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Particle physics landscape

SM'’s insufficient success.

Systematic theory
space coverage
towards larger masses
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Taking the SM to higher dimensions
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- using established bricks

(fields and symmetries)

- extension organised by

relevance (dimension)

- including all deformations

(theory space coverage)
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Isolating subtle patterns of new physics

- precise SM&EFT predictions

. preC|se measurements

— correlate deviations
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SMEFT space exploration with ML

[Hirsch, Mantani, Sanz '25]

Genetic algorithm to find the simplest operator sets explaining data best.

Penalty for model complexity: x2 + Noperators * #F

Test with third-gen VLQ signal injection: o degenerate
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Simpler models concentrate data's power in global 52 param. fit

on more specific questions leading to sharper answers.
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SMEFT parameterisation uncertainties [ATL-PHYS-PUB-2025-037]

Combination of charge and energy asymmetries in ttj for gGQQ operators.

Fit including MC and scale variation unc. on NLO SMEFT predictions

[see also Altmannshofer, Stangl '21]
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SMEFT expansion uncertainties

Loose constraints and high probed energies allow sizeable unknown dim>6
Various proposed recipes, no consensus [LHC EFT WG note '22]
One remedy applied experimentally already clips away high-energy tails

Recent proposal: [Chang, Luty, Ma, Montagno, Wulzer '25]

General (regulated) parameterisation ——r ‘S,C‘l.bmm‘ng.
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[Duhr, Vasquez, Ventura, Vryonidou '25]

TWO_Ioop runnlng Of Oés and mt [Duhr, Ventura, Vryonidou '25]

For QCD,
triple gluon operator,
top chromo-magnetic operator, [see also: Naterop, Stoffer '24]
four-heavy quark operators (only gluon self-en.) [see also: Naterop, Stoffer '25]

[Di Noi, Gréber '25]

From top and gluon self-energies in bkg-field gauge, in MS or on-shell

EOM-redundant and gauge-variant operators, to absorb subdivergences:

t(ip—m)t tG(iD—m)t

Decoupling scheme for MC generators/PDFs/parton showers with
a?MEFT — QSM 4 (’)(/\‘2) and ﬁSMEFT — BSM
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Two-loop SMEFT anomalous dimensions

Targetted results and methodological advances [Bern, Parra-Martinez, Sawyer '20]
[Elias Miré, Ingoldby, Riembau '20]

[Elias Miré, Fernandez, Gumus, Pomarol '21]

[Jenkins, Manohar, Naterop, Pagés '23]

[Di Noi, Gréber, Heinrich, Lang, Vitti '23]

[Jenkins, Manohar, Naterop, Pagés '23]
[Fuentes-Martin, Palavric, Thomsen '23]

[Di Noi, Gréber, Mandal '24]

[Born, Fuentes-Martin, Kvedaraité, Eller Thomsen '24]
[Haisch '25]

[Fuentes-Martin, Moreno-Séanchez, Eller Thomsen '25]

[-]
with a diversity of scheme choices...

Full SMEFT coming soon!
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WarsaW baSIS Change [LHC EFT WG meeting, 20 Oct 2025]

Proposal:

Tensor lequ into scalar luge, to avoid NDR trace reading-point ambiguity

|H|?0|H|? into |H|?|D,H|?, to avoid EOM-redundant terms

Gauge coupling factors in front of field strength operators

Turn triplet and octet into non-irrep bilinears

If you ask me,

experts can swallow some amount of inconvenience (incl. a posteriori
conversion) to avoid generating confusion for everyone else, at a
point in time where one basis eventually emerged as standard.
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[De Angelis, GD 23]

Dispersive EFT matching

- equate AT and AYY order by order in the zero-momentum expansion

REFT AUV
- dilate (with zP/?) and enforce zng .AT+(12) = zng Azn+(12)
- EFT: Res @ = ¢, pol ith AEFT = [
a1 = Cn Poly,(si) wi tree = Dk Ck POly,(sr)
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. . [Arkani-Hamed, Harigaya '21]
MagIC matCh|ng Zeros [Craig, Garcia Garcia, Vainshtein, Zhang '21]

[Delle Rose, von Harling, Pomarol '22]
[Hook '22]

Zers 'Ync{'&lu)lf odGutly whhort sbnderd 7W6'y af?{mﬁm
ey] [ty]
By vdor-fbe lggons Lo (4,274) N-@g0) b L/t
, LT _h°
e o o 1 1 e R S PR
“ t¥ ﬁ\ixf,ﬁxi\;&‘o‘w< Yo ?16\“ ”f monie 1

hy dickled b
(Ezmcs(ll

£ on Ui

Ome-siel wf{ﬂv& s s (in B‘ZV: ”i?;tﬁm? S&A_wm/:mwf )

x b

e, A W fj i F K
Ay = --’ l—+
Y7 o ¥ J o

Y et
Gauthier Durieux — LHC BSM WG general meeting — CERN — 10 Nov. 2025 11

Lar:}



https://arxiv.org/abs/2106.01373
https://arxiv.org/abs/2112.05770
https://arxiv.org/abs/2201.10572
https://indico.desy.de/event/33352/contributions/126522/attachments/76301/98270/Hook_Cargese2022_LectureNotes.pdf#page=36
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1550647/

. . [Arkani-Hamed, Harigaya '21]
MagIC matCh|ng Zeros [Craig, Garcia Garcia, Vainshtein, Zhang '21]
[Delle Rose, von Harling, Pomarol '22]
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Easier way: decouple L first and find that the dim-5 operator Ne ¢;;H' H’ vanishes.
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Conclusions

SMEFT has become a prime interpretation tool for HEP data,
complementary to resonant searches.

It enables the discovery of subtle new physics correlations,
and encodes the LHC legacy for heavy NP constraints.

A vibrant community (both TH & EXP)
pushes advances in various directions.
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Extras



Simple toy ®¢> example

C\g  Res  [AlG96— )7 1
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- amplitudes used instead of form factors
- all EFT orders obtained at once
- nothing to know about —or compute in— the EFT (in dimreg)

- fewer legs and loops

Gauthier Durieux — LHC BSM WG general meeting — CERN — 10 Nov. 2025 13


https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1550647/

C‘m(frac{ﬂtf the _L ‘P“‘“r‘ ?ivfs
UH (HL) H> = O (th(l_ H is mosslecs ond m—chﬂll)

So  the wb vomickes idmﬁ'ce”/ GeFm oy fha&e‘srca md ot m&,ml)
ond ?n've.f 2ero cantribuion o oll EFT orokr‘_/

Gauthier Durieux — LHC BSM WG general meeting — CERN — 10 Nov. 2025 14


https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1550647/

NH> .y [eHNy

<Ly My ' Sy M

The N Spinor wntrackion slso  venishes iclmt‘fuﬂ/_

He?‘ic zero understood  frowa  mom- imberRrence |
At ol EFT arders !

Gauthier Durieux — LHC BSM WG general meeting — CERN — 10 Nov. 2025

15


https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1550647/

Lot fomily of cmb’ﬂwb'ms)
mot distocsed M B [ierstvre for >/v’ .

\_,TJ\A:/ Conbribbing bokhe &0 1- & Q_farﬁc/e s
O(rTg) O(n‘f) At onl?r ot order 714;7—;11_,: e dim-§ .

Gauthier Durieux — LHC BSM WG general meeting — CERN — 10 Nov. 2025

16


https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1550647/

