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The non-diagonal correlator of vector and tensor fermionic currents is considered as the concrete
example of the two-point one-loop amplitudes modified by a constant homogeneous magnetic field.
The crossed-field limit of this correlator is found. The tensor current is a fermionic part of the
Pauli Lagrangian relevant for the electromagnetic interaction of fermions through the anomalous
magnetic moment. Under assumption that this interaction enters the effective QED Lagrangian,
the contribution to the photon polarization operator linear in AMM is calculated.
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The presence of an extreme active medium, for example in astrophysical objects or in heavyion collisions, can influence quantum processes inside or properties of participating particles.
Changes in dispersion relations, mass shift for massive particles, appearance of an effective mass
for massless particles, or modification of the anomalous magnetic moment are good examples of
such an influence induced by effects of a vacuum modified by an external electromagnetic field.
Let us assume that the Lagrangian density of local generalized fermion interaction has the
form [1]:


Lint (𝑥) = 𝑓¯(𝑥)Γ 𝐴 𝑓 (𝑥) 𝐽 𝐴 (𝑥)
(1)

where 𝑋 𝜇 = 𝑥 𝜇 − 𝑦 𝜇 is the integration variable, 𝑞 is the momentum entering the correlator, 𝑆F (𝑋)
is the Lorentz-invariant part of exact fermion propagator in an external field. Correlations of scalar,
pseudoscalar, vector and axial-vector fermionic currents were studied in [2]. We extend this analysis
and consider correlations of a tensor current with the other ones. Some preliminary results were
published in [3–5].
In QED, the photon polarization operator P 𝜇𝜈 (𝑞) is related with the 𝛾 → 𝛾 transition matrix
element and, consequently, with the correlator of two vector fermionic currents:
𝜇𝜈
M 𝛾→𝛾 = −𝑖 𝜀 0∗
(𝑞) 𝜀 𝜈
𝜇 (𝑞) P

(3)

Dispersion relations for the photon follow from the equations (𝜆 = 1, 2, 3):
𝑞 2 − Π (𝜆) (𝑞) = 0,

(4)

where Π (𝜆) (𝑞) are eigenvalues of the field-induced part of the photon polarization operator: (here,
we restrict ourselves with the electron loop only):
P𝜇𝜈 (𝑞) =

3
Õ
𝑏 𝜇(𝜆) 𝑏 𝜈(𝜆)
𝜆=1

(𝑏 (𝜆) ) 2

Π (𝜆) (𝑞).

(5)

Here, 𝑏 𝜇(𝜆) are basic vectors diagonalizing P𝜇𝜈 (𝑞). As in vacuum, there are two physical eigenstates
of P𝜇𝜈 (𝑞) in an external constant homogeneous magnetic field [1]:
q
q
(1)
(1)
𝜀 𝜇 = 𝑏 𝜇 / 𝑞 2⊥ , 𝜀 𝜇(2) = 𝑏 𝜇(2) / 𝑞 2k .
(6)
As mentioned above, an external electromagnetic field gives additional contribution to the
anomalous magnetic moment (AMM) of the fermion. At the Lagrangian language, it can be
included as a Pauli term which describes a fermion-photon interaction through the AMM. Within
this approach, we calculated a linear term in AMM to the photon polarization operator as a correlator
of a vector current with a tensor one. This modifies the field-induced part of Π (𝜆) (𝑞) as follows:
𝛼
𝛼
Π (𝜆) (𝑞) = −𝑖 P (𝑞 2 ) − 𝑌𝑉(𝜆)𝑉 + 𝑎 𝑒 𝑌𝑉(𝜆)
(7)
𝑇.
𝜋
𝜋
2
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where 𝐽 𝐴 is the generalized current like a photon, neutrino current, etc. Interaction constants are
included into the current 𝐽 𝐴. Γ 𝐴 in (1) is any of 𝛾-matrices from the set {1, 𝛾5 , 𝛾 𝜇 , 𝛾 𝜇 𝛾5 , 𝜎𝜇𝜈 =


𝑖 𝛾 𝜇 , 𝛾 𝜈 /2}. Two-point correlation function of general form is as follows [1]:
∫
(2)
Π 𝐴𝐵 = 𝑑 4 𝑋 e−𝑖 (𝑞𝑋 ) Sp {𝑆F (−𝑋) Γ 𝐴 𝑆F (𝑋) Γ 𝐵 }
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The last term can be presented in the form of double integral [1]:


∫ 1
∫ ∞
𝛽𝑡
𝑑𝑡
(𝜆)
(𝜆) −𝑖Ω
2 −𝑖Ω0
𝑑𝑢
𝑌𝑉 𝑇 =
𝑦 𝑒
−𝑞 𝑒
.
𝑡 0
sin(𝛽𝑡) 𝑉 𝑇
0

(8)

The resulting integrands appear very simple:
𝑦 𝑉(1)𝑇 = 𝑦 𝑉(3)𝑇 = 𝑞 2 cos(𝛽𝑡𝑢),

𝑦 𝑉(2)𝑇 = 𝑞 2k cos(𝛽𝑡𝑢) − 𝑞 2⊥ cos(𝛽𝑡).

(9)
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The part independent on the field is subtracted. For the electron, 𝑎 𝑒 ∼ 𝛼 = 1/137 and the AMM
correction is small. This contribution can be enhanced when AMM is dominated by New Physics.
In summary, the correlators of the axial vector fermionic current with the tensor one as well
as tensor-tensor correlators in the constant homogeneous magnetic field are also calculated and
a corresponding paper is in preparation. Physical applications of these correlators will be also
discussed in this paper.

