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Introduction and motivations

o Standard Model : ; No violation has been
Lorentz invariant

* General Relativity discovered to date

Motivation 1: Such an imj)ormn’c Jom’nci]o(e should be tested
Motivation 2: There could be Lorentz violation coming from a funafamenm[ tﬁeory

Fundamental T ﬁeory:

strings?, noncommutative syacetime?,

[ocyo quantum gmvity?,. -
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Lorentz violation

Two Joossiﬁfe ways to imy[ement the Ereaﬁing @C Lorentz invariance:

’ fx]o[icit Tensor Fields act as ﬁxec[ Bacﬁgmunaf in ’lncomjoatiﬁifity with thd

any observer fmme Bianchi identities
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Yomg Mills

The Lagmngicm cfensity 1S gi\/en Ey

]‘ a aocCy4C
L=Tr |~ FuF"—J¢A,|, M = M9, 1, %] = Cabete,

Tﬁe canonica[ momenta are

H8 e O, Ha — ZO e —Ea

which satisfy the non-zero Poisson brackets

(A3, 1), IS (y, )} = 6%6(x —y),  {A%(x,t),I%(y, )} = 626°5(x — ).
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Yomg Mills

The Hamiltonian o[ensity 1S given Ey

H.=ILA? — L= %(EQ + B?) — AY(D;E; — J°)* — JFAL.

We emyfoy the Dirac’s method to construct the canonical tﬁeory due to the
fact that primary constraints, X% = Iy ~ 0, are present. The evolution condition cf the

]orimary constraints,
$(x) = (Z°00), [ &y Ha(y)} = {Z°(x), [ &% Hely) +A"Sa} = 0

[eads to the Gauss [aws: Q% = (D; E; — JO)“ ~ (.
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Yomg Mills

T he time evolution for the Gauss laws gives
e = be Ab
(0 = —_C""A0° — D, J"",

which is 7ero, modulo the constraints and using current conservation. The tﬁeory onfy

contains the first class constraints
21 ol Q% (D E, = ] ) sl
‘l\formaffy one fixes
a . ad: ., [0
[I2~0  A%~B°

with ©¢ Being arﬁitmry functions to be consistent[y determined aﬁer the

remaining ﬁ’rst class constraints Q2 are ﬁ’xea[.
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Yomg Mills

The ﬁna[ Hamiltonian c[ensity is

1 |
Hy = 5(E2 +B%) -0 DB, - J)a+ JIA.

Once IIS and A are fixeof Strong[y, the Dirac brackets among the remaining variables are

| {42(x,1), A%y, 1)} =0,  {B%(x,t),B%(y,t)}* =0, {AZ(x,t),E¥(y,t)}" = —6{6°6(x — y).

- The fina[ count cf cfegrees cf freeofom (DOF) ‘per point in coordinate space yie[c[s

1
FH0.f = 5(2 X 4N —2 x 2N) = 2N.

(A(), BY)) = (A0, BO)br — [ dudu{A®),x:(w)}r @) (), B®)}e -
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The non abelian Nambu Model

The Lagmngian c[ensity 1S given By

=
L=Tr |- FuF"—J'A,

with the constraint

o There is not gauge symmetry.

—

)

M = M%°

A A = n*M?=.

[ta, tb] = Cabctc.

(Ap) =nuM

o The number @C ofegrees cf freeofom are 3N vs. 2N cj: the chg Mills tﬁeory.

o The equations cf motion do not corres]oonc[ to standard Yang Mills tﬁeory.

. 2 Tﬁe conservation Of/ tﬁe current JOQS TlOffO[[OW as a COYLSiStQ?’le COTLC[ﬁ'iOTLfTOWl tﬁe

ecluations cf motion in the NANM, as it ﬁayyens in the YM case.



We emjafoy the Jf)ammeterization

N N
g-_-Ba(l ) Ang“(l ) N = (A2A? +n°M?), 4B°*+t N #0, i=1,2.

4 B2 4 B?

which it is written in terms of the 3N incfe]aencfem c[.of. B%, A% In order to umfy the notation
when going to the Hamiltonian formu[ation we introduce the 3N of.of. %, A=1T """

a ___ AQ a __ Aa a a
[ 1 2 2 ) 3_Ba

in such a way that the coordinate tmnsformationA;f" = A%(®%) is invertible. In fact,

the inverses are

Aa
I - A2 3= i ( A5 A5 + AgAg+n2M2).
1 1 2 2 3 2\/AgAg \/ 3423 \/



The relevant property cf the tmnsformation is that

. DAL . e r . O P
==L | o2 = — .
i = Bob T pdb,  odb’ AT 9Ab

Next we ]oroceeof to calculate the Hamiltonian cfensity of the NANM in terms of

the canonicaffy com’ugafec[ variables <I>i’4, Hﬁl . We rewrite

: 1 E¢ = A? — 71 2R
,CNANM((I),(I)) = §E?Eza - §B’?B’? - JQHAZ’ Bf' — lﬁzjk ik
2

with E* = EX(®,$), B® = B*(®). The comonica[[y corg’ugatec{ momenta are calculated as

a

A=

OLNANM(D, D) _ gt BAb == 8Ab

O0PC
: EAd = T

DAY



The NANM Hamiltonian afensity 1S

: 1 1
HNANM — H%(I)?q = (EE,?E;Z = 53383 — JQMAZ) ]

which we rewrite in successive steps

O Ly 1 1
Hnaxy = 1% 2 AAb (2E3E3— > B{Bf - J"’”’Az),

. 1 1
Haanym = EPA? — (§E3E3 — 5B,,?JBg — JWA;';) ,

1 1 |
Hyanm (@, I1) = §E§E§” + 53333 — A} (D:E? — J°) + J*AZ,

with the canonical a@eﬁm

{99 (x),®%(y)} =0, {II4(x),IIx(y)} =0, {9%(x),II5(y)}=0%04p0"(x—y).



Since the tmnsformations((b, II) » (A, E) are genemtecf By the cﬂomge cf variables in coordinate

space, we know ﬁfom classical mechanics that the fu[[ tmnsformation in Joﬁase space s a

canonical tmnsformation. In this way we automatica[[y recover the PB a@eﬁm

{A}(x),Al(y)} =0, {E“(x),E"(y)} =0, {A}(x),E"(y)}=—6%66%x—1y).

o T ﬁeA fw[a[s into the Hamiltonian aﬁensn“y are not arﬁn‘mry functwns as it
ﬁa]o]oens in the YM case.

+ The Gauss laws(D;E; — J°)° are missing in the NANM.



b 0\?
The time evolution @C the functionsﬂ = (DiE’i = ) : accon{ing to the NANM Jynamies,

gi\/es

: Al A A“
a abc AbNc a 0 Na 3 b bNb
g gC AN — D, J" +D3( 19)—1)3( : CAQ)+DZ-(NAQ)

(1) Tmposing current conservation at some initial time t=o.

(i7) @emancfmg also the Gauss [aws to hold at t=0, we obtain 0o§2* = 0 (a=1,2,. ,’N) as well
at t=o0.

In this way we can recover the Yang-’l\/li[& tﬁeory By imposing the Gauss laws as
a anNa
Hamiltonian constraints, with arﬁitmry functionsN acfofing_N () to/HE and

rec[eﬁning o+ N® = @a. This leads to
1 .
Hp — §(E2 + B2) — O%0O% + JTA™.



Summary

» The non abelian Nambu model (NANM) is motived By Spontaneous Lorentz
Symmetry Breaﬁing (SLSB).

* ’Using a nonjoerturﬁative Hamiltonian omafysis, we prove that the Yang-fMi[{s
tﬁeory 1S eoluiva[ent to the cowesyonoﬁ’ng NANM, after both current

conservation and the Gauss laws are im]aoseof as initial conditions for the latter.

o The gauge ﬁe[cfs or }oﬁotons (aﬁeﬁ’om case) can be inteqoreteof as gofofstone bosons
arising from an SLSB.




Summary

o There are no vhysical effects from Lorentz violation in the non abelian Nambu
kY

model when the Jorevious initial conditions are imyosecﬁ

¢ The gauge symmetry emerges fmm a afynamica[ setting imjoosing suitable initiall

condition.

¢ Generalizations of this idea can be considered.
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