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Introduction (ll)

« SM cross section measurements often
target SM-like effects
* New physics could be much richer!

* Broad program of measurements put
together by CMS:

« Baryon number violation (pre 132 2024)
241802)
° Lepton number violation (JHEP 06 (2022)

082, arXiv:2504.08532, PRD 111 (2025) 012009)

" SECTION  Lorentz invariance violation (s ss7

““S“ﬂ!“!"'l's (2024) 138979)
* Many results on FCNC!

| ‘ ~» Results on CP violation in the top+Z (arXiv:2505.21206) |
~ CMS-PAS-TOP-23-009) |



https://arxiv.org/abs/2504.08532
https://arxiv.org/abs/2505.21206
https://cds.cern.ch/record/2929076?ln=sv

Searching for CP violation in the SMEFT
* 1149 CP-odd operators in the SMEFT
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Equivariant networks for CP violation searches

» Using neural networks that are equivariant (odd) with respect to the CP symmetry
* SM contribution is symmetric

« BSM-SM interference is antisymmetric

* These properties are
fulfilled even when the
training has not
converged

» Faster convergence
when imposing
equivariance
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https://arxiv.org/abs/2405.13524

Search for CP violation in top+Z production

« Exploring new CP-violating interactions affecting ttZ or
tZqg production

. Using 2016-2018 (13 TeV) and 2022 data (13.6 TeV)

« Selecting events with 3 leptons, jets and b-tagged jets
g

e e

g
- Studying two EFT operators: cu/!, ¢! (q;0 VTIU-]‘) (PW;W (qi(ﬂwu]‘ ) (PBW

(ciE/RW) 6
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https://arxiv.org/abs/2505.21206

Input variables and network architecture

* Using two neural networks, one for g \
each operator »

» Building a Z boson candidate from 23
the two leptons with an invariant 23 z ()
mass closest to the Z e
O F - W

* W lepton is the third lepton 2322000000000 f

* Momentum of all particles and ptmiss S
IS used as an input S

 Also using jet b-tagging S 7
information . ,

Input variables

x Pizv P  Pw B, Qw P> bscore; era



https://arxiv.org/abs/2505.21206

More details on the training

* Training network using ttZ, tZqg and WZ simulations
« EFT effects included in the simulations through ~ W = Wgy + ZCIZ T Eclchz]
weights (see LHC EFT prediction note)
 Loss function using the SALLY™ method

l;(parton kin.) \?
)

L = wgps(parton kin.) ( f(observables) — (parton ki
wgp(parton kin.

e Simultaneously performing signal/background discrimination and obtaining EFT
sensitivity

« CP equivariance achieved by considering f(observables) = g(observables) — g(CP(observables))

Input variables
Pzt Pz- Pow pi Quw ﬁ%msf bscore; era
—Pp- —Ppr —Pw —P, —Qm —pPr bscore; era

CP(x)

&N *SALLY method: PRL 121, 111801 (2018) ;


https://cds.cern.ch/record/2895759/files/CERN-LHCEFTWG-2024-001.pdf
https://www.arxiv.org/abs/1805.00013

Training results
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Events

Ratio to SM

Results: observed yields
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Results: interpretation

CMS 138" (13 TeV) + 34.7 o™ (13.6 TeV)
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* Inference in the Wilson coefficients performed from event yields
» Simultaneous measurement of cww! and ciz! — SM within 2 s.d.
* Ctz! consistent with positive values due to asymmetry observed
* Local significance between 1.9 and 2.6 s.d.
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Flavor structure of SMEFT

W Mz \
* Measuring Z-quark couplings separately D) _ (45 .
for 1st-2nd and 3rd generations Opq " = (#'1Dy0 ) @)

vy |
» Studying events with 3l and 41, in 0 = ((p*iDy(p) (@ '%), o, - KW WP W
different jet and b-tag multiplicity , - UKJZ, JowarK
categories o) — (go*i[)yq;) (T u,), Ow =€ "W, Wi'Wp
. . L7 . a o B
g[vudymg quark+Z interactions, cw and o — (¢*1D,¢¢) (dﬂydb)
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https://cds.cern.ch/record/2929076?ln=en
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Event selection and EFT effects

Ratio to
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Results

* Results obtained measuring one
coefficient a time and all simultaneously

* Results consistent with the SM
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Summary

* Presented recent searches for new physics
with CP violation and beyond usual EFT flavor

assumptions

* Results consistent with the SM in both
measurements within 2 s.d.

« Slight tension on a CP-odd observables,

1.9-2.6 s.d. local

» Along way ahead of us, results performed

with < half of the collected data!

» Keep posted for more interesting results

« Read our physics briefings ##
* Broken mirrors (link)
* The flavour of new physics (link)
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https://cms.cern/news/broken-mirrors-do-top-quarks-and-z-bosons-defy-charge-inversion-and-reflection-symmetry
https://cms.cern/news/flavour-new-physics
https://arxiv.org/abs/2505.21206
https://cds.cern.ch/record/2929076?ln=en
https://cds.cern.ch/record/2929076?ln=en

