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Symmetry and symmetry breaking

® A system possesses a symmetry if it 1s unchanged under some action

* [Fundamental physics is rooted in symmetries

Example: SM symmetries Ggauge I Gpoincare

® Symmetries are a guiding principle, but often Nature prefers to break them

Examples: C, P, T, SU(2)1, gauge symmetry, ...; CPT, Lorentz symmetry (?)



Symmetry and symmetry breaking

® T'he past two decades have seen an explosion of interest in Lorentz and GP1 tests
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® These terms have special properties
. observer transformation ‘
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. . _ . particle transformation
® Background breaks rotation invariance .




The Standard-Model Extension (SME)

® The Lorentz- and CPT-violating framework grounded in D. Colladay, V. A. Kosteleck! , (1997, 1998)
clfective field theory is the Standard-Model Extension (SME) V. A. Kosteleck! , (2004)
Contains all possible terms that break
SS ME — SS M T SG R T SLV Lorentz and CPT symmetry
consistent with the particle/field
content of the SM and GR
LV — I aag) | CPTV implies LV in realistic EFT 0. W. Greenberg, (2002)
I Table D40. Gluon sector, d = 4
Combination Result System  Ref.
® Numerous constraints have been placed to date o <1078 Variows 91
» f|‘”|;|>’¥| < ig‘zf 231* Data Tables for Lorentz and
X2 n < —27 9 91]* . .
77 20 » -« CPT Violatiory,. A. Kosteleck! ,
 The QCD and electroweak sectors L <102 (201 b . ROSIEEE
k*| for a =1,2,8,9,10 < 1073*  Astrophysics [291]* N. Russell, aerV-OSOI-OQB?VIZ}
are very unexplored! ke fora=3,4,5,6,7 <107 201]*
i RCP) <2x10718 7 171]*




ProspectiMéERA and EIC bounds

® DIS has been studied in the context of HERA and EIC data V- A Rosteleck? . E. Lunghi, A. R Vieira. (2017
E. Lunghi, N. Sherrill, (2018)

® Dominant renormalizable effects for massless valence quarks HERA EIC Yellow RepatXiv:2103.05410
— | 1 n ! ! I8 :
| = §|ﬂf( H +C]c +#5df )#ulD!!f
f=u,d
Main results

® Best expected constraints at 10->-106levels
* kxpected E1C constraints up to two orders of magnitude
more stringent than expected constraints from HERA data

Sidereal analysis of HERA data In progres
* (Unpolarized) electromagnetic cross section independent E. Lunghi, N. Sherrill,

of parity-violating effects (can be constrained instead on the ZEUS Collaboration
/ POle in the Drell-Yan PTOCESS @ LHC) E. Lunghi, N. Sherrill, A. Szczepaniak, A. R. Vieira, (2021)
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Lorentz- and CGPT-violating parton model

® Standard partonic picture at large energies:

® (Juarks modified by Lorentz- and CPT-violating operators
— 1 I . V. A. Kosteleck! , M. Mewes, (2013)
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Lorentz- and GPT-violating parton model

® Standard partonic picture at large energies:

Do Lorentz-violating effects
change this picture?
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V. A. Kosteleck! , E. Lunghi, N. Sherrill,
N S A. R. Vieira, (2020)

® (Juarks modified by Lorentz- and CPT-violating operators

L | — % !ﬂ(ll | ID | 4 (b) | 4 h C. V. A. Kosteleck! , M. Mewes, (2013)

V. A. Kosteleck! , Z. Li, (2019)
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Lorentz- and CGPT-violating parton model

® kxplicit calculations carried out for spin-independent and flavor-diagonal effects

L= Lgi"HDytg + 318D g ! 2aP M 1B D (- iDy! s +hee

f=u,d
® Modified Dirac equation and dispersion relation
(" + ¢ ) Yuily — af)“aﬂwé‘az‘@ﬁ]w =0 k= k? O (coefficients) = 0
=E* = |k|* + O(coefficients)

e Consequence: standard parton-model o1t # £p "
relation no longer holds The resulting

factorization theorem 1s

® Factorization requires the ’]‘C’ R COHSiS[eﬂt.Wi[h Fhe OPE
following covariantelationship = &p and Ward identties



Lorentz- and CPT—Vl()latmg part()n model
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® Renormalizable coetlicients: sensitivity at low @ ! Sea contributions dominate at
low z, so CPT violation leads to

® Nonrenormalizable effects: 0,5 X ff (ZB) — ff (ZB ) > aweakening of bounds!




Lorentz- and CPT—Vl()latmg part()n model
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® Renormalizable coetlicients: sensitivity at low @ ! Sea contributions dominate at
low z, so CPT violation leads to

® Nonrenormalizable effects: 0,5 X ff (ZB) — ff (CB ) > aweakening of bounds!




GAUGE FIELD THEORIES WITH LORENTZ-VIOLATING ... PHYS. REV. D 99, 056016 (2019)

TABLE IV. Terms of low mass dimension d < 6 in the Lagrange density for QCD and QED with multiple flavors of quarks.

V. A. Kosteleck! , Z. Li, (2019)

Component Expression
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Example: gauge-sector effects

* A recent study has considered Z-boson Lorentz violation for in DIS at future colliders A. Michel, M. Sher (2019)

® Klectron-quark corrections

d*c 1 d*c
(avan), =2 [ (i)

e~ () a:()
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(e) iMzz

e (k) qi(p')

(d) iMgz,

time

A popular framework for exploring Lorentz violation is the Standard Model extension. This extension
contains a large number of parameters that can be bounded in various experiments. Most studies, however,
focus on the fermion or photon sector. Here, we consider Lorentz violation in the weak vector boson sector.
The strongest bounds come from measurements of the asymmetry in Mgller scattering. We study the
bounds that can be obtained from future measurements of the parity violating asymmetry in deep inelastic

electron-proton scattering at the EIC, the LHeC, and the FCC-eh. For the FCC-eh, the bounds could be
substantially improved over current bounds by including timing information.
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Conclusions and outlook

* We developed a framework for studying quark-sector Lorentz and CPT violation in
collider processes . !’(

e Fxtracted simulated and real constraints on
renormalizable and nonrenormalizable coetficients for /
Lorentz and GP1 violation at existing and future colliders

® HERA analysis with ZEUS collaboration underway

® Kinematic reach and increased luminosity of FCC-¢h expected to produce
improved constraints over HERA/LHC by several orders of magnitude

® Many new theoretical and experimental opportunities available — a great time to get involved!



