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A Toroidal LHC ApparatuS
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• layered detector surrounding the interaction point: central tracker inside of a solenoid, 
calorimeters  and an independent muon spectrometer with superconducting toroids 

• fast triggering on interesting signatures


• precise reconstruction of 


• collision vertices


• photons and electrons


• muons 


• taus 


• jets 


• missing transverse momentum


• identification of heavy flavour jets



Performance with Run-2 data set 
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ATLAS Run 2 pp data set
• Run 2 (2015-2018) recorded after Run 1 data set (2010-2012) 


• 95.6 % data quality efficiency 


• most results in this talk: 139 fb-1 data for physics analysis at √s = 13 TeV
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Final luminosity for Run 2 pp

• based on complimentary 
measurements from LUCID, Inner 
Detector and Calorimeters


• absolute calibration of LUCID from 
dedicated vdM scans each year 


• final result for standard high pileup 
sample Lint = 140.1±1.2 fb-1 


• unprecedented uncertainty of 0.83%


• 0.9% achieved by second-generation 
ISR experiments  

•
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arXiv:2212.09379 (Submitted to: EPJC)
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https://arxiv.org/pdf/2212.09379.pdf


• trigger algorithms and selections optimised to cope with pile-up 
conditions


• continuous improvements of identification and calibration of 
reconstructed objects
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Run 2 performance highlights

Eur. Phys. J. C 80 (2020) 47

electron trigger efficiency muon identification efficiency

Eur. Phys. J. C 81 (2021) 578

Eur. Phys. J. C 82 (2022) 223

high pT hadron calibration with W→τ→π
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• excellent MC modelling with 
correction factors (generally 
close to 1) measured in data

https://arxiv.org/pdf/1909.00761.pdf
https://arxiv.org/pdf/1909.00761.pdf
https://arxiv.org/pdf/2108.09043.pdf


MV2: BDT combines the outputs of low-level taggers 
IP3D, SV1 and JetFitter 
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Run 2 flavour tagging
arXiv:2211.16345 (Submitted to: EPJC)

DL1r : Deep  feed-forward neural network uses the 
same inputs and multi-dimensional outputs - P(light), 
P(c-jet), P(b-jet) 


DL1r substantially outperforms all low-level 
taggers across the 𝜀𝑏 range!
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Per-b-jet tagging efficiency increased 


70% → 77% 


(HH analyses example: x 2 or 4 b-jets per event) 


https://arxiv.org/pdf/2211.16345.pdf


Tau identification
RNN

employs information from 
reconstructed charged-particle 
tracks and clusters of energy in the 
calorimeter associated to 𝛕had-vis 

candidates as well as high-level 
discriminating variables

Factor 2 performance improvement 
compared to BDT ID 


Per-tau efficiency increased: 


1-prong: 75% → 85% 


3-prong: 60% → 75% 
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ATL-PHYS-PUB-2019-033
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https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf


Run-2 Physics Highlights
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• SM


• Top


• B physics


• Higgs


• HDBS


• Exotics


• Supersymmetry

{
Summary of ATLAS 13 TeV  using the full Run 2  pp dataset

Tuesday, 17:20 Search for BSM  Physics in ATLAS - Rafael Coelho Lopes de Sá

Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo

Tuesday, 17:00 Heavy Flavor results from ATLAS - Markus Cristinziani

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018
https://indico.cern.ch/event/1181208/contributions/5138716/
https://indico.cern.ch/event/1181208/contributions/5138719/
https://indico.cern.ch/event/1181208/contributions/5138717/
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ATL-PHYS-PUB-2022-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009/


• Differential dσ/dt pp→elastic cross section


• ALFA subdector : measure scattered protons with 
detectors located in roman pots ~240 m from IP


• special run ( ~340 μb-1) with β* optics = 2.5 km 


• measure Mandelstam ’t' distribution


• luminosity calibration from vdM scans


• From precise dσ/dt:


• ρ (real/imaginary part of elastic-scattering 
amplitude for t→0)
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Total pp cross-section

ρ = 0.098 ± 0.011


σtotal= 104.7 ±  1.1 mb 
(from optical theorem)

arXiv:2207.12246 (Submitted to: EPJC)

M.Donadelli Highlights from ATLAS - LISHEP 2023

https://arxiv.org/pdf/2207.12246.pdf


Observation of WWW production

• two channels: WWW→ 3l3ν 
and WWW→ 2l2νjj


• dedicated CR for background 
modelling, MVA analysis to 
enhance signal
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Phys. Rev. Lett. 129 (2022) 061803 

obs. (exp.) significance:  8.0 σ (5.4 σ)


inclusive cross-section:


820 ±100 (stat) ± 80 (syst) fb
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https://arxiv.org/pdf/2201.13045.pdf
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Observation of polarisation in WZ production
• 3l+ν decay mode  


• derive DNN sensitive to 00 - 0T/T0 - TT 
in 4 categories of |cos θ*lW | , |cos θ*lZ | 

First  observation of simultaneous 
production of longitudinally 
polarised W and Z bosons with 7.1 σ

joint helicity fractions in 
agreement with NLO SM


f00  = 0.067 ± 0.010

f0T  = 0.110 ± 0.029

fT0  = 0.179 ± 0.023

fTT = 0.644 ± 0.032 
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arXiv:2211.09435 (Submitted to Phys. Lett. B)

longitudinal-longitudinal (f00)

https://arxiv.org/abs/2211.09435


• 260 pb-1 dataset recorded


• done in dilepton and single-lepton 
final states + combination


• BDT used in single-lepton channel
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Top pair production cross section at 5.02 TeV 
arXiv:2207.01353 (Submitted to JHEP)

σtt(measured) = 67.5 ± 0.9 (stat.) ± 2.3 (syst.) ± 1.1 (lumi) ± 0.2 (beam) pb


σtt(predicted) = 68.2 ± 4.8 (PDF + αS)  +1.9 -2.3 (scale) pb

• good agreement with expectations to 4% precision


• measurement helps constrain PDFs
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Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo

https://arxiv.org/pdf/2207.01354.pdf
https://indico.cern.ch/event/1181208/contributions/5138719/


• t-chan (signature:presence of forward jet)
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Single top+photon observation arXiv:2302.01283 (Submitted to Phys. Rev. Lett.)

σtγq = 580 ± 19 (stat) ± 63 (syst) fb


σtγq (prediction) = 406  +25 -32 fb


Observed (expected) significance: 9.1σ (6.7σ)

M.Donadelli Highlights from ATLAS - LISHEP 2023

𝑡 → l𝜈𝑏

𝑡 → l𝜈𝑏

• 2SRs and 2CRs


• NN used to separate signal and background


• profile likelihood fit used to extract cross-section with 
free floating parameters for background

Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo

https://arxiv.org/pdf/2302.01283
https://indico.cern.ch/event/1181208/contributions/5138719/


• motivated by tetraquarks, in two channels        →


• find prompt  4μ  events with pT > 3,3,4,4 GeV


• ΔR < 0.25 between charmonia


• background from single parton and double parton scattering

16
M.Donadelli Highlights from ATLAS - LISHEP 2023

Observation of di-charmonium in 4μ states

• analogous to LHCb, broad structure 
at lower mass and a resonance 
around 6.9 GeV are observed

ATLAS-CONF-2022-040

Tuesday, 17:00 Heavy Flavor results from ATLAS - Markus Cristinziani

https://cds.cern.ch/record/2815676/files/ATLAS-CONF-2022-040.pdf
https://indico.cern.ch/event/1181208/contributions/5138717/


• improved momentum-scale calibration for muons


• event-by-event invariant-mass resolution of 4l system


• DNN used to discriminate signal 
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H→4l: precise mass measurement 
arXiv:2207.00320 (Submitted to: Physics Letters B)

Combination with 7 and 8 TeV result


mH = 124.94 ± 0.17 (stat.) ± 0.03 (syst.) GeV

https://arxiv.org/pdf/2207.00320.pdf
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Evidence of off-shell Higgs 
• predicted Higgs width of 4.1 MeV much smaller than the detector resolution


• measure the Higgs boson total width by exploiting the ratio between on-shell 
and off-shell productions

ATLAS-CONF-2022-068

obs. (exp.) 
3.2 σ (2.4 σ) 
exclusion of 
μoff-shell = 0

 ΓH  = 4.6+2.6-2.5 MeV

ATLAS-CONF-2022-068

• combination of ZZ →2l 2ν and ZZ → 4l  offers highest  sensitivity, exploiting 
the independence of off-shell cross section on ΓH 

https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf
https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf


• 4 different methods to construct 𝜑∗CP observable


• measurement performed in 24 SRs and 10 CRs
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CP properties with H→𝛕𝛕 arXiv:2212.05833 (Submitted to: EPJC)

obs. (exp.) ϕ𝛕 =  9°±16° (0°±28°)


pure CP-odd (ϕ=90°) excluded at 3.4 σ

• CP mixing angle extracted from 
simultaneous fit to all regions

• 𝜑∗CP angle is directly related to CP-mixing angle (𝜙𝜏) 
in the 𝐻 → 𝜏𝜏 differential decay rate 

https://arxiv.org/pdf/2212.05833.pdf


• cross-section measurements in 28 phase-space regions defined 
within the Simplified Template Cross-Sections framework 
(partitioned by production process as well as by kinematic and 
event properties)


• selected events classified into 101 analysis categories based on 
multi-class BDT
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STXS H→γγ arXiv:2207.00348 (Submitted to: JHEP)

μ = 1.04 +0.10 -0.09 = 1.04  ± 0.06 (stat.) +0.06 -0.05  (theory syst.) +0.05 -0.04  (exp. syst.)

https://arxiv.org/pdf/2207.00348.pdf


• 34 Wilson coefficients considered (out of 60) 


• dimmension-6 operators with significant impact on at least one STXS region


• coefficients measured individually while setting all the others to 0
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H→γγ (EFT) arXiv:2207.00348 (Submitted to: JHEP)

all coefficients 
compatible with 0 (SM)

https://arxiv.org/pdf/2207.00348.pdf
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Search for H→cc
Eur. Phys. J. C 82 (2022) 717

• targeting VH(→cc) with 3 channels: 
ZH→ννcc, WH→lνcc, ZH→llcc


• analysis strategy validated by simultaneous 
measurement of diboson  processes 
(VZ→cc, ZW→cq, q is down-quark)


• flavour-tagging: identification of c-jets and 
orthogonality with VH(bb)


• c-tagging + b-veto with efficiency WPs 
(DL1c,MV2)

• simultaneous fit of SRs+CRs using mcc 
for signal extraction + diboson 
analysis as cross-check


• uncertainty dominated by V+jets 
modelling and data statistics

• probing b/c universality: 
experimentally showing for 
the first time that H→cc  is 
weaker than H→bb coupling 
(mb/mc = 4.578 ± 0.008) 

obs. ratio |𝛋c/𝛋b| < 4.5 @ 95%CL 

obs. |𝛋c| < 8.5 @ 95%CL 

obs. (exp.)


(W/Z)Z→cc  2.6 σ (2.2 σ)


(W/Z)W→cq  3.8 σ (4.6 σ)


(W/Z)H→cc  26 X SM (31 X SM)

https://arxiv.org/pdf/2201.11428.pdf


• WH and ZH production through H→WW*→lνlν 
and H→WW*→lνjj  decays


• 4 channels
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Measurement of the VH (H→WW*) cross-section

ATLAS-CONF-2022-067

OS 2l SS 2l

3l
4l

σWH X BRH→WW* = 0.13+0.8-0.7 (stat.) +0.05-0.04 (syst.) pb 

σZH X BRH→WW* = 0.31+0.09-0.08 (stat.) ± 0.03 (syst.) pb 

https://cds.cern.ch/record/2842519/files/ATLAS-CONF-2022-067.pdf
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Higgs highlights:  10 years after discovery
Nature 607, pages 52-59 (2022)

μ = 1.05  ± 0.06 


   = 1.05  ± 0.03 (stat.) ± 0.03 (exp.) ± 0.04 (sig.th.) ± 0.04 (bkg.th.)

Search for H→µµ• ATLAS Run 2 results comparable to 2014 HL-LHC projections!

• a large number of Higgs production and decay modes have been established


• ttH with many channels (discovery in 2018), also closing on tH (H→γγ)


• excellent agreement with theory predictions

https://arxiv.org/pdf/2207.00092.pdf
https://arxiv.org/pdf/2007.07830.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
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ATLAS searches
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Search for Higgs boson pair production

• probe Higgs self-interaction (λHHH) and Higgs potential

• negative interference between main 
contributions: very small production 
cross-section σggF SM = 31.05 fb (~1000 
times smaller than that of single H)

• second leading production mode σVBF SM = 1.73 fb

κλ ≡  λHHH/λSMHHH
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HH →bb𝛕had𝛕had HH →bb𝛕lep𝛕had 
M.Donadelli Highlights from ATLAS - LISHEP 2023
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HH →bbγγ HH →bbbb
M.Donadelli Highlights from ATLAS - LISHEP 2023



• multiple search channels, trade-offs between BR vs final state


• results for the combination of the  three most sensitive channels: 
bbbb, bb𝛕𝛕 and bb𝝲𝝲
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HH combination bb WW ττ ZZ γγ

bb 34%

WW 25% 4.6%

ττ 7.3% 2.7% 0.39%

ZZ 3.1% 1.1% 0.33% 0.069%

γγ 0.26% 0.10% 0.028% 0.012% 0.0005%

arXiv:2211.0121 (Submitted to: Phys. Lett. B.)

• most stringent upper limit on 
HH production to date 

• bb𝝲𝝲 most sensitive for large variations of 𝛋λ 


• bb𝛕𝛕 most sensitive for 𝛋λ  values close to the SM


• bbbb most sensitive to VBF production and variations of 𝛋2V  

https://arxiv.org/pdf/2211.01216.pdf


• exploits direct sensitivity to 𝛋λ of HH and indirect 
sensitivity to 𝛋λ of single H through NLO EW 
corrections affecting single H production and decay
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HH + H combination
arXiv:2211.0121 (Submitted to: Phys. Lett. B.)

• study provides the most stringent constraints on 𝛋λ  to date


• 𝛋λ  interval less constrained in a more generic model 

https://arxiv.org/pdf/2211.01216.pdf


• alternative way to probe quark-Yukawa couplings distinct 
experimental signature (radiative decays)


• exclusive background: μμγ events through DY, MC modelling


• inclusive background: dominant, mostly multi-jet and γ+jets, 
data-driven modelling

31
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Exclusive H and Z decays into vector quarkonium + 𝝲
arXiv:2208.03122 (Submitted to: EPJC)

Tuesday, 17:20 Search for BSM  Physics in ATLAS - Rafael Coelho Lopes de Sá

• search also for H and Z → ω/K* + 𝝲 
arXiv:2301.09938 (Submitted to: Phys. Lett. B.)

https://arxiv.org/pdf/2208.03122.pdf
https://indico.cern.ch/event/1181208/contributions/5138716/
https://arxiv.org/pdf/2301.09938.pdf
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Searches for extended scalar sector

• motivated in many BSM models


• benchmarks: hMSSM and type-I 2HDM 

ATL-PHYS-PUB-2022-043
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https://cds.cern.ch/record/2827098/files/ATL-PHYS-PUB-2022-043.pdf


• search for new heavy scalars with flavour-violating decays


• couplings involving top quarks  𝞀tt, 𝞀tc, 𝞀tu


• events categorised by lepton multiplicity, total lepton charge and 
decay topology

33
M.Donadelli Highlights from ATLAS - LISHEP 2023

Generic 2HDM ATLAS-CONF-2022-039

• couplings scans  for heavy Higgs masses 
200 GeV < mH < 1000 GeV

• largest deviation 2.8𝛔 local for mH = 1000 GeV: 𝞀tt= 0.32, 𝞀tc= 0.05, 𝞀tu = 0.85

https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf


Heavy particles searches
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ATL-PHYS-PUB-2022-034

Tuesday, 17:20 Search for BSM  Physics in ATLAS - Rafael Coelho Lopes de Sá

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
https://indico.cern.ch/event/1181208/contributions/5138716/


• search in wide mass range: 200 GeV < mR < 6 TeV 


• Higgs-like narrow width, Georgi-Machacek, radion in the bulk 
Randall-Sundrum model, spin-1 have vector triplet, spin-2 graviton


• mT used for statistical analysis


• no significant excess over SM expectations
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Search for neutral heavy resonances in W+W- →eνμν
ATLAS-CONF-2022-066

https://cds.cern.ch/record/2842518/files/ATLAS-CONF-2022-066.pdf


• final state 2b and 2𝛕, with analysis subdivided into 𝛕lep 𝛕had, 𝛕had𝛕had 


• analysis strategy: MVA (PNN)→fit on PNN scores

36
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Search for pair production of third-generation leptoquarks
arXiv:2303.01924 (Submitted to: EPJC)

• previous ATLAS search in this final state surpassed  by 
more than 450 GeV for scalar LQs 


• improved 𝛕had and b-jet reconstruction and 
identification techniques, and a number of  analysis-level 
improvements


https://arxiv.org/pdf/2303.01294.pdf
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Search for H→invisible 
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• most sensitive channel among the five searches


• large ETmiss > 160 GeV


• 2 VBF jets not back-to-back in φ (Δφjj < 2, to 
suppress multi-jet)


• veto events with e, μ,γ


• VBF topology for 2 leading jets 


• ηj1. ηj2 < 0, Δηjj > 3.8, mjj > 0.8 TeV


• background estimation: V+jets from lepton CR


• 16 signal region bins defined in njet, ETmiss,mjj ,Δφjj 

38
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H→invisible in VBF+MET
JHEP 08 (2022) 104

𝔅inv < 0.15 (0.10 exp.) @  95% CL

• In SM, branching ratio for 
Higgs invisible decay 
(H→ZZ→4ν) ~0.1% 


• If DM exists and in the right 
mass range, we may 
observe larger BR(H→inv) 
than SM prediction 

https://arxiv.org/pdf/2202.07953.pdf
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H→invisible search combination

𝔅 (H→inv) < 0.107  (0.077)  @  95% CL obs (exp)

arXiv:2301.10731 (Submitted to: Phys. Lett. B.)
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https://arxiv.org/pdf/2301.10731.pdf


Long-lived  particles searches

40
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ATL-PHYS-PUB-2022-034

Tuesday, 17:20 Search for BSM  Physics in ATLAS - Rafael Coelho Lopes de Sá

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
https://indico.cern.ch/event/1181208/contributions/5138716/
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Search for long-lived charginos: disappearing track
• a chargino directly interacts with the detector material: a track


• decays in the middle leaving a LSP and a non-reconstructable soft pion: 
disappearing


• addition of the inner-most IBL layer (2014): pixel-only-track, pushing 
the sensitivity towards short lifetime


• requires a high pT ISR jet + recoiling ETmiss to trigger events

Eur. Phys. J. C 82 (2022) 606
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• bkg dominated by combinatorial “fake 
tracklets”, fully data-driven estimation


• thanks to the closer proximity of the 
innermost pixel layer to beam: ATLAS 
offers best sensitivity to shorter life-time 
signals


obs limit excludes chargino masses up 
to 660 GeV

https://arxiv.org/pdf/2201.02472.pdf
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Search for gluinos in multi-b final states
arXiv:2211.08028 (Submitted to: Eur. Phys. J. C)

• ≥ 3 b-jets + 0/1lepton + ETmiss


• DNN in event selection:


•  input: 4 vectors of jets and leptons, ETmiss 


• m    and m      added as parameters


• Interpretation also for 3 mixed decay modes


•

SUSY Summary Plots

gluino masses < 2.44 (2.35) TeV 
excluded @ 95%CL

M.Donadelli Highlights from ATLAS - LISHEP 2023
42

Gtt Gbb 

https://arxiv.org/pdf/2211.08028.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


Run-3 Highlights

43
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Phase-I Upgrade

• all Phase-I systems have been 
integrated in data-taking


• recently with HLT chains seeded 
by Phase-I items
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Performance results with early 13.6 TeV data

EGAM-2022-04

electron ID  efficiencies in Z→ee events relative dimuon mass resolution in 
J/ψ and  Z→μμ events

MUON-2022-02

invariant mass spectrum of Bs→J/ψɸ 
candidates, muons are constrained to 
J/ψ mass  and kaon candidates must 
satisfy 1008 < mKK < 1030 MeV

BPHYS-2022-001

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2022-04/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2022-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/BPHY-2022-001/index.html
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Candidate Run 3 event display of a pair of top quarks decaying the ATLAS detector. This event was recorded on 18 
July 2022 when stable beams of protons at the energy of 6.8 TeV per beam were delivered by the LHC. The 
display shows charged particle tracks reconstructed in the inner detector (orange lines), an electron track (green line), a 
muon track (red line) as well as the energy deposits in the LAr (green and cyan blocks) and Tile (yellow/orange blocks) 
calorimeters. The event contains two jets that have passed b-tagging requirements and these are delineated with cyan 
cones. The lower-left-hand view shows the same event in the transverse plane, highlighting the direction of the missing 
transverse momentum (dashed white line). (Image: ATLAS Collaboration/CERN)
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• 1.2 fb-1  of data (Aug 2022)


• eμ channel split into 1 or 2 b-tagged jets


• post-fit event counts in signal and bkg regions

47
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Measurement of tt/Z cross-section ratio at 13.6 TeV
ATLAS-CONF-2022-070

σtt(measured) = 830 ± 12 (stat.) ± 27 (syst.) ± 86 (lumi) pb


σZ→ll  = 2075 ± 2 (stat.) ± 98 (syst.) ± 199 (lumi) pb, for  mll > 40 GeV


Rtt/Z  = 0.400 ± 0.006 (stat.) ± 0.017 (syst.) ± 0.005 (lumi)

• absolute cross-section limited by large uncertainties on the 
preliminary luminosity estimate


• 4.7% precision for the ratio of the cross-sections 


• measured values consistent with SM PDF4LHC21 PDF set

https://cds.cern.ch/record/2842916/files/ATLAS-CONF-2022-070.pdf


Phase-II Upgrade for HL-LHC 

48
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The future 

-

• Run 2 brought 140 fb-1 @ 13 TeV 


• Run 3 may bring 300 fb-1 @ 13.6 TeV


• HL-LHC will bring an order of magnitude more!

49
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5 to 7.5 x nominal Lumi

13 TeV

integrated 
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2 x nominal Lumi2 x nominal Luminominal Lumi
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interaction
regions

inner triplet 
radiation limit

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13.6 TeV 13.6 - 14 TeV

7 TeV 8 TeV

LS1 EYETS EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 450 fb-1 3000 fb-1

4000 fb-1

BUILDINGS

20402027 20292028

pilot beam



and the challenge …

HL-LHC tt <μ>=200 with 88 reconstructed vertices  -
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HGTD sensors | ATLAS Phase-2 Upgrade

ITk Silicon Pixel TDR

ITk Silicon Strip TDR

LAr Calorimeter TDR

High-Granularity Timing Detector TDR

Tile Calorimeter TDR

Muon Spectrometer TDR

TDAQ System TDR

Computing CDR


All silicon, up to |η| = 4 

New Muon Chambers 


Inner barrel region with new RPC 

and sMDT detectors 

New Inner Tracking Detector (ITk) 


High Granularity Timing Detector (HGTD) 
Forward region (2.4 < |η| < 4.0) 


Low-Gain Avalanche Detectors (LGAD) 
with 30 ps track resolution 

Upgraded Trigger and Data Acquisition system 
Level-0 Trigger at 1 MHz 


Improved High-Level Trigger (150 kHz full-scan tracking) 

Electronics Upgrades 


LAr Calorimeter 


Tile Calorimeter 


Muon system 


Additional small upgrades 


Luminosity detectors            
(1% precision goal) HL-ZDC 


ATLAS Phase-II Upgrade 
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https://cds.cern.ch/record/2285585
https://cds.cern.ch/record/2257755
https://cds.cern.ch/record/2285582
https://cds.cern.ch/record/2719855
https://cds.cern.ch/record/2285583
https://cds.cern.ch/record/2285580
https://cds.cern.ch/record/2285584?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-015/


Example HL-LHC expectations exceeded
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ATL-PHYS-PUB-2015-046

• HH->bbττ Run 2 results achieved later with 5% 
of that dataset, already exceed that


• improved 𝛕had and b-jet reconstruction and 

identification techniques, new triggers and a 
number of  analysis-level improvements 

…” we can project an exclusion at 
95% Confidence Level of BSM HH 
production with λHHH/λSM ≤ - 4  
and λHHH/λSM ≥ 12 ”

ATLAS-CONF-2021-052• HH->bbττ projections in 2015:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/


• ATLAS performed exceptionally well during Run-2


• SM measurements over a wide range of phase space


• reaching 5-10% constraints on main Higgs boson couplings 


•  di-Higgs sensitivity approaching fast 


• wide program for BSM searches 


• analysis techniques have undergone a tremendous evolution


• use of ML on physics objects and analyses design, improvements in signal and 
background modelling


• Many papers yet to come with the Run-2 dataset, with Run-3 data already on us  


• And… preparation towards HL-LHC!!!
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Concluding remarks
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Thank you for your attention!
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Additional slides
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Run 2 flavour tagging arXiv:2211.16345 (Submitted to: EPJC)
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RNNIP neural network architecture

https://arxiv.org/pdf/2211.16345.pdf


RNN Tau-id
•  Impose physically motivated ordering on reconstructed tracks


•  similar to RNN b-tagger  (track treated as sequence), each track is a time stamp


•  Classify 𝛕had candidate using tracks and associated variables
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pp cross-section
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• beam optics parameters needed for the reconstruction of the 
scattering angle θ* at the IP 


• in elastic scattering at high energies the four-momentum 
transfer 𝑡 is calculated from θ* by:


•

• p is the nominal LHC beam momentum of 6.5 TeV and θ* is 
reconstructed from the proton trajectories in ALFA


•  theoretical form of t-dependence
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Observation of WWW production

• BDT variables
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Phys. Rev. Lett. 129 (2022) 061803 
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• post-fit number of events

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-09/
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Observation of polarisation in WZ production
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Top pair production cross section at 5.02 TeV 

arXiv:2207.01353 (Submitted to JHEP)
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https://arxiv.org/pdf/2207.01354.pdf
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Single top+photon observation arXiv:2302.01283 (Submitted to Phys. Rev. Lett.)
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https://arxiv.org/pdf/2302.01283


• motivated by tetraquarks, in two channels:
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Observation of di-charmonium in 4μ states
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H→4l: precise mass measurement 
arXiv:2207.00320 (Submitted to: Physics Letters B)

https://arxiv.org/pdf/2207.00320.pdf
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Evidence of off-shell Higgs ATLAS-CONF-2022-068

ZZ→ 4ℓ
ZZ→ 2ℓ2ν

EW includes VBF and VH

https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf
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Search for H→ μμ Phys. Lett. B 812 (2021) 135980

observed (expected) 2.0 σ (1.7 σ)


μ = 1.2 ± 0.6

• 20 categories exploiting topological and kinematic 
differences between background and different H 
production modes (ggF, VBF, VH and ttH)


• background dominated inclusively by DY processes

https://arxiv.org/pdf/2007.07830.pdf
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CP properties with H→𝛕𝛕



• multi-class BDT used to classify events into STXS regions 


• allows the selection of target process events that otherwise would fail a requirement  

based on detector-level quantities corresponding to the STXS region definition.
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STXS H→γγ arXiv:2207.00348

https://arxiv.org/pdf/2207.00348.pdf
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H→γγ (EFT)

arXiv:2207.00348

https://arxiv.org/pdf/2207.00348.pdf
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Search for H→ μμ Phys. Lett. B 812 (2021) 135980

https://arxiv.org/pdf/2007.07830.pdf
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Search for H→cc Eur. Phys. J. C 82 (2022) 717

https://arxiv.org/pdf/2201.11428.pdf


The shape of the potential matters

Phys. Rev. D 101, 075023 
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Measurements of HH can provide discrimination between different scenarios and models... 


... but measuring triple-Higgs production at a future collider (e.g. 100 TeV machine) will 
be needed to define the exact shape of the potential. 
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• selection in 𝛕lep 𝛕had, 𝛕had𝛕had


• PNN inputs consist of a combination of multiplicity, kinematic and angular quantities 


• 𝑏𝜏 invariant mass, the most likely combination of the 𝜏-lepton and a 𝑏-jet is chosen based on a mass-
pairing strategy that minimises the mass difference between the two resulting LQ candidates
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Search for pair production of third-generation leptoquarks
arXiv:2303.01924 (Submitted to: EPJC)

https://arxiv.org/pdf/2303.01294.pdf
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Measurement of tt/Z cross-section ratio at 13.6 TeV
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Example HL-LHC expectations exceeded
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ATL-PHYS-PUB-2014-016 Nature 607, 52-59 (2022)
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• ATLAS Run 2 results comparable to 2014 HL-LHC projections!

μ = 1.05  ± 0.06 


   = 1.05  ± 0.03 (stat.) ± 0.03 (exp.) ± 0.04 (sig.th.) ± 0.04 (bkg.th.)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
https://www.nature.com/articles/s41586-022-04893-w


Example HL-LHC sensitivity to κλ 

-
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• Combining bbγγ,bbττ,bbbb 

• Baseline - experimental uncertainties 
scaled, and theory uncertainties halved

ATL-PHYS-PUB-2022-053
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Projection studies for H→ bbγγ + bbττ + bbbb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/


Example HL-LHC sensitivity to κλ 

-
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• Combining bbγγ,bbττ,bbbb 


• Scenarios: 


  1. No systematic uncertainties (optimistic)


2. Baseline - experimental uncertainties scaled, 
and theory uncertainties halved


3. Theory uncertainties halved - but with Run2 
experimental systematic uncertainties  


4. Run2 systematic uncertainties (conservative)

Summary of the systematic uncertainty scale factors considered HL-LHC baseline scenario.
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