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Summary

LASER  PHOTOIONIZATION  SENSOR  OF  THE  SEPARATING  ISOTOPES
AND  NUCLEAR  REACTIONS  PRODUCTS:

THEORETICAL  FOUNDATIONS  OF  NEW  SCHEME

S. V. Ambrosov

It is proposed and studied a new optimal theoretical scheme for the laser photoionization
sensor of the separating isotopes, nuclear isomers and nuclear reactions products, which is based
on the selective laser excitation of the isotope atoms into excited Rydberg states and further
stochastic collisional ionization mechanism. The operator perturbation theory and Focker-
Plank stochastic equation method are used for description of stochastic collisional ionization
process. The optimal laser action model and density matrices formalism is used for numeric
calculation of the optimal scheme of the Na, U, Cs and Cf isotopes (ions, nuclei) sensing.
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Анотація

ЛАЗЕРНИЙ  ФОТОІОНІЗАЦІЙНИЙ  СЕНСОР  ІЗОТОПІВ
ТА  ПРОДУКТІВ  ЯДЕРНИХ  РЕАКЦІЙ:
ТЕОРЕТИЧНІ  ОСНОВИ  НОВОЇ  СХЕМИ

С. В. Амбросов

Вперше запропоновано лазерний фотоіонізаційний сенсор ізотопів, ядерних ізомерів та
продуктів ядерних реакцій. В основі його реалізації лежить отимальна теоретична схема
селективного лазерного збудження атомів ізотопів у рідбергівські стани та механізм по-
дальшої стохастичної іонізації за рахунок зіткнень. Операторна теорія збурень та метод
стохастичного рівняння Фоккера-Планка використано для опису процесу стохастичної
іоні-зації за рахунок зіткнень. Модель оптимальних лазерних діянь і апарат матриці густи-
ни за-стосовано для чисельного моделювання оптимальної схеми детектування ізотопів
Na,U,Cs Cf

Ключові слова: лазерний фотоіонізаційний сенсор, продукти ядерної реакції, ізотопи
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1. Introduction

One of the most perspective methods for the
sensing single atoms, separating isotopes, nuclear
isomers and nuclear reactions products is laser pho-
toionization method. (c.f.[1-15]). The standard laser
photoionization sensor scheme may be realized on
the basis of a method of the multi-step excitement
and ionization of atoms by laser radiation. The meth-
od of selective photoionization 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 ad-
ditional laser radiation, has been at first proposed by
Letokhov (c.f. [1]). This method represents a great
interest for laser separation of the isotopes, nuclear
isomers and optically discharged gases separation.
Due to the known significant disadvantage of the
two-step selective ionization of atoms by laser radia-
tion method, quite perspective photoionization
scheme bases on the use of the autoionization levels.
Hitherto, detailed data about autoionization reso-
nances for many atoms are often absent. In a number
of papers (c.f. [1,9,11,151]) a possibility of the se-
lective ionization of atoms, based on the selective
resonance excitation of atoms by laser radiation into
states near ionization boundary and further ioniza-
tion decay of excited atoms by external electric field,
has been considered. Electric field changes the elec-
tron spectra so that the part of discrete spectra levels
(near the ionization boundary) part moves into con-
tinuum and other levels become by the autoioniza-
tion ones. The probability of their autoionization de-

cay quickly increases with growth of the main quan-
tum number. The most optimal situation is when
atom is excited to state, which has the autoionization
probability more than the radiation decay one. To
receive an adequate data regarding the laser pho-
toionization sensor optimal schemes, it is necessary
to carry out accurate calculating the process of ex-
citement of atoms by laser field and the probability
of ionization of the highly excited atoms by electric
field. In last years the accurate calculations of ele-
mentary atomic processes in different photoioniza-
tion schemes were carried out, including the pho-
toionization schemes with the use of the autoioniza-
tion resonances [8-25]. As a rule, non-relativistic
approximation has been used [9]. More consistent
approach to solution of such a problem must be
based on the relativistic models [8,12], as the most
interesting elements for laser isotope separation are
heavy and a role of relativistic corrections is often
very dramatic. From another side, as alternative
mechanism for ionization of excited atoms one
could use an action of the collisional ionization (an
action of electron impact, atom-atom or ion-atom
collisions etc.) (c.f.[8,10,20-24]. It should be noted
that such scheme of the laser photoionization sensor
is technically naturally realized by means of the
plasmotronic technique [2]. Though many of cited
processes are sufficiently adequately described by
simplified models, at least on qualitative level, a
complete, consistent theory of these processes is ab-
sent hitherto [18-20]. In ref.[7-11] it is developed an
effective approach to modelling optimal schemes for
the laser photoionization sensors of isotopes and nu-

Аннотация

ЛАЗЕРНЫЙ  ФОТОИОНИЗАЦИОННЫЙ  СЕНСОР
ИЗОТОПОВ  И  ПРОДУКТОВ  ЯДЕРНЫХ  РЕАКЦИЙ:

ТЕОРЕТИЧЕСКИЕ  ОСНОВЫ  НОВОЙ  СХЕМЫ

С. В. Амбросов

Впервые предложен лазерный фото ионизационный сенсор изотопов, ядерных изоме-
ров и продуктов ядерных реакций. В основе его реализации лежат оптимальная теорети-
ческая схема селективного лазерного фото возбуждения атомов в ридберговские состоя-
ния и механизме дальнейшей стохастической столкновительной ионизации. Операторная
теория возмущений и метод стохастических уравнений применены для описания процесса
стохастической столкновительной ионизаци. Модель оптимальных лазерных воздействий
и аппарат матрицы плотности использованы для численного моделирования оптималь-
ной схемы детектирования изотопов Na, U, Cs и Cf .

Ключевые слова: лазерный фотоионизационный сенсор, продуктов ядерной реакции,
изотопы

S. V. Ambrosov



52

Sensor Electronics and Microsystem Technologies. 2/2004

clear isomers, which is based on the complex use of
the elementary atomic processes models, optimal la-
ser actions models, density matrices formalism. Re-
sults of numeral calculation for optimal scheme of
the isotope separation for alkali elements were pre-
sented. On second step of the photoionization
scheme, it was used the collisional mechanism, pro-
vided by ionization through the electron impact.
This paper goes our research on carrying out optimal
schemes for the laser photoionization sensors of sep-
arating isotopes, nuclear isomers and nuclear reac-
tions products. New optimal scheme is based on the
selective laser excitation of the isotope atoms into
excited Rydberg states and further stochastic colli-
sional ionization mechanism. It should be empha-
sized that we propose at first to use a stochastic col-
lisional process as last step of the photoionization
scheme. The matter is in a fact that the cross-section
of ionization in stochastic regime is significantly
higher than one in the usual regime (c.f. [6,10,23]).
A result, the effectiveness of the laser photoioniza-
tion sensor scheme is significantly increased. The
operator perturbation theory and Focker-Plank sto-
chastic equation method are used for description of
stochastic collisional ionization process. The opti-
mal laser action model and density matrices formal-
ism is used for numeric calculation of the optimal
scheme of the Na, U, Cs and Cf isotopes (ions, nu-
clei) sensing.

2. Key steps of the laser photoionization
scheme

 In practical realization of the laser photoioniza-
tion schemes, as a rule, the mixture of buffer and
separated gases (isotopes) moves along the electric
discharge zone. The discharge zone is radiated by
external electromagnetic field, which is resonant to
one from chosen isotopes [1]. The buffer gas defines
the discharge characteristics (temperature T, con-
centration of particles n). In the discharged zone the
isotopes are ionized and then are removed from the
discharged zone and collected by one of the physi-
cally chemical methods. Because of the difference
for diffusion coefficients, under perpendicular gas
stream velocity, the ions will reach the surrounding
walls more rapidly then atom with further localiza-
tion due to the ionization process. The ionization
time is corresponding to the time of passing for atom
through the electromagnetic field action zone and
equal: τ=t

f
=L/v ( L- size of radiated zone; v- velocity

of particles stream). If a resonant transition is satu-

rated by a laser radiation and it is realized a colli-
sional mechanism of ionization for excited atoms
then a condition for ionization of the resonant com-
ponent is as follows: 1/nS’(T)>1/v=t

f
 (here S’- coef-

ficient of ionization of excited atoms in collision).
The typical values for indicated parameters are fol-
lowing: L=1sm, v=104sm/s, n=(1011-1013) cm-3. As the
collisional ionization mechanism is further consid-
ered, it is useful to make substitutions: W

2
→S’n/γ,

τ→γz/v, E
f
=σ

12
w

0
/vd w

21
 (here z- space co-ordinate

along stream; d- transverse sizes of radiated zone).
The typical values are as follows: S’n=104s-1,
γ=104s-1, t

f
=4⋅10-4s, E

f
=2,5. Consider in details the se-

lective ionization scheme for Na (Na vapours at tem-
perature 600K). The first ionization step: excitation
of Na atoms to state 3p2P

1/2
 and then photoionization

by laser pulse: the excitation cross-section σ
1
=10-12-

10-11cm2, ionization cross-section from excited state:
σ

2
=10-17cm2, from ground state σ

2
=10-19cm2 [1]. The

experimental studying the of the Na vapours in laser
field was fulfilled by Letokhov V.S. et al [1]. For
selective photoionization scheme with excitation to
Rydberg S,P,D states with n=10-18 and further ioni-
zation by electric field (Е=10 кV/cm) calculation
[9,13] (cross-section is defined in standard way)
has given the values: for the 3p2P

1/2
 –152D

3/2 
transi-

tion σ
2
=7,1⋅10-15cm2 , theoretical estimate of ref. [8]

σ
2
=7,6⋅10-15cm2 , experimental value: σ

2
=7⋅10-15cm2.

So, a selective photoionization scheme with using
the Rydberg states and ionization by external elec-
tric field is quite effective for alkali elements from
the energetic point of view, but the ionization output
here is less than 100%! This is one of the most disad-
vantages of the scheme with ionization by an exter-
nal electric field for non-alkali elements (lantha-
nide’s, actinides etc.). As it was indicated earlier, an
alternative mechanism is the collisional ionization.
It is stressed that hitherto this ionization mechanism
is not sufficiently studied for solution of the isotopes
separation laser photoionization problem and tech-
nological realization of the laser photoionization
sensor. The typical ionization processes are as fol-
lows [21]:

 A*(nl)+B→(A+B+)+e or (1a)

 A*(nl)+B→(A+ +B)+e or (1b)

 A*(nl)+B→AB++e. (1c)

Here A* denotes an atom in an excited state, B+ —
an ionized atom, other notations are obvious. The
process (1c) is called as an associative ionization. As
a rule, it realizes effectively when dissociation ener-
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gy of molecular ion AB+ is higher than ionization
potential of excited atom. In application to carrying
out the isotopes separation laser photoionization
scheme this process has been considered in a number
of papers (c.f. ref. [1]). Its optimal variant is at first
proposed in ref. [10]. The first process (1a) realizes
effectively when the excitation energy of atom A is
more than the ionization potential of atom B. If an
atom A is in the metastable state then the process is
called as the Penning ionization one. It is very curi-
ous that hitherto a consistent, highly exact, quantum
mechanical approach to calculating main character-
istics of this process is absent though many different
simplified models has been proposed (c.f. [18-23]).
The most widespread approach is based on the cal-
culation of the capture cross-section of collisional
particles by field of the van-der-Waalse interaction.
Such an approach does not factually define any dif-
ference between the Penning process and resonant
collisional one and gives often non-correct results
for cross-sections. More consistent method requires
data about the process probability G( R ) as function
of inter nuclear distance. It should be noted that
these data are practically absent at present time. Fur-
ther we consider a new, consistent, stochastic model
for calculation of process (1a). We believe that such
mechanism may be very effective for using in the
optimized laser photoionization scheme of the iso-
topes sensing.

3. New stochastic collisional ionization model

 A complete cross section of the collisional proc-
ess (1a) is defined by a general expression:

 
0

2 {1 exp[ ( ) ]}d G R dtσ πρ ρ
∞ +∞

−∞

= − −∫ ∫ (2)

 Here G( R ) is a probability of the Auger effect
and defined by usual way as: G( R)= 2π|V

12
|2g

2
 (in-

dexes 1and 2 are relating to states: A*+B and
A+B++e; g is a density of the final states; V is opera-
tor of interaction between atoms). In a case if the
ionization process is realized in the repulsive poten-
tial of interaction between atoms in the initial chan-
nel one would write the next expression insist of
formulae (2):

 
2(4 / ) ( ) 1 ( ) /

tn

w

R

f v R G R U R EdRσ π
∞

= −∫ (3)

Here f
w
 is a probability that the process is permit-

ted on entire electron spin of system of the collision-

al atoms, v is the relative velocity of collision, R
tn
 is

the minimally possible distance of rapprochement
(the turning point). To obtain correct expression for
autoionization quasi-molecular width it should be
used the operator perturbation theory (c.f.[9,22,25]).
Within it we have taken into account a possibility of
decay in the second and higher orders of perturba-
tion theory on V( R). Such approach may be used as
for the Penning ionization description (asymptotic
version is used in ref. [22]) as for ionization through
the wan-der-Waalse capture [24]. In the perturbation
theory second and higher orders it is necessary to
make substitution of matrix element:

1 ( ) ( )... ( ) 2EV R G V R V R
∞

 insist of the simple ma-

trix element 1 ( ) 2V R  in expression for probabili-

ty of collisional decay. Here [1> ≡ [А*+В> is the
initial state, [2> ≡ [А+В++e> is the final state; G

E
 is

the Green function (see below); Е? is an energy of
quasi-molecule А*В under R → ∞  (the non-inter-
acting atoms approximation). For operator V(R) it is
useful to use expansion on non-reducible tensor op-
erators:

 V(R)= 1 2

1 2

, 11 2

1( ) /
l l

l l
l lV n R

=

∞
+ +∑ (4)

2

1 2 1 2 1 2

1 2

1 2

(2 2 )!
( ) ( 1) ( ( ){ })

(2 )!(2 )!
l A B

l l l l l l

l l
V n C n Q Q

l l +
+= − ⊗ ,

n=
R

R

Here C
lm

 (n) is the modified spherical function,

lmQ  is an operator of the 2l-pole moment of atom.
Let us suppose that atom А* is in a state with

entire moment J
i
 and projection on the quantization

axe М
i
; in the final state the corresponding quantum

numbers are J
f
М

f
 ; The differential (on direction k

ejection of the Penning electron) probability of the
2 1l -pole—2 2l -pole decay in the second perturbation
theory order is as follows:

1 2

1 2
1 2 3

1 1 1 2 2 2
2 2 8 2

(2 1)( 1)(2 3)(2 1)( 1)(2 3)( )

2 [1 ] (2 1)l l
k l l f p p p

l l l l l ldG R

d R Jδ+ +

+ + + + + +=
Ω + +

1 1

3 3 2 2

1 2 3

p
p pC λ

λ λ
λ λ λ

×∑ 1

2 1 3 3 1 1

0
1 0 1 0 * ( )f f

i i

J Mp
l l J M p pC C C nλ λ+ + ×

2 3(2 1)(2 1)exp( ( ))
2m

f
lf

Jllf f

l
p p i

π
δ× + + − ×∑
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2 2

21 1
( )

i i

lfmf
lfmf l m p

f i

p
C k C

l l lλ

 
× × 

 
1 1

2 1 3
2 2 1, 2

2 3 1

1 1

1 1 ( )lf
Jl

f i

l l
l l p

l l l l
J J J

p p p

+   × + ℜ +   
   

 + ]1 2 2 3 1 2 3 2
2, 1( 1) ( )l l p p lf

Jl

l l p
l l

Jf Ji J
+ + +  

− ℜ 
 

(5)

Here the reducible matrix elements are represent-
ed as:

0

2 1

*
2, 1( ) ; ;A Blf A B A B

J l A i B i l Jl l A f fl l n J O l Q d g Q d O J Elℜ =< >  (6)

Here dB =QB
1 
is an operator of the dipole moment

of atom В, gA*B0
Jl
—is a radial Green function. Be-

cause of that the final state of atom В | Е1
f
> is a state

of continuum with scattering phase lfδ  then the fine
structure of levels in atom B may not be accounted.
To calculate (6) we used the model perturbation the-
ory with pseudopotential zeroth approximation and
effective account of the exchange-correlation effects
[23-25] and complex of molecular programs “Super-
structure” [9-17]. In this aspect our approach differs
from the analogous approach of Manakov et al [21].
The final expression for entire probability of the
electron ejection is

1 2

1 2
1 2 3

1 1 1 2 2 2
2 2 8 2

2 (2 1)( 1)(2 3)(2 1)( 1)(2 3)
( )

(2 1)[1 ] (2 1)l l
i l l i p p p

l l l l l l
G R

R l J

π
δ+ +

+ + + + + +=
+ + +

1

2 1

0 2
1 0 1 0( )

f

p
l l

l

C + + ×∑

1 1
2

2 3 2 2

2 3 1

1 1
1 1

(2 1)(2 1) 1 1
f iJl

l l
p

p p l l
l l l

p p p

+ 
  × + + + ×   
   

∑

2 1 3
1, 2( )lf

Jl
f i

l l p
l l

J J J

 
× ℜ + 

 
(7)

 + ]1 2 2 3 1 2 3 2
2, 1( 1) ( )l l p p lf

Jl

l l p
l l

Jf Ji J
+ + +  − ℜ 

 
.

The key moment of calculation is connected with
calculation of the diatomic radial matrix elements.
Technical difficulties of such calculation are known.
The effective procedure for two-times summation on
the entire set of the collisional atoms states is earlier
developed (c.f. ref. [9,14,23]).

 In a case of participating highly excited atom A
in processes (1a) one could suppose a possibility of
realization of the stochastic mechanism for ioniza-
tion. From physical point of view it is provided by a
chaotic drift of the Rydberg electron, which interacts
with the electromagnetic field of dipole. So, it is pos-
sible to use the theory of chaotic drift of the Cou-
lomb electron in the microwave fields
(c.f.[9,18,22]). One can introduce the function of
distribution f(n,t) of the Rydberg electron on space
of effective quantum numbers n. The equation of
motion of the Rydberg electron in our case can be
written as:

( , ) /f n t t∂ ∂ t= / n∂ ∂ [Θ(n-N
min

)D( R )n3
 

( , ) /f n t n∂ ∂ ]–
 – Θ(n-N

max
)G(n,R)f(n,t) (8)

Here Θ(n-N
min

) is the Heviside function as an ad-
ditive multiplier in the coefficient of diffusion
D(R)n3, which provides “freezing” the stochastic
processes in region of the low lying states in accord-
ance with the known Cirikov criterion. This criterion
defines the region of stochasticity under condition:
N

min
<n<N

max
. In the region of highly excited states

(n>N
max

) it is opened a direct channel of ionization
and the electron is ejected. The average effective
time τ

dif
 for diffusion of electron from level n=n

0
* till

the ionization threshold N
max

(R
tn
) and further output

into continuum is determined by equation:

<τ
dif

>( n
0

*)=1/ n
0
*-1/ N

max
(R

tn
)+

+ N
min

(R
tn
)/2 N2

max
(R

tn
)- N

min
(R

tn
)/2(n

0
*)2 (9)

The details of deriving and defining the coeffi-
cients are considered in ref.[22] and cited references.
The effective collision time is defined from equality:
<τ

dif
>( n

0
*)=t

col
(R

tn
). The value of the turning point

R
tn
 is found from the last equality and equations

(4,8,9). The constant of ionization K
i
 is calculated in

accordance to definition as follows:

 
0

( ) 2 / ( )i c c c i cK dE F E E Eµ σ
∞

= ∫ , (10)

 F(E
c
)=(4⋅E2

c
/T3)exp(-2E

c
/T)

 Definition of he collision function and other pa-
rameters is given in ref. [20-23]. It should be noted
that naturally a model proposed can be used in calcu-
lations of probabilities for different collision proc-
esses and effects in atomic gases (not only the Pen-
ning ionization process and analogous ones). Let us
consider some numerical results, obtained on the ba-
sis of calculation within above presented model of
the stochastic collision ionization. The reaction (1a)
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for pair: “Atom of Na in the ground “S” state — ex-
cited atom of Na in the “P” state is studied. In fig.1
we present the results of calculation for ionization
cross section ( )dif

iσ  as a function of the collision en-
ergy E

c
 (in atomic units) under different values of

effective quantum number *
on . For comparison there

are also presented the results of calculation within
the analytical Weisskopf model and numeral diffuse
Weisskopf model [22]. In figure 2 it is presented a
dependence of constant K

i
 (cm-3) of the velocity for

entire ionization upon effective quantum number *
on

for reaction of collision in the crossing beams for
pair ”Na(nP)+N(3S)” under temperature of effusion
sources T=600 K. For comparison there are also pre-
sented the results of calculation on the basis of the
Mihajlov-Janev model (1), analytical Weisskopf
model (2), numeral diffuse Weisskopf model (3) and
present approach (4); the squires denote the experi-
mental data of Wang-Weiner (c.f.[18,22]). Results
of present calculation are in sufficiently good agree-
ment with experimental data of Wang-Weiner. But
the most important conclusion of carried out calcula-
tion is in the increasing of the ionization cross sec-
tion due to the realization of the stochastic drift of
the Rydberg electron. Naturally, it is of a great im-
portance a sufficiently long time of the elementary
collision act for developing the stochastic instabili-
ty. Further we consider the procedure of optimiza-
tion of the laser photoionization sensor scheme.

Fig.1. Collisional ionization cross section ( )dif
iσ  as a

function of the collision energy E
c
 (in atomic units)

under *
on =6,8,10: (1) Analytical Weisskopf model; (2)

Numerical diffuse Weisskopf model; (3) Present paper;

Fig.2. Dependence of constant K
i
 (cm-3) of the entire

ionization velocity upon quantum number *
on  for reac-

tion of collision in the crossing beams for
pair”Na(nP)+N(3S)” under temperature of effusion
sources T=600 K: (1)- the Mihajlov-Janev model ; (2)
Analytical Weisskopf model; (3) Numerical diffuse
Weisskopf model; (4) Present approach;

4. Optimization of the laser photoionization
scheme

 The optimization procedure of the laser pho-
toionization scheme is in a searching the optimal
form of electromagnetic pulse of resonant radiation
in order to provide a maximum of excited particles
in the gases separation scheme (naturally this is one
of the possible versions). This problem was in de-
tails considered in ref. [7-10]. It is important that in
difference from the simplified model of speed equa-
tions (c.f.[1]) the separation process in our papers is
described by more adequate density matrice equa-
tions system (c.f. [12,13]). As an example, we con-
sider a scheme for the laser separation and sensing
Na, U, Cf isotopes. In experiment of Letokhov et al
(c.f. [1]) two dye-lasers, pumped by one pulsed N

2

laser are used. The first laser parameters provided a
saturation of the resonant transition: 3 2S

1/2
→3 2P

1/2

Na. The wavelength of second laser is tuned in re-
gion of 4210-4490Å. Under the optically discharged
separation the scheme will be optimal if an atom is
excited by laser radiation till state which has the de-
cay probability due to the collisional ionization big-
ger than the radiation decay probability. In figure 3
we present the numeric modelling results of the opti-
mal form of laser pulse in the photoionization

S. V. Ambrosov
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scheme with stochastic collisional ionization. The
data are obtained for the Na isotopes separation. It is
also shown the typical behavior of the ground
(curve 1) and excited (curve 2) states population.
Note that the results presented are in qualitative as-
pect similar to analogous data with ionization by
pulsed electric field and ionization by electron im-
pact scenarios [8-10]. Let us remember data regard-
ing the excitation and the ionization cross sections
for considered system: the excitation cross section at
the first step of the photoionization scheme is 10-

12cm2; the ionization cross-section from excited 32P
2

state: σ
2
=10-17cm2, from ground state σ

2
=10-19cm2

[1]. One can see that the relation of these cross sec-
tions is 105 and 107 correspondingly. This fact pro-
vides the obvious non-efficiency of standard pho-
toionization scheme. A use of the electric filed pulse
at the second step for ionization of the excited atoms
provides more optimal scheme from energetic point
of view. For example, for the 3p2P

1/2
 –152D

3/2 
transi-

tion the corresponding cross section 7⋅10-15cm2 under
strength of electric field 12 kV/cm [1]. Our calcula-
tion shows that the stochastic ionization cross sec-
tion is 4,8 ⋅10-14cm2. So, from energetic point of
view, the stochastic collisional ionization mecha-
nism can be very perspective alternative to even
electric field ionization mechanism. The similar data
are obtained for the U isotopes separation. The laser
photoionization scheme for U isotopes included the
following steps: i). Laser excitement of the 235U iso-
topes from the ground 5f36d7s2-5L

6
o state and low ly-

ing metastable 5f36d7s2-5K
5

o state with energy
620,32 см-1 ; ii). Transition into the autoionization
state with doubly excited external shell and then ion-
ization by laser field or collision method. A scheme
for sensing the nuclear reaction products is consid-
ered on example of the spontaneous fusion 252Cf iso-
tope on the unsymmetrical coils (in particular, Cs).
Laser photoionization sensing the Cs isotopes was
based on the resonant excitement of Cs (the follow-
ing wavelengths are used: 62S

1/2
-72P

3/2
 , 4555Å and

62S
1/2

-72P
1/2

 , 4593Å) and further ionization. So, in
our case sensing the nuclear reaction products is re-
sulted in detecting the Cs atoms as spontaneous nu-
clear fusion coils. A signal, which is determined by
special surface-barrier nuclear detector, indicates on
appearance of the single fusion of 252Cf nucleus. Our
data for Cs isotopes are qualitatively similar to data
for Na, U atoms. We believe that creation of the laser
photoionization sensor on the basis of considered
scheme would be more effective and perspective than
in a case of other separating and sensing schemes.

Fig.3. Results of numeric modelling for the optimal
form of laser pulse for laser photoionization scheme of
the Na isotopes: d+dotted line — optimal form for la-
ser pulse; curves 1 and 2 — the populations of the
ground and excited states.

In conclusion let us formulate the key results of
present paper. We proposed and studied new optimal
scheme for the laser photoionization sensing the sep-
arating isotopes and nuclear reactions products,
which is based on the selective laser excitation of
atoms into excited Rydberg states and further sto-
chastic collisional ionization. The operator perturba-
tion theory, the Focker-Plank stochastic equation
method, optimal laser action model and density ma-
trices formalism are used for numerical modelling
optimal scheme parameters for the Na, U, Cs (Cf)
isotopes detecting. At the first step of ionization
scheme the δ -pulse provides a maximally possible
level of excitation for the up state. Then the stochas-
tic collisional ionization must be realized earlier
than the parasitic spontaneous relaxation processes
(resonant re-charging etc. [1]) begin to destroy and
change an achieved excitement level of atoms. It is
important to note that the stochastic scenario is real-
ized better when an elementary collisional act is suf-
ficiently long for developing the stochastic instabili-
ty. As a result, an additional condition for the poten-
tial photoionization scheme realization is connected
with non-high temperature regime. In any case a sto-
chastic scenario provides one of the possibilities for
significant changing the output of charged particles
due to the change of effective value for the reaction
energy threshold.
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