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ABSTRACT

Bambaet al (2012) have obtained cosmological magnetic fidligeleparallel torsion theories of
gravity that are not compatible with galactic dym@anThis result agrees with previous ones obtained
by the author which shows Garcia de Andrade (1988) anti-dynamo generalised theorem to torsion
theories forbides such kind of dynamos to explatagtic magnetic fields of the order p6. More
recently the author has suggested Garcia de And2@E2) that a sort of Biermann battery could be
obtained in torsioned cosmology. Nevertheless is #iudy we show that this can be a particular
result, since the second author did not took irdcoant mean field dynamo equations in torsion field
background. Actually it is shown that amplificatiaor not of the magnetic field depends upon
handness sign of the torsion field vector. It iswh that density fluctuations of spin-torsion dewysi
implies also a possibility of amplification of theosmic magnetic fields. From WMAP data it is
possible to estimate the spin-torsion fluctuatisnl&® which represents an order of magnitude lower
than the matter density. By making use of the dgediinal couling of typeRF? one obtains 10G for

the Planck era magnetic field, which is a much nsirengent limit than the ones obtained earliereTh
magnetic field obtained today is 768G is obtained which is able to seed galactic dynamos
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1. INTRODUCTION 2012; Garcia de Andrade, 2011). This study which is
undertaken in section 2 of the study can be foltbig a
Durrer and Neronov (2013) have shown that is simple analysis of the mean field dynamo equations
possible to obtain magnetic that may decrease glurin torsioned background which takes into account the
inflation but that can be amplified by dynamo torsion fluctuations. Torsion is a very weak fialdd this
mechanism. In this study we show that in the reafm result can certainly be better appreciated in kEgargy
Einstein-Cartan inflationary cosmology the equiiart physics as is obtained in the early universe.
between magnetic and matter energy density imfhias  Cosmological magnetic fields are shown to be aneglif
the spin-torsion density amounts an increase in thewhen torsion vector handness is negative whileait ¢
magnetic energy as a dynamo mechanism (Moffatt,decay when handness of the torsion field is pasitiv
1978). Physically this unfortunatly is only obtaine Magnetic field fluctuations is also shown to beatéed
inside a high energy star such a black hole onénviery ~ from the interaction of the torsion field divergesowith
early universe. This result is obtained by the yrbdtion the magnetic field fluctuation itself. In the |astction we
method of first order in density perturbations. Gt consider the commoving cosmic flow and Minkowski
order in inflation scale is neglected. Here we stibat spacetime M plus torsion. However in previous section
this result may be obtained from Einstein-Cartan Hubble expansion and de Sitter inflation are cagrsith
cosmology contrary to earlier results by (Bandtaal, the lastsection early universe dynamos Durrer and
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Neronov (2013) are used to obtain a magnetic faidhe with torsion and magnetic field. From expressiol (4
Planck era aBp.neJ10°’G and the cosmic magnetic field we note that the magnetic energy density has to be
as today would b8y 1102°G which is high enough to weaker than spin-density which seems to be
seed the galactic dynamos. Both limits are moiageint ~ unfortunatly a very rare situation. To remedy this
limits for the magnetic fields in the universe. situation one can try to consider that, = «
corresponding to de Sitter metric Equation 5:
2. COSMOLOGICAL MAGNETIC
FIELDSFROM EINSTEIN-CARTAN ds’ = é"[ dt -[ d%+ dy+ d%ﬂ (5)

INFLATION

Then the new Friedmann torsion equation would be

In this section we shall shown that starting from Equation 6:
Einstein-Cartan cosmological equations an early
universe dynamo is possible in analogy with earlier o
results in GR by Durrer and Neronov (2013). The He =Dl aton +?sz -1 (6)
Einstein-Cartan-Friedmann Equation 1 is:

2

K 2 ,, where, Dinfimign:a—. Taking into account the fluctuation
-3 _57720 (1) P

in H equation one obtains Equation 7:

_em

H?2 +B?

where, H =g is the Hubble expansion factor and R is 5H:47T{d0+0;03_2ﬂ5p0} R

. . . . 3
the universe radiuss® here represents the spin-torsion p poP p

energy density and k is the cosmological spatial
curvature of the model. Here we shall be considgefiat
sections universe wher&k = 0. Also B is the
homogeneous magnetic field. By taking into
consideration the fluctuation in the Hubble expansis

If one considers that the ratio on the LHS of this
equation is neglected as in the early universe wher
the matter density is much bigger than the than the
expansion of the universe in its infancy, this d@ra
reduces to Equation 8:

Equation 2:
H=H,+dH ) % _2mp, 9Py 8)
p 3 p p
And substitution into equation along with similar
magnetic field fluctuations, one obtains Equation 3 From COBE WMAP data@g 10°. Taking into
P
. . 0
HZ :%’T p[l+ Os —2—5 DU} (3) account that the magnetic field contrasf)iu 10°

(Garcia de Andrade, 2011), then the spin-torsiamsitig

Note that in the simple example of Einstein static ¢@n be easily computed as Equation 9:
universe, whereH, vanishes, this relation reduces to

Equation 4: Do 13,1050 10° @)
p T
n=2%n, -1 )
837 Then the spin-torsion density contrast or fluctumati

is one order of magnitude lower than the mattersitgn
Which shows clearly that the magnetic energy is fluctuation. On the contrary spin-torsion density
enhanced by the spin-torsion density and an earlyfluctuation may affect the amplification of the nmagc
universe dynamo is possible from strong torsiotd§ie  field. In the next section we provide a more petdkst
This result is also valid when de Sitter inflatios way to understand the influence of torsion anddts in
obtained as a perturbation of the Einstein stativarse early universe dynamos.
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3. COSMOLOGICAL MAGNETIC b= Reh, exffi(k x+ i) (16)
FIELDS FROM TORSION HANDNESS

Now let us perform the variation of the axial tored T

In this section we shall consider the comoving tg obtain the last field equation for torsion Edpratl7:
observer of the flow which allows us to work outthwi

the Minkowski spacetime with torsion since torsion (Bo.k)v

cannot be eliminated by equivalence Einstein ppieci  |b= LR (17)
such as the curved spacetime metric. Recentlyutioa |:a)2 +/72(k2+ k.t)zf

(Garcia de Andrade, 2011) has shown that analogousl

to dynamo MHD equation in general relativity (Bawro _ _ _
and Tsagas, 2008), is possible to obtain the dynamo Note from the denomlne}tor of thls_expr¢33|on that
equation in MHD relativistic background with torsio  the sign of handness of torsion fluctuation, givgnthe

This equation is given by Equation 10: term k.t determines whether the fluctuation amgdifihe
magnetic field or decays it. Of course when thednass

0,B=0x(Vx B)+7(0.T) B+n0* B (10) is negative the magnetic field amplification is mpe.

where, T and V are respectively the torsion veetod 4. COSMOLOGICAL MAGNETIC

the velocity of cosmic flow. Let us now to perfoiime FIELDSFROM COUPLING TO

fluctuation of these physical quantities as Equmatit: CURVATURE AND TORSION TO SEED

B=B,+b (11) GALACTIC DYNAMOS

In this section we shall be concerned with the
coupling between curvature and torsion straighinfthe
V=V, 4V (12) electromagnetic field equatio_ns and _pos_sible

determinations of the cosmological magnetic fields,

Actually (Moffatt, 1978) the fluctuation in the taking al_so into account Riemanr_l metric effepts ant

only torsion effects as in last section. We shsiineate a
new and more stringent limit for the magnetic fiatdhe

where,b = 6B and Equation 12:

magnetic field b is given by Equation 13:

b(x 1) —J<B> (13) Planck era. Here we adopt the Lagrangean Equa8ion 1
TR ; ; R 1. 2
Substitution of those expressions into the dynamo L[ \/—_g{%+ZF +RF } (18)

equations one obtains Equation 14:

db _ ) where, F? = F. F* and R is the Ricci-Cartan scalar
o - X(V . B") +'7[(D't) B+0 b] (14) given by Equation 19:

Heret = 0T is the torsion fluctuation. By considering B 1 g 19
small turbulence the first term on the LHS of (t4h be R=R “oa (19)

dropped and this equation reduces to Equation 15:
Herex? is the Einstein gravitational constant ang R

Ox(vx8)+7[(.98+0%b] =0 (15) is the Riemannian Ricci scalar given by Equation 20
This expression is already enough to demonstrate H _H?
that the magnetic field fluctuations are generatgd R =37 +6— (20)

the interaction between the cosmic flow and theloc
mean field and by interaction of the divergence of

: ) i Al where, 4 is scale quantity which comes from the metric
torsion with the fluctuation of the magnetic field

. . X . . Equation 21:

itself. Now to further investigate the torsion action

cosmic magnetic fields let us consider the ansatz f

the magnetic field fluctuation Equation 16: ds’ = az( df-[ dX+ dy+ dﬂ) (21)
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Variation of the above Lagrangean with respechéo t Which reduces to Equation 31:
electromagnetic fourpotentid, where (0, 1, 2, 3) one
obtains the following Equation 22: [SH . 6H2] :|:Cz _%%2} 2 (31)
R
0,/|1-4— |F” =0 22 . .
”K kzj } (22) Which reduces to Equation 32:
The generalised Maxwell equations obtained from & & [ , 1., 32
. i . . +—=|cC S (32)
expressions (22) in terms of the electric and magne a a 6

vectors are given by Equation 23 to 27:
By taking into account the flux magnetic
O.E+DIng.E=0 (23) conservation a8 ~ a2 which togetheB ~ t* as usual
for slow dynamos and the Equation 33:

0,E+0,IngE+0OxB+0Ingx B=0 (24)
8,8 1s; (33
0.B=0 (25) a a 6
0,B=-0xE (26) Yields for the cosmological magnetic field the
following expression Recalling that these equatiares
Where: complex one obtains the following solution Equatssh
2
w:{l—( R2+1azszﬂ 27) B(t)0 §°t (34)
ke 24

_ _ At the Planck era whettg [10°*® s the magnetic field
The well-know electrodynamical expression s given byB, [(1L0°” G which is a much more stringent

Equation 28: value than the one obtained by (De Sabbata anda®iva
1994) in Einstein-Cartan cosmology using f-meson
E=-VxB (28) dominance. Taking into account that the age of the

UNIVETSE itogay (10" S the Byogay (L0 2° G which can be
useful to seed galactic dynamos. In the first easdave
used a value of (10?°s™ and in the present universe
0,B=0x[Vx g (29) S L0 cm™. Note that the very small value obtained

by Sivaram of 10%°G for the present universe was not
due to the fact that he obtained this value fromuch
stronger estimate of 3t for the Planck magnetic field
after the inflation but that he obtained this reédtdm
Einstein-Cartan cosmology which is utterly distititan
the RF theory we use here.

Can be used to reduce the last Maxwell equatian int
the dynamo Equation 29:

Thus since onlys function depends upon torsion, one
notices that this time dynamo equation does noedep
on torsion, nevertheless is possible to show that
indirectly torsion influences the magnetic field dan
causes its amplification. By considering tafunction

is homogeneous, one simplifies considerably theveabo 5. DISCUSSION AND CONCL USION
generalised Maxwell equations. Neverteheless, iatg )

Barrow_ an_d Tsagas (2008) idea that_ th_e primordial - pe sapbata and Sivaram (1994) has investigated the
magnetic fields that can seed magnetic fields may b cosmological magnetic  fields in  Einstein-Cartan
obtained from Maxwell traditional electrodynamice w cosmology making use of Einstein-Cartan cosmology
shall consider thai/ is constant, which from above 5nq 5 relation between cosmic magnetic fields spin-
equations reduce the couplings to classical Maxwellyengity tensor and the rotation of the universeis Th

equations with the following constraint Equation 30 expression for the spin-torsion density yields agehu
value for the magnetic field at Planck era whichum
[Ro + Lz st = congan (30) decays after inflation yielding an extremelyaloqum_for
24 the actual universe actually, as low as>¥® which

///// Science Publications 90 i



L.C. Garcia de Andrade / Physics International)> §Z-91, 2014

cannot be used to seed. any galactic dynamo. In- théde Sabbata, V. and C. Sivaram, 1994. Spin and dirsi
present paper using a distinct theory of cosmokdgic in  Gravitation. 1st Edn., World Scientific,

torsion, based orRF® interaction Lagrangean, one Singapore, ISBN-10: 9810217668, pp: 313.
obtains more stringent limits which seems ablededs 5 rer R. and A. Neronov. 2013. Cosmological

the g_alactlc dynamos afte_r inflation. B_eS|des wevetl . magnetic fields: Their generation, evolution and
consistently that the sign of torsion handness is :
observation. Astronomy Astrophys. Rev.

fundamental to decide whether and when torsion i . .
influences the amplification of cosmological magmet Garcia de Andrade, L.C., 1999. On dilaton solutiofs

fields. Actually torsion handness is a fundameat#nt de Sitter inflation and primordial spin-torsion
for the Lorentz violation (Kosteleckly, 2004). Ihig density fluctuations. Phys. Lett. B, 468: 28-30.1DO
study we also use the direct decoupling betweesictor 10.1016/S0370-2693(99)01197-1
and electromagnetic fields, however a differenticho  Garcia de Andrade, L.C., 2011. Constraints on torsi
can be made from the Maxwell generalized equatiess from the bosonic sector of Lorentz violation and
derived in section 3. This is a work in progress. magnetogenesis data. Nuclear Phys. B, 847: 485-
490. DOI: 10.1016/j.nuclphysb.2011.02.001
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