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Introduction 1

% Most of the data-taking done with proton-
proton

SPS

% Beam energy 6.8 TeV (now)
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% Reconstruction of all types of objects
usetul for physics analyses like electrons,
muon, jets



¥ Know that the Standard Model is incomplete, but
did not observe BSM at the collider yet.

% Are energies too high for the current experimental
apparatus:

% Extension of the SM Lagrangian with terms allowed
by symmetries:

(6) L1 BT
Leovigrr = Lou + Z 00 + Y =—0® +
% A consistent, near model-independent framework to

study BSM eftects across different measurements and
potentially localize realizable models.
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% The two most comprehensive ATLAS interpretations per dimension will be shown:

¥ Dim-6 (CERN-EP-2026-113): global ATLAS Run-2 EFT + Electroweak Precision

Observables combination.

% Dim-8 (CERN-EP-2026-076): Run-2 Vector Boson Scattering anomalous Quartic Gauge

Coupling combination.
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Inputs

% Inputs from all sectors of physics analysis in ATLAS.

¥ Complemented by LEP+SLD for better EWPO sensitivity.

% Mix of full experimental likelihood format and Gaussian model.

Process Dataset [fb~!]

SMEFT sensitivity

Higgs boson measurements [ 10-19]

pp — H — yy, ZZ*— 4, WW* — {vly 140
pp —=H — Zy, u u~ 140
pp — H — bb, t51° 126-140
Electroweak measurements [22-24]

pp = WW™ = e*vuty 36
pp =2 W*Z = (*v {7 (~ 36
pp = Zjj - (7jj 140
HMDY measurements |25, 26|

pp = Z[|y* > tir” 140
pp — W* — (*y 140
Top-quark measurements |27, 28]

pp =ttt - WbWb — e*u*vvbb 140
pp = tt > WbWb — qq’b tvb 140
Di-Higgs measurements [20, 21]

pp — HH — bbyy, bbt* 1~ 140

Electroweak precision observables [29-33]
LEP, SLD, ATLAS EWPO -

Higgs boson operators
Higgs boson operators
Higgs boson operators

four-fermion operators and triple gauge couplings
four-fermion operators and triple gauge couplings

four-fermion operators and triple gauge couplings

four-fermion operators involving leptons
four-fermion operators involving leptons

four-fermion (heavy-flavour) operators
four-fermion (heavy-flavour) operators

trilinear Higgs boson self-coupling

Weak boson—fermion couplings




% 86 operators are considered.
$ Warwaw basis.

% Amplitude entering the cross-section where i and j run over possible operators:
> 2 Ci ) (.
| M |2 = | Moy |2 + 2 Z o~ Re(ﬂSM/%i) 4 Z = (/zl. ﬂj) |
l L.J
$ The 1Ist term is the SM contribution, while the 2nd is the SM-BSM interference, and the 3rd
is the pure BSM contribution.

% Simulation done with MadGraph5_aMC@NLO using SMEFTsim 3.0 or SMEFTatNLO

models.

¥ Top flavour scheme.



1D results

$ As a benchmark,

Vs =13 TeV, 36-140 fb~!, my =125.09 GeV

1 ATLAS Theo. Syst.

[0 ATLAS Exp. Syst.

[ ATLAS Stat.

EWPO

NN

ATLAS

1 Higgs (H+HH)

quadratic

results.

decomposition

and uncertainty.

o >
o QO
= 2= 5=
)
[ L= T Probed scale (A/V o) [TeV]
7 7
% = = =
L PR | L L L L
[ I m m :
_ \ m _
[ _ m :
_ \ m _
[ _ :
_ : _
| J—
] L _
[ ] b :
[ [ | _ _
[ [ m _ _
] m _ _
[ ] m . |
[ [ m =
] m “
[ [ m =
[ [ | 5
] m “
] L L | ———
mejvm:oﬁ:& % m _ ! !
[ : _ _
[ I m | !
| i H I
| -
[ _ _ —
_ m —
[ _ | ! =
[ _ | P :
_ _ m =
mmmmmmmm&ymwwgm ...... C T A N
[ ! m —
| w =
[ m c _ :
[ m c : m
[ [ m ' =
[ [ m _ =
| m 5 1
[ m “ m
| | |
7777777777777777777777777777 77777777777 77777 777777777 7777777777 w w =
[ m m e
_ e e e &P
Adx.:vmcoég& 17 w w
7777777777777 777777777 7777777747 7777777777777 77777777777 7777777 “ ﬁ
7777777777777 777777777777 77777 A 7777777777777 77777777777 77777777772 L
77 777777777777777 777777 7777777777 A 777 777777777777 777777777 7777777777,
7777777777777 7777777777777 A 77777 7777777777777 777777777777,
777777 7777777777777 7777777777777 7777777777777 7777777777 7777777777
7777777777777 77 7777777777777 77777 A 7777777777777 77777777777 777777 “
77777777777 777777777777 77777 777777777777 77777777 777777777777 77777777 “
7777777777777 77 7777777777777 77777 7777777777777 77 77777 7777777777777 “
777777777777777777 777777 7777777777 777777 7777777777 777777 7777777777777 “
7777777 7777777777777 7777777777777 77777 777777 777777777777 77777777777, “
7777777777777 777777777777 777777 7777777777777 7777777777777 77777777 “
[ I777777777777777777777777777777 AT 77777777 7777777777 777777777777 e
77777 7777777777777 77777 7777777777777 77 777777777777 77777777 77777777777 ——
7777777777777 7777777777777 77777774777 777777 77777777777 77777777777 e
7777777777777 777777777777777 7777 77 7777777 777777777 777777777 77777777 e
7777777777777 777777777 7777777777777 77 777 77777 P I ITITIIIIITITIII], o oo oo o
Jquo.dind v\mm\_\_
[ [ _ _
[ _ _
I —
I “
[ |
[ . :
] e ——
juswouw m\o&b | |
[ “ m m
_ | [ ;
| | i
O N S E e m e I e
S131JIpojp — m\smv\:\» |
[ m B
] 7777777777777 V7777777777777 m —
[ ! e
I R R I I I S »
suosoq mm:m,@ sbbIH |
[ “ :
YA/ LI/ I/ I/ AL/ AL/ I 117, A/ /17777 77747777774777777777777777 R L L o |
Jnaury mmmf ! | m |
mm9$ﬂww|bmWwwwmm ............................. [ A
I N e . e —_—
5U0s0q mm:mm “ “ |
T T T T T T T | | | i R
© 0 W < N o) o LN R S 2 n X m
- o o o O n_w M M — — — o (@) o
UOIINQLIIUOD BAIL[DY . — — —
qliauoo (0) Aquieaoun Japweled
Jjuswiainses|y
7 -
— -
° S o v—i
mm |
S Q.
-

provided when

results are

coefhic
ﬂoating.

& Linear and

$ Contributions

12215
)2 ‘biy
©TIT QU

5
aH
bIUU

bH
(1)
(mOH)H
©)OH)>
€€ '9HH
(m€E <IU
CC'9HH
(£)€€ <I.U
(1)¢d \IU
(©)PHH
AmVNN IHH
I1'9HH
©TT .\IU
mIT .\IU

€E'Mdy
€€'g9H
MAH
g9)H
MiH
91H
1)

HiH
HAH

€€ 'HoH
CT'H3H
MHH
8MHH

SH)H
8HH

X0gH~
dadH~y

H>

95
M)

1 Lin. 4+ qua

1 Linear



Eigenvector basis 1

% 86 operators considered, but not possible to constrain them simultaneously due to flat
directions.

% Instead, limits are provided on linear combinations of coefhicients, obtained by PCA.

_ECA Sensitivg |-

direction)\ ~

Flat
- direction




Eigenvector basis 2

ATLAS /s=13TeV, 36-140 fb~

Ce
PCA iS performed in Sllb l.'OllPS Of COCfHCientS ™
g CeH, 22
°
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Or Detter 1nt€rp1‘eta 111€ y Con ]
CHG T
CtG 1
K . h V W . h . b l W 1 O .
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P g Clg
[02]
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HwV, Vff
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igenvector basis 3
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Matching to concrete models

Assuming that BSM will appear at a mass scale well above the
electroweak scale, the parameters of a given complete model
can be mapped onto SMEFT Wilson coefhicients. Two

models considered:

¥ Two-Higgs-Doublet Models (2HDM) - particularly

sensitive to Higgs boson data but profits from the
inclusion of HH and other sectors.

% Models with an additional neutral gauge boson (Z’) can

be matched to both four-fermion and Higgs-sector
operators.

109

1071

ATLAS [ Obs.(single Higgs) 95% CL

Vs =13 TeV, 36-140 fb~1 --- Exp.(single Higgs) 95% CL
] Obs.(single and di-Higgs) 95% CL
— ==~ Exp.(single and di-Higgs) 95% CL

mp = 125.09 GeV

1
—-0.2 -0.1 0.0 0.1 0.2
cos(B — a)
ATLAS — = Exp. Mz 5 TeV 95% CL
= = EXp. Mz 7 TeV 95% CL
Vs =13 TeV, 36-140 fb~1 Exp. Mz 10 TeV 95% CL
, =1 Obs. Mz 5 TeV 95% CL
Z'": type B-L 1 Obs. Mz 7 TeV 95% CL
OH=%IQqL=%IOUR=%IOdR= _%:Q£L= _%IOGR= _1 Obs. MZI 10 TeV 95% CL
SM
...........................
/'

...........................

—6 -4 -2 0 2 4 §)

12



VBS dim-8 combination




% Vector boson scattering processes are particularly sensitive to dim-8 operators.

% Different input analyses, production, and decay modes allow to profit from their

q

V

>\“\,V >\

q

complementarity and to obtain coherent all-around bounds.

V

/

q

Analysis Input type Eboli operator results Luminosity [fb~! ] Reference
VVijj— (€jj/tvjj/vvjj)jj Reco-level Differential Full 140 27 ]
WZjj— 1Tl 1*vjj Reco-level Differential Partial 140 18]
W=W=jj — [*vI*vjj Reco-level Differential Full 139 14
ZZjj - 11717 jj Unfolded Differential None 140 20
Wvyjj — IFvyjj Unfolded Differential Full 140 22
Zyjj = vvyjj Reco-level Inclusive Partial 139 24
Zyjj = 1Tl yjj Unfolded Differential None 140 25]
Wyy — [Fvyy Reco-level Differential None 140 29]

14



& Eboli model (MadGraphS aMC@NLO is used for simulation), CP-even.

% Subset of the total dimension-8 operators specifically producing aQGCs.

% Operators are grouped into three families depending on field content: scalar, tensor, and mixed.

Oy = _(Dﬂ(D)TDy(I)] x [(D*®)'D*®|,  Op ="Tr | W, W| x Tr [W, W], Ono = Tr | W, ] [D,0) D>
05 = |(D,@)D'®| x [(D,®)D'®].  Op =T W, WP | X T | W . Oy =Tr [, W] |0y D10
Oy = T [ W, W] x Tr [, 1] O = |B.,B"| | (D@ DI
Ors = Tr _WWW””_ X B, zBY, Op3 = :BWBVﬂ :(Dﬂq))TDﬂ (I):
Ore = Tr [W,, | x B, B, Ops = |(D,®) W, Dro| B
O = Tr :WaMWﬂﬁ: x By, B, Oys = :(Dﬂ@*ﬁ/ﬂ,pvq): B#+h.c.
Org = BW_B”” BaﬂB;"ﬂ, Oy7 = :(Dﬂq))TWﬂyWﬁ # DUCD]

Org = B, ,B*'B; B .

% Some operators modify SM couplings, some add new ones.

% SO and S2 are merged for ATLAS historical reasons.



% Unitarity:

% To avoid violation, forced to remove aQGC after some energy. The scheme agreed by
LHC analyses is the clipping technique.

% EFT contributions are set to 0 depending on the clipping value chosen my,;, < C and limit
compared to PhysRevD.101.113003.

¥ Positivity:
¥ Assume BSM obeys unitarity, locality, and causality.

% Cross-sections on the helicity-amplitude must be positive-definite at all scales.

Cgog+ Cg1+ C5p >0, 270+ 2071 + ¢y > 0,

¢ Bounds taken from JHEP12(2019)032. cs+ Cs > 0, dere+ cpq > 0,
CS,() > 09 CT,7 > O,

ZCM,I - CM,7 > O, 2CT,8 + CT,9 > O,

cys > 0, Crg > 0.



Contribution

1D results 1

% 68% and 95% limits are provided at different clipping points.

% Relative contribution per input changes with clipping.

No unitarization

ATLAS

v's = 13 TeV, 140 fb™

AGIAIEN

0.50

0.25

0.00

-0.25

—-0.50

1.0

0.8

0.6

0.4

0.2

0.0

50

25

1.5 TeV unitarization

ATLAS

vV's =13 TeV, 140 fb?

[TeV—]

VV-semileptonic
W=W=jj

Wzjj

ZZ(4))jj

Wyjj

Z(v)Yjj

Z(l)yjj

Wyy

Expected 95% CL

| Observed 95% CL
I Expected 68% CL
I Observed 68% CL
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% Unitarized limits are the ones where the unitarity bound and measured bound intersect.
Provided for all operators.

% Measured bound is meaningful below the threshold.

. Observed
Coefhcient
| Confidence Intervals [TeV ~*] Unitarization cut-off [TeV ]
T F N 7777 ) 7, ]}902////\\: [-4.96, 4.90] 2.1
O 15— : . MO S1 — —
5 o Vo Frro/ A* -2.08,2.22 2.1
> I fmi /A -5.44,5.18 2.3,2.4
“ sE N Sz /A -23.7,22.8] 1.1
E N -6.56, 6.63 2.2
O:_ ......................................................................................................................... fM4/A4 ,_359, 363 23
& F fms/A* -3.04, 3.10° 2.9
: | Fagr) A -7.90, 7.65 2.5,2.6
~10F- } --+- Expected 95% CL fro/A* -0.32, 0.22] 2.2,2.4
151 | 5 Untarty ound /N -0.16,0.16 3.1
g | Fro ) A -0.61,0.42 2.5,2.7
‘ B Y B Y S S frs /A -0.15, 0.17 3.0,3.2
Clipping threshold [TeV] fre/A* -0.55, 0.57 2.5
Fra A -0.52, 0.56 3.2,3.3
fra/A* -0.28, 0.28° 2.0
fro/A* -0.53, 0.53] 2.1
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ATLAS
\s =13 TeV, 140 fb™

No unitarization

=== Expected NLL === Observed NLL
== = Expected 68% CL === Expected 95% CL
== = Observed 68% CL === Observed 95% CL

% 2D fits are performed for 17

pairs of operators (only those
that have non-zero cross o ~p
terms considered). o 2
% Degradation of 2D limits
compared to limits on e
individual operators when < © '
Cross terms are important. b 3
% Positivity bounds can .

--3-2-0 1 > 3 4
fu / A* [TeV]

exclude more than half of the
probed parameter space.

’\;;,2'4
£2.2
—
= 2
= 18
(®))
O 1.6
''14
1.2

4 -4
fus /A% [TeV™]

A v LN o L d ow s
4 -4
fMS/A [TeV]

4 -4
fys /A% [TeV™]

Lo
A w N L o 4o 0N o w s

1
0.8
0.6
0.4
0.2

0

_ _ "4 3 2 4.0 1 2 3 4 b R N R 19
fuo / A* [TeV?] fus ! A* [TeV fua / A* [TeV] fus /A [TeV



& Unlike in dim-6 case,

simultaneous constraint over
all the operators is possible

without PCA.

& Weaker limits compared to
1D and 2D, but no

oversimplification.

& The correlation matrix
structure resembles cross-
term impacts.

ATLAS
Vs =13 TeV, 140 fb?

f
f@o f@] f@@ f@e f@q @5 f@) SOQ /é] /;b f}} /;;') f]‘s f}b /;> /;“(9 f7:9

-

1.00

Y -0.50

fms

fM? - 0.54 1.00 L 0.25
fso2

fs1 - 0.00

fTO - 1.00

fro - --0.25
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Conclusion



Two ATLAS comprehensive EFT interpretations are public! Dim-6 and dim-8.
$ Dim-6:

§ Wide range of different inputs: H, HH, EWPO, DY, Top, EW.

% 1D limits for 86 operators provided.

% 47 (linear combinations of ) operators are simultaneously constrained.

% Matching to 2HDM and Z’ is performed.

$ Dim-8:
% First ATLAS combination of the sort covering 8 complementary analyses.
¢ Eboli basis.
§ Currently most stringent constraints (up to 96% tighter than the previously published): 1D, 2D, 17D.

% Unitarity and positivity bounds incorporated.
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