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Nuclear fission in intense laser fields
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Rapid-advancing intense laser technologies enable the possibility of a direct laser-nucleus coupling. In this
paper the effect of intense laser fields on a series of nuclear fission processes, including proton emission, α

decay, and cluster decay, is theoretically studied with the help of nuclear double folding potentials. The results
show that the half-lives of these decay processes can be modified by non-negligible amounts, for example on the
order of 0.01 or 0.1% in intense laser fields available in the forthcoming years. In addition to numerical results,
an approximate analytical formula is derived to connect the laser-induced modification to the decay half-life and
the decay energy.
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I. INTRODUCTION

The intriguing possibility of using intense laser fields to
influence and steer nuclear processes has attracted attentions
recently [1–8]. This possibility is driven by rapid advancement
in intense laser technologies for the past several decades, es-
pecially since the invention of the chirped pulse amplification
technique [9]. Laser fields with peak intensities on the order of
1022 W/cm2 can be generated nowadays, and further enhance-
ments for another one or two orders of magnitude are expected
in the near future, e.g., with the extreme light infrastructure
(ELI) of Europe [10–12] or with the superintense ultrafast
laser facility (SULF) of Shanghai [13–15].

Although light, especially that with frequencies in the γ

ray regime, is an important component in traditional nu-
clear physics, laser has not overlapped much with nuclear
physics. Even in strong-laser-initiated inertial confinement
fusion [16], the connection between laser and nuclear physics
is rather indirect, in that the laser is just employed to
compress the deuterium-tritium fuel cell to a high-density–
high-temperature state with which nuclear fusion is more
likely to happen. This is understandable because typical nu-
clear energy levels are on the order of 1 MeV, whereas the
energy of a laser photon is on the order of 1 eV, six orders of
magnitude smaller.

The gap between laser and nuclear physics, however, starts
to be filled as the laser is getting more and more intense.
When the intensity reaches the order of 1023 to 1024 W/cm2,
laser light can influence nuclear physics in a direct manner.
Two characteristic physical quantities may be used to support
this assessment. First, the electric field strength corresponding
to 1024 W/cm2 is comparable to the Coulomb field strength
from a nucleus at a distance of about 100 fm away. Intense
laser fields therefore push the frontier close to the nuclear
territory. Second, the ponderomotive energy (cycle-averaged
kinetic energy) of a proton in an 800-nm laser field of intensity
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1023 W/cm2 is over 3 MeV, reaching energy magnitudes of
nuclear physics. Indeed, recent works have considered possi-
ble influences of intense laser fields on nuclear processes such
as α decay [1–5] and deuteron-triton fusion [6–8].

The goal of the current paper is to study possible influences
of intense laser fields on some nuclear fission processes, in-
cluding proton emission [17,18], α decay, and cluster decay
[19,20]. These processes can be understood similarly using a
quantum tunneling picture following Gamow’s treatment of
α decay [21]. Since tunneling is very sensitive to the poten-
tial between the emitted nucleus and the remaining nucleus,
and the external laser field modifies this potential, it is not
unnatural to expect that there will be some effect on the decay
processes.

To calculate this effect quantitatively, we first construct
effective potentials between the emitted nucleus and the
remaining nucleus using highly accurate double folding po-
tentials. Then we explain how to include the effect of an
external laser field, as well as how to calculate laser-induced
modifications to the decay half-life. The numerical results
show that with an intensity of 1024 W/cm2, the half-lives
of these decay processes can be modified by amounts on
the order of 0.01 to 0.1% . Besides the numerical results,
we derive an approximate analytical formula to connect the
laser-induced modification to the decay half-life and the decay
energy.

This paper is organized as follows. In Sec. II we introduce
the methods that we use in our calculations. These include the
construction of effective nucleus-nucleus potentials, the inclu-
sion of laser-nucleus interaction, and the calculation of the
half-lives. Numerical results on laser-induced modifications to
the half-lives, analytical understandings, and discussions will
be given in Sec. III. A conclusion will be given in Sec. IV.

II. METHOD

A. Effective nucleus-nucleus potentials

In the past decades, various potential models have been
proposed to study nuclear fission processes, e.g., potentials
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in the Woods-Saxon form [23–27], generalized liquid drop
models [28–30], double folding potentials [31–37], etc. In
this paper, the double folding potentials are used, the main
formulas of which are given in the following part. More details
can be found in the cited references. Note that to be consistent
with the references, the formulas are given in nuclear units
(length in fm, energy in MeV, and time in seconds).

1. The double folding potentials

The short-range nuclear potential between the emitted nu-
cleus (subscript 1) and the remaining nucleus (subscript 2) is
calculated using the following double integral:

VN (r) =
∫∫

ρ1(r1)ρ2(r2)tD(E , s, ρ1, ρ2)d3r1d3r2. (1)

Here, �r1 (�r2) is a vector originated from the center of mass
(c.m.) of nucleus 1 (2), s = |�r + �r2 − �r1| is the distance be-
tween the two nuclear mass elements located at �r1 and �r2, with
�r the vector from the c.m. of nucleus 1 to that of nucleus 2.
ρ1(r1) and ρ2(r2) are the mass density distributions of nucleus
1 and 2, respectively, in the following form [37]:

ρi(ri) = ρA

1 + exp
( ri−ci

a

) , (2)

where ρA = 0.165 fm−3, a = 0.54 fm, and ci = 1.13A1/3
i (1 −

0.75A−2/3
i ) fm, with Ai the mass number of the ith nucleus.

The term tD(E , s, ρ1, ρ2) in Eq. (1) is given by [38]

tD(E , s, ρ1, ρ2) = g(E , s) fD(E , ρ1, ρ2), (3)

where E is the kinetic energy of the emitted nucleus, which is
related to the decay energy Q by E = QA2/(A1 + A2). The
factor g(E , s) with the dimension of energy is an effective
nucleus-nucleus interaction given by [39]

g(E , s) =
[

7999
e−4.0s

4.0s
− 2134

e−2.5s

2.5s
+ J00(E )δ(s)

]
MeV,

(4)
where s is the distance in fm and J00(E ) is a zero-range pseu-
dopotential representing the single-nucleon exchange effect in
the form

J00(E ) = −276(1 − 0.005E/A1) MeV fm3. (5)

In the above formula E uses the energy value in MeV. The
dimensionless mass density-dependent term fD(E , ρ1, ρ2) in
Eq. (3) is given by [40]

fD(E , ρ1, ρ2) = C[1 + αe−β(ρ1+ρ2 )], (6)

where C = 0.296, α = 3.723, and β = 3.738.
The Coulomb potential VC (r) is calculated via another dou-

ble integral

VC (r) =
∫∫

ρ ′
1(r1)ρ ′

2(r2)
e2

s
d3r1d3r2, (7)

where e is the elementary charge (e = 1.2
√

MeV fm in
nuclear units), ρ ′

1(r1) and ρ ′
2(r2) are the charge density dis-

tributions of the emitted nucleus and the remaining nucleus,

respectively. They are given in the following form:

ρ ′
i (ri ) = ρ i

Z

1 + exp
( ri−ci

a

) . (8)

The parameters a and ci are the same as given above for
mass distributions. ρ i

Z = 0.165 fm−3 Zi/Ai is a charge density
parameter.

For proton emission, the proton can be treated as a point
charge. Then the double integral in Eq. (1) is simplified to a
single integral

VN (r) =
∫

ρ2(r2)tS (E , s, ρ2)d3r2 (9)

with s = |�r + �r2|. The term tS (E , s, ρ2) just involves the den-
sity of the remaining nucleus tS (E , s, ρ2) = g(E , s) fS (E , ρ2),
where fS (E , ρ2) = C[1 + αe−βρ2 ]. The parameters C, α, and
β are the same as given above. Similarly the Coulomb poten-
tial between the proton and the remaining nucleus becomes

VC (r) =
∫

ρ ′
2(r2)

e2

s
d3r2. (10)

2. The total nucleus-nucleus potential

The total potential between the emitted nucleus and the
remaining nucleus is

V (r) = VN (r) + VC (r) + l (l + 1)h̄2

2μr2
, (11)

where the last term is a centrifugal potential due to the angular
momentum of the emitted nucleus, and μ = m1m2/(m1 + m2)
denotes the reduced mass.

Figure 1 shows examples of V (r) for (a) proton emis-
sion 164Ir → 163Os +p, (b) α decay 243Cm → 239Pu + 4He,
and (c) 16O-cluster decay 154Gd → 138Ba + 16O. The corre-
sponding angular momentum quantum numbers are l = 5, 2,
and 0, respectively. The decay energy for each case is shown
in the figure. From the picture of quantum tunneling, the
tunneling entrance point Rin and the tunneling exit point Rout

can be determined using the cross points between the V (r)
curve and the horizontal line of Q. One sees that the length of
tunneling (Rout-Rin) is usually several tens of fm.

B. Laser-nucleus interaction

1. The center-of-mass coordinates

The two-nucleus system in a laser field can be described by
a time-dependent Schrödinger equation (TDSE)

ih̄
∂ψ (�r1, �r2, t )

∂t
= H (t )ψ (�r1, �r2, t ), (12)

where the minimum-coupling Hamiltonian is

H (t ) =
∑
i=1,2

1

2mi
[ �pi − qi �A(t )]2 + V (r). (13)

A radiation gauge has been used with which the scalar poten-
tial of the laser field vanishes. We have also applied a dipole
approximation with which the spatial dependency of the vec-
tor potential can be neglected. This is justified by the fact that
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FIG. 1. Potential between the emitted nucleus and the remaining nucleus for (a) an example proton emission, (b) an example α decay, and
(c) an example cluster decay. The horizontal dashed line in each figure shows the height of the corresponding decay energy Q. Rin and Rout are
the tunneling entrance point and exit point determined by the condition V (r) = Q.

the spatial scale of concern to nuclear fission processes is of
the order of 10 to 100 fm (see Fig. 1), which is much smaller
than the laser wavelength. Existing strong laser fields may be
in the near-infrared regime with wavelengths around 800 nm,
or in the x-ray regime of wavelengths of the order of 1 nm
from free-electron lasers.

For fission processes it is more convenient to switch to the
c.m. coordinates ( �R, �r, �P, �p):

�r1 = �R + m2

m1 + m2
�r, �r2 = �R − m1

m1 + m2
�r, (14)

�p1 = �p + m1

m1 + m2

�P, �p2 = −�p + m2

m1 + m2

�P. (15)

Then the Hamiltonian can be written as

H (t ) = 1

2M
[ �P − q �A(t )]2 + 1

2μ
[ �p − qeff �A(t )]2 + V (r),

(16)
where q = q1 + q2, M = m1 + m2, μ is the reduced mass,
and qeff = (q1m2 − q2m1)/(m1 + m2) is an effective charge
for relative motion. V (r) is not affected.

The wave function can also be expressed in the c.m. coor-
dinates ψ (�r, �R, t ). By introducing unitary transformations

ϕ(�r, �R, t ) = ÛrÛRψ (�r, �R, t ), (17)

where Ûr = exp[−iqeff �A(t ) · �r/h̄] and ÛR = exp[−iq �A(t ) ·
�R/h̄], the TDSE can be written as

ih̄
∂ϕ(�r, �R, t )

∂t
=

[
− h̄2

2μ
∇2

r + V (r) − qeff�r�ε(t )

− h̄2

2M
∇2

R − q �R�ε(t )

]
ϕ(�r, �R, t ). (18)

Here, �ε(t ) = −d �A(t )/dt is the laser electric field.
A factorization of the wave function ϕ(�r, �R, t ) =

φ(�r, t )χ ( �R, t ) can be performed, and the TDSE can be sep-
arated into two independent equations: one for the c.m.

ih̄
∂χ ( �R, t )

∂t
=

[
− h̄2

2M
∇2

R − q �R�ε(t )

]
χ ( �R, t ), (19)

and the other for the relative motion

ih̄
∂φ(�r, t )

∂t
=

[
− h̄2

2μ
∇2

r + V (r) − qeff�r�ε(t )

]
φ(�r, t ). (20)

It is the latter equation that will be of relevance to the fission
processes considered here. The interaction potential energy
between the laser field and the relative motion particle is

VI (r, ε, θ ) = −qeff�r · �ε(t ) = −qeff rε(t ) cos θ, (21)

where we have assumed that the laser field is linearly polar-
ized along the z axis. θ is the angle between the emission
direction and the +z axis.

2. The quasistatic condition

For nuclear fission, a preformation picture is commonly
used which assumes that the later-emitted nucleus has been
preformed (with a small probability) inside its parent nucleus
before emission [41–43]. From typical decay energies (around
1 MeV for proton emission, several MeV for α decay, tens to
hundreds of MeV for cluster decay) one can estimate that the
velocity of a preformed nucleus is of the order of 107 m/s,
a small fraction of the speed of light. The size of the par-
ent nucleus is about 1 fm. In the preformation picture, the
later-emitted nucleus oscillates back and forth inside its parent
nucleus. The frequency of this oscillation can be roughly
estimated to be 107 m s−1/1 fm = 1022 Hz. Every time it hits
the potential wall, the preformed nucleus has a very small
probability of tunneling out.

The length of the tunneling path is usually between 10 and
100 fm. The time for the emitted nucleus to travel through the
tunneling region can be estimated to be 100 fm/107 m s−1 =
10−20 s. This time is much smaller than an optical period
of currently available strong lasers. For near-infrared lasers,
the wavelength is around 800 nm and a laser cycle is about
10−15 s. For x-ray free electron lasers with photon energy
10 keV, a laser cycle is on the order of 10−19 s. Therefore,
during the time for the emitted nucleus to travel through the
potential barrier, the laser field does not have time to change
appreciably and can be viewed as quasistatic. This quasistatic
condition has also been discussed previously by us in Ref. [5].
A similar quasistatic condition has been widely used in
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strong-field atomic physics to describe the tunneling ioniza-
tion of atoms [44–46].

Failure to realize this quasistatic condition has led to wrong
and unreasonable theoretical predictions, such as those re-
ported by Delion and Ghinescu in Ref. [3]. They adopt a
Kramers-Henneberger (KH) approximation which is not valid
in the quasistatic limit. In fact, the KH approximation is
known to work only in the opposite high-laser-frequency limit
[47,48]. More detailed analyses have been given by us in
Ref. [5] and also by Pálffy and Popruzhenko in Ref. [4].

C. Penetrability and half-life

In the preformation picture, the later-emitted nucleus os-
cillates back and forth within its parent nucleus. Every time
it hits the potential wall, it has a probability of tunneling
out. This probability is called the penetrability. From the qua-
sistatic condition, the penetrability can be calculated for each
time (i.e., for each laser field strength ε) using the well-known
Wentzel-Kramers-Brillouin (WKB) formula as

P(ε, θ ) = exp

(
−2

∫ Rout

Rin

k(r, ε, θ )dr

)
. (22)

The wave number k(r, ε, θ ) is defined as

k(r, ε, θ ) = 1

h̄

√
2μ[V (r) − Q + VI (r, ε, θ )], (23)

where V (r) and VI (r, ε, θ ) have been given above in Eqs. (11)
and (21), respectively.

The decay width of the emitted nucleus is given by [49]

�(ε, θ ) = h̄2

4μ
P0F (ε, θ )P(ε, θ ), (24)

where P0 is called the preformation or spectroscopic factor.
The so-called normalization factor F (ε, θ ) is given by

F (ε, θ ) =
[∫ Rin

0

dr

2k(r, ε, θ )

]−1

, (25)

which is very insensitive to the external laser field because the
integration is performed inside the nucleus from 0 to Rin. One
can safely treat F as a laser-independent constant. With the
decay width, the half-life is given as

T (ε, θ ) = h̄ ln 2/�(ε, θ ). (26)

The preformation factor P0 has been studied extensively
[50–52] and is usually given to gap the difference between the
calculated half-life and the experimentally measured value.
That is, P0 is set to a value such that T (ε = 0) = T exp(ε = 0).
With ε = 0 all directions are the same, so we may omit the θ

argument.
In this paper, we use the relative change of the half-life,

noted �T , to describe the effect of an intense laser field. �T

is defined as

�T =
∣∣∣∣T (ε, θ = 0) − T (ε = 0)

T (ε = 0)

∣∣∣∣. (27)

With the presence of the laser field ε, we will focus on the
forward direction θ = 0. Other directions are equivalent to
smaller laser field strengths of ε cos θ (and in the opposite

FIG. 2. (a) Relative change of half-lives, �T , of proton emission
(circles), α decay (triangles), and cluster decay (squares), as a func-
tion of the decay energy Q. Both axes are in the logarithmic scale.
(b) Approximate analytical predictions from Eq. (38) are shown as
(red) filled symbols. The positions of the unfilled symbols are the
same as in (a).

direction if θ > 90◦). In the forward direction the half-life will
be a little bit smaller than the laser-free half-life. Nevertheless
for the sake of simplicity, we take the absolute value on the
right-hand side of Eq. (27) such that �T is always positive.

III. RESULTS AND DISCUSSIONS

A. Laser-induced modifications to half-lives

Table I shows numerical results of laser-induced modi-
fications to half-lives, �T , of selected proton emission, α

decay, and cluster decay processes. The decay mode, angu-
lar momentum, decay energy, and preformation factor have
been listed for clarity. The laser intensity is assumed to be
1024 W/cm2, which is expected to be achievable in the forth-
coming years. One sees that �T (rightmost column) is on the
order of 0.1% for proton emission, and mostly on the order of
0.01% to 0.1% for α decay and cluster decay.

Figure 2(a) shows, graphically, �T as a function of the
decay energy Q for proton emission (circles), α decay (tri-
angles), and cluster decay (squares). One sees more clearly
from this figure that proton emissions are, in general, easier
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TABLE I. Laser-induced modifications to the half-lives of selected fission processes, including proton emission, α decay, and cluster decay.
The laser field is assumed to have an intensity of 1024 W/cm2. The decay half-lives without the laser field are obtained from Refs. [19,37,53,54].

Parent Emitted l Q (MeV) P0 T (ε = 0) (s) T (ε, θ = 0) (s) �T

53
109I p 2 0.83 3.095 × 10−1 1.03039 × 10−4 1.02696 × 10−4 3.329 × 10−3

55
113Cs p 2 0.98 9.741 × 10−2 1.67109 × 10−5 1.66711 × 10−5 2.387 × 10−3

67
141Ho p 3 1.20 5.417 × 10−2 4.10204 × 10−3 4.09276 × 10−3 2.263 × 10−3

71
150Lu p 5 1.28 5.352 × 10−1 6.60693 × 10−2 6.59214 × 10−2 2.239 × 10−3

73
155Ta p 5 1.79 4.367 × 10−1 1.19950 × 10−5 1.19822 × 10−5 1.066 × 10−3

60
144Nd 2

4He 0 1.90 1.722 × 10−1 6.60693 × 10+22 6.58914 × 10+22 2.693 × 10−3

72
164Hf 2

4He 0 5.28 3.114 × 10−2 2.45471 × 10+2 2.45426 × 10+2 1.847 × 10−4

88
221Ra 2

4He 2 6.89 2.338 × 10−2 2.81838 × 10+1 2.81760 × 10+1 2.790 × 10−4

90
217Th 2

4He 5 9.43 1.649 × 10−3 2.51189 × 10−4 2.51160 × 10−4 1.127 × 10−4

90
222Th 2

4He 0 8.13 3.207 × 10−2 2.81838 × 10−3 2.81788 × 10−3 1.799 × 10−4

90
232Th 2

4He 0 4.08 1.549 × 10−1 4.46684 × 10+17 4.46152 × 10+17 1.192 × 10−3

96
243Cm 2

4He 2 6.18 2.225 × 10−3 9.12011 × 10+8 9.11587 × 10+8 4.646 × 10−4

62
150Sm 6

12C 0 11.21 1.551 × 10−11 6.30957 × 10+48 6.30105 × 10+48 1.352 × 10−3

64
154Gd 8

16O 0 19.29 9.014 × 10−12 3.16228 × 10+48 3.15936 × 10+48 9.236 × 10−4

88
223Ra 6

14C 4 31.85 5.125 × 10−10 1.58489 × 10+15 1.58473 × 10+15 1.008 × 10−4

90
226Th 8

18O 0 45.73 7.362 × 10−12 6.30957 × 10+16 6.30865 × 10+16 1.462 × 10−4

92
235Th 10

24Ne 1 57.36 1.204 × 10−14 2.51189 × 10+27 2.51163 × 10+27 1.039 × 10−4

92
236U 12

28Mg 0 71.83 3.317 × 10−17 3.98107 × 10+27 3.98045 × 10+27 1.553 × 10−4

94
236Pu 12

28Mg 0 79.67 2.884 × 10−18 5.01187 × 10+21 5.01139 × 10+21 9.666 × 10−5

94
238Pu 14

32Si 0 91.21 9.820 × 10−20 1.99526 × 10+25 1.99495 × 10+25 1.551 × 10−4

to be modified by external laser fields. The reason is that
proton emissions usually have lower Coulomb barriers and
longer tunneling paths (from Rin to Rout) for the laser field
to act on. The general trend is that the larger the decay energy
Q, the smaller the laser-induced modification �T . However,
other factors, such as the decay type, are also important.
For example, α decay and cluster decay with similar decay
energies (around 10 MeV) can have very (over an order of
magnitude) different values of �T .

B. An approximate formula connecting �T and Q

Next we try to provide analytical insights into the numeri-
cal results given in Table I and Fig. 2(a), by using simplified
nucleus-nucleus potentials such that analytical treatments are
possible. We start from Eq. (22) for the penetrability, and
treat the laser interaction VI (r, ε, θ ) as a perturbation to the
remaining potential V0(r) ≡ V (r) − Q. Then the penetrability

P(ε, θ ) = exp

(
−2

√
2μ

h̄

∫ Rout

Rin

√
V0

√
1 + VI

V0
dr

)

≈ exp

[
−2

√
2μ

h̄

∫ Rout

Rin

√
V0

(
1 + VI

2V0

)
dr

]

= exp(γ (0) + γ (1) ). (28)

A Taylor expansion has been performed from the first step
to the second step, and γ (0) and γ (1) are shorthand notations
defined as

γ (0) = −2
√

2μ

h̄

∫ Rout

Rin

√
V0dr, (29)

γ (1) = ε

√
2μqeff cos θ

h̄

∫ Rout

Rin

rdr√
V0

. (30)

In the latter formula the expression of VI in Eq. (21) has been
used.

In general Eqs. (29) and (30) can only be integrated nu-
merically. To continue we consider a simplified version of the
nuclear potential V (r) instead of the elaborated one given in
Eq. (11) that has been used above for numerical calculations.
We consider V (r) to be a square potential well for r < Rin

plus a Coulomb potential q1q2/r for r > Rin. Here, Rin =
1.13(A1/3

1 + A1/3
2 ) fm is the geometrical touching distance.

The depth of the square potential well will not be of concern
if only the penetrability is to be calculated. The tunneling
exit point can be determined as Rout = q1q2/Q. Besides, the
centrifugal potential is ignored in this simplified version of
V (r). Then γ (0) and γ (1) can be integrated analytically. For
the former

γ (0) = −2
√

2μ

h̄
Q1/2

∫ Rout

Rin

√
V (r)/Q − 1dr

= −2
√

2μq1q2

h̄
Q−1/2

[
η − 1

2
sin(2η)

]

≈ −aQ−1/2 − b, (31)

where η ≡ cos−1 √
Rin/Rout, and a Puiseux series expansion

has been performed for the terms in the square bracket. The
coefficients a and b are given as

a = π
√

2μq1q2/h̄, b = −4
√

2μq1q2Rin/h̄. (32)

Using Eqs. (24) and (26) one can get

ln T = aQ−1/2 + b′, (33)

where b′ = b + ln(4μ ln 2/h̄P0F ). This is the famous Geiger-
Nuttall law [22] that connects the decay half-life T and the
decay energy Q.
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Next we consider γ (1):

γ (1) = ε

√
2μqeff cos θ

h̄
Q−1/2

∫ Rout

Rin

rdr√
V (r)/Q − 1

= ε
2
√

2μqeffq2
1q2

2 cos θ

h̄
Q−5/2

×
[

3

8
η + 1

4
sin(2η) + 1

32
sin(4η)

]

≈ cQ−5/2 + d. (34)

Again, a Puiseux series expansion has been performed from
the second step to the third step for the terms in the square
bracket. The coefficients c and d are given as

c = ε
3π

√
2μqeff q2

1q2
2 cos θ

8h̄
, (35)

d = −ε
4
√

2μqeff R
5/2
in cos θ

5h̄
√

q1q2
. (36)

Using the relation �T = 1 − P(ε = 0)/P(ε), we get

ln(1 − �T ) = −cQ−5/2 − d. (37)

Noticing �T 
 1, one may Taylor expand the left-hand side
and get

�T = cQ−5/2 + d. (38)

The �T values obtained using Eq. (38) are shown in
Fig. 2(b) as (red) filled symbols, to be compared with the
numerical results. In general the agreements are fairly good,
confirming the validity of the above approximations and anal-
yses. A few cases do have visible discrepancies with the
numerical results due to the usage of the simplified nucleus-
nucleus potential and the neglect of the centrifugal potential.

For decays from isotopes of an element, e.g., α decay
from {218Th, 220Th, 222Th, 224Th, 226Th, 228Th, 230Th}, the co-
efficients {c, d} are rather close [see Eqs. (35)–(36)]. One may
expect for these decays that the {�T , Q} pairs fall (approxi-
mately) on a line on a �T versus Q−5/2 plot. This is indeed
the case, as shown in Fig. 3.

C. Further remarks

In this section we give additional remarks on the results
reported in this paper.

(i) The importance of our results lies in the message that
the laser starts to be able to directly influence nuclear physics,
although at the current stage the influence seems to be small
and experimental observations seem to be challenging, as
will be discussed below. This influence is enabled by the
laser intensity, instead of by the photon energy, recalling
that the energy of a single laser photon is about six or-
ders of magnitude smaller than the nuclear energy scale. It
is interesting and remarkable to see how the intensity fills
the six-orders-of-magnitude energy gap and leads to non-
negligible modifications to the nuclear fission processes.

(ii) Experimental observations of the predicted changes in
the half-lives seem to be very challenging at the current stage
due to the following reasons. First, an intense laser pulse only

FIG. 3. �T vs Q−5/2 for α decay of even-even 218–230Th isotopes.
The unfilled symbols are numerical results, and they fall approxi-
mately on a line (the line is added just to guide the eye).

lasts for a few tens of femtoseconds, which is much shorter
than the field-free fission lifetimes (see Table I). Second, a
focused intense laser pulse has a spatial dimension on the
order of λ3 (where λ is the laser wavelength), and only the
atoms within the focused region experience the peak laser
intensity. Third, it is possible that some inner electrons may
survive the laser field, and if so, these remaining electrons
shield the external laser field and the nucleus feels a reduced
laser field strength.

IV. CONCLUSION

To summarize, we report a theoretical and numerical study
of the effects of intense laser fields on a series of nuclear
fission processes, including proton emission, α decay, and
cluster decay. We provide a complete theoretical framework,
including the construction of effective nucleus-nucleus poten-
tials, the inclusion of the laser-nucleus interaction, and the
calculation of laser-induced modifications to decay half-lives.
Fission processes that are not included in the current study can
easily be calculated using this framework, if needed.

We arrive at the conclusion that with intense laser fields to
be expected in the forthcoming years, e.g., with an intensity
of 1024 W/cm2, the nuclear fission processes can be modified
by small, yet, finite amounts on the order of 0.01 to 0.1%.
These amounts seem not big, but certainly cannot be simply
ignored. The important message to deliver is that the laser
starts to be able to directly influence nuclear physics. This is
remarkable especially considering that the energy of a single
laser photon is so small, and the ability of the influence is
provided by the extremely high achievable intensities. There is
certainly much to be expected if the laser becomes an efficient
tool to influence and eventually to control nuclear physics.
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