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Abstract

SENSING THE NEW LASER-ELECTRON-NUCLEAR EFFECTS
IN DIATOMIC MOLECULES: H79Br

S. V. Malinovskaya

New theoretical scheme developed and used for sensing new laser-electron nuclear effects in
diatomics, which can be used for creation of the new type sensors for tasks of nuclear technolo-
gies. It is carried out calculating the vibration-rotation-nuclear transition probabilities in a case
of the emission and absorption spectrum of nucleus 79Br (Eγ

(0) = 217keV) linked with molecule
H79Br.

Key words: sensing laser-electron-nuclear effects and nuclear sensors, vibration-rotation-
nuclear transitions probability, molecule of HBr

Резюме

ДЕТЕКТУВАННЯ НОВИХ ЛАЗЕРНИХ ЕЛЕКТРОН-ЯДЕРНИХ ЕФЕКТІВ
У ДВОАТОМНИХ МОЛЕКУЛАХ: H79Br

С. В. Малиновська

Нова теоретична схема розвинута та використана у задачі детектування нових лазер-
них електрон-ядерних ефектів у двоатомних молекулах, які можуть бути використані при
побудові нових типів сенсорів для задач ядерних технологій.. Виконано розрахунок імові-
рностей коливно-обертально-ядерных переходів для спектру випромінювання і поглинен-
ня ядра 79Br (Eγ

(0) = 217keV) у молекулі H79Br.

Ключові слова: детектування лазерних електрон-ядерних ефектів та ядерні сенсори,
імовірність коливально-обертально-ядерних переходів, молекула HBr
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This paper goes on our studying co-oprative new
laser-electron nuclear effects in atomic and molecu-
lar systems and devoted to carrying out and using
new theoretical scheme for sensing laser vibration-
ritation-nuclear effects in diatomic molecules. In
last years with appearance of the intensive neutron
pensils, powerful laser sources especial interest at-
tracts a class of problems, connected with the photo
excitation of molecules, semiconductors and solids
by neutrons, photons, electrons (c.f.[1-17]). Especial
interest attracts carrying out sensing schemes and
devices for their manifestation and observation. We
will consider a consistent approach to description
and further sensing a new class dynamical laser-
electron-nuclear effects in molecular systems, in
particular, the nuclear emission or absorption spec-
trum of the diatomic molecule. This spectrum con-
tains a set of electron-vibration-rotation satellites,
which are due to an alteration of the state of system
under interaction with photon. [4,11]. A mechanism
of forming satellites in the molecule is as follows: in
a case of the loose electron shell a shaking of the
shell resulting from the interaction between the nu-
cleus and γ quantum. The well known example is the
Szilard-Chalmers effect (molecular dissociation be-
cause of the recoil during radiating gamma quantum
with large energy). The satellite spectrum is much
enriched and transitions between the fine structure
components, 0-0 transitions and transitions, which
do not involve a change in the electron configura-
tion, can be considered. In the molecule a spectrum
is naturally more complicated in comparison with
atom. Under nuclear γ-quantum emission or absorp-
tion there is a change of the electron (vibration-rota-
tion) states. New consistent, quantum- mechanical
approach to calculation of the electron-nuclear γ
transition spectra (set of vibration-rotational satel-
lites in molecule) of nucleus in molecule has been

proposed in ref.[11,14] and based on the using the
Dunham model potential approximation for poten-
tial curves of the diatomic molecules [18-20]. There
have been evaluated the vibration-rotation-nuclear
transition probabilities for the emission and absorp-
tion spectrum of nucleus 127I (Eγ

(0) = 203 keV) in mol-
ecule of H127I. Another very interesting example is
nuclear transition with γ energy 217 KeV in nucleus
of 79

35 44Br , linked with molecule of H79Br.
In ref.[11-14], it has been developed a new con-

sistent theoretical approach to calculation of a struc-
ture of the gamma transitions (probability of transi-
tion) or spectrum of the gamma satellites because of
the changing the electron or electron-vibration-rota-
tional states in atomic and diatomic systems under
the gamma quantum radiation (absorption). Let us
describe in bried the key moemnts of the molecular
version of the approach. In adiabatic approximation
a wave function of molecule is multiplying the elec-
tronic wave function and wave function of nuclei:
ψ(r

e
)ψ(R

1
,R

2
). Hamiltonian of interaction of the

gamma radiation with system of nucleons for the
first nucleus can be expressed through the co-ordi-
nates of nucleons r

n
’ in a system of the mass centre of

the first nucleus [13,14]:

1( ) ( )exp( )n nH r H r ik Rγ
′= − (1)

where kg
 
is a wave vector of the gamma quantum.

The matrix element for transition from initial
state “a” to final state “b” is presented as follows
[3,6]:

* ( ) | ( ) | ( )b n n a nr H r r< Ψ Ψ >
1* *

1 2 1 2( ) ( , ) | | ( ) ( , )ik R

b e b a e ar R R e r R Rγ−• < Ψ Ψ Ψ Ψ > (2)

The first multiplier in (1) is defined by the gam-
ma transition of nucleus and is not dependent upon
an internal structure of molecule in a good approxi-
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mation. The second multiplier is a matrix element of
transition of the molecule from from initial state “a”
to final state “b”:

* ( ) | ( )ba b e a eM r r=< Ψ Ψ >
1*

1 2 1 2( , ) | | ( , )ik R

b aR R e R Rγ−• < Ψ Ψ > (3)

The expression (3) gives a general formula for
calculation of the probability of changing internal
state of molecule under absorption or emitting gam-
ma quantum by nucleus of the molecule and defines
an amplitude of the corresponding gamma satellites.
Their positions are fully determined by the energy
and pulse conserving laws as follows:

2 (0) 2
0(1/ 2) (1/ 2)a bE E Mv E E Mvγ γ± + + = ± + + , (4)

0Mv k Mvγ± = (5)

Here M is the molecule mass, v
0
 and v are veloci-

ties of molecule before and after interaction of nu-
cleus with γ quantum, E

a
 and E

b
 are the energies of

molecule before and after interaction, Eγ is an ener-
gy of nuclear transition. Then an energy of the γ sat-
ellite is as follows from (4):

(0)
0 ( )от b aE E k v R E Eγ γ γ= + ± ± − (6)

Here R
om

 is an energy of recoil: R
om

= [(Eγ(o)] 2/
2Mc2. It is well known (c.f.[3,6]) that the practical
interest are presented only transitions between vi-
bration-rotational levels of the ground electron state,
including transitions into continuum with further
molecular dissociation. The matrix element for these
transitions is

1*
1 2 1 2( , ) | | ( , )ik R

ba b aM R R e R Rγ−=< Ψ Ψ > (7)

The values of energy, accepted by vibration and
rotational degrees of freedom of the molecule are as
follows: ε

vib
≈vђω=R

om
(m

2
/m

1
), ε

rot
≈BJ2=R

om
(m

2
/m

1
).

The simple adequate model for definition of the ro-
tational motion is the rigid rotator approximation. In
this approximation the wave functions with definite
values of quantum numbers J,K are the eigen func-
tions of the angle momentum operator,
i.e.:ψ(R

1
,R

2
).=Y

J,K
(θ, ϕ). In a case of the vibration

motion the wave functions with definite value of the
vibration quantum number are numerically found by
solving the corresponding Schrödinger equation
with potential, which is chosen in the Dunham-like
form [18-20]. Such an approximation is surely more
consistent than the harmonic oscillator one as exam-
ple. The harmonic oscillator wave functions were
used for estimating matrix elements of the vibration-

nuclear transitions in ref. [3]. In general the matrix
element of the vibration-rotation-nuclear transition
can be written as follows:

,
, ; ,

b a

b b a a
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J K J KM =(4π)1/2[(2J

a
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Here Q=(R-R
o
)(m)1/2, m=m

1
m

2
/M is the reduces

mass of the molecule, m
1
 and m

2
 are the masses of

nuclei. The co-ordinate of mass centre of the first
nucleus relatively the molecule mass centre is de-
fined by expression:

R
1
=-(m

2
/M)R=-(m

2
/M)[R

o
+Q/(m)1/2]=

= -(m
2
/M)R

o
-(m

2
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M)1/2Q.

The corresponding probability can be written in
the following form:

b a

b a

v v
J JP =(2J

b
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We have carried out the calculation of the proba-
bilities for vibration-rotation-nuclear transitions from
initial state with v

a
=0, J

a
=0 in a case of the emission

and absorption spectrum of nucleus of 79
35 44Br , linked

with molecule of H79Br in the ground electron state
X1Σ (molecular parameters: R

o
=1,414Å,

ν
e
=2649cm-1, B=8,465cm-1). The recoil energy for

this molecule is 0,18eV. Parameters, which define ex-
citation of vibrations and rotations of this molecule
because of the recoil, are as follows: a

o
=1,35 and

ε
o
=5.72⋅10-2

. 
In figure 1 we present the calculated

spectrum of emission and adsorption of nucleus 79Br
in molecule of H79Br (the initial state of molecule:
v

a
=0, J

a
=0). Let us note that the calculated spectrum is

qualitatively similar to analogous one for nucleus 127I
in molecule of H127I [14]. The values for probabilities,
calculated within the Dunham model potential ap-
proximation for potential curve [9,10], differ from the
corresponding ones, calculated within the harmonic
oscillator approximation [3], in average on 5-20%.

In conclusion let us underline that the developed
approach can be considered as the most consistent
scheme for sensing new laser-electron-nuclear ef-
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fects in diatomic molecus and in general molecular
systems. It is obvious that a direct experimental ob-
servation of the laser electron-nuclear and electron-
vibration-rotation-nuclear effects (H79Br, H127I) is of
a great importance from theoretical point of view as
well as different applications, including a construc-
tion of new type sensors for tasks of nuclear physics
and nuclear technologies.

 Fig.1. Calculated emission (solid curve) and absorption
spectrum of nucleus 79Br (Eγ

(0) = 217 KeV) linked with
molecule H79Br. Initial state of molecule ν

a
=0, J

a
=0.
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