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section for EWK Z(vv)yjj in the region o ooa ey ™ Gneerany
) fyo/ A*=4.6 TeV™* n
of E; >150 GeV - first evidence!!! 0
10 —;
e BSM physics could induce anomalous QGCs, enhancing the cross section and | =
modifying the kinematic distributions of the final-state bosons. O/
10_1 ///////// '/ /S S S/
* The effect of new physics introduced by aQGCs can be realised using an EFT -
linearly parameterised by an effective Lagrangian. : b
A clipping technique is introduced to preserve unitarity at very high parton ) PSRRI WIS i 5t s s |

centre- of—mass energles the anomalous 81gna1 contr1but1on is set to zero for my, > E..

one at a t|me I|m|ts, unltarlty is not preserved
Coefficient Observed limit [TeV ] Expected limit [TeV 4]

Limits’ dependence on the cut-off energy (Ec)

_ I .

: 2 b N\ AmLAS E

field strength , fTO/A4 [ -9.4,8. 4] X 1072 [ 1.3, 1. 2] x 107! g S,':‘ - Vs=13 TeV, 139 fb1 E
tenSOI'S : fTS/A4 [ 8 8 9 9] X 10 2 [ 1 2 1 3] X 10_ . ‘.Siﬁ 065“ ...................................................... E
L fre /A [-5.9,5.9] x 1072 [-8.1,8.0] x 10> § 04f- =

. L fro/A* [-1.3,1.3] x 107! [-1.7,1.7] x 107" | 0.2 fTS/A4 =

t ' ) - .
derivative+field b fuo/A [-4.6,4.6] [-6.2,6.2] | oF -
strength tensors " far1/A* [-7.7,7.7] [-1.0,1.0] x 10! R i =
“ fM/ __ =191 9] =2 6 2 6] . 04E - —— Expected E

. o . o . —0.6:— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L Observed _:

e Constraints on EFT coefficients are either competitive with or more 08 " __ Unitarity bound
stringent than those previously published by CMS. - » : : P

E. [TeV]

e The constraints onifys/ A%, e/ A*and fro/ A¥jare significantly stronger
than results previously published by ATLAS and CMS.
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Zyy production

< 5 - AmAS 4D ]
—— a 8 107 3 (s = 13 TeV, 130 fb” == Sherpa NLO 3
. . . . . . = Z(=ll b -
e Production of a Z boson in association with two photons in a =, s (lry -#t- MadGraph LO
bl=A" —— 4_ -4 ]
. . . _ = f o /IA*=1TeV
phase-space region dominated by the ISR production of photons. 8% 10 3 " E
e Integrated and differential cross-sections measured (first time - ol . :
=  SEEEEEEEEES AT
differential). - -
* Sensitive to transverse operators involving neutral aQGCs. 0L |
o pff unfolded cross-section used to set limits on dim8 WCs in EFT i .
framework as it is the most sensitive to NP effects. P i R R S P T
0 50 100 150 200 250 300 350 400
e The constraints on four of the eight operators considered are tightened by up to two P} [GeV]
orders of magnitude with respect to previous ATLAS analyses using 8 TeV data.
ATLAS Expected limits
Vs =13 TeV, 139 fb™ —— Observed limits
Al L L L LI L L L L LI B B 0.67.9.33]  clipping approach - EFT contribution is suppressed
o | above an energy scale Ec.
fo /A* : [-9.88,9.34] &~ 10— | | | | | —
' | > 8 = ATLAS —— Observed limits 3
f/A* | [-20.31,18.68] é - Ys=13TeV, 139 fb" —— Expected limits
T.2 | “ 6 95% confidence intervals E
frg/ A} | [-4.64,4.54] \:3 4 =
’ no unitarity conservation imposed - of =
f__/A? [-7.04,6.94] - -
T,6 [ o —
fT'7 N | [-15.55,15.04] _22_ _i
4 — . -4 —
fT,8 /A l [-1.64,1.61] _6:— _:
¢ - [-3.36,3.26] - .
fT’g /A I 1 1 1 1 I 1 1 1 1 | 1 | 1 1 I L L L L l 1 1 1 L I L L 1 1 I 1 1 1 1 I 1 1 1 1 I _8 :_ _:
field strength —20 -15 -10 -5 0 5 10 15 20 -10- 1.1 I 1.4 I 1.7 l 2 I 2.4 I 3 l 4 I 5 —
t . . -
o 95% confidence intervals [TeV™] E. [TeV]
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WW VBS

g 10°

NEW 1o

10°

10°

e Fiducial and differential cross sections for the electroweak and inclusive 108

production of a same-sign W boson pair in association with two jets (W=W4 j j) 1
- (analysis details in Alessandro’s talk).

ATLAS Preliminary
Vs =13 TeV, 139 fb’

T I T T T I T T T
-W “jj EW
mm WW5j Int

W*W*jj QCD
Wz

Non-prompt
mm Conversions
Other prompt
@® Data
My < 0.7 TeV, 22 o _ 140,
— fu/A =4 TeV AT Tev
e Tot Uncert.

e Differential m,, distribution with optimised binning used to set limits on EFT

F x2/4=1.28 pvalue =0.276

t

¢

ta/Expected
a1
I

dim8 operator coefficients fyoo/ A, fs1/A*, fyro/ A*, furt/ N, fya ! N* o/ Y, fri/ A% S

and fr,/A*. S o

* Results using EFT unitarisation cut-off also provided.
e Constraints competitive with those previously published by CMS.

Three families of operators (M S - covariant derivative, T)

No umtarlsatlon cut- off Lower and upper 11m1t at the respectlve unltarlty bound 3

[TeV ]

[TeV 4]

fuo/A*
fur /A
fur /A
fsoa/A?
fs1/A?

fro/A*

exp.
obs.
exp.
obs.
exp.
obs.
exp.
obs.
exp.
obs.
exp.
obs.

[-3.9, 3.8]
[-4.1, 4.1]
[-6.3, 6.6]
[-6.8, 7.0]
[-9.3, 8.8]
[-9.8,9.5]
[-5.5,5.7]
[-5.9, 5.9]

[-22.0, 22.5]
[-23.5, 23.6]
[-0.34, 0.34]
[-0.36, 0.36]

-64 at 0.9 TeV, 40 at 1.0 TeV
-140 at 0.7 TeV, 117 at 0.8 TeV
-255at 1.6 TeV, 31 at 1.5 TeV

-45 at 1.4 TeV, 54 at 1.3 TeV
-33 at 1.8 TeV, 29.1 at 1.8 TeV

-39 at 1.7 TeV, 42 at 1.7 TeV
-94 at 0.8 TeV, 122 at 0.7 TeV

-32at1.2TeV,49at 1.1 TeV
74 at 1.0 TeV, 12.4 at 0.9 TeV

le//\4 [1 /TeV4]

1 2D limits at 95% CL
| obtained with a
unitarisation cut-off
§ scale of 1.5 TeV

fs1/N\* [1/TeV4]

1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400
m, [GeV]
6 -
_f /A4 ATLAS Preliminary
4 JJT1 VS =13TeV,1391b7!
2
0_
o] 1 sigma
] 2 sigma
4 1 === expected 4
7] == observed
7] == unitarity bound TO/A
- T T T T T T L

fro/\* [1/TeV4]

ATLAS Preliminary

2003 VS =13TeV, 139 fb?

100

exp. [-0.158, 0.174] -0.32 at 2.6 TeV, 0.44 at 2.4 TeV
obs. [-0.174, 0.186] -0.38 at 2.5 TeV, 0.49 at 2.4 TeV
exp. [-0.56, 0.70] -2.60at 1.7 TeV, 10.3 at 1.2 TeV

obs. [-0.63, 0.74] -

fri/A*

.
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4] VBS measurements

o Differential cross-sections (m,, and m;;) measured for the |

production of four charged leptons in association with
two jets (analysis details in Chilufya's talk).

e Unfolded cross sections used to search for signatures of anomalous weak-boson self-
interactions using the framework of dim8 EFT.

OTO' 0T1; 0T2; 0T5; OT6' 0T7' 0T8' OT9

|
|
!

e The WCs associated with the O, and O, operators are the most tightly constrained.
e Constraints with the pure dim8 contribution are more stringent than interference-only constraints.

field strength e Constraints are placed on each WC after restricting the interference- and pure

tensors

¢ coefficient Included Expected Observed 1
fT,O/AI yes [-0.98,0.93] [-1.0,0.97] %

dimension-eight contributions to have m,, < E,
e The 95% confidence intervals degrade by a factor of 4-5 (Ec = « to Ec =1 TeV).

_23’ 17 _19, 19 < T T T T T | T T T T | T T T T | T T T T | T T T T :

[-1.2, 1.2] [-1.3, 1.3] > 30 s - 13 ToV. 140 5!

no [-160, 120] [-140, 140] . A ! ]

fra/A? yes [-2.5, 2.4] [-2.6, 2.5] 20 Jro =
no [-74, 56] [-63, 62] R ]

fr.s/A* yes [-2.5, 2.4] [-2.6, 2.5] - .
no [-79, 60] [-68, 67] - =

fr.e/A* yes [-3.9, 3.9] [-4.1, 4.1] n ]
no [-64, 48] [-55, 54] - -

fr.7/A* yes [-8.5, 8.1] [-8.8, 8.4] - -
no [-260, 200] [-220, 220] Expected 95% confidence interval -

fT,S/A4 yes [-2.1, 2.1] [-2.2,2.2] Observed 95% confidence interval J
no  [-4.6,3.11x10* [-3.9,3.8]x10* § ~30 Unitarity Bound E

f,9/A4 es [-4.5,4.5] [-4.7,47] ¥ ol b b T

' g [-7.5, 5.5]x10%  [-6.4, 6.3]x10* } 1 2 3 4 5 6
—,, E, [TeV]
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Higgs

Evidence for the charge
asymmetry in pp — tf

A & AZ? with full Run2 dataset

e Inclusive and differential measurement of ¢f and leptonic charge asymmetry

e Differential measurements provided for invariant mass

ATLAS /s =13 TeV, 139 fb"
A vs. NNLO QCD + NLO EW
P m, interval
s - 2, A — 68% CL
transverse momentum and longitudinal boost of the 77 system. _ﬁ-z A - 95% CL
— « Best-fit value
o A results are interpreted in the SMEFT framework (SMEFT@NLO). >1500Gev .. —
* 14 four-fermion operators + 1 operator for top—gluon interaction

1000 - 1500 GeV

750 - 1000 GeV

- , ' 500 - 750 GeV
e Interplay between EFT sen81t1V1ty (mcreases for h1gher m,;) and statistical
uncertainty (0.2% — 0.3% to 2.9%).

0-500GevV "~
e Tightest limit obtained for the linear EFT approximation in the mass bin |
from 1 to 1.5 TeV.

£ inclusive

¢ differential

e Constraint from the dlfferentlal ” measurement more thanfa factor 2
stronger than inclusive measurement |

f" LHC 8 TeV combination '

——-
& pp,8TeV, JHEP 1804 (2018) 033

b Tevatron combination
’ p;‘) 1.96 TeV, PRL 120 (2018) 042001

The combined inclusive charge asymmetry is measured to be A= 00068 + 00015
which differs from zero by 4.7 standard deviations

-0 5 0 5 10
CS /A% [TeV?
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«_ FEvidence for the charge asymmetry in pp — 17

EW

 The obtained EFT bounds (from charge asymmetry) are compared to those from energy asymmetry

measurement in ##j production.

e QCD structure of the energy asymmetry is different due to the extra jet in ¢#j production.

- the two asymmetries probe different directions in chiral and colour space.

e Different shapes of the bounds for colour-octet operators with the same chirality scenarios:

- charge asymmetry (dashed/solid red lines) leaves a blind direction broken by the energy asymmetry

(dashed /solid blue lines) due to operator interference with

ATLAS

< !

S 4}Vs=13TeV,139fb™!
g energy asymmetry

= —— A 68% CL

S Ag 95% CL

N

-
e
-

........

/charge apymmefry-._
"o Alf 68% CL A

Alf 95% Cl

-
-y -

Can (TeVIN)?

blind direction for
charge
asymmetry broken
using
energy asymmetry
measurement

Bounds on color-octet
operators

the QCD amplitude.
> [aTias ' — Ac68%CL
S 4{Vs =13TeV,139fb~! ----- Ag 95% ClI
Q
= energy asymmetry
Yoo
-2 ; B
- charge asymmetry
A 68% CL
-4 -
------ Al' 95% CI
-4 -2 0 2 4

Cgy (TeVIA)?
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EW T} SERARRAREE RERRE RARES RRRRERERLE RERRE LAREERRRRS
g [ ATLAS ¢ Data I it -
-, - . . e — 10°E Vs=13TeV, 140 fb™ [ Jtitw [Mttz =
e _® The tttt process (observed with a significance 2 Fsn = ClomisiD
000000 y . . : 3] ~ Post-Fit M Mat. Conv. [[HFe 1
+ i of 6.1 o) is sensitive to 4 heavy-flavour fermion 3 10°F WiLowm, WHF . =
1 1 1 3 - [ Others [t ]
‘i E ' Operators, OZ.Z-, OQQ, OQl,, OQl, _> BSM mOdels 102 Uncertainty -« Pre-Fit _;
! that enhance interactions between the third- -

‘ . 10

, + i generation quarks (Johnny’s talk).

e Limits on EFT parameters extracted parameterising the #7¢f yield in

each bin of the multivariate discriminant score distribution (used to 5 10" bbb
separate signal and background). £ i 13 ¢ ; Frp— E
) . ) ) < 070" *ve i’$*+$+ """"" + + T
other WCs are fixed to SM, linear+quadratic terms included - RN S . . . . . ‘ . E
r«' — o AD ey D D e oy O 01 02 03 04 05 06 07 08 09 1
Operators | Expected C;/A“ [TeV ™“] Observed C; /A~ [TeV 7] GNN score
Leading uncertainties: signal modeling
022 0 [-2.4, 3.0] [-3.5,4.1] uncertainties, statistical uncertainty

T —~ 9 — ——

O%t [-2.5,2.0] SMEFT@NLO [-3-5, 3.0] 2 3 ATLAS | |,, E

Oy, [-1.1,1.3] [-1.7, 1.9] Jd °F Vs=13Tev, 140 fb" /

o) [-4.2, 4.8] [-6.2, 6.9] " 7E —Observed | E

\. 2 ‘J 6 - Expected // =

o _ _ n _ . 5E Non-unitary regime " /// =

e Limits on the Higgs oblique parameter, H, defined as the Wilson uF ' -

coefficient of the sole dimé6 operator that affects the off-shell Higgs N =

interaction (¢7tf cross section + tfH background production), are set. , \ -

e Observed upper limit at 95% CL on H=0.20: 1 3_68% CL\ _

e coincides with the largest value that still preserves unitarity. S T T T T 0£25
f

7 ,
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HH — bbbb SMEFT

N e Non-resonant HH ggF production - 4b decay channel (126 fb1).

e Analysis categorisations to improve sensitivity to BSM physics.

e The interpretations are performed with two EFT frameworks, ,
Higgs Effective Field Theory (HEFT) and SM Effective Field Theory (SMEFT);
- first LHC SMEFT interpretation for HH.

e The different BSM scenarios are considered re-weighting the SM non-

resonant HH ggF sample.
0 I | [ | | [ I
(&) 015 — ATLAS — Observed Limit (85% CL) |
. . . \g -13 TeV, 126 fb—‘l """"" Expected Limit (95% CL)
* 1D a1.1c.1 2D limits for the 5 Wilson cru=0.0, ¢1g=0.0, c=0.0 Expected Limit 10
coefficients: ¢y, Cyry, Cy/Ci6,CHG- SMEFT@NLO 0.10/— Expeoted Limit 120 —]
%  SM Prediction
linear+quadratic results, one WC at a time 0.05— —
Parameter Expected Constraint Observed Constraint
Lower Upper Lower Upper 0.00 — _
Cy -20 11 -22 11
CHG —-0.056 0.049 —-0.067 0.060 005 B
Cun -9.3 13.9 -8.9 14.5 |
C,y -10.0 6.4 -10.7 6.2
6 -0.97 0.94 -1.12 1.15 010 | | 1 1 1 | | —
—40 ~30 —20 —10 0 10 20 30
CH

Okher 2D scamns in bar::kup
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HH — bbbb HEFT

o 7 HEFT benchmark models for cypp, ¢y, Cuppp Coon @and €y to probe a wide variety of characteristic

shapes of the my; spectrum.

e Advantage of HEFT: anomalous single-Higgs-boson and HH couplings defined separately.

e The spread of sensitivity between the seven benchmark models reflects the different shapes of the signal m,

distributions.

e BM3, BM5 and BM7 are observed to be excluded with more than 95% confidence.

IIII]I [

ATLAS

T

T

IIIIII

T

®  Observed 10

O Expected +20

Vs =13TeV, 126 fo™ *#  Theory Prediction
Obs. (Exp.)

SM— # e o© 170 (230) —
BM1H— or 290 (200) —
BM2— + o 360 (250) —
BM3 — o e 110 (74) —
BM4 — + ° 130 (130) —
BM5 i— oe 110 (95) —
BM6 — » 190 (180) —
BM7 — o e 88 (71) —

OggF, HH [fb]
The different variation between observed and expected limits
is linked to a slight excess observed in the low my; region

o Limits competitive with ATLAS bbrr +
bbyy standalone limits -> improvement
when included in the combination

HH — bbbb
P ™y
Coann : [—0.36,0.78][—0.42,0.75]

| Cim  [-0.55,0.511[-0.46,0.40] |

HH — bbtt + bbyy

4 Y
Combination
Wilson coefficient Obs. Exp.
Cgghh [-0.3,0.4] [-0.3,0.3]
Cithh [_0.2, 0.6] [_0.2, 0.6]
. o

LHCP2025 - 22/05/2023
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ATLAS Global combination

SMEFT interpretation (SMEFTsim and SMEFTatNLO) ATLPHYS PUB-2022 057
Decay channel Target Production Modes L [fb™'] ¢ ATLAS Higgs boson data (2021 combination) }
H— yy ooF, VBF,WH, ZH,ttH,tH 139 * Higgs boson production and decay combined
H—ZZ" ggF, VBF, WH, ZH,ttH(4¢) 139 measurements in STXS bins
H— Ww* goF, VBF 139 , o
S ggF, VBF, WH, ZH, tTH (ThadThad) 139 Higgs Combination
WH,ZH 139
H — bb VBF 126
ttH 139
1 WW, WZ, 4L, Z +2]ets combination
Process Important phase space requirements Observable L [fb™'] <
pp — e*vuty  mge > 55GeV, i < 35Gev prd-ler 36
pp — Cvert~ myee € (81,101) GeV mW? 36
pp — L map > 180GeV mz» 139
pp — X7 jj  mj; > 1000GeV, my, € (81,101) GeV  Ag;; 139
(Observable Measurement Prediction Ratio Preclsion Electrowealk Measurements \1
Iz [MeV] 24952 +23 2495.7 + 1 0.9998 + 0.0010 on the Z Resonance
RY 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
R 0.1721 +£ 0.0030  0.17223 + 0.00003 0.999 + 0.017 e Electroweak precision observables measured
RO 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 + 0.0031
Agg 0.0171 £ 0.0010  0.01718 £ 0.00037  0.995 + 0.062 atOLEP and SLC o
Ags 0.0707 +0.0035 0075800012  0932=0048 © Eight pseudo observables describing the
ALY 0.0992 £ 0.0016  0.1062 + 0.0016 09350021  physics at the Z-pole are interpreted.
oV | [pb] 41488 + 6 41489 £ 5 0.99998 + 0.00019

N ——————————————————————————————————————————

Ny ,
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ATLAS Global combination

ATL-P HYS-PUB-2022-03F

I
M Higgs

HIGGS+ ' (lin+quad results)

ATLAS Preliminary e BestFi

Vs =13 TeV, 36.1-139 fo~! - gg f 8'[ EW
SMEFT A =1 TeV — linear
linear+quad.
e Principal component analysis to ~ Most stringent  {di s m.s T
. CHG T -
- : s : SN constraints o
identify sensitive directions-> a YR R T
modified basis of linear cé%i =
. . . C s -
combinations of WCs is oy o —— -
. CHg® 3 -
defined. — -
G| ~ 7 o

-06 -04 -02 O 02 04 06

e The fit uses sensitivity

o2l [ B e~ e B B B B
. . « e HB,HW ,HWB,HD,tW,{B
eigenvectors instead of original I - —te—
: . i) I P
Wilson Coefficient. i e N S
g1 ORI el
Hu,Hd,Ht,H({%) . |
. . . . . Cop| T T
® Constraining 7 individual and Weakly constrained &2, -i—o—
i inati STRRY =2 1 o 1 2
17 linear combinations of fit directions-> y I R
1 1 HB,HW ,HWB,HD,tW,tB
Wilson coetficients. quadratic o ol
[2] e -
® Data overlap across datasets contributions are N e
EN ) L.—
checked -> remove from the large: validity of Cer S
. . g ' y CtH ”’—._WH"""H“H
combination whenever the constraints - . e [T
. i e ]
relevant. neglected higher iz —1 I
. . 272! H\HH\HHMH‘|H"\‘ﬁ“)w‘“‘?‘("‘z‘\‘&““‘z“‘\0_‘ | | | |
order contributions 50 5 0 5 10 15 o 02 04 06 08 1
Parameter Value expected fractional
contribution

2 ,
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HIGGS+! "W+EWPO

Constraining 6 individual and 22
linear combinations of Wilson
coetficients.

Several constraints driven by both
ATLAS and LEP/SLD.
Complementary information.
Linear fits agree with the SM
expectation for most fitted
parameters, except for:

[4] : i}
® Cipyyyyp > €XCeSS driven by a well

. . O’b
known discrepancy in A7’ from

the SM expectation.

ATL-PHYS-PUB-2022-03F

(E/ L d /\‘Hz

LHCP2025 - 22/05/2023

CHG
[1]
10 x Cva Vit

Cva Vit
M
f—/\]/v Vit

Cva vie |

Cva Vit

[1]

Chvv, vif

Cig

[1]
Ctop

CuH,dH,HO

C
T
4q
o3l
HVV, Vff

[14]
Chvv, vif

CeH
CiH

ATLAS Global comblnatlon

ATLAS Prellmlnary o Best Flt M Higgs
Vs =13 TeV, 36.1-139 fbo~ — 68 % CL M EWPO
SMEFTA=1TeV e 95 % CL EW
Linear parameterisation
- ——
o —
—.—,
,,,,, °
| 1 I 1|
—-0.04 -0.02 0 0.02 0.04
T 7 T ‘7‘_'_‘7‘ T T
- —— -
,,,,,, ° I
o
———
T T N N | I |
-0.4 -0.2 0 0.2 0.4
T T T T ‘J_‘._ T T T T
_— -
e
 ———
o
———
| I I | I I \T\ I I | I |
—4 -2 0 2 4
4 [ T CCCL Il I \ T T
R & ——m7
| o -
C—
T T T T N N N O S B

-15 —-10 -5 0 5 10 15

Parameter value

L1 1
0 02 04 06 08 1

expected fractional
contribution
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Summary

* Increasing number of analyses in SM, Top and Higgs sectors providing

interesting EFT interpretations (additional ATLAS EFT interpretations ir
Chilufya's, Bo's and Adrian’s talks).

e First Global ATLAS EFT interpretation available
(also simplified likelihood model for re-interpretation):

e well established framework used to perform the ATLAS Global

combination;
e combination with additional Top + EW analyses ongoing->

provide complementary sensitivity.

e ATLAS + CMS: ongoing exercise to include few published input measurements and test the
combination using consistent parameterisations and assumptions.

for many interesting results to come!!
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WW VBS

T T T I T T T I T T T I T T T I T T T I T T T T T T T
ATLAS Preliminary mm WW*j EW
_ -1 . WIWj Int

Vs=13TeV, 139 fb W*Wjj QCD
4
Non-prompt
m mm Conversions

ff Other prompt

@ Data f

Myw < 0.7 TeVA Mf = 1404
— fy/A*=4Tev* A" TeV
w44 Tot. Uncert.

NEW

Events

e Fiducial and differential cross sections for the electroweak and inclusive 107
production of a same-sign W boson pair in association with two jets (WAW=+ j;

- (analysis details in Alessandro’s talk).

Differential m,, distribution with optimised binning used to set limits on EFT

dim8 operator coefficients fgoo /A%, fo1/ A%, friol AY, firt I AY, o7 ! A frol A, fry/ A jif 15-¢+
and f,/A”. § O; o e

1000 1200 1400
m, [GeV]

0 200 400 600 800

* Results using EFT unitarisation cut-off also provided.
e These constraints are competitive with those previously published by the CMS

. . . . 15 T —
Collaboration. 2[? limits .at 95% -CL obtained 7 ATLAS vy
Three families of operators (M, S - covariant derivative, T) with a unitarisation cut-off °]
fCocicient  Type . No unitarisation cut-off Lower and upper Limit at the respective wmitarity bouny, ~ Scale 0f 1.5 TeV £ ]
i [TeV™] [TeV—*] T ST = o
) £ ATLAS Preliminary < ] '
L o/ exp. [-3.9, 3.8] -64 at 0.9 TeV, 40 at 1.0 TeV S ‘3‘ s=13Tev 1301’ £ 5 = o
MO obs. [-4.1, 4.1] -140 at 0.7 TeV, 117 at 0.8 TeV = E 10 . ezpectez
‘ PRI [-6.3, 6.6] 25.5at 1.6 TeV, 31 at 1.5 TeV T % E 1 Uty bown
- JM1 1 5 - LI LA AL BLALELEN RLELELEN LR B N
. obs. [-6.8, 7.0] -45 at 1.4 TeV, 54 at 1.3 TeV : B e T T o 25 50 75
Fan/AY exp. [-9.3, 8.8] -33 at 1.8 TeV, 29.1 at 1.8 TeV O; B : Fro/A\* [1/TeV"]
M7 obs. [-9.8, 9.5] 39 at 1.7 TeV, 42 at 1.7 TeV =7 E 157 ATLAS Prefiminary
exp. [-5.5,5.7] 94 at 0.8 TeV, 122 at 0.7 TeV vy e 103 VE=13TeV, 1307
fSOZ/A4 A $i /A - ]
| ;‘(’S' [[22(9) ;-29]5] —smmem | o
4 . - U, . —_— E / nitarit ounds Z ) E \
 fsi/A obs. [-23.5, 23.6] - T e
4 exp. [-0.34, 0.34] -3.2at1.2TeV,4.9at 1.1 TeV M. cut-off [TeV] S _5_5 N
JrofA obs. [-0.36, 0.36] 7.4 at 1.0 TeV, 12.4 at 0.9 TeV " 1 2doms —
A exp. [-0.158, 0.174] -0.32 at 2.6 TeV, 0.44 at 2.4 TeV ~104 T xpected
Tl ] = unitarity boun
obs. [-0.174, 0.186] -0.38 at 2.5 TeV, 0.49 at 2.4 TeV Evolution of the limits as a function s &=
Fra/ A} z’éfs’ {822 8;2} -2.60at 1.7 Tevi 103 at 1.2 Tev of the cut-off scale of the unitarisation - 2 £ 1/AS [(: Teva] 2 ‘
A - i oy, procedure.
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https://cds.cern.ch/record/2859330/files/ATLAS-CONF-2023-023.pdf

4] VBS measurements

o Differential cross-sections (m,, and m;;) measured for the |

production of four charged leptons in association with
two jets (analysis details in Chilufya’s talk).

e Unfolded cross sections used to search for signatures of anomalous weak-boson self-
interactions using the framework of dimé6 and dim8 EFT.

OTO' 0T1; 0T2; 0T5; OT6' 0T7' 0T8' OT9

|
|
!

e The WCs associated with the O, and O, operators are the most tightly constrained.
e Constraints with the pure dim8 contribution are more stringent than interference-only constraints

field strength e Constraints are placed on each WC after restricting the interference- and pure
ftensors dimension-eight contributions to have m,, < E,
| [Mas| 1'} o The 95% confidence intervals degrade by a factor of 4-5 when the energy scale

Included .

et S- s cut off is reduced from Ec =~ to Ec =1 TeV.

nO 40 | T T T T | T T T T | T T T T | T T T T |. I. T T
ATLAS Preliminary

/ A

[-74, 56] [-63, 62]
fr.s/A* yes [-2.5, 2.4] [-2.6, 2.5]

no [-79, 60] [-68, 67]
fr.e/A* yes [-3.9, 3.9] [-4.1,4.1]

no [-64, 48] [-55, 54]
fr.7/A* yes [-8.5, 8.1] [-8.8, 8.4]
no [-260, 200] [-220, 220] — — Expected 95% confidence interval
fT,g/A4 yes [-2.1, 2.1] [-2.2,2.2] -30 Oblser.ved 95% confidence interval—
no  [-4.6,3.1]x10* [-3.9,3.8]x10* § a0 | | | Unitarity Bfl)und | E
fro/A° yes [-4.5,4.5] [-4.7,47] 1} - W S —
[-7.5,5.5]x10* [-6.4, 6.3]1x10* E_[TeV]
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«_ FEvidence for the charge asymmetry in pp — 17

EW

e Inclusive and differential full Run2 measurements of the top-antitop (¢7) charge asymmetry A” and the
leptonic asymmetry AZ ‘

e Differential measurements are performed as a function of the invariant
mass, transverse momentum and longitudinal boost of the t7 system.

e Combined results are interpreted in the SMEFT framework.

* 14 four-fermion operators + 1 operator for top—gluon interaction.

ATLAS aTiAs 0.08l — NNLOQCD +NLOEW  ATLAS _
—— NLO QCD + NLO EW —— NLO QCD + NLO EW - s 1
. ——- _ /S = 1
0.010f vs=13TeV, 139fo"' 4  unfolded A" ] 0.04] Vs=13TeV, 13910, | nioided A7 Ci, =05 vs=13TeV,1391b
. 0.06;f —— Ci,=1.0
0.03 L
0.008 4 combination
e 0.02} ! _ 0.04 single-lepton ‘
'TO < = :
< < -+ dilepton {
o N { =T
0.004 : 0.00 -
0.01}
: . 0.02}
0.002 ] <200  [200,300] [300,400] > 400
Inclusive m;; [GeV] 0.04 _ . ‘ ‘ v |
< 0.5 [0.5,0.75][0.75,1.0] [1.0,1.5] = 1.5
my; [TeV]

The combined inclusive charge asymmetry is measured to be A= 00068 + 00015,
which differs from zero by 4.7 standard deviations.

Ny ,
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«_ FEvidence for the charge asymmetry in pp — 17

EW

e Inclusive and differential full Run2 (139 fb~!') measurements of ¢7 and leptonic charge asymmetry A” & A” 3

. . _ ’ . | ATLAS Vs =13 TeV, 139 fb”
* Ditferential measurements provided for invariant mass, AZ vs. NNLO QCD + NLO EW
transverse momentum and longitudinal boost of the ¢7 system. | Differential m,, .
: : : — A%+ A" - 95% CL
e Combined results are interpreted in the SMEFT framework. - —A? « Bestit value
* 14 four-fermion operators + 1 operator for top—gluon interaction. Ca [ ==
1.8 [ -
Cog -
3.8 | i
CQq - - ——
‘ ' ~ c' gL I
e Large improvement w.r.t § LHC 8TeV / Tevatron results J C;? 1L .
e Interplay between sen81t1V1ty (mcreases for hlgher mﬂ) and uncertainty & | ot
tu
(0.2% — 0.3% to 2.9%). c,, T =
8 - b - ——
e Tightest linear limit obtained in the mass bin from 1 to 1.5 TeV. Ciq —
o Constraint from the 1d1fferent1a1 m; measrement more than{a factor 2; CE’U i )
‘ _ - s : C el e e,
stronger than mcluswe measurement C? ¢ B -
tu
C:d — aeee- —————
Co | e
C‘Qu — o
cl o+ L gl AU
- Qd
The combined inclusive charge asymmetry is measured to be A”’= 00068 + 00015, WA EEETE FE T NN E T EE NS T TR T
which differs from zero by 4.7 standard deviations. -2 -1 0 1 2 3 4 5 6
CIA? [TeV?|
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«_ FEvidence for the charge asymmetry in pp — 17

EW

e QCD structure of the energy asymmetry not the same as for the charge asymmetry in 7 production due to the
extra jet in ¢fj production.

e the two asymmetries probe different directions in chiral and colour space.

e For colour-singlet operators with different quark chiralities (top row), the two asymmetries probe
similar areasin the parameter space.

= B ATLAS A 2 |ATLAS —— Ae 8% UL
S 4} ™ Vs =13TeV, 139fb~! . S 4ivVs =13TeV,139fb™! ---= Ag 95% CL
¢ g
- -3
@] ol U 2
'l/é}:\ \\.
0 0 HINYAVE
S22
-2} -2
% —— Ag 68% CL 4 — Ac 8% Cl
i --== Ag 95% CL “-“-!1 r 1  -—- A¢ 95% Cl
5 . 1 R N
-4 -2 0 2 4 -4 -2 0 2 4
Coa (TeVIA)? Coa (TeV/A)?
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«_ FEvidence for the charge asymmetry in pp — 17

EW

e QCD structure of the energy asymmetry not the same as for the charge asymmetry in #7 production due to the
extra jet in ##j production.

 the two asymmetries probe different directions in chiral and colour space.

e Different shapes of the bounds are due to the different colour-singlet and colour-octet contributions to ¢f and
ttj production, which is probed with high sensitivity by the asymmetries.

> [ATLAS —— Ar88%CL|{ = |ATLAS —— Ar 68%CL
S 4(Vs=13TeV,139fb™? cee- Af95%CL{ S 41Vs=13TeV,139fb! -===- A 95% CL ]
: :

0l 0 4y -

O 2t 1)0 2 / |

2 N 2 S
.‘ A 68% Cl At 68% CL
_4> ’1 " ) —4 s )
: : Afose,CLy)y Vo e Ar- 95% CL
", =5 0 2 4 -4 ) 0 2 4
C., (TeV/A)? Coy (TeVIN)?

colour-singlet versus colour-octet operators with the same quark chiralities
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«_  Search for charged lepton flavour violation
o in top quark decays

e Search for charged-lepton-flavour violating uzqt interaction in top-quark production and s
decay. LQ

 The analysis sensitivity is dominated by the cLFV production process; decay process ; » - )
improves the observed limits by 2.7% R g

e EFT interpretation: dedicated samples to set limits on EFT operators describing contact interactions between
two leptons and two quarks permitting cLFV interactions (dim6-top).

u, c
e Cross section of the cLFV process: dependence on the square of the value of WC. _
e S A oy O R e e . s O = M e S SN = Y S .S e B 2 O G .S et Y B 2 S Y-S oY S S P 27 S l’t
95% CL upper limits on Wilson coefficients ¢/A2 [TeV 2] ,
—(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 1(ij3k)  3(ijk3)  3(ij3k) §
Clq Ceq clu Ceu Clequ clequ lequ lequ 4 7-+

{ Previous (u) [22] | 12 12 12 12 26 26 3.4 3.4

Expected (u) 047 044 043 046 049 0.49 0.11 0.11 95% CL upper limits on BR(z — utq)
Observed (u) 049 047 046 048 051 0.51 0.11 0.11 Stat.only | All systematics

: - Expected 8 x 1077 10 x 1077

~ Previous (c¢) [22] 14 14 14 14 29 29 3.7 3.7 Observed 6 x 107 11 10-7

Expected (¢) 1.6 1.6 1.5 1.6 1.8 1.8 0.35 0.35
Observed (c¢) 1.7 1.6

Statistically dominated, dominant sys: ¢f

1.6
I modelling

1.6 1.9 1.9 0.37 0.37 }§

e The limits obtained on the Wilson coefficients improve upon the previous results from a re-interpretation of an
ATLAS FCNC ¢t Zgq analysis (from a factor of 8 to 51) -

o This result complements searches for cLFV in eugt interactions by the CMS Collaboration.

7 I
LHCP2025 - 22/05/202%  Elevuord Rewse


http://www.apple.com/uk
https://cds.cern.ch/record/2845451/files/ATLAS-CONF-2023-001.pdf

«_  Search for charged lepton flavour violation
o in top quark decays

* EFT interpretation: use dedicated samples to set limits on EFT operators describing contact interactions
between two leptons and two quarks permitting cLFV interactions (dim6top model).
e The cross section of the cLFV process depends on the square of the value of the relevant

Wilson coefficient for a given value of the scale of new physu:s Operator | Lorentz Structure
B T~ . S T — Ollq("jkl) Ly L) (Gryuqr) Vector
95% CL upper 11m1ts on BR(t — ;rrq) (x 10" ) 3(ijkD) T ;
R G k) K3 163 @3k 36K 3G3K) ] Ol (Liy#o1j)(gkyuo qi)  Vector
Ce u Ceu u u u u ij - -
‘ €Iq q €I leg leq leg leq O | (ery*e;)(@ryuar) Vector
| Expected (u) | 4.6 42 40 45 25 25 5.8 5.8 0 | (gl ) .
| Observed(w) | 51 46 44 50 28 28 64 64 )
3 Oeil (eiyHej)(aryuur) Vector
'~ Expected (c) 54 51 51 52 35 35 61 61 | iolle(;fukl) (Lie )& (Grur) Scalar
{ Observed(c) | 60 56 56 57 38 38 68 68 an |
S I FO, " | (io*ej)e(grouyur)  Tensor

top-quark decay width T

m m : 3
[(t — €7 q;) = —— ( t) {4 ~WR 2 4 4 eGR4 4RI 4 41 G2

+|Cl(jik3)|2 e l(lj3k)|2+48| 3(jlk3)|2+48| 3(zj3k)| }
lequ
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VBF HWW

o Integrated and differential fiducial (first in VBF) cross-section measurements for VBF in the HWW

EW
evuv channel.
;E002:'A"n','4's"""""'""'.";ala"""”"":
. . . . . . & Vs = eV, X ata Total Unc. i
e Differential cross-sections used to constrain extensions to the SM using an EFT 5 7 """ v paonrnes
ke _ | ] owheg+! 1a -
E | .
a I‘O&Ch: -80'015_: —— — — Cp=224(lin.+quad.) ]
pp (Zij" : 1|_ ﬁl I ch3=—O.56(Iin.+quad.) 7
Lerr = Lsm + S 0D, ford > 4 : 001} T -
EFT = ~SM Ald—4) i ' SMEFTsim e N ]
e 0,005 _’"—_—Jl =
e The WCs are constrained one at a time using the differential distribution that is most o I ——
sensitive to the corresponding operator (Aquj- CP-odd, leading jet pT - CP-even) | ST
T I LI B | I LU B B | I LI B | I LU B B | l LI B | I LI L I T e. 25—::.::‘-[:._—_{ "__________;
ATLAS ’ Exp.lin. | |Exp. lin.+quad. E 1E ——— =
. . 0:_‘1....|....|....|....|...,|.v,..|,‘..|.
s=13Tev, 130" oo e | ® More stringent constraints for all 50 100 150 200 250 o
: WCs when the quadratic term is T
-1 ' . . . § [T T T T
S X107 - added to the parameterization. $ 'famas + ou .
-1 —_———— =_ [ Vs=13TeV, 139" Data Total Unc. 1
Cu [x107'] _.._ § 0_3_—VBF Ho WW* S evpy B SM(Powheg+Pythia8) |
Chiqr [ X107 . g:? - - ZHB:jfi(:;.il:i;) :
s — e Neglected contributions of higher- 08 — = oo sad) ]
¢ [x107] * dimensional operators in the EFT I R
8 . . S T —— "
: —— expansion. i — :
CHB [ <10 1 ] .:. p S O 0'2_; —_—— =|._—_.___L‘=—__—__—__—=,‘____________=:.
c . [x10"] T . |
HWB i _I | | | | | I—
G,y [ X107 ] + e Correlations obtained between 2 R T e
: - [— E
C | central values of EFT operators < | | . .
Cou using the bootstrapping technique. T A
' -3 -2 -1 0 1 2 3
1 | | i | | . (backup) 49, Irac]

-3 -2 -1 0 1 2 3
Parameter value
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VBF HWW

o Integrated and differential fiducial (first in VBF) cross-section measurements for VBF in the HWW
evuv channel (139 fb~1).

EW

e Differential cross-sections used to constrain extensions to the SM using an EFT
approach:

(d)
C.
_ i (d)
Lerr=Lsm+ ), ) a9 ford>4. SMEFTsim
d i

e The WCs are constrained one at a time using the differential distribution that is most
sensitive to the corresponding operator (A¢;- CP-odd, leading jet pT - CP-even)

T I LI B | I LU B B | I LI B | I LU B B | l LI B | I LI L I T

A TLAS D Exp. lin. Exp. lin.+quad.
Vs =13 TeV, 139 fo™ —Obs. lin. - Obs. lin.+quad.
-1 c
Cua [ X107'] - e Correlations obtained between " oo §
; Cuiw | 040 | 1.00 c
Sy, [X107] — central values of EFT operators ATLAS e
-1 i - . . . s | 025 028 | 1.00 Vs =13 TeV, 139 fb™
Chiqr [ X107'] e using the bootstrapping technique. .
e — e Pairs of measurements can be used *|* = = s
- 107! i . Chwa | 080 039 | -066 035  1.00 .
¢ . [x10"] ; to set constraints on new and o s
1 —e— . . c -
Cus [x107] .. dlfferent models Of thSICS e | 034 088  -026 088 037  1.00 .
- [x10™7 : . —-0.
CHWB [% ] " beyond the SM’ for example n Cuga| 029 007 | 056 007 047 007 | 1.00
c x107 i .
HWB[ ] *— future glob al ﬁts Cugr | 025 006 047 -006  -0.41
CHW : CHU 0.27 0.07 -0.54 0.06 0.45
CHW C -0.23 -0.07 0.51 -0.07 -0.42
Lo il il i il il L Cuw  Cuw Cug €&  Chwe  Cyms  CHa Chat Chiu Chg

-3 -2 -1 0 1 2 3
Parameter value
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HH(4b) SMEFT

* Non-resonant HH production ggF production mode - 4b decay
channel (126 fb-1).

e Analysis categorisations to improve sensitivity to BSM physics.

e The interpretations are performed with two EFT frameworks,
Higgs Effective Field Theory (HEFT) and SM Effective Field Theory (SMEFT).
- first LHC SMEFT interpretation for HH.

e The different BSM scenarios are considered re-weighting t

HH ggF sample. " s
e 1D and 2D limits for the 5 Wilson
coefficients: ¢y, Cyry, Cpy/Ci6/CyG-  SMEFT@NLO
linear+quadratic results, one WC at a time 010
Parameter Expected Constraint Observed Constraint
Lower Upper Upper
Cy -20 11 11
CHG —-0.056 0.049 —-0.067 0.060 g v
CHo -9.3 13.9 14.5 30
C,H -10.0 6.4 6.2 i
C,G -0.97 0.94 1.15

LHCP2025 - 22/05/2023
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he SM non-resonant

| |
— ATLAS

Vs =13TeV, 126 fb'
cx=0.0, ¢;g=0.0, cy=0.0

I

I I
— Observed Limit (85% CL)

== Expected Limit (5% CL)
Expected Limt 1o
Expected Limit +2¢

% SM Prediction

1 | | | | | | ]
-40 -30 -20 -10 0 10 20 30
CH
(@
I I [ I | I
ATLAS — Observed Limit (95% CL)
N §= 13 TeV. 126 fb~! ----- Expected Limit (95% CL)
¢cxo=0.0, ¢,g=0.0, cyg=0.0 Expected Limit +10
Expected Limit 20
| % SM Prediction ]
| | | | | | |
-40 -30 -20 -10 10 20 30
CH

g 0909099090999~

Cig

25

20

1.5

0.5

0.0

-1.0

-1.5

HO

I T |
- ATLAS

Vs=13TeV, 126 fb!
CH;=0.0‘ C|»-=0.0, CHG=0<0

I I |

— Observed Limit (95% CL) |

=== Expected Limit (95% CL)
Expected Limit +10
Expected Limit +20

%  SM Prediction

-40 -30 -20 -10

(b)

ol—

[ | I

— ATLAS
Vs=13TeV, 126 fb™"

— ¢n=0.0, ¢,g=0.0, cyc=0.0

---=- Expected Limit (95% CL)
Expected Limit +10
Expected Limit +20

% SM Prediction

Observed Limit {95% CL) —

-40 -30 -20

-10

o

CH


https://arxiv.org/pdf/2301.03212.pdf

HH(4b) HEFT

o 7 HEFT benchmark models for cypp,Cipr / Cupgpp oo @nd Cyopypy to probe a wide variety of characteristic

shapes of the my, spectrum.
e Advantage of HEFT: anomalous single-Higgs-boson and HH couplings defined separately.

 The spread of sensitivity between the seven benchmark models
reflects the different shapes of the signal m; distributions.

ATLI A'S' S ‘ o Obsorved g e Limits competitive with ATLAS bbtt + bbyy
o Expected 20 standalone limits -> improvement when included
Vs=13TeV, 126 fo-' +  Theory Prediction in the combination
Obs. (Exp.) HH — 4D
"i!
M=« Js 170 (230) — [
i — - EZOO; ) Coamn © [~0.36,0.781[=0.42,0.75)
BM2— + o e 360 (250) —  CirtH - [—0.55,0.51][—0.46,0.40] y
BM3— o e 110 (74) _
BM4 = : * 130 (130) HH — bbyy HH — bbtt  bbtt + bbyy
BMS— ) 110 (95) N bbyy { bbbttt Combination
BM6 — » 190 (1 80) — Wilson coeflicient Obs. Exp. Obs. Exp. Obs. Exp.
Cohh [-0.4,0.5] [-0.5,0.7] | [-0.4,0.4] [-0.4,0.4] § [-0.3,0.4] [-0.3,0.3]
BM7 — o e 88 (71) — Cothh | [0.3,0.8] [-0.4,0.9] | [<0.3,0.7] [-0.2,0.6] t[-o.z,o.o] [-0.2,0.6]
L Lol L L Lol L D ud
102 103

OggF, HH [fb]
The different variation between observed and expected limits
is linked to a slight excess observed in the low my; region
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HH(4b) HEFT

Benchmark Model | cypy ¢y Coon | CogHH CiHH

SM 1 1 0 0 0
BM1 394 0.94 1/2 1/3  -1/3
® 7 HEFT benChmark mOdels fOI‘ CHHH’CZTH ’ CIIHH’ ngH and ngHH BMD2 684 061 0.0 _1/3 1/3
to probe a wide variety of characteristic shapes of the myy BM3 221 105 1/2 12 -1/3
spectrum. BM4 2.79 0.61 -1/2 1/6 1/3
. . BMS5 395 1.17 1/6 -1/2 -1/3

[ . - -

Adval.ntage of.HEFT. anomalous single-Higgs-boson and HH BMe6 568 083 172 s 13

couplings defined separately. BM7 ~0.10 094 1/6 -1/6 1

e The spread of sensitivity between the seven benchmark models

reflects the different shapes of the signal my,;; distributions. * Limits competitive with bb77 + bbyy standalone limits
-> improvement when included in the combination

ATLAS e oOmsered | t1o
O Expected i20- ’é‘ T I L I LI I L I L I L I T I L I LI

/S =13TeV, 126 fb! +  Theory Prediction = ATLAS Preliminary e Observed limit (95% CL)
Obs (Exp ) 5103 — Vs =13 _TeV, 139 fb_—1 o  Expected limit (95% CL) —
' ] w [ HH-bbt* T~ +bbyy Expected limit +10 ]
SM— =+ o 170 (230) — o [ Expected limit +20 )
BM1— c e 290 (200) — - ]
BM2— + o e 360 (250) — i 7
BM3— o e - 110 (74) — i -
BM4 | ' . 130 (130) — ol N B _
BM5|— e 110 (95) — - N B ¢ :
BM6— » 190 (180) ! © 8 s |
BM7 |- o 88 (71) — i |

| | | | I | I | | | 1 | I |
102 103 oo b b b b b b b i
SM 1 2 3 4 5 6 7

OggF, HH [fb]
The different variation between observed and expected limits
is linked to a slight excess observed in the low my region

Benchmark model
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https://cds.cern.ch/record/2806411/files/ATL-PHYS-PUB-2022-019.pdf

Global combination: SMEFT parameterisation

SM SM / dim-6 interference
“linear”: (VIN?, (EIN)?
§ 2 2 °
OSMEFT " | T aRe * A
e Warsaw basis, assuming A = 1 TeV.
e SMEFTsim + SMEFT@NLO + TopFCNC.
e Results are usually provided for linear model ( + linear- models).
e SMEFTsim: different flavour symmetries used to reduce the number of Wilson
coefficients.
("U@3) flavour symmetry",“topU3I”)
U(3)° flavour symmetry topU3l flavour symmetry top flavour symmetry
\ .
U(3)g xU(3)u x U(3)gqU(3): x U(3). Re’_>ax Lb f@)q x U(2), x U(2)gfx iv(?»)l x U(3). | Relax leptons E(z)q x U(2)u x U(2)apx U(1)e x U(1), x U(1) fiz _' n
All quark All lepton First two quark  All lepton First two quark 72 -:-!”
generations generations generations generations generations U(3)5 topU3! top
treated similarly  treated similarly treated similarly — treated similarly treated similarly # of CP-even d=6 operators
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% Global combination: SMEFT parameterisation

DGRY
7 p‘%

<

The impact of dim-6 CP-even operators is estimated using both MC truth and analytical

predictions for all the Wilson coefficients that have numerically relevant contributions (62).

Tree-level insertion, eg, NLO-QCD
. . . q - H - ZH
e Dimension-six operator effects are calculated: worn s oy :
v - H A
- at tree level using SMEFTsim 3.0. E -

- for processes that are loop-induced in the SM, thus ggH and ggZH production, Higgs
boson decays into gluons -> SMEFTatNLO.

- Analytic formulas for H — yy including NLO EW corrections
and LEP observables.

® Theory uncertainties on SM predictions, no additional uncertainties on SMEFT.

® Acceptance corrections to account for kinematic differences between SM and SMEFT in
Higgs boson decays on both linear and linear+quadratic terms.

e Effects of width changes of intermediate particles (“propagator corrections”) included.

SMEFTSf SMEFT@NLO

v3.0
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https://arxiv.org/abs/2012.11343

First ATLAS Global combination

Hiogs Combination

Target Production Mod fb~! : L
arget Production Modes £ | * ATLAS Higgs boson data (2021 combination)
H— yy ooF, VBF, WH, ZH, tiH,tH 139

i * Higgs boson production and decay combined
H—> 77" ggF, VBF, WH,ZH,ttH(4¢) 139 ts in STXS bi
H s W ooF. VBF 139 measurements in ins

Decay channel

225 Higgs only

H— 11 9¢F, VBE, WH, ZH,, tTH (thaaThaa) 139 !

75

WH,ZH 139 ° U@)5 topU3l t
H — b]; VBF 126 # of CP-e\fen d:g operators
ttH 139 SMEFTsim: “topU31” flavour symmetry”

ATLAS Preliminary Total Star_ Syst -1
» Ys=13TeV, 139 fb
Vs =13 TeV, 139 fb" B,/B; 100 101 (1012 Logs) ATl As P I i S= ev,
0.28 023 +0.16
m,, =125.09 GeV, Iy, | < 2.5 8,58, | 078 03 (0%, o reln Ilnal'y
0.14 0.11  +0.09 -—
p.. =92% Buw/Bzz He==—-— 106 043 (“o105 008 ‘,, -— 125.09 Gev, |y I < 2-5
SM +0.16 ; +0.12  +0.10 H
—— Total Stat BeclBar 088 g4 (“010+ “009 H 1
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First ATLLAS Global combination

WW, WZ,, 4L, Z,+;2|ets combination

VBF Z,

4] measurement bins
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1 3 10;‘ T ——— Stat.® Syst. Uncertainty 3 : ;é_ L bice ——— Stat.® Syst. Uncertainty
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4 [4 E = r N
C e e ]
red 10° E E 15_ Sossisssis —E
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. . . 30 40 50 17 20 0700 200 300 400 500 600 700 800 900 1000
Multivariate gaussian Pl [GeV] my* (GeV]
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pp = esvuv  mee > 55GeV, pr7 < 35GeV pTWZ 36
pp — 50~ my € (81,101) GeV m) 36
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https://cds.cern.ch/record/2776648/files/ATL-PHYS-PUB-2021-022.pdf

First ATLLAS Global combination

Precision Electroweak Measuremewts
on the Z, Resonanc (50 p0 p0 40,
€ RE € FZ \ R R R

Hadronic pole cross section
Ratio of partial decay widths Forward-backward asymmetry

e Tight limit provided by LEP-> only sensitive to a limited number of parameters.
e Parametrisation of EW pole observables only in the linear approximations:
- Two different fit setups: Higgs+EW and Higgs+EW+EWPO

e The likelihood is modelled as a multivariate Gaussian, both theoretical and experimental
uncertainties are included in the covariance matrix.

EWPD in the SMEFT to dimension eight

I(Observable Measurement Prediction Ratio .. \\!
* Electroweak precision observables measured
[z [MeV] 24952 +23 2495.7 + 1 0.9998 + 0.0010
RY 20767 £0.025 207580008  1.0004+00013 af LEP and SLC
RO 0.1721 £ 0.0030  0.17223 = 0.00003 0.999 +0.017 e Elght pseudo observables descrlblng the
R% 021629 £0.00066 021586 £0.00003 10020 £0.0031 4 o (b
EB" 0.0171£0.0010 001718 £0.00037 0995 +0062 P preted.
SB 0.0707 £0.0035  0.0758 £0.0012  0932+0.048 e Measurement probed with high sensitivity
0.0992+0.0016  0.1062+0.0016  0935£0021 (31 _()01 %)
ol [pb] 41488 +6 41489 + 5 0.99998 + 0.00019
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2 ,
LHCP2025 - 22/05/2025  Elevnora Re1e


https://arxiv.org/abs/hep-ex/0509008
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ATLAS Global combination: one at a time
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® One parameter at a time scans to compare sensitivity to an

operator across the 3 measurement groups;

¢ all remaining Wilson coefficients fixed to zero;

e correlations between operators are neglected.
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

ATLAS Global combination

of linear SMEFT parameterisation shown for bins along with corresponding measurement(uncertainty)

e Relative impact of linear SMEFT terms with Wilson coefficients ¢y, ¢y, ¢, Cpp, € and ¢, on the Higgs

STXS cross sections and branching ratios.

ggH VBF VH ttH, tH BR
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ATLAS Global combination

e Additional sensitivity coming from EW measurements and EWPO, e.g. ¢W that cannot
be disentangled using just H — yy decay.
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ATLAS Global combination

Impact of linear SMEFT parameterisation shown for bins along with corresponding measurement uncertainty
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ATLAS Global combination

e SMEFT impact on measurements shown in Warsaw basis and fit basis-> allows to
understand the impact of the different fit directions on measurements.
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ATLAS Global combination: statistical combination

¢ Overlapping categories:

- regions of the inclusive 47 analysis that target 171, , < 180 GeV are excluded (small impact on SMEFT).

{ the 0-jet WIW control region from HWW is excluded; WIW normalisation is correlated with WW signal
normalisation.

¢ A multivariate Gaussian model is used for the interpretation of both LHC EW measurements and EWPO.
e Systematic uncertainties modelled with common nuisance parameter:

- for unfolded SM measurements: experimental nuisance parameter shift unfolded results;
- same nuisance parameter shift reco-level prediction for Higgs measurements.

e For EWPO the model contains no nuisance parameters and
both theoretical and experimental uncertainties are included
in the covariance matrix.

Correlated Uncertainty Source Parameters

Luminosity (correlated part)

Luminosity 2015/16
e Limits on WCs extracted using combined likelihood (product of Luminosity 2017/18
individual likelihood) . Pile-up modelling

Pile-up jet suppression

Jet energy scale (pile-up modelling)

LY S I S S e O S

Jet energy scale n-inter-calibration

Jet energy resolution 12
B-tagging efficiency (WW and H — WW™) |
WW modelling (WW and H — WW¥) 2

7 —_
LHCP2025 - 22/05/2025  Eleonsvu Rese



ATLAS Global combination: sensitivity studies

e PCA considering all operators: directions ordered by increasing uncertainties, keeping ¢ < 5;
e Wilson coefficients expected to be at most order 1, new physics scale A expected to be at least
1 TeV -> directions with ¢ > 5 have very little impact on the measurement.

Eigenvectors from PCA, corresponding eigenvalues
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ATLAS Global combination: sensitivity studies

e PCA considering all operators: directions ordered by increasing uncertainties, keeping ¢ < 5;

e Fit basis defined by grouping operators of similar physics impact together.
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ATLAS Global combination: simplified likelihood

ATL-PHYS-PUB-2022-03F

e Simplified likelihood model: ATLAS Prelminary = Sl
SI\S/II;FT Ae=,1 Té\; — I?Lﬁloﬁ)k(g;ood
Linear parameterisation —— Simplified likelihood
e format to deliver results for re-interpretation; | oo
Chvv, vir
Cﬁvv:wf
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using a simplified likelihood following a multi-variate di
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¢ minimal differences between the two methods; o
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¢ the simplified model is nuisance parameter free, as the &
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effect of all uncertainties is encoded in the covariance G
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