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(50)
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= R{capy + T Thay- (51)
B Emp T, ATAR T

DTy + DTy + DpTey
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HERRAR IR 10 AR, 8 LR T4 Ap, R —

m
NRE.

Do Ry
= Ry + Ay Ry — AjpReyy
= DpRyy, — AppRevps

S{D, Ry}

= &{(D,, D.)A},}

. a
= 6{2}%1/(250d(14bu)}
= e{RZupAlezp}v
Q{QPRSUM} = S{DPRI?I/,LL - Rgu,uAle)p} =0,
DRy, + DRy, + DuRy,, = 0. (54)
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5 RESRE
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BTV AR 2805 R A A AN B 5 R T 46 350 0 Al
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AR EIS S ST, JEE RN 2 contortion 245
Z AT R AN TN S5V s E 3 E K
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BN EIKE AN AL ] Ge 22 /D80 73 Hu DTk 1 1
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B JEXT E(2) FIEES  BE AT 17 204

T FH OO AR AR SRS 25 51 0 1 2 3R AE AN [R] )
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RE EW 5 IR By, & AT Re4h i Re 1)
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], G0 FIXANFE W BT, R Xt O A I R B
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Abstract

At the cosmological scale, there exist many anisotropic anomalies in the low-1 multipoles of the CMB angular
power spectrum. Especially, the normals to the octopole and quadrupole planes are aligned with the direction of the
cosmological dipole at a level inconsistent with Gaussian random. The inconsistency indicates that the anomalies may
not be boost effect from the CMB rest frame to the peculiar frame. It hints us that the boost invariance might be violated
on a cosmological scale. There are some discrepancies between the astronomical and cosmological observations, and the
predictions are solely based on general relativity and the standard model for elementary particle physics. The solutions
are the introduction of dark matter and dark energy. However, all the experiments aiming at finding dark matter
particles give negative result and it is still a mystery: what the dark energy is comprised of. We suppose that the Lorentz
symmetry begins to be violated partly from the scale of galaxy and utilize the very special relativity symmetry group
E(2) as an example to illustrate the Lorentz violation effect on the large-scale effective gravity. A local E(2) but Lorentz
invariant gauge theory can be constructed based on the equivalence principle and the gauge principle. To realize the
E(2) symmetry, the closure requirement of Maurer-Cartan eqnarray on E(2) algebra needs to be satisfied by postulating
constraint conditions among the components of the Lorentz connection. The local Lorentz invariant gauge theory with
a Hilbert-Einstein action is a theory with torsion in general case. However in the case of scalar matter source, the
theory is exactly the theory of general relativity with Levi-Civita connection and zero torsion. In the E(2) gauge theory
case, the closure requirement of Maurer-Cartan eqnarray for F(2) algebra postulates 12 constraint eqnarrays among the
components of the Lorentz connection and the eqnarrays of motion for connection reduce the number of independent
components of connection to 12. The eqnarrays of motion for the tetrad field do not contain only the involved tetrad field
components nor these relevant independent components. So the whole number of variables needed to be solved is 12 more
than that in general relativity while there are 12 more eqnarrays in the meantime. The torsion or the contortion field of
the E(2) gauge theory is non-trivial even in the case of scalar matter source distribution. Decompose the connection into
Levi-Civita one and the contortion part and rewrite the eqnarrays for tetrad field in the formalism of general relativity,
then there will appear an effective energy-momentum tensor contributed by the contortion distribution, in addition to
the ordinary matter source distribution even for the case of scalar matter source. We expect it to contribute at least
part of the dark matter effect. We also examine the holding of the first and second Bianchi identities induced by Jacobi
identity of the F(2) gauge theory. The approach of our modified gravity is different from other approach of modified
gravity in the sense that we construct the modified gravity by modifying the spacetime symmetry on a large scale and

the emergence of effective energy-momentum tensor caused by Lorentz violation effect is due to a purely large scale effect.

Keywords: E(2) group, very special relativity, the effective gravitation theory, Lorentz violation
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