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Abstract

We investigate the axial vector torsion-spin coupling effects in the framework of the Poincaré

gauge theory of gravity with the general Yang-Mills type Lagrangian. The dynamical equations for

the “electric” and “magnetic” components of the torsion field variable are obtained in the general

form and it is shown that the helicity density and the spin density of the electromagnetic field

appear as the physical sources. The modified Maxwell’s equations for the electromagnetic field are

derived, and the electromagnetic wave propagation under the action of the uniform homogeneous

torsion field is considered. We demonstrate the Faraday effect of rotation of the polarization for

such a wave, and establish the strong bound on the possible cosmic axial torsion field from the

astrophysical data.
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I. INTRODUCTION

The search for the new spin-dependent interactions between fundamental particles apart

from the magnetic dipole interaction is an important area of the high-energy physics research

beyond the Standard Model [1]. É. Cartan was the first who proposed, at the beginning of

the 20th century, to consider the post-Riemannian geometrical structures generated by the

microstructural properties of the physical matter, and in particular to analyse the coupling

of the torsion of spacetime to the intrinsic spin [2].

The interest to the theory of gravitation with spin and torsion based on the Riemann-

Cartan geometry had considerably grown in the second half of the 20th century, after the

consistent gauge-theoretic formalism was developed [3–7]. It is now well established that

the spacetime torsion can only be detected with the help of the spin [8–10]. The early theo-

retical analysis of the possible experimental manifestations of the torsion field can be found

in [11–13]. The so-called Einstein-Cartan theory [14–16], with the linear Hilbert-Einstein

gravitational Lagrangian, represents a degenerate version of the Poincaré gauge gravity. In

this model, the torsion couples to spin algebraically, and therefore it vanishes outside the

matter sources, but essentially modifies the physical structure inside astrophysical compact

objects, see [17–19], e.g.

The torsion becomes a dynamical propagating field in the Poincaré gauge gravity theory

with a Yang-Mills type Lagrangian [20], and the most general gravitational model with the

Lagrangian which is quadratic in the curvature and torsion was considered in Ref. [21] with

an emphasis on the consistency of the gauge theory of gravity with experimental observa-

tions at the macroscopic level. Accordingly, its probing should be essentially confined to the

microscopic level focused on the study of the dynamics of fundamental particles, atoms and

molecules. It is worthwhile to note that it has not yet been possible to create a source of

spin density that could generate torsion to be detected in the laboratory. However, one can

establish the constraints on the spin-torsion coupling, in particular from the experimental

search for the Lorentz and CPT violation. The bounds on new spin-dependent interactions

had been found [22, 23] with the help of a torsion pendulum technique, that was also used

in the search for CP -violating interactions between pendulum’s electrons and unpolarized

matter in laboratory’s surroundings or the Sun. Among other physical effects, the contri-

bution of the interacting vector and pseudovector of the torsion to the hyperfine splitting of

2



the ground state of the hydrogen atom was evaluated in [24, 25], whereas a possible man-

ifestation of the spin-torsion coupling in the scattering of polarized photons in a medium

of sodium vapor was analysed in [26]. The experimental upper bounds on the spin-torsion

interactions had been reported in [27–29].

In the context of the growing interest to the fundamental physics at the sub-eV scale,

Moody and Wilczek [30] had analysed new fields, generating dipole couplings between

fermions that can be detectable in laboratory experiments, paying special attention to ax-

ions. An axion as a hypothetical particle had been postulated in the Peccei-Quinn theory to

resolve the strong CP problem in quantum chromodynamics, and it can produce the long-

range dipole forces [31]. Similar dipole interactions between fermions can be produced by

other particles [32–35], for example, by an arion, which is a boson corresponding to a spon-

taneous breaking of the chiral lepton symmetry [35]. The search for axions and axion-like

particles is of considerable interest in relation with the cold dark matter issue. Currently,

there is a number of experimental attempts to find axions that encompass the Primakoff

effect for the astrophysical axions [36], the polarization measurements for light propagating

in a magnetic field, the light shining through walls experiments [37], the Cosmic Axion Spin

Precession Experiment [38, 39].

Another direction in the search for long-range spin-dependent interactions is the predic-

tion of the existence of an unparticle in the context of quantum excitations of scale-invariant

interactions [40], along with exotic spin-1 bosons or paraphotons [41] which are currently

being actively investigated [42]. Quite generally, the analysis of the behavior of atomic

systems affected by new hypothetical spin-dependent forces gives rise to the constraints on

the coupling constants [1] with the sixteen types of potentials characterizing interactions

between fermions mediated by the new exotic particles [42, 43]. A wide range of the rel-

evant laboratory investigations was carried out using the physical methods of atomic and

molecular systems, as well as making use of the optical methods: ion capture experiments

[44], using nitrogen-vacancy centers in diamond [45, 46], based on molecular and atomic

spectroscopy [47].

The gauge symmetry is one of the most powerful physical concepts underlying the de-

scription of the fundamental interactions. The global gauge U(1) invariance in quantum

electrodynamics leads to the electric charge conservation law, whereas the local gauge in-

variance requires the introduction of a massless vector field that mediates a long-range
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interaction between charges, with the electric current as a source of the electromagnetic

field. In the quantum chromodynamics, the invariance under the global group SU(2) yields

the isospin conservation law, and the invariance under the local transformations of the group

SU(2) leads to the introduction of the Yang-Mills gauge field. Extension of this theory leads

to the explanation of the strong interaction in terms of the exchange of gluons.

Recently [49, 50], an attempt has been made to construct a gauge-theoretic model to

describe the weak spin-spin interactions. It was suggested [49] that the invariance of the

Lagrangian under the local Lorentz transformations requires the introduction of a massless

axial vector gauge field which gives rise to a super-weak long-range spin-spin force in vacuum

which is attractive for parallel spins. In this model, the axial vector field couples to the axial-

vector current of the Dirac fermion field and to the photon field or to a neutral spin-1 field.

The axial vector field was introduced [51] to provide stability of the classical electron and to

construct the divergence-free quantum electrodynamics. Optical experiments are the most

accurate and accessible for measuring the effects of new physical fields. The direct interaction

between electromagnetic and gauge fields had been considered in [48] in the Poincaré gauge

gravity approach, whereas the coupling of the photon to the axial vector gauge field was

underlied by the local Lorentz symmetry group in the approach [49, 50]. Here we study

the possible influence of the axial torsion field on the propagation and polarization of an

electromagnetic wave.

The structure of the paper is as follows. In Sec. II we briefly outline the corresponding

Lagrange-Noether framework of the Poincaré gauge gravity theory. In Sec. III we study the

propagation of the electromagnetic wave under the influence of the uniform homogeneous

axial vector torsion field. Finally, in Sec. IV we discuss the results obtained and apply them

to derive the strong upper limit of the value of the cosmic background torsion field from the

astrophysical data. In Appendix A, the structure of the general quadratic Poincaré gauge

gravitational field Lagrangian is given, and the effective coupling constants are introduced.

Our basic conventions and notations are as follows. The world indices are labeled by

Latin letters i, j, k, . . . = 0, 1, 2, 3 (for example, the local spacetime coordinates xi), whereas

we reserve Greek letters for tetrad indices, α, β, . . . = 0, 1, 2, 3 (i.e., for labeling the legs of an

anholonomic coframe eαi ). In order to distinguish separate tetrad indices we put hats over

them. Finally, spatial indices are denoted by Latin letters from the beginning of the alphabet,

a, b, c, . . . = 1, 2, 3. The metric of the Minkowski spacetime reads gij = diag(c2,−1,−1,−1),
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and the totally antisymmetric Levi-Civita tensor ηijkl has the only nontrivial component

η0123 = c, so that η0abc = cεabc with the three-dimensional Levi-Civita tensor εabc. The spatial

components of the tensor objects are raised and lowered with the help of the Euclidean 3-

dimensional metric δab.

II. GAUGE THEORY OF GRAVITATION

The Poincaré gauge gravity [52–57] is an extension of Einstein’s general relativity theory

(GR), in which the spin, along with energy and momentum, is an independent source of

the gravitational fields (the metric gij and connection Γki
j), and the spacetime structure is

described by the Riemann-Cartan geometry with the curvature and the torsion:

Rkli
j = ∂kΓli

j − ∂lΓki
j + Γkn

jΓli
n − Γln

jΓki
n, (2.1)

Tkl
i = Γkl

i − Γlk
i. (2.2)

The Riemann-Cartan connection can be decomposed into the Riemannian and the post-

Riemannian parts,

Γkj
i = Γ̃kj

i −Kkj
i, (2.3)

where the Christoffel symbols are determined by the metric

Γ̃kj
i =

1

2
gil(∂jgkl + ∂kglj − ∂lgkj), (2.4)

and the contortion tensor is constructed in terms of the torsion

Kkj
i = − 1

2
(Tkj

i + T i
kj + T i

jk) . (2.5)

The torsion (2.2) can be decomposed [57] into three irreducible components,

Tkl
i = (1)Tkl

i + (2)Tkl
i + (3)Tkl

i, (2.6)

where the second irreducible part features the torsion trace vector

(2)Tkl
i =

1

3

(
δikTl − δilTk

)
, (2.7)

the third irreducible part is constructed in terms of the torsion axial pseudo-vector

(3)Tkl
i = − 1

3
ηkl

ijT j , (2.8)
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and the first irreducible purely tensor part has the properties

(1)Tik
i = 0, (1)Tijkη

ijkl = 0. (2.9)

The vector and pseudovector of torsion are defined as

Tj := Tij
i, T j =

1

2
Tkliη

klij. (2.10)

Here we focus on the dynamical realization of the Poincaré gauge theory as a Yang-

Mills type model with the most general quadratic in curvature and torsion Lagrangian

(A3), see Appendix A for the details. Earlier [25, 48], the contribution of the vector and

the pseudovector (2.10) to physical effects at the microscopic level was analysed in the

framework of this theory, and the strong constraints were established on the spin-torsion

coupling parameters. Following [48], we here continue to study the influence of the axial

pseudovector torsion field (3)Tkl
i on physical matter, and assume that the metric of spacetime

is flat, whereas possible post-Riemannian deviations of the spacetime geometry are small.

As a result, the connection (2.3) reduces to the contortion, Γkj
i = −Kkj

i = 1
2
(3)Tkj

i, and

by combining (2.8) and (2.1), we find for the curvature Rkli
j = 1

3
ηi

jn
[k∂l]T n, for the small

post-Riemannian corrections. Then it is straightforward to verify that the Yang-Mills type

gauge gravity Lagrangian (A3) is simplified to

L = ~

{
− 1

4
fijf

ij +
µ2

2
αiα

i − λ

2
(∂iα

i)2
}
. (2.11)

Here fij = ∂iαj − ∂jαi is constructed from the rescaled axial torsion trace vector field

αi =
ℓρ
3

√
−Λ5

2κc~
T i, (2.12)

and the coupling constants (A4)-(A9) of the Poincaré gravity Lagrangian (A3) determine

µ2 = − 3µ1

ℓ2ρΛ5
, λ =

3Λ4

2Λ5
. (2.13)

It is known that the particle spectrum of the Yang-Mills type Poincaré gauge gravity

model (A3) contains, in general, the so-called ghost and tachyon modes that may lead

to the loss of stability and unitarity of the theory. These issues were analysed in Refs.

[64, 67, 68], and the necessary stability conditions were derived that restrict the choice of

the coupling constants. Accordingly, we here specialize to the class of models with b3 = 2b1,

which for the spin 1 sector yields λ = 0, thus avoiding the stability and unitarity problems.
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Furthermore, we assume that a2 = a1 − a0 which corresponds to the vanishing rest mass

µ = 0, in agreement with the estimates derived for the axial vector field [63, 64] from the

high energy physics phenomenology.

A. Interaction between fermions and axial torsion

In accordance with the minimal coupling principle [29], the interaction between the

fermion field ψ and gauge fields is introduced via the spinor covariant derivative Diψ, where

Di = ∂i −
iq

~
Ai +

i

4
Γi

αβσαβ , (2.14)

with the Lorentz group generators σαβ = iγ[αγβ] constructed from the Dirac matrices γα.

As a result, the dynamics of the spinor field coupled to the gauge fields on the Minkowski

flat metric background is given by the Lagrangian

LD =
i~

2

{
ψγi∂iψ − (∂iψ)γ

iψ
}
−mcψψ + qAiψγ

iψ +
3

4
~χαiψγ

iγ5ψ. (2.15)

Here we used the identity γµσαβ + σαβγµ = − 2ǫµναβγνγ5 and introduced

χ =
1

ℓρ

√
2κc~

−Λ5
. (2.16)

Thereby, the axial pseudovector torsion field naturally couples to the spinor axial current

jif = ψγiγ5ψ or to the spin and helicity of the Dirac fermion. By recalling the definition of

the Planck length ℓPl, we can recast (2.16) into

χ =
ℓPl
ℓρ

√
16π

−Λ5

. (2.17)

which demonstrates that the spin-torsion coupling constant χ is very small, provided we

assume that the characteristic length of the Poincaré gauge gravity is much larger than the

Planck scale, ℓρ ≫ ℓPl.

B. Interaction between the electromagnetic field and axial torsion

Following Pradhan et al [49–51], the interaction of the axial torsion and the electro-

magnetic field is derived from the standard Maxwell-Lorentz Lagrangian when the ordinary

derivatives are replaced by covariant ones. An apparent breaking of the U(1) gauge invari-

ance can be fixed by a modified Stueckelberg’s method [58]. Together with the dynamical
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Lagrangian for the axial vector field (2.11) and the fermion sector terms (2.15), the total

Lagrangian for the torsion field interacting with spin of the matter sources then reads [50]

L = − 1

4

√
ε0
µ0

FijF
ij +

i~

2

{
ψγi∂iψ − (∂iψ)γ

iψ
}
−mcψψ + qAiψγ

iψ

+ ~

{
− 1

4
fijf

ij +
µ2

2
α2 − λ

2
(∂α)2

}
+

3

4
~χαiψγ

iγ5ψ − χ

√
ε0
µ0
αiη

ijklAj∂kAl, (2.18)

where ε0 and µ0 are the electric and magnetic constants of the vacuum. The axial vector

torsion is thereby coupled to the axial current density of the electron and photon fields:

jif = ψγiγ5ψ, jib = ηijklAj∂kAl, (2.19)

where we have explicitly

Ai = {−φ,A}, αi = {−ϕ,α}. (2.20)

The quantization of the model (2.18) was analysed in [48] and the static potential between

fermions due to the exchange of the axial torsion was computed.

C. The electromagnetic source of axial-vector field

Let us consider the spin density of spinor and the electromagnetic field as the source

of the axial vector field αi. The components of the axial currents (2.19) for fermions and

photon fields can be obtained by substituting Dirac bispinors ψ =

(
u

v

)
into the eq. (2.19)

jif = −{(u∗v + v∗u)/c, (u∗σu+ v∗σv)} , jib =
1

c
{A ·B, (E ×A+ φB)} . (2.21)

D. Field equations

Neglecting the fermion sector, let us derive the field equations for the Lagrangian (2.18).

Technically, we need to make variations with respect to the axial torsion field αi and with re-

spect to the electromagnetic field potential Ai. The corresponding Euler-Lagrange equation

δL/δαi = 0 for the torsion reads:

− ∂jf
ij + µ2αi + λ∂i(∂α) + χ

√
ε0
µ0

ηijklAj∂kAl = 0. (2.22)
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Introducing the “electric” and “magnetic” components of the torsion variable by means of

Ea = fa0, Ba =
1

2
ǫabcfbc, a, b = 1, 2, 3, (2.23)

along with the usual definitions of the electric and magnetic fields

Ea = Fa0, Ba =
1

2
ǫabcFbc, a, b = 1, 2, 3, (2.24)

we recast (2.22) into the 3-dimensional form:

∇ · E − µ2ϕ− λ∂t(∂α) = − χ

µ0
A ·B, (2.25)

∇× B − 1

c2
∂tE + µ2

α+ λ∇(∂α) = −χε0 (φB +E ×A) . (2.26)

In a similar way, we derive the modified Maxwell equations as the Euler-Lagrange equa-

tion δL/δAi = 0:

− ∂jF
ij +

χ

2
ηijklAjfkl − χ ηijklαjFkl = 0. (2.27)

An immediate observation is in order. Since ∂i∂jF
ij = 0 identically (symmetric lower

indices contracted with the antisymmetric upper indices), by taking the divergence ∂i of the

field equations (2.22) [in the special class of stable and unitary models under consideration

with λ = 0 and µ2 = 0] and (2.27), we derive

ηijklFijFkl = 0, ηijklFijfkl = 0, (2.28)

respectively. Making use of (2.23) and (2.24), we thus find that only crossed-field configu-

rations are actually allowed:

E ·B = 0, E · B + E ·B = 0. (2.29)

In particular, this includes wave configurations.

By making use of (2.20), (2.23) and (2.24), we rewrite the inhomogeneous Maxwell equa-

tions (2.27) in the 3-dimensional form:

∇ ·E = 2χcα ·B − χcA · B, (2.30)

∇×B − 1

c2
∂tE =

2χ

c
(ϕB +E ×α)− χ

c
(φB + E ×A) . (2.31)

As usual, we have to add the homogeneous Maxwell system,

∇ ·B = 0, (2.32)

∇×E + ∂tB = 0. (2.33)
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III. INFLUENCE OF AXIAL TORSION ON ELECTROMAGNETIC WAVE

Here we focus on the analysis of the dynamics of the electromagnetic field under the

action of the background axial torsion, whereas the full coupled system will be considered

elsewhere. Among possible background configurations, of special interest are the cases of the

uniform homogeneous field and the wave configurations. The uniform background field may

arise on macroscopic scales, mimicking a distinguished cosmic frame violating the Lorentz

symmetry, similar to the mechanisms discussed in [59–62]. It seems therefore natural to

turn to the case of the uniform axial torsion background that was extensively considered in

the earlier literature, [28, 63, 64].

A. The case of the uniform external axial torsion field

Assuming the uniform axial torsion field, when the components αi = {−ϕ,α} are con-

stant in time and do not change in space, we can solve Maxwell’s equations for the plane

wave ansatz

E = E0e
−iωt+ik·r, B = B0e

−iωt+ik·r. (3.1)

Substituting this into the homogeneous system (2.32) and (2.33), we derive k ·B = 0, and

B =
k ×E

ω
, (3.2)

and making use of this in (2.31), we get the algebraic equation

k × (k ×E) +
ω2

c2
E + i

2χ

c
(ϕk − ωα)×E = 0. (3.3)

Evaluating the determinant, we obtain the dispersion relation

(
ω2

c2
− k2

)2
ω2

c2
−

(
ω2

c2
− k2

)
u2 − (ku)2 = 0. (3.4)

Here we denoted

u :=
2χ

c
(ϕk − ωα) , (3.5)

whereas k2 = k · k, u2 = u · u, and (ku) = k · u. It is worthwhile to notice that, similarly

to the wave in vacuum, the magnetic field is orthogonal both to the electric field and to the

wave vector,

B ·E = 0, B · k = 0, (3.6)
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which follows from (3.2). However, the electric field is not orthogonal to the wave vector, in

general,

ik ·E = 2χcα ·B =
2χc

ω
α · (k ×E), (3.7)

which is derived by substituting the plane wave ansatz (3.1) into the inhomogeneous equation

(2.30), and this is also a direct consequence of (3.3).

Special case 1. Assuming ϕ 6= 0,α = 0, from (3.4) we find a simpler dispersion relation

(
ω2

c2
− k2

)2

−
(
2χ

c

)2

ϕ2k2 = 0. (3.8)

This can be immediately recast into

ω2

c2
= k · k ± 2χ

c
ϕ
√
k · k. (3.9)

The second term on the right-hand side describes a deformation of the light cone under the

influence of the torsion component ϕ.

Special case 2. Assuming ϕ = 0,α 6= 0, the general result (3.4) reduces to

(
ω2

c2
− k2

)2

− (2χ)2
[(

ω2

c2
− k2

)
α2 + (kα)2

]
= 0. (3.10)

Here α2 = α ·α, and (kα) = k ·α. The resulting dispersion relation can be straightforwardly

simplified into

ω2

c2
= k · k + 2χ2

α ·α± 2χ
√
χ2(α ·α)2 + (k ·α)2 = 0. (3.11)

B. Rotation of the polarization plane

Without loss of generality, one can assume that the electromagnetic wave propagates

along the z-axis, in other words, we take k = (0, 0, kz). It is more convenient to analyse the

two special case separately. In the first case (ϕ 6= 0,α = 0), the dispersion relation (3.9)

yields two values for the wave vector,

kz = k± =
ω ± χϕ

c
, (3.12)

in the leading order of the small coupling constant χ. Hence, there are two independent

waves propagating along z with two different phase velocities. As a result, after extracting
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FIG. 1. Faraday effect of polarization rotation under the action of uniform axial torsion.

the corresponding amplitudes E± for the electric field from the algebraic equation (3.3), we

find the solution

E = E+e
−iωt+ik+z

e+ + E−e
−iωt+ik

−
z
e− , (3.13)

where we denote the combinations of the basis vectors

e± =
ex ± iey

2
. (3.14)

Therefore, from the point of view of physics the solution (3.13) describes the superposi-

tion of the right-hand (counter-clockwise) circularly polarized and the left-hand (clockwise)

circularly polarized waves.

Recalling that the linearly polarized wave arises as the sum of the right-hand and left-

hand circular waves with equal amplitudes, E+ = E−, we then obtain the real solution

E = E0 cos[ω(t− z/c)] {cos(χϕz/c) ex + sin(χϕz/c) ey} . (3.15)

Thus we recover the Faraday effect when the polarization vector continuously rotates with

the propagation of the plane wave. The polarization rotation angle γ, see Fig. 1, from the

initial point z = 0 till the point z = h is determined by

γ =
χϕh

c
. (3.16)

For the second case of the axial torsion field configuration (ϕ = 0,α 6= 0), the form of

the solution depends on the relative orientation of the α with respect to the wave vector of

the electromagnetic wave k. Quite generally, given the direction of the wave propagation,

we can decompose α = α|| + α⊥ into the longitudinal and transversal projections on the
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wave vector k and the plane orthogonal to it. Accordingly, we derive the solution for the

real electric field of the linearly polarized electromagnetic plane wave, to the first order in

the interaction constant χ:

E =E0 cos[ω(t− z/c)]
{
cos(χα||z) ex + sin(χα||z) ey

}

+
2χα⊥c

ω
E0 sin[ω(t− z/c)] sin(χα||z − φ0) ez . (3.17)

Since the wave propagates along the z-axis, we have k ·α = kzα||, and

α|| = ez ·α = α cos θ, α⊥ = α sin θ, (3.18)

and cosφ0 = ex · α⊥ measures the angle between the projection α⊥ and the basis vector

ex. Obviously, by choosing the coordinate frame appropriately, we can always make φ0 = 0.

It is worthwhile to note that, in accordance with (3.7), the electric field has a nontrivial

component along the wave vector, and the third term in (3.17) vanishes only when the wave

propagates along the axial torsion α. In that case, the polarization rotation angle

γ = χα||h = χα cos θh (3.19)

from the initial point z = 0 till the end point z = h is maximal. However, when the

axial vector field is orthogonal to the direction of propagation of the electromagnetic wave

α ⊥ k, there will be no rotation of the polarization plane. This generalized Faraday effect

is underlied by the solution of the dispersion equation (3.10),

kz = k± =
ω

c
± χα|| =

ω

c
± χα cos θ, (3.20)

in the leading order of the small coupling constant χ, that gives rise to the two waves

traveling with two different phase velocities.

IV. DISCUSSION AND CONCLUSIONS

The search for exotic new forces and interactions generated by the spin of matter particles,

fields and continuous media has a long history. Since the corresponding spin-torsion coupling

constant χ is very small, the detection of such new forces becomes a challenging issue and

requires high precision measurements. On the other hand, the new fields should be truly

highly penetrating.
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Taking into account that optical experiments are among the most accurate ones, the

analysis of possible optical effects of axial vector torsion field appears to be quite promising.

Here the classical dynamics of the axial vector field is studied in the framework of the Yang-

Mills type Poincaré gravity model with the focus on the interaction with the electromagnetic

field. We derive the dynamical equations for the axial vector torsion field (2.25) and (2.26),

and identify the source of the “electric” component of the torsion variable with the helicity

density of the electromagnetic field ∼ A ·B which characterizes non-trivial topological prop-

erties of the field configuration, whereas the “magnetic” component of the torsion variable

is generated by the spin density of the electromagnetic field.

Continuing the earlier studies of the spin-torsion effects in the fermion sector [24–26], we

here turned to the boson sector. Maxwell’s equations are modified (2.30)-(2.33) in presence

of the axial torsion field. The analysis of the propagation of electromagnetic waves under

the action of the axial vector torsion field reveals the Faraday effect of rotation of wave’s

polarization, and the angle of rotation is determined by the coupling constant, the magnitude

of the axial vector torsion field and the travel distance: γ = χϕh

c
or γ = χα||h. This is

consistent with the similar effect arising due to the Lorentz symmetry violation or due to

the action of the pseudoscalar axion [61, 62].

As compared to the earlier literature that focused on the evaluation of the spin-spin

interaction potential [20, 30, 34, 42, 43, 48–50], the results obtained provide a qualitatively

new approach to the search of possible manifestations of the spin-torsion coupling with the

help of the optical polarizational methods. It is worthwhile to mention that in the discussion

of the most general model of the interacting electromagnetic field and propagating axial

torsion field [65, 66] one has to pay a special attention to the acausal (i.e., superluminal

propagation) anomalies. In agreement with the conclusions of [65, 66], the class of models

under consideration with b3 = 2b1 yields λ = 0 for the axial pseudovector field, and so the

stability, unitarity and causality issues are safely avoided.

Assuming the cosmic nature of the background axial torsion, we can apply the results

obtained to the astrophysical situation, and analyse the distribution over the sky sphere of

the polarization of radiation, coming from distant radio galaxies. Then taking the observa-

tional data collected in Table I of Ref. [61], and repeating verbatim the computations by

replacing the Lorentz-violating parameter with the axial torsion pseudovector, we establish

the strong bounds on torsion’s magnitude: |T | . 8.7× 10−27m−1. This turns out to be sig-
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nificantly lower than the limits found from the analysis of the spin-torsion coupling effects

in the fermion sector [12, 24–29].

Appendix A: Poincaré gauge gravity dynamics

In the literature, the quadratic Poincaré gravity theories are often formulated in terms

of the standard tensor objects which are not decomposed into irreducible parts. As usual,

we introduce the Ricci tensor and the co-Ricci tensor as

Rij := Rkij
k, Rij :=

1

2
Rklm

i ηklmj, (A1)

from which the curvature scalar and pseudoscalar arise naturally as the traces

R = gijRij = Rij
ji, R = gijR

ij =
1

2
Rijkl η

ijkl. (A2)

We consider the general quadratic model with the Yag-Mills type Lagrangian that contains

all possible quadratic invariants of the torsion and the curvature:

L = − 1

2κc

{
a0R + a0R + 2λ0

+ a1 Tkl
i T kl

i + a2 Ti T
i + a3 Tkl

i Ti
kl

+ a1 η
klmn Tkli Tmn

i + a2 η
klmn Tklm Tn

+ ℓ2ρ

(
b1RijklR

ijkl + b2RijklR
klij + b3RijklR

ikjl

+ b4RijR
ij + b5RijR

ji + b6R
2

+ b1 η
klmnRklijRmn

ij + b2 η
klmnRklRmn

+ b3 η
klmnRklm

iRni + b4 η
klmnRklmnR

)}
. (A3)

Here κ = 8πG
c4

is Einstein’s gravitational constant with the dimension of [κc] =s kg−1. G =

6.67×10−11 m3 kg−1 s−2 is Newton’s gravitational constant. The speed of light c = 2.9×108

m/s. For completeness, we include the cosmological term λ0.

Besides the linear “Hilbert type” part characterized by a0 and a0, the Lagrangian (A3)

contains several additional coupling constants which fix the structure of the “Yang-Mills

type” part: a1, a2, a3, a1, a2, b1, · · · , b6, b1, · · · , b4, and ℓ2ρ. The coupling constants aI , aI , bI

and bI are dimensionless, whereas the dimension [ℓ2ρ] = [area] so that [ℓ2ρ/κc] = [~].
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The analysis of the particle spectrum for the quadratic model (A3) reveals that the

dynamics of gravitational modes in different JP (spinparity) sectors is determined by the

following combinations of the coupling constants: 2± sector

Λ1 = 4(b1 + b2) + 2b3 + b4 + b5, Λ2 = 4b1 + b3, (A4)

0± sector

Λ3 = 4(b1 + b2) + 2b3 + 4(b4 + b5) + 12b6, Λ4 = 4b1 − 2b3, (A5)

and 1± sector

Λ5 = 4(b1 − b2) + b4 − b5, Λ6 = 4b1 + b3 + 2b4, (A6)

Λ5 = 4(b2 − 2b3), Λ6 = − 4(b2 + 3b4), (A7)

whereas the mass terms are specified by

µ1 = − a0 + a1 − a2, µ2 = − 2a0 +
2a1 + a2 + 3a3

4
, (A8)

µ3 = − a0 −
2a1 + a2

4
, µ1 =

8

3
(4a1 + 3a2 − 2a0) . (A9)
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