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Lorentz- and CPT-violating effects are generically parametrized 
in a framework known as the Standard-Model Extension (SME)

D. Colladay, V. A. Kostelecký, PRD 55, 6760 (1997); PRD 58, 116002 (1998)

Quark-sector effects in DIS

Quark-sector effects are largely unstudied
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CPT even, 6 time-dependent observable 
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Modified quark propagation 
and interaction 

Cross sections for DIS 
calculated at LO in LV
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Sidereal oscillations
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Inertial Sun-centered frame (SCF) introduced to place constraints
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Lab-frame perspective
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Sidereal oscillations
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ZEUS DIS events
Roughly 7 million DIS selected events from ZEUS 2006 data analyzed

Strong solar variation due to beam luminosity not 
completely eliminated with sidereal binning

Ee = 27.5 GeV, Ep = 920 GeV
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ZEUS DIS events

Several years of data not available to 
observe expected flattening of 
distribution from homogeneous 
sampling of luminosity

Instead, can test this expectation by 
shrinking the binning interval

A one-hour test interval, which 
contains no physical significance, 
produces a nearly flat distribution



Bypassing the luminosity
Instantaneous luminosity info. could be used to eliminate this source of time dependence (not 
available!); instead note LV effects sensitive to DIS kinematics

Consider ratio of sidereal distributions at different 
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Luminosity uncertainties cancel



Bypassing the luminosity
In the analysis we consider the ratios with 

r(PS1, PS2) =
∫

PS1
dxdQ dσ(e−p → e−X)

dQ dx dϕT

∫
PS1

dxdQdϕT
dσ(e−p → e−X)

dQ dx dϕT

/
∫

PS2
dxdQ dσ(e−p → e−X)

dQ dx dϕT

∫
PS2

dxdQdϕT
dσ(e−p → e−X)

dQ dx dϕT

are particular slices of phase space, e.g.PS1,2 PS1 = Q2 > Q2
cut and PS2 = Q2 < Q2

cut

Choice cuts:
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negligible sensitivity to LV 
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strong sensitivity for 
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Three binning scenarios:
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T = (Tsolar, Tsidereal, Ttest = 1 hr) no time dependence expected



Control study: (Q2
cut, Tsolar)

ZEUS preliminary

16, 12, 8, and 4 bins from top-to-bottom (right)



Control study: (Q2
cut, Tsidereal)

ZEUS preliminary



Control study: (Q2
cut, Ttest)

ZEUS preliminary

No evidence for impact of 
stochastic remnants of systematic 
uncertainties for all periods



Control study: (xcut, Ttest)
Recall theory double ratios with  cuts exhibit strong sensitivity to LV effectsx

r(x > xa(5), x < xa(5)) = 1 − 6.3 × 103 a(5)003
u + 7.0 × 103 a(5)033

u − 2.5 × 103 a(5)333
u (xa(5) = 10−3)

− 5.2 × 102 (a(5)011
u + a(5)022

u + a(5)113
u + a(5)223

u )
− 5.1 × 102 a(5)003

d + 5.7 × 102 a(5)033
d − 2.1 × 102 a(5)333

d

− 47 (a(5)011
d + a(5)022

d + a(5)113
d + a(5)223

d )

r(x > xc, x < xc) = 1 − 30 c03
u − 23 c33

u + 0.86 (c11
u + c22

u ) (xc = 5 × 10−4)
− 8.5 c03

d − 5.1 c33
d + 0.13 (c11

d + c22
d )

However, we cannot conclude that 1 year of data results in binned 
solar and sidereal distributions split by  are consistent with 
statistical uncertainties alone 

xcut

Explicit theoretical double ratios:
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Control study: (xcut, Ttest)
ZEUS preliminaryZEUS preliminary

Consistent with Gaussian distributions with central value =1, σ = σstat.



Potential bounds
Assuming that sidereal distributions will look similar to the test ones, potential bounds 
are extracted by fitting theoretical expressions to the test distributions
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Potential bounds
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Conclusions
An analysis searching for Lorentz and CPT violation in the quark sector 
with ZEUS DIS data is presented:

Binned events indicate significant solar and residual sidereal 
dependence emanating from the beam luminosity  

Double-ratio distributions from contrasting regions of phase space 
present the possibility to bypass instantaneous luminosity

Control studies were performed with  cuts and indicate binned 
double-ratio data is consistent with statistical uncertainties only

For the case of , potential bounds on 36 coefficients for 
Lorentz violation were extracted

x, Q2

(xcut, Ttest)
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