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Why doing EFT searches ?  cuseum s puplc e

Theory prediction @  PRD 102092001 (2020) :
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* Will mainly talk about SMEFT ~mass
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Often ignored: violate lepton/baryon number conservation
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

EFTs in different sectors

* Higgs: deviations in / couplings to and / gluon
* H, HH...
e Electroweak: anomalous (aTGCs), anomalous
(aQGCs)

* VYV, VWV, Vector Boson Scattering (VBS)

* Top: operators, anomalies,
* Single-top, 4-top, ttV...

* Neutrinos: violation,
* Majorana neutrino searches...



Content of the talk

e Cannot present all EFT results in this talk | Need to restrict the scope: measurements

on providing EFTs constraints
* Direct measurements
* Interpretations of unfolded cross-sections

 Will not talk a lot about combinations, see Z. Feng's talk for more

* Will present recent ATLAS and CMS results using LHC data from

EW
Higgs
Top ATLAS Wy
CMS H->WW CMS Zy
MS 3-top+4-
ATLAS ttHH CMS 3-top+4-top CMS py->WW

ATLAS aQGC combination

Bonus: ATLAS bbyy Bonus: CMS VWV

and

Exotica

ATLAS high-mass tt


https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect
https://agenda.infn.it/event/48435/timetable/?view=standard#72-global-eft-fits-across-sect

Run-2: HDWW + 2 jets

CMS,
» JHEP 03 (2026) 073
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https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073
https://link.springer.com/article/10.1007/JHEP03(2026)073

EFT effects in HoWW

 Dimension-6 operators (Warsaw basis) affecting Higgs production and decay

* Expansion of SM signal strengths

gt gBSM
. | ]
P{j,pmd(c) =1+ oM T D}SM
H—-WW ,rH-WW ‘,H—:-WW JH=WW
H (C) = Foverr /Loy DY A cx + Yo By k€
,decay - o
J,decay SMEFT/F T+ Y% Ak Ck + L Bid CkCi

* Only interference terms retained (linear in C)

Class Operator Wilson coefficient
£(4) X2H?2 H+HW;:WWI"'W Caw
(CP -even) H'HW,, B CHWB
H*HB B CHB
HJ“HGf{1 G CHG
£ —X2H2  H*HW,Wir W
(CP-odd) H*HW‘WB‘P” CHWB
H*HB B Cui
H*HG;’“ G CHe
£y —H'D?  (H'H)O(H'H) CHO
(D‘“H*H)(HfDHH) CHD
£y —PHPD (HYD H)(1,"w,) it
(H+l£)#H) (dp'}"udr) CHd
(Hflng) (qp')"u‘h) CHj1
(Hfl D zuH) ({7]00'1')’#%) CHjB

e CP-odd and CP-even operators: different effects on angular distributions
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https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/1008.4884

CMS 138 fb™ (13 TeV)

-g 108 —e— Data tW and tt

) ww DYt

> Nonprompt leptons g Multiboson

w 105 @ Minor backgrounds 7 Higgs ggH
[ Higgs VBF 777" Higgs VBF (Prefit)
£y Syst.

10° -Tt<Ad>jjS-Tc/2
. . . 10°
e Standard di-leptonic H>WW selection |
102 ; e e S e Gt
* Focus on VBF and ggH productions 1o B A e
. . . 1 -
e Adversarial Deep Neural Network trained and fitted _—. AR
* Reduces sensitivity to specific EFT scenario for signal in training foss e\
* Confidence intervals and contours from likelihood scans S b
* No deviation from SM - M. R
* Sllght EXCESS (20) for CHBI CHB © 207—:;);’Zegfgbserved."-‘ ;
| e 95% CL observed "-'.
. constraints letting all Wilson coefficients float A S o
. . Wilson coefficients . Observed Expected  Significance (s.d.) <e--- 95% CL expected
* Easier to re-interpret e Memm B '
95% CL [-2:35:3:57] [-2:07:6:501 0
B Best fit -1.14 0.00 0.5
68% CL [-1.92,1.82] [-1.47,1.50]
95% CL [-2.44,2.34] [-2.06,2.10]
CHB Best fit -1.09 0.00 1.7
68% CL  [-1.35,-0.72] U [0.92,1.51] [-0.80,0.96] —20F |
95% CL [-1.56,1.75] [-1.13,1.27]
o 6?;; télt -0 -ooéool 01] [-0 ?608 02] o ‘ : : ‘
95% CL [:0.08,0.02] [-0.14,0.03] —4 -2 0 2 c
 Competitive with ATLAS results | | | Actually: constraints on ¢/A2? [TeV2] "B
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Run-2 + Run-3: ttHH

AT LAS arXiv:2603.13113 (Submitted to J. High Energy Phys.)

EXPERIMENT
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https://arxiv.org/abs/2603.13113
https://arxiv.org/abs/2603.13113

Analysis strategy

* Intersection between top and Higgs sectors

* Direct access to tfHH quartic coupling
e Parameterized in Higgs EFT (HEFT): decoupled from ttH

* Run-2 + partial Run-3 (2022-2023): higher cross-section at 13.6

@ ; ; — 160" : ‘ : : :
£ 30t 4 Daa HX(+X) 4 -— ¢ Data BN Fakes (Conv.)
2 ATLAS ti+1b = Others § ATLAS Multtop == Others
- ~ £ SSML _
Y VE=138Tev, 561071 m 20 mm i (= —5) W140r V5= 136TeV, 56 07! mm ryiiz o
250 tEHH 1L, Post-fit By ooy MM x200 tEHH SSML, Post-fit Qrisio —==- Bkg. (Pre-i)
= ---- Bkg. (Pre-fit) 120" Fakes (HF e/j)
6b SR SR
20 """""""""""""" 100
15} | 80"
e " |
40#

0.5F ' '

., 05 ‘ ' : ‘ ;
ig 00 [ | }| I i s 0‘0;/*WW'“+"/W"//f//ﬂ'}////}/////JVWJ(”////%//////%//
= 0% 02 04 06 0.8 70 ° B e e 5 ]

Dy Dssmi
1-lepton channel Multilepton channel

Fit to transformer score
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Fit to transformer score

Events / 2.5 GeV

[e2]

o]

TeV |

gw&&wf\_

F—————— ——————————————
- ATLAS ¢ Daa ]
 VS=13/136TeV,140/561-1  Con-background
| tEHH bbyy, post-it == Total background
I SRi —— Signal + Background T
Lo
N 1
| PRI T SN SR S [T SO SR S TR (NS S T S N S T Y
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myy, [GeV]

bbyy channel
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ATLAS —e— Observed limit
----- Expected limit
R I t VS =13/136 TeV, 140 /56 fo? Expected limit £20
e S u S ttHH 1L + SSML + bbyy Expected limit +10
005 (um=0)
e Search results: upper limits on signal strength bbyy | } 5w
* Mitpp < 20 at 95% CL SSML # 40 38
1L * E 26 29
Combined} E 20 21
10’ 10
95% CL upper limit on Upp
< 10— T T T T T T
c ATLAS —— Combined
. . T e a1 1L
* EFT interpretation g ve =130 TV, 140736 107 SSML
+
* Combined 1-lepton and multilepon channels Observed
TR Combined: i
i Curre nt On CttHH ' \\\ 95%: CttHH e [_3.9, 33] /II
* ATLAS Run-2 HH combination: [-0.19, 0.70] d N\ e J L sma
* Complementarity between ttH an ggH:
could enter ? 20 ‘
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 68% CL]
g~ = i 6
CttHH
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
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Run-2: BSM searches in 3-top and 4-top

CMS,
). CMS-PAS-TOP-24-008
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https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
https://cds.cern.ch/record/2944177
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Motivation and strategy

* Previous CMS measurements: tttt, tttW, tttq
e Slight in tttt cross-section measurement: 18.9 + 4.2 fb (predicted: 10.4 + 2.4/ 13.4 £ 1.4 fb)

* Analysis channels: 2-leptons, 3-leptons, 4-leptons
 BDT in 2-leptons and 3-leptons to separate between tt, ttX and tttt

X=W,ZH

CMS Preliminary 138 fb~1 (13 TeV)

é 05- -
0.4:—
* Interest of interpreting these measurements o
* Concrete BSM model (heavy scalar/vector bosons) |
 Anomalous top Yukawa coupling (look for CP violation) B

| 95% expected Observed
° 0'1._- 68% expected M(Sg-tt) > 10 GeV |
| === Median expected ]

Qtt - (E,}/ﬁt) (Ef}xf“t), QS()Q - (GTP’Q) (G,YyQ)’ QtH — (H+H) (GI:It) 0'0674 0.6 0.8 10 12 14 123
Qo) = (Q7,Q) (Er"), Q4 = (QT"1,Q) (ET*y™t) mss [TeV)
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EFT results

* Fit to H; distribution (scalar sum of jet p;)

CMS

Preliminary

Cre [x1]
Cog [x1]
Co [x1]
Cot [x0.4]
CRe [x0.05]

C{M [x0.05]

138fb~! (13 TeV)

e Best fit (profiled) —— g <1 observed q <1 expected

e Best fit (frozen)  ----- g <4 observed g < 4 expected
—————— [-0.75,0.89]  [-1.19, 1.26]
----- ---- [-0.79,0.98]  [-1.13, 1.26]
——————————— —emmeee- [-1.2,1.23]  [-1.91, 1.84]
———————— — [-2.46,25]  [-3.77,3.96]
et [-3.0,145]  [-6.0, 31.0]

__+___-
--- ----- [-22.0,15.5]  [-26.0, 21.5]
2.0 1.0 0 1.0 2.0

WC value 1 o profiled 2 o profiled
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138 fo-' (13 TeV)
T T T I T | T T I_

L B BN B \
% 100} CMS ¢ Data I it + it
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9V T ttH B NP
o 801 SR-3£-tttt Oth Total
" Postfit SM ther otal unc. |
* i SMEFT (cy=1) x 10 ]
= g0k ~=u == Py (0.4TeV,g=0.2)x50 _|
g; : © ==V (1.0TeV,g=0.2)x20 -
T I
401
20}

-g 0™ I—ISIVII--I éMEFT -- V4, 0.4TeV — Prefit
S TR I - N B
S 10 R OO Cm— e — + ..........................................
g OSLJ ..... T T o ——
S 02 04 06 08 10 12 1.4
Hr [TeV]
Constraints on Wilson coefficients

associated to dimension-6 operators

* 4-top constrains 4-fermion  operators
uniquely at tree-level while tt enters at NLO

Profiled constraints available

Best-fit values # 0, consistent with
excess in SM fit but no exclusion of SV
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Run-2: Wy

AT LAS arXiv:2603.22478 (Submitted to Eur. Phys. J. C)

EXPERIMENT

Mathieu Markovitch — 10 April 2026
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https://arxiv.org/abs/2603.22478
https://arxiv.org/abs/2603.22478

EFTs in multiboson B

* Dimension-6 operators: charged aTGCs, aQGCs
Mainly probed by inclusive diboson measurements

 Dimension-8 operators: aTGCs including neutral TGCs, aQGCs without affecting TGCs

l

Neutral diboson
First operator basis from Degrande
Replaced by Ellis et al. (respect gauge symmetries) v

VBS, triboson
Eboli model used in Run-2
More complete basis including C/P-odd
operators recommended for Run-3

 Dimension-6 often ignored when dealing with dimension-8 (assumed to be well
contrained by other measurements)
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https://link.springer.com/article/10.1007/JHEP02(2014)101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
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Constraints from inclusive Wy measurement

* Nice overview of the analysis in T. Debnath's talk

* Look for leptonic decay of W boson

* Inclusive region + jet-veto region more sensitive to EFT
(Radiation Amplitude Zero effect) *

e Constraints using , azimuthal

(based on a Deep Neural Network)

decay angle

|44

and

o N O d eVI a t i 0 n frO m S M Wilsqn Observable Includes I/VI[[6|2 k-factor 95% CL [TeV_z]
coefficient Expected Observed
* Probed scale at the no no  [-0.37,0.38] [-0.42,0.36]
A2 brx p? yes no [-0.12,0.11] [-0.06,0.006]
° 1 - W Sl no yes  [-0.23,0.25] [-0.28,0.21]
Constraints on CP-odd operators o ]
1 1 no no [-0.53,0.54] [-0.74,0.23]
driven by linear terms » ) o O oo B!
cw/ Oy 1o yes  [-0.32,0.32] [0.45,0.14]
* Im proveme nt by a factor on ves yes  [-0.43,0.25] [-0.54,0.11]
. . no no [-1.21,0.90] [-0.67,1.21]
Oywg With respect to previous , yes o [097.082] [-047.067]
cawa/N° brxpl ,
no yes  [-0.84,0.62] [~1.09,0.50]
best measu rements yes yes [-0.76,0.60] [-0.58,0.38]
no no  [-0.39,0.39] [-0.59,0.13]
Y B yes no  [-0.39,0.39] [-0.60,0.13]
Cuwa/ ONn no yes  [=0.20,0.21] [=0.31,0.07]
yes yes [-0.20,0.21] [-0.31,0.07]
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k-factor to recover higher-order

QCD corrections in EFT prediction
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https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc
https://agenda.infn.it/event/48435/timetable/?view=standard#83-multiboson-measurements-inc

Run-3: Z(=>1)y

CMS.
arXiv:2512.08582 (Submitted to PRL)

Mathieu Markovitch — 10 April 2026
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https://arxiv.org/abs/2512.08582

Strategy and results .
Z/Z/ ] Not an SM diagram
* Very clean measurement J !
* ee and uu channels ¢t
* Measured fiducial cross-section o =1.896 + 0.033 (stat) + 0.054 (syst) £ 0.006 (theo) pb
* Fit to m,, distribution: high mass sensitive to nTGCs 2022
/./y . . CMS @1 3.6 TeV
e Constraints on parameters respecting gauge symmetries o ¢ bamemru s ]

— &g, =3.70x102 W= Nonprompt photon

e Compare to ATLAS full Run-2 results

Limits Expected Observed
Lower Upper Lower Upper

form factors | My —1.01x107® 1.01x10° —817x10"7 820x 107
for nTGCvertex] hi —834x107* 858 x107* —6.67 x 107* 6.88 x 1074
Y —701x10% 696x107* —569x10% 548x10°*
(o, —3.83x1072 379x102 —3.05x102 3.06x10 %) g

o —3.09 3.18 —2.44 2.54 Dg;r..l..

B 00 300 500 700 900 1100 1300 1500
Caw —1.24 1.26 —0.98 1.00 ) my+yu-y [GeV]
New parameterization with Wilson coefficients

Events / bin
2,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-001/

Run-2: WW photon-fusion production

CMS,
> arXiv:2601.21574 (Submitted to J. High Energy Phys.)

Mathieu Markovitch — 10 April 2026
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https://arxiv.org/abs/2601.21574

WW photon-fusion production measurement

* Opposite sign W boson pair VBS-like

* Look for leptonic decay

p >

* Low track multiplicity: used to reduce quark-inauced WW and Drell-Yan backgrounds

1 CMS Simulati 13 TeV CMS simulati 13 TeV
* Angular selection to reduce ttr background  wMSsmuain Wty oCMSSmubter  (3Tev,
[ S -= Yy 2> WW 5202y ] @ ; == yy > WW 22y |
3 I Yy =TT 1 2 Yy = 1T 1
= == —_— * 2y — *

A = 1o | pp—=Ziy* =1t ] £ ppoZly* =TT
> CMS - ,1.38.fb.(13T?V2 F T — ppowWwo2e2y | 3 — pp—WW 5202 |
© 403 Postfit Ny = 0 ¢ Observed [ |Uncertainty a '8 '8
G [lTopquark []pp—2iy*—» w3 & & 10°
1C_) [ Nonprompt [l pp— WV . 10-2
B 102 W= By ww
S +
>
Ll 10 1073}

10°2
L [ — T R 5 100
Niracks Acoplanarity
107"
-! e L] N L] L] L] L]
B ol 1 p;# fit: significance > 50 - observation
L ¢ Data/Prefit
\J; 1[-8-g :aoe. LI ) $ + + ; \ +7 .
S o t 1 Also used for aQGC constraints
0 50 100 150
p [GeV] Mathieu Markovitch — 10 April 2026 20



EFT results

* First use of the
interpretation

e Current best constraints on

(and recently introduced M/T operators)

* No unitarization procedure

for aQGC

’

Expected 95% CL({ TeV %)) Observed 95% CL (TeV™*)

fvo/ A
fan /A*
fin /A
/A
fM”z/A4
fvz/ A*
i/ A
fa/ A}
frns/ A*
) fﬁs/A4
far/ A
fro/ A*
fri/A*
fra/ A*
fra/ A
fr3/A?
frs/ A
fra/ A*
fra/ A
frs/A*
frfg//\4
fre/ A*
fre/ A
fr7/A*
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[—4.03,4.10]

[—15.46,14.93]

[—0.62,0.62]
[—0.61,0.63]
[—2.24,2.24]
[—2.36,2.28]
[—2.22,2.26]
[—4.49,4.49]
[—4.12,4.27]
[—2.03,2.03]

[—29.86,30.92]

[—0.65,0.53]
[—2.13,2.00]
[—2.50,2.01]

[—0.090, 0.090]

[—3.28,2.49]

[—0.089,0.089]

[—1.00,0.76]
[—0.38,0.38]
[—0.20,0.16]
[—0.21,0.21]
[—0.65,0.61]
[—0.62,0.62]
[—0.76,0.61]

[—3.24,3.25]
[—12.31,12.03]
[—0.50, 0.49]
—0.49,0.50]
—1.80,1.79]
—1.88,1.84]
~1.79,1.80]
—3.59,3.58]
—3.32,3.40]
[—1.63,1.62]
[—24.06,24.62]
[—0.53,0.42]
[—1.71,1.59]
[—2.04,1.56]
[—0.03,0.03]
[—2.69,1.90]
[—0.071,0.071]
[—0.82,0.58]
[—0.30, 0.30]
[—0.16,0.13]
[—0.17,0.17]
[—0.52, 0.48]
[—0.50, 0.50]
[—0.62,0.47]

[
[
[
[
[
[
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Run-2: aQGC combination

AT LAS arXiv:2603.18630 (Submitted to Phys. Lett. B)

EXPERIMENT

Mathieu Markovitch — 10 April 2026
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https://arxiv.org/abs/2603.18630

Combination strategy

First aQGC combination with full Run-2

Combination of seven VBS measurements and one
triboson measurement

Improve statistics

e Various final states: complementary aQGC constraints

Few input measurements re-interpreted for the occasion
Overlap between regions (WW/WZ) addressed

Theoretical constraints

. violated by aQGCs at high energy, prevented by
applying clipping (cut-off scale beyond which aQGC prediction
set to zero) - limits physically meaningful up to intersection
with theoretical unitarity bounds:

. violated by specific operator combinations, bounds
obtained from causality requirement

Mathieu Markovitch — 10 April 2026

Analysis

Input type

WZjj— 1M1 1*vjj
WEW=jj — I*vi*vjj

(VVjj— (Lijltvijlvvinii

Reco-level Differentim
Reco-level Differential
Reco-level Differential

ZZjj =11 jj Unfolded Differential
Wyjj— IFvyjj Unfolded Differential
Zyjj = vvyjj Reco-level Inclusive
g)’j J—= U yjj Unfolded Differentia%
Wyy — Fyyy Reco-level Differential

W
o
T

fooo/ A* [TEV]
S
I

IYIITIT 111T]17TI”"I(IT‘III1
ATLAS 1 fsoz
{s=13TeV, 140 fb’

----- Expected 95% CL
—— Observed 95% CL
[ Unitarity bound
Positivity bound
1 1 1 | 1 1 1 1 ’I,l | S l A
3 oo

Clipping threshold [TeV]
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https://arxiv.org/abs/1908.09845
https://arxiv.org/abs/1908.09845

Results

 Confidence intervals and contours from likelihood scans

e Contributions more evenly shared when clipping applied

— 2ApTrTT T
Tiof ATLAS
i S R R Is = 13 TeV, 140 fb
S 16
14 1.5 TeV unitarization
"2| = Expected NLL = Observed NLL
08 = = Expecled 68% CL = Expected 95% CL
06 = = Observed 68% CL === Observed 95% CL
oaf TN TS ¥ StandardModel [ Unitarity bound
02 Positivity bound
et AT
-15 10 5 o 5 10 15
fuo ! AY [TeVY
— 24 T
faz
P T T | I |
<18
&8s
14
12
1|
08
] O \ W / A
04
02

R
fuz ! AY [TeVH)

L L
20 10 o

6 g
f / A% [TeV)

Current most stringent
constraintson 15, 16, T/, T8, T9

T
fuz ! A [TeV?)

-20-15-10 -5 0 5 10 15 20
figq ! A [TV

Probed scale quite low
(dimension-8: quartic root)

fuo | A" [TeV

10 20 I
4
f ! A* [TeV)

20 -15-10 -5 0 5 10 15 20
fra /A [TEV

20 -15-10 -5 0 5 10 15 20

fw/atmev Mathieu Markovitch — 10 April 2026

Confribution

#A* CI [TeV]
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1.0
08
06
04
0.2
0.0

10

1.0
08
06
04
0.2
0.0

No unitarization

ATLAS
Vs =13 TeV, 140 b’

1.5 TeV unitarization

fsoz fs1 fmo fwi fme Twms fva s T fro Fro fre frs fre fr7 fre fro

ATLAS
Vs =13 TeV, 140 b’

fsoz fs1 fmo fwi fme Twms fva s T fro Fro fre frs fre fr7 fre fro

[Tev—]

Vi-semileptonic
Wewsji

wzjj

ZZ{4hjj

Wi

Avvyji

AMyi

Wyy

Expected 95% CL
| Observed 95% CL
| Expected 68% CL
| Observed 68% CL

Unitarization cut-off
f=1.0
f= (42

VW-semilepionic
Wewsji

wzjj

ZZ{4hjj

Wi

Avvvif

i

Wyy

Expected 95% CL
| Observed 95% CL
| Expected 68% CL
| Observed 68% CL

Unitarization cut-off

mm =10
e f=(4ny?
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More results

e Unitarized limits from clipping scans:

e Results driven by and measurements
Cocfficient Expected Observed
Confidence interval [TeV ~*]  Unitarization cut-off [TeV ] Confidence Intervals [TeV ~*]  Unitarization cut-off [TeV ]

fso2/A* [-5.25, 5.30] 2.1 [-4.96, 4.90] 2.1
fsi/A* - - - -
faro/ A [-2.55, 2.52] 2.0 [-2.08, 2.22] 2.1
far /AP [-5.72, 5.78] 2.3 [-5.44,5.18] 23,24
fara /A [-15.8, 15.7] 1.2 [-23.7,22.8] 1.1
fus/A* [-8.49, 8.49] 2.0 [-6.56, 6.63] 2.2
fara)A? [-4.78, 4.76] 2.1 [-3.59, 3.63] 2.3
fus/A* [-4.79, 4.79] 2.5 [-3.04, 3.10] 2.9
fur]A* [-8.50, 8.04] 2.5 [-7.90, 7.65] 2.5,2.6
fro/A* [-0.40, 0.30] 2.1,2.3 [-0.32, 0.22] 22,24
fri/A* [-0.18, 0.18] 3.0 [-0.16, 0.16] 3.1
fra/A* [-0.71, 0.67] 2.4 [-0.61, 0.42] 25,27
Ffrs/A* [-0.26, 0.39] 2.5,2.7 [-0.15,0.17] 3.0,32
fro/A* [-0.87, 0.85] 22 [-0.55, 0.57] 2.5
fri/A* [-0.69, 1.05] 2.7,3.0 [-0.52, 0.56] 32,33
fra/A* [-0.50, 0.50] 1.8 [-0.28, 0.28] 2.0
fro/A* [-0.65, 0.65] 2.0 [-0.53, 0.53] 2.1

e Profiled constraints and correlations also obtained
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Run-2: high-mass tt production

ATLAS er 10005

EXPERIMENT
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Analysis strategy

e Search for new interactions in high-mass Drell-Yan
* Enhanced couplings to ?

* Measure hadronically decaying t leptons (t;)
* Focus on channel
* Split events according to b-jet multiplicity: Ob, 1b, > 1b

* Differential cross-section measurement in m__to search for resonant decays

* Good agreement with SM prediction 3 ' A =l
= - ’ 7] =
. . . . a B ' ¥ §  SM(MEPs@NLO) ] (=
* Non-resonant analysis in bins of number of b-tagged jets v '; | T oo

b > — b 8 :f ! t il
/ 10" | ' - 10°

& LT 3 } E

- > [ ATLAS :

b [ fs=13TeV, 140" ’

U U % 1.3 E . s

B s = =

= 09 E E

B , | T B . . T é 8:?: . + I . I_

i . T N o 0805 200 300 200 500 800 =635

Leading non-resonant diagrams mys [GeV]
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ATLAS [
10°F V5 =13 TeV, 140 fb? mm Drell-Yan > TT
1b-jet
10t I Single top
EEN Others
Uncertainty
¢ Data

Events / GeV

Results

[ Misreconstructed Thag

* Fit to visible across b-jet categories

Coupling value

R — S
I ATLAS ---
I Vs=13Tev, 140 15" —— Observed limit

5 [ Leptoquark models —— vector LQ (57 /12)

[ 95% CL limits

—=— Vector LQ (B /12)

—i— Scalar LQ (1)

4r

:
:
E
1.5 2 25 3
Leptoquark mass [TeV]

(.I_O'“V‘r)a'iHWL,,

(Io*" 1) HB,y

(.l_a'“"T)O'fH(cwo'iWLv +swB,y)

(I_O"‘VT)G'iH(—SWo'iWLV +cwByuy)

. 30} - SM+interference  BP/V2=25my=25Tev |
* Constraints on leptoquark and heavy Z' models 7=
 Model-independent constraints (SMEFT) 2 . '
* T-Higgs operators T T e
. . . Ctw
* T-gauge boson operators: anomalous magnetic / electric dipole moment
. CrB
* Four-fermion operators Sa. = 2V2m v Re[cm], 5d. = \Evlm[c”] e,
e A? A?
Cry
aI‘ = (g - 2)/2 ATLAS
101k Vs=13TeV, 140 fb~1
I Linear

100k Linear + quad.

I

| 95% CL interval
| 68% CL interval

 No deviation from SM

Symmetrized uncertainty (o)

e Probed scale at the

e Best direct constraint on di
* Translates to [-2.4, 4.7]x103 for a,at 95% CL H}f‘l’ ﬁﬁﬁjf%

clo
o

-

Mathieu Markovitch — 10 April 2026 19

C(3) Cl(ql) Ca Cu CqT Crw Crd C,(,l) CI(-IP;) CI(-Ill) CHt Cww Cwm Crz CTV

28

Probed scale (A/Vo) [TeV]



Conclusion

« ATLAS and CMS entered precision era regarding multiple sectors: search for
deviations withing EFT framework

 Many recent EFT results for Run-2, more and more for Run-3

New features: new EFT bases, profiling, positivity bounds...

* Dealing with dimension-8 is nice but challenging: unitarity, quadratic EFT terms,
possible breakdown of asymptotic approximation, no common basis

e Strong links with concrete BSM searches: need to think about EFT-model matching
more systematically

* Results mainly limited by statistics
* Full Run-3 (+ Run-2) measurements will be crucial
* As well as combinations...



Thank you !
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Bonus: HH—->bbyy

AT LAS ATL-PHYS-PUB-2025-034

EXPERIMENT

ATLAS Prellmlnary —— Obslerveld 68% CL
Run-2 + partial Run-3 (2022-2024): 308 fb* of pp collisions ,;f,j,f{},f“e" T Samed dov oL
SMEFT, A = 1 TeV ' g’gﬂpe"‘i‘.’ ?5°’°CL
. . . . -_— preaiction
« SMEFT and HEFT interpretation of bbyy measurement Linear + Guadrati
. . . cn k-4 g« 704;’%
* Quadratic terms non-negligible i TR
CHOl  y. 4 < EERl N
* SMEFT constraints weaker than smgle nggs 3 ey ool
b=k o g1 (Jﬁ*};
= T T T T T T T T 1
e 2D constraints in HEFT S 4-%“%??@;"‘;?;{, L obemegsmor 1w T
N d . . f S 3* = 140/ 168 fb_l + EeStfit q (SM) 689 C|_ 1 ¥ N 0.001040
'Y 5 - xpecte % 10 X ey ;22?
o deviation from SM i by St oot IR I | :T»: | L
ol cogn,cup fixedto SM % SM prediction - inear
* Probed scale at the TeV/ |evel "oy foating (oest ft - 0.06) ; e ; T
. . . . . - R ‘A m ° pooedl 0573
> ATLAS Preliminary - 00 ] ! ] booe . boet 007
£ [ /5=13/13.6 TeV, 140/168 fb ! - ! s » ool 23083
N 10 HH—)bB’}”}’ = (4nm) 3 0; 4 . . 139
G SMEFT Linear + Quadratic = i ] CiH : T ° - :I-I (1”1}13%
[l 10! = _1:_ ' | I | _: o [ R e = = ] (JQHI‘s
E - 5 I — 5 T R—— L P — i 1G Prorunans e @ = = 0.3408

100 Chhh 10 crg " :r ---- Fo—< ........ I .y ggg%fg
g
107! .
I I 24-50% improvement
10-2 L . - Mathieu Markovitch — 10 April 2026 with FESDECt to Run-231
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CMS
CMS-PAS-SMP-24-017

Bonus: triboson (Run-2)

* Triboson production affected by both (Warsaw) and (Eboli)

* Inclusive triboson measurement
* O-lepton: hadronic decays
e 1-lepton: WWW, WWZ with semileptonic decay
» 2-leptons: leptonic WW (including T decay) + hadronic V
* Boosted regime for hadronic V: p; > 200 GeV

e Constraints from m,,, and p;¢, BDT trained in 1-lepton and 2-lepton

138 fb ' (13 TeV)

CHd//\z [TeV‘z]

6 raliming Freeze other WCs Profile other WCs
g oS Prztz;r:ary — Wilson 95% CL bounds [ TeV 2] 95% CL bounds [TeV 2] }fﬂsoﬂ Ob95% (c:iL bounds [TeV ] |
¢ coefficient Observed Expected Observed Expected coetficient serve Expecte
+ "““/ﬁffi'ggﬁ’\ig o sl (C““/ﬂ? 1T cw/AZ [~0.13,0.12] [—0.12,0.12] [=0.11, 0.11] [—0.13,0.13] Fro/ A1 (~057,063] [0}318 0.54]
Ona//" = ~0.01 Te (=181, 1.82] {Gua/ ') Chigs/ A2 [~0.24,021] [~0.23,0.20] [~0.40,0.29] [-0.30,0.26] T N e
— 68%CL Criqr /A2 [-0.34,0.34] [~0.32,0.32] [-0.39, 0.40] [-0.35,0.34] fra/A [—0.63,0.70] [—0.54,0.62]
Cri/ A2 [—0.60,0.59] [~0.61,0.59] [—0.84,0.67] [—0.75,0.73] fra/ A [—1.22,1.32] [—1.04,1.18]
cra/ A® [—0.79,0.79] [—0.79,0.79] [—0.75,0.93] [—0.87,0.89] sz/A4 [—1.29,1.39] [—1.10,1.24]
crw /A2 [~1.60,1.55] [~1.63,1.55] [-2.0,3.0] [~2.1,2.4] ’ Ad 3.8.4.0 2832
Cown/ A2 (~5.2,5.0] (~55,5.2] (~72,9.2] -7.8,7.7] famo/ A [—3.8,4.0] (—2.8,3.2]
cun/A2 | [~4,1]U[9,17] (~3,15] (~16,29] [~12,26]
crp/ A2 [~11,11] ~12,12] [~8.3,8.6] (~13,13]
/A2 | [-32,—13] U [-9,10] ~30,7] 48, 26] (44, 22]
cun/ A [~76,69] —69,61] [ 74,75] (61, 60]
cupp/ A2 [~114,71] [—108, 68] [~116,67] (—125,74]
-2 -1 0 ! 2 3 Mathieu Markovitch — 10 April 2026 32
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html
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HWW

Region

Requirements

Global selection

SR

Top quark CR

DY CR

oppositely charged ey final state
pil > 25GeV
p? > 13GeV (10 GeV for 2016 data)

P < 10GeV
My > 12GeV

pil > 30GeV

piniss > 20 GeV

at least two jets with pr > 30GeV and || < 4.7
my > 120 GeV

my > 60 GeV

i > 30 GeV

no b-tagged jets with py > 20 GeV

Mpp > 50 GeV
m > 30GeV
at least one b-tagged jet

40 < my, < 80GeV
mr < 60 GeV
no b-tagged jets with py > 20 GeV
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ttHH

Region Type NgS% Ng?% Fit variable

4by; CR 4
5

5by; SR
6b SR > 6

4 Djet WPCBT
<4 Djet WPCBT

5 Transformer output
- Transformer output

Control Region Channel N;j N>%  Other selection Fit variable
1w SS2L e, pu >4 >2  p2>25GeV, [n(e)] < 1.5 N
If N$% = 2: H3'< 400GeV or Nj < 6
If N5 > 3: H3'< 400 GeV
Int. Conv. SS2Lee, ey 4<Nj<6 =1 Only one e from y* — ee Nevents

Mat. Conv. SS2Lee, ey 4 <Nj<6 =1

HF 3L eup, pup >1 =1

HF e 3L eee, cep >1 =1

No e fromy — ee

Only one e from y — ee Nevents
No e from y* — ee

iss L
ET™ > 35GeV Pt
100 < H3' < 275 GeV
Total lepton charge = +1

Emiss > 35GeV Pl

100 < H¥' < 275 GeV
Total lepton charge = +1
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3/4-top

same-sign 2{¢ channel

3¢ channel

4¢ channel

-

J

F

A
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>2j, >1b, Hr>200 GeV >2j, >1b, Hr>200 GeV >2j, >1b
>4j, >2b, Hr > 280 GeV one of =0 Z candidate =1 Z cand. =0 Z cand. =1 Z cand.
<4j, <2, T T
Hy < 280 GeV r r
>6j or >3b <6j, <3b J| >3§, >2b [<3j or <2b | | >1bedium SR-4¢ CR-4(-7

I — | T I T

BDT score? CR-29-45j2b CR-ZE-23j 1b BDT score? CR-3E-2j1b CR-3¢-Z
) I — 3 L + . I 3 +

SR-2¢-tttt SR-20-ttX SR-2¢(-tt SR-3¢-tttt SR-3¢-ttX SR-30-tt
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Following the overlap removal, events are required to contain exactly one lepton, at least one photon,
and have _J'J%‘jﬁﬁ > 4() GeV. The leading photon and the lepton are required to have ;ﬁ > 30 GeV and
pg > 30 GeV, respectively. The photon 15 then required to pass the Tight identification working point and
the TightCaloOnly 1solation working point [62]. The identification and 1solation criteria for the lepton
are also tightened; the Tight identification working point and Tight_VarRad isolation working point are
required for electrons, whereas the Tight identification working point and the PllowTight_VarRad 1solation
working point are required for muons. Events are rejected 1if they contain any b-jets with pt = 20 GeV and
In| < 2.5, to reject backgrounds containing one or more top quarks. Similarly, events are rejected if the
mvariant mass of the lepton-photon system 1s 1n the range 81 < my, < 101 GeV, to reject backgrounds
arising from Z — e*e~ with one of the electrons reconstructed as a photon. Finally, the separation of
the lepton and the photon 1s required to satisty AR = 0.8. The majority of the differential distributions
are measured 1n this baseline region. The exceptions are the differential cross sections as a function of
Ady¢, and Ang,, which are measured 1n a jet veto region in which events are required to have no jets with
p1 = 30 GeV, 1in addition to the selections that define the baseline region. The double differential cross
section as a function of ¢ ¢ and p; 1$s measured in both the baseline and jet veto regions.
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B Fiducial region

. 1 VZM% - C_Why
[AL ] swew  sw :

1 vZ M2 '

1 Z_ and :
(A%, ] 2Swew .
28 g2 :

B 1 v M7 )
[A‘(‘}_] 2(:%‘/ :

[0 Muon Channel

GenDressedLepton and GenlsolatedPhoton
pht > 25 GeV, ph* > 20 GeV

In|HiH2 < 2.4

71 < My, <111 GeV

Two muons have opposite charge

pY > 30 GeV

In|Y < 2.5,|n|Y € (1.4442,1.566)

dR;y > 0.5

Electron Channel
GenDressedLepton and GenlsolatedPhoton
psl > 25 GeV,ps? > 20 GeV

In|e1e? < 2.4

71 < M,, <111 GeV

Two electrons have opposite charge

pY. > 30 GeV

In|¥ < 2.5,|n|" € (1.4442,1.566)

dRy, > 0.5

Tianyu Mu
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yyWWwW

eu SR [CR] U
pr (GeV) > 24(15) —
7€ <25 -
|dyy| (cm) < 0.05 in the barrel —

< 0.1 in the endcaps
ph (GeV) > 24(15) > 26 — —29(10)
i <24 <24
|d¥y| (cm) < 0.02 < 0.05
Myy (GeV) > 20 > 50
OS Yes Yes
|dz(¢,0)] (cm) < 0.04 < 0.1
AR > 0.5 > 0.5
A > 0.015 —
Ntracks 0 [1_5] T
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aQGC combination

Analysis Tagging jets Leptons Photons Fmiss
. s pr > 30 GeV pr > 27 GeV - ERss > 200 GeV (o-lepton
semileptonic V'V irri; > 400 GeV (1-Ielpion, 2-leptons) E%“SS > 80 GeV ((1-IepFEon))
W ph > 65 GeV, p?r > 35 GeV pr > 27 GeV - ERiss ~ 30 GeV
. m;; > 500 GeV my > 20 GeV
WZii pr > 40 GeV P > 20 GeV, pF > 15 GeV - -
o m;; > 500 GeV
S pt > 40 GeV, p2. > 30 GeV my > 130 GeV - -
2Z(4)jj : mjj > 3[’1569\!
Wi PT >_5.U_ GEV pr > 30 GeV pr > 22 GeV EXss > 30 GeV
o mj; > 1000 GeV
. pr > 50 GeV - Et > 150 GeV ERss > 120 GeV
Z{vv)is ﬂijj > 300 GeV :
Z(1)jj pr > 50 GeV pr > 30 GeV, p%. >20GeV  pr > 25 GeV -
. m;; > 500 GeV my > 40 GeV
Wony - pr > 25 GeV pr > 20 GEV EF' > 25 GeV
AR,, > 0.4
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(X4

Particle-level mag candidates are built from the visible decay products of prompt, hadronically-decaying
t-leptons; the momentum sum of these visible decay products (the ‘visible momentum’) must vield
pr > 20 GeV and |n| < 2.47 (excluding 1.37 < || < 1.52). ‘Prompt’ here means that the lepton does not
have a hadron ancestor beyond the mitial-state protons.

Only events with exactly two fiducial 1,54 objects, as defined above, contribute to the cross-section. The
Thad With the highest pt 18 required to have pt > 90 GeV, and the other 1s required to have pt > 60 GeV.
They are required to have opposite signs, and their visible components are used to build the particle-level
m¥S . As in Refs. [122] and [123], fiducially accepted events need not originate from any particular

production process, be that Drell-Yan, tf, multi-boson, tW, or some other source. Any event that meets
the particle-level fiducial requirements 1s treated as signal and will be included 1n the reported unfolded

Cross-sections.

ar = 1.178 x 10_3; however, since a. is defined for on-shell photons (qz = 0) and this analysis relies
on off-shell photon exchange, the interpretation should formally be restricted to the EFT parameter ¢,
Nonetheless, one can apply the EFT assumption of no new physics at a low scale and further infer d,
from a y2 fit for ¢+ using the pure-SMEFT contribution of the corresponding operator. This contribution
has the same dependence on the real and imaginary components of ¢, when it is complex, and there is
negligible interference between the SM and Im[c ., ]-dependent matrix elements. The resulting fit value

and 95% confidence interval are 0.99¢ X 107"7¢ cm and [-2.0,2.0] x 10~ !7e cm, respectively.
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SMEFT/HEFT

SMEFT HEFT

Higgs part of SU(2) doublet Higgs part of gauge singlet
Expands around EW-symmetric point Expands around EW vacuum
Less general Weaker assumption

Can be matched to more UV theories
Single and multi-Higgs couplings decoupled



Almeida, Eboli,

e aQGC Operator Basis C Remmen & Rodd [4] Murphy [6]
a QG C b a S I S Gonzalez-Garcia [3]
oS [D,H'D,H][D*H'D"H] + Os0 ol Q)
o3 [D*H'D,HID"H'D H] + Os.1 ol Q%)
oS [D,H'D,HI[D"H D*H] " Os2 o Q)
oM [D*HIDHIW] W' " + T loEw 1@ .
oM —3[D“H D HIW! W, + Oua —30w ~3Q2yzpe
aQGC Operator Basis C AEG [3] RR[4] M [6] 0y [D*H'D,H]B,, B . Om.2 Og{lsi ngi']}i?ﬂ?
oM [DHH'D,H1B,, B + NA O QS;)HZDZ oy —[D*HD"H1B,,B,* + Ouia _giﬂaff _([25:12)“2]'32
123 [DH'<!D,HIB,, W' " + /A OEEY 1@ oy L TR * On4 Oi:m szamni
2 i[D"H't'D"H](B,, W, =B, W, ") — N/A - OFPY Qb 05 [DUTEDTHIB W, +BSW,,) = 2 {::? N 24y2 Qe
%24 [D*HT!'D"H](B,,, W,” +B vaoﬁpi ") + N/A 5§23w %Q(VS’)BHZDZ = [D*Hr!r'D "H]ij w,* - Owm,7 %O{I " _2 %@;{ " %Qﬁmm - %QE:)EHIW
o [D*H' D HIW! N N/A O QB oy i[D*H'T'D’HIBSW,, —-BSW,) - S (2;1' BW Q.
Y i VK[DERT D HYW WP+ W W) NA OEW 1) 0y eV [D*H' ' D H)(W,, W, f — W, wy f) — _ orrw Q) ape
: P N NA OF QY or 1wl wiswd wiee + Ora loy oLt
T B, BHYW! W'Pe + N/A OFWE QB o W W W wlee + Ora o QA
T B, ,BW! W!eo + N/A OFW Q) 03 TW, W W W + Ora 1OV +2O0Y + 50 Q)+ Q)+ QY
i‘ B8, poowmoa o, |l dmwwwm eeop joredor i+ o)
: LN TS S | Y
; Wi, e f oo e Q) || 38,8 WP rro o orm 1ol
or 1B, W''B, WP + Ore loww? 1
o iw! wiap, B + Or;  3OPW L loBw  Lopw? 1o0) 1+ 18 .+ 1%,
Og By B "Bpg BT + Org oy’ Qg
o BuyB*3B s BPH i Org jor +4o8 3Qb) + 32
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