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ATLAS data
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¢ Smooth LHC and ATLAS running recorded ~207 fb! in Run3
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* ATLAS has already published > 1400 papers

Month in Year
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* Great amounts of work have been dedicated to reconstruction, calibration and performance study

* Physics analyses are carried out from different perspectives: new channels, new theoretical motivation, ...

* Run3 data has already been analyzed !




Excellent calibration & performance

Energy scale uncertainty
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> The excellent performance requires excellent calibrations:

> v: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 ~2%(3%)

Jet flavor tag:

* Traditional approach (DL1r): track-based low-level quantities followed by high-level multivariate

classifier
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* New approach (GIN2): direct process trk and jet info, additionally reconstructing jet internal structure
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Higgs Physics
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HH->bbyy

arxiv:2507.03495, submitted to PLLB

* Probe Higgs potential: self-coupling, ...

* Significance improvements compared to Run2 result:

* 20% from new b-tagging based on transformer neural network (GN2)
* 5% from kinematic fit
* 50% from additional data

10% from category optimization

* Observed pyy = 0.9713_;  (stat.) T00_y 5 (syst.) ;
* Significance: 0.8c(obs)/1.00c (exp)
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H->Zy

arxiv:2507.12598, submitted to PLLB
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* BR(H->Zy)/BR(H->Yy) is sensitive to new physics, via
contributions in the loops

* Would complete the suite of H decay into gauge boson
pairs (yy, ZZ*, WW*)

* What is new in Run 3 in addition to higher E, xsect and
more data:
* Relaxed pT cut for muon and photon
* 13 mutually exclusive categories (first time with multi-I’s)

* MVA (XGBoost), replacing previous cut-based selection

] Run 2+Run 3(up to 2024): 140 tb-1, 165 fb-1
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Run3: p = 0.9%%7 4 , significance: 1.46(obs)/1.56(exp)
Run2+Run3: p = 1.3%%¢ 5 | significance: 2.5G6(obs)/1.96(exp)

Sensitivity improved by 61% relative to Run2, 20% relative to
ATLAS+CMS Run2 combination
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H->pp

arxiv:2507.03595, submitted to PRL

* Opportunity to first observe H coupling to a second- Run 2+Run 3(up to 2024), 140 fb1, 165 fb
generation fermion > e
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1 2 400F
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Signal strength


https://arxiv.org/abs/2507.03595

Standard Model

Total production cross section [pb]
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* Rich program at the LHC covers many
aspects of the Standard Model
* Non-perturbative & Perturbative QCD

* Tests/extraction of strong coupling constant
and proton structure

* Precision measurements of SM parameters (my,
my, sin’thetay, m,,)

* Measurements of rare processes and
differential cross sections at high energies to
probe vector boson and top couplings

e Precision measurements of the SM
parameters offer indirect searches for new

physics




W=Z, cross section

arxiv:2507.03500, submitted to JHEP

* Sensitive to gauge boson self-interaction, related to non-Abelian structure of EW

interaction

* Directly probe TGC, in particular WWZ gauge coupling

* Explore additional sources of CP violation

* (Constrain anomalous interactions

* 15 observables are compared with state-of-the-art predictions

* Measured inclusive cross-section in the fiducial region:
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https://arxiv.org/abs/2507.03500

ttbar near threshold

ATLAS-CONF-2025-008
* In low kinematic regime, ttbar are largely in colour-singlet and
maximally entangled.
. . . . 4107 : : : : : : : :
* Formation of colour-singlet, S-wave, quasi-bound-states with 3 | arLaSPreiminay = s v :
Q 12-V5=13TeV, 140.1 fo™! = ! —
. . © L ! _ . Z+jets ¢ ata i
masses just below the productlon threshold 2 | POWHEG V2 hvg + PYTHIA 8 , posti E ’F;er o Totelunceriainy ]
S0 1< Chan <-4 1 <Chan <) 1 <Chan<1 E

* Local enhancement with width well below experimental resolution 08  tcomcd | h<om<l | A<om<d | ~1<omcd |

| A<Cha<1 | -1<Chai<—y | —3<Chea<y | $<Cha<1 ]

* Stringently probe QCD in non-relativistic regime (NRQCD)
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e Relv one m,, and two angular variables, sensitive to spin-
y tt 5

correlations: —

2 T —— u(tinracp) = 1.40 .
* 9 SRs based on ¢, and ¢, PR SOV S S FUSEIE SUPUUNIN 2= - PUD "= BUSE U =~ S0
a T

. . . . ~2500 T . ‘
 Combine pQCD tt MC and NRQCD, with the normalization of T 105k E3 E T T T T T
. . N S TrC- 1 B SR I TUNEL T 3 TE -« DUt
NRQCD as a free floating parameter in fits A R e e A Fa e < § M At S
0951~ -+ = - - = -+ T == prefit =
. . . 360 40 350 450 350 450 30 450 3B0 450 FO 40 B0 450 350 p45cf) 350 a0
* X-section(ttyroep)= 9.0 £ 1.3 pb, significance: me[GeV

7.76(obs)/5.7c(exp) -> NRQCD is observed !

» Next: Further characterization of the excess and quantify off-
shell top decays, resummation, ... 10
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BSM searches

The Standard Model

lNhat The Universe Is Made Of

DARK MATTER
b = B

21%
‘~ ,L AL 7/
v, DARK ENERGY

:::-” r neutrino V’ neutring y’

~ Brr.

antimatter

matter

* Tremendous success has been achieved by the SM. There
are, however, too many free parameters. And some
fundamental questions remain unanswered.

* Why 3 generations of quarks & leptons
* Hierarchy problem

* Dark matter/energy

* Many extensions to the SM aim to solve these problems,
which generally predict new phenomena: new resonance,
non-resonance, ...

* HVT, Compositeness, Extra dimensions, SUSY, ..

* 22, W, Leptoquarks, long-lived particle, ...

11




Leptoquarks (LQ)

arxiv:2507.03650, submitted to JHEP
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* First LHC search for resonance LQ) coupling to e’s & s

= - =
AR . — s
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I
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* State-of-the-art NLO of lepton parton PDFs i, [GeV] iy GoV)

| ATLAS
| Vs=13TeV, 140 fo!

* Four orthogonal channels—e + light-jet, u + light-jet, e + b-jet, e
and § + b-jet: each has 11. and 2L regions  Suo kb bietchame

—.—

* Exploit the lepton content of the proton

ybp
N

* Constraints on scalar LQ improve at large coupling:
o etlight jet: 0.25
* ptlight-jet: 0.7 1

* (Other channels: >1 1000 1500

All limits at 95% CL

= QObserved limit

= = Expected limit
106y

20

=== ATLAS LQ pair prod.

JHEP 10 (2020) 112

2000 2500 3000 3500 4000
m(S+) [GeV]

12


https://arxiv.org/abs/2507.03650

SH->bbyy

ATLAS-CONF-2025-009

Probe extended Higgs sector: small mixing between H and additional scalar bosons

Main changes compared to Run 2 result: JHEP 11 (2024) 047

* Improved reconstruction, identification and calibration

* Retrain discriminating variables and improved SR definition

Sensitivity improved by 15-73%: more effective in low-mass region

* Run3 data contributes 9-30%

Joint Ph.D between Marseille U.-CPPM and SJTU through CSC: Xi Wang

* A main analyzer on Run2 SH paper

* Co-supervisors: Emmanuel Monnier; Elisabeth Petit; Jun Guo
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Summary & Next

* Relentless etforts have been made by ATLAS to explore the potential of LHC in advancing our
knowledge about nature, productive with excellent results covering different aspects
* High precision achieving in measuring Higgs, EW] Top, ...

* New scenarios and higher mass are probed in BSM search

* Phase II upgrade is undergoing to make the detector keep up with the upcoming HL.-LHC running

* 200 interactions/bunch crossing to reach 3 ab™!

* More data (Run3, HL-LHC)and new analyzing techniques will shed more light on the way forward

LHC HL-LHC

EYETS 13.6 Tev Ls3 13.6 - 14 TeV
13 TeV —— CT\ETC]Y
Dlodes Consolidation
splice consolidation imif LIU Installatl =}
7Tev 8TV button collimators aracion neeEn inner triplet bt
R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
IIIIIII@
ATLAS - CMS ./-——-———‘l
rad 1 5t07.5
ixpenn:ent Mo RS A-I;'II_AS -ra%rs x nominal ?_UITII
e o nominal Lumi 2 x nominal Lumi ALICE - LHCb ! 2 x nominal Lumi | uPg
75% nominal Lumi upgrade
luminosity NIV

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY e PROTOTYPES / CONSTRUCTION ’ INSTALLATION & COMM. | PHYSICS

14



Backup

15



SUSY tau+X

arxiv:2507.00296, submitted to EPJC

Run 2+Run 3(up to 2023), 140 fb!, 51.8 fb'!

‘(L) 25 T T T T T T T T T T T T T
q V/T 5 ATLAS ¢ Data %4 SM £ 16 = -GG 1200 1000
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A natural solution to the hierarchy problem

Target pair-production of gluino and squark, in 3 channels depending on
number of hadronic t’s: I TAUOLEP; 1TTAU1LEP; 2TAU

Two strategies: cut-and-count; machine learning

Improvements: enhanced calibration and identification algorithms, data
sample, ML
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Gluino masses below 2.25 TeV and squark masses up to 1.7 TeV are excluded.
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http://arxiv.org/abs/2507.00296

Phase 11 upgrade

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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