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Spontaneous Lorentz breaking 

¥ Suppose we have an action of the form

¥ Suppose that associated equations of motion have solution

! tensor structure of     imparts ÒpreferredÓ geometry to 
Minkowski spacetime

! action is fully covariant !  spontaneous Lorentz symmetry 
breaking (ÒLorentz violationÓ) 
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gab = ! ab Ψ != 0 ! ! = 0
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¥ Take linearized equations of motion:

¥ Generally results in EOMs depending on 

¥ Can we obtain an Òeffective Einstein equationÓ 
independent of      ?
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¥ Assume that:

1. ÒConventionalÓ matter not directly coupled to 

2. Extra terms in stress-energy (      ) vanish in limit of no 
direct curvature coupling

3. Second derivatives of       can be eliminated from linearized 
Einstein eqn. via linearized EOMs for 

4. Certain parts of        vanish (not strictly necessary)

Bailey-Kosteleck! Formalism

Tab

Tab

Bailey & Kosteleck!, PRD 74, 0450014

! !
!

!
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¥ Under these assumptions, can be shown that

¥ Relaxing condition 4 (vanishing portions of stress-
energy) generally leads to rescaling of ÒeffectiveÓ  

5 Bailey & Kosteleck!, PRD 74, 045001

s̄, ū

δGab ! øuδGab + 2øsc
(aδRb)c !

1
2

øsabδR + øscdδRacbd = 8π(Tmat )ab

øsab ! sab[ø! ]øu ! u[ø! ]
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¥ BK conditions are imposed at level of EOMs

! What actions yield appropriate EOMs?

¥ For vector models     , kinetic term must be of form

! ÒGeneralized bumblebee modelÓ

¥ General vector models require analysis Òfrom scratchÓ

! e.g. TeVeS (Bekenstein), Einstein-¾ther (Jacobson & 
Mattingly), sigma-¾ther (Carroll et al.)
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Admissible models

M.S., ar " iv:0903.2279 (PRD in press)

K = ± ÷gab÷gcdFacFbd

÷gab = H1gab + H2AaAb Fab = 2 ! [aAb]

Aa
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Post-Newtonian metric

¥ Solving linearized EOMs for Òalmost staticÓ spacetimes:
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U =
!

d3x! ! !

W i =
!

d3x! ! !v!
j

j i

3
V i =

!
d3x ′ !

′v′i

Uij =
∫

d3x! ! ! i j

3 X ijk =
!

d3x! ! !v!i j k

3
Y ijk =

!
d3x! ρ

! i j k v!
l

l
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g00 = ! 1 + (2 + 3s̄00)U + s̄ij Uij ! 4s̄0i Vi + O(4)

gij = ! ij + (2 ! øs00)! ij U + (øskl ! ij ! 2øsk ( i ! j ) l + 2øs00! ik ! jl )U kl + O(3)

g0i = øs0i + øs0j Ui
j ! 7

2 (1 + 1
28 øs00)Vi + 3

4 øsij V j ! 1
2 (1 + 15

4 øs00)Wi + 5
4 øsij W j

+ 9
4 øsjkX jki ! 15

8 øsjkX ijk ! 3
8 øsjkYjki + O(4)
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Current & future experiments
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Satellite ranging
¥ ÒDistortedÓ potential & off-

diagonal terms cause 
deviations from GR orbits

¥ Radial oscillations at char. 
frequencies

¥ Amplitudes determined by 
orbital parameters & 

! r =
!

n

An cos(" n t + #n )

+ Bn sin(" n t + #n )

! n

øsab
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Lunar laser ranging

¥ Analysis of historical data 
bounds 5       components 

! |

! |

¥ APOLLO project will increase 
sensitivity by 1Ð2 orders of 
magnitude

øsab

Battat, Chandler & Stubbs, PRL 99, 241103
Murphy et al. , Proc. Ast. Soc. Pac. 120 , 20Ð37

!
!øsij

!
! < 10! 10

!
!øs0i

!
! < 10−7
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Precision gravimetry
¥ Atomic interferometry allows 

precise tests of 

¥ Lorentz symm. breaking causes 
variation of    as Earth 
revolves/rotates

¥ Assuming no LSB for photons:                       

!                        (4 components)

!                        (3 components)
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g

g

! g =
!

n

Cn cos(" n t + #n )

+ Dn sin(" n t + #n )

!
!øs0i

!
! < 10! 5

Chung et al ., ar " iv:0509.1929

!

"

!

"

#$%&'"( )!

!
!øsij

!
! < 10! 9
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!

Torsion pendula
¥ ÒHorizontalÓ components of      

also time-varying

¥ Torsion balance would respond 
to this variation (damped 
driven oscillator)

! Compliments interferometric 
experiments (horizontal vs. 
vertical components of    )

! Requires ÒunbalancedÓ 
pendulum, so experimentally 
challenging
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!g

!g
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Other experiments & effects

¥ Lorentz-asymmetric gravitational effects could also be seen in:

! Horizontal interferometers

! Relativistic time-delay (Cassini)

! Binary pulsars (time-evolution of orbital elements)

! Orbital gyroscopes

! ÒClassicalÓ tests (perihelion shift, light-bending)

13 Bailey, ar " iv:0904.0278
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Conclusion

¥ Spontaneous Lorentz symmetry breaking can affect gravity

! Tensor Þelds w/ non-zero background values impart 
preferred geometry to spacetime

! For certain models, detailed knowledge of tensor dynamics 
unnecessary

¥ Current and future experiments can place tight bounds on 
such models

! Bounds of 10-10 for        , 10-7 for
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