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General Case of Two-Point
Correlator

Lagrangian density of local fermion interaction
Lint(x) =

[
f̄ (x)ΓAf (x)

]
JA(x)

JA — generalized current (photon, neutrino cur-
rent, etc.), ΓA — any of γ-matrices from the set
{1, γ5, γµ, γµγ5, σµν = i [γµ, γν] /2}
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Two-point correlation function of general form
ΠAB =

∫
d4X e−i(qX) Sp {SF(−X) ΓASF(X) ΓB}

SF(X) — Lorentz-invariant part of exact fermion
propagator in the Fock-Schwinger representation
Correlations of scalar, pseudoscalar, vector and
axial-vector currents were studied [1]. We consider
correlations of a tensor current with the other ones.

Basic Tensors in Presence of
Magnetic Field

•Minkowski space filled with external magnetic
field is divided into two subspaces

gµν = Λ̃µν − Λµν

Λµν = (ϕϕ)µν, Λ̃µν = (ϕ̃ϕ̃)µν
•Dimensionless tensor of the external magnetic
field and its dual

ϕαβ = Fαβ/B , ϕ̃αβ = εαβρσϕ
ρσ/2

•Arbitrary four-vector aµ = (a0, a1, a2, a3) can be
decomposed into two orthogonal components

aµ = Λ̃µνa
ν − Λµνa

ν = a‖µ − a⊥µ
•For the scalar product of two four-vectors one has

(ab) = (ab)‖ − (ab)⊥ = (aΛ̃b)− (aΛb)

Orthogonal Basis Motivated by
Magnetic Field

Correlators having rank non-equal to zero, should
be decomposed in some orthogonal set of vectors

b(1)
µ = (qϕ)µ, b(2)

µ = (qϕ̃)µ
b(3)
µ = q2 (Λq)µ − (qΛq) qµ, b(4)

µ = qµ

Third-rank tensor Tµνρ can be decomposed

Tµνρ =
4∑

i,j,k=1
Tijk

b(i)
µ b

(j)
ν b

(k)
ρ

(b(i)b(i)) (b(j)b(j)) (b(k)b(k))
,

Tijk = T µνρb(i)
µ b

(j)
ν b

(k)
ρ .

Correlator of Vector and Tensor
Currents

Vector-current conservation and anti-symmetry of
the tensor current reduce the number of independent
coefficients in the basis decomposition to 18. Of
them, four coefficients only are non-trivial.

Π(VT)
ijk (q2, q2

⊥, β) = 1
4π2

∞∫
0

dt
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4jk vanish in chosen basis
t = s1 + s2, u = (s1 − s2)/(s1 + s2)
q2
‖ = q2 + q2

⊥, β = eB|Qf |

Photon Polarization Operator

Photon polarization operator Pµν(q) is related with
γ → γ transition matrix element and, consequently,
with the correlator of two vector currents

Mγ→γ = −i ε′∗µ (q)Pµν(q) εν
Photon dispersion relations follow from the equa-
tions

q2 − Π(λ)(q) = 0 (λ = 1, 2, 3)

Π(λ)(q) are eigenvalues of the photon polarization
operator (electron loop is considered only)

Pµν(q) =
3∑

λ=1

b(λ)
µ b(λ)

ν

(b(λ))2 Π(λ)(q)

As in vacuum, there are two physical eigenmodes of
Pµν(q) in an external constant homogeneous mag-
netic field

ε(1)
µ = b(1)

µ /
√
q2
⊥, ε(2)

µ = b(2)
µ /

√
q2
‖

Photon Polarization Operator in
Magnetic Field

In the magnetic field, Π(λ)(q) contains both vacuum
and field-induced parts

Π(λ)(q) = −iP(q2)− α
π
Y

(λ)
V V

Details about Y (λ)
V V can be found in [2].

Models beyond the Standard Model can give rise to
effective operators and the Pauli Lagrangian density
LAMM(x) = −µBae

2
[
ψ̄(x)σµνψ(x)

]
F µν(x)

µB = e/(2me) is Bohr magneton, ae is electron
anomalous magnetic moment (AMM)
•LAMM gives additional contribution to the
polarization operator
•Contribution linear in the electron

AMM is related with correlator of
vector and tensor currents Π(V T )

µνρ

AMM Contribution to Photon
Polarization Operator

Field-induced part of Π(λ)(q) is modified
Π(λ)(q) = −iP(q2)− α

π
Y

(λ)
V V + α

π
ae Y

(λ)
V T

Y
(λ)
V T =

∫ ∞
0

dt

t

∫ 1

0
du

 βt

sin(βt)
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(λ)
V T e

−iΩ − q2 e−iΩ0


y

(1)
V T = y

(3)
V T = q2 cos(βtu)

y
(2)
V T = q2

‖ cos(βtu)− q2
⊥ cos(βt)

Notations are from [2]. Part independent on the
field is subtracted. For the electron, ae ∼ α
and the AMM correction is small.

Conclusions

Two-point correlators in presence of constant ho-
mogeneous external magnetic field are considered.
Study of correlators of tensor fermionic current with
the others allows to investigate effects of the fermion
AMM in the one-loop approximation. Field-induced
contribution to the photon polarization operator lin-
ear in electron anomalous magnetic moment is cal-
culated and gives a rather small contribution in the
case of an electron.
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