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Estimated sensitivities

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.

« 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
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where Q) describes the Lorentz-violating effects.

« () 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
k2 ~ 0.
* The parton carries a fraction of the parent hadron:

kM = Ept, where IZ}L = (" + &)k

Deep inelastic scattering

« For massless fermions, the lagrangians for the mini-
mal CPT-even and non-minimal CPT-odd Lorentz vio-
lation are:
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» The differential cross-section for DIS is given by:

do
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where i = ~, Z, W+ and R, denotes the ratio of the
exchanged boson propagator.

k K'

} f

(a)

(X)

(a) DIS of an electron off a proton. (b) Optical theorem
for the proton-proton interaction.

Drell-Yan process

do a2 w
Bgdy — (2n)rsg Z Ri(Li) y(W5) (5)
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The dominant contribution for the DY hadronic tensor.

* For instance, the hadronic tensor is modified by the
coefficient ¢/¥:

Wi = [ded&HY" (&, &) fr (&, P (&, 77) +

+ff(€1, ) fr(&a, )] (6)

where
H}LV(&’@) - §TT [(77“& + Cf )7&51%(77 VB 4 C? )75%
x (2m) 6% (M + glcupl n &Cupz 51]01 B fng).

« Using data collected at colliders [4] for each process
and simulated data of future colliders [9], it is possible
to extract constraints for coefficients:

HERA JLEIC  eRHIC | JLEIC eRHIC
one year ten years
eI X | 6.4 [6.7] | 1.1 [11.] 026 [11.]|0.072 [9.3] 0.084 [11]
6.4 [6.7 | 1.0 [10] 0.19 [7.7] | 0.062 [8.5] 0.058 [7.9]
leIY| 6.4 [6.7 | 1.1 [11.] 027 [11.] | 0.069 [9.4] 0.085 [11)]
6.4 [6.7 | 1.0 [10] 0.18 [7.8] | 0.065 [8.5] 0.058 [7.8]
leXZ| 32. [33] | 1.9 [16] 0.36 [15] | 0.12 [16.] 0.11 [15]
32, [33) | 22 [19] 0.85 [35] | 0.14 [19] 0.26 [36.]
Y2 32. [33] | 1.8 [16] 0.37 [15] | 0.12 [16] 0.12 [15]
32, [33) | 22 [19] 0.84 [35] | 0.14 [19] 0.26 [36.]
XY 16. [16.] | 7.0 [60.] 096 [40.] | 0.44 [58] 0.31 [40]
16. [16.] | 3.3 [28] 0.0 [17] ] 0.20 [27] 0.13 [17]
XX — YY) | 500 [50] | 6.0 [51] 2.8 [120.] | 0.37 [50.] 0.89 [120]
50. [50.) | 6.4 [54] 2.0 [82] | 0.40 [53]  0.63 [82]
(a)
LHC
I 7.3 [19]
cYZ| 7.1 [19]
XY | 2.7 [7.0]
leit Xt — el Y| 15 [39]
25 72 [180]
Y Z| 70 [180]
leg ™ | 26 [69]
XX — YY) 150 [400]
a2 XX aPTYY L 0,015 [0.039)]
aD) XY 0.0027[0.0070]
e T 0.0072[0.019]
)Y 0.0070 [0.018]
| EZJTXX (a)Tyyl 0.19[0.49]
ao XY 0.034[0.088]
S 0.090[0.23]
a2 0.089[0.23]
EIC | LHC
XX Y 037 | 15
e Y | 0.13 2.7
X 2| 011 | 7.3
cYZ| 012 | 7.1
@ TXE _ GQTYY 23 | 0.015
a XY 0.34 | 0.0027
aOTXE 0.13 | 0.0072
a2 0.12 | 0.0070
(c)

(a) Expected best sensitivities on individual coefficients

J
f

/B estimated for HERA, JLEIC and eRHIC. Values are

in units of 107°. (b) Expected best sensitivities on indi-

vidual coefficients ch

and @y

(5)TTK

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~° and
10~ GeV L, for minimal and non-minimal coefficients,

respectively.
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