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Basic Motivation for SLV

To provide a dynamical approach

to QED, gravity and Yang-Mills theories
with photon, graviton and non-Abelian gauge fields
appearing as massless Nambu-Goldstone bosons



How to introduce Lorentz Violation

V=242 - Mznﬁ)2

M Lorentz violation scale

Lorentz violation direction In the space-time

S0(1,3) = SO(3) or SO(1,2)
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* Higgs Mode is very heavy, but conveniently we
can exclude it in the non-linear sigma model limit

 Goldstone mode
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a, IS pure goldstone mode a,n* =0



How to observe SLV ?

* Via Higgs mode

It is extremely heavy and therefore unobservable in low energies

 Via Goldstone modes

Despite the fact that theory is non-linear and there are Lorentz

violating interaction, physical Lorentz violation does not exist
and SLV manifests itself only in axial gauge choice.

One can even postulate gauge invariance as a condition of non-
existence of physical LV.



Physical Lorentz Violation

Partial gauge invariance

QED example:
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Some immediate applications

 Effective masses
my = \/p; = |my+ 25ppo|, 8 =0y or 6 =5;cosd
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» Partially gauge invariant term for SM

BB,

Mp

1% 1% 1%
‘CENSM = £5|\/| + (OCfo -I-Othg -I—OthTh )

The “Gravity type” high dimension operator is suppressed
by the Planck mass but being triggered by the hypercharge gauge
field VEV may become significant at the high scale

The coupling constants for fermions, gauge and
- Higgs bosons being equal at the Planck scale
becomes different when running to lower energies



Modified dispersion relations

* Fermions

In terms of shifted momentum

P, = Pu+s(N-p)ny 5t = ar(M2/M2)
modified Dirac equation
(y+p' +mu,(p) =0

gives p’HZ — m?



 Vector bosons

 SM Higgs boson

k? + 20 (N - k)Z = ‘Uﬁ , Op = Olh(MZ/M%)



« Some direct SLV conseguences in SM

(¢ Weak boson stability h
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* Photon decay
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Conclusion

* Photons (generally other gauge bosons) can well be treated as 4D
space-time massless vector Goldstone bosons.

* Such emergent gauge invariance hides the physical Lorentz
violation and disables some generic features of the Standard
Model, which otherwise manifest themselves at high energies, if
there appears non exact or partial gauge invariance. One may
expect that quantum gravity could in general hinder the setting
of arbitrary 1initial conditions at extra-small distances thus
admitting superfluous restriction of vector fields. This eventually,
through some high-order operators, would manifest itself in
(partial) violation of gauge invariance.

* Phenomenologically, the Ehysmal SLV consequences might well
be expected at energies 10'® — 10%° eV (present cosmic ray physics
range). Lots of new effects in HE physics and astrophysics are
predicted
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