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ATLAS EFT: RECENT RESULTS

» EFT provides a common language to interpret measurements as constraints on possible BSM physics
» These slides showcase some recent ATLAS publications that use the EFT language:

» Combination of Higgs boson measurements (arXiv:2608.07332)

» Measurements of the Higgs boson production, fiducial and differential cross-sections in the four
lepton decay channel (arXiv:2605.19016)

» Combination of measurements of CP properties of Higgs boson interactions with vector bosons
(arXiv:2603.20117)

» Search for anomalies in VBF production of the Higgs boson in H( — yy)jj (arXiv:2603.20087)

» Effective field theory interpretation of ATLAS measurements involving the Higgs boson, electroweak
bosons and the top quark (arXiv:2604.21670)

» Effective field theory interpretations of the search for HHbbyy (ATL-PHYS-PUB-2025-034)

» All use SMEFT in the Warsaw basis, except when specified otherwise
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HIGGS COMBINATION arXiv:2608.07332 3

» Combination of Higgs measurements using up to 140 fb" of
data, collected in 2015-18 at 13 TeV

List of analyses included in the combination

Analysis Prod. L
modes [fb ']
. . . . . H—Z7Z" - 4¢ All 140
» The inclusive Higgs boson event rate relative to its Standard MWWy g VB 140
- — tvlv,tvjj VH 140
. . . . H —vyy All 140
Model prediction is determined to be 0.9901“8:82? H - 2y A o
Z —TT 2{1 — leptons) H ijg
— up
° ° ° ° ° H — bb VBF 126
» Inclusive production cross-sections and decay branching ratios Hobbcc Vo lepons 140
H — bb (high p¥) All 136
° e _ o e _ o ° ° H — multileptons ttH 140
are measured, with sensitivities improved by up to 35% relative A z a
to the previous ATLAS publication. 1 il VB y o
H — invisible (V — leptons)H 140
Z(: ;nv;;?? tgt; VBF i:g
» Also interprets 116 simplified cross-section template (STXS) e N
inputs in 44 kinematic regions for SMEFT. HH b gk VB 40
HH — bbyy ' ggF, VBF 140
HH — bbtt + EF' ggF, VBF 140
HH — multileptons ggF, VBF 140

» More about this combination in Matt Basso's talk from yesterday

» | will focus on the SMEFT interpretation
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HIGGS COMBINATION: WHAT EFT OPERATORS CAN WE ACCESS?  arXiv:2608.07332

' : ATLAS
» Higgs production and decay V5 =13 TeV, 126 — 140 fb~", mj, = 125.09 GeV, |y| < 2.5 SMEFT A = 1 TeV
] Im- 102
expressed in 46 dim-6 operators - ETR—
- Lin. + Quad. (exp. i
g 10} ' exp) 0.32
» Selected for CP-even operators s |
. o o . ()
with non-negligible impact o 10°¢ 1
- -
R
. . . Q1071 3.2
» Both linear and linear + quadratic £
parameterisations considered E 102} [ 10
>
T ? 103 lll—l 31.6
» The sensitivity to individual EFT 2 %%%%% £%9%%%%%%%%%%%%%% %
T . . S 7,7 % &7 7 27 7T, R 9 T TR Y, Vs,
parameters is estimated by varying 102 |

one parameter at a time 0.32

—
()
—
|

» Large variation in the results,

expected uncertainties on individual .
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HIGGS COMBINATION: CONSTRAINTS ON EFT OPERATOR COEFFICIENTS arXiv:2608.07332

ATLAS

— Linear (obs.)
—— Linear (exp.)

measurements constrain different EFT directions

V5 =13 TeV, 126 — 140 fb~ ', my = 125.09 GeV, |yu| < 2.5 SMEFT A =1 TeV

» Constraints not calculated on the full set, but T T3 | B e
. . . " " S | .H—+V|:W
first we identify the 20 experimentally accessible 5% B R e
A B BN B
directions. g o2 l gl
§ 1 l —_ : —_.:g:uu

» Unconstrained (“flat”) directions are removed. &5 .| 1 BB

'g 0.4 |- |

» Complementary production and decay e 10 B B

10' | | :

» Uncertainty ranging from 107 to 1077,
corresponding to a sensitivity to EFT scales
ranging from 10 to 30 TeV
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» This combination improves the constraints on

several directions compared with previous
ATLAS results

| o Best Fit
. | — 68 % CL
' E ....... 95 % CL

N
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» All results are compatible with the SM
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LATEST HAL RESULTS

» Follow-up to arXiv:2004.03447 which is an

input to the combination just shown. PGS ||
6;—A=1 TeV, ¢ _— Qbs 95% CL- LinOnly ]
. . 4L .
» Adding 164 fb-1 of data, collected in ok
2022-24 at 13.6 TeV of
_2_— ]
f :

» The H - ZZ* — 4¢channel provides a very A ST
clean final state. Differential and STXS Cm
measurements performed in the Higgs to 4|

channel, here | focus on the interpretation & 0Famas - B e
with EFT. o nva R
41 -

» More details in the talk from Elena Cuppini! 2} P 3

Of .

» Given the sensitivity in this channel, only three  _t} 3
CP-even and three CP-odd operators B R R S R SR

C -

HW

modifying Higgs boson interactions with
electroweak gauge bosons are probed

(d)
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arXiv:2605.192016
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https://arxiv.org/abs/2004.03447
https://indico.ijclab.in2p3.fr/event/12648/timetable/#61-measurements-of-the-higgs-b
https://arxiv.org/abs/2605.19016

CP PROPERTIES OF HIGGS BOSON INTERACTIONS arXiv:2603.20117

» Combination of Higgs CP measurements using up to 140 fb™! of data, collected in 2015-18 at 13 TeV.

» Combines results from VBF H — to/WW*/yy, inclusive H — ZZ* and WH with H — bb
» The combination allows a more complete, less model-dependent test of the CP structure
» No evidence of CP violation is observed, and constraints are set on the dim-6 CP-violating operators in SMEFT

» Consider only CP-violating operators that conserve lepton and baryon number, and are non-trivial for HVV interactions:

Crriy Coris @N d Coree j R S S ] j S A S A 3
HWr ~Hb HWB Z 6 ATLAS —— Single-parameter fit observed — Z 6 ATLAS —— Single-parameter fit observed —
ﬁ . /s =13 TeV, 140 fb-? — = Single-parameter fit expected _ ﬁ . /s =13 TeV, 140 fb-1 — = Single-parameter fit expected _
~ Linear-only - Simultaneous fit observed B " Linear+Quadratic - Simultaneous fit observed i
5~ A=1TeV ~ = Simultaneous fit expected — 5~ A=1TeV ~ — Simultaneous fit expected —
_ \ i - i
. \ - . -
4[-95% CL \ — 4—95% CL —
——————————————————— S N Y i A | | ittt Wi L . = e ————e-d
: \ - : :
N \ - . -
31 = 31 =
2 - 21 E
[ 68% CL "\ - [ 68% CL -
1 I DT W AS e e — 1 I S U 17 -
B \\\ . - .
i \ - i -
Q%8 06 -04 02 00 02 04 06 08 %8 o6 . 0.8
CHW CHW

MICHIEL VEEN, EFFECTIVE FIELD THEORY IN ATLAS, HIGGS HUNTING - 17 SEPTEMBER 2026



https://arxiv.org/abs/2603.20117

CP PROPERTIES OF HIGGS BOSON INTERACTIONS: RESULTS

» For the first time, simultaneous
constraints on the three CP-violating
coefficients

» Over 40% improvement on individual

limits for ¢y e lin- only)y

cqw (lin. + quad.)

» Most stringent constraints to date, with
minimum model dependence

» No significant evidence for CP violation. crie (lin. only)

crve (lin. + quad.)f

» All constraints are compatible with the
SM.
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arXiv:2603.20117

8

cyg (lin. only)

cwg (lin. + quad.)t

- ATLAS

- V5 =13 TeV, 140 fo
- N=1TeV

- 95% confidence level

— Expéctéd: étaf—Oﬁly:
o Expected: Stat+Syst -
—e— Observed: Stat+Syst-

95% CL -

- Best Fit
= —— 0.10  [-0.28, 0.49]-
-0.35, 0.35] ]
. — 0.08  [-0.30,0.62]
: ; -0.37, 0.36] ]
- e 011 [12,14] -
: -1.2,1.2
- | 0.43 -1.0,1.1] —
: -0.83, 0.84]
e 054 -1.9,3.0] -
: g -2.2,2.2
- | 1.0 1.6, 2.4] —
-1.5,1.5
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Parameter value



https://arxiv.org/abs/2603.20117

LATEST VBF H(YY) RESULT

» Result using 164 tb-1 of data, collected in 2022-24 at 13.6
TeV

» Follow-up to the run 2 result (_arXiv:2208.02338)

» Previous result is included in combination that was just

T T T I T T T
ATLAS

T I T

Vs=13/13.6 TeV, 140 /164 fb™’
[ A =1TeV, linear + quadratic

VBF H—yy Run 2

VBF H—yy Run 3

VBF H—yy Run 2 +3

Expected -e- Observed

Best Fit 95% C.L.

0.30 [-0.62, 1.36]
[-0.99, 0.97]

0.24 [-0.35,0.88]
[-0.59, 0.61]

0.25 [0.23,0.75]
[-0.52, 0.52]

1 l 1 1 1 1 I

-2

-1 0

arXiv:2603.20087 ¢

2 3
Shown j 4|l_ T T | | | T T I T T T T I T T "l |
> F ATLAS Y
» Statistical combination with the existing result to <350 \‘I/§B|== 18/136TeV, 1407164107 1 /-
. . e 0 o * B \ —YY ,’ =
maximise sensitivity . Expected: ' /] =
— ~--=- Run-2 (lin. + quad.) ' 1 =
3 Run-3 (i d.) ! -
. . . . _ ~=-= Run-3 (lin. + quad. ) ! _
» Constraint set on CP-odd coupling in SMEFT. Also included > 5l \ --- Comb. (in.+quad) [, /| -
i ' ° : e |y \ Observed: I —
is a probe of longitudinal and transverse HVV couplings - .  Comb. (lin) L -
ST g =i \ —— Comb. (lin. + quad.) ,/ 7 -
through angular distributions. 20 N\ T PR A 95% CL
» Total improvement in run 3 w.r.t. run 2 is 38%, of which 29% 1.5 N -
due to implementation of multi-class NN with VBF, ggF and na "N P -
yyjj background output nodes - Y & -
0.5 :—' """""""" ?"ﬂ"'\' - ?'\7\\\'\ """""""" ’lfl BT/ ZREE —E 68% CL
» No significant deviation from SM nE | o 1 i]
0 ] ] | | '~ ] ] ] | |
-1 -0.5 0 0.5 1
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‘GLOBAL" SMEFT

» Combination of measurements with Higgs, EW

bosons and top, using up to 140 fb™ of data,
collected in 2015-18 at 13 TeV.

» Using the EFT framework to connect the Higgs
sector to the other measurements in ATLAS (and
some beyond)

» The Higgs combination uses arXiv:2402.05742

the predecessor to the result shown today

» The total number of operator coefficients that
can be constrained individually using the
included measurements is 86.

» As discussed before, this can be reduced by
focussing on the experimentally accessible
directions.

arXiv:2604.21670 10

Process

Dataset [fb~!]

SMEFT sensitivity

Higgs boson measurements [10-19]
pp — H — vy, ZZ"— 4¢, WW* — {vly
pp—> H— Zy, p"u~
pp — H — bb, 771

Electroweak measurements [22-24]
pp o> WW™ - e vu'y
pp = W*Z — (v 7€~
pp > Zjj = {77

HMDY measurements [25, 26]
pp = Z[y* - vt~
pp = W* - {*y

Top-quark measurements [27, 28]
pp = tt > WbWb — e*u*vvbb
pp = tt > WbWb — qq'b tvb

Di-Higgs measurements [20, 21]
pp — HH — bbyy, bbt*1~

Electroweak precision observables [29-33]

LEP, SLD, ATLAS EWPO

140
140
126-140

36
36
140

140
140

140
140

140

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
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'GLOBAL" SMEFT: RESULIS arXiv:2604.21670 11

7 tt booste d 2 tt leptonic
g Higes— VV B Higgs— ff
w EWPO B EW

» A total of 48 parameters, including ATLAS __/s-13Tev3o-1d0fo @ SMEFTA-1TeV
individual Wilson coefficients in the Warsaw n 1
basis and linear combinations of Wilson
coefficients, are constrained simultaneously. [l

10’ 3

1

N

0.8

expected contribution

0.2 0.4 06

A
NN\
N A
N5
A,
A
R

N\

/

/

N A A\
S
S
A
S0

S 0
w
o

— Lm Exp.
—Lin. Obs.

—_
(=]
=]
TT
-

» By matching a relevant subset of the results
to their parameters, constraints are also
obtained for two-Higgs-doublet models and
heavy-vector-boson models.

Probed Scale ?A/\/E) [TeV]

e
o

Parameter uncertainty (o)
3 3

316

_.
<

[ Best Fit Do . :
] 8% CL : , Vo Psm =99% .
[ e 95 9% CL : : ' : o N

» Shown here for the linear model, next slide
for the comparison with linear+quadratic

2 I : : ' ' ; ! ?
N ! ; L C ; | ; | : 5 \ A 3 \
- : o 1 " - ' ' L ’ ' W I | ’ J
- : i . : : : v ! v K
- : 1 . : ' v : ! | '
B : I i X : ' i ! : o i ! ! 1 : '
1L | : : :
L 1 o T :: ' . h i ' T : e ! 1 i ] o i Bon 0o : T I 1 :

Parameter pull
) w N - o - N w -

OV, OV OV OV O OV OV CVE OV, OV, O, O, O, OV V7. OV, CV7, OV CVa, CVo, CVa, OV
””” Y Y Y Y D ‘»‘1—‘»’1—’»’1—%& 6”2672“2’2%1—622%,/67’1—/‘2’/‘%’?67‘:—/‘7’/%2/%/%/ b/%?%%?%?
R R R R R R R R R R PR PR PR PR PR PR PR PR PR PR

» The pull for cg‘?‘]/,vff

known AI%? result from LEP

is dominated by the
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'GLOBAL" SMEFT: RESULIS arXiv:2604.21670 12

ATLAS SMEFT A =1 TeV Vs =13 TeV, 36-140 fb~!
D 10" — Lin. Obs. . . ' ——
> -~ Lin. + Quad. Obs. E.
£ 10°f 1 =
3 ’ o
F
- N T
g 102 ‘x
& g
o 10? _ _§
] Q.
3 A R
a [ :' ., ‘: : | : :
(3 H o - . '
® : X . : "
g | T 4R
Qf.hu N :* E " v : L I .
PRV VVWLVBIVY LBV DPANS, VOVVVY R S A S S S

» This combined fit provides the most comprehensive effective field theory
interpretation of experimental data by the ATLAS Collaboration to date.

» No significant deviations from the Standard Model are observed.
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LATEST DI-HIGGS (BBYY) RESULTS

» Search for Higgs boson pair production in the bbyy
final state

» Follow-up to the analysis using 140 fb™ at 13 TeV.
(arXiv:2310.12301)

» This previous result is also included in both the
Higgs and Global combinations

» Reanalyse the existing result and add 168 fb™! of
data collected in 2022-24 at 13.6 TeV

» First result to also consider EFT effects in VBF HH
» Interpreted in both SMEFT and HEFT formalisms

» Wilson-coefficient constraints improve by
30%-50% (24%-45% for HEFT) relative to the
previous publication

» All observations are consistent with the predictions
of the SM.

ATL-PHYS-PUB-2025-034 13

YT T T T T
ATLAS Preliminary ~&- QObserved 68% CL
Vs=13/13.6TeV, 140/ 168 fo~' =@~ Expected 68% CL
HH — bbyy *+++ Observed 95% CL

_ ++++ Expected 95% CL
SMEFT, A = 1 TeV —— SM prediction
Linear + Quadratic
I *0 O | —0,0j;g
CH bed - d+ ] —0.43‘;2
| IO * « | 0.0fiz
CHOl Ly P EERL IS K
| IO RR 0.0tgg
CiH Boooh 4« 0.6f$;
oo o prm—e— e e e e 1 oof(‘l-;
G BPusesanessnnsnns @] 4 2_4ﬁ‘,’3
' . 0.00%5%
10x cne .:;:- 0.01443
ettt : . - =
Linear
-.. looo' o_ot;g
c” -.'L . ' JORCIR | —O,St‘s‘{
’-.-*--‘ 001’;3
CHO|} . . p= dereel 23483
- «oof 0.0'33
CHl .. < AR B W kot
Provnnns * D | 0.01?3
GG YPEITIIT —ty - - 4 0.3*9%
B o o Pr—— s 1 000t
10 % eye Peveas feoons 10 22*132
. | ; T -sE022
18 5 -1 0 1 5 10
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ATLAS Preliminary ~&- Observed 68% CL
Vs =13/13.6 TeV, 140/ 168 fbo~' == Expected 68% CL

HH — b5yy «+ Observed 95% CL
+ Expected 95% CL
HEFT —— SM prediction

non-scanned c fixed to SM

1.004%
1217

0.004} 2
0.09] 3}

00032
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1.0:88
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CONCLUSION

14

» Showed three combinations using up to 140 fb-1 of data collected in 2015-18

» Shows increasingly strong EFT constraints!

» Three new Run-3 results, using up to 168 tb-1 from the 2022-24 dataset, already

demonstrate significant improvements

.:I350_ [ | I | [ | I I [ | I | | [ I [
0 - L
» The combinations will continue to - ATLAS s =13.6TeV E
. . >300Online Luminosity -
improve as more Run-2/Run-3 inputs 8, e peiverea :

- B —

are upd ated g - | |ATLAS Recorded -
%l 200 Delivered: 351fb S - ;

o Q - Recorded: 332 b’ s

» An additional ~150 fb-! of data from D 150| —
O - —

2025 and 2026 will push sensitivity E100F =

4] — E

even higher S 50 E
0: Ay ey |:

» Stay tuned! 1ot 250 2550 220 Ran 20 Hian 20 R0 200 20

MICHIEL VEEN, EFFECTIVE FIELD THEORY IN ATLAS, HIGGS HUNTING - 17 SEPTEMBER 2026

Month in Year

More to
come from

2025-26
dataset

First results
with 2022-24
dataset

published!

uonesqied Gz/6



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3




LATEST HAL 1D RESULTS arXiv:2605.19016 1¢

» 1D used for limits, 2D to illustrate correlations
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2608.07332

arXiv

LINEAR + QUADRATIC

HIGGS COMBINATION

ATLAS

SMEFT A = 1 TeV

VS=13 TeV, 126 — 140 fb—1, my = 125.09 GeV, |yu| < 2.5
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Figure 2: Leading order Feynman diagrams for ggF (a-d) and VBF (e-g) HH production indicating the vertices that
Figure 1: Leading order Feynman diagrams for ggF (a-f) and VBF (g-i) HH production, indicating the vertices that are affected by HEFT Wilson coefficients ¢jpp, Cqpn, and cgppp. Diagrams f and g are not modified by the HEFT
are affected by SMEFT Wilson coefficients ¢y, ¢y, Cra. €16, and ¢ yn. The Wilson coefficient ¢ 4 modifies every operators considered in this analysis.

Higgs interaction vertex and is only illustrated for vertices unaffected by other Wilson coefficients.
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