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Introduction

High-Mass Drell-Yan (HMDY) pp — [l/lv is a clean, high-statistics
probe of electroweak dynamics at the LHC

Experimental access to high-QZ region with excellent precision
and precise SM predictions

Important for SMEFT, notably four-fermion operators with effects that
grow with energy

Complementary constraints to operators also probed by
low-energy flavour

This talk, experimental overview of current (ATLAS) measurements
in HMDY and relevance for SMEFT and future prospects
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Experimental reach

Process can be reliably studied in the high-mass
region over a large mass range reliable statistics,

even at high-QZ

Clean (e, M) final states:

— High efficiency and excellent resolution —
enables precise differential measurements

— Requires tight control of backgrounds
(top, fake leptons, and EW) and detector

systematics for accuracy

T final states:
- Enhanced sensitivity to flavour dependent

New Physics
- limited by jet— T fakes and missing neutrinos

- low efficiency and poor m; resolution.




Relevant SMEFT operators

Warsaw basis SMEFT at d=6
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https://doi.org/10.1007/JHEP04(2021)073
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.035044

Flavour assumptions and parameterisation

Relax szmmetries

u(3)? topU31 top general
all cP all P all P all cP
X3 4 2 4 2 4 2 4 2
H6 1 1 1 1
H4D2 2 - 2 . 2 - 2
X% H? 8 4 8 4 8 4 8 4
P2H3 6 3 10 5 14 7 54 27
P2XH 16 8 28 14 36 18 144 72
PV2H?D 9 1 15 2 21 2 81 30
(LL)(LL) 8 16 . 31 . 297 126
(RR)(RR) 9 27 2 40 2 450 195
(LL)(RR) 8 . 31 4 54 4 648 288
(LR)(RL), (LR)(LR) | 14 7 40 20 64 32 810 405
tot 85 25 182 53 275 71 2499 1149

10.1007/JHEP 04 (2021) 073

- Parameterisation derived from SMEF Tsim UFO, (LO SM), currently top scheme is the most popular as it
allows for dedicated lepton operators in addition to dedicated operators for top and bottom quarks.

- All relevant d=6 operators are considered and parameterisation is derived for linear and quadratic terms


https://doi.org/10.1007/JHEP04(2021)073
https://arxiv.org/abs/2012.11343

Experimentally disentangling operators

High-mass tails (m; / mT): amplified sensitivity to four-fermion (££qq) contact terms

Angular observables (cos8cs): separate chiral structures (LL vs RR vs LR) and distinguish vector vs axial currents.

Charge asymmetries & lepton-flavor universality: VW' /W™ and e/[l/T comparisons probe chiral and flavour structure

Multi-differential bins (m;; vs cosB8,yn): break degeneracies between four-fermion operators and gauge coupling
modifiers

Measuring in b-jet multiplicity: tagging b-jets in the final states allows to probe 4f fermion operators affecting b-quarks

Physics Letters B, 807,2020.135541

T polarization: dedicated T polarisation can also be used to disentangle dipole operators and chiral combinations of
four-fermion operators


https://www.sciencedirect.com/science/article/pii/S0370269320303452

Current HMDY measurements

CC Drell-Yan NC Drell-Yan(77)

= Searches performed with Run-2 dataset i LR K Ly

across all channels, already used for EFT W — Vi Z/W i (+b>

interpretations for instance, in HighPT q V) q -
= Next step, performing measurements to

provide unfolded differential cross-sections .

e Z/y

= [wo recent results this year, both containing

EFT interpretations q [ q T+

arxiv:2502.21088 arxiv:2503.19836

= NC HMDY for light-leptons being finalised
and should be published soon

NC Drell-Yan(ll)
Z[~v* = 71" (+Db)

= CMS HMDY measurements pertaining to

NC Drell-Yan(/l) q i~
.2103.02708 : di-lepton search includes
unfolded ratio R, /R, Not yet
ii. 2506.13565: di-lepton unfolded ratio as Z/v"
a function of b-jet multiplicity
q [T

arxiv:2506.13565



https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2503.19836
http://www.apple.com/uk
https://arxiv.org/pdf/2103.02708
https://arxiv.org/pdf/2506.13565
https://arxiv.org/pdf/2506.13565

Charged-current HMDY with ATLAS

= Analysis provides unfolded cross-sections of m}v for W™ and for [ = e, 1 and also as a function for

lepton pseudo-rapidity |#|.

2502.21088

= EFT Interpretation performed for m}}v observable, only affected by four SMEFT operators !
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= PDF unc. on SM predictions are an important systematic
= Leading constraint on 4f fermion operators, important input for global fits
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https://arxiv.org/pdf/2502.21088

Neutral-current HMDY (TT) with ATLAS 2503.19836

= Analysis provides unfolded cross-sections of 1. and also has dedicated leptoquark interpretation at reco. level

= Unfolded cross-sections used to set one-at-a-time constraints to all SMEFT operators affecting the process
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= Direct handle on four-fermion operators containing TT, and provides better constraint on T-anomalous magnetic
moment ( X fR(CT},)) than dedicated photon-induced TT measurement


https://arxiv.org/abs/2503.19836

SMEFT validity for Drell-Yan

- SMEFT fits typically assume scale of New Physics A = 1 TeV, however Drell-Yan measurements probe
region much higher than | TeV.

- For four-fermion operators, given the energy dependence, high-mass bins ends up driving the sensitivity
despite lower experimental precision.

- No standard prescription on how to treat - different proposals from LHCEFTWG, documented in
CERN-LHCEFTWG-2021-002

- Nice talk from Felix at EFT validity for Drell-Yan tails at LHCEFTWG (link) discussing source of
contribution, EFT expansion (A~ vs A™%), and convergence for dedicated NP-models.
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https://cds.cern.ch/record/2798082/files/CERN-LHCEFTWG-2021-002.pdf
https://indico.cern.ch/event/1453443/contributions/6117985/attachments/2932475/5150079/Drell-Yan_EFT-validity.pdf
https://link.springer.com/article/10.1007/JHEP03(2023)064

Improvements for future measurements

Unc. contribution Of qu

- While more data will improve the precision of the highest-mass bins, §4O; anas
the rest of the spectrum requires improvement on experimental g e
systematics sources g2 T, -
O
- Better feedback between unfolding observable choices and the ; _
EFT sensitivity can further help improve precision 20 -
3x10° 10°  2x10°

- Better background handling : current background from physics process @

subtracted before unfolding - moving towards publish also more inclusive (in process) distributions would

aid in handling better the SMEFT effects of different processes (top, diboson) that are considered as
background

- Developing observables to separate different helicity operators will be crucial to disentangle 4f operators

- DrellYan measurements are also sensitive to PDF fits and could be handled consistently in a joint
SMEFT+PDF fit

JHEP 07 (2021) 122 1



https://inspirehep.net/literature/1856558

Conclusions

HMDY measurements are an important input for SMEFT — crucial for 4-fermion operators, Searches have
already been used as inputs for EFT fits, new suite of unfolded measurements underway.

i. Charged current HMDY (light lepton) - allows to set stringent constraints on clg‘*’

ii. Neutral current HMDY (TT) - Allows to constrain T-specific 4-fermion operators and T-dipole moment

operators
iii. Neutral current HMDY (light lepton) - expected to set stringent constraints on a large set of 4-fermion

operators

Given the high-Q?2 of the measurement, additional complications regarding EFT validity - experimentalists
needs recommendations from theorists, LHCEFTWG offers the opportunity to bring together the

experts

While Run-2 measurements are being consolidated and the EFT interpretation are treated as post-hoc,
future measurements can be designed to help gain better EFT sensitivity.
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