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Abstract: We investigated before the possibility of modifying alpha decay rate by the influence of a laser radiation upon a
nucleus. We showed that the laser radiation with the extreme achievable intensity slightly modifies the total rate of alpha
decay. A different result may be probably obtained if it use synchrotron radiation for the irradiation of an alpha-active nucleus.
At present, synchrotron radiation from the third generation synchrotrons has high brilliance, the photon energy may reach 200—
300 kel and, in the future, it may be larger. These energies are comparable with nuclear ones and the effect from the influence
of the synchrotron radiation upon alpha decay could be more significant. As it turned out, the change of the alpha decay rate of
%0 isotope into the synchrotron radiation field from the third generation synchrotrons will be negligible.
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1. Introduction

The fundamental problem of external influence on various
physical processes in a substance, as well as in its individual
structural elements (molecules, atoms and atomic nuclei), is
one of the most pressing problems of modern physics. This is
due to the value of the physical information obtained about
the properties of the objects of research, about new
phenomena and the ability to manage them. In leading
research centers, more and more powerful sources of
electromagnetic radiation and particle accelerators appear. It
also contributes to the development of this direction.

In the physics of atoms and molecules, many advances
were associated with the effect of strong laser fields on their
characteristics. It is studied the multiphoton ionization of
atoms, the generation of high harmonics, the many-electron
tunneling effect, the acceleration of electrons in a plasma to
several GeV/, and others (see, for example, the review paper
[1], as well as our work [2], which provides links to reviews
of recent years in this region). The use of electromagnetic
radiation from synchrotrons of the first and second
generations also make a contribution to the substantial
progress of physics, in particular, in studies of condensed
matter and other objects (see, for example, the book [3] and
references therein).

Atomic nuclei as an object of this line of research are still

an exception. All attempts to influence on nuclear processes
by powerful optical and soft X-ray radiation, if the latter
were not caused only by rearrangement of the electron shell
of an atom, were unsuccessful (review of studies on the
effects of laser radiation on nuclear beta decay is given, for
example, in paper [4] ). Recently, however, there may be
changes in this area. Perhaps great prospects in the field of
external influences on the physical processes in atomic nuclei
will open up in connection with the commissioning of third-
generation synchrotrons at research centers in a number of
countries (USA, Japan, Germany, and Russia). Already there
are large storage rings APS (Advanced Photon Source) with
an energy of 7 GeV (USA) and SPRING-8 (Super Photon
Ring) with an energy of 8 Gel (Japan). In the storage ring
ESRF (European Synchrotron Radiation Facility) with an
electron energy of 6 Gel (Grenoble, France), due to the
built-in undulators in it, it was possible to increase the
brightness of synchrotron radiation (SR) by two orders of
magnitude. The storage rings of 3rd generation improve not
only radiation parameters such as flux and brightness, but
also create the possibility of shifting the energy range of SR
to a more rigid part of the spectrum, extending to nuclear
ranges. Already, the energies of SR photon without a
significant decrease in its intensity reach 200-300 keV, for
example, at SPRING-8 in Japan. Moreover, the prospect of
obtaining energy of SR to values of the order of 1 MeV is
considered further.
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The SR photon energies of several hundred kel
achievable at third-generation synchrotrons, allow us to
investigate the direct effect of SR on nuclear characteristics.
Energy of such magnitude and high radiation power make it
possible again to raise the question of the effect of
electromagnetic radiation on nuclear processes, in particular,
on decay processes. These are alpha and beta decays of
atomic nuclei in the SR field. In this case, the values of the
energy transferred to the nucleus are already quite large and
comparable with nuclear ones. In this case, beta transitions,
which are prohibited under natural conditions, become
possible, and beta transitions, which are allowed, will be
accelerated [5, 6]. The high power of SR from third-
generation synchrotrons makes it possible to hope that, in
contrast to beta decay stimulated by laser radiation, it will be
possible to obtain the rates of the corresponding decays and
their accelerations available for observation. At the very
least, it will be possible to formulate the necessary
requirements for the implementation of this possibility.

All of the above applies to another nuclear decay process -
alpha decay. The ability to change its speed by laser radiation
was estimated by us earlier and it was shown that this is
practically impossible [2]. In this paper, we study the
possibility of influencing on the alpha decay rate by the SR
field generated by third-generation synchrotrons. Specific
parameters of such a radiation with a continuous spectrum
(from a wiggler) were taken from site [7] for the SPRING-8
synchrotron (Japan).

2. Evaluation of Change of Alpha Decay
Rate in the Field of Synchrotron
Radiation

In paper [2], in the semi classical approximation, we
obtained an expression for the correction to the rate of
nuclear alpha decay in the presence of an alternating
electromagnetic field. For the case of laser radiation, the
dependence of the relative change in the alpha decay rate on
the radiation intensity was calculated. The effects of the
charge on the alpha-active nucleus and the energy of the
alpha particle were also investigated. It was shown that even
for theoretically limiting values of the intensity of laser
radiation (10*°~10*® W/cm?), which are so far unattainable in
practice, the relative acceleration of alpha decay does not
exceed a few percent. In particular, for the **U isotope (Z =
92, E, = 4.27 MeV) with an intensity of laser radiation of 10**
Wiem?, this acceleration is no more than 2% (hereinafter Z is
the charge number of the parent nucleus; £, is the energy of
the emitted alpha particle).

Perhaps a different result will be obtained if synchrotron
radiation is used to irradiate the alpha-active nucleus. As
already mentioned in the Introduction, at present, SR from
third-generation synchrotrons has a high brightness, and the
upper limit of its continuous spectrum from a wiggler can
reach 200-300 keV, and without a significant loss of
radiation power in this part of the spectrum. Since these

energies are already comparable in magnitude with nuclear
ones, the effect of the action of the SR field on alpha decay
may be more noticeable than in the case of optical radiation
even from the most powerful lasers. In this section, we will
perform a quantitative assessment of the effect of SR on the
alpha decay rate of spherical nuclei (taking into account the
possible deformation of alpha-active nuclei complicates the
task).

In the direct action of synchrotron radiation on the process
of alpha decay, it is conditionally possible to distinguish two
components. First, the alpha particle and the daughter
nucleus have charges. Consequently, an external
electromagnetic field will interact with them and deform the
potential barrier that the alpha particle overcomes in the
decay process. Such a problem was considered in paper [2]
for the case of a laser field. In this work, the well-known
single-particle model of Gamow (see the paper [8]) was used
to describe the process of alpha decay, and here in our
estimates we take it as a basis. In this model, the probability
of emission of an alpha particle with a given energy from the
atomic nucleus is determined mainly by the permeability of
the potential barrier caused by the nuclear and Coulomb
interactions of the alpha particle and the daughter nucleus.

Secondly, the interaction of SR with the alpha particle can
significantly increase its energy, since it contains photons with
energies up to 300 kel (for third-generation synchrotrons). It is
feature of the process of alpha decay that distinguishes the
action of synchrotron radiation from the laser. In the latter
case, the energy of the emitted alpha particle is changing
slightly. In the one-particle model of alpha decay (see the
paper [8]), the probability of decay will increase with an
increase in the alpha particle energy, since the penetrability of
the potential barrier will increase. Of course, all this is
conditional, since in the complete theory of the alpha decay
process, both of these components form a single whole.
However, in order to evaluate the effect of these effects on the
rate of the alpha decay process in the SR field, we still
consider them separately. If such an influence is noticeable in
practically interesting cases, then it will be possible to raise a
question of the development of a complete theory.

Consider first the effect of the electromagnetic field on the
process of alpha decay, exploring its role in the deformation
of the potential barrier. We solved such a problem in the
quasiclassical approximation in paper [2]. The final
expression for the coefficient K (it gives the ratio of the alpha
decay rates in the presence and absence of the
electromagnetic field) allows us to estimate the degree of
influence of the field:

oo M(D) _3T(Z-0'e "y,
A E,

(D

Here, A, (D) =A,(D)=AY , A,(I) and A are the
alpha decay rates in the presence of an electromagnetic wave
with intensity / and without it, e is the electron charge, u is
the reduced mass of the alpha particle. Now for strong laser
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radiation, an intensity of the order of (10*'-10%%) W/cm?* has
practically been reached. As was shown in [2] using the
example of alpha decay of the >**U isotope, even for laser
intensities 7 = (10%°-10%7) Wiem®, close to the theoretical
limit, the change in the rate of alpha decay of the ***U isotope
did not exceed 2%.

Considering the effect of synchrotron radiation, it is
necessary to take into account one more difference between
laser radiation and SR - the latter has no coherence. Because
of this, the amplitudes of the electromagnetic field do not add
up. This does not allow obtaining large values of the electric
field strength (and magnetic field induction). For this reason,
synchrotron radiation will not be able significantly to change
the width of the barrier. Moreover, at present, the intensity of
SR, even for the third-generation of synchrotrons, is still
substantially less than that of laser facilities. As a result, we
can conclude that the change in the alpha decay rate due to
the deformation of the potential barrier by the field of
synchrotron radiation will be negligible.

In the framework of the single-particle model of alpha
decay [8], we now estimate how CR can affect alpha decay,
increasing the energy of the emitted alpha particle. We will
consider a system consisting of a daughter nucleus with a
charge (Z-2)e and an « particle with a charge of 2e. In [§],
their nuclear interaction is modeled by a spherical well of
depth V, and radius R, Thus, the potential energy of
interaction, which determines the shape of the potential
barrier, has the form

V(,)zﬂLr”ez, ifr> Ry, and V(r) =-V,, ifr>R, ()

As usual, the wave function was presented in a standard
form W(r)=r"u(r)Y, (J,¢) , where Y, (J,4) is a spherical
function. Neglecting the centrifugal term, which, as is well

known, gives a small additive to the interaction energy, we
can write the Schrodinger radial equation in the form:

(—%:—;JfV(V)—Ea)u(F):O €)

This equation corresponds to a rather crude model of alpha
decay and there is no need to find its exact solution. For our
purposes, it suffices to find the potential barrier penetrability
in the quasiclassical approximation. We have

P(E,)= exp{—% ["\2uv(n-Eary @

where 7| and 7, are the turning points determined from the
condition

Vn)=V()=E,,n>r (5)

In our case, ry = Ryu 1, = 2(Z —2)62 /Ea. Integrating
in (4), taking into account (2) and (5), we obtain:

4(Z -2)e

P(Eg) = expi-—

(”_2¢o —sin 2¢o)} (6)

where V= 2Ea / M - the speed of alpha particles,
sin ¢0 =[E,R,/2Z —Z)e2 ]1/2,

To obtain the alpha decay rate (probability per unit time) in
the Gamow model, the penetrability of the barrier should be
multiplied by the “frequency” with which the alpha particle

hits the “boundary” of the nucleus. In [8], it was assumed
that this “frequency” is equal to v/2R,, i. e. proportional to
magnitude £ ;/2 . There are other ways of estimating the
magnitude of this factor in the single-particle model.
However, we are only interested in the relative rate of alpha
decay, as in the previous case, when the coefficient K was
calculated. Therefore, the differences in the definition of the
above “frequency” will not be very significant.

3. Results

Using the formula (6) for the penetrability of the barrier P,
we estimate the change in its magnitude if the alpha particle
energy E, is increasing by 200 kel in the electromagnetic
field (the photon energy of synchrotron radiation from a
wiggler in the SPRING-8 synchrotron reaches the magnitude
of 200 kel without a significant decrease in its intensity). As
above, we estimate the value of the coefficient K for the case
of the alpha decay of the **U nucleus. Recall that this
isotope of uranium has Z = 92 and E, = 4.27 MeV. The
parameter R, was calculated using the formula R,= 1.57x4"?
fermi (4 is the mass number of the nucleus **U, an off-
system unit 1 fermi =10""° m), the use of which allows quite
satisfactory description of alpha decay to the ground state of
even-even uranium nuclei [9]. As a result, the coefficient K =
P(E, = 447 MeV) | P(E;=4.27 MeV), which shows an
increase in the penetrability of the barrier with an increase in
the alpha particle energy of 200 keV’, is equal to 42.3.

We estimated the growth trend of the penetrability of the
potential barrier P(E,). This estimate was made by formula
(6) also for alpha particles of high energy, which have not yet
been obtained for SR from active synchrotrons. The results
are presented in table 1. The values of the corresponding
alpha-decay rates A,(E,) and their acceleration coefficients
K(E,) = A(E)ASE=427 MeV) are also given. In
accordance with the work [8], these rates were calculated by
the formula

A (E,) = ﬁP(E,» %

Table 1. Characteristics of the alpha decay of the ***U isotope, calculated for
different energies of alpha particle.

E,MeV _EnkeV _ P(E,) io(Ed, s’ K(E)  PBEwEy)
427 0 2.0-10% 15107 1.0 =

447 200 8.4-10°7  6.3-10" 423 2.9-10%
4.77 500 1.5-10%*  12-10°  7.810° 1.0-107
527 1000 3.5:10°" 2810 19107 2.6:10%
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As can be seen from the table 1, calculation by formulas
(6) and (7) of the alpha decay probability from the ground
state of the 2**U isotope gives a value of 1.5x107"7 s, It is 3
times more than the experimental value (5x107% V),
however, taking into account the simplicity of the alpha
decay model used by us, this result should be considered
satisfactory.

As expected, an increase in alpha particle energy due to the
absorption of photon of SR with maximum energy leads to a
significant increase in the penetrability of the potential
barrier for alpha particle and, accordingly, to an increase in
the alpha decay rate. Thus, with an increase in this energy by
200 keV, the alpha decay rate increases by almost two orders
of magnitude (K(E,) = 42.3) and even more it increases at
high alpha-particle energies (see Table 1 for the coefficient
K(E,)). However, this fact does not mean that such an effect
may become observable. The fact is that the alpha particle,
being in a potential well in an excited state, will
simultaneously participate in two competing processes. One
of them is alpha decay, which leads to the "leaving" of alpha
particles from a potential well through a potential barrier. The
other is the electromagnetic transition of an alpha particle in
a potential well to a state with less energy. The last process
with the emission of a photon is much more likely than the
alpha decay process. Table 1 in the last column shows the
coefficient A(E,, E,), giving the ratio of the alpha decay rate
with a given energy of alpha particle to the probability of its
electromagnetic transition to the ground state with the
corresponding energy E,. The probability of the gamma
transition was calculated using the well-known Weisskopf
approximate formula (see, for example, [9]) for single-
photon electrical gamma transition of nucleon in atomic
nucleus. In this formula, nucleon -characteristics were
replaced by alpha particle characteristics (the most intense E1
gamma transitions were considered). Note that in the Gamov
model, only single-photon alpha-particle transitions that are
linear in intensity will be possible. Multi-photon excitations
will be impossible due to the lack of coherence.

From table 1, it can be seen that alpha decay, even from
states with high energy, is practically incapable of competing
with electromagnetic transitions. However, using the SR, we
can create conditions under which the population of the
alpha-partial excited state will be maintained for a certain
time 7 and thus alpha decay from this state will be possible.
Let us estimate the magnitude of the change in the alpha
decay rate for this case. The average rate of alpha decay can
be calculated by the formula.

A(E,)=A,(E, =4.27M>B)

T-1 T _
T +/]a(Ea)? - (8)
=A,(E, =427M>B){1+[K(E,) — 1]%}.

Here T is the half-life for the natural alpha decay of the
80U isotope with an alpha particle energy of 4.27 MeV, and
the values of 1,(E,) and K(E,) were defined above and their
magnitudes are given in Table 1. As a result, the following
expression is obtained for estimating of relative change in the

alpha decay rate of the >**U isotope:

A, /A, =200 K(E,)r )
where the value of the irradiation time 7 should be expressed in s
and the theoretical value 7 =1n2/A(E, =4.27MeV)=4.600"s
used. It can be shown that at reasonable values of the parameter
7, changing the speed of natural alpha decay of the 28U isotope
by the field of synchrotron radiation is almost impossible, as in
the case of laser irradiation. This can be done using formula (9)
and the data from the table 1. Only at SR photon energy of 1
MeV, which is not yet achievable, and the total exposure time of
SR to about one year (1 year = 3.15x10’ s), which is also

unlikely, the value DA, /A, is of the order of 10, which could
be available for measurement.

4. Conclusion

The results obtained allow us to conclude that the change
in the rate of the process of alpha decay by exposure to it by
a field of synchrotron radiation generated even by third-
generation synchrotrons still lies beyond the limits of the
experimental possibilities of its observation. It can also be
said that so far there is no need to develop an exact theory of
the process. However, with an increase in the boundary
energy of the synchrotron radiation and its intensity, this
problem may become relevant.
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