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Abstract

In this work, we consider the strong sector of the
minimal and the non-minimal Standard Model

Extension (SME) [1] in order to compute the cross
section for Drell Yan and deep inelastic scattering

processes. We use this framework to test Lorentz and
CPT symmetries with real data, collected at colliders
such as LHC and HERA, and simulated data for the

future US-based electron-ion collider.

Basics

• The SME describes anisotropic space-time and this
affects clocks and rulers.

• Unlike the QED extension coefficients, the QCD ex-
tension ones are not yet stringent constrained by ex-
periments [2].

• For a single massless Dirac fermion, the gauge in-
variant, Lorentz and CPT-violating Lagrange density
is given by

Lquark =
1

2
ψ̄(i /D + Q̂)ψ + h.c. (1)

where Q̂ describes the Lorentz-violating effects.

• Q̂ is a fixed tensorial background. The cross section
varies with time as the Earth rotates

• To find out how observables oscillates with time, we
change from the Sun-centered frame to the detector
frame.

• The modified dispersion relation for quarks is given by
k̃2 ≃ 0.

• The parton carries a fraction of the parent hadron:
k̃µ = ξpµ, where k̃µf = (ηµν + c

µν
f )kν.

Deep inelastic scattering

• For massless fermions, the lagrangians for the mini-
mal CPT-even and non-minimal CPT-odd Lorentz vio-
lation are:

LCPT−even =
∑
f=u,d

1

2
ψ̄f (η

µν + c
µν
f )γµi

←→
D νψf (2)

and

LCPT−odd = −(a(5))µαβψ̄γµiD(αiDβ)ψ + h.c (3)

• The differential cross-section for DIS is given by:

dσ

dxdydϕ
=

α2y

2πQ4

∑
i

Ri(Li)µν(Im Ti)
µν, (4)

where i = γ, Z,W± and Ri denotes the ratio of the
exchanged boson propagator.
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(a) DIS of an electron off a proton. (b) Optical theorem
for the proton-proton interaction.

Drell-Yan process

dσ

d4qdΩl
=

α2

(2π)4sq4

∑
i

Ri(Li)µν(Wi)
µν (5)

The dominant contribution for the DY hadronic tensor.

• For instance, the hadronic tensor is modified by the
coefficient cµν:

W
µν
f =

∫
dξ1dξ2H

µν
f (ξ1, ξ2)[ff (ξ1, c

p1p1
f )ff̄ (ξ2, c

p2p2
f ) +

+ff̄ (ξ1, c
p1p1
f )ff (ξ2, c

p2p2
f )] (6)

where
H
µν
f (ξ1, ξ2) =

2e2f
3s̃ Tr

[
(ηµα + c

αµ
f )γα

ξ1/p1
2 (ηνβ + c

βν
f )γβ

ξ2/p2
2

]
×(2π)4δ4(qµ + ξ1c

µp1
f + ξ2c

µp2
f − ξ1p

µ
1 − ξ2p

µ
2 ).

Estimated sensitivities

• Using data collected at colliders [4] for each process
and simulated data of future colliders [5], it is possible
to extract constraints for coefficients:

( a )

( b )

( c )

(a) Expected best sensitivities on individual coefficients
cJKf estimated for HERA, JLEIC and eRHIC. Values are
in units of 10−5. (b) Expected best sensitivities on indi-
vidual coefficients cJKf and a

(5)TJK
f from studies of the

DY process at the LHC. (c) Comparison of estimated at-
tainable sensitivities to equivalent u-quark coefficients
at the EIC and thte LHC. Values are in units of 10−5 and
10−6 GeV −1, for minimal and non-minimal coefficients,
respectively.
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