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The Large Hadron Collider

The ATLAS detector - general purpose + upgrades for Run 3

Physics motivation

Run 2 ATLAS + CMS results

Run 3 Muon performances

Run 3 (+ Run 2) analysis

H — u*u~ as a tool to probe New Physics

H — u*p~ in the combined Higgs coupling picture

Projections for HL-LHC
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The Large Hadron Collider (LHC)
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A proton-proton and heavy ion collider in Geneva, Switzerland.
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https://arxiv.org/abs/1607.04251

The Large Hadron Collider (LHC)
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https://www.sciencedirect.com/science/article/pii/S037026931200857X?via%3Dihub

The Large Hadron Collider (LHC)
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https://www.nature.com/articles/s41586-022-04893-w.pdf
https://link.springer.com/article/10.1007/JHEP01(2021)148
https://www.sciencedirect.com/science/article/pii/S037026931200857X?via%3Dihub
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https://www.nature.com/articles/s41586-022-04893-w.pdf
https://link.springer.com/article/10.1007/JHEP01(2021)148
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The Large Hadron Collider (LHC)
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The ATLAS detector

ATLAS (A Toroidal LHC Apparatus$):

* General-purpose detector running at the LHG collider with excellent reconstruction, identification and
energy-momentum measurement covering a wide energy range (sub-GeV a TeV);

» targeting Higgs and beyond standard model physics searches;
* forward-backward symmetric with respect to the interaction point, it covers almost the entire 47 solid angle.
* onion layer detector structure: Inner detector -> Calorimeter -> Muon spectrometer

barrel New Small Wheel (NSW)

barrel toroid magnet
muon chambers muon chambers &

endcap

muon chambers inner detectors

endcap toroid
magnet

endcap calorimeters

\

barrel electromagnetic calorimeter

solenoid magnet
barrel hadronic calorimeter
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The ATLAS detector: Run 3 upgrades

The ATLAS detector has been upgraded to recover Run 1 single-lepton trigger
thresholds while operating comfortably under Run 3 sustained pileup conditions.

ATLAS DETECTOR LS2 UPGRADES

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs

(NSW) The NSW system includes two million micromega readout
Installed new muon detectors with channels and 350 000 small strip thin-gap chambers
precision tracking and muon selection ~ (STGC) electronic readout channels.

capabilities. Key preparation for the
HL-LHC.

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE
ACQUISITION SYSTEM (TDAQ) OF ATLAS

Upgraded hardware and software Installed small monitored drift tube (sMDT) detectors
allowing the trigger to spot a wider alongside a new generation of resistive plate chamber
range of collision events while (RPC) detectors, extending the trigger coverage in
maintaining the same acceptance rate. preparation for the HL-LHC.

LIQUID ARGON
CALORIMETER

New electronics boards installed,
increasing the granularity of
signals used in event selection and
improving trigger performance at
higher luminosity.

ATLAS FORWARD PROTON
(AFP)

Re-designed AFP time-of-flight
detector, allowing insertion into the
LHC beamline with a new “out-of-
vacuum?” solution.

svu\@

INIWIY3IdX3

Eleonora Rossi - 30/10/2025



The ATLAS detector: Run 3 upgrades

The ATLAS detector has been upgraded to recover Run 1 single-lepton trigger
thresholds while operating comfortably under Run 3 sustained pileup conditions.

ATLAS DETECTOR LS2 UPGRADES

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs LIQUID ARGON

(NSW) The NSW system includes two million micromega readout CALORIMETER

Installed new muon detectors with channels and 350 000 small strip thin-gap chambers New electronics boards installed,
precision tracking and muon selection  (STGC) electronic readout channels. increasing the granularity of
capabilities. Key preparation for the signals used in event selection and

HL-LHC.

improving trigger performance at
higher luminosity.

L)

New sTGC (small-strip Thin Gap Chambe
MicroMegas station, replacing the old Sma
Cathode Strip Chambers and MD'T5.

\ 1

NSW 1 range: [1.3, 2.7] e— ;b:;@
Upgrade goal él__l
NSW designed for high background rate of HL-LLHG < ga
with similar spatial resolution (100 pm)

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE ATLAS FORWARD PROTON

ACQUISITION SYSTEM (TDAQ) OF ATLAS (AFP)

Upgraded hardware and software Installed small monitored drift tube (SMDT) detectors Re-designed AFP time-of-flight

allowing the trigger to spot a wider alongside a new generation of resistive plate chamber detector, allowing insertion into the

range of collision events while (RPC) detectors, extending the trigger coverage in LHC beamline with a new “out-of-

maintaining the same acceptance rate. preparation for the HL-LHC. vacuum?” solution.
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Physics motivation

+ The precision measurement of the properties of the Higgs boson including mass, spin-parity, couplings
and evidences of production processes, which are essential tests of the SM, 1s one of the main focus of
ATLAS and CMS physics analyses after the Higgs boson discovery in 2012.

i o= F 4  The Higgs boson provides mass to bosons and fermions

R f“ r[w/ through the electroweak spontaneous symmetry breaking.

e Two types of tree-level couplings to other SM particles are
predicted, determining all Higgs-boson production and decay
modes.

. » Fermions, in particular, acquire mass through Yukawa
interactions with the Higgs boson

. » EWSB does not provide any explanation of the flavour

hierarchy!
. erare
______________ wt.Zz
oo Bosons
W-.,Z
Fermions
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https://arxiv.org/abs/1607.04251
http://arxiv.org/abs/1910.00012
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Thanks to LHC’ Run 2 data, ATLAS and CMS directly probed Higgs boson couplings to third genemtwn fermlons
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https://www.sciencedirect.com/science/article/pii/S0370269318305732?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269318307056?via=ihub
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Thanks to LHC’ Run 2 data, ATLAS and CMS directly probed Higgs boson couplings to third generation fermions
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https://cds.cern.ch/record/2937634/files/ATLAS-CONF-2025-006.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318305732?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269318307056?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072001

Thanks to LHC’s Run 2 data, ATLAS and GMS directly probed Higgs boson couplings to third generation fermions

Reached measurement of Higgs decay branching ratios at 8-13% level precision = in good agreement with

SM

The next frontier is to probe the Higgs boson interaction with 2nd generation fermions

¢ H—tf coupling proportional to mf

% Small BR(H—f}) for Ist, 2nd gen. fermions

¢ Probing Higgs couplings to second-generation fermions is a key challenge at the LHCG: H—pp 1s

probably the only accessible 2nd or 1st generation interaction
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ATLAS
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ATLAS vs CMS - Run2

e (CMS has a stronger magnetic field - better resolution
o ATLAS:1.7 (2.3 %) momentum resolution in the central region for muons from J/{ — pp (Z — pp) decays.

o (CMS: the relative pr resolution of muons with pr> 20 GeV passing through the barrel region of the detector

0
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ATLAS vs CMS - Run 2

* Common strategy used by ATLAS analysis and CMS non-VBF categories
* Machine learning techniques extensively exploited by both experiments in order to reach optimal
sensitivity

» Alternative approach used by GMS for VBF categories - about 20% improvement in expected significance
w.r.t. usual strategy
* Include the my, directly in the MVA classifier

¢ Perform a binned fit of the MVA classifier output

* Take background estimate from simulation

* Use data in the Higgs SB [110-115], [135-150] GeV to validate, constrain bkg. prediction

N——

Overall impact of the systematic uncertainties is small (less than 5%

Q T T I T T T T T T | T T T I T T T | T T T | T
A T 10°F CMS ¢ Data B H-up

> .

W 10" post-fit Eziew  [Oov

VBF-SR Run2 [ Top quark [ Diboson
my, = 125.38 GeV — VBF —ggH

Signal e
Background

+ my, as MVA input

Number of events

MVA output score

VBF DNN bin
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ATLAS

EXPERIMENT
Run: 484466
Event: 3913031
2024-09-13 05 4 CEST
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b’ Muon reconstruction performance

ATL-COM-PHYS-2025-8F0

* Physics object calibrations have been updated using Run 3 dataset (2022-2024).

* Good muon reconstruction performance of the ATLAS experiment with Run 3 data.

* Muon Reconstruction and Identification measured using Tag & Probe method, applied to Z — puu
or Jlw — up decays.

* In Data 2022, the NSW was still in a commissioning phase, resulting in lower data efficiency in the

endcap regions.

* From 2023, NSW operates as expected, bringing the Data / MC ratio closer to unity.

Identification and reconstruction efficiency at the level of Run 2, after the addition of NSW data to

the working point definition.
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b’ Muon reconstruction performance

ATL-COM-PHYS-2025-8F0

Muon momentum calibration performed applying to set of corrections:

Opposite charge bias (applied to data): Twist, Curls and Shift in the detector can create charge-dependent effects

e In 2023 NSW data had a major role in the muon

reconstruction, resulting in minor opposite charge- oo

based effect in the endcap regions
* Improved alignment came available in 2024, resulting

in smaller correction factors (on average)
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https://cds.cern.ch/record/2945516/files/ATL-COM-PHYS-2025-870.pdf
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a Updates w.r.t. Run2 paper

Major Updates w.r.t. Run-2 Paper
* Improved object performance:
* GN2 b-tagging algorithm (60% to 85% WP)
* Ftting decay vertex of the dimuon system
* More robust bkg. modeling:
* Moved from fast-sim smearing to official full-sim for DY samples (3B events)
e ¢¢ and bb contributions added to core function
* More complete phase space for categorization:
» Addition of Z(—vv) H(—pp) channel
* Fully hadronic channel added for ttH categorization

* Retrained neural networks and BD'I5s - with newly added variables
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Objects + event selection

Object Definition

Leading

Subleading

. . Cut Jet b-jets
e 2 opposite charged muons, loose ID with pT>5 muon muon
GeV, |n|<2.5, requirements on d0/z0 and isolation
. , oT >27GeV| > 15GeV |>25GeV | > 25GeV
e Fitting the decay vertex of dimuon system (~2%
improvement on resolution) ID/ISO Loose/ Medium/ Tight/ Loose
e FSR recovery (only near candidate included) Loose Loose FCLoose | (FixedEffPt)

ttH categories

VH 4-lepton category

V H 3-lepton categories
VH 2-lepton categories
VBF and ggF categories

at least one b-jet
exactly two additional e or u with pt > 8 GeV,5GeV (u) / 7GeV (e), no b-jets
exactly one additional e or u with pt > 15 GeV, no b-jets

no additional e or u, no b-jets, E‘Tm.SS > 120 GeV

no additional lepton, no b-jets, E;™* < 120 GeV

23 exclusive categories in order of ttH — VH — VBF — ggF
* NN or BD'I5s to separate signal and background

* 2 ttH categories

* 3 ZH categories

* 2 WH categories

* 4 VBF categories and 12 ggl' categories

Eleonora Rossi - 30/10/2025
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Event selection

ttH categories at least one b-jet
VH 4-lepton category exactly two additional e or u with pt > 8 GeV, 5GeV (u) / 7GeV (e), no b-jets

V H 3-lepton categories
VH 2-lepton categories
VBF and ggF categories

exactly one additional e or x4 with pt > 15 GeV, no b-jets
no additional e or y, no b-jets, E;™ > 120 GeV
no additional lepton, no b-jets, E;™* < 120 GeV

ttH categories: both hadronic and leptonic decays

* NN trained on 30 variables, 2 categories defined based on NN output

[%2] -
< L
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Data, sideband
© | (s5=136TeV, 165" ¢ Data, sidebands
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ttH

ttH neural-network output
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Event selection

ttH categories at least one b-jet

VH 4-lepton category exactly two additional e or u with pt > 8 GeV, 5GeV (u) / 7GeV (e), no b-jets
V H 3-lepton categories exactly one additional e or u with pt > 15 GeV, no b-jets

VH 2-lepton categories no additional e or u, no b-jets, E‘Tm_SS > 120 GeV

VBF and ggF categories no additional lepton, no b-jets, E;™* < 120 GeV

ZH categories: 4-lep and 2-lep (Z—vv) channels
* BDIs trained on 15 (9) variables for 4-lep (2-lep)
* 1 category for 4-lep and 2 categories for 2-lep
WH categories: events with 3-leptons

* ¥*> minimisation used for pairing 31 events

* BD'Is trained on 12 variables => 2 categories
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Event selection

ttH categories at least one b-jet

VH 4-lepton category exactly two additional e or u with pt > 8 GeV, 5GeV (u) / 7GeV (e), no b-jets
V H 3-lepton categories exactly one additional e or u with pt > 15 GeV, no b-jets

VH 2-lepton categories no additional e or u, no b-jets, E‘T“iosS > 120 GeV

VBF and ggF categories no additional lepton, no b-jets, EX™ < 120 GeV

ggF / VBF categories; 1 6 Event failing ttH/VH selection

==

VBF BDT l
ggF O-jet BDT

(VBF sig. vs bkg.)
(ggF+VBF sig. vs bkg.)

ggF 2-jet BDT aggF 1-j§t BDT
(ggF+VBF sig. vs bkg.) (ggF+VBF sig. vs bkg.)

|
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Categorisation performance

Most sensitive categories: VBI-High,
VBF-Medium

Signal and background composition 1in 23
analysis categories

Category Data S B S/NB  S/B [%]
ttH-High 12 1.9+0.7 15.5+£2.3 0.49 12.5
ttH-Medium 117 39+14 115+7 0.36 3.4
VH4L 11 0.78+0.29 122+ 1.8 0.22 6.4
VH3L-High 25 1.4+0.5 174+£29  0.33 8.0
VH3L-Medium 143 37+1.4 136 £ 10 0.31 2.7
VH2L-High 19 1.0+04 18.3+2.9 0.23 5.3
VH2L-Medium 30 0.38+0.14  31.7+ 3.1 007 ,, 2
VBEHigh 9 43116 MOS8 T di

\VBFMedium 28 5.3+2.0 25 7 1. 20.5
VBF Low 69  72+2.7 62:4 001 116
VBF Very Low 217 114 225+8 0.76 5.1
2-jet High 1399  31+12 1367+25  0.84 2.3
2-jet Medium 5657  69+26 5560+50  0.92 1.2
2-jet Low 17684 11040 1730070  0.87 0.7
2-jet Very Low 35147  110+40 35160+ 140  0.59 0.3
1-jet High 708 176 71016  0.65 2.4
1-jet Medium 7166  80+30 7140+70  0.95 1.1
1-jet Low 31761  180+70 31510+£120  1.00 0.6
I-jet Very Low 73578  200+80 73330200 0.75 0.3
0-jet High 19445 12050 19260+£90  0.89 0.6
0-jet Medium 50742 200+80 50830+190  0.90 0.4
0-jet Low 94032  240+90 93770+210  0.78 0.3

O-jet Very Low 136762 170+60 136510+290  0.47 0.1

Signal composition

Background composition

ATLAS \/_-136TeV 165", H —» up
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Signal modelling

e Signal shape dominated by detector resolution

e Modelling signal distribution with double-sided Crystal Ball (CB) as analytic

parameterisation for the signal.

e Gaussian core (model signal peak) + power-law curves (model outer tails)

* Resolution ranging between 2.8 - 3.3 GeV

e Fitting decay vertex of dimuon system => 2% improvement on resolution

* FSR recovery (3% of total events) = 4% improvement on resolution
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Background modelling

* Very small signal-to-background ratio (~0.2% 1n the region m,, = 120130 GeV in an inclusive selection): an

accurate determination of the background is of paramount importance.

 Mass range used for the fit (m,, = 110-160 GeV) optimised to obtain the best signal sensitivity taking into

u

account the statistical and systematic uncertainties

Background modelling: Core function X empirical function e
© ATLAS Simulation & Simulation

> .
3 ]
cat N 10 o 136Tev — Total pdf .
F a — X E‘e E Ho uu Core pdf
7 l//l//l’ | s gf oM Strainid
O [ VBF High Category — Signal pd
. . - ndf. =1.10
e Core function: G 00 = 34%

e same LLO DY line-shape for all categories

e fully rigid (no extra degrees of freedom) 0 S
. . . - = . . . % 2 - o ¢ ¢) 0]
e Calculated with parton luminosity, new cc and bb contribution in Run-3 3 .- o e ]
. . . £ 1 00090 0 ° o Emirildf—:

* more accurate treatment for experimental dimuon mass-resolution effects 022 . i

(Smeared with a detector resolution from FullSim samples) 3
DY L d, ¢, b g T ————
m = - e Oas M =U. s C 110 115 120 125 130 135 140 145 150 155 160

Ls( ,u,u) Z qq " Yqq up > 9 » 8, a, C, 2

q
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Background modellin

Background modelling: Core function X empirical function

F (mﬂ

//l,

al)cat —

X

e Empirical function: correct for distortions of the mass shape-due to the event

1

selection and categorisation, higher-order theory corrections and other

smaller background contributions.

e Using two “families” of functions: PowerN (N+1 parameters) and EpolyN (N

N
)

N
uu)

parameters)

Function Expression
PowerN mflcltlo+a1m#ﬂ+a2mlzm+...+a1vm
EpolyN exp(alm##+a2ml2m +..+anm

Category Empirical Function max(SS/6S) [%o] max(SS/Ssar) [%]

ttH-High Power( 31.2 120

ttH-Medium Epoly2 13.7 80

VH4L Power0 -2.01 -30.7

VH3L-High Epoly2 24.7 156

VH3L-Medium Epoly4 -25.7 203

VH2L-High Epoly2 26.8 255

VH2L-Medium Power0 28 685

VBF High PowerQ 16.2 28.8

VBF Medium Power0 -15.3 -30.4

VBF Low Epolyl 12.1 -23

VBF Very Low  PowerO 21.6 51.4

2-jet High Epoly2 -27.3 -65.8

2-jet Medium Powerl -13.6 -244

2-jet Low Power(Q 29.2 49.7

2-jet Very Low  Powerl 38.4 120

1-jet High Power(Q 29.8 97

1-jet Medium Epoly3 -31.6 -72.6

1-jet Low Powerl 16.9 27.2

1-jet Very Low  Powerl 32.5 95.4

0-jet High Power(Q 43.5 86.2

0-jet Medium Epoly3 -33.7 -86.1

0-jet Low Powerl 13.5 34.8

0-jet Very Low  Epoly3 -6.89 -37.8

Events / 2 GeV

HixPower(

Sim. / Bkg. fit

T T T T T T T
ATLAS Simulation ¢ Simulation ]
10 (5-136Tev — Total pdf .
8 b H - un CF)re pdf
VBF High Category —— Signal pdf
6 ¥endf. =1.10
px?) = 34%
4
2
0 A 1 1 ! L
O o
15 0. %o o0 ]
1 0 95T _
o0-0-0-0—"0 2 Empirical pdf |
Q9 N N N N L L .
| T T T T T T
| P o I
1 m v baoaa® )
L@ o 6 ° W QR Y |
08 ) B =

110

* One function per category, with varying number of free parameters

1 I 1 1 1 1 ! ]
115 120 125 130 135 140 145 150 155 160
m_uu [GeV]

e Keep only functions that can fit data sidebands, full-sim background with

PiF) > 1%

* Determined by spurious signal test

* S+B fit on B—only template (from FullSim MC)

* SS less than 20% of the statistical error on the signal

e Retain only functions with the smallest number of degrees of freedom

4

(+ smallest spurious signal)

Events

A

true background spectrum
background model
spurious signal
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Uncertainties

e Theoretical uncertainties:

* BR, QCD scale and PDF unc. on all production modes
* UE and PS unc. on ggF and VBF

 HF unc.: 100% on ggF yield in ttH categories
* Correlated between Run-2 and Run-3 except for PDF

* Experimental uncertainties:
 Muon momentum scale/resolution, efficiencies

e Luminosity, PRW, Higgs mass, e/y, Ep,,;;

* JER, JES, JVT, flavour tagging, and non-closure unc. in fwd region (account for mismodelling of pileup jets)
* Uncorrelated between Run-2 and Run-3

Run3

Une‘tainty source /1 Uncertainty source At
'(&Statistic_al uncertainty | Statistical uncertainty ~ -0.40 +0.41
Systemafic uncertainty ~ -0.. : Systematic uncertainty  -0.12  +0.15
Spurious signal -0.14  +0.15 Spurious signal -0.09 +0.09
Theory -0.08 +0.13 Theory -0.07  +0.10
Luminosity -0.04 +0.08 Luminosity -0.02  +0.04
Muon -0.03  +0.07 Muon -0.02  +0.04
Jets, flavor tagging  -0.02  +0.03 Jets, flavor tagging  -0.01  +0.01
Other -0.04 +0.07 Other -0.02  +0.03
Total -0.57 +0.60 Total 042 +0.43

Eleonora Rossi - 30/10/2025 S0



m Results

Results from binned Likelihood fit:
* Run 3 observed (expected) significance w.r.t bkg.-only hypothesis: 2.8 (1.80)

. observed (expected) significance: 3.4¢ (2.56) = evidence!

e Assuming SM Higgs cross section, BR(H—=pp) = (3.0 £ 0.9) X 104

Run3

s Foamas 0 eDaa : 320 apas T eDaa 7
N 1200 = (5 _ 13,6 Tev, 165 b — Total pdf E g fggg = {5=13/13.6 TeV, 140/165 fb'! —— Total pdf E
% 1000 = H -y —— Signal pdf = % 1600 = Ho — Signal pdf —E
o - Inclusive, In(1+S/B) weighted -+~ Background pdf 3 S 1400 . Inclusive, In(1+S/B) weighted -+~ Background pdf 3
o - 5 1200 =
£ = £ 1000 E- =
e . § 800 F E
= = = 600 F E
E 400 |- =
. 200 |- .

o= S =~

B8 4 ) B 2

2% of ¢ 4 L3 &g
8z If ' ’ ! ¢ ' ¢ ¢ g 83 1
=4 = I I [P B B BT BT SR PR B BSbe= 1 Lo b b U e b b Ly

110 115 120 125 130 135 140 145 150 155 160 110 115 120 125 130 135 140 145 150 155 160
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m Results

 The measured signal strengthis y = 1.6 * 0.6 for Run 3

e In the combined Run2+Run3 fit, the signal strength 1s 4 = 1.4 * 0.4, and the individual results
for Run 2 and Run 3 are compatible within 68%o
e (Compatibility among 6 groups of categories 1s 54% in Run 3

Sensitivity improved by 50% relative to Run 2 analysis

Signal strength

é 20 __I T T T I T T T T I T T T T I I T T T I T T T I I T T T I__ T T T T l T T T T I T T T T | T T T T I T T T T I
~ “F ATLAS Run 2 ] ATLAS Run2:Ys=13TeV, 14016’  Run3:Vs = 13.6 TeV, 165 fb"
18— Run 2: v@= 13 TeV, 140 fo 1 gun :; " — H— pp —e— Total Stat. Syst. | SM Total Stat. Syst.
— Run3:Vs=13.6 TeV, 165 fb’ — Lombination ] . I
16— r — .- Stat.only - Run 3 tiH categories ‘ |0 1.3 £35 (£34,+1.1)
[ — U . ]
14 :_ . . \ , ; —] Run 3 VH categories | —e—— 31+43 (+£41,+£13)
— \J \ \ 1
19— \\ v 1 ,' - Run 3 VBF categories — 0.3+09 (+0.9, £0.2)
- \ \\ 1 =
- 4 —
10~ \\\ \\ “ ,’ /I / ] Run 3 2-jet categories ‘ —E—— 33+13 (+1.2,£0.6)
— A\ ! -]
g \\ \\ \ ’ ,' ,’ — Run 3 1-jet categories —|E— 13+12 (+£12,+04)
[ \ \ / /4 ]
6: \ o \, RN ! 7] Run 3 0-jet categories |—0— 20+13 (+1.2,+05)
__ \ \ Y V4 7 —_ ........................................................................................................................................................................
4: ¢ NN ] Combined Run 2 —— 1.2 +06 (+06, fg‘f )
- Ve : '
= /7 = Combined Run 3 - 16406 (g0, %02)
2 R ’ e W
- | | 7 | = Combined Run 2 + Run 3 1.4 +0.4 (£0.4, £0.1)
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Signal strength
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The Higgs results can be mterpreted n the context of SMEI'T

Nao g,

J
Wilson coefficients

Going beyond - probe of New Physics

A LHC Reach

>

Events

New

Standard Model EFT

Physics

EFT effects on cross section (taiis)
could be observable at LHC

ATLAS L — _mass
Vs =13TeV, 139 fb~', my = 125.09 GeV SMEFT A =1TeV -
1
Y e SM Ho litude is strongl
-‘.52 5 0.4 . [OH - bb .
2 o I I suppressed by the Yukawa factor but 1s at
£ o B tree level in SMEFT: it is the most precisely
u%% 06| | OwH
=1 0 . . . .
2 o I i measured coefficient, despite being constrained
0.2 oy tH
Hinclusive o
T = e s _ only by the very low-yield H — pp channel.
B Linear (exp.) 2 ] ] . .
Rt P8 e The uncertainties in the c,4,, coethicient, are
g 3 . ’ « Lo
S g0 fo2 2 almost completely dominated by the statistical
s 3
§ oo 0 component.
c £ ATLAS
7 oo} L 14  V/5=13TeV, 139 b, my = 125.09 GeV SMEFT A =1 TeV |
S 4 | ™= Linear (obs.) , Peyt = 94.5% _: 08 _ , Datvteal
N i Lllnealr (exp.) . : . . § g 0l | | |
g E - , ' " i | e Best g 0.2
g; 0: { B | <* . 7 4* : * ‘ %4 { *_? """" gg; :E: ! W bkg. theory
‘g) g | I * o I ) | ] § © 08 [sig. tt?eory
§ GE; -2 E— E i 7 E ' . £ g Zj 7 [] experimenta
-2‘ _4;_ | : i @ 0:2
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£ 1““ " Evolution of Higgs couplings including
Runi

[} [ ] [ ]
* Run2 Legacy combination + new partial Run3 Analysis Prod. £ Improvements
modes (fb~1) relative to Nature
. H—Z7Z* - 4 All 140 -
analyses are combined together H o WW* > tyéy egFVBF 140 Reanalysis
H—-> WW*"—> vty VH 140 Full Run 2
* Adding H—>Zy and H— up Run 3 results, coupling H =y Al 140 :
b
H— Zy All 140 -
. . H -1t All 140 Reanalysis
o (1]
—TT ew analysis
modifiers are improved by ~ 37% (48%) for H — H VH 140 New analysi
H — uu All 140 -
H — bb VBF 126 -
(H — Zy) H — bb, cc VH 140 Reanalysis
H — multileptons  ttH 36.1 -
H — bb ttH 140 Reanalysis
K IIIIIII |';;'_-|""\""|""|""‘"'.'|'."‘|""| >q>) 1__||| T Illlllllll T |I|I||I| | B T T T T l .I
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- Run 2:{s = 13 TeV , 36.1- 140 fo" E - Runz: ﬁ= 13 TeV, 36.1-140 fb ] Nature 607 52 (2022) Run2: Vs =13 TeV, 36.1- 140 fb™
un 3 Vs < 13.6 Te " ~ Run3:Vs=13.6TeV, 165" . ~ Run3:Vs=13.6TeV, 165"
B ! Lot o Quark E""|§ 10" $ Run2:x,=x, —
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I ] - Fif - v - e
1 Ll Lol 1 Ll [
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projections

ATL-PHYS-PUB-2025-014

I ~ Same analysis strategy employed in the full Run 2 measurements.
The resolution of the Higgs boson peak is reduced by 30% in VBF and 0-jet categories, and

13.6 - 14 TeV

energy

HLLHC 15% 1n other categories to account for expected improvements in the muon

|mmmm|m=» momentum resolution brought by the I'Tk.
TLAS - CMS m

HL upgrade

Three scenarios are considered:

]meg,ated * Run 2 systematic: conservative scenario, all systematic uncertainties are of the same size
luminosity JEGIETVE
as 1n Run 2 analyses

* Baseline: reasonable reduction of systematic uncertainty (assumes no spurious signal and MC-stat uncertainty),
theory uncertainties are halved.

* No systematics: optimistic scenario with extremely accurate theoretical calculation and detector calibration ->
negligible systematics.

In all scenarios considered the signal would be observed with significance greater than five standard

[} [ ]

= S S Y s o~ [~ T~~~ T T T T T ]
deVIatlon g 0.3:— ATLAS Preliminary Urécer:intzy scenario B ﬁo 14~ ATLAS Preliminary Uncertainty scenario |
> - - --E}- Run 2 syst. . B _ --E1- Run 2 syst. T
g 0.25 A, E 14 TeV #— Baseline — 3 i Hopp, ls =14 Tev —A— Baseline ]
S - Extrapolation from Run 2 —© - No syst. ] S 12— Extrapolation from Run 2 —© - No syst. —
o - ¥ ESPPU 2020 proj. £ - i
0.2— ] S - =
- . 1) 10— =
0.15(— — : ]
. . 81— ]
0.1 = i i
0.05[— - IR N
- ] 4 —
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Comblnatlon

» Updated pI"OJG:CUOIlS combined with previous projections to

Productlon Decay L of projected

simultaneously extract Higgs boson coupling modifiers f measurement [fb~" ]
‘ this study previous study [4]
* With respect to the previous extrapolations (ESPPU 2020), the § eer ver, wa, z#, i, i1 H— vy 140 80
. .. . . ‘ ggF, VBF H— Zy 140 36
projected uncertainties in the coupling strength scale factors are § eor, vBE WH + zH, it +:# H - pu 140 80
; WH, ZH H — bb 140 80
reduced by 7%—-29% depending on the coupling, with the § eF VBEWH+zH i +tH  H -7 140 36
. { ooF, VBF, WH + ZH, tiH + tH H—2Z7Z 80 80
exception of xz. geF, VBF H— WW 36 36
% ttH +tH H — bb 36 36 J
o o ttH + tH H—-o>WW,ZZ 1t 36 B ) 36 R
* Precision of 20/0 ~ 4% for most cases NLLEL N2 SRPUORRSRU. £ S ) AP0 S S\ SO
 Theory uncertainties as dominant uncertamtvy source ATLPHYS-PUB-2025-014
14 TeV, 3000 fb’ {s=14 TeV, 3000 fb™
Total ATLAS Preliminary ATLAS Preliminary
—— Statistical Extrapolation from Run 2 [ EspPu 2025 Extrapolation from Run 2
Experimental Baseline scenario ESPPU 2020 Baseline scenario
—— Theory Uncertainty [%)]
Tot Stat Exp Th
Ky == 22 08 14 16
Kw = 1.9 07 09 16
Kz = 1.9 08 08 15
Kg — 27 09 09 24
Kt — 3.7 11 13 33
Ky V= 4.0 14 16 34
K= | 23 09 1.0 18
Ky = 55 51 15 15
1CZ\( —— 8.7 80 25 23
0 0.02 0.04 0.06 0.08 0.1 0.12 0 0.02 0.04 0.06 0.08 0.1 0.12

Expected uncertainty Expected uncertainty
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Conclus

EXPERIMENT ‘”*",
2 P2
fivant : 3313031 “q
202; R b

* The ATLAS experiment sees evidence for the rare decay of the

Run: 484466 ’\\

Higgs boson into two muons, and hence for the Higgs-boson
Yukawa coupling to second-generation fermions.

* Observed (expected) significance over the background-only

hypothesis of 3.4 (2.3) o

Results obtained by analysing 163 fb~1 of pp data collected at
Vs = 13.6 TeV and combining with the results from 140 fb~1 of data
collected at \s = 13 TeV.

These results are compatible with the SM expectation.

* Going beyond, H — uu might also serve as a probe for New Physics
* Observation by ATLAS expected by HL-LHC with different

/ systematic scenarios.
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Muon reconstruction performance

4+ Set of 1dent1f1cat10n Workmgpomt re defined for different needs, released for Run3:
e loose, higher efficiency for multilepton analyses;
e medium, best compromise efficiency/purity for most analyses, slightly lower efficiency at low p;/7 ,
lower fake rate;
e Tight: highest fake rejection
e high-pT: for the MS-dominated regime, ensures best momentum resolution even at very high p,

e Low-pT: precise identification down to 3.5 GeV

Tag and Probe method

4 Similarly to the identification working points, Isolation WPs are defined. ) b o
Probe MUOﬂ : O Muon Spectrometer
The invariant mass
e o : . ___ ofthe two tracks
4+ Efficiency calibration using and Probe metho djto measure the data / \ anaon e
€ o s o PO 4 / \ Test if there is
and mc efficiencies and der1ve their ratio (Scale Factors SF) using the I I ( | H:;;?&o;dmg o
Z Boson
same algorithm used to derive muon trigger SFs. o dly
e Measurements in bins of (7, ¢) depending on WPs \\ oo .
\ ‘ ag Muon
e In order to measure the efficiencies, high-purity samples of Z — p+u- "
and J/9 — u'u-events are selected swoofPrrrrT

T ATLAS Simulation Prellmlnary

[ Bl
2500 Vs=13.6 TeV, 29 fb

>’E(X)

Events/500 MeV "%

(e (XIID A M) € (MS|CT) +6(X /\ —|MS|CT)) € (IDlMS)

* .......

Detector Real hit Real  Reconstructed Reconstructe .
layer position trajectory  hit position trajectory £
v. |

4 Momentum calibration:

Gl i

{sagitta bias corrections}

I‘ll\.l\lJJIJJJ.IIT

efscale and resolution correctionsifor

T i = === ==
100 105 110
m,, [GeV] ¢
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Objects + event selection

Selection

Primary vertex

Common preselection Two opposite-charge muons
Muons: |p| < 2.5, pl]?ad > 27 GeV, p%“b'ead > 15GeV
Fit region my, = 110 =160 GeV

pr > 25GeV and || < 2.4
or with pt > 30GeV and 2.4 < |n| < 4.5

pr > 25GeV and || < 2.4
b-tagged jets or with pt > 30GeV and 2.4 < || < 2.5
Tagging efficiency working point of 85%

Jets

ttH categories At least one b-jet

V H 4-lepton category Exactly two additional e or u with pt > 8 GeV,5GeV (u) / 7GeV (e), no b-jets
V H 3-lepton categories Exactly one additional e or u with pt > 15 GeV, no b-jets

V H 2-lepton categories No additional lepton, no b-jets, E%lfss > 120 GeV

VBF and ggF categories No additional lepton, no b-jets, 7" < 120 GeV

23 exclusive categories in order of ttH — VH — VBF — ggF
* NN or BD'I5s to separate signal and background

* 2 ttH categories

* 3 ZH categories

* 2 WH categories

* 4 VBF categories and 12 ggl' categories
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FSR recovery

Muons from the H — puu decay can lose a fraction of their energy by QED final-state
radiation (FSR), impacting the muu shape and peak position
Photon candidates are included in the muu calculation it they are found 1n categories requiring

exactly two muons and meet a minimum-energy requirement dependent on their closeness
to the muon.

Only near FSR selection applied to avoid contamination from HZy

ogol' RMS of mass peak: improve from 3.7 GeV to 3.5 GeV 1n ggl signal( ~ 5%)

> 12 B I I I I I I I I 1 I I I I I 1 1 1 I I I 1 1 I I I I I I 1 I I I ] % 180 __l T T T T T T ] T T T .l T T T T T T T T T T T T T T T T T T T T T T 1__
3 _ ATLAS Simulation : S 460 ATLAS Simulaton .. standard reconstruction 3
~ 10 ~ Vs=13.6TeV [] before FSR recovery __ 2 440 — 52 13.6 Tev B ﬁ&ﬁg_?g'giﬁev i
-g - H—puu Mean: 111.8 GeV 7 o = — =
Q n RMS: 11.2 GeV i w120 - ---- + vertex fitting =
> - Hhele n — Mean: 124.09 GeV =
- 100 - =
LU 8 — Only events with FSR — - RMS: 3.68 GeV 3
[ (6.6% of all events — after FSRrecovery 80 - .+ FSR recover =
~ with exactly two muons) Mean: 125.6 GeV ] 60 — :,lean: 124.37 GeVy —
6 RMS: 4.7 GeV i 40 E- " RMS: 3.53 GeV =
- ’ 20 F- —
A B 0 ' .
_ - - 10F ' =
- - ©
2 — Q ° 5K ]
: 2 ok
] g+ 5 ]
q PR T S [N T T S [N SO WO S - L1 5 ; _1 0 | . . . . . _
10 115 120 125 130 135 140 145 110 115 120 125 130 135 140 145
m,, [GeV]
m,, [GeV] "
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Vertex fitting

* Fitting the Higgs-boson decay vertex, a more precise value for d0 can be determined, yielding a better

estimate of m,,.
e This decay vertex i1s fitted with a least-squares method, that minimizes a set of estimators

related to the muon tracks (track 6 and ¢, and the charge-to-momentum ratio, q/p) and
vertex parameters (X, y, Z position) with respect to the measured values, taking into account their

covariances and a constraint to keep the fitted decay vertex within the beamspot envelope.
* This procedure is applied to categories requiring exactly two muons, resulting in an improvement of the

m,,, resolution of nearly 2%.

180 T T T T
160 ATLAS Simulation | standard reconstruction

Vs =13.6 TeV Mean: 124.08 GeV
140 H - RMS: 3.73 GeV.
120

100

Events / GeV

---- + vertex fitting
Mean: 124.09 GeV
RMS: 3.68 GeV

— + FSR recovery
Mean: 124.37 GeV
RMS: 3.53 GeV

Illllllllllllll|Illlllllllllllll

—

o
T
]

w.r.t. standard

Difference

110 115 120 125 130 135 140 145
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ttH cate

gories

scalar sum of jet transverse momentum

Target: both hadronic and leptonic decays 2 ooF ATLAS Smulaton TS
22T — Hi -
% 0_2: Vs =13.6 TeV 9% =
e Selection: At least 1 b-jet at 85% WP S gl Hom [ ] Beckgrouna
S = E fiH selection 3
= 0.16 —
. . . . . (] - -
* Higgs candidate: 2 highest-p, muons with opposite charge £ o014 =
0.12 —
e NN trained with 30 variables to separate sig.vs bkg. 0.1F —~
0.08F= =
e 2 categories defined based on NN output 0.06F- =
0.04 —
e NN—Based Classification New in Run3 e T
O0 100 200 300 400 500 6001 700 800 900 1000
H, [GeV]
transverse momentum of the third lepton
transversemassofleptonictopquarkdecay (%) _'"I"'I"'I"'I"'I"'I"'I"'I"'I"'__
ot e o A g U ATLAS Snulation — o 3
- A — Hi ] - s= e ]
% 0.14: S 13.6 TeV 998 - qg 0'45 H— up |:|Background -
S 1o Hom [[] Backgrouna ¢ 0.35F tiH selection =
S C tfH selection ] g = 3
.§ 01 = § 0.3:— =
(C - . I = 3
0.08F - 0.255— _E
0.06]— - 0'2;_ _;
0.04 - 0155 E
- ] 0.1 —
0.02— -] = =
O_JH....|...|...| ............ Lol . 0'05:_ =
050 100 150 200 250 300 350 400 450 500 OFCe b 1 L e e S S —
miLtep 0 20 40 60 80 100 120 140 160 180 200
my " [GeV] [
p. [GeV]
T
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Variables used (tt

H categories)

Variable Description

p# : Transverse momentum of the leading muon

p’TI2 Transverse momentum of the sub-leading muon

nt Pseudorapidity of the leading muon

nk? Pseudorapidity of the sub-leading muon

PH! Azimuthal angle of the leading muon

PH2 Azimuthal angle of the sub-leading muon

N, Number of muons

cos 0" u~ decay angle in the Collins—Soper frame

p%‘ Transverse momentum of the leading jet

p%z Transverse momentum of the sub-leading jet

n1 Pseudorapidity of the leading jet

n'2 Pseudorapidity of the sub-leading jet

N%:,ack Number of tracks in the leading jet with pt > 0.5 GeV
ﬁack Number of tracks in the sub-leading jet with pt > 0.5 GeV

m’J Invariant mass of the dijet system

H% Scalar sum of jet transverse momentum

Nj_cenwral | Number of central (|n| < 2.5) jets

Np_jet Number of b-jets with 85% working point

E’TniSS Missing transverse energy

N, Number of electrons

p? Transverse momentum of the third lepton

p? Transverse momentum of the fourth lepton

m*"P Mass of leading non-Higgs-boson-candidate muon and opposite-sign Higgs-boson-candidate muon

mG Mass of third and fourth leptons

A¢(l3,€4) | Azimuthal angle between the third and fourth leptons

An(¢t, £3) | Pseudorapidity separation between the dimuon system and third lepton

mtT'Lep Transverse mass of leptonic top-quark decay

m!-Had Mass of hadronic top-quark decay

m;v “Lep Transverse mass of leptonic W-boson decay

mW-Had Mass of hadronic W-boson decay
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Fraction of events

—
<

1072

VH categories

4-lep and 2-lep (Z—vv) channels considered

* 4p: pair with mpp closest to mZ selected as Z candidate, the other

pair is Higgs candidate

 BDIs trained with 15 variables (4-lep) and 9 variables (2-lep) to

extract signals
* | category for 4-lep and 2 categories for 2-lep
2-lep: New categories in Run3

3-lep Selection: events with 3 leptons, new Tight isolation cut for

ey

W lepton in Run3
e Pairing for 3u events: ¥2 minimization
2 My py
X = ,
. . [ (TH
e BDT trained with 12 variables
:I LI | LI | LI | LI LI | LU I LI | LI | LI | 1T I:
- ATLAS p + Data, sidebands VH ]
- Vs=13.6TeV, 165 fb -
1 H = up Bkg. MC, SR — other -
B Bkg. MC, sidebands -
[ |» BDT output used to define i
L A VH2L categories _
= o =
- . -
i . i
¢
= &
_I L1 1 | L1 1 1 | 11 1 | 11 1 | L1 1 1 | 111 1 | | I - | 11 :I 1 | | I - | I: 11 I—
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

VH2L BDT output

Fraction of events

-.(2 102 §I LI | T 1T | LI | L LI | T TT | L | T 1T | L | LI I?
C - -
e [ ATLAS p ¢ Data, sidebands VH -
© 10 Vs=13.6TeV, 165fb —
g E H - pp Bkg. MC, SR E
5 1= Bkg. MC, sidebands -
@ = 3
- - ' ]
- t 4 = f + .
102 ] + [ oo E
10°° :F _
107 ;?
10—5 L1 1 1 I || - I L1 1 1l I 11 1 1 I 1 : 11 I 111 | I L1 1 1 | || - I L1 1 1 | L1 1 1
0 01 02 03 04 05 06 07 08 09 1
VH4L BDT output
_I 1T I L I LILELL | L T 1T | L | LI | LI | LI | LILEL I_
- ATLAS p ¢ Data, sidebands VH
- {s=13.6 TeV, 165 fb .
1 H—u Bkg. MC, SR _:
- Bkg. MC, sidebands -
- ) -
10 @ E
— S -
- Ty ]
- + * : -
_ ¢ 4 t ] -
R TANI
_I 11 1 I 1 : 11 | L1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 | L1 1 | | 1 : L1 1 | | T - | 11 1 t—

0 01 02 03 04 05 06 07 08 09

1

VH3L BDT output
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Variables used (VH cate

ories)

Variable Description

pé’ : Transverse momentum of leading muon

p’T‘2 Transverse momentum of sub-leading muon

E%‘iss Missing transverse energy VH2LEP
N; Number of jets

AR(u, p) AR between the Higgs-boson candidate muons

Ap(Le, E’T“iss) Azimuthal angle between the muon pair and the missing transverse momentum
Vr/Ht Ratio of vectorial V7 and scalar Hr sum of reconstructed objects in event

cos 6" u~ decay angle in the Collins—Soper frame

O'(Eg‘iss) Missing transverse energy significance

Variable Description Variable Description

p(TW Transverse momentum of the W-boson lepton ?alr‘ Transverse momentum of the first pair of leptons

Exiss Missing transverse energy FT’airz Transverse momentum of the second pair of leptons

my’ Transverse mass of the W boson pﬁair‘ a Transverse momenta of the leading lepton of the first pair VH4LEP
N; Number of jets AR (pair,, pair, ) AR between the first and second pair

N, Number of muons VH3LEP AR(ty, 6) AR between the leading leptons of each pair

AR(u, p) AR between the Higgs-boson candidate muons a(pairy, pair,) Opening angle between the lepton pairs

cos 6* (1~ decay angle in the Collins—Soper frame log;o(—u), log;,(—t) | Mandelstam u— and ¢-variables

m3¢ Invariant mass of the three leptons H{ Scalar sum of transverse momentum of the four leptons

[)4 I Transverse momenta of the leading jet prlii (i=2,3,4) pt of the second, third and fourth lepton

AP(LL, by) Azimuthal angle between the muon pair and the W-boson lepton Mforwara| . . Pseudorapidity of most forward lepton pair

An(te, ty) Pseudorapidity separation between muon pair and W-boson lepton acmr((, ") | Opening angle between leptons of Z-like pair (or pairy) in center-of-mass frame
A¢(C€, EM) | Azimuthal angle between the muon pair and the missing transverse momentum _fcm F(pairy) Polar angle of H-boson candidate pair (or pairy) in center-of-mass frame
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VBF+ggk categorles

* Selection for ggF/VBF:
e 110 GeV <m,, < 160GeV

pp

* Exactly 2 muons (no extra leptons)

* B-jet veto at 85% WP

< 120 GeV (orthogonal to ZH2L)
BD'T-based classifiers (XGBoost):
Signal: VBF (VBF Classifier), ggF +VBF (Higgs Classifier)
Background: DY + VBFZ + top + DiBoson
Kinematic distribution of BDT inputs
16 categories defined in total for gglF/VBF

 E T,miss

Fraction of events
- )

—
<

—_
<
\S]

_| LILEL I LI | LI I T T 17T LI | LILELIL ] LI | LI | LI I LI |_
__ ATLAS ]
= Data, sideband —ggF 3
= V5= 13.6 TeV, 165 fb” $ Data, sidebands 99" 3
ST Bkg. MC, SR VBF
= Bkg. MC, sidebands E
: C -
S BDT output used to identify ¥ o 13
— . 3 Jal ¢
B VBF categories ¢
gl L1l l L1 1 1 I 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 Ill 11 1 I L1l 1 I 1 l:l 1 l |:| 1 |§
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

VBF BDT output

Fraction of events

.‘(2 T I L I LI I LI I LU | LI L
c
s 1 ATLAS L _
E, = (5= 13.6 TeV, 165 fb" ¢ Data, sidebands ggF E
g " How Bkg. MC, S.R VBF
5 L Bkg. MC, sidebands .
o ® :
TroE Ve : =
E . : [ . E
— : - ;', "’ —
- P —
i : : . : ]
102 : : b3
= : : o
B o
10—3 11 l L1 1 1 I L1 1 1 I 1 E 11 I L1 1 1 I 11 1 1 l 11 1 | i L1 1 1 I 11 1 1 I : L1 1
0 01 02 03 04 05 06 07 08 09 1
1-jet BDT output
I LI | LI I LU | LI LI | LU | LU | LI | LU | LI I:
- ATLAS ]
Data, sidebands —qggF ]
- {s=13.6 TeV, 165 fo ¢ 99
TE W Bkg. MC, SR VBF =
:,‘, Bkg. MC, sidebands .
107 = W : : _
= L ||: o .1, ]
102 ' ' =
10° "‘ =
§ 3 §
— ¢
10—4 L1l l L1 1 l:] L1 1 1 l L1 1 1 l l:l 11 I L1 1 1 l l:l 11 I L1 1 1 l 11 1 | I L1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

2-jet BDT output
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Variables used (VBF + N-jet categories)

Variable Description nij=0|n;=1| nj>2
and VBF
pr Transverse momentum of muon pair X X X
YHH Rapidity of muon pair X X X
cos 6” u~ decay angle in the Collins—Soper frame X X X
p%‘ Transverse momentum of leading jet X X
n/! Pseudorapidity of leading jet X X
Ad(uu, j1) | Azimuthal angle between the muon pair and the leading jet X X
”ﬁack Number of tracks in leading jet with pt > 0.5 GeV X X
pf Transverse momentum of sub-leading jet X
n'?2 Pseudorapidity of sub-leading jet X
Ad(uu, jo) | Azimuthal angle between the muon pair and the sub-leading jet X
/éack Number of tracks in sub-leading jet with pt > 0.5 GeV X
py’ Transverse momentum of dijet system X
yJJ Rapidity of dijet system X
Ad(uu, jj) | Azimuthal angle between the muon pair and the dijet system X
m’/ Invariant mass of dijet system X
E’TniSS Missing transverse energy X
H% Scalar sum of jet transverse momentum X
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Background modelling - spurious signal

F(my,,,a,) = X

M’

* Measured signal yield from a $+B fit performed on background-only templates

 built from high-statistics background samples

o Taking maximum absolute value of spurious signal in the 120-130 GeV mass range -
(S £ 1o/ 68 < 20%)

e Dominant experimental systematic
* accounting for imperfect choice of analytic model for the background and potential
local biases 1n the myy spectrum (induced by selections, for example)

 All spurious signal uncertainties considered uncorrelated

o Expected significance only impacted by ~2% 1t switching to full correlation

A

true background spectrum
background model
spurious signal

Events
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SMEFT parameterisation

SM SM / dim-6 interference
“linear”: (vIN)2, (E/N)?

s 2: L, 2
: oA C : c
USMEFT’”E‘M‘ o 2gRe XW A W‘

e Warsaw basis, assuming A = 1 TeV.
e SMEFTsim + SMEFT@NLO
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”,“topU31”, "top")
U(3)° flavour symmetry topU3l flavour symmetry top flavour symmetry
\ :
U(3)q XU(3)u XU(3)d XU(3)I XU(3)6 w ‘\U(2)q X U(2)u X U(2)d|>< i\J(?))l X U(3)e Relax Ieptons ‘U(2)q x U(2)u x U(2)d|’ U(l)e % U(l)# % U(l) fiz
All quark All lepton First two quark Al lepton First two quark | 72 E‘L
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

Eleonora Rossi - 30/10/2025 BYe,



SMEFT fits: STXS inputs

ATLAS Preliminary

-1
Vs =13 TeV, 139 fb e Total Stat.
my =125.09 GeV, IyHI <25 Syst. SM

Total Stat. Syst.
+0.18 +0.16
O-jet, p'! <200 GeV [ 127 Y47 (w008, 7g7g)
+0.59 +0.30 +0.51
1-jet, p! <60 GeV == 086 5z5 (‘o2 - o50)
+0.49 +0.37
1-jet, 60 = p < 120 GeV == 068 gy (=032,70%3)
99 —H (WW*) +0.89 (4063 +0.62
1jet, 120 = p'f < 200 GeV —o— 148 Y078 (L2 +l0as)
+0.95 +0.43 +0.85
= 2-jet, p¥ <200 GeV —e— 154 0as (lo42 +o72)
+0.91 +0.63 +0.65
p!f =200 GeV —e— 137 076 (—0.62 , 70.44)
0 0.60 0.45
= 24et, 350 = m; <700 GeV, p? < 200 GeV = | 012 1% (1043 =041)
= 2-jf = H +0.68 +0.57 +0.37
= 2-et, 700 = m; < 1000 GeV, p* <200 GeV [ 0.57 088 (057 4037
qq—=Hqqg (WW*) i H +0.64 (+0.50 +0.40
= 2et, 1000 = m; < 1500 GeV, p!! <200 GeV -e— 132 084 (1050 +040)
i H +0.48 +0.42 +0.23
=2-jet, m, = 1500 GeV, p¥ < 200 GeV e 119 0% (0as . 10%)
> 2-jf > H oo +0.61 +0.51 +0.34
= 2-jet, m, =350 GeV, p’ = 200 GeV o= 154 0% (195 . 10%)
* H +0.36 +0.30 +0.19
0-jet, pff <10 GeV e 093 ‘550 (%027 +013)
) <pH +0.23 +0.18  +0.14
Ojet’10’pr<200 GeV H 115 o2 (—0.17 '—0.11)
o H +0.43 +0.40 +0.16
1-jet, p¥ <60 GeV e 031 “o5 ({036 +013)
i H |_._| +0.52 +0.42 +0.30
gg—H (22%) T-jet, 60 = p < 120 GeV 142 105 (Y038 »2018)
i <pH +0.84 +0.80 +0.23
1-jet, 120 = p' < 200 GeV —eo— 0.41 084 (1080 023y
i H +0.60 +0.55 +0.23
> 2-jet, p¥ <200 GeV e 035 553 (70.51 , —0.14)
Ho ———] +1.52 (4132 4075
py =200 GeV 241 oo (Goa 031
| P I +0.63 +0.61  +0.17
VBF 1.49 -0.50 -0.50 70.09)
il I ] +2.83 +2.79 +0.45
aq—Haqg @2) 2o, 60 < m; < 120 GeV { - 1 151 550 (5522 2 l020)
=2-jet, m; =350 GeV, p; =200 GeV \\\]—.—| 0.18 *%?9 (*%?B , *07178)
" +1.67 +1.67 +0.15
VHiep (2Z*) —e— 129 Tos (s - Too1)
" +1.77 +1.72  +0.39
IH (2Z7) —e— 173 O (55 00)
| 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 [ 1 1
-10 -8 -6 -4 -2 0 2 4 6 8

o X BR normalized to SM value

ATLAS Preliminary

Vs=13TeV, 130 ' e Total Stat.
my, = 125.00 GeV, ly | <2.5 Syst. SM

Total Stat. Syst.

0-jet, pf/ < 10 GeV e 066 tgg (=024 ﬁ:ﬁ)

0-jet, 10 = p!/ <200 GeV el 124 018 (055,200

14et, p? < 60 GeV e 116 tggg (036 ,g:?)

14et, 60 < p < 120 GeV e 114 jgzgg (03 ,ﬁfg)

1-et, 120 = p¥ < 200 GeV/ —e— 003 0T (195 1020y

99=H = 24et, m; <350 GeV, p’ < 120 GeV. | 058 1050 (11055 4019)

= 2-et, m; <350 GeV, 120 = p'! <200 GeV e 181 1050 (1048 w0isy

= 24et, m; =350 GeV, p'! <200 GeV —e— 100 w085 (1991 ,10%9)

200 <5 <200 G Fe- 156 798 (5. 9%)

00 <40 G e o 5% (55 .51

it » 450 oV —e—| 211 7 (208

; +0.96 +0.90 +0.32
< 1-jet and VH-veto —e— 105 “0g5 ( a4 + o1s)
. 40.74 4072 +0.14
= 2-jet, VH-had —e— 021 J5g3 ( 062 * «0.12)
= 2+ = H +0.80 +0.61  +0.51
= 24et, 350 s m;, <700 GeV, p <200 GeV —=eo— 128 o0 (0% + Toms)
9q—Haq 41) g , 4084 (4072 4043
> 21et, 700 < m; <1000 GeV, p* <200 GeV == 147 1% (foes . To59)
Y N H 4046 ( 4036 +0.29
= 24et, m; = 1000 GeV, p!! <200 GeV o 131 "o38 (7033 + f0%0)
g , 4074 (4073 4013
= 2jet, 350 = m, <1000 GeV, p’! = 200 GeV |—g—| 031 "ogy (foge .01
= 24jf > Hos +0.67 +0.61 +0.28
= 2-t, m, = 1000 GeV, p" = 200 GeV. —o— 169 057 (055 058)
v +0.82 +0.80 +0.16
p¥ <150 GeV —eo— 175 9% (107 + %009)
q—Hlv (yy) v +1.12 ( +1.11 4013
pY =150 GeV —e— 165 Zo90 \ Zos89 - —0.10)
aa/aq—Hil'vy (y7) P! < 150 GeV — 064 0% (0 01
v +1.10 +1.08 +0.21
pY =150 GeV —e i 039 5o (91 o8)
" +0.82 +0.81 +0.11
pl <60 GeV —e— 083 ‘5 ( Zes  Z00s)
<pH +0.60 +0.59 +0.08
60 = pif <120 GeV e 081 “geq (1050 + o0s)
{TH (vv)
H +0.64 +0.63 +0.13
120 = p/l <200 GeV e 065 0oy (2055 + o08)
<pH +0.81 +0.80 +0.11
200 = p! <300 GeV —eo— 123 “0es ( ‘06s » “006)
H +0.96 +095 +0.16
P =300 GeV —e— 117 575 \ 074 '4)12)
+4.13 +3.94 4122
tH (1) | * 208 13y (55 55%)
+0.97 +0.88 +0.41
H(Zy) —o— 205 93 ( g7 433)
o e b b b by b by e b b by
5 4 2 0 2 4 6 8 10

o x BR normalized to SM value

ATLAS Preliminary

-4

-1
Vs =13 TeV, 139 fb e Total Stat
my, =125.09 GeV, IyHI <25 [ Syst. SM
Total Stat. Syst.

B ~pH +0.68 +0.41  +0.55
14et, 120 = p¥ < 200 GeV [ 019 o (fod0  Tose)
= 1et, m, <350 GeV, 0 = /! <60 GeV | cggu | 031 =004 («056,7970)
o o 0.87 0.68

gg—H (x7) =2jet, m; <350 GeV, 120 = P/ <200 GeV | gy 060 *9% (s054,70%)
ol o H — +2.33 +131 +1.92

=2-jet, m; =350 GeV, p’ < 200 GeV I Ty ] 355 ZYgg (1130 1 35)
o +0.55 +0.31 +0.46

200 = p!' <300 GeV [ 102 100 (%030 - To2s)

o +0.77 +0.46 +0.61
pfl =300 GeV =o— 127 Tog; (%45 Zoa1)
> 2+ < < +0.66 +0.55 +0.36
=2-jet, 60 = mj; = 120 GeV == 097 “oes (053 034

99 ~Haq (xv) 023 (4017 +0.15
o R +0. +0.
=24et, m; =350 GeV [™] 080 1050 (%6 1015)
_ +1.35 111 +0.77
{TH (vr) f—— 124 137 (Zes - loss
-, +0.39 +0.20
g ~Hagq (bb) e 098 o5 (033,75
v - 0.50 +0.34 0.37
150 < p¥ <250 GeV H=e={ 079 oz (%033 - 036)
—Hlv (bb) <p¥ +0.41 +035 +0.20
qq—Hiv (bb) 250 = pY <400 GeV e 110 195 (7055.19%)
v I__._' +0.93 +0.78 +0.51
Py =400 GeV 150 Tog (%072 Z0a1)
071 0.52
75 p¥ <150 GeV —eo—] 090 *ods (s047,70%)
150 = p <250 GeV B 113 1037 (007 102
99/qq —HIl/vv (bb) T Toas ( “020)
0.39 +0.35
250 < p¥ <400 GeV e+ 101 o5 (foas .=017)

v +0.92 +0.76 +0.53
pY =400 GeV —e— 029 o5s (569 +Z051)

H 1.05 0.94
P <120 GeV | 110 1000 (=048, '0gr

<pH +1.02 +0.72 +0.73
120 = p <200 GeV —— 022 “y03 (070 ' 075
—pH +0.91 +0.71  +0.57
{TH (bb) 200 = p! <300 GeV =—— 098 g5 (l06s + T050)
—pH +0.73 +0.58 +0.45
300 = p'f <450 GeV —eo—] 023 257, (%554 - Zo47)
" +1.48 +1.06 +1.03
P!> 450 GeV pe——— | -0.19 T35 (Y59 f0e)
99 —H, tTH (up) —e— 054 =085 (-083,'2%
1.32 1.28 0.31
qq—Hqq, VH (up) —=— 223 113, (522 2 7025)
1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 [ 1 1 1 I 1 1 1
8 i 4 -2 0 2 4 6 8
1 +6.4 +5.0 +3.9
a9—H (o) 450 = pH <650 GeV || a2 T (2 %Y

H oo I © ] 147 (+103  +10.4

Py =650 GeV I ad 1 86 o6 (-102 = )
1 1 1 1 I 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 I
0 -30 -20 -10 0 10 20 30 40

o X BR normalized to SM value
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https://link.springer.com/article/10.1007/JHEP11(2024)097

TXS b

Over

SMEFT impact on S

ggF

Ins

Owh ZH

and decay

ttH tH

L ATLAS Preliminary

[ fs=13Tev, 13910

* Impact of Wilson coefficients can
be visualised-> Value of ci scaled

H — pp

appropriately for plotting.

* 33 WCs plotted, remaining are

H
T

subleading.
* Impact of quadratic terms

significant for WH,ZH and tH.

Overall norm

T T T T

0.4 ‘

1.2

LIRS AARS RARERARS RRRRMS 1)

/

C,p5="0.02

cY =0.04
Hq
CbH:-0.04

He, 11—
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STXS sensitivity study

e 50 Wilson coefficients have a non-negligible impact on STXS bins.

e Not all the parameters can be constrained directly in the Warsaw basis, need to identify sensitive directions
that can be reasonably constrained.

* Principal component analysis on information matrix:

swerr =P HP

- Full eigenvector basis-> Negligible correlation, hard to interpret.
- Fit basis-> Higher correlation, easy to interpret -> 19 directions

ATLAS Preliminary /s=13TeV, 139 fb~'

1
ol ]
0.9
| -
o, | Individual coeﬂic lents o
I 06
o 0| '
N . o
[2] gg
oo [l
[3] B
4qF 0.11 0.3
e[ﬂ WGEN 0.25 —0.47 —0.02 —0.01
- Hyy,HZ o2
el?l - 0.49 —0.49 ~0.02 y ,y ) y 0.1
Hy~,Zy .
el 0.22 |0.64 0.01 0.02 0
Hy~.Zy
(1] _mel a0l _
€7 0.35 -0.27 0.02 —0.02 —0.01 0.1
€74 0.21 0.39 0.19 —0.05—0.08 —0.06 0.03 ( Z H 0.2
eg]_, —0.32 -0.34 —0.58/0.66 —0.02 —0.08 —0.06 0.02 -0.3
e[Z4,]_, 022 0.08 |0.66 .70.02 ~0.03 —0.02 —-0.4
em 0.57 046 0.17 045 027 027 0.16 0.6 0.14 0.06 005 0.03 0.02 —0.01 -05
e{ﬁ_], m70.34 ~0.23 —0.29 —0.16 —0.15 —0.05 —0.06 —0.2 —0.11 —0.03 —0.02 —0.01 tOP —0.6
-0.7
e{f,], 0.08 70.1570.13 ~0.08 —0.08 —0.03 —0.03 —0.17 —0.04 —0.02 —0.01 —0.01
gl “ [ : 0.64 —0.48 —0.48 0.36 08
glob Oveva norma lS&thYI ) ) I 0.9
[1] l —U.
= H__> 4 0.54 054 —0.39 —0.39 0.27 —0.14 —0.13 1
QL QL2 QS e T Q0 Q o QL O QO Op O Oy Oy O O Op On Qp COn O O @ O O @ 0 05 @ 2 op O N
o Y B K e B K By B, R % % CR T ZB N o 7, S, Q8 Qg O Qi Qg Qo On, On Qo Qnf Qp % Qo Og 2 RS T S 9 > Q2
/:’eé, '%%,'% EC S 2 ¢ % i ‘,{;& TR %;e ° QY Q7P Q@ T o Q@ QY QY o Q %, e, {9@, %, e, %, % % %

Wilson Coeﬂ%cients
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Ly /, HL-LHC Pro} eCtIOnS Lk

':s;\

_m Same analysis strategy employed in the full Run 2 measurements.
Lss 613 1oy The resolution of the Higgs boson peak 1s reduced by 30% in VBF and 0-jet categories, and

energy

HL-LHC

. 15% 1in other categories to account for expected improvements in the muon
|mmm"""|“ momentum resolution brought by the I'Tk.

TLAS - CMS

.
HL upgrade x"cmral Lml

Three scenarios are considered:

S 000 o * Run 2 systematic: conservative scenario, all systematic uncertainty are of the same size
luminosity JEGIETVE .
as in Run 2 analyses

* Baseline: reasonable reduction of systematic uncertainty (assumes no spurious signal and MOC-stat
uncertainty), theory uncertainties are halved.

* No systematics: optimistic scenario with extremely accurate theoretical calculation and detector calibration
-> negligible systematics.

In all scenarios con31dered the 31gnal would be observed w1th 51gn1ﬁcance greater than ﬁve standard deviation

_ " certalny’scale factor
i Uncertainty source Run 2 systematic Baseline No systematic
| uncertainties uncertainties
| Background modelling uncertainties 1.0 0.0 0.0

L MC statistical uncertainties 1.0 0.0 0.0

Photon identification and isolation 1.0 0.8 0.0
{ Flavour tagging of b, c jets 1.0 0.5 0.0
Other experimental systematic uncertainties 1.0 1.0 0.0
\Iheoretical uncertainties 10 05 00
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https://cds.cern.ch/record/2927960/files/ATL-PHYS-PUB-2025-014.pdf

Magnetic hield, CMS approach

| 1
om m

Key:

Muon

Electron

Charged Hadron (e.q. Pion) .
= = = - Neutral Hadron (e.g. Neutron)  _«
""" Photon

A slice of the CMS detector.

* L=3m in 4T bending field, BL?>=36 Tm?
Very high solenoidal field in  * Another bending from return flux

(relatively) small volume ! (another 5 Tm?)
* Tracks of charged particles have

characteristic S-shape
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https://warwick.ac.uk/fac/sci/physics/staff/academic/boyd/warwick_week/highpt/bracinik_warwick12_l2.pdf

Magnetic held, ATLAS approach

LINK

* Central solenoid: L=1m in 2T
bending field, BL?=2 Tm?

* Outside of the solenoid are
large air-core toroids with
bending field of 1T over a
distance of m, BL°=36 Tm?®

* Additional endcap toroind in
forward and backward
direction

* Similar bending power then in
CMS, but in much larger
volume
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for Run 2 and Run 3 are compatible within 68%o

m Results

ATLAS Run 2: {s = 13 TeV, 140 fb”' Run 3: Vs = 13.6 TeV, 165 fb™
H— —e—Total  Stat. = Syst. |SM Total Stat  Syst.
|
Run 3 tiH categories |= \ 1.3 +35 (+3.4,+1.1)
Run 3 VH categories | ° 31+43 (£41,+13)
Run 3 VBF categories —— 03 +0.9 (+09,+0.2)
Run 3 2-jet categories ‘ —E=— 33+13 (+1.2,+£0.6)
Run 3 1-jet categories —iI—o— 13+12 (£1.2,104)
Run 3 0-jet categories I—it 20+13 (+1.2,+0.5)
Run 2 + Run 3 tiH categories ——=¢=—— 1.1 J_rgg ( tgg ,£0.8)
" +3.4 +1.4
Run 2 + Run 3 VH categories ’ 60 33 (+3.1,°47)
Run 2 + Run 3 VBF categories _T_ 1.0 407 (+0.7, ig? )
¥ : +1.0 +0.4
Run 2 + Run 3 2-jet categories —fe— 16 _gg (£09, _¢'3)
r . +09 +03
Run 2 + Run 3 1-jet categories —e— 19409 (_gg--02)
Run 2 + Run 3 O-jet categories =~ —f&=— 0.9 £1.0 ( £0.9, igg )
Combined Run 2 - 12£06 (£06, 07 )
Combined Run 3 - 16406 (702, +02)
Combined Run 2 + Run 3 - 14 £04 (+0.4, £0.1)
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-10 -5 0 5 10 15

Signal strength

The measured signal strength is 4 = 1.6 £ 0.6 for Run3

Compatibility among 6 groups of categories 1s 4% in Run 3

In the combined Run2+Run3 fit, the signal strength 1s 4 = 1.4 * 0.4, and the individual results

T I ! T I T T T ! I T T T T | T !

ATLAS Run2: Vs = 13 TeV, 140 fb"
H— pu —e— Total Stat. Syst. |SM
Run 3 ttH categories i I'

Run 3 VH categories | ———

Run 3 VBF categories —g—l

Run 3 2-jet categories —e—

Run 3 1-jet categories —=—

Run 3 0-jet categories |—0—

Combined Run 2

Combined Run 3

Combined Run 2 + Run 3

| | | | l | | | | | | | 1 | | | |

T I I T T T T I

Run 3: Vs = 13.6 TeV, 165 b
Total Stat. Syst.

1.3 +35 (+34,+1.1)
31+43 (+£41,+13)
03+09 (+0.9, £0.2)
33+13 (+1.2,+06)
13 +1.2 (+1.2,+04)
20+13 (+1.2,+05)

+0.6

16 £0.6 (oo, £02)

14 £0.4 (£0.4, +0.1)

] | I | | | | I

-10

-5 0 5

10

15
Signal strength
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