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Abstract Earlier we have computed a Lorentz violation
(LV) bound for torsion terms via galactic dynamos and found
bounds similar to the one obtained by Kostelecky et al. (Phys
Rev Lett 100:111102, 2008) which is of the order of 10−31

GeV. Their result was found making use of the axial torsion
vector in terms of Dirac spinors and minimal torsion cou-
pling in flat space-time of fermions. In this paper, a torsion
dynamo equation obtained using the variation of the torsion
trace and galaxy M51 data of 500 pc are used to place an
upper bound of 10−26 GeV in LV, which agrees with the one
by Kostelecky and his group using an astrophysical frame-
work background. Their lowest bound was obtained in earth
laboratory using dual masers. One of the purposes of this
paper is to apply the Faraday self-induction magnetic equa-
tion, recently extended to torsioned space-time, by the author
to show that it lends support to physics in Riemann–Cartan
space-time, in several distinct physical backgrounds. Back-
reaction magnetic effects are used to obtain the LV bounds.
Previously Bamba et al. (JCAP 10:058, 2012) have used the
torsion trace in their teleparallel investigation of the IGMF,
with the argument that the torsion trace leads to less weaker
effects than the other irreducible components of the torsion
tensor. LV is computed in terms of a chiral-torsion-like cur-
rent in the new dynamo equation analogous to the Dvornikov
and Semikoz dynamo equation with chiral magnetic currents.
Making use of the chiral-torsion dynamo equation we esti-
mate the LV bounds in the early universe to be of the order
of 10−24 GeV, which was the order of the charged-lepton
sector. Our main result is that it is possible to obtain more
stringent bounds than the ones found in the fermion sector of
astrophysics in the new revised 2017 data table for CPT and
Lorentz violation by Kostelecky and Mewes. They found in
several astrophysical backgrounds, orders of magnitude such
as 10−24 and 10−23 GeV which are not so stringent as the
one found here, of 10−26 GeV, in the torsion fermionic sector
with the help of galaxy M51 data. It is also shown that non-
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gauge invariance of chiral dynamos and axial anomalies are
obtained from the noninvariance of the electric fields under
torsion spatial translations.

1 Introduction

Making use of Einstein teleparallelism Bamba et al. [1] have
computed an intercluster large-scale magnetic field at 1 Mpc
of the order of 10−9 G by adiabatic compression, where no
galactic dynamo mechanism is needed. They argue that the
presence of torsion trace vector components give more appre-
ciable results than using other irreducible components of the
torsion tensor in their version of telepallelism. This telepal-
lel theory was first developed by Einstein [2] following Car-
tan’s ideas [3] on a non-Riemannian connection with torsion.
The idea stems from a more primitive one, of building an
unified theory of gravity and electromagnetism [4]. Several
estimates of the torsion have been obtained in laboratory,
such as 10−17 cm−1 obtained by Laemmerzahl [5] using the
Hughes–Drever experiment and its extension of Dirac equa-
tion to torsioned space-times. More recently Kostelecky et al.
[6] have used dual maser techniques to place bounds on earth
lab axial torsion for fermions in flat space-time with torsion,
obtaining a similar bound of 10−31 GeV for LV. These bounds
were obtained on a whole series of physical frameworks col-
lected in a recently revised, big table [7] with LV bounds col-
lected so far in several sectors, such as neutron, quarks, and
fermions in general as for example neutrino sectors tables.
In this paper we go a step further by making use of a self-
induction magnetic equation in flat space-times with torsion,
in order to place bounds on LV using the data of galaxy M51
[8] at 500 pc scales and using its rotation and galactic mag-
netic fields. Backreaction effects are also addressed. How-
ever, it is shown that dynamo amplification is not needed and
the amplification of galactic magnetic fields can be made by
filaments of plasma under the effect of turbulence [9]. More
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recently Dvornikov and Semikoz [10] have shown that chiral
magnetic fields in the early universe may need a turbulent
dynamo. This idea is applied here to chiral currents gener-
ated by the minimal coupling of torsion to flat space-time and
by Ampère and Faraday laws of the Maxwell equations and
Ohm’s law to yield a new dynamo equation with torsion, due
to chiral-torsion-like currents. Again this equation is used
to determine the LV bounds in the universe. This paper is
organized as follows: in Sect. 2 we review the torsion tensor
framework and its irreducible components [11–13]. In Sect. 3
we compute, from galactic data and the self-induction equa-
tion, the upper LV bound of |T | ≤ 10−26 GeV. Section 4
addresses the chiral-torsion-like currents induced from min-
imal torsion coupling. In Sect. 5 we show that some quantities
associated to axial anomalies and chiral dynamos are modi-
fied by torsion since as shown in this section the electric fields
are not invariant under torsion translations. Discussions and
conclusions are left to Sect. 5.

2 Riemann–Cartan geometry and Lorentz symmetry
breaking

In this section we revisit the splitting of the torsion tensor
Tαβγ into its axial vector part Aα = 1

6εαβγ δTβγ δ , where
α = 0, 1, 2, 3 and the torsion trace vector

1

3
[gαβTγ − gαγ Tβ ]. (1)

Here the total torsion tensor can be split in irreducible parts:

Tαβγ = 1

3
[gαβTγ − gαγ Tβ ] − 1

6
εαβγ δTβγ δ + Mαβγ (2)

where M is a mixed component. According to Kostelecky et
al. [6], the LV bounds are the same, either when the axial
part or the trace-free part are used. Therefore, here we shall
choose to use the trace-free vector part since according to
Bamba et al. [1] it is the best part of torsion to be used to deal
with large-scale magnetic fields. Another important issue dis-
cussed in the next section, contrary to previous work, is that it
is not necessary to use galactic dynamos to investigate astro-
physical bounds in galaxies. Before we end this section a
couple of issues need to be addressed: What is the kind of
LV violation used here? In this paper we are not using the
spontaneous symmetry breaking of a non-conformal break-
ing photon, which yields a galactic dynamo seed in the form
of a primordial magnetic field (PMF) as given by Bertolami
and Mota [14]. Here we consider explicitly LV as used by
Kostelecky. The torsion constant vector given in the back-
ground space-time plays a fundamental role, though models
in Riemann–Cartan space-time can be associated with the
SSB in LV. The second feature is that here we are using a

backreaction feature of the magnetic field in LV model, not
necessarily in the inflationary era, where it naturally appears.
We refer the reader for a detailed discussion of this problem
to Campanelli [15]. In his paper the Ratra model is discussed
using the inflaton and LV in such a way that the backreaction
problems could be avoided.

3 Torsion trace gravity sector of LV from M51 galaxy
data

In this section we show that it is not necessary to have a
galactic dynamo mechanism to obtain a torsion LV bound
as in Ref. [10]. Actually it is shown that, when the galaxy
M51 data at 500 pc scales and the magnetic self-induction
equation extended to space-times with space-time trace part
of torsion are used, one obtains [11]

∂B = ∇ × (v × B) + η[	B − (∇.T)B]. (3)

The axial torsion vector couples to the fermion spinor as
described by the expression

Aμ ∼ ψ̄γ5γ
μψ (4)

where T represents the Cartan torsion trace part vector and
η ∼ 1026 cm2 s−1 is the Ohmic resistivity. In the M51 galaxy
the magnetic fields are not amplified by the dynamo mecha-
nism but actually by the turbulent plasma action on magnetic
filaments and its associated contraction [9]. Let us consider
the expression of the speed v in terms of the vorticity ω of the
galaxy rotation, considered as ∼10−6 Hz. Thus the complete
self-induction magnetic field equation reads

∂tB = η[	B − (∇.T)B] + ∇ × [[ω × d] × B]. (5)

Let us now expand the magnetic induction vector field B in
terms of the Taylor expression,

B(x, t) ≈ B(X, t0) + ∂tB|t0(	t). (6)

Substitution of the so-called dynamo equation into the mean
value theorem of calculus of partial derivatives in Eq. (6)
yields

B(x, t) ≈ B(X, t0) + η[	B − (∇.T)B]
+ [∇ × [ω × d] × B]	t. (7)

Considered dimensionally, the last equation reads

ω = η

d2 [1 − Tmax
M51dG ], (8)

which is a dispersion relation. One important aspect in this
derivation is that we use the backreaction magnetic contrast
| δB
B | ∼ 1 which from the above data of M51 galaxy yields

123



Eur. Phys. J. C (2017) 77 :401 Page 3 of 6 401

T M51 ≤ 10−26 GeV. (9)

Since Kostelecky et al. set the limit [6] for astrophysical
bounds of LV at |A| ∼ 10−27 GeV, one may say that our
result is confirmative. Not only their estimate is correct, but
it also shows how useful astronomical data and dynamo-
like equations in modified gravity sectors are in placing new
bounds on LV. Besides, our result in Eq. (9) is more strin-
gent by ten orders of magnitude, than the Kostelecky one.
For example, recently, the Finsler geometry has been used
to place bounds in LV [16]. It is also interesting to compare
the other bounds obtained by other authors with respect to
the bound obtained for LV in this paper. A very interesting
example of more stringent bound for the neutron sector of
LV was obtained by Walsworth [17] in the laboratory, using
tests of CPT and LV with hydrogen and noble-gas masers,
where they obtained the bound 10−27 Gev similar to ours
here instead of the 10−31 GeV bound. Another sort of bound
on LV torsion was obtained by Mohanty and U. Sarkar using
K-mesons to obtain averaged components of the LV torsion
zero-component averaged as < T 0 >≤ 10−25 GeV [18]. Yet
another attempt of the bound LV has been made earlier by
the author [19] where use was made of a CP-violation α2-
dynamo in an axion photon cosmic plasma, obtaining a lower
bound of 10−32 GeV for the same torsion zero-component.
Even for radio galaxies, it is possible to use large-scale mag-
netic fields to place bounds in LV [20], using the polarization
of radio galaxies leading to a LV bound of T ∼ 1.7×10−46

GeV, which are more stringent limits than the ones found
by Kostelecky and Mewes [21], of the order of 10−43 GeV,
using WMAP data.

4 Chiral-torsion-like magnetic currents and new
dynamo equation and LV bounds

Very recently, Dvornikov and Semikoz [10] have investi-
gated the magnetohydrodynamics (MHD) of magnetic plas-
mas taking into account chiral magnetic effects (CME) and
obtained the dynamo turbulent effects and magnetic field
instability coming from the CME. They also get the mod-
ified Faraday self-induction equation with implications to
the early universe. By analogy, from the Ampère equation
and its magnetic currents obtained from extending the space-
time to torsioned space-time, throughout minimal coupling
∇ → ∇ + T and Ohm’s equation, we have

JOhm = σcond[E + (v × B)]. (10)

Here the electric conductivity is σcond = σeT , where the
Kelvin temperature T is not to be confused with the Cartan
torsion. From Ampère’s law

JOhm = ∇ × B. (11)

Then substitution of the minimal coupling relation into the
Ampère equation yields

JOhm − T × B = ∇ × B. (12)

Note that the LHS net current contains a term proportional
to the magnetic field B whose coefficient of proportionality
is the exact torsion. This is analogous to the chiral current
given by [22]

JCME−torsion ∼ −T × B. (13)

To compare with the JCME chiral current we reproduce here
the chiral current as given in Ref. [10] by

JCME = 2αem
μ5

π
B. (14)

Of course the chiral current is proportional to the magnetic
field and the chiral torsion would only be T × B ∼ B. Note
from the simple vectorial identity B.T×B ∼ B2, that it van-
ishes, which would imply that the magnetic energy induced
by torsion would vanish, therefore to deduce the dynamo
chiral-torsion equation below the analogy cannot be a per-
fect method. Let us now proceed with the derivation of the
dynamo equation in this chiral-torsion framework, by firstly
using the Faraday equation,

∂tB = −∇ × E. (15)

Substitution of Ohm’s law into this equation and using the
appropriate magnetic and electric currents above one obtains
the new dynamo equation with torsion, by taking into account
the minimal coupling of the Cartan torsion,

∂tB = ∇ × (v × B) + ηm[	B − T.∇ × B] − T × v × B

(16)

where the first term on the RHS of this dynamo, the “chiral”
torsion equation in flat space-time plus torsion, is the advec-
tion dynamo term. In analogy to the previous section, we
shall derive the dispersion relation to obtain the bounds on
the torsion corresponding to LV in the early universe. After
some simple algebra one obtains

ω ∼ 1

λ
�λ + η

λ2 − T�λ − η

λ
T (17)

where we have used the velocity in the hot plasma of the
early universe as v ∼ �λ. The term B for the magnetic
field was obviously canceled from both sides of the equation,
since they are present in each of their terms on both sides of
the dynamo equation. Let us now perform the estimate in
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question using the following data for the early universe: The
coherent length is

λ ∼ 5 pc. (18)

The Kelvin temperature is 102 MeV ≤ T ≤ 102 GeV, and
the electron conductivity in the electron plasma is σe ∼ 100.
First, to compute the torsion T, one solves Eq. (17) by taking
ω ∼ �, where the vorticity is given by � ∼ 10−16 Hz.
Within these approximations one obtains from the dispersion
equation the expression for the torsion:

T ∼ η[λ2 − �λ − η

λ
]−1. (19)

Now by making use of this section’s data, one obtains the
LV bound for torsion as |T| ∼ 10−24 GeV, which in the
Kostelecky–Russell table [7] corresponds to the LV bound
for the charged-lepton sector, which translated in terms of
the early universe would be the electroweak sector.

5 Chiral dynamos and axial anomalies from torsion in
cosmology

In the last section, we note that magnetic fields are torsion
translation invariants to some physical quantities, which shall
be seen in this section not to affect the magnetic helicity
density h ∼ A.B, which is a physical fundamental quan-
tity for chiral dynamos. However, due to recent work of
Rogachevskii et al. [23] on turbulent and chiral dynamos
from massless fermions, we show that torsion plays an impor-
tant role in axial anomalies in cosmology, since the electric
field E, given by

E = ∇φ − 1

c

∂A
∂t

, (20)

is non-invariant under translations. Actually it is not gauge
invariant; in a similar manner Kostecky et al. showed that
Lorentz symmetry is violated under torsion. Let us first show
that torsion translations ∇ → ∇ − T make the magnetic
helicity density invariant:

htorsion ∼ A.B = hEucl − A.[T × A] = hEucl, (21)

since the second term on the RHS of the expression above
vanishes. However, there it is possible to show that torsion
still may contribute, indirectly, to chiral dynamos, since the
electric field is not invariant under the torsion translation such
as

Etorsion = E − Tφ (22)

where φ is the electric potential. Thus, in some equations as
the one of chiral anomalies we have current conservation,

∂n5

∂t
+ ∇.J5 = 2e2

πh2c
E.B. (23)

Therefore, this equation when associated to torsioned space-
time becomes

∂n5

∂t
+ ∇.J5 − T.J5 = 2e2

πh2c
[E.B − T.B] (24)

Thus the source term is not gauge invariant as well as in axial
anomaly. In the next example we consider the equation of a
chiral anomaly given by Rogachevskii et al. [23], where they
introduced a new term in the electric current proportional
to the chiral chemical potential μ5, conjugated to the axial
charge, in the usual thermodynamical sense. This term has
the form

〈J〉 = e2

πh2c
(μL − μR)B = αm

πh
μ5B (25)

where the L and R indices mean, respectively, the left and
right handed chiralities. Here μL

μR
is the chemical potential.

In the inhomogeneous case the expression reads

〈J〉 → J� = B∂t� + c∇� × E (26)

where � is the inhomogeneous factor. Note that in this case
the chiral magnetic current does possess a real contribution
of the Cartan torsion vector like

J�torsion = J� − c∇�×Tφ + cT� × E. (27)

Thus torsion induces two new extra terms in the chiral
anomaly current, in the case of inhomogeneity. Physical
implications of these extra current terms due to torsion may
be interesting consequences, the study of which shall be
left for a future paper. This generalization can be applied to
quark–gluon plasmas. Another interesting application of the
axial anomaly in space-times with torsion is in the expanding
universe where the conservation equation becomes

1√−g

[
∂μ(

√−g jμ)
] = αem

4πh
εμνλρFμνFλρ; (28)

ε is a flat-space stress-energy tensor and g is the determinant
of the pseudo-Riemannian metric. Using definitions E and B
like in Eq. (21) one found

εμνλρFμνFλρ = 8πa(t)3E.B (29)
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Then the expression for the current becomes

1

a3 ∂t (a
3n5) + ∇.J5 = 2αem

πh
a3E.B. (30)

Note, for example in the last expression, the axial current is
extended to torsioned space-time and it seems that a massive
vector-like field appears on the LHS of equation, while in the
other side, there is an electric translation due to torsion; on the
cosmological level in space-times endowed with torsion, the
gauge invariance is broken, similarly to Lorentz symmetry
breaking. Explicitly one may observe that the new torsioned
space-time extended equation (31) yields

1

a3 ∂t (a
3n5) + ∇.J5 + J5.T = 2αem

πh
a3[E.B + φB.T]. (31)

Note from these equations that, when the torsion vector is
severely constrained according to the expressions

J5.T = 0 (32)

and

B.T = 0, (33)

one obtains again the gauge invariant expression (30). Note,
however, that subtracting these two constraint torsion expres-
sions one obtains

[J5 − B].T = 0. (34)

Then one notices that the chiral dynamo or chiral magnetic
field relation (14) yields

(
2αem

μ5

π
− 1

)
[B.T] = 0. (35)

As long as the term inside the round brackets does not van-
ish, the constraint (33) is fulfilled. An analogous expres-
sion with torsion terms may appear in this equation in uni-
verses endowed with space-time torsion. Cosmological con-
sequences of this framework may appear elsewhere.

6 Conclusions

In this paper we discuss the bounds for LV symmetry based
on galactic astrophysics and early universe data. It is interest-
ing to note that in [11] we derived a dynamo flat space-time
torsioned extension of GR dynamo equation based on the
Lagrangian, or action, for the parity-violating curvature. In
the case of the coupling of an axion field to the space-time cur-
vature the term 1

2εμναβ Rμνστ Rαβ
στ , where Rαβνσ is the Rie-

mann tensor, should be included in the analysis of the early

universe, which was neglected in the paper of Boyarsky et al.
[15]. These are exactly the part of parity violation we consider
to derive the dynamo equation in the torsion case. The only
difference is that our curvatures were of Riemann–Cartan
space-time type. It would be interesting to take into account
other model dependent chiral magnetic field dynamo equa-
tions by considering instead the Riemann–Cartan curvature-
violating terms in the LV bounds search. We plan to investi-
gate this issue soon. Several other attempts of placing limits
to LV were discussed in the text with several sources as K -
mesons, CP α2-dynamos, radiogalaxies magnetic fields and
even in laboratory for LV in the neutron sector. It seems our
results are compatible with all these results. Our main result
in this report is that our LV torsion bound is more stringent
than the ones found in the fermion sector so far; therefore
they are appropriate as a source for torsion, of astrophysics
in the new revised 2017 data table for CPT and Lorentz vio-
lation by Kostelecky and Mewes. Several results were found
by them in astrophysical settings with astrophysical orders of
magnitude for LV such as 10−24 and 10−23, GeV, which are
not so stringent as the one found here in the torsion fermionic
sector with the help of galaxy M51 data, which is of the order
of 10−26 GeV. After we finished the first draft of this paper
we found an interesting paper by Rogachevskii et al. [23],
where they addressed a detailed theory of MHD turbulence
and dynamos with chiral magnetism besides the chiral lami-
nar dynamos including the backreaction discussed and used
in this paper. In their paper they have investigated the chiral
MHD equations, which includes a backreaction of the mag-
netic field on the chemical potential. They showed that chiral
MFs decrease the frequency of Alfvén waves for incompress-
ible flows; in addition to the laminar chiral dynamo effect,
there is a dynamo mechanism caused by the action of the
joint velocity of the shear and chiral magnetic dynamo. It
is exactly at this point that we can make use of the recent
relation between dynamo shear and Cartan torsion discussed
in [24], where the torsion mimics shear, with a chiral mag-
netic field. They also investigated the relation between chiral
magnetic field and α-effect. This is another point of con-
tact between torsion and chiral magnetic effects, since we
have investigated recently the relation between CP-dynamos
and torsioned space-time [19], used to place bounds on LV
symmetry. Analogous implications for the relations between
chiral magnetic fields and torsion throughout LV in the early
universe may appear elsewhere. Therefore we must conclude
that besides the more stringent LV bounds due to torsion, we
have shown that torsion translation also breaks the gauge
symmetry invariance of some important equations for chiral
dynamos of massless fermions. Cosmological implications
may appear elsewhere.
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