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Einstein-Cartan gravity which is an alternative formulation of general relativity introduces new
degrees of freedom contained in the torsion field which encodes the torsion feature of spacetime.
Interestingly, the torsion field couples to all fermions through its axial-vector mode with a universal
coupling 7 = 1/8 which is possible to change under the quantum effects. We argue that Einstein-
Cartan gravity provides a significant portal to probe A’ dark gauge boson which resides in dark sector
existing as an invisible world parallel to our own and couples to the standard model (SM) particles
through only the kinetic mixing. For the (very) small kinetic mixing, searches for the A’ from Drell-
Yan processes are insensitive due to the suppressed production cross-section and the considerable SM
backgrounds. However, through the mediation of torsion field the pp collisions produce dark-sector
fermions which would significantly produce the A’ due to unsuppressed dark gauge coupling. We
explore the potential production modes of the A" through bremsstrahlung off dark-sector fermion
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5 define the non-minimal coupling of the Maxwell photon
eld A’ to the ECH what we call ECMH action, given by

here F = FuF'J and A* = AA'. Note that in this action
o photon-torsion (PT) coupling replaces x,. and inflaton
uared h? is replaced by the EM potential squared, A®, as
mpared with the inflaton Higes ECH action (2). The idea
ere was o couple the Holst parity violation term with the
ré Maxwellian action and a non-minimal coupling of pho-
on potential squared, where the photon field squared cou-
les with Bl parameter y. When the Bl parameter goes to
finity, the last action reduces to the Maxwell ordinary ac-
iwon. With this expression al hand, we are able in the next
cliom [0 oblain inferesting resulls on magnelogenesis and
hiral dynamos related to the Bl parameters. Lasl, we com-
le the strenglh ol the parity violation in the inflationary
ge of the early universe. To be able to make this compufta-
ion, we make use of the early universe torsion estimated by
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Des o
Iry ac-
B next
1% and
' COMm-
lonary
aputa-
ted by




Bossigham et al. [6] as T° ~ 1 MeV. This leads to the result
Mp?Hgey = 107 Gev? (7)

where My is the Planck mass M*p ~ 108 GeV2, This shows
that this parity violation Holst term at inflationary epochs is
tremendously important. Al present epochs of the universe,
torsion component T° ~ 10 *'GeV as obtained by Kostelecky
er al. [21], with

Mp?Hpey = 1075 Gev! (8)

In the next section, we compule the chiral dynamo egua-
tion in pariry violation ECMH formulation and find large-
scale magneric felds enhanced by chiral and London currents
and decay upon the Holst torsion current obfained by varia-
tion of the ECMH action in terms of both rorsion axial and
Torsion trace vecrors.

3. Chiral dynamos from parity violation
and spiral torsion trace waves

The spiral torsion has been investigated previously by Hehl
[22] in the context of Riemann-Cartan space—time. More re-
cently. Alexander et al. [18] have shown that it is possible to
obtain parity-odd terms in EC gravity action with respect to
cosmological constants by making use of spiral staircase tor-
sion. In this paper, we buill torsion currents from the ECMH
action, wrilten in this section in the form [7],

Spemm = % fmﬂ—gﬁ [—R+ z—;eﬁuﬂ” (1+2A%) — %F’ +_liA'] (9)

where « is the Einstein's gravilalional constant and 2 is

Let us now solve the variational obtained equations with re-
gard (o the trace and axial torsion veclors as

8Spcmu/ 855 = 0 {13)
and

88pcmpgar; = 0 (14)
Since torsion components are non-propagating and EC like

spin-spin contact interaction, from these equations we ob-
tain a system of algebraic equations,

T = _:—ﬁs' (15)

and

3"
$= 2(1 + 1A%)

Substitution of (16) into (15) yields

g3«
B A1+ A% (17)

Note that this last expression allows us to build the dynamo
equalion [rom the three current vectors,

8B+,

=S (18)

The three-vector total current J is



where « is the Einstein’s gravilational constant and A is
the massive photon-torsion coupling [14]. Moreover, the rilde
over the scalars and fensors corresponds to Riemann-Cartan
curvatures, which may be expressed in terms of the Riemann
correspondent quantities and [orsion vectors as

i e 1
Eijb'.lﬁum =-Vi§' - Eflﬁi + EFi_il‘.qu“qpu (10)

where torsion ¢ is taken to be zero to simplify calculations.
The Rico—Cartan scalars in terms of trace vector S and axial

vector T 1s

2 1
F=R—-2V.T' - ET'Ti+ ﬁ&.s'. (11)

In this section, we assume that the Riemannian-Ricci scalar
R vanishes approximately since the metric is taken as a very
small perturbation and almost MinkowskKian or Riemann flat.

With these expressions, one may write down the Holst action
M

L p— %fﬂ:‘[_g;% [—%T's. (14 2A4%) + %T,T‘ - ﬁs.s'

P (12)

=k
-

JEEH'H :jﬂlh'l'l +JL +jll +J-El:li|'.'ll [lg]
which are, respectively, as the Ohm current,

Jonm =@ (E+V x B) (20)
where « is the electric conductivity and the London current,

Jo=2A (21)
the Holst current,

_ﬁ.ﬁ{1+M2]T

Ju 3 K

and the chiral magnetic current,

Jen = usB (2:3)

These [our currenls help us deduce the chiral dynamo equa-
lion with the Holst source as

8 8(1+24%)

3 pr7 T+ 2A+ sk (24)

Jecnun = (E+ v x B)+
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Taking the curl of this previous currenl, one oblains

V % Jpeyu = AB + oV x [(E + v x B)| + knusB
41+ 2A? (25)
sAQT ) + }xT
3 kd

where we have used the helical magnetic fields assumption,
VxB=kB (26)
and the spiral-like lorsion as

Vul =T

where the magnetic helical flield may be expressed as

B = By [X cos (kz) + ¥ sin (kz)] e’

and the spiral torsion or helical torsion 18

T =Ty [x cos(kz) + ¥ sin (kz)]e*



where the magnetic helical field may be expressed as
B = By [X cos (kz) + ¥ sin (kz)| e*' (28)
and the spiral torsion or helical torsion is

T =Ta[x cos(kz) +y sin (kz)] e (29)

Mote that if the expression Jgoyy = grady the rotfpogy van-
ishes, and expression (25) reads

2z
88 (1+24 )ﬂ,

[An + V.V + knus| B — 4B = T

(30)
In this expression, we have used the Faraday induction equa-
tion. This expression is exactly the dynamo equation with the
conveclive dynamo term ol divv, which is negative, il the con-
duclivily is (oo low as in the early universe, then il is negative,
since the magnelic feld lines should follow the fow lines [3)
and must converge instead of expand. Ifwe want (o solve this
expression for chiral dynamos, we shall assume the following
ansatz By(t) ~ €. Therefore, the dynamo equation reduces
10 a dependence between the Torsion vector and magnetic

flelds,
g fliraa®

B= T
[ + Vv + kngps — v

It is shown in this paper that the magnetic field dynamo am-
plification possesses a contribution from the square of the
ratio between the photon mass and torsion, which is given
by the photon-torsion coupling A ~ 10~** as computed by de
Sabbala, Garcia de Andrade, and Sivaram [23]. This can be
simply shown by delining the proporlionality between B and
T(31) as a constant f#,. Inverting this relation, one obtains an
expression for the amplificarion factor when this dynamo re-
ceneration wing the competition with the other components,

tional wave astronomy observatory data [24]. Gravitational
waves (GWSs) are actually very important o decide whether a
maodified gravity theory may be as good as general relativity
or can be dismissed. As pointed out by Coda, the improve-
ments of sensilivilty allow one 1o perform GWs aslronomy
wilh frequencies-dependent response functions of the inter-
ferometer for GWSs I'rom several extended theories of graviry.
These LIGO-like experiments may help us (o find a definitive
theory of gravity. Let us now show that from ECH action, it is
possible to build a torsion trace spiral wave when one allows
an axion scalar field dependence of torsion as irs gradient.
Trace torsion waves were previously investigated by Lucat and
Prokopec [25], who argued that torsion waves are of trace tor-
sion nature, and no torsion skew-symmelry can produce any
kind of torsion wave. Here, this is questioned since, as we re-
viewed in section 2, both types of torsion are linked by one
expression. Recall that from expression above, we obtained

AT = fﬁas‘ (34)

Assuming that the torsion Crace vector § is given in erms
of the axion scalar field as 5§ = dyd where & is axion-torsion
potential. Thus, one obtains

1

i
aT' = 3

[ (35)
This expression shows thar a scalar torsion trace wave in ECH
gravity would in principle imply another spin-0 skew-torsion
wave would exist il a torsion trace scalar wave exists, since
if one defines a scalar function &, the gradient of which pro-
duces a skew-torsion wave. It seems thart the Lucat-Prokopec
argument is not valid for ECH gravity. However, note that
£(. (33) maybe inverted and expressed as

C¢p = 48T (36)




expression for the amplification factor when this dynamo re-
generation wins the competition with the other components,
hich are the results of resistivity and the compressibility of
¢ plasma flow. This can be obtained as

_ 8B +2A%)x

3 Kty (32)

Note from this expression that the torsion contribution is
present in the dynamo amplification factor through the pres-

substituled at once in the ECH action above, which yields

1 1 2 1 1
Sicn = — fﬂx‘[—g}i [—ET.'+ E1;'1"— ﬁm*+5sd*) (37)

Hence, the ECH action with a torsion scalar fleld reads

CH = %fﬂx"[—g}%

1. 2 1 i 1
b (_E_ﬁT E'I'ﬁ"i'EﬂT - ﬂaﬂﬁﬂﬁ'{-ﬁa'ﬂ-l)

Now, let us examine how the other equation for torsion be-
fomes ¢. This yields

(38)

LS = ?a.f (29)

Hence, the J' divergence is the source of torsion Irace scalar

Clep = 4p4T (36)

where [1=aa' is the wave D Alembertian operator in
Minkowski M* spacetime. Now, one may read this equation as
4 torsion trace scalar spin-0 wave sourced by the divergence
of the skew symmelric torsion vector. [T one gauges this skew
torsion as &' = 0, one would end up with the scar torsion
wave equation in the vacuum. To close the paper, let us now
address the question of how the ECH transforms under the
action of the axionic torsion trace assumption. This can be

Can. J. Phys. 00: 1-6 (2022) | dx.doi.org/10.113%¢jp-2021-0406
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which shows that & plays the role ol a torsion trace polential.
The current is locally conserved in Minkowski-Carlan space-
lime. It 15 also important (o note that the non-dynamical tor-
sion present in the original EC gravily may now accommo-
darte a dynamical torsion in its exrensions like ECH graviry. It
is interesting o note thar Bombacigno et al [26] have shown
thar the inverse of Immirzi parameter f satisfies the equa-
tion (8¢ = 0, which they claim is a genuine rorsion effect
able to be detecred. In our case, the ImmirZi paramerer acts
a5 a torsion wave source. This i5 a consequence of the local
Current Conservation.

4. Conclusions
This paper was motivated for previous publications where
A very particular type of the non-chiral dynamo with parity-

Figelar [
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Abstract

In this paper, we extend Shaposhnikov et al.’s parity violating the Einstein-Cartan-Holst
action by adding to Holst term H, a

Proca photon-torsion coupling as computed by De Sabbata, Garcia de Andrade, and
Sivaram. The strength of Holst

term is obtained, in the case of early universe torsion as, T ~ 1 MeV.

N\ =

Holst TERM IS GIVEN BY THE PARITY VIOLATING TORSION TERM WHICH IS THE PRODUCT OF
RIEMANN-CARTAN CURVATURE TENSOR AND THE TOTALLY SKEW-SYMMETRIC LEVI-CIVITA
OBJECT.
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ABSTRACT

It is well known that torsion induced magnetic fields may seed galactic dynamos, but the price one
pays for that is the conformal and gauge invariance breaks and a tiny photon mass. More recently
I have shown [L.C. Garcia de Andrade, Phys. Lett. B 468 (2011) 28] that magnetic fields decay in a gauge
invariant non-minimal coupling theory of torsion is slow down, which would allow for dynamo action to
take place. In this Letter, by adding a parity violation term of the type R, ,€"""? to the non-coupling
term, a magnetic dynamo equation is obtained. From dynamo equation it is shown that torsion terms
only appear in the dynamo equation when diffusion in the cosmic plasma is present. Torsion breaks the
homogeneity of the magnetic field in the universe. 5ince Zeldovich anti-dynamo theorem assumes that
the spacetime should be totally flat, torsion is responsible for violation of anti-dynamo theorem in 2D
spatial dimensions. Contrary to previous results torsion induced primordial magnetic fields cannot seed
galactic dynamos since from torsion and diffusion coefficient the decaying time of the magnetic field is
10°yrs, which is much shorter than the galaxy age.

@ 2012 Published by Elsevier B.V. Open access under the Elsevier OA license,
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2 Spin-1 dark massive photons torsion transmu-
tation into axions and CS electrodynamics

Here we propose that in similar way as the determination of pp decay into
torsion given by the cross section [11] given by

a(pp — TS) (1)

where this indicates the decay of four-fermions into torsion (TS), one can by
transitivity see that there is a decay rate between the dark photons and TS.
This can be done easily, by the result of Agrawal et al as the decay rate between
axions and dark photons as

r( . 82 m3, (2
I —F "y ) = = =
_ ) = Gin FE 2)
where this allows us to conjecture that the Duncan et al paper on torsion trans-
mutation into the axion be in the form of a similar decay rate of the axion into
dark photons as

(TS — a) (3)
which by the universal mathematical property of transitivity lead us to suggest

the following decay rate
(TS — ) (4)

which is the main idea behind this section. Thoughout the paper, we do not
compute the last two decays. But we point it ont that cross sections were com-
puted recently by WNam., for on-shell torsion fields and dark gauge bosons probes
via Einstein-Cartan portal [12] given by o = fo(pp — TS — I+,17) where TS
represents torsion coming from the action Cp = — %Sfjﬂij -+ %?n.z- -Sij'ij where
5;; is the curl of axial-torsion pseudo-vector 5;, whereas my represents the tor-
sion mass [10]. The minimal coupling to torsion is also used in Nam paper.
In this section we shall investigate the the kinematics of this decay, and less
phenomenology, which can be postponed to a future publication. By taking the
action of the Chern-Simons torsionful electrodynamics with minimal coupling

as

— 4 1 [ i £ o b 1 > l = > Il_"ﬂ!:' -
S DM = ‘[ d]E[Eﬁi B g — Vi) — EF“ + 51‘?‘!.".1,_.-4“ _ fj::l FF]




elepplAT] _ ] [dllb][dﬁ;].g[if dxlgep EA.T.w,ﬁ}]dﬁfﬂ (9)

Here the operator under the determinant det inside the sign of integral is

Oy = (iDz = M)dgy (10)
where « is are Dirac matrices, and the operator D) is given by

Dy = dy = iedy = igTh (11)

where the axial torsion is then introduced in the effective action. Effective action
of dark photon expression can be expanded as

pilerp[AT] ] (] [do] pl=1 [dzT* A% [i] dzloup (Ay4)] jo4m) (12)
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which s the invariant that again represents the coupling between axial torsion
and the dark massive photon in DM, and substituting it info the dark photon
action above one obtains

T,

a

l” ]-~'-"| | | rl']'.ulEE
Spy = [ Iflil‘.lit'p"-’r5(.IS{|I]“$[]+SH$$—1’ (:pj—EF b=m'y A" -

FF 4 F*SA,+ BB+ SAB]
1)

)




L J i gL
o — — =0 15
‘ax 99X (15)
since X = (A4, o). The application of the EL equation to the variable A magnetic
field four-potential in torsionful spacetime vields

L., A" (16)

;[ Fi*(1 — B¢ LY = 0% 4+ = 5

4fa

where .J is the Ohm current given by
ST J[E -+ V}{B] ll:l'?]

the second current in expression (17) is the London like current for the dark
massive photon in DM, By taking the egquations of Maxwell-Cartan-Proca elec-
trodynamics vields the equations

B¢

o[ FO 4 25°.49](1 — J 4 =2 A7 (18)

EN 2

This equation is the Ampere like equations and the Coulomb like eguations
comes from the other eguation

&) 1

L@ y(EF 4+ 25°A%)] = py + =m1,2.A° (19)
4fa 2
This is the Coulomb like equation and the first term on the right-hand-side of

this eguation is the dark photon mass density. The eguation is explicity shown
to be

a:[(1 —

f_i JV.E = p, + 2 A° (20)

The Ampere s like law is given by

B B B¢
Fe[(1 — 4__fa E — EE + [HL.,-Z + — air.

(-

}A = Johm {21}




d ]]EF.B—{'H"* P %‘”—2[1—£5‘:‘}]Aﬂ=n (26)

S Af Afa i

Mote that in the absenoce of torsion ome obtains an oscillating mmagnetic fGeld as
im Apgrawal et al Now one observes that, to solwve this eguation im OC5 electro-—
dynamics, one muast hasve the bomoseneons axion (), t being the cosmic tirme,

wer sl the dynammical eoguuation for thes asxion which asain by the EL eguation
=

[{r — + )i B 4 [(rre,® 4+

G+ 3 SG 4+ TGV (B) + SoH = 0 (27)

where we have mppeglesctes] the chirality term. and kept the helicity density ™ =
AR, Assnminge that the axion potential is given by

Vo= 2, FE_(1 — -r:-r_l-.r:{%}:l (25

Then, the partial derivative of this potential is

s = :'nzﬂfd;;:'rl{?ﬁ'}

=i

which approsximmated becomes

AV == T ag {30

Thuous substitution of this approxirmated potential in the axiomn oy moacne-
ical eguation (27) one obtains the following expression

7 1 o = - .

t;b+,___r.'5- g rre, o B S = O {31)

Ty hhelp to solwve this eguatiomn and to determmime the evoluatiomn of thhe
rmagrertic Held in DDA, simcs bBoth the asxial torsiomn amnd bhelicity are
beoth., wvery weanklh, one maay drop the last term on the lefi-hand side of
the last eguation. Therefore the eguation redoaces toe

1
5% 4 ES“& 4 rre,® = 0 (32)

where w=wve have taken the ansats o — 1;.5:414_'":: arndd =ubstitutiomn into ex—
pression {32). Now by solvingg the characteristic algebrajc eguation
arryer arbyt e s

=
P2rre=
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2m>,
So

The axion driven by torsion depends also on the torsion chirality or
to the sign of S;. Then for the negative left-hand torsion chirality
implies that the axion cosmic scale decays in time, on the other hand
when it is positive the axion cosmic scale is amplified. Let us now
substitute this axion expression into the magnetic wave equation to
obtain the magnetogenesis due to dark massive photon. Before that
let us compute the time derivative of the axion as

@(t) = doexpl( )] (34)

(35)

This expression derived once more with respect to cosmic time, leads
to N
¢ —w'p =0 (36)

where w = ’;: which yields

12
¢ = ¢psinh|( S —)t] (37)
i}

This solution is quite important since it shows that the axial torsion
contributes to the damping of the axion. This can be better under-
stood if we consider the approximation with this last expression with
very small time t as happens in the early universe where, for example
at inflation  ~ 10-*s and at QCD scale { ~ 1007 °s. This assumes then
that { <<< 1 which yields

(38)
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By taking the ansatz for the magnetic field as B = B___gerp[+t] into
expression (39) yields

[ —£22y0%,8 oD f SO)]AB = 0 (39)

4

A 2 A 2
= (Bcporn a 4+ Boam=a
4faSO 4fu.

To obtain this equation we assume that the early universe era comic
time f << < 1, which reduce the factor of 72 to 1. Furthermore we have
taken the Agrawal et al approach that in the conformal time metric
one could taken the initial axion value ¢35 = f,. These simplification
lead to the formula for the algebraic equation to

+ o)y + [(m,2 —2)IA =0 (40)

> Bodom3,
P
4faS()

+ o)y =0 (41)

where in precedent section we consider that the magnetic helicity is
null, and only non-helical primordial magnetic fields are considered.
Therefore solving the characteristic algebraic equation we get the
degenerated solution

BmQa]

So

with torsion contribution. Note that, if the axial torsion is positive
or right-chiral here, we have a dynamo amplification. while in the
other choice we have a left-chiral torsion which implies the decay of
primordial magnetic field. By taking the torion of the QCD GeV
order of 1A/eV we obtain

Yajtor — [0 =3 (42)

Yattors(@e D)y = 10— (43)

where in the TeV scale of the LHC and very early universe we obtain

Yajtors(TeV) =~ ~ 10~ e (44)
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A bstract

In this paper we generalised the Engwvist-Olesen electrowealk
decay method of a ferromagnetic-like structure formation in
GUT to iclude torsion potential in noDp-minimal coupling la-
grangian. The possibility of obtaining hypermagnetic flelds corm-
puted from the cooper pairs and from Wegauge bosons in the
Einstein-Cartan portal, are shown to be given by Bw ~ mwe 7.
Here, v represents the chiral torsion potential. IF torsion poten-
tial is right handed, or positive, it drives a dynamo amplification
which reaches 10%. This estimate is the well-known dynamo arm-
plification, which is able to seed galactic dynamo. OF course,
when the torsion potential of the torsion trace wvector wvanishes
the torsionless Engvist-Olesen result is recovered. Since torsion
trace vector is in general linked to gauge bosons as axial torsion
is associated to fermions, it seems that the present study could
be applied to the recent Cao H. Mam s idea of using Einstein-
Cartan portal to produce dark gauge bosons mediated by torsion
and dileptons, to include primordial magnetic felds.




Light gauge bosons in Einstein-Cartan grav-
ity and hypermagnetic fields from spin-torsion
density and W boson mass

[11% =€ We prese da I'eviey 2 Lle ADDALA a1l Al dlll I'esllll
on W boson mass generation of the magnetic fields in primordial universe in
erms of axial torsion and fermions and the spin-torsion density in the Einstein-
“artan portal. Let us focus first on the work of Enqgvist and Olesen, on the
omputation of averaged value of the < F?; ; > which is given by y/F?;;. Their
dea is connected to the present paper in the sense that although
ere we consider abelian fields, they make use of non-abelian gauge
heories to investigate the role of ferromagnetic-like vacuum with
on-vanishing magnetic field, also existing at finite temperature and

oreover, they use this idea to generating primordial magnetic fields

om the formation of ferromagnetic-like vacuum in grand unified field
heories (GUT) scales. These magnetic fields would be comoving with the
primordial plasma. On dimensional grounds this theory yields the expression

V< F2ij >~ m?w ~ 100GeV? = 10*'Gauss (1)




In the present paper we shall show that this expression is generalised
by the product of it by an exponential of the torsion potential on
a a torsion trace generated torsion potential, where the primordial
magnetic fields so obtained, reduces to the Enqvist-Olesen (EO) result
in the case of vanishing torsion trace potential. This is why seems
to be important to provide the readers with these reviews here. To
obtain this result they made use of a non-Abelian gauge boson hypermagnetic
field of the electroweak theory SU(2)XU(1)y, which is broken down to U(1)em,
we obtain

Fij =20,V + [Vi, Vj] (2)

where [,] is the non-Abelian commutator of the Yang-Mills field like gravity.
Here we notice that V; (i,j=0,1,2,3) is the gradient of a scalar or pseudo-scalar
field we note that this expression reduces to the one used by EO

Fij = [Vi, Vi) (3)

In their case, from this expression they found the solution

Vi = —2-\/ ol (4)
O g

Since this solution can be recast in the form of a gradient of the logarythm of
the Higgs scalar field ¢.the EW vector boson V could be expressed as a
gradient of a potential function of the Higgs fields. Similar to what
happens in the torsion potential case. Then, keep only non-Abelian term
is justified. However, in this paper we addopt the viewpoint of Kleinert, where
the gauge bosons are free and so we may neglect non-linearities. Therefore, the
hyper-EM fields are given by the field 2-tensor

F;; = 28,V (5)




without the non-abelian terms. In this case we see that the vector gauge
boson V cannot be a gradient of a scalar otherwise the hyperelectro-
magnetic field would vanish by symmetry. Before we proceed to consider
the Kleinert gauge light bosons equations with the Higgs field, it is worth men-
tioning that, in de Sabbata and Sivaram [15], they have considered the coupling
with four-fermion interactions and axial torsion. From the use of the Cooper-
pair condensate the phase transitions in the early universe (Vachaspati refs)
would be followed by a primordial magnetic field, as the universe cools below
phase transition temperatures, where spin-torsion interaction could be effective.
Question of symmetry breaking and mass generation, today s called Higgs mech-
anism, brings in the analogy with superconductors type II (Kleinert book). In
this case phase transition is broken, which means that the we no longer have
invariance under the term €'® in the superconducting ground state which makes
the photon acquires a mass. Nowadays it is very usual to call a dark photon, a
spin-1 gauge boson related to axion mass [?]. The symmetry is clearly restored
above a critical value of the magnetic field. This critical value, which restores

symmetry is [?]

m? ,

B = 2eh ©)
where h is the Planck constant, e the electric charge and 2e is the charge car-
ried by the Cooper pair, whereas m is the induced mass. Here we assume the
relativistic units to be valid (c=h=1). De Sabbata and Sivaram argue that for
a typical superconductor, with penetration depth of few microns, the magnetic
field would be of the order of very few Gauss and this would correspond to an
effective mass of ~ 107*GeV. Since torsion induces a magnetic field, when the
invariance under SL(2,C) or ﬁ:rp[%ﬁuﬂ'“"fb] is broken, and equations (6) one
obtains the equation

8
Bpe = —(20)70 (
where o is the spm—tnrqmn density contact fermionic interaction of Einstein-

Cartan (EC) gre pns, De Sabbata
and Sivaram four Page 5 nechanism as



where o is the spin-torsion density contact fermionic interaction of Einstein-
Cartan (EC) gravity [?]. By equating these last two expressions, De Sabbata
and Sivaram found the mass generated in the Meissner-Higgs mechanism as

(8)

and as the weak interaction is already included in the general covariant Dirac
equation, it was possible to compute the induced mass of the weak intermediate
boson. Though here we use G = 1, the weak interaction coupling could be G,
or Fermi constant. When estimating the spin-torsion density, volume would
be the beta decay length cubed. Therefore from the above data used above in
terms of spin-torsion density one obtains

3 dm

2 3 (9)

my? = 81r(2eaGp)%(L)
GFr

where ¢ = G = h = 1. Then, at electroweak unification the mass generated by
spin-torsion density is my =~ 70GeV, which is in agreement with the observed
value for the mass of boson W*. Now that we saw, from De Sabbata and
Sivaram work, that the W boson mass can be determined from the spinor four-
fermion spin-torsion density, we are able to go back, and in the next section




3 Gauge free bosons and helical hypermagnetic
dynamos in Einstein-Cartan Portal

In this section we present new results concerning the production of hypermag-
netic dynamos as given by solutions of unitary gauge electroweak EM equations
of dynamos sourced by Higgs and W gauge light boson masses. The importance
of torsion to supergravity as torsion gravitino and other aspects of new physics
seems to justify such an endeavour. In this section we find solutions of the
equations obtained from the Kleinert action

é¢4 . %FQ + m2we-—-2‘r‘/ivi]

4
(10)
where (i,j,k=0,1,2,3) and 7 is the trace torsion potential which generates trace
torsion through the expression

4 37l i m? 5 s
Apw = [ d*z\/—ge [-2-V,7¢V ¢ — 7({) e <7 —

PN o s
S;* = 5[5,-*ajr — 8;%07] (11)
which yields the following trace of this tensor by contraction
3

This confirms 7, as a trace torsion potential. If we use the idea of torsion
transmutation to axion one may say that this scalar torsion potential could be
associated to the axion cosmic scale a(t). The term F? contains the EW EM
tensor which now is given as a abelian field as

Fij = 0 Vi (13)

where V has replaced the electromagnetic vector four spacetime potential A,
and since we are considering the assumption that for free gauge bosons, the




where V has replaced the electromagnetic vector four spacetime potential A,
and since we are considering the assumption that for free gauge bosons, the
non-abelian commutator can be neglected. Assuming the covariant derivative
minimally coupled where V has replaced the electromagnetic vector four space-
time potential A, and since we are considering the assumption that for free
gauge bosons, the non-abelian commutator can be neglected. Assuming that
covariant derivative is coupled with EM potential as

D=0 —ieV (14)

Performing the substitution into the Kleinert action yields

= m* A 1 _
Apw = /‘ﬁ*" € 3T[ Di¢D'¢ pre " — Eff‘f'4 — —F? 4+ mPye TV, V]

4
(15)
By taking the Euler-Lagrange equation
aL oL o
Oh— — —— =10 16
‘ov oV (16)
One obtains the Maxwell-like equation for the free W bosons electrodynamics
as
OiF"7 = [ + my?e 7|V —ied ¢ (17)




Expressing these equations in terms of vectorial fields notation, we may infer
that for 7 =0 |
O F = [e* + my e TV —iedo (18)

Then, by noticing that for i = a, F° = E® is the electric field and

V.E = [¢? + m*we " VI(t) — ieo (19)
The Ampere-like equation is obtained with j = a as

HE — VxB = (e* + m*we 7|V (20)

Note that from this last equation, the exponential of trace torsion potential
damps the effect on the massive gauge boson mass. When torsion potential
is positive there is really a damping whereas the negative torsion potential,
enhances the effect of boson mass in the electromagnetic fields. So it seems a
chiral torsion like effect [18] appears. The remaining EW hiper-EM equations
of Faraday and the absence of magnetic monopoles are contained in the Bianchi
equations

9iFjk) =0 (21)

From expression (21) and helical magnetic fields condition
VxB = \B (22)

one obtains the magnetic wave equation for the W-boson hypermagnetic field
B as
0*B + [\ + € +m*we 7|B=0 (23)

Where we have used that
Bw = VxV (24)

Now let us solve the magnetic wave equation which yields




By considering the cosmic time %;y, fiation = 10 7"s as very small. the last ex-
pression can be written approximated as

B = Byceasin[(Ao + €2 + m?y (1 4+ 7))t] (26)

Therefore, by taking only torsion contributions vields
B = BEEE,_{[TH.E H.."(]_ + T)i’-] (2?)

which in the first approximation of the boson mass, coincides with the EO result
above. In the second approximation it yields

B = Byeea[m*wt] (28)

Note that in Berera [?] the GUT hypermagnetic field Bgcea = 10*2@G and since
1G ~ 1072°GeV? and teyr ~ 107265 one obtains

B = 10"°Gauss (29)




Therefore, by taking only torsion contributions yields
B = Byeea[m*w (1 + 7)t] (27)

which in the first approximation of the boson mass, coincides with the EO result
above. In the second approximation it yields

B Bseed[m2w7‘t] (28)

Note that in Berera [?] the GUT hypermagnetic field B,e.q = 10*2G and since
1G ~ 1072°GeV? and tgur ~ 107265 one obtains

B = 10"°Gauss (29)




Therefore, by taking only torsion contributions yields
B = Byeea[m*w (1 + 7)t] (27)

which in the first approximation of the boson mass, coincides with the EO result
above. In the second approximation it yields

B Bseed[m2w7‘t] (28)

Note that in Berera [?] the GUT hypermagnetic field B,e.q = 10*2G and since
1G ~ 1072°GeV? and tgur ~ 107265 one obtains

B = 10"°Gauss (29)




om this equation and Kleinert action one obtains

q 3 * i 3 P AP | 3 i _E 1 3 3 N2 .

e 37 [Eqbz + L-_lqﬁq + GiepV'" + EFE] + 5e 'JT[E?H."H.@QS(;&"' —mAw (VO -V =0

(31)

since the exponential in front of the brackets are algebraically independent,

simple linear algebra shows that for this whole expression to vanish the terms

inside the brackets have to vanish and we are led to two field equations for
constraining Higgs and W bosons as

3

Eq."# + gqa"‘ + 6iedV? + EFE =0 (32)

1 3 fx )4 ]
EmzHis}gs $? —miy (VO — Va2 =0 (33)

By assuming that V* << V? in the last equation one obtains
L,

5 M” Higgs 1;1‘}2 = m? w Vvo* {: 34)

showing expliicitly that, there is a relation between the Higgs and W light gauge
boson mass. The expression (32) yields

%q& + gqﬁ + 6iegpV" — 33‘-’- =0



So the the hypermagnetic field may be expressed as

MW (39)

16m? piggs
From the magnetic wave equation one obtains
Bw = m*we " (40)

note that from a negative value of torsion this equation represents a dynamo
effect generated from the torsion scalar. Now there is an important relation
between the cooper pairs here too. This can be obtained by considering the
dynamical equation for ¢

3

~2()(2) + 2ieV(0)¢ = EB“’2 (41)

Now to determine the relation for By in terms of critical Cooper pair of section

T

2, we simply reexpress equation (40) in terms of B, = - as
B, =2eB.e 7 (42)

A very interesting consequence of this formula, appears when the torsion trace
potential is very weak. In this case this expression shows that torsion contribu-
tion is given by

BWt ors ™ DT (43}

Therefore, this equation can be expressed dimensionally in terms of the torsion
as

Bw = B.S.t (44)

where t is the cosmic time. This last expression is exactly analogous to the ex-
pression of Sivaram and de Sabbata for the relation between primordial magnetic
fields and spin-torsion density of Einstein-Cartan gravity and then to Einstein-
Cartan Portal. Before closing this section it is interesting to point it out that the




WHICH GENERA
FERROMAGNETIC NON ABELIAN MOLC
TO TORSIONFUL CASE AND TO TEST IN LHC.
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