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Lorentz-Violating Extension of the Standard Model

Colladay and Kostelecky found an extension of the Standard Model
without Lorentz invariance but it has gauge invariance, energy momentum
conservation, and covariance under observer rotations and boosts, while
covariance under particle rotations and boosts is broken.

hep-ph/9809521
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Lorentz-Violating Extension of the Standard Model

Colladay and Kostelecky found an extension of the Standard Model
without Lorentz invariance but it has gauge invariance, energy momentum
conservation, and covariance under observer rotations and boosts, while
covariance under particle rotations and boosts is broken.

hep-ph/9809521
Their model uses a method intrinsically perturbative, that is

L=Lo+ L.

@
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An example for £ is

\ ) _ _
£ Te(T) T (i0) ¥ O {aud7", buthysr v},

where
@ )\ is a dimensionless coupling constant

o (i0)* represents a four derivative acting in some combination on the
fermion fields.

o [ represents some gamma-matrix structure.

e (T) is a nonzero expectation value for one Lorentz tensor.
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Rizzo approach.

Rizzo extends the idea of Kostelecky with one strong constriction.

His idea is:

Consider the case where only the
extra dimensions lose Lorentz
invariance while in 4D remains
invariant.
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Rizzo approach.

Rizzo extends the idea of Kostelecky with one strong constriction.

Examples of £

His idea is:

Consider the case where only the

extra dimensions lose Lorentz —b(959) (059) ,
invariance while in 4D remains iaUy° 05V,

invariant. . (,_—u5,_—u5 + FsuF“5) ‘
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Scalar field

Taking into account the action
s = / dxtdy [(aMcb)T (aMcb) — a(950)! (a5q>)]

_ / dxt'dy [(0,0)1 () + (1 +a) (2°0)' (350)]
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Scalar field
Taking into account the action
s = / dxtdy [(aMcb)T (aMcb) — a2 (950)! (a5cb)]
_ / dit'dy [(9,0)1 (90) + (1+ 2) (6°0)" (950)]
The Kaluza-Klein decomposition

¢ = Z On(X)xn(y),

and the use to orbifolds leads to
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nA2/RA2

Considering a = 0.1.
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Compactification on a circle.

Now, taking the restriction

2R
y N.y+ )
w
and considering
S— / dxdy [(Om®) (0M0)], 0= 3 ———gn(x) expliwy o).
w0 (o0)]. o= 3 R
then )
ﬁ—%&
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Tha function Chi_n{y})

osly} g5

-1

Shifting in the periodic conditions. @
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Convention to Gamma matrices.
4D Dirac Matrices

0 ot 1 0
B — i~0,1.2.3 2
=l Gl E=aEel )

which satisfy the property

{7} =29,

5D Dirac Matrices

M= ’7M7 r = i’75 =i ( 3.)2 _1(2) ) ) {rM, rN} = 277MN'

v

&2
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Modified Dirac action.

- -
s = /dx“dy [L\UFMaM\IJ—Eb\UfyS@_r,\U]

/dx“dy [ FM(‘?M + br585> ]
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Modified Dirac action.

- -
s = /dx“dy [L\UFMam\U—Eb\Uny’@g,\U]

/dx“dy [ rMaM + bF585> ]

o-(2)

: _ 14 b _
S— / dxdy (é ($o"D,% + X" 0,x) — % (dsx — ;zaw))
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Building the model.

e Consider the sum of Dirac action (W) and two scalar field actions
(¢1, @2) in 5D which include terms on Lorentz Violation ( constant b
for Dirac action and a for scalar field actions).

@
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Building the model.

e Consider the sum of Dirac action (W) and two scalar field actions
(é1, ¢2) in 5D which include terms on Lorentz Violation ( constant b
for Dirac action and a for scalar field actions).

@ Impose a SU(2) symmetry to the scalar fields.

@ Rewrite Dirac spinors as symplectic-Majorana spinors, which have the
properties

i i ~TiT 2 _(c 0
P =c'Cy', c=—io”, C_<Oc.)’

PTM TPy = KRR L TMyk,
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Building the model.

e Consider the sum of Dirac action (W) and two scalar field actions
(¢1, @2) in 5D which include terms on Lorentz Violation ( constant b
for Dirac action and a for scalar field actions).

@ Impose a SU(2) symmetry to the scalar fields.

@ Rewrite Dirac spinors as symplectic-Majorana spinors, which have the
properties

i i ~TiT 2 _(c 0
P =c'Cy', c=—io”, C_<Oc.)’

PTM TPy = KRR L TMyk,

@ Search the necessary conditions to found the supersymmetry
transformations and relations between a and b, starting with

transformation: . L @
5C¢l — EUCJW
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Check this
(PMon + br°0s ) (TVow + br%0s) = 0Map + (b2 + 2b) 00
= 99, + (1 + b)? 8°0s.
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Check this

(PMon + br°0s ) (TVow + br%0s) = 0Map + (b2 + 2b) 00

= 9"9, + (1+ b)*0°0s.
“A modified Klein-Gordon operator.” J
- = = E = vae
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Smoael = [ axdy; ((0ui)| (0167) — a(35)) (359 )

+ / dxtdy E\D (P™0n + brods ) w + F,TF"] .

@
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1 ) .
Smodel = /dx“dy§ ((aMcbi)T <8M<D’> — a(95%;)" (85(1)’))
+ / dx" dy E\D (P™0n + brods ) w + F,TF"] .
The transformation of Dirac field is
W = iej (FNaN + bF5<95> o' + e5¢'F,

iff

a® = b% + 2b.
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1 ) .
Smodel = /dX“dy§ ((aMcbi)T (8M¢’> — a(95%;)" (85(1)’))
+ / dx" dy Eu‘: (P™0n + brods ) w + F,TF"] .
The transformation of Dirac field is
W = iej (FNaN + bF5<95> o' + e5¢'F,

iff
2’ = b% + 2b.

Also

SeF = iéig (r"’a,v n br585> v,
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Superfield formalism.

Taking into account two families of chiral superfields

O(y,0) = é1(y)+V20u.(y) + 0°F(y),
O(y,0) = ¢a(y) + V20ur(y) + 02F(y).

@
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Superfield formalism.

Taking into account two families of chiral superfields

O(y,0) = é1(y)+V20u.(y) + 0°F(y),
O(y,0) = ¢a(y) + V20ur(y) + 02F(y).

Compute the terms

OFd D 0% (F 51 + 92sF — rIsL)
30:d o 7 (Fcfa5¢1 + phasFT — &Rag,zzL) .
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The equations of motion for F fields leads to

L =~ 050|051 + 05 (02050} + 610562) — 95010502

u]
)
I
il
it
5
pe)
Pl
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The equations of motion for F fields leads to

L =~ 050|051 + 05 (02050} + 610562) — 95010502

So, the supersymmetry action in 5D can be written as

it _ / dSX{ / d*0 (B + $°0°) + / d?095® + / dz%“@s@}-

@
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What happens if we take into
account the term?

b5 b. ]
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What happens if we take into

account the term?

bd 5.

This term leads a modification

in equation of motions for the
F fields

bos 2

= Ff,
bds )

~- F.
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What happens if we take into

? .
account the term? So, next terms arise

0% (3500502 + 05610561

bd€O5b. _ _
- J —b (YrOsYL + VROsYL) -

This term leads a modification
in equation of motions for the

F fields
b85¢2 = FT?
bdsph = F.

@
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What happens if we take into

? .
account the term? So, next terms arise

J —b? (8505;85(752 + 55<Z5J{35¢1) ;

bd€O5b. _ _
—b (YrOsYL + VROsYL) -

This term leads a modification
in equation of motions for the

F felds The same relationship for the
bds¢y = FT, coupling constant. J
bdsph = F.
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Conclusion.

@ Supersymmetric models with Lorentz Violation in higher dimensions
are possible.
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Conclusion.

@ Supersymmetric models with Lorentz Violation in higher dimensions
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@ These models require a deformation in the supersymmetric generators
and the use of the symplectic-Majoran spinors.

@

J.D Garcia-Aguilar (CINVESTAV) Lorentz violation in 5D Susy model. October 22, 2011 19 /19




Conclusion.

@ Supersymmetric models with Lorentz Violation in higher dimensions
are possible.

@ These models require a deformation in the supersymmetric generators
and the use of the symplectic-Majoran spinors.

@ The superfield formalism for the free theory requires another term,
the Kahler potential is not enough.
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