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What 1s Lorentz violation?

Lorentz invariance: Experimental results do not depend on the orientation of the
laboratory/system or 1ts velocity through space

Consider operators
Orr ™ 1;7“?% &V”iDy% S [’LI Z OH”
Make coordinate scalars by contracting with objects possessing Lorentz indices!

_ a v
Eg. Ly D —a, vy, |a,] = |GeV] ﬁ ﬁ
a,, 1s a fixed background vector field filling '

the vacuum ﬁ

Generic terms: ELV — Z kz/u/@:&uy
1

= EFT test framework = Standard-Model Extension (SME)

i D. Colladay, V. A. Kostelecky, PRD 55,
6760 (1997); PRD 58, 1166002 (1998)
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What 1s Lorentz violation?

What effects are induced by £, ?

An observer Lorentz transformation is a coordinate transformation

at — AH a”
(x) = P'(a") = Sy(r)

—a, Yy — —a,pyHep

(coordinate scalar)

X

Under an observer transformation the background @, transforms like an ordinary
four vector

=> No change 1n the physics!



What 1s Lorentz violation?



What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system



What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system




What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system




What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system

p(x) = ¢/ (x) = SY(A™ )




What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system
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What 1s Lorentz violation?

A particle Lorentz transformation 1s a transformation of the physical system

p(x) = ¢/ (x) = SY(A™ )

/a,

Net physical effect
—a, i — — (A7) | a" e
o —CMM‘W

Unlike observer transformations, particle transformations produce in general
physical effects because the background is unaffected

Consequence: the rotated system obeys a
different physical law than the original —> Lorentz violation!

system with rotated coordinates [This setup 1s very reminiscent of
spontaneous symmetry breaking]



Quark-sector Lorentz-violating effects

Quarks modified by Lorentz- and CPT-violating operators
1.7 : 2
Ly = §¢(7“2DM + 9O) + h.c.
Modified kinetic terms

%@Eéw D (CL(S))MB &A%ﬂpB — (b(g))iB &A%’)%ﬂpB T

A

-+ (0(4))’LW QEA’Y iDuwB + (d(4))’LW &Afyf)fy Z.l)l/wB "o
AB H AB H

pof _
_ (a(5))AB YavuiDoiDgybp + - -

We consider the following (spin-independent, flavor-diagonal) effects
- . AT .
L= 30p"iDus + 5 (i) PsyuiDyiy
f=u,d
— ()04 py,iD i D h
(ap )" pyuiDoiDgyhs + hc.



Deep 1nelastic scattering



Deep 1nelastic scattering

Example: L. D %C'[;V??Zfi’y,uﬁwa
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Estimating sensitivities at colliders

Differential cross sections enable extraction of (estimated) bounds using
pseudo data for the EIC. Technique relies on coefficient combinations that
exhibit sidereal time dependence ~ 23 hrs 56 mins
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Some remarks:

* Regions of sensitivity at low/high x, low-moderate Q, and higher CM energies
* Expected bounds ~ 1-2 orders of magnitude more stringent than with HERA
data, primarily due to reduced statistical uncertainties

* Need to quantify primary sources of (time dependent) systematic errors (e.g.,
luminosity)



