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A Since its discovery in 2012, the Higgs boson has always begim f -
one of the focuses of research in ATLAS, and we have noW
entered a precision measurement era.

A A simple equation: increasing statistics (Run 2 and Run
Innovative analysis technigues =-guproving . il
measurements.

CPV and
Baryogenesis
Origin of masses?

AFeatured in todayédtont al k3frowP[hE282ti0” C

measurements, coupling measurements, width Snowmass Report
measurementstl in good agreement with the Standard
Model!

A All measurements in the Higgs sector are intertwined with all
the unresolved questions 1iIn
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1. Precision measurementspobduction crosssections
for different modes:
A "O0 (x5 © 1 JATLASCONF-2025002
A B0 ww’ HIGG-202309
A "QQO0wsd WO ww’ HIGP-202407
2. Width measurements
A 00 ow ©° Jb JHIGP-202405
3. Higgs bosomalir production
A OO wu§ [ATLASCONF-2025005
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A Four lepton decays have a small BR but dailiyoresolvedwith high resolution. u[GeV]

A Inclusive and differential measurements and thk3figsTeVpproduction mode cross
section measurements.

A Production mode discrimination basegeomultiplicity anddijet invariant mass.

A The colors of the reconstructed categories highlight the relative contribution from the

particle level bin. ATLAS-CONF-2025002
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Jpartial Run 3 differential measurement
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A Neural networbased discrimination feliggs production modes

STXS measurement.

A VBF and VH probed together assuming SM values.

A Dominant uncertainty comes from limited data statistics.
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Both fullyleptonic
and semleptonic
final states

Use of BDTs,
ANNs, and RNNs
for signal
background
discrimination
SR definition
based on n. of
leptons

Stage 1.2 STXS
measurements

y4 .
Run 2 measurements: an overview

A

A

A

ggF+ VBF

Only fully
leptonic final
states

NNs based
signal
background
discrimination
SR definition
based on jet
multiplicity
Finer granulation
for STXS

Channel
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SR discriminant

Relevant CR(s)

Opposite-sign 2£

ANNDpros (2(a))

Top, Z+jets, WW

Same-sign 2£

SS2u
SS2e
SSDF

RNN output (3(a))
RNN output (3(b))
RNN output (3(c))

3¢

Z-dominated
Z-depleted

ANNZdom (4(2)
ANNZ, (4(b)

WZ 0-jet, WZ =1-jets

4¢

1-SFOS
2-SFOS

1-SFOS BDT output (5(2))
2-SFOS BDT output (5(b))

Z7Z
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W/Z

T T
Pre-selection
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Pre-selection + b-jet veto

ATLAS

Vs =13TeV, 140fb"
H- WW* = ¢vév
Pre-fit

Data

2 Stat. unc.
ggF H
VBF H
Other H
tt/wt

Ww (QCD)
WW (EW)
Zly* =11

N
NG o
I%

3 4 25
Numher of jets

ggF+ VBF

Zly* s eeluyy
Misidentified lepton
Other VV(V)

70 x ggF H

700 x VBF H

HIGP-202407 (ggF+VBF

HIGG-202309 (VH)
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¢vH, 0 < pf < 75 GeV
¢vH, 75 < p{ < 150 GeV
¢VH, pT > 150 GeV
¢¢H,0 < pf <75 GeV
¢¢H, 75 < pf < 150 GeV
¢¢H, py > 150 GeV
QqqH, 60 < m; < 120 GeV
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ggH 0-jet, p: <200 GeV

ggH 1-jet, p: <60 GeV

ggH 1-jet, 60 spf <120 GeV

ggH 1-jet, 120 spf <200 GeV

ggH 2-jet, pf <200 GeV

ggH, 200 spf <300 GeV

ggH, p: >300 GeV

EW ggH 1-jet

EW ggH 2-jet, p: <200 GeV, 8350 =m, <700 GeV
EW gqH 2-jet, p: <200 GeV, 700 <m, <1000 GeV
EW gqgH 2-jel,p'T* <200 GeV, 1000 <m, <1500 GeV
EW qqH 2-jet, p: <200 GeV, m, >1500 GeV

EW ggH 2-jet, p_’r’ >200 GeV, 350 =m. < 1000 GeV
EW qgH 2-jet, p:j >200 GeV, 1000 =m < 1500 GeV
EW ggH 2-jet, p: >200 GeV, m, =>1500 GeV
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q
g W E ATLAS
w < Vs =13TeV, 1400
q @ H* — WW - évév
o § Post-fit High DNN-score
g q == 37;:‘/:
W v —r
q g;:]gtezlmed Leptons
q qq—»(Z:—v)%n/ﬂ
g .9009000 , W = LgJic_;r(iain;;)
q e %
v § - B:::asnainty
g v & g e s
g 9999999/ 174 s :
g (=]
ggF EW ¢ distribution in the =~ "
SRs
A Precisioomeasurements 3 are essential for BSM studies, but limited resolution at the ATLAS detector ‘siadiésn@easurements
challenging;
A ¢ off-shell productionis enhanced @tvariant masses above O
A This analysis includes both sflmeurand differentlavoursdecays of thé/ boson, including the intermedihgecay;
A 6 analysis signal regionseach with BNN to classify in three categories: signal, full process (SBI)-amiemering background.
A Thew variable is used as a discriminant as a praxy fora combination of dilepton invariant mass and the transverse mass ¢
dilepton+missingnergy system;
A CRs are usdd constrain noninterfering background normalization. HIGP-202405
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A Combination with oshell analysis to extractthanks to the

8 8
ratio of onshell and ofghell productions. 3 T g (1 §)- A6

E;, rr- T prrrT L L }I _ E 12 - I I I I ! I I I I I I I I I ——

514 ATLAS i - Lo T ATLAS -~ Expected (68% CL) 1

oL Vs=13TeV, 14010 N "5°10F {5=13TeV, 140 fo" gXpeCted (95% %'-) .

- . i R - --- Observed (68% CL) 1

C L H S WWivi i 3 - HSWWoslvi .

10 [ Y o R gp "~ Y — Observed (95% CL)7

- . -- Expected i R - ¥ SM ]

8§ -~ Expected stat-only A T o Observed best fit -

6 i — Observed T o - Al T E

- i --- Observed stat-only Sl . X §

4 e It ~ ol ]

S : E : :

2: L e i oF =
0" T . 0 2 ) 6 g 10

0 1 2 3 4 5 6 EW
Mo M shel HIGP-202405

9/6/25 Lucrezia Boccardo 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/

Fraction of Events / 0.04

wn

ﬂ

21N
rt

Too T T

H
ff.)\
__ _}f -
H
’ I, p 14 97, AR 1/ I,
(0O —-a 0O _0v0 _0
C
: I I 1 I 1 1 ] I ] I 1 1 1 I |
. ATLAS Preliminary —— SMHHggF
10 Vs=13/13.6 TeV, 140/ 168 fb" — =+ HHggF, k=10 -
E _ SM HH VBF =
r HH - bbyy pre-selection HH VBF, 1,=10
| High mass region Single H
— yy+jets
1 E ¢ Data sidebands =
| . 3
L : L
1071} i ==
- =
N =
| il e
- e, |*
102 e =
= t : ]
L | 1 | 1 I | 1 ] 1 L1l 1 1 I
0 0.2 0.4 0.6 0.8 1
BDT score
9/6/25

7 ARun 2 + partial Run3 measurement

UNIVERSITE
DE GENEVE

A Selectingvents witlatleas® bjets andexacthy2 photons
close to the Higgs mass.

Events arelassifiedh tworegions ~ s
high-massandlow-mass based § 4.5
on thelmprovedfour body S
invarianimass & a £ 35t
G pcuvA6 a E 22
pguA®6 £,
Fitting the data in the sidebands. 5

Simultaneous profile likelihood fit.
Modelling signal withdouble- 0.5
sided Crystal Ballfunction and the o
background with aexponential.
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q A Despite theeduce®BR (0.26%hisisagolden channelfor
HH due tophoton resolution (~2/3 GeV).
A First ATLASanalysisvith >300 fbt (140 fbtat13 TeVRun
2+ 168 fbtat13.6 TeVRun3).
A New stateof-the-art transformebasedlavour tagging
! algorithm(GN2)+ kinematidit.

:I | T T T T | T T T T [ T T T T I T T T | T T T T .
= ATLAS Preliminary ¢ Data 3
= Vs=13/13.6 TeV, 140/ 168 fb" Cont. background 5
= HHobBYy T Total background 3
= Signal + background 3

— log(1+Sg,/ B) weighted sum 1 -
= My = 09015 3
é ..+ * ‘ | * | I | t
Eo1 A R B + ! e

110 120 130 140 150 160
m,, [GeV]
ATLASCONF-2025005
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A Significancenprovement
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HH - bbyy, kay =1 Observed ;] “\ HH - bbyy, Ky =1 Observed ] A .
% CL: -0.4,5. F— AN % CL: .0,2. ] i
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s s 2 es s A lmprovedpreviousRun2 resultby 100%
2V
. - i i m 1.4
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VS =13/136TeV, 140/ 168 fb~! Expected Limit (s = 0) % 20 £ 1.2k vs=13/136Tev, 140/ 168 fb? ™ Observed
HH ~ bbyy Expected Limit (uuy = 0) = 10 5 HH - bb ZA ADA v 11 Ao
- Expocted Lt G = 1 > " ‘ Mo § OO0ARO8OU OGS 8,
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arXiv:2310.12301 8 ‘ O'Eﬂ |
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e
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A The Higgs community in ATLAS is active and rich in innovative ideas.

A The increased statistics from Run 3 will lead to new and even more
precise measurements.

A For an outlook on the future of Higgs measurements at thel@]

take a look at the joint ATLAS+CMS input to the European Strategy for
Particle PhysicaTL-PHYSPUB-2025018

THANK YOU!
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Nies = 2
VBF-enriched

p > 22GeV and pl! > 15GeV
Preselection mee > 10GeV (12 GeV)

Different-flavour leptons

Two isolated, different-flavour (same-flavour) leptons with opposite charge

(Smiss > 4 and pf > 40 GeV)
Different- or same-flavour leptons

Nb—jels [PT > 20 GEV] =0

EMiss > 20GeV | Mer < mz —25GeV
Background suppression Adee < 2.0rad Apsr < 1.8rad -
Mper < 55GeV Mep < 55GeV Mgy < 70 GeV
AR,ff > 0.6 |
. ‘ VH orthogonality mj; > 350GeV
Signal topology Apet,miss > 1.5Trad - Fail CJV or Fail OLV | Pass CJV and Pass OLV
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