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Abstract
This work revives the controversial debate that has arisen over the last two

decades about the possibility that the electromagnetic field affects the lifetime or
the decay rate of an unstable particle. In this research, we show, by performing
analytical calculations and extracting numerical results, that the pion lifetime
can be changed notably by inserting the decaying pion into an electromagnetic
field only if the number of photons transferred between the decaying system
and the laser field does not reach the well-known sum-rule. The influence of
the laser parameters on the decay rate and branching ratio is also discussed.
The surprising result obtained for the pion lifetime is referred to the well-known
quantum Zeno effect.

1 Introduction
The study of particle behavior and their properties when they are in-
serted into an electromagnetic field has received much attention in re-
cent times [1], due to the progress made by laser technology in terms
of both its intensity and its sources [2]. As one of these properties, we
find the lifetime or the decay rate of a particle. In the meantime, the
study of decay in the presence of an electromagnetic field and the size
of the effect that the latter may have on the lifetime were and are still
the subject of many scientific researches [3]. 13 years ago, in a contro-
versial scientific research [4], Liu, Li, and Berakdar studied the effect of
a strong laser field on the decay rate of the muon and found a dramatic
change in its lifetime, as much as an order of magnitude. This result is
criticized by Narozhny and Fedotov in their comment [5] and they con-
sider it to be invalid and contradictory to physical intuition. Two other
authors have done their own calculation with different laser polarization
and also reach a very different conclusion [6]. They found the effect of
the laser on the muon lifetime to be very small. The weak decay pro-
cesses in the presence of strong laser fields can be divided into two cat-
egories: first, laser-assisted processes which also exist in the absence of
the field but may be modified due to its presence. Second, field-induced
processes which can occurred only when a background field is present,
providing an additional energy reservoir [7]. Our aim in this work is
to study the effect of a circularly polarized laser field on the decay rate
and the lifetime of the negatively charged pions, which are unstable and
decay into two leptons π− → e−ν̄e or µ−ν̄µ by virtue of weak inter-
action with a lifetime τπ− = (2.6033 ± 0.0005) × 10−8 sec [8]. Note
that, in this work, natural units c = ~ = 1 and the space-time metric
g = diag(1,−1,−1,−1) are employed throughout. In many equations
of this paper, the Feynman slash notation is used. For any 4-vector,
A, /A = Aµγµ where the matrices γ are the well-known Dirac matri-
ces. This paper is structured as follows. A detailed note on theoretical
model is presented in section II. The results are discussed in section III.
Finally, the conclusion of this study is given in section IV.

2 Theory
We consider the decay of a charged pion into two leptons,

π−(p1) −→ l−(p2) + ν̄l(k
′), (l = e, µ) (1)

We assume that this decay occurs in the presence of a circularly polar-
ized monochromatic laser field , which can be expressed by:

Aµ(φ) = a
µ
1 cos(φ) + a

µ
2 sin(φ), φ = (k.x), (2)

where k = (ω,k) is the wave 4-vector (k2 = 0), φ is the phase of the
laser field and ω its frequency. The polarization 4-vectors aµ1 and aµ2 are
equal in magnitude and orthogonal:

a
µ
1 = |a|(0, 1, 0, 0), a

µ
2 = |a|(0, 0, 1, 0), (3)

which implies (a1.a2) = 0 and a2
1 = a2

2 = a2 = −|a|2 = −(E0/ω)2

where E0 is the amplitude of the laser’s electric field. Therefore, in the
first Born approximation, the S-matrix element for the laser-assisted π−

decay can be written as [9]:

Sfi(π
−→ l−ν̄l) =

−iG√
2

∫
d4xJ

(π)†
µ (x)J

µ
(l−)

(x). (4)

where Jµ
(l−)

(x) and J (π)
µ (x) are, respectively, the leptonic and hadronic

currents in the laser field, which can be expressed by:

J
µ
(l−)

(x) = ψ̄l(x, t)γ
µ(1− γ5)ψν̄l(x, t), (5)

and

J
(π)
µ = i

√
2fπp1µ

1√
2Q1V

× e−iS(q1,x), (6)

the wave functions of outgoing particles:

ψl(x) =

[
1 +

e/k /A

2(k.p2)

]
u(p2, s2)√

2Q2V
× eiS(q2,x)

ψν̄l(x) =
v(k′, t′)√

2E2V
eik

′.x,

, (7)

with
S(q2, x) = −q2.x−

e(a1.p2)

k.p2
sin(φ) +

e(a2.p2)

k.p2
cos(φ). (8)

After some manipulation, we find

Sfi =
−Gfπ

2
√

2Q1Q2E2V 3

∞∑
s=−∞

M s
fi(2π)4δ4(k′ + q2 − q1 − sk) (9)

The decay rate of the pion is defined by:

W (π−→ l−ν̄l) =

+∞∑
s=−∞

Ws(π
−→ l−ν̄l), (10)

where

Ws(π
− −→ l− + ν̄l) =

G2f2
π

8Q1

∫
d3q2

(2π)3Q2
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d3k′

(2π)3E2
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fi|
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(11)

The term |Ms
fi|

2 can be calculated as follows:

|Ms
fi|

2 = Tr
[
(/p2

+ ml)Γ
s/k′Γ̄s

]
, (12)

The total decay rate of the charged pion π− in the laser field

Wtotal = W (π−→ µ−ν̄µ) + W (π−→ e−ν̄e) (13)

In our case, we define the branching ratios (Br) of the muonic and elec-
tronic decay channels as follows:

Br(π−→ µ−ν̄µ) =
W (π−→ µ−ν̄µ)

Wtotal
, (14)

Br(π−→ e−ν̄e) =
W (π−→ e−ν̄e)

Wtotal
. (15)

——————————————————————————

3 Results and Discussion

Figure 1: The multi-photon decay rate Ws(π
− → µ−ν̄µ) (11) (in units of 10−8) as a

function of the number of photons exchanged s in the rest frame of the pion, with the
spherical coordinates θ = 90◦ and ϕ = 0◦. The laser field amplitude and frequency are
E0 = 107 V/cm and ~ω = 1.17 eV.

Figure 2: The behavior of the branching ratio (14) of the muonic decay channel as
a function of the laser field amplitude strength for different numbers of photons ex-
changed. The frequency of laser field is ~ω = 1.17 eV

Figure 3: The behavior of the branching ratio (15) of the electronic decay channel
as a function of the laser field amplitude for different numbers of photons exchanged.
The frequency of laser field is ~ω = 1.17 eV.

Figure 4: The behavior of the branching ratios (14) as a function of the laser field
amplitude E0 and laser frequency ω for an exchange of s = ±20 photons.

Figure 5: The behavior of the branching ratios of the muonic decay channel (15) as
a function of the laser field amplitude E0 and laser frequency ω for an exchange of
s = ±20 photons.

4 Conclusion

We have performed the analytical calculation for the neg-
atively charged pion decay in the presence of a circularly
polarized laser field. Summing up the results, it can be con-
cluded that the pion lifetime (then the decay rate) can be
affected by the laser field as long as the number of pho-
tons exchanged between the decaying system and the laser
field is not sufficient to achieve the well-known sum-rule.
Once the sum-rule is checked for a determined number of
photons, the influence of the laser on the pion lifetime be-
comes zero. We have explained the modification of the pion
lifetime in the presence of a laser field by considering the
well-known quantum Zeno effect.
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