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Addressing fundamental questions ... ATLAS

EXPERIMENT

Interactions between elementary particles described by a quantum field theory based on invariance under local
Gauge symmetries: the Standard Model

SU(2) symmetry spontaneously broken by BEH mechanism: generates vector bosons (W and Z) and fermion masses,
and a new scalar H 2 well behaved perturbative computation and renormalizability = precise predictions that can be
experimentally tested

There are several indications that the SM is a low energy approximation of a more complete UV theory: hierarchy
problem, fermion mass hierarchy (v), matter-antimatter asymmetry, dark matter, dark energy
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The ATLAS experiment
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The ATLAS experiment is designed to shed light on elementary particle interactions: test the SM and search for
phenomena beyond it

ATLAS is a general-purpose detector running at the LHC collider with excellent reconstruction, identification and
energy-momentum measurement of electrons, photons, muons, taus, jets and flavor-tag covering a wide energy range
(sub-GeV = TeV)

Collecting proton-proton collisions at Ey = 13.6 TeV (world record collider energy) at instantaneous luminosity ~2x103%4
s'em? with ~60 minimum bias interactions per bunch crossing (well above the design value of 20)
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Physics Objects calibration

ATLAS

EXPERIMENT

Eur. Phys J. C 83 (2023) 686
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> The excellent performance requires excellent calibrations:
> 7. energy calibration 0.2% at 60 GeV, e energy calibration 0.05% at 45 GeV
> W: energy scale calibration at 0.1-0.05%
> Jet: energy calibration scale at (better than) 1% level for p; above 60 GeV

> 1. energy scale calibrated at ~1% level
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02009
https://link.springer.com/article/10.1140/epjc/s10052-023-11584-x
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Improvements in Flavor Tag ATLAS

arXiv:2505.19689 Sub. to Nature Communications
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> Traditional approach (DL1r): low-level quantities based on tracks followed by high-level multivariate classifier

> New approach (GN2): directly process track and jet information. In addition to the primary training target (jet flavor
prediction) auxiliary training objectives are introduced to reconstruct the internal structure of a jet by grouping tracks

originating from a common vertex

> GN2 usedin Run 3 analyses and reprocessed Run 2 = you will see few examples ...
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https://arxiv.org/abs/2505.19689

This talk ... ATLAS

E T T I T T T T T T
& nF ATLAS Online Luminosity Vs = 13.6 Tev

@150 [ILHC Delivered: 195 b E—

£ 120k CIATLAS Recordc: 18015 of LHC delivered luminosity used in physics analyses
Sateof LT T T T 3 c [[JGood for Physics: 169 fb™*
%140;'325’:;&}, 5=13Tev § 120 4
£1a0r Mucommens  EIE §100

ATLAS reached 1400 publications: AtlasPublicResults

; DATLAS Recorded Physics: 139 fo "
£ [[JGood for Physics

=]
3100
80f

Total Integr:
(2]
T

Total Integrated

60 g
s 20F
2057 0_ | | 1 | | | 1 | 1 |
Aa\‘“?aA\x‘\'\é.\a“"\e.\u\'\e.\a‘\‘ﬂ ‘\\s\'ﬂ.\a‘\‘\a‘\\s\'\é Aa“‘zz \3\)\‘22 59‘“‘215 5“\‘23 Aa““ZA \3“\‘26‘ 33‘“‘25
Month in Year Month in Year
Run 1: Run 2: Run 3:2022-2024 HL-LHC:
25fb! @ 7+8 TeV 140 fb' @ 13 TeV 168 fb"' @ 13.6 TeV 3ab’ @ 13.6 TeV

> This talk will highlight a few results focusing on what is new (shown for the first time at this conference ;W )
and of highest impact on particle physics > Some results using Run 2 + Run 3 data up to 2024 - 308 fb in total

21 NEW results released for this conference

More details of the ATLAS results in other plenary talks by Emanuele Di Marco, Timothy Gershon, Josh Bendavid, Francesco

Prino and Tamara Vazquez + the 56 ATLAS talks in parallel sessions + 18 ATLAS posters
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic

SPATLAS

EXPERIMENT

BSM searches

Many More results in Tamara Vazquez Schroder’s talk on Friday

717788 F. Cerutti LBNL - ATLAS Highlights



Search for resonant LQ in [+jet
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Parallel Session talk by Monica Wielers
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. ATLAS

CERN

-EP-2025-142
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> LQ s-channel production via lepton PDF of the proton using Run 2+Run 3(2022+2023):

717125

> leptontjetresonances in my, untagged-jet and b-tagged categories ’

> 1-and 2-lepton channels

> No significant excesses: limits on LQ mass vs y coupling derived
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Search for strong produced SUSY

> SUSY offers a natural solution to the hierarchy problem and (if RP is conserved)

a natural WIMP dark matted candidate

> SUSY partner of the gluon and quarks have large ¢ at the LHC, and are usually

searched in jets + MET but for some region of SUSY parameter space decay

. . . . . . q v/t
chains involving final states with 1’s are dominant , <T/V
i T/I/ X3
p ”\””<$
q T/v
> Select events with 1 or 21, at least 2 jets and large MET (>200 GeV)

> 2 new analyses dividing events into (17,0l), (17,11) (27):

> ML-learning based (more sensitive)

> cut-based (less model depended and optimized for mass-compressed scenario)

> No excess found in Run 2 + Run 3 (2022-2023) data, 95% CL limits in gluino-

LSP and squark-LSP planes largely improving on previous results
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Parallel Session talk by Jiarong Yuan
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SM and Top Measurements

Many more results in Josh Bendavid’s talk on Wednesday
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W=*Z cross-sections |

CERN-EP-2025-145 sub. JHEP

Parallel Session talk by Hannes Mildner
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> WZ cross-section sensitive to V-boson interaction with V and H entering in the precision domain:

> Inclusive WZ xs measured with 4% accuracy ogfi'z_)[,v” =60.7 + 0.5 (stat.) + 1.4 (exp. syst.) + 1.8 (mod. syst.) + 0.6 (lumi.) fb

> Inagreement with SM NNLO QCD x NLO EW =61.44+1.3 fb
> 15 observables (including CP-odd) compared with state-of-the-art predictions

> Dedicated “CP-odd” BDT (detector level) to constrain EFT CP-odd operators: testing energy scales above 10 TeV
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Observation of a ttbar cross-section enhancement at threshold #

> Non-Relativistic QCD predicts the formation at threshold (m~2m~345 GeV) e EPJC 60 (2009) 372
12
of quasi-bound-state (Toponium): spin-singlet - color-singlet 1S,!"] o
> L
© _
> Our baseline tt modeling - PS-matched pQCD predictions reweighted to = T
2 o6 |
NNLO-QCD+NLO-EW —is missing these NRQCD states 3 o — :
4T qq —’s,® ]
> Experimentally extremely challenging: small effect (1% of total xs) in a my, 02 | LHG Ve = 14 TeV ]
0 Bl aeilveoais collvevaeiawpalicon plameailceges
region much smaller than experimental resolution 9 M0 3 30 WE %0 e S0 Ire 30
M [GeV]
. . . . . . space (GeV~!)
> New modeling of NRQCD effects via the re-weighting of the tt production SoureyolR e —6)— topon:m —
ay ~ 0.05GeV~! . ;
MEs through the non-relativistic QCD Green’s function and projection to ‘ B
L~O.SGeV’l
2T,

color singlet (Fuks et al. EPJC 85 (2025) 157) used as “signal”

> CMS measurement based on simplified model (pseudo-scalarresonance 1) .. e
e e o]
A —————— ] N

bandt

> o(n)=8.8"12, ,pb >5c observation arXiv:2503.22382

1 1
— +—~09GeV!
o, T,
/ band b
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https://arxiv.org/abs/2411.18962
https://arxiv.org/abs/2503.22382
https://doi.org/10.1140/epjc/s10052-009-0892-7
https://doi.org/10.1103/PhysRevD.47.56
http://jetpletters.ru/ps/1234/article_18631.shtml
https://link.springer.com/article/10.1007/BF01614696

.
Observation of ttbar cross-section enhancement at threshold#
~

> Use tt—=>¢vb ¢vb leptonic decay:

> Reconstruction of m;; = mass resolution ~20% at
threshold

> Enhance sensitivity using lepton angular variables
sensitive to tt spin correlation (¢, and cy,,) signal behaves
as “pseudo-scalar”

Fit to the data in 9 SR with m, bins (300-500 GeV)
> Background Model: baseline pQCD
> Signal Model: NRQCD (from Fuks et al.)

> Bkg.-only hypothesis rejected at 7.7c

o(ttnroep) = 9.0 £1.3 pb (expected 6.4pb, 5.70)
ATLAS observed this elusive NRQCD phenomena

more work is needed on theory side (off-shell effects,
matching pQCD and NRQCD, other NRQCD effects, ...) to
better establish the properties of the observed signal
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Physics Briefing
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Parallel Session talk by Haifeng Li
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Higgs Boson Physics

Many more results in Emanuele Di Marco talk on Tuesday
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Search for HH=> bbyy ATLAS

EXPERIMENT
CERN-EP-2025-140 sub. PLB Physics Briefing
e

> New measurement using reprocessed Run 2 + Run 3 (2022-

4 ATLAS ¢ Data
2024') - Total 308 fb™1 Vs=13/13.6 TeV, 140 /168 fb! [***** Cont. background
HH >bbyy 7 Total background

> Timely calibration of physics objects for Run 3 (up to 2024!) — Signal + background

log(1+Sg),/ B) weighted sum
My = 09177

N

> Improvements on HH sensitivity relative to Run 2 legacy
analysis:
> Additional data: 50%
> New flavor tag algorithm GN2: 20%

Sum of weights / 2.5 GeV
w
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> Analysis preoptimization: 10% m,, [GeV]
> My, kinematic fit : 5% D L L L B S O
S [ ATLAS - Boeded [}
. . . . ) r » —— Observed [/ ]
» Signal extracted by a fit to m,, in 7 BDT categories 10[ V5=13/1367TeV, 140 /168 o ;]
HH - bbyy, Koy = 1 Observed .

68% CL: k) € [-0.4,5.1]
95% CL: K € [-1.7,6.6]
Expected / |
68% CL: k) € [-0.6,5.4] [/ -
95% CL: k) € [-1.8,6.9] // 7

> Observed u(c/ogm)yy = 0.9 14 _4 4
> 0.8 o significance (1.0 expected)

> Similar sensitivity of Legacy Run 2 combination (5 chan.) —— .

> Higgs boson self-coupling modifier (coupling normalized to its
SM prediction) x, €[-1.7,6.6] @95% CL

7/7/25 Parallel Session talk by Oleksii Kurdysh F. Cerutti LBNL - ATLAS Highlights
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H-> Zy

> Rare decay loop-suppressed in the SM with BR=1.5x10- - Sensitive to
BSM effects

> Intriguing ATLAS+CMS in Run 2: n(c/ogv)=2.2140.7 (Obs./Exp.

Significance 3.4/1.6c - about 26 above SM prediction) Phys. Rev. Lett.
132 (2024) 021803

e

ATLAS

EXPERIMENT

7 7
N 7
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ATLAS-CONF-2025-007

Physics Briefing

———————————
ATLAS Preliminary

> — =
© 180 —
» Use Run 3 up to 2024! O L60E/Vs = 13 Tev, 139 b R, =
2 | 4oEI15=136TeV, 1651 — Signal pet 3
) ) ) ) 2 = H— Zy all categories =
> Fitto mg, 2 leptons Z—>U (e,n) +isolated photon in 13 Categories ;;’\] 132;— In(?+Sz;lB68) weighted sum Background pdf
o 80F- =
» Run 3: u(o/ocgy)=0.9*%7 , ¢« significance 1.4c (exp. SM 1.50) 60E- E
40 —
» Combined Run2+Run3: p=1.3*%¢ ; ; significance 2.5c (exp. SM 1.90) 0 | | T
o : . : . .
X 4 ................................................................................ F—
m ...................................................................................... p—
Sensitivity improved by 60% relative to Run 2 and by 20% relativeto  + & ; e - (LA H ]
N jﬁZIZ...IﬁﬁﬁﬁIﬁﬁﬁﬁﬁﬁﬁﬁﬁ;...............IﬁﬁIﬁﬁﬁﬁﬁ,ﬁﬁﬁﬁﬁﬁ..,.........IZIII,IIII.ZI S A
ATLAS+CMS combination 115 120 125 130 135 140 145
my, [GeV]
2/7/25 F. Cerutti LBNL - ATLAS Highlights Parallel Session talk by Tamar Zakereishvili 16


https://link.aps.org/doi/10.1103/PhysRevLett.132.021803
https://link.aps.org/doi/10.1103/PhysRevLett.132.021803
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-007
https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3

ATLAS

EXPERIMENT

H -2 pp

> Test SM Yukawa sector on 2"d Fermion generation

> Rare decay BR~2x10-# with huge DY background: S/B inclusive ~0.2% CERN-EP-2025-149 sub. PRL Physics Briefing

> 23 Categories based on Higgs production mode and kinematic

(BDT/NN) to enhance S/B N fggg E | {5 = 13/13.6 Tev, 140/165 1 — Total pof E
2 1600 E Houu — Signal pdf E
o = Inclusive, In(1+S/B) weighted ---- Background pdf 3
| > 1400 K =
> Use Run 3 up to 2024! 3 oo B ) N
2 1000 E- BR(H->pp) = (3.0+ 0.9)x 10 3
[@)] - 3
> Run 3: p(c/o5v)=1.6 + 0.6 2 2.8 ¢ (Exp. 1.8 ©) e OF E
400 E- —;
> Combined Run 2+Run 3: p(c/osy)=1.4 + 0.4 > 3.4 6 (2.5 ) 200 :
23
STRONG evidence for H-> pp decay in agreementwithSM &2 Lot R
110 115 120 125 13 135 140 145 150 155 160
m,, [GeV]

Sensitivity improved by ~50% relative to Run 2 analysis
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Run 2 Higgs coupling combination

ATLAS-CONF-2025-006

» Added new Run 2 measurements relative to Nature 607 (2022) 52
ttH—=>bb, VH->bb,cc, H>tt, H>WW*

> W(O,ps/Ogm) = 1.023 *0-056 ) 1. (0.028(stat)+0.026(exp)+0.039(th))

» Main improvements on ¢ (BR fixed to SM)

> WH/ZH reduced by 30/20% new V(H—>bb)
> ttH+tH reduced by 25% new tt(H—>bb)

> Test SM with coupling modifiers k (coupling normalized to its SM

. . Do)
rediction o; XTI Ki K

P ) o XxB(H = f) = L= LI SMyBSM( , §)
'y *

Achieved precision* ranging from 5-10% (psy 89%)
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ATLAS

EXPERIMENT
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Ky —o— Run 3: \S = 13.6 TeV, 165 fo"
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K ——
Ku o — :
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L »Qe Run 2 + Run 3
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A bright Future
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The Phase Il upgrade program

ATLAS

EXPERIMENT

> ATLAS is working on an ambitious Phase Il upgrade aiming to keep the detector performance (and in

some cases improve them) in the harsh high-luminosity LHC running conditions

> Designed to cope with up to 200 interactions per bunch crossing to reach 3 ab™ good for physics

200 interactions / BC
170 interactions / BC

Peak luminosity [1 034cm'25'1]

0_—. —_— |

2010 2015 2020 2025 2030 2035

Year
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The Phase |l upgrade program ATLAS

EXPERIMENT

1% luminosity accuracy ATL-UPGRADE-PUB-2025-001/
New and upgraded forward
and luminosity detectors Improve trigger performance/rate:

more physics despite more PU - LO trigger at 1 MHz, EF 10kHz
Trigger & DAQ upgrades

Improve muon trigger coverage,
electronics and performance
New muon
chambers &
electronics

30ps time resolution per track
Improve PU rejection in forward region
New High
Granularity
Timing Detector
(HGTD)

Full granularity data accessible at L1
trigger, increased rate capability
Calorimeter
electronics
upgrade

New all silicon Inner Tracker (ITk)
Improve tracking performance: increased coverage,
reduced occupancy, better track p; resolution

ATLAS

EXPERIMENT
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The Phase |l upgrade program ATLAS

EXPERIMENT

<
-

. 3 l = .Arqi:.l‘,'?:-“
e * % ¢ HGTD demo
‘~ » -

N s

Tile calib. sygtgm testbench
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The Phase Il upgrade program SPATLAS

Several technical issues addressed

All projects making progresses and entering the pre-
production/production phase

The schedule is tight, but we are on track to make it

(more details in backup slides)
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EXPERIMENT

Why we are doing that ... ATLAS

3 ab~! per experiment (14 TeV)

ATL-PHYS-PUB-2025-018/ A o ATLAS+CMS .j
o 12 . . Jl Projections ESPPU 2026 ‘ "
c ATLAS +CMS Projections ESPPU 2026 6l 2 i !
IS lol V5=14TeV,3 ab~! per experiment | el - i i
= SM HH production (k) = 1) o
5 | 1l
D o : ik
s O mum bbbb 5 | l
'f-j mam bbyy e |
2 6t mem bbtt ol i !
g7 mmm Combined '
T =1 g B i 95%Cl |
T 4l _ZF i 68%Cl
B3 1 0 1 2 3 4 5 6 7 8
2-
o $O'gmno-lllll|I|i|}l|l|||w
20 2026 M
ESPPY 30007 ESPPU 2 10 1 2 3 4 5 6 7 8
RN-20
(CE K:t;rue

Among the main physics goals of the HL-LHC program one is the Observation of the HH process and measurement of

the Higgs boson self-coupling with a 30% accuracy = we need 3ab™ good for physics to achieve them

. N Parallel Session talk by Yimmin Che
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Conclusions ATLAS

EXPERIMENT

> The ATLAS experiment continue to provide outstanding contributions to elementary
particle physics:

> Precision measurements as test of the foundations of the SM: steady improvements brought by the
ingenuity of our collaborators investing resources in innovative analysis techniques, including the

physics objects identification and calibration

> A broad BSM search program: deeply explore the well-motivated models (SUSY, dark matter and
dark sector, qguantum black holes), but also look for the unexpected no stones unturned (model

independent signals, LLP and AD, etc.)
> Already profiting of the wonderful Run 3 data set with timely release of high-profile results

> A bright future is in front of us thanks to the HL-LHC and Phase |l upgrade projects ...
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Addressing fundamental questions ...

Fundamental questions in particle physics

Is the BEH mechanism the (only) responsible of the EW
symmetry breaking?

ATLAS

EXPERIMENT

ATLAS physics program

Are the Higgs interactions as described by the SM and
the only origin of all elementary particle masses?

Measurement a wide range of processes at energy
scales up to few TeV involving jets, W, Z bosons, Top
quark

Is the Higgs boson an elementary particle, and the only
elementary scalar?

What is the origin of the matter-anti-matter asymmetry
(1st order phase transition + CP violation needed)

Cosmological implications of the SM (Higgs potential)

Precisions Tests of the EW sector and measurement of
“input” observables: my, sin?(0y), o, My, My

Measurement of the Higgs boson properties and
interactions wit other SM particles (including self-
interactions)

Search for BSM phenomena in model driven and model
independent approaches

What is the origin of dark matter?

Is QCD correct and what are the properties of the Quark-
Gluon plasma?

717125

F. Cerutti LBNL - ATLAS Highlights

Study of flavor physics and CP violation in B-sector but
also in the Higgs and EW sector

Study of the quark gluon plasma in heavy ion collisions

Search for direct production of dark matter particles
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This talk ...

ATLAS

EXPERIMENT

QCD Observation of double parton scattering in same-sign W boson pair production Search Search for resonant SH—bbyy
EW MRS o pa e Search Search for Higgs boson decays to scalars decaying to 4b or 6b
EW Modeling of longitudinal-longitudinal polarization in ZZ Search Search for DM in association with dark Higgs in 3b and 4b final states
Top Measurement of ttyy . . . o

Search Search for single production of vector-like quarks decaying into W(£v)b
Top Differential cross sections in WbWb
Top Top pole mass in tt+1jet Search Search for resonant leptoquark production in lepton+jet signatures
Top Observation of cross section enhancement at tt threshold

. . , . Search Search for squarks and gluinos in events with taus, jets, and MET

Higgs | Higgs couplings combination
Higgs | CP.in Higgs VBF production with H—Tr1 Performance Identification of boosted Higgs boson decays to collimated tau pairs
Higgs Evidence for H—uu Performance Statistical uncertainties in jet eta intercalibration
Higgs | Search for H—Zy

Performance Study of deep-learning flavor tagging with integrated gradients
Higgs | Search for di-Higgs decaying to bbyy

21 NEW results for EPS
102 papers submitted to journals in the last year
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Radial flow in Pb+Pb

ATLAS

EXPERIMENT
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> At LHC Pb+Pb collision produce quark gluon plasma: a state of matter where quarks and gluons are deconfined with a fluid-like behaviour

> Measurement aiming to study collective effects in the isotropic QGP expansion “radial flow”: new observable vy(p;) study the correlation

between the fraction of particles in a given pl range and the average p; in each event

> Collective behavior proven by three key signatures:

717125

> Radial flow factorization in (reference) pr
> No dependency on rapidity gap (long range)

» Centrality independent shape (at low pT)
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https://arxiv.org/abs/2503.24125

Observation of ttyy process

> Study production of top anti-top in association with tow prompt y
> Very rare process: expected cross-section ~ few fb

> Select events with 1 leptons, 2 isolated photons and at least 4 jets

of which at least one b-tagged

> Use BDT based on photon and other event variables (19 in total)
to enhance backgrounds rejection (mainly fake photons in tt

events)
> Measured fiducial cross-section o(ttyy) = (2.42*%°8_; ., ) fb
> Prediction from LO MC 1.5*%4 , . fb x estimated k-factor ~1.7

> Observed significance 5.2c
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Events

Data / Pred.
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EXPERIMENT
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Observation of ttbar cross-section enhancement at threshold

ATLAS

EXPERIMENT

> Top-quark pair production at threshold (m;~2m~350 GeV):

> of colour-singlet, S-wave, pseudo-scalar quasi-bound-states (Toponia) with

masses just below the production threshold. Given the small top lifetime

Fuks et al.
these states do not form a BW resonances but rather a cross-section

[ No re-weighting, p* <50 GeV =
1014 ""5i No re-weighting, p* <100 GeV

enhancement [1 Re-weighting, p* <50 GeV

1”775 Re-weighting, p* <100 GeV

> This is study uses an improved MC modeling of NR-QCD effects

100_

do [fb/bin]

described via the re-weighting of the tt production MEs through the

non-relativistic QCD Green’s function (Fuks et al.)

10—1_

330 335 340 345 350
W [GeV]
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Observation of ttbar cross-section enhancement at threshold

x ATLAS

EXPERIMENT

- NP shifts
= olfp0i}
ofg"p o
with p the linear corr. coef.

ttnracp parton shower
tinraco ISR
tt decay and off-shell (corr.)
tt NNLO QCD rew.
jet pileup p topology
tt decay and off-shell (SR1)
tt FSR
b-tagging (B) EV4
luminosity
y CR-Z bin1
tt decay and off-shell (SR7)
b-tagging (B) EV5
tt parton shower (SR1)
tt decay and off-shell (SR2)
b-tagging (B) EVO
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—— PH7 hvq tt

—— PP8bb4? - tW DS

—— PP8 hvq i + ttnracp
PP8 hvq tf + ng

Dilepton, nominal predictions, pre-fit
mg € [300,500] GeV

ATLAS Simulation Preliminary 140.1 fb~! (13 TeV)
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Fraction of events / 0.04

Search for HH-> bbyy

T T T T T T T T T T T T T T T Lr) I T T T I T T T I T T T I T T T I T T T -
= T T T | ] N r
[ ATLAS —— HH(SM) ] = . ATLAS —— HH (SM) ]
—_ _ — =+ HH (BSM)
10E vS=13/136TeV, 140/ 168 fb-" g:;ESHW . P 10¢ \/§=13_/13.6Tev,140/168fb1 Single H E
- HH - bbyy pre-selection vy +jets ] S - HH - bbyy pre-selection Yy +jets ]
[ High-mass region ¢ Datasidebands ] o - Low-mass region ¢ Datasidebands .
© - _
1 = c 1 = 3
= 3 o r ]
Fo ] ° L h
B = & . i
u _ T . i
10_1_ ° == 10_15— o FFHL-EE
= . 3 o ®e 3
- 3 . i i r () o P‘_‘-‘—_—‘_'_—‘—ld 1
B .
i - * L) ¢ __rff--—':'_r j 2_ ¢ (R LI |_L’J_"-‘;"::— _+¢ ++#++ 1
-l J_ —2| 3 =
I b g ¢++ b I 10 = $ +¢ 444t o i
2 ¢ t b, g 1
B | | | | L | | | L | | | ! | l | | | * 1 1 I | 1 I I | 1 I Il | 1 I 1 | I | 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BDT score BDT score
—e— Observed limit
ATLAS ---- Expected limit (Upy = 0)
Vs =13/136TeV, 140/168 fb~1 Expected limit (Upyn = 0) +20
_ Expected limit (uyy = 0) £10
HH - bbyy —#— Expected limit (upy = 1)
o Expected limit (uyy = 0)
JHEP 01 (2024) 066
Exp. Exp.
005 (14 = 0) (i = 1)
f i
Run 2} ' *o i 48 42 55 ,
] |
I
| i
Run 3} P \ 58 38 50
1 |
i i i
Combined i I 38 26 3.7 g
0 2 4 6 8 10 12 14 16

95% CL upper limit on ppy

CERN-EP-2025-140 sub. PLB

ATLAS

EXPERIMENT

Physics Briefing

95% CL: Ky € [-1.8, 6.9]

95% CL

68% CL

- [ -
L ATLAS ---- Expected [/ -
i i
[ VS=13/13.6 TeV, 140/ 168 fb-" Observed /]
[

HH = bbyy, Koy = 1 Observed [

\ 68% CL: kj € [-0.4,5.1] [
a 95% CL: k) € [-1.7, 6.6] FE
[ Expected J i
\ 68%CL: Kk € [-0.6,54] /; -

9 9999999999999

\

9 9999999999999

A

> Higgs boson self coupling modifier k, €[-1.7,6.6] @95% CL (assuming all other couplings are SM like)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
https://atlas.cern/Updates/Briefing/Higgs-Self-Interaction-Run-3
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H-2pup

ATLAS

EXPERIMENT

» Signal extracted via an analytical fit to m , spectra

> Bkg. Modeling based on Core x Empirical analytic fit or

spectra
> Core DY same for all categories (no free DOF)

> Empirical: flexible enough to adapt to mass distortions
caused by selection, between 1 and 4 shape DOF depending

on category (plus normalization)

> Required good quality fit on: MC, data SB, MC systematic

variations

> Uncertainties implemented via Spurious Signals (signal
yields obtained from a fit to the background-only MC

spectra) =2 Kept below 20% stat. uncertainty

F. Cerutti LBNL - ATLAS Highlights

Events / 2 GeV

HixPower0

/ Bkg. fit

Sim.

= T T T T
[ ATLAS Simulation

[ Vs=13.6TeV

: H—up

[ . VBF High Category

T T T
¢ Simulation
— Total pdf
-------- Core pdf
—— Signal pdf

x3n.df. =1.10
p(?) = 34%

0.8

C 1 I 1 | 1 1
110 115 120 125 130 135 140

L 1 1 ]
145 150 155 160

m,, [GeV]

Uncertainty source Au
Statistical uncertainty -0.40 +041
Systematic uncertainty  -0.12  +0.15
Spurious signal -0.09 +0.09
Theory -0.07  +0.10
Luminosity -0.02  +0.04
Muon -0.02  +0.04
Jets, flavor tagging -0.01 +0.01
Other -0.02  +0.03
Total -0.42  +0.43
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H 2 pp

ATLAS Vs=136TeV, 165" H— uu
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7/7/25 Analysis categories

Run 3:¥s=13.6 TeV, 165 b

Run 2 + Run 3 tH categories ——=8—
Run 2 + Run 3 VH categories
Run 2 + Run 3 VBF categories ——

Run 2 + Run 3 2-jet categories —fo—

Run 2 + Run 3 1-jet categories —e—

Run 2 + Run 3 O-jet categories —@—
Combined Run 2
Combined Run 3

Combined Run 2 + Run 3

ATLAS Run2:¥s=13TeV, 140 fo™
H— —e— Total Stat. [ Syst.

Run 3 tiH categories IE

Run 3 VH categories l =

Run 3 VBF categories —El—l

Run 3 2-jet categories —E=—

Run 3 1-jet categories ——

Run 3 0-jet categories —Es—

1.1 26 ( _25" 10-8)

+3.4 +1.4

——F

60 _55 (£31,_479)
1007 (£07, 193

+1.0 +0.4
1-6 _0.9 ( iO-g ) _0.3 )

+09 +03

08100209, T05)

12406 (£06, 797

Total Stat. Syst.
1.3+£35 (+£34,+£1.1)
31+43 (+4.1,+13)
03 +09 (09, +£0.2)
33+13 (+x1.2,+06)
13+12 (+12,£04)

2013 (+12, £05)
+2.8 +2.7

16£06 (g5 ,+02)

1.4 +0.4 (£0.4, £0.1)

-10 -5 0 5
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10 15
Signal strength

ATLAS

EXPERIMENT
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H-=> Zy

ATLAS

EXPERIMENT

> Important to timely check with Run 3 data, need 2022-2024 sample ~165fb-1

> Select 2 isolated leptons compatible with Z-># (e,u) (10 GeV mass window)

and isolated photon

> Relative to Run 2 analysis:

> Improved mass resolution including FSR

> Improved categorization 13 categories 1 3L (target VH, ttH), 2 VBF categories, 5 BDT-based

categories x 2 lepton flavors

» Signal extracted by analytical fit to the m,, spectra (13 cat.)

> Background modeling functions and systematics based on Spurious Signal

test (S+B fit on bkg.-Only templates) 2 mainly of statistical nature, kept small

relative to stat. unc.

> Other systematics includes signal modeling and main exp. uncertainties

717125
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N

)

> Lepton

Yes
VBFT

> BDTyge = 0.96 No
Yes VBFL

Yes
electron channel BDThRelpT-ce > 0.65 HRelpT-eeT

No
HRelpT-eeL

Yes

m BDTjRelpTup = 0-58 HRelpT-puT
No

HRelpT-ppL
Yes

electron channel BDTiReipTce> 0.85 LRelpT-ceT

No LRelpT-eeM

-LReIpT-eeL

il

Pre-Selected
Events

Yes

) RepT T
VBF region T => Tight Yes
No LRelpT-ppM

M => Medium
HRelpT region | | => [ oose
- HRelpT => High Relative pT
LRelpT region | | Re/pT => Low Relative pT

LRelpT-ppl

BDT, Rejpr-ps = 0-60
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ATLAS

EXPERIMENT

H-—> Zy

Category Data S B S/B[107%] S/VS+B Uncertainty sources Au
Lepton 168 2.6 173 1.5 0.20 _ , Expected Observed
VBFT 5 28 3 93.1 1.16 gtatlstlc@ uncertalr}ty 812 g?;,
VBFL 67 5.1 68 74 059 e e o o1
purious signa . .10
HRelpT-eeT 19 22 20 11.0 0.46 QCD scale, PDF+asg, parton shower 0.09 0.06
HRelpT—eeL 139 52 135 39 0.44 Branchlng ratio 0.08 0.05
HRelpT-puuT 58 4.4 50 8.7 0.59 Luminosity 0.05 0.03
HRelpT-uuL 154 43 142 3.1 0.36 Photon efficiency 0.05 0.03
LRelpT-eeT 607 162 593 27 065 Jet _ 0.04 0.07
LRelpT-eeM 6191 51.1 6161 08  0.65 gzgggg Z‘gcf;"c“’“ energy scale and resolution 883 83;
LRelpT-eeL 29463 424 29509 0.1 0.25 Moon Y 002 <00l
LRClpT-/.t[.lT 241 8.9 233 3.8 0.57 Trigger 0.02 < 0.01
LRelpT-uuM 6093 61.1 6032 1.0 0.78 Total 0.70 067
LRelpT-uul. 38378 64.8 38635 0.2 0.33
Inclusive 81583 271.1 81754 0.3 0.95
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Run 2 Higgs coupling combination

ATLAS

EXPERIMENT

Analysis Prod. L Reference STXS Improvements
modes (b1 stage  relative to Ref. [5]

H — yy All 140 [13] 1.2 -
H—ZZ7Z" - 4¢ All 140 [14] 1.2 -

H— 11 All 140 [15] 1.2 Reanalysis
H— WW* - ¢vlyv ggF,VBF 140 [16] 1.2 Reanalysis
H—> WW*— ¢vfv VH 140 [17] 1.2 Full Run 2
H — bb VBF 126 [7] 1.2 -

H — bb, cc VH 140 [18] 1.2 Reanalysis
H — multileptons ttH 36.1 [6] 1.2 -

H — bb ttH 140 [19] 1.2 Reanalysis
H->T1t VH 140  [20] 0 New analysis
H— Zy All 140 [21] 0 -

H — uu All 140 [22] 0 -

7/7/125

T T | T T T T | T T T T T | T T T T I T T T T T T

ATLAS Preliminary Fe-Total Stat.

Vs=13TeV, 36.1 - 140 fb” EmSyst. | sm

m, =125.09 GeV, ly | <25

P, = 68% Total Stat.  Syst.
bb 089 0¥ (soor, 202y
ww 2] 1.14 ig:;g ( 005, +008)
7 |g|3| 099 “ol0 (o007, 909
zz |-;I|H 1.01 sot10 (00, To0)
yy = 1.05 <000 (006, o)
zy : —— | 206 ‘05 (fogm. o)
Hu == 120 0% (so0ss, ‘012)
1 1 I 1 1 1 1 I 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1

0 1 3 4 5
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Branching ratio normalized to SM value
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Run 2 Higgs coupling combination

| Sanas

ATLAS Prellmlnary eData (Total Unc.) EJSyst. Unc. Bl SM prediction
{5 = 13 TeV, 36.1-1401b ', m, = 125.00 GeV, Iy <25 p_ = 84%

-5 0 5 10

I 1 I 1 | I 1 | | | | | | | | | I 1 | 1 I 1 I 1
tH -
iz A s | ]
ttH . B
ggF+bbH - g [ ]
7 =
VBF . Iﬁ HH .
wH| HAA S 2 Lo . e e
ZH l@.l L1 | ' % II-?-! | | I-EI-| | | || | ] | I | I I |
bb W ot zz Yy ot Zy cc

¢ x B normalized to SM prediction
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Run 2 Higgs coupling combination

717125

vev

m,

or %y

FVev
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1072

T
ATLAS Preliminary
Run2:¥s=13 TeV, 36.1-1401fb"
Run 3: {s = 13.6 TeV, 165 fo'

my; =125.09 GeV, ly, | <2.5

¢ Run2: x,=x,

+ Run 2: «, = free param.
$ Run2+ Run3: k, = k,
SM prediction
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ATLAS

EXPERIMENT

[ This analysis ATLAS Preliminary
Nature 607 52 (2022) Run2:¥s=13TeV, 36.1 - 140 b
© Run3:ys=136TeV, 165"
I Run 3 + Run 2 combination =k,
K, -14%
KW '1 8(70
K, -26%
Kb -1 5c70
K, -14%
K“’ '370/0
Kq -14%
K, 1%
KZY -48°/o
0 0.1 0.2 0.3 0.4 0.5 06

Expected uncertainty
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Main Effective

Production Loops Resolved modifier
interference  modifier
o(ggF) v t—b Kg 1.040 k7 +0.002 &% — 0.038 k; k5 — 0.005 &, &
o (VBF) - - . 0.733 k3, +0.267 k%
o(qq/qg = ZH) - - - K%
2.456 % +0.456 k7 — 1.903
o(gg — ZH) v’ t-Z - Z ke Kzk
=0.011 kzkp +0.003 «, &5,
o(WH) - - - K3y
o (ttH) - - - K2
o (tHW) . t-W - 2.909 k7 +2.310 k3%, — 4.220 k,kyy
o(tHq) - t-W - 2.633 k% +3.578 k%, — 5.211 kkw
o (bbH) - - - K%
Partial decay width
kb _ R R K127
2
| adad - - - Ky
rss v’ t-b Kg l.lllK,2+0.012K12,—0.1 K¢Kp
| _ _ ~ K%
z 2
rz - - - K7
l"C(‘ - - - K2
1.589 k3, +0.072 k7 — 0.674 kK,
v v t-W < +0.009 kK + 0.008 Ky &p

—=0.002 k;kp — 0.002 K,k +

rz v t-W Ky, L1185, = 0.125 kwk; +0.004 7 +0.003 kwp
[ss . - - k2 (=«2)
HH - - - Kf,
Total width
0.581 &7, +0.215 k3, +0.082 k3 + 0.063 k%
Tn v - re +0.026 17, + 0.029 k% +0.0023 £2

717125 +0.0015 k2, +0.0004 2 +0.00022 &




The Phase Il upgrade program ATLAS

* ITk Pixel
* Pre-production and production underway, incl. sensors, ASICs, on-detector local supports

* Solving (small) residual technical issue

ITk Strips
* Pre-production and production underway, incl. sensors, ASICs, on-detector local supports

* Main technical issue (sensor cracking) solved adding Kapton interposer

HGTD:

* sensor production started, solving technical problems on ASIC wafer probing
Muon spectrometer:

* sMDT very advanced, testing final choice for RPC (trigger) electronics
Calorimeter electronics:

* |n production of electronic components
TDAQ:

* Finalizing prototype for final readout system (FELIX) and LO global trigger

* Progresses on the choice of the Event Filter tracking technology

The schedule is tight, but we are on track to make it

717125 F. Cerutti LBNL - ATLAS Highlights



Phase |l upgrade highlights

—

ITk strip ASIC production quasi-complete;
endcap and barrel staves under production;
irradiation tests; thermal cycling tests

"

Major progress with CO2
cooling plant for ITk & HGTD
Infrastructure installed at P1

P —

ITk pixel module production
ramping up; DAQ setups
ready for testing

HGTD LGAD sensors
in production,
continued tests

with demonstrator—I

Moving from preparing to producing!




Phase Il upgrade highlights ATLAS

EXPERIMENT

New LAr electronics allow improved ML-based
energy reconstruction

10°

= 15 = S 16 =
[0 AREUS Simulation 16 c 8 AREUS Simulation . g
o EMB Middle (n.¢) = (0.5125, 0.0125) 32 = EMB Middle (n,0) = (0.5125, 0.0125) 14 o
£ <u> = 140, E* > 240 MeV 14 % 3 <u> = 140, E™° > 240 MeV =z
w OF with MaxFinder Q - 3-Conv CNN 12 8
3 : : 12 8 3 N
g - g g - 1 g
i} 1 5 & S
08 = 08 Z

- 0.6 0.6

0.4 5 0.4

. 0.2 ER 0.2

Default CNN based
10 20 30 40 50 60 70 80 90100 0 ' 10 20 30 40 50 60 70 80 90100 0

Gap [BC] Gap [BC]

Comput Softw Big Sci 5, 19 (2021)

-
o
w

Progress in all TDAQ aspects; Prototyping continues for hardware
components; Event Filter technology choice coming up later this
year: GPU and FPGA accelerators under consideration.

Graph Neural Walkthrough

Metric s w7
Leaernmg R # Network .' on o P 4
> i o K \ ' ”
: ot : vt : % - N ) 'A{.A Connected
: SN " g ,//3 \ Components
Module 0%.) / el b ‘ ’/j Junction
Map &y vk v

Removal

Hits Graph Edge Scores Track Candidates

Graph Edge Graph
Construction Labeling Segmentation

Very active algorithmic development for all platforms !

TileCal electronics steadily progressing;
— Demonstrator set up operating in Run 3
proven to be extremely valuable.

Good progress across all muon
system upgrades: replacement of
on-detector electronics for MDT, RPV
and TGCs; new small MDT chambers
under commissioning; TGC —
chambers built; power system
prototypes under testing




