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Abstract

LASER PHOTOIONIZATION SENSOR TECHNOLOGY AND NEW POSSIBLE PRINCIPAL
SCHEME FOR γγγγγ -LASER ON QUICKLY DECAYED NUCLEAR ISOMERS WITH ELECTRIC

FIELD AND AUTO-IONIZATION SORTING OF EXCITED ATOMS

S. V. Ambrosov

Optimal schemes of the laser photo-ionization sensing technology for creation of new possible
principal scheme of γ -laser on quickly decayed nuclear isomers with autoionization or electric
field ionization sorting excited atoms are developed.
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Анотація

ЛАЗЕРНО-ФОТОІОНІЗАЦІЙНА СЕНСОРНА ТЕХНОЛОГІЯ І НОВА МОЖЛИВА
ПРИНЦИПІАЛЬНА СХЕМА γγγγγ -ЛАЗЕРА НА ЯДЕРНИХ ІЗОМЕРАХ, ЩО ШВИДКО
РОЗПАДАЮТЬСЯ, ІЗ СОРТИРОВКОЮ ЗБУДЖЕНИХ АТОМІВ МЕТОДОМ АВТО-

ІОНІЗАЦІЇ ТА ЕЛЕКТРИЧНИМ ПОЛЕМ

С. В. Амбросов

Розроблені нові схеми лазерно-фотоіонізаційної сенсорної технології та нова можлива
принципіальна схема γ -лазера на ядерних ізомерах, що швидко розпадаються, із сортиро-
вкою збуджених атомів методом автоіонізації або іонізації електричним полем.

Ключові слова: лазерно-фотоіонізаційна сенсорна технологія, γ-лазер на ядерних ізоме-
рах, що швидко розпадаються, оптимальні схеми
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Carrying out the effective methods for isotopes
and nuclear isomers, obtaining especially pure sub-
stances or their control and cleaning from admix-
tures is considered as one of the actual problem of
modern nuclear technology and technology of the
semiconductor and other materials (c.f.[1-19]). The
basis for its successful realization is, at first, carry-
ing out the optimal multi stepped photo-ionization
schemes for different elements and, at second, avail-
ability of enough effective UV and visible range la-
sers with high average power. The standard laser
photo-ionization scheme may be realized with using
processes of the two-step excitation and ionization
of atoms by laser pulse. The scheme of selective ion-
ization of atoms, based on the selective resonance
excitation of atoms by laser radiation into states near
ionization boundary and further photo-ionization of
the excited states by additional laser radiation, has
been at first proposed and realized by Letokhov et al
(c.f. ref.[1]). This scheme represents a great interest
for laser separation of isotopes and nuclear isomers.
However, a significant disadvantage of the two-step
selective ionization of atoms by laser radiation
method is a great difference between cross-sections
of resonant excitation σ

exc
 and photo-ionization σ 

ion

([σ
exc

/σ
ion

]>104÷108). It requires the using very inten-
sive laser radiation for the excited atom ionization.

The same difficulty is arisen in task of sorting the
excited atoms with excited nuclei in problem of cre-
ation of γ -laser on quickly decayed nuclear isomers
[1]. Originally in ref.[3] Letokhov has considered a
possibility of creating a γ -laser, based on a recoiless
transition between lower nuclear levels and shown
that a γ -laser of this type in the 20-60 keV region is
feasible. A feature of design is operation based on
relatively short-lived isomer nuclear states with life-
time of 0,1 to 10 sec. Author has cestimated the min-
imal number of excited nuclei required for obtaining

appreciable amplification and possibility of produc-
ing sufficient amounts of excited nuclei by irradia-
tion of the target with a thrmal neutron beam or by
resonant γ -radiation. It is important that low-inertia
laser selection of a relatively small frction of excited
nuclei of a given composition from the target by the
two-step method of selective laser photoionization
of atoms with excited nuclei by the radiation from
two lasers is principally possible [3]. But, it is obvi-
ous that here there is a problem of significant disad-
vantage of the two-step selective ionization of atoms
by laser radiation method [1].

The situation is more simplified for autoioniza-
tion resonance’s in the atomic spectra, but detailed
data about characteristics of these levels are often
absent (c.f.[4,5,12,17]).. Main problems here are
connected with difficulties of theoretical studying
and calculating the autoionization resonance charac-
teristics. In ref. [15-18] new optimal schemes for the
laser photo-ionization sensors of separating heavy
isotopes and nuclear isomers were proposed. It has
been carried out the modelling a new, optimized
scheme for the laser photo-ionization sensor. It is
based on the selective laser excitation of the isotope
atoms into excited Rydberg states and further au-
toionization and DC electric field ionization mecha-
nisms. To carry out modelling the optimal scheme of
the U and Tm isotopes (nuclei) sensing, the optimal
laser action model and density matrices formalism
(c.f.[15-18]) have been used. The similar technolo-
gies and the optimal schemes of laser photo ioniza-
tion method have been developed for control and
cleaning the semiconductor substances [17]. Name-
ly, the optimal laser photo-ionization schemes for
preparing the films of pure composition on example
of creation of the 3-D hetero structural super lattices
(layers of Ga

1-x
Al

x
As with width 10Å and GaAs of

60Å) have been proposed and new models of opti-
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mal realization of the first step excitation and further
ionization of the Ga+ ions in Rydberg states by elec-
tric field are calibrated.

In this paper we propose the optimal schemes of the
laser photo-ionization sensing technology for creation
of new possible principal scheme of γ -laser on quickly
decayed nuclear isomers with laser autoionization or
electric field ionization sorting excited atoms.

Let us remind that in a classic scheme the laser
excitation of admixture atoms is realized at several
steps: atoms are resonantly excited by laser radiation
and then it is realized photo ionization of excited at-
oms [1]). In this case photo ionization process is char-
acterized by relatively low cross section σ

ion
=10-17-10-

18сm2 and one could use the powerful laser radiation
on the ionization step. Alternative mechanism is a
transition of atoms into Rydberg states and further
ionization by electric field. As result, requirements to
energetic of the ionized pulse are decreased at several
orders. The main feature and innovation of our
scheme is connected with using the autoionization
and DC electric field ionization mechanisms on the
last ionization step of the laser photoionization sensor
technology. Such an optimal scheme can be used as
basis for realization of sorting definite excited atoms
wth necessary excited nuclei of the A+ kind, which are
obtained by optimal method of selective photo-ioni-
zation of the A kind atoms in the beam in mixture with
other atoms. This topic is key one in this article. In fig.
1 we present the possible advanced scheme γ — laser
on quickly decayd nuclear isomers with using laser
photoionization sorting excited nuclei M*

k+1
 with elec-

tric field amd autoionization and electric field ioniza-
tion mechanisms.

In fact our scheme generelizes the known
Letokhov scheme [3], but it is significantly more ef-
fective and optimal, first of all, from energetics point
of view. The suitable objects for modelling laser
photoionization separation technology are the iso-
topes of alkali element Cs, lanthanides and actinides.
We have carried out the modelling for isotopes of

133
55 78Cs  and 171

70 101Yb . As example, we consider a
scheme for the laser separation and sensing the Cs
isotopes. The resonant excitation of the Cs can be
realized by means dye lasers with lamp pumping
(two transitions wavelengths are: 62S

1/2
→7 2P

3/2

4555A and 62S
1/2

→7 2P
1/2

 4593A) [15]. The next step
is in the further excitation into the Rydberg S,P,D
states with n=8-15 (the optimal value n=12). Final
step is the auto-or electric field ionization of the Ry-
dberg excited atoms and output of the created ions.
The scheme will be optimal if an atom is excited by

laser radiation to state, which has the decay proba-
bility due to the auto-or electric field ionization big-
ger than the radiation decay probability. In figure 1
we present the numeric modelling results of the opti-
mal form of laser pulse in the photoionization
scheme with auto-or electric field ionization by solv-
ing the corresponding differential equations system
[16-18]. The following definitions are used:
δ+dashed line is corresponding to optimal form of
laser pulse, curves 1 and 2 are corresponding to pop-
ulations of the ground and excited states of Cs. The δ
-pulse provides maximum possible level of excita-
tion (the excitation degree is about ~0,25; in experi-
ment [1] with rectangular pulse this degree was ~
0,1). It is in great degree similar to analogous
scheme with stochastic collisional ionization mech-
anism [15]. In fig.2 there is also presented the typical
behaviour of the ground (curve 1) and excited (curve
2) states population. Let us remember data regarding
the excitation and the ionization cross sections for
studied system: the excitation cross section at the
first step of the scheme is ~10-11cm2; the ionization
cross-section from excited 72P

2 
state: σ

2
=10-16cm2,

from ground state σ
2
=10-18cm2 [1]. One can see that

the relation of these cross sections is 105 and 107 cor-
respondingly. This fact provides the obvious non-ef-
ficiency of standard photoionization scheme.

Fig.1. To possible advanced scheme γ — laser on quickly
decayd nuclear isomers with using laser photoionization
sorting excited nuclei M*

k+1
 with electric field amd au-

toionization and electric field ionization mechanisms:
1 — target of atoms M

k
; 2- flux of slow neutrons; 3 —

laser ray for evaporation of target; 4 — laser ray for the
first step excitation of atoms with excited nucleus
A(M*

k+1
)

 
; 5 — laser ray for second-step excitation to Ry-

dberg states and autoionization or ionization by external
electric field; 6 — collector system; 7 — atoms with ex-
cited nucleus A(M*

k+1
)

 
; 8 — flux of evaporated atoms;
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Fig.2. Results of modelling Cs isotopes separation
process by the laser photo-ionization method

( δ+dashed — laser pulse optimal form; see text)

A use of the autoionization or DC electric field
mechanisms at the final step for ionization of the
Rydberg excited atoms provides more optimal
scheme from energetic point of view. For example,
for the 6p2P

1/2
 –152D

3/2 
transition the corresponding

cross section ~10-15cm2 under strength of electric
field 12 kV/cm [1]. The autoionization cross section
has order ~10-13cm2. So, from energetic point of
view, this type of ionization can be very perspective
alternative to classical two-step photoionization
scheme (c.f.[1,3]). The similar data are obtained for
the Yb isotopes separation. So, the laser photo ioni-
zation scheme with ionization by electric field (with
optimal set of energetic and radiative parameters:
pulse form, duration, energetic for laser and electric
field pulses etc.) and autoionization of the Rydberg
excited atoms could provide significantly more high
yield and effectiveness of the whole process than the
other known schemes (c.f.[1]). So, it can be used in
creation of new possible principal scheme of γ -laser
on quickly decayed nuclear isomers with autoioniza-
tion or electric field ionization sorting excited at-
oms.
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