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waras The Higgs boson gore @

di Genova

Since its discovery in 2012, the Higgs boson has always been

one of the focuses of research in ATLAS, and we have now

entered a precision measurement era.
A simple equation: increasing statistics (Run 2 and Run 3) +
or Composite? Baryogenesis

innovative analysis techniques = ever-improving
from the 2022

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

All measurements in the Higgs sector are intertwined with all

measurements.
Featured in today’s talk: production cross-section

the unresolved questions in today’s physics! %@
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https://arxiv.org/pdf/2209.07510
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1.

Precision measurements of production cross-sections

for different modes:

e H-oZZ" - 4¢f ATLAS-CONF-2025-002
 VH,H->WW"* HIGG-2023-09

* (ggF + VBF)H - WW ™ HIGP-2024-07

Width measurements:

e H* > WW - fvfv HIGP-2024-05

. Higgs boson pair production

* HH - bbyy ATLAS-CONF-2025-005
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waras H — ZZ™ — 44 partial Run 3 differential measurement
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* Inclusive and differential measurements and the first 13.6 TeV production mode cross-

section measurements.
* Production mode discrimination based on jet multiplicity and dijet invariant mass.
* The colors of the reconstructed categories highlight the relative contribution from the
particle level bin.
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Inclustve fiducial and differéntial cross-sections generally in agreement
with SM predictions— sensitivity driven by 4u/2e2u channels.
Neural network-based discrimination for Higgs production modes
STXS measurement.

VBF and VH probed together assuming SM values.

Dominant uncertainty comes from limited data statistics.
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varas H - WW™ Run 2 measurements: an overview

VH gell + VBF
* Both fully-leptonic Only fully-
and semi-leptonic leptonic final-
final states states
[ ]
Use of BDTs, NNs based
ANNSs, and RNNs signal-
for signal-
g background
background L
.2 discrimination
discrimination SR defii
* SR definition " :{ mt.lon
based on n. of ase O.n.]et
leptons multiplicity
e Stage 1.2 STXS Finer granulation
measurements for STXS
Channel SR SR discriminant Relevant CR(s)
Opposite-sign 2¢ | — ANNpros (2(a)) Top, Z+jets, WW
SS2u RNN output (3(a))
Same-sign 2£ SS2e RNN output (3(b)) -

SSDF RNN output (3(c))

Z-dominated | ANNz4om (4(a)) . .
3¢ Z-depleted ANN%d o ) WZ 0-jet, WZ =1-jets
" 1-SFOS I-SFOS BDT output (5@) |

2-SFOS 2-SFOS BDT output (5(b))
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Pre-selection + b-jet veto
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varas H - WW™ Run 2 measurements: an overview
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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
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* Precision measurements of ['y are essential for BSM studies, but limited resolution at the ATLLAS detector makes on-shell measurements
challenging;

* — off-shell production is enhanced at invariant masses above 2my.

* This analysis includes both same flavour and different flavours decays of the W boson, including the intermediate T decay;

* 6 analysis signal regions, each with a DNN to classify in three categories: signal, full process (SBI) and non-interfering background.

* The V31 variable is used as a discriminant as a proxy for myy,: a combination of dilepton invariant mass and the transverse mass of the
dilepton+missing energy system;

* CRs are used to constrain non-interfering background normalization. HIGP-2024-05
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* Despite the reduced BR (0.26%) this 1s a golden channel for
HH due to photon resolution (~2/3 GeV).

* First ATLAS analysis with >300 fb! (140 fb!at 13 TeV, Run

T 2 4 168 fb! at 13.6 TeV, Run 3).

* New state-of-the-art transformer-based flavour tagging
algorithm (GN2)+ kinematic fit.

* Selecting events with at least 2 b-jets and exactly 2 photons
close to the Higgs mass.

Events are classified in two regions, T S
high-mass and low-mass, based 45 ATLAS Preliminary ¢ Data
45 Vs=13/13.6 TeV, 140/ 168 fb” Cont. background

on the improved four-body & 4 BT ERLIEEABERS Total background

- Signal + background

= 0-9;1.'14

. . * _ _ . HH — bbyy

(mpp — 125 GeV) — (m,,, —
125 GeV).

log(1+Sg,,/ B) weighted sum
llHH

Sum of weights / 2.5 GeV
w
(o2l

HWlhl\|||\||||||||\|||\|||\||||\|||\|-

no
&)
_IIH[LT TTTT IIHIHII|IIII|HII[IIH|IIH|IIH_

Fitting the data in the sidebands. 15
Simultaneous profile likelihood fit. 1
Modelling signal with a double- 0.5 T Jlr by
sided Crystal Ball function and the 0 - E Y TR T e
background with an exponential. my, [GeV]
ATLAS-CONF-2025-005
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* Significance improvement:

50% increased statistics;

20% new flavour tagging;

10% improved background
modellings;

5% kinematic fit;

* Improved previous Run 2 result by 100%.
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Upn = 0.9117 (stat)Xge (syst.) (1.3193)

—1.7 <Kk, < 6.6 (—1.8 < K; < 6.9)
—0.5 < Koy < 2.6 (—0.4 < k) < 2.6)
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* 'The Higgs community in ATLAS is active and rich in innovative ideas.

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

* For an outlook on the tuture of Higgs measurements at the HL-LHC,
take a look at the joint ATLAS+CMS input to the European Strategy for
Particle Physics! ATT.-PHYS-PUB-2025-018

THANK YOU!

9/6/25 Lucrezia Boccardo 12

a.c

@

ow
<~
8 &



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/

Backup

ATLAS

EXPERIMENT

Universita
di Genova



weras H — ZZ™ — 44 partial Run 3 differential measurement o O

do/dN,,,, [fb]

Theory/Data

NNy

: | | : : = 10
c  ATLAS Preliminary 4 Dala . . > C l l L l ] D l [ ]
35E W2z odl i WaE DB Koo O oF ATLASPreliminary ® 2% .., 1 £
E Vs=13.6TeV, 56" o NNLOPS K=1.1, +XH_ 7 Q) CH 77 4 %g . )
] e XH=VEE 1 VHel HebBHoH = 5= 136 Tov. 56.0 fo" . zz ] > 25
E otal stat, @ syst, uncertainty | — - Vs=13. , 56. £XX, VWV =
28F- —+— Filted ZZ° Normalisaton - 8: 115< m, <130 GeV e \ . L
i pvalue NHLOPS - 78% - +— - B Z+jets, tt -
- pvalue MGS - B1% - © 7F %4 Uncertainty =
2 I """" . ] = - e 20
150 = £ 6F =
E : ] a - .
B B ] GCJ C ]
05— I - - =
- . r________E*?______ E -43 P Ll>J 4 _
[ —— 4 — sy 3 _: 1 0
2- . 5
1.5}: a i . - 5 -
1 i S . SRR —— . : -+ — :
0.5~ B ] 5
1 -
S a i - .
— . o L P | P .
0.51— T ] 0
0 12-20 20-24 24-28 28-32 32-40 40-55 55-65 0
N, m,, [GeV]

Cross-sections for jet multiplicity
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Event class
Njets > 2 j"“rjvat.s =2

Purpose Nijets = 0 Niets = 1 ggF-enriched VBF-enriched

Two isolated, different-flavour (same-flavour) leptons with opposite charge
pY > 22GeV and pf > 15GeV
Preselection mee > 10GeV (12 GeV)
(Smiss > 4 and pf > 40 GeV)
Different- or same-flavour leptons

Nb—jels [PT > 20 GEV] =0

Different-flavour leptons

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

HIGP-2024-07 (goF+VBE)
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warAs VH,H = bb/cc Run 2 coupling measurement .

di Genova

* The VH production method with leptonic decay of the vector boson reduces QCD background
¢ Combined VH,H — bb resolved and boosted topologies and VH, H = ¢ resolved topology;

* 3 decay channels for the lepton boson R=10
* O-lepton: Z — vv i
* Tllepton: W — £v R— 0.4
p 0 " b-hadron Boosted
M 2—lepton: Z - 1Y _ H ™, = topology
. . . . . . . q . AR = /(8¢)? + (An)?
* Simultaneous profile likelihood fit of 59 signal regions and 97 control regions. Resolved
. . . . . . . . tOpOlOgy b-hadron
* Signal versus background discrimination with Boosted Decision Trees. R=04
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warAs VH,H = bb/cc Run 2 coupling measurement e D,

di Genova

First observation of WH,H — bb.

Strongest observed limit of VH, H — cc. VH,H — cc limitat 95% CL: 11.5(10.6)
Cross section measurements in both the reduced and extended STXS scheme. |Kc/Kb| upper limit at 95% CL: 3_6(3_5)
Coupling to charm quarks measured to be weaker than to bottom quarks. k.| < 4.2 (4.1)

VH,H = bb:7.40 (8.00)  0.65 < |k;| < 1.37 (0.72 < |Kp| < 1.62)

I
8>

.

WH,H - bb:5.30 (5.50) ZH,H - bb:4.9¢ (5.60) ubb = 0.91+016
VH — o —-0.1
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¥anas VH,H - bb/ct Run 2 coupling measurement Gy O
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c-tag score
c-tight (Ct) :'j b-tagged
b-jet: 4.8% B &2
c-jet: 24% [<b}
250 light-jet: 0.9% r S E c-tight
c-efficiency c-loose (Cp) b-70-60% b-60% .'-5'
b-jet: 12% b-jet: 11% b-jet: 58% g
c-jet: 21% c-jet: 5.2% c-jet: 2.7% o c-loose
45% light-jet: 6.5% light-jet: 0.13% light-jet: 0.05% gﬁn
c-efficiency 20
Untagged (N) e _
b-jet: 15% T non tagged
c-jet: 48%
light-jet: 92%
70% 60% b-tag score %
b-efficiency b-efficiency 8 ég)@op
Higgs candidate jet 1
* Tagging regions definitions based on flavour tagging working points
. . . . . -
* (next slide) overview of all signal and control regions of the analysis Y
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A
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XPERIMENT

VH,H - bb/

Flavour tagging i

c¢ Run 2 coupling measurement

UNIVERSITE
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inotag |° = i
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war.as VH,H = bb/cc Run 2 coupling measurement o8 GENEve g:@
CMS Preliminary 138 fb-1 (13 TeV)
L S S
¢ Observed 68% expected
----- Median expected 95% expected

* Comparison to
most recent CMS
results

- Combined

,1| Exp. 5.6
! Obs. 9.3|

ttH(H - ct)
Exp. 8.7
Obs. 7.8

VH(H - cg)
Exp. 7.6
Obs. 14

P TR R T

0.0 25 5.0 7.5 00 125 150 175
95% CL upper limit on Py e
https://cds.cern.ch/record/2929444°In=en
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HH — bbyy Run 2 + partial Run3 measurement
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Dijet invariant mass distributions

after pre-selection
after corrections
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7 ATLAS Preliminary ~ —— Observed 68% CL
i vs=13/13.6 TeV. 140 / 168 fbo-' Observed 95% CL | * Likelihood contours for the two coupling
| ’ Expected 68% CL  _ constants
5 HH - bbyy Expected 95% CL —
i + Best fit |

l %  SM prediction .
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------
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ATLAS-CONF-2025-005
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