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e Lorentz invariance
— meaning
— violation
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— test framework
e clock tests
— theoretical analysis
— STE-QUEST sensitivity
e WEP tests

_ theoretical analysis Based on STE-QUEST analysis

with Brett Altschul & Quentin Bailey
— STE-QUEST sensitivity



relativity

e physical results are independent of the velocity of the
experiment and the direction it points

 juggling facing the other way still works
e rotation invariance — results are independent of the
direction the experiment points



relativity

e physical results are independent of the velocity of the
experiment and the direction it points

* juggling on ship moving at constant velocity without
rocking still works

e boost invariance — results are independent of the
constant velocity of the experiment



what does relativity violation look like?

o

* Juggling while lying on your back is different



what does relativity violation look like?

o
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 juggling while lying on your back is different
e apparent relativity violation

* resolution: Earth is part of experiment. It should be turned
with the juggler.



fundamental relativity violation

o relativity

e relativity violation

(in general, there can be time
components and higher rank
tensors, but they’re hard to
draw)




motivation
Inconsistencies at higher energies
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underlying theory at Planck scale

options for probing experimentally E
e galaxy-sized accelerator

e suppressed effects In

sensitive experiments
Lorentz violation
e can arise in theories of new physics
o difficult to mimic

with conventional effects
STE-Quest can probe Planck-scale physics!




general test framework
Gravitational Standard-Model Extension (SME):

effective theory which contains
o General Relativity

e the Standard Model

 all Lorentz-violating terms

e broad search for LV

Lorentz-violating terms

« constructed from known physics
(fields, particles, interactions)

e parameterized by coefficients

e sample

@ = g+(¢9)

different for various particles

Colladay & Kostelecky PRD '97,'98 Kostelecky PRD '04



gravitational SME

» effective field theory
« expansion of Lagrangian about known physics

LSME — LSM + LGR—I—LLv+LLV+...
— N— ——

known physics Lorentz violating corrections
LLV — Lfermion =+ Lphoton + Lpure gravity + ...

« nongravitational minimal QED limit

Ltermion = %Z@('}/M— C’uy")’y— et. .. )Hiw
—(m+a, W +buysyt 4 )Y

coefficients for Lorentz violation
e particle-species dependent

* to first approximation,
constant in Sun-centered frame




PPN vs. SME

framework PPN SME

parameterizes General Relativity | exact Lorentz invariance

deviations from: | (including some | (including some
Lorentz violation) |corrections to GR)

expansion about: | GR metric GR + standard model
Lagrangian

GR corrections? | Yes Yes, different ones!

matter sector No Yes

[standard model
corrections?




tests

e compare experiments pointing in different directions
e compare experiments traveling at different velocities

« SME
— predictive
— quantitative comparisons

 find
— relativity violation

— field of unknown origin eg. best existing bounds on
spacetime torsion?

1) Kostelecky, Russell, Tasson PRL '08



Earth rotation

e orientation & velocity of experiment constantly changes

e periodic at rotational (sidereal) period

o test relativity by comparing experimental results at an
Infinite number of orientations & velocities



































































