky 
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Ukraine 
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Abstract. The combined relativistic energy approach and relativistic many-body perturbation 

theory with the zeroth model density functional approximation are used for computing the 

thermal Blackbody radiation ionization characteristics of the Rydberg atoms, in particular, the 

sodium and caesium in Rydberg states with n=40-100. The comparison of the calculated 

ionization rate values with available theoretical and experimental data is carried out. 

1.  Introduction 

This work goes on our research on the thermal Blackbody radiation (BBR) ionization characteristics of 

the Rydberg atoms. A great progress in experimental laser physics and appearance of the so called 

tunable lasers allow to get the highly excited Rydberg states of atoms. In fact this is a beginning of a 

new epoch in the atomic physics with external electromagnetic field. It has stimulated a great number 

of papers on the ad and dc Stark effect [1-12]. The experiments with Rydberg atoms had very soon 

resulted in the discovery of an important ionization mechanism, provided by unique features of the 

Rydberg atoms. Relatively new topic of the modern theory is connected with consistent treating the 

Rydberg atoms in a BBR field [1]. The account for the ac Stark shift, fast redistribution of the levels’ 

population and photoionization provided by the environmental BBR  became of a great importance for 

successfully handling atoms in their Rydberg states. The most popular theoretical approaches to 

computing ionization parameters of the Rydberg atom in the BBR are based on the different versions 

of the model potential (MP), quasiclassical methods. It should be mentioned the simple Simons-Fues 

MP approximation to compute the thermal ionization rate for Rydberg atoms [1]. In fact, using   the 

MP approach is very close to the quantum defect method and other semi-empirical methods, which 

were also widely used in the past few years for calculating atom–field interaction amplitudes in the 

lowest orders of the perturbation theory. The significant advantage of the Simons-Fues MP method in 

comparison with other models is the possibility of presenting analytically (in terms of the 

hypergeometric functions) the quantitative characteristics for arbitrarily high orders, related to both 

bound–bound and bound–free transitions. Naturally, the standard methods of the theoretical atomic 

physics, including the Hartree-Fock and Dirac-Fock ones, should be used in order to determine a  

thermal ionization characteristics of neutral and Rydberg atoms [2]. A correct treating the heavy 

Rydberg atoms parameters in an external electromagnetic field requires using strictly relativistic 

models. Here we apply an energy approach [11-15] and relativistic perturbation theory (PT) with the 

model density functional Dirac-Kohn-Sham zeroth approximation [16-21] to computing the thermal 

BBR ionization characteristics of the Rydberg atoms, in particular, sodium (as a test) and caesium.  
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2. Ionization of the Rydberg atoms in the Blackbody radiation 

Qualitative picture of the BBR Rydberg atoms ionization is in principle easily understandable.  Even 

for temperatures of order T=10
4
 K, the frequency of a greater part of the BBR photons ω does not 

exceed 0.1 a.u. One could use a single-electron approximation for calculating the ionization cross 

section σnl (ω). The latter appears in a product with the Planck’s distribution for the thermal photon 

number density:  
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 is the Boltzmann constant, c = 137.036 a.u. is the speed of light. 

Ionization rate of the bound state nl results in the integral over the Blackbody radiation frequencies: 
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The ionization cross-section from a bound state with a principal quantum number n and orbital 

quantum number l by photons with frequency ω is as follows:  
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where the radial matrix element of the ionization transition from the bound state with the radial wave 

function Rnl(r) to continuum state with the wavefunction  REl (r) normalized to the delta function of 

energy. The corresponding radial matrix element looks as: 'ElnlM  ~ 


0

3

' )()( drrRrrR nlEl
. We apply a 

generalized energy approach [11-15] to computing the Rydberg atoms ionization parameters. The 

radiation decay probability (cross-section) is connected with the imaginary part of electron energy 

shift. The latter is presented as: E = ReE + i /2, where  is a level width, and decay probability P 

= . The imaginary part of the shift E is defined in the PT second order as (in atomic units):  
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where (>n>f)  for electron and (<n<f)  for vacancy. The matrix element is determined as follows: 
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Their detailed description of the matrix elements and procedure for their computing is presented in 

Refs. [12,13,15]. The relativistic wave functions are calculated by solution of the relativistic Dirac 

equation with the model Dirac-Kohn-Sham zeroth approximation plus correlation potential [16-21]. 

All calculations are performed on the basis of the numeral code Superatom-ISAN (version 93). 

3. Results  

In  Table 1 we list the data of the ionization rate computing for the Rydberg sodium atom in the states 

(17,18D,18P) at temperatures of 300 K and 500 K: Th5 – our (relativistic MP theory) data [3], Th1- 

theory (nonrelativistic Simons-Fues MP) by Glukhov-Ovsyannikova [9], Th2- theory of Lehman [8], 

Th3- quasiclassical model by Dyachkov-Pankratov [10], Th4- theory by Beterov et al [1] and E1 – 

experimental data [4,5]. In whole there is physically reasonable agreement between the theoretical and 

experimental data. The accuracy of theoretical data is provided by a correctness of the corresponding 

relativistic wave functions and accounting for the exchange-correlation effects. In Table 2 we firstly 

list our data of ionization rate (s
-1

) for the Cs Rydberg states induced by BBR radiation (T = 300 K) . 
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Table 1. Theoretical and experimental values of the ionization rate (10
3
 s

-1
) of sodium Rydberg states: 

E1- Kleppner et al Burkhardt etal; Th1 – theory by Glukhov-Ovsyannikova; Th2- theory by Lehman, 

Th3- theory by Dyachkov-Pankratov; Th4- theory by Beterov et al; Th5 – this work. 

T nL E1 Th1 Th2 Th3 Th4 Th5 

300 17D 10
3
 1.0810

3
 0.9510

3
 0.910

3
 1.14710

3
 1.0210

3
 

500 18P - 4.1810
3 - - - 5.5410

3
 

500 18D - 4.0710
3 - - - 5.4610

3
 

Table 2. Ionization rate (s
-1

) for Cs Rydberg states (n= 40-100), induced by BBR (our data; see text) 

Atom 40 50 70 100 

Cs S 151 114 67.9 31.5 

Cs P 452 330 170 81.1 

Cs D 369 261 142 67.9 
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