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Black-body radiation is found to cause a diffusion ionization of Rydberg atoms
even at room temperature. The probability for the ionization of these atoms is
determined and the conditions under which this process occurs are found.

It was only recently established that the ubiquitous black-body radiation plays an
important role in the spectroscopy of Rydberg atoms even at room temperature,'?
Black-body radiation causes shifts in the energy of atomic levels,” induces transitions
between atomic states,”> causes photoionization of Rydberg atoms,® and affects the
population of highly excited states in the recombination of ions.*> We will show that
black-body radiation also causes diffusive ionization of Rydberg atoms and ions. Un-
der certain conditions, the principal condition among which is the collision-induced
mixing of levels in /, the diffusion process resulting from black-body radiation is the
basic mechanism for the ionization of Rydberg atoms.

Let us consider a production of Rydberg atoms or ions at a steady rate ¥ with an
energy €, = Z *2n} (Z is the core charge) in a Planckian field with a temperature T.
The function f(€) for the distribution of electrons in the energy space € of Rydberg
atoms is given by the balance equation

{r(f(e')l(e,, o~ FOK, e = f@)[w, (@) + w @]+ 78~ &) =0. (1)

Here K. and w; are respectively the rate of the e— €’ transition and the rate of direct
ionization of Rydberg atoms as a result of black-body radiation, and w, is the rate of
radiation quenching of Rydberg atoms to lower states with €> ¢, =~ (ZT)*>/2 [the
states with € > €, do not participate in the ionization, since the rate of their spontane-
ous quenching is greater than the total rate of the induced transitions,
w, (€) >w,(€) = 2.K,, . According to the results of Refs. 2 and 4-6, we have

Kop= W, el M (=0 _ )y, =2524,652/25E <)
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€ > ¢ w, = rieR rit = N?AQZ"ln(eg/ef),
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where W,__ is the probability for a spontaneous transition e—¢’ in the Kramers ap-
proximation, 4, = 8a’Z*/3\3w, a is the fine-structure constant, €, is the ground-
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state energy, and ®(x) is a slowly varying function [®(x)—1 as (x) -0 and x— eo;
®,., ~0.78 with x,, = 1.5 (Ref. 5)]. The inequalities w; (€) <w, (€) <w, (¢) are satis-
fied over a broad energy range 0.2T7<€e<¢,. This means that the electron redistribu-
tion in the energy space of Rydberg atoms and the ionization of Rydberg atoms can be
1aken into account in the diffusion approximation.”® We derive from Eq. (1) in the
usual way”® the Fokker-Planck equation which can be written, by analogy with Refs.
9 and 10, in the form

d’p 1 dy ! ¥ T
s i o e ) B e BT (€ ) 2
de? T de !Cf‘p K ( . it

Here @(€) = f(€)/fy(€), and fy(€) = € /%" is the equilibrium distribution. We
used the expression for electron diffusion in the energy space of Rydberg atoms

1 J—
Ble) = K, ¢ (€' —e)lde = ke¥?, Kk =2/ 2mAT?*/32Z5.

By solving Eq. (2) with the boundary condition ¢(0) = 0 corresponding to the
ionization process we obtain the expression for the ionization probability

- €p J’ep '

P=e €, = 21}‘{1 + \/(24hr’)ln(eg /e )+ ) 3)

The probability for the ionization of Rydberg atoms by thermal radiation thus
depends exponentially on the initial electron binding energy and on the radiation
temperature (Fig. 1).

The collision-induced ionization of Rydberg atoms of cesium in an intrinsic gas
was studied by Herrmann et al.'' They found that the ionization probability depends
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FIG. 1. Ionization probability P, ver-
sus the binding energy ¢, of an elec-
tron of the Rydberg atom or ion at
various temperatures T of the Planck
field. Solid curves—Hydrogenlike
atom; dashed curves—cesium atom.
The labels on the curves denote T'/Z?
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exponentially on the excitation energy &, of Rydberg atoms. For ground-state cesium-
atom densities N, 22X 10" cm™> the observed phenomenon can be explained in
terms of the diffusion mechanism for the collision-induced ionization.!° In the limit N,
-0 an ionization probability of the type in (3) with €, =(137 +3) cm™' was ob-
tained at 7= 380 K by Herrmann et al."! According to (3), we find €, =0.57 = 133
em™' (g, =3.14X10* cm™', ¢, = 1.24X10* cm ™', and Z = 1). We see that the ob-
served phenomenon can be explained in terms of the diffusion ionization resulting
from thermal radiation.

The electron diffusion due to the black-body radiation can occur in the energy
space of Rydberg atoms if the filling of the levels in / is mixed in a time corresponding
to the lifetime of Rydberg atoms 7, =3(/ + 1/2)*n’/2a’. As a result of collision with
atoms and molecules, the cross sections for the mixing of states with different / are
large (on the order of the geometric cross section of Rydberg atoms at n<20 and reach
a value of 10~ ' cm? at n>20-30).% Consequently, the states with different / mix as a
result of collisions at the densities N, 2 10'° — 10'' cm™>. Other mechanisms of /
mixing are also possible: collisions with electrons and ions, collisions with the electric
field, and so forth. On the other hand, the collision-induced ionization can compete
with the ionization due to black-body radiation only at densities N, 2 10" — 10'
cm 3. Accordingly, there is a broad range of conditions under which the process
which we have studied is the principal mechanism for the ionization of Rydberg atoms
and ions.
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