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Colladay and Kostelecky, PRD 55, 6760 (1997)

The SME Lagrangian Colladay and Kostelecky, PRD 58, 116002 (1998)
Kostelecky, PRD 69, 105009 (2004)

LSME — LSM + LGR + LLV(—I.orentz violation

Conventional physic/

Facilitates the systematic test of Lorentz and CPT symmetry

** Models for Lorentz violation applicable to diverse physical scenarios
** Compare and classify tests of Lorentz symmetry

¢ Predicts signals for Lorentz and CPT violation




Lorentz violation can be represented as constant uniform
background fields that permeate Minkowski spacetime

7 vialati .
LD kﬂOM (X) k* Lorentz-violating background field

O field operator

Lorentz violation happens when the experimental results depend on
the spacetime orientation of the laboratory frame

Velocity of the laboratory frame relative
to fixed inertial reference frame

fixed inertial reference frame




The components k* of the background field are called
the coefficients for Lorentz violation or SME coefficients

The coefficients for Lorentz-violation
transform under coordinate transformations,
therefore it is important to report all the
results in the same reference frame

The reference frame used is the
Sun-centered frame (SCF)

Kostelecky and Russell, arXiv:0801.0287v7




The Standard-Model Extension (SME) Lagrangian

Lsye = Lsyy + Lgr + L1y Ly > 0%k,

The components k,,, ,, are called coefficients for Lorentz violation

The field operator O#1#n represents standard field operators

Example of a Lorentz-violating term
l/nyal/Jfoa

Yr(x) is a fermionic field and f labels the flavor of the field
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Muon Sector

Combination Result
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Minimal Lorentz-violating terms contain field operator of
mass dimensions 3 or 4

Mass dimension 3

/

Minimal Lorentz-violating term lljf)/al/Jfoa

Mass dimension 5
/
Nonminimal Lorentz-violating term l/_)fya aﬁ avl/)fvfaﬁv

Low-energy experiments are expected to be more sensitive to minimal
terms than to nonminimal terms in a Lorentz-violation effective field theory.




The minimal SME only considers Lorentz-violating operators of
mass dimension 3 and 4.

Components of magnetic field in SCF
W

v4+ o BI s U
iZZbiB‘FE(Ti) (ﬁLF)]

/

Lorentz-violating anomalous Laboratory’s velocity in SCF

precession frequency shift
* 4 for positive muon
« — for negative muon

Direction of the
magnetic field in SCF

A linear combination of SME coefficients that transform as a spatial vector
under rotations of the coordinate system
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- = | Orientation

Lorentz-violating frequency shift
N I

Lorentz-violating field/ /
B field

. Fixed frame



time

Sidereal variation of the R

anomalous frequency =2 f B

B field



Minimal Lorentz-violating terms contain field operator of
mass dimensions 3 or 4

Component of the magnetic field in SCF
W

v+ = Br s
2 =2b* - B +—(T*)" (Brr);
/

Lorentz-violating anomalous Laboratory’s velocity in SCF

precession frequency shift
e + for positive muon Siaetfen @ e

* — for negative muon magnetic field in SCF

A linear combination of SME coefficients that transform as a spatial vector
under rotations of the coordinate system




frequency 4

time

Orbital velocity of the Earth

Annual variation
of the frequency

|

(BLr)j



v+ = BI s
Swr = Zbi-B+§(Ti) (BLF);

\“y* Linear combination of SME coefficients
* 4 for positive muon
« — for negative muon

Muon mass

1 3 2 9 (M)
+ E]KLHKL + m”d]T i; 1+ Eﬁ 14 m[J,E]KLgKLT

o)

by —myg,;

SME coefficients that appear on the Lagrangian

f velocity of muon relative to the laboratory frame

y=(1-p)7"2




1
A
— mﬂg§ )) + E]KLHKL + m‘ud]T + —

Y

g-2 experiments with negative muons are sensitive
to a different linear combination of SME coefficients
than g-2 experiments with positive muons




1
A
= i—(b] — mug§ )) + €k Hyg, + myd;r £—

Y Y

J-PARC’s experiment and Fermilab’s experiment are sensitive to slightly
different combinations of SME coefficients

J-PARC Fermilab and BNL

f=1
y =~ 30




The term 2b; B, /Bdoes not contribute to
the sidereal or annual variation of w,




E;—’ can be studied by comparing the anomalous
frequencies for the negative and positive muon

In the same magnetic field

B, (bj by
B \wy, ‘Uz'o

2

Proton precession frequency




E;—r can be studied by comparing the anomalous frequencies for two
orientations of the magnetic field

!/

By
!/ !/
B Wy

Ezi 4+ ...




Minimal cases Nonminimal cases

v A pp(dSun | —
anj
Combination of nonminimal SME coefficients

Energy of the muon in the laboratory frame

Etermilab Fermilab’s experiment is more sensitive to nonminimal
=10 5ME coefficients than J-PARC by a factor of (10)¢=* where
d is the mass-dimension of the coefficient

E;-parc

Comparing the anomalous frequency for the negative muon with the positive
muon in the Fermilab experiment will result on the best bounds on the

effective coefficients gn])sun withd = 5




More information

Laboratory tests of Lorentz and CPT symmetry with muons
André H. Gomes, V. Alan Kostelecky, and AJV
Phys. Rev. D 90, 076009 (2014)




