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Electromagnetic-radiation effect on alpha decay

Abstract

The effect of the electromagnetic radiation on the spontaneous charge emission from heavy
atomic nuclei is estimated in a model which may be relevant for proton emission and alpha-
particle decay in laser fields. Arguments are given that the electronic cloud in heavy atoms
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screens appreciably the electric field acting on the nucleus and the nucleus “sees” rather low

fields. In these conditions, it is shown that the electromagnetic radiation brings second-order
corrections in the electric field to the disintegration rate, with a slight anisotropy. These
corrections give a small enhancement of the disintegration rate. The case of a static electric

field is also discussed.
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Introduction

In the context of an active topical research in laser-related
physics,' the problem of charge emission from bound-states under
the action of the electromagnetic radiation is receiving an increasing
interest. Some investigations focus especially on the effect the optical-
laser radiation may have on the spontaneous alpha-particle decay
of the atomic nuclei,®'! or nuclear proton emission,'>' but the arca
may be extended to atom ionization or molecular or atomic clusters
fragmentation.'*'"” The aim ofthe present paper is to estimate the effect
of the adiabatically-applied electromagnetic radiation upon the rate of
spontaneous nuclear alpha decay and proton emission. Specifically, the
paper is motivated by the interest in computing the rate of tunneling
througha Coulombpotential barrierinthe presence ofelectric fields. Itis
claimed that the rate of alpha decay is practically not affected by electric
fields,® noritis greatly enhanced by strong electric fields.'® On the other
side, the atomic electron cloud may screen appreciably the external
electric fields, such that the atomic nucleus may experience, in fact,
rather low electric fields. It is this point, related to low electric fields,
which may raise technical difficulties in estimating the small effect of
these external fields upon the alpha decay.

We adopt a nuclear model with Z protons and A—Z neutrons, where
Ais the mass number of the nucleus, moving in the nuclear mean field.
The experiments proceed usually by placing a collection of heavy atoms
in the focal region of a laser beam, and focusing radiation pulses upon
that collection of atoms. We consider an optical-laser radiation with a
typical frequency @ of the order 10's™ (corresponding to a period

T=10"sanda wavelength 4 = 0.8 m ). Weassume that the motion
of the charges under the action of the electromagnetic radiation remains
non-relativistic, i.e. qA0 /me’ <<1, where qis the particle charge, mis
the particle mass and A is the amplitude of the vector potential (c
denotes the speed of light in vacuum). For protons in atomic nuclei
(q=4.8 x 10 " esu,m = 2 x 10_24g,c =3x10"cm/ s) this condition
3x10°V / em (10" electro-

staticunits), which corresponds to a maximum intensity of the laserbeam

yields a very high electric field E0 =

in the focal region of the order I=cE; /87 = 10" w/em”. Typically,

the duration of the laser pulse is of the order of tens of radiation period
(or longer), such that we may consider the action of the electromagnetic
radiation much longerthanthe period oftheradiation. Therepetitionrate
ofthelaser pulses is usually much longer than the pulse duration. For

simplification we consider linearly-polarized radiation plane waves;
the calculations can be extended to a general polarization. The laser-
beam shape ormulti-mode operation has little relevance upon the results
presented here.

The electric fields are appreciably screened by the electronic
cloud of the heavy atoms. The screening effects on the thermonuclear
reactions, alpha decay and lifetimes have been considered
previously.!“!1°20° A convenient means of treating the electron cloud
in heavy atoms is the linearized Thomas-Fermi model.*! According
to this model, the radial electron distribution is concentrated at

distance R = a, 1z" (screening distance), where a, = n’ /qu is the

Bohr radius and Z is the atomic number (Z > 1); q and m denote the
electron charge and mass, respectively. The atomic binding energy
depends on R, and the atom exhibits an eigenmode related to
the change in R (a breathing-type mode), with an eigenfrequency

o, = Z|q| I \ma}, = 4.szx10‘6s‘1(hw0 = 28Z(eV)). We
recognize in o, the plasma frequency = 4m7q2 /m of a mean
electron density 7 = ZR =7’ /a;. It corresponds to the atomic

giant-dipole oscillations discussed in Ref?! In the presence of an
external electric field E oriented along the z-direction the electrons are
displaced by u(with fixed nucleus), a displacement which produces
an energy change —z’u?/R’. By integrating over z, we get a factor
1/+/3 in the eigenfrequency @, > as expected. It follows that the

displacement u obeys the equation of motion ii +Qu = qE I m,
where Q = @, /3 ; the internal field is Ei = -47nqu (polarization
P=nqu and the dipole moment p=Zqu). For E=E0 sinwt the solution
of this equation isu = u, sin wt, u, = —(qE0 /m)/ (a)2 -’ ), and the
internal field is Ei =Q'E/ (a)2 oS ); the total electric field acting

upon the atomic nucleus is
2
F=E+E = 2Eosina)t;
1

(M

approximation

o —Q
may use the

F= —(a)2 /o’ )E = -10° /2’ (where w=10"s" ); we can see that
the total field acting upon the nucleus is appreciably reduced b}/ the
electron screening. For Z = 50 this reduction factoris = 4x10 ' ; the
maximum field 3 x10"V/cmis reduced to 10’V/em (= 10* electrostatic

since w << Q, we
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units). It follows that we may limit ourselves here to low fields acting
upon the atomic nuclei. The cases of strong fields have been analyzed
in Refs.#9182223 Atthe same time, an induced electric field generated by
the dipolareigenmodes occursinside theatom, which oscillates with the
higher eigenfrequency Q.

If the field is low, the bound-state charge oscillates, emits higher-
order harmonics of electromagnetic radiation and tunneling may
appear; in this latter case, the charge accommodates itself in the
field, in a long time, which amounts to an adiabatically-introduced
interaction; this regime allows the usual, standard application of the
tunneling approach. As we shall see below, the threshold field which
separates the two regimes (low-field regime from high-field regime)

can be obtained from |q|E0 I me’a = 1, where a is a distance of the
order of the bound-state dimension (¢ = 10 "cm) (for protons, the

threshold field is E0 =10’V / em (10? electrostatic units)).

Originally, the charge emission from bound states, like atom
ionization, has been treated by using adiabatic hypothesis, either by
time-dependent perturbation theory, or by imaginary-time tunneling,
or other equivalent approaches.**> Quasi-classical tunneling through the
potential barrier generated by the field hasbeen applied in classical works
to static fields and the hydrogen atom (in parabollic coordinates).*** For
alpha-particle decay or proton emission the situation is different. First,
in spontaneous decay, the alpha particle (and, in general, the ejected
charge) is preformed and, second, the tunneling through the Coulomb
potential barrier must be included.*** Weanalyze below the spontaneous
charge emission, affected by the presence of an adiabatically-introduced
electromagnetic radiation, in the presence of a Coulomb barrier; the
problem may exhibit relevance for studies of alpha-particle decay or
proton emission.

The standard model of spontanecous alpha decay is based on
Bohr’s concept of compound nuclei.*' In an alpha-unstable nucleus the
pre-formed alpha particle acquires a kinetic energy and penetrates
(tunnels through) the Coulomb potential barrier. Consequently,
the alpha-unstable nucleus is in fact in a “metastable state”. In this
simple model, the spontaneous alpha-particle decay and proton
emission proceed by tunneling through the Coulomb potential barrier,
as aresult of many “attempts” the charge makes to penetrate the barrier.
The (high) frequency of this process is of the order 1/t, where t,
corresponds, approximately, to the energy level spacing; in atomic
nuclei this spacing, for the relevant energy levels, is of the order

Ae = 200keV , which gives* t = 3x 107213; also, the broadening of

the charge energy levels introduces an energy uncertainty (we leave
aside the so-called tunneling through the internal potential barrier and
the pre-formation factor of the alpha particle). The order of magnitude
of the energy of the charge is a few M e}, which ensures a quasi-
classical tunneling. The effect of the electromagnetic radiation upon
the initial preparation of the charge for tunneling may be neglected.
Similarly, we consider a sufficiently low electromagnetic radiation,
such that we may neglect its effects upon the mean-field potential. We
limit ourselves to the effect of the electromagnetic interaction on the
tunneling rate.

Let us consider a charge ¢ >0 with mass m in the potential barrier
V(r) in the presence of an electromagnetic radiation with the vector
potential A4 = Ao cos(wt — kr), where A, is the amplitude of the
vector potential, @ is the radiation frequency and £ is the radiation
wavevector (@ = ck); the electromagnetic field is transverse, i.e. KA
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= 0. Since the phase velocity of the non-relativistic charge is much
smaller than the speed of light ¢ in vacuum, we may neglect the spatial
phase kr in comparison with the temporal phase wt; consequently,

the vector potential may be approximated by A = Ao cos wt. This

approximation amounts to neglecting the effects of the magnetic field.
It is assumed that this potential is introduced adiabatically. The charge
is immersed in the radiation field, such that we may start with the
standard non-relativistic hamiltonian

Hes(p-T 0 4v(r), @

where the momentum p includes the electromagnetic momentum gA/c
beside the mechanical momentum myv, where v is the velocity of the particle.
We consider the Schrodinger equation
.oy
ih o Hy; 3)
since the interaction is time-dependent we need the time evolution
of the wavefunction. Consequently, in equation(3) we perform the
well-known Kramers-Henneberger transform*“ (with a vanishing
electromagnetic interaction for t — —o0)

iS
y=c o,
a4

9 A psin ot —
0 8hmc @

iy (20t + sin 2wt); “4)

the Schrodinger equation becomes

0 1 -
inl = oV,
2m

Ot
V(r)=e""V (r)e" =V (r—q4, sin ot/ mcw); (5)
it is convenient to introduce the electric field
E=E;sinwt,E,=wA,/c; we get
2 2
S = LE psin wt—&(Za}t-ksin 2wt) (6)
hmao® o 8hmc”w

and V(r) = V(r - qE I me’). (7)

We can see that for high-intensity fields the potential (including
the mean- field potential) is rapidly vanishing along the field direction.
Here we assume that the field intensity is low; specifically we assume

qu/ma)2 <<a, where a is the dimension of the region the charge
moves in (the atomic nucleus); for protons this inequality means
E0<<3><104V/cm (10? electrostatic units), as stated above. The

preformed alpha particle (or emitted proton) may tunnel through
the potential barrier given by equation (7); the “attempt” frequency
to penetrate the barrier and the energy uncertainty are practically not
affected by the low-intensity field.

We adopt a model of nuzclear decay by assuming a Coulumb
potential barrier V' (r) = Zq" / r(with the center-of-mass of the
original nucleus placed at the origin); in the absence of the field the

tunneling proceeds fromr, = a to = Zq*/¢,, where ¢, is the radial
energy of the charge; it is convenient to introduce the parameter
& =qE,/mw’a<<1, which includes the effect of the field. In the
presence of the field these limits become

}71=|a—qE/ma)2| ®)
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and 7,=r,, where a = ar/r. We expand 7 in powers of & and get
ﬁza(l—fsinwt.cos@+%§2 sin® wt.sin” O)+... )

where 0 is the angle the radius vector » makes with the electric
field E,.

To continue, we assume that the free charge attempting to penetrate
the potential barrier has momentum p and kinetic energy &,= pf /2m,
where 7 is a generic notation for its state; we may leave aside the orbital
motion and denote by p_ the radial momentum and by ¢,,, the radial

energy. Let p and g= p2 /2m be the highest radial momentum and,
respectively, the highest radial energy; they correspond to the total
momentum p and, respectively, total energy s=p*/2m (in general, a
degeneration may exist). This charge may tunnel through the potential
barrier V(r) from 7 to 7,. The relevant factors in the wave function y
given by equation (4) are

igE(t)

i2
cos 0.(py—p)+— i dr.p,(r)
hmao h’ﬁ

(10
Where  p,(n=2m[e~V (r)], p,,=p,(7},2)=\2m[e-V (7 ,)];

it is easy to see that p, = 0. It follows that the tunneling probability
(transmission coefficient) is given by w=e™”, where

y =—Aésinwt.cos @ + B,

_2dlpll . qE,
- 7‘): - 2

h mo-a

4 B =—1drlp,(r) (1D

SIRN)
| 3V

1

and |p/|=2m[V (#)-€],|p,.(r)=yJ2m[V (r)—¢] (the condition
V(7)>¢ ensures the existence of the bound state). We expand the
coefficient 4 in powers of & and take the average with respect to time;
we get

2
7=—ZL 27m§2 cos>0+B...;
20\ 742 1a—e
the same procedure app%ied to the coefficient B leads to

ag’ 2 ag’ 2m 2 2
B=}/0—E\/2m(2q /a—g)+ﬁ 27(3Zq /2a—¢)cos” 0,
Zq°la—¢

(13)

where y, corresponds to the absence of the radiation; finally, we

2 2
;/:;/O—ajh\/2m(Zqz/a—e9)[l—Zq/2(1_‘90052 6’} (14)

Zq*la-¢

(12)

get

We can see that the effect of the radiation is to increase the rate of
charge emission by a factor proportional to the square of the electric
field (&%) and to introduce a slight anisotropy. It is worth noting that
the radiation field contributes not only to the tunneling factor, as
expressed by the coefficient B, but it is present also in the coefficient
A, via the time-dependence of the wave function provided by the
Kramers-Henneberger transform.

We can define a total disintegration probability

2 2,0
Wy = 1+%ﬂ 2m(Zq* /a—g)[l—Zq/zagl wo,

(15)
3(Zq*la—¢)

by integrating over angle 0, where wﬁnze_7 0 The disintegration

rate per unit time is (1/7)w,,, where 7 is related to the time t,
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estimated above and the time introduced by the energy uncertainty.*!

The exponent y,, corresponding to the absence of the radiation, is

2
}/O:Z%\/Zm/{,‘[arCCOS\/Sa/Zqz f\/f:a/Zqz \/lf‘ea/Zq2 j; (16)

since Zq2 / a >> ¢ (for protons g*/a=2.5M eV ), we may use the
approximate formulae

702
yoz%x/Zm/g (17)
2
and w,m:[l+5;;§i \l2qu2/aJwg, (18)

As it is well know the interplay between the very large values of
1/7 and the very small values of ¢”70  makes the disintegration rate to
be very sensitive to the energy values, and to vary over a wide range.*!
The result can be cast in the form of the Geiger-Nuttall law, which, in the

absence of the radiation, can be written as ln(wtoat/ T)=—ayZ/ Je +by,
a, and b, being well-known constants;*! the only effect of the radiation
is to modify the constant b, into b=b0+(Sa§2/12ﬁ)\l2qu2/a. The
correction to b, can (5&2/12)[(Zq*/a)/(h*/2ma*)]"* also be written

as for £<<1. The maximum value of this correction is of the order of
the unity; it follows that the decay rate is enhanced by the radiation by
a factor of the order &*<<l.

After the emission of the charge, the mean-field potential suffers
a reconfiguration (re-arrangement) process and the potential V (r) is
modified; this is the well-known process of “core shake-up” (or “core
excitation”); a new bound state is formed and a new transformation
process may begin for the modified potential V(7). The tunneling
probability w given above is a transmission coefficient (we can
check that w<1I); with probability /-w the charge is reflected from the
potential barrier; in these conditions the bound state is “shaken-up”
and the charge resumes its motion, or its pre-formation process, until
it tunnels, or is rescattered back to the core; the latter is the well-
known recollision process.®#-5

The case of a static field requires a special discussion. Within the
present formalism a static electric field E can be obtained from a
vector potential A=-cEt; the position vector in the mean-field potential
L 2 L Lo
is shifted to r—»>r+¢, where ¢ = q Et” / 2 m; the special discussion is
necessary because the parameter ¢ is unbounded in time. The distance
a is covered in time t,=y/2ma/qE ; for proton, a is of the order a =
107" *cm and the threshold field is E=E =3x10* V/cm (10* electrostatic
units) given above; we get t0:10'15s. This is a very long duration,
in comparison with the relevant nuclear times, in particular the
attempt time 7 (t,=1 07*'s estimated above). In general, the condition
of adiabatic interaction reads ¢,<<h/Ae, where A¢is the mean
separation of the energy levels; it implies gEa<<(Ag)*/(B*/ma®),
which allows for high static fields. In these conditions the protons
accommodate themselves to the electric field, which is absorbed into
slightly modified energy levels; this change, which can be estimated
by perturbation theory, is irrelevant for our discussion, since the field

strength is small. However, it has an important consequence in that the
electric field, once taken in the energy levels, is not available anymore
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for the Kramers-Henneberger transform given by equation (4);
therefore, the present time-dependent formalism cannot be applied.
Instead of using the hamiltonian given by equation (2), we start with
the (equivalent) dipole hamiltonian which includes the interaction

term —gFEr. Consequently, the potential barrier V(r):Zqz/r is
changed into

2 2
qEr=Zq (1 Er

. ”L chosﬁ.

(19)

We compute the tunneling rate by using this potential barrier. In

view of the small value of the correction parameter proportional to £

in equation (19), we may expand the momentum p, =, /2m[s—V(r)J

in powers of this parameter and replace the powers of 7 by their mean
values over the tunneling range from r,=a to r2=Zq2/5; since r,>>a,
we get the small parameter 0(=Er22 /Zg=Eqr,/e<<1 in equation (19).

For Z=100 and & = 1MeV this parameter is =10"* E, which is much
smaller than unity for any usual static field. Integrating over angles
and assuming ay,<<l, where y, is given by equation (17), we get
finally
2.2

a
1 0};0 Wffn'

We can see that the correction brought by a static electric field to
the decay rate is extremely small, as expected.

W= 1+ (20)

Finally, it is worth discussing the case of intermediate fields, i.e.
field strengths which satisfy the inequality qEO/ma)2 >a(&>1) (in our

case, fields from 3x10* V/cm to 107 V/em).>! In this case the adiabatic
hypothesis cannot be used anymore, and the initial conditions
for introducing the interaction are important. The corresponding
Kramers-Henneberger transform diminishes appreciably the potential
barrier and the charge is set free in a short time, which is the reciprocal
of the decay rate; this rate may exhibit oscillations as a function of the
field strength.

Conclusion

We may say that in low-intensity electromagnetic radiation the
bound-states charges accommodate themselves in the field, which
amounts to an adiabatically-introduced interaction, as it is well
known. In these conditions, besides oscillating and emitting higher
harmonics, the charge may tunnel out from the bound state. This is
the standard ionization process, which was widely investigated for
atom ionization. In spontaneous alpha decay or proton emission
the situation is different, because of the preformation stage and the
tunneling through the Coulomb potential barrier. We have analyzed
above the disintegration rate for the charge emission from atomic
nuclei in the case of the adiabatic introduction of electromagnetic
interaction, with application to nuclear alpha-particle decay and
proton emission. Under these circumstances, it has been shown in this
paper that the tunneling rate (through Coulomb potential) is slightly
enhanced by the presence of the radiation, by corrections whose
leading contributions are of second-order in the electric field, with a
slight anisotropy. Similar results are presented in this paper for static
fields.

Acknowledgements

The author is indebted to S. Misicu and the members of the

Copyright:
©2018 Apostol 158

Laboratory of Theoretical Physics at Magurele-Bucharest for many
fruitful discussions. This work has been supported by the Scientific
Research Agency of the Romanian Government through Grants 04-
ELI/2016 (Pro- gram 5/5.1/ELI-RO), PN 16 42 01 01 / 2016 and PN
(ELI) 16 42 01 05 /2016.

Conflict of interest

The author declares that there is no conflict of interest.

References

1. MF Ciappina, Shaaran R, Guichard JA, et al. High energy photoelectron
emission from gases using plasmonic enhanced near fields. Laser Phys
Lett. 2013;10:105302.

2. Grum-Grzhimailo AN, Popov YV, Gryzlova EV, et al. Many-particle
spectroscopy of atoms, molecules, clusters and surfaces: international
conference MPS-2016. Eur Phys J. 2017;D71:201.

3. Pullen MG, Wolter B, Wang X, et al. Transition from nonsequential
to sequential double ionization in many—electron systems. Phys Rev.
2017;96:033401.

4. Milosevic DB. Semiclassical approximation for strong—laser—field
processes. Phys Rev. 2017;A96:023413.

5. Chu W, Zeng B, Wang S, et al. Range extension in laser—induced
breakdown spectroscopy using femtosecond—nanosecond dual-beam
laser system. Appl Phys B: Lasers and Optics. 2017;123:173.

6. Lynch KM. Laser Assisted Nuclear Decay Spectroscopy: A New Method
for Studying Neutron Defficient Francium Isotopes, Springer Berlin.
2015.

7. Lynch KM, Cocolios TE, Billowes J, et al. Combined high—resolution
laser spectroscopy and nuclear decay spectroscopy for the study of low—
lying states in Fr-206, At-202 and Bi—198. Phys Rev. 2016;C93:014319.

8. Cortes HMC, Muller C, Keitel CH, et al. Nuclear recollisions in laser—
assisted alpha decay. Phys Lett. 2013;B723(5):401-405.

9. Castaneda Cortes HM, Popruzhenko SV, Bauer D, et al. Laser—assisted
decay of quasistationary states. New J Phys. 2011;13:063007.

10. Zinner NT. Alpha decay rate enhancement in metals: an unlikely scenario.
Nucl Phys. 2007;A781(2):81-87.

11. Eliezer S, Martinez Val JM, Piera M. Alpha decay perturbations by atomic
effects at extreme conditions. Phys Lett. 2009;B672(5):372-375.

12. Kalman P, Kis D, Keszthelyi T. Near—threshold laser—modified proton
emission in the nuclear photoeffect. Phys Rev. 2013;A87:063415.

13. Dadi A, Muller C. Laser—assisted nuclear photoeffect. Phys Rev.
2012;C85:064604.

14. Forre M, Selsto S, Hansen JP, et al. Molecules in intense xuv pulses:
beyond the dipole approximation in linearly and circularly polarized
fields. Phys Rev. 2007;A76:033415.

15. Tong XM, Zhao ZX, Lin CD. Theory of molecular tunneling ionization.
Phys Rev. 2002;A66:033402.

16. Murray R, Ivanov MY. Tunnel ionization of molecules and orbital
imaging. Phys Rev Lett. 2011;106(17):173001.

17. Heidenreich A, Last I, Jortner J. Extreme multielectron ionization of
elemental clusters in ultraintense laser fields. Israel Journal of Chemistry.
2007;47:243-252.

18. Delion DS, Ghinescu SA. Geiger—Nuttall law for nuclei in strong
electromagnetic field. Phys Rev Lett. 2017;119:202501.

Citation: Apostol M. Electromagnetic-radiation effect on alpha decay. Open Acc | Math Theor Phy. 2018;1(4):155—159. DOI: 10.15406/0ajmtp.2018.01.00026


https://doi.org/10.15406/oajmtp.2018.01.00026

https://arxiv.org/abs/1308.2901
https://arxiv.org/abs/1308.2901
https://arxiv.org/abs/1308.2901
https://epjd.epj.org/articles/epjd/abs/2017/07/d170268/d170268.html
https://epjd.epj.org/articles/epjd/abs/2017/07/d170268/d170268.html
https://epjd.epj.org/articles/epjd/abs/2017/07/d170268/d170268.html
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.96.033401
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.96.033401
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.96.033401
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.96.023413'
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.96.023413'
https://link.springer.com/article/10.1007/s00340-017-6749-0
https://link.springer.com/article/10.1007/s00340-017-6749-0
https://link.springer.com/article/10.1007/s00340-017-6749-0
https://www.springer.com/in/book/9783319071114
https://www.springer.com/in/book/9783319071114
https://www.springer.com/in/book/9783319071114
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.014319
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.014319
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.014319
https://www.sciencedirect.com/science/article/pii/S0370269313003948
https://www.sciencedirect.com/science/article/pii/S0370269313003948
https://arxiv.org/abs/1102.4448?context=physics
https://arxiv.org/abs/1102.4448?context=physics
https://www.sciencedirect.com/science/article/abs/pii/S0375947406007494
https://www.sciencedirect.com/science/article/abs/pii/S0375947406007494
https://www.sciencedirect.com/science/article/pii/S0370269309001063
https://www.sciencedirect.com/science/article/pii/S0370269309001063
https://arxiv.org/abs/1303.1268
https://arxiv.org/abs/1303.1268
https://arxiv.org/abs/1204.3736
https://arxiv.org/abs/1204.3736
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.76.033415
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.76.033415
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.76.033415
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.66.033402
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.66.033402
https://www.ncbi.nlm.nih.gov/pubmed/21635033
https://www.ncbi.nlm.nih.gov/pubmed/21635033
http://www.academia.edu/30287844/Extreme_multielectron_ionization_of_elemental_clusters_in_ultraintense_laser_fields
http://www.academia.edu/30287844/Extreme_multielectron_ionization_of_elemental_clusters_in_ultraintense_laser_fields
http://www.academia.edu/30287844/Extreme_multielectron_ionization_of_elemental_clusters_in_ultraintense_laser_fields
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.202501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.202501

Electromagnetic-radiation effect on alpha decay

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

. Salpeter EE. Electron screening and thermonuclear reactions. Austr J

Phys. 1954;7:373-388.

Strieder F, Rolfs C, Spitaleri C, et al. Electron—screening effects on fusion
reactions. Naturwissenschaften. 2001;88(11):461-467.

Apostol M. Giant dipole oscillations and ionization of heavy atoms by
intense electromagnetic fields. Roum Reps Phys. 2015;67(3):837-853.

Berger JF, Gogny DM, Weiss MS. Interaction of optical lasers with
atomic nuclei. Phys Rev. 1991;A43:455-466.

Palffy A, Evers J, Keitel CH. Electron—dipole—forbidden nuclear transitions
driven by super—intense laser fields. Phys Rev. 2008;C77:044602.

Keldysh LV, lonization in the field of a strong electromagnetic wave. Sov
Phys. 1965;20(5):1307-1314.

Landau LD, Lifshitz EM. Course of Theoretical Physics, vol. 3, Quantum
Mechanics, 3rd ed. Elsevier Butterworth—Heinemann. Oxford; 2005. p.
297.

Dykhne AM. Quantum transitions in the adiabatic approximation. Sov
Phys. 1960;11(2):411-415.

Perelomov AM, Popov VS, Terentiev MV. lonization of atoms in an
alternating electric field. Sov Phys. 1966;23(5):924-934.

Nikishov Al, Ritus VI. Ionization of systems bound by short-range forces
by the field of an electromagnetic wave. Sov Phys. 1966;23:168-177.

Faisal FHM. Multiple absorption of laser photons by atoms. J Phys B: At
Mol Opt Phys. 1973;6(4):L89-L92.

Reiss HR. Effect of an intense electromagnetic field on a weakly bound
system. Phys Rev. 1980;A22:1786—1813.

Reiss HR. Complete Keldysh theory and its limiting cases. Phys Rev.
1990;A42(3):1476-1486.

Ammosov MV, Delone NB, Krainov VP. JETP 64 Tunnel ionization of
complex atoms and of atomic ions in an alternating electromagnetic field.
Sov Phys. 1986;1191-1194.

Oppenheimer JR. Three notes on the quantum theory of aperiodic effects.
Phys Rev. 1928;31:66-81.

Lanczos C. Zur Intensitatsschwachung der Spektrallinien in hohen
elektrischen Feldern. Z Phys. 1931;68:204-232.

Bethe HA, Salpeter EE. Quantum Mechanics of One—and Two—Electron
Atoms, Springer, Berlin 1957.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

Copyright:

©2018 Apostol 159

Gamow G. Zur Quantentheorie des Atomkernes.

1928;51(3-4):204-212.

Z  Phys.

Gamow G. Zur Quantentheorie der Atomzertrummerung. Z Phys.
1929;52(7-8):510-515.

Condon EU, Gurney RW. Quantum Mechanics and radioactive
disintegration. Phys Rev 1929;33:127-140.

Thomas RG. A formulation of the theory of alpha—particle decay from
time—independent equations. Progr Theor Phys. 1954;12(3):253-264.

Buck B, Merchant AC, Perez SM. New look at decay of heavy nuclei.
Phys Rev Lett. 1990;65:2975-2977.

Blatt JM, Weisskopf VF. Theoretical Nuclear Phyiscs, Dover, NY (1979).

Henneberger WC. Perturbation method for atoms in intense light beams.
Phys Rev Lett. 1968;21:838-841.

Kramers HA. Non-relativistic quantum—electrodynamics and the
correspondence principle. Solvay Congress 1948, in Collected Scientific
Papers, Amsterdam: North—Holland; 1956. p. 865.

Van Kampen NG. Contribution to the quantum theory of light scattering
(Kgl. Danske Videnskab Selskab Mat—fys Medd). kommission hos
Munksgaard. 1951. p. 77.

Pauli W, Fierz M. Zur Theorie der Emission langwelliger Lichtquanten.
Nuovo Cimento. 1938;15(3):167—188.

Corkum PB. Plasma perspective on strong field multiphoton ionization.
Phys Rev Lett. 1993;71(13):1994-1997.

Lewenstein M, Balcou P, Ivanov MY, et al. Corkum Theory of high—
harmonics generation by low—frequency laser fields. Phys Rev. 1994;A49
2117-2132.

Zon BA. Many-electron tunneling in atoms. J Exp Theor Phys.
1999;89(2):219-222.

Zon BA. Tunneling ionization of atoms with excitation of the core. J Exp
Theor Phys. 2000;91(5): 899-904.

Gavrila M. Atomic stabilization in superintense laser fields. J Phys B: At
Mol Opt Phys. 2002;35:R147-R193.

Apostol M. Fast atom ionization in strong electromagnetic radiation. Z
Naturforschung. 2018;A73(5):461-466.

Citation: Apostol M. Electromagnetic-radiation effect on alpha decay. Open Acc | Math Theor Phy. 2018;1(4):155—159. DOI: 10.15406/0ajmtp.2018.01.00026


https://doi.org/10.15406/oajmtp.2018.01.00026

http://adsabs.harvard.edu/full/1954AuJPh...7..373S
http://adsabs.harvard.edu/full/1954AuJPh...7..373S
https://link.springer.com/article/10.1007/s001140100267
https://link.springer.com/article/10.1007/s001140100267
http://www.rrp.infim.ro/2015_67_3/A9.pdf
http://www.rrp.infim.ro/2015_67_3/A9.pdf
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.43.455
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.43.455
http://pubman.mpdl.mpg.de/pubman/faces/viewItemOverviewPage.jsp?itemId=escidoc:914986:1
http://pubman.mpdl.mpg.de/pubman/faces/viewItemOverviewPage.jsp?itemId=escidoc:914986:1
http://www.jetp.ac.ru/cgi-bin/dn/e_020_05_1307.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_020_05_1307.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_011_02_0411.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_011_02_0411.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_023_05_0924.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_023_05_0924.pdf
http://jetp.ac.ru/cgi-bin/dn/e_023_01_0168.pdf
http://jetp.ac.ru/cgi-bin/dn/e_023_01_0168.pdf
http://iopscience.iop.org/article/10.1088/0022-3700/6/4/011/pdf
http://iopscience.iop.org/article/10.1088/0022-3700/6/4/011/pdf
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.22.1786
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.22.1786
https://www.ncbi.nlm.nih.gov/pubmed/9904181
https://www.ncbi.nlm.nih.gov/pubmed/9904181
http://www.jetp.ac.ru/cgi-bin/dn/e_064_06_1191.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_064_06_1191.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_064_06_1191.pdf
https://journals.aps.org/pr/abstract/10.1103/PhysRev.31.66
https://journals.aps.org/pr/abstract/10.1103/PhysRev.31.66
https://www.springer.com/in/book/9783662128718
https://www.springer.com/in/book/9783662128718
https://link.springer.com/article/10.1007/BF01343196
https://link.springer.com/article/10.1007/BF01343196
https://link.springer.com/article/10.1007/BF01339451
https://link.springer.com/article/10.1007/BF01339451
https://journals.aps.org/pr/abstract/10.1103/PhysRev.33.127
https://journals.aps.org/pr/abstract/10.1103/PhysRev.33.127
https://academic.oup.com/ptp/article/12/3/253/1866337
https://academic.oup.com/ptp/article/12/3/253/1866337
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.2975
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.2975
https://link.springer.com/book/10.1007/978-1-4612-9959-2
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.21.838
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.21.838
https://link.springer.com/article/10.1007/BF02958939
https://link.springer.com/article/10.1007/BF02958939
https://www.ncbi.nlm.nih.gov/pubmed/10054556
https://www.ncbi.nlm.nih.gov/pubmed/10054556
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.49.2117
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.49.2117
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.49.2117
https://link.springer.com/article/10.1134/1.558973
https://link.springer.com/article/10.1134/1.558973
https://link.springer.com/article/10.1134/1.1334980
https://link.springer.com/article/10.1134/1.1334980
http://iopscience.iop.org/article/10.1088/0953-4075/35/18/201
http://iopscience.iop.org/article/10.1088/0953-4075/35/18/201
http://adsabs.harvard.edu/abs/2018ZNatA..73..461A
http://adsabs.harvard.edu/abs/2018ZNatA..73..461A

	Title
	Abstract
	Keywords
	Introduction
	Conclusion
	Acknowledgements
	Conflict of interest 
	References

