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Outline
New physics results 
— my pick

ATLAS data-taking 
and operations HL-LHC upgrades
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2024: An extremely impressive year of data -taking
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Run 2 • 147 fb−1

•Exceeded predictions: Delivered an integrated luminosity of 125 fb  

•Surpassed the Run-2 dataset (147 fb ) in Run 3 (183 fb ) 

•PbPb 5.4 TeV 1.82 nb
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ATLAS Operation Performance in 2024
Data quality efficiency of 94%, with 110 fb  good for physics 

• On the rise throughout 2024 (and Run 3) 

• 2 nd best data - taking year so far (at higher pileup) 

•

−1
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Can’t make it without the ATLAS Operation Team
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ATLAS Operation Performance in 2024
Data quality efficiency of 94%, with 110 fb  good for physics 

• Improved performance with Phase-I trigger system 

• Large inefficiencies due to downtime of magnets

−1
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L1 Calo +LAr shaper turn on and better Efficiency L1Muon with NSW showed reduced fake rate



A Selection of 2024 public results
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Run 2 publication efforts still in full swing 

Run 3 publication efforts starts ramping 
up, more are coming in 2025



A Selection of 2024 public results

Where we stand now: 

• Precision measurements of the 

Standard Model 

• Searches for physics beyond Standard 

Model 

What Lies Ahead: 

• New techniques and ML/AI tools 

improve performance 

* A very biased selection, curated by Zhi 

Zheng!
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Improvements from Performance

Precision of objection reconstruction much beyond the designed goals 

•Advanced ML/AI tools and new method
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arXiv:2407.15627 
arXiv:2412.04370 
ATL-PHYS-PUB-2024-015

E/p Deconverlution method improve 
jet energy scale uncertainty < 1%

Transformer improves resolution 
for Higgs mass  ~ 23%

Bayesian neural network (BNN) 
improves resolution and extend 
linearity region

https://arxiv.org/abs/2407.15627
https://arxiv.org/abs/2412.04370
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-015/


Probing the Higgs Self-Coupling

Continuously exploring new phase 

space and refining channels for 

improved results 

Best expected sensitivity on HH 

cross section, self-coupling, κλ
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Phys. Rev. Lett. 133 (2024) 101801

New  
JHEP02(2024)037

New  
JHEP 08 (2024) 164 

New  boosted part 
Phys. Lett. B 858 (2024) 139007

Improved  
JHEP 01 (2024) 066

Improved 
Phys. Rev. D 110 (2024) 032012μHH = 0.5+0.9

−0.8(Stat.)+0.7
−0.6(Syst.)

https://arxiv.org/abs/2406.09971
https://link.springer.com/article/10.1140/epjc/s10052-023-12363-4
https://arxiv.org/abs/2405.20040
https://arxiv.org/abs/2404.17193
https://arxiv.org/abs/2310.12301
https://arxiv.org/abs/2404.12660


Precision Higgs: Towards Differential Measurements
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arXiv:2407.16320 
arXiv:2407.10904 

Total uncertainty reduced by factor of ~2  
4.6 (5.4 )σ observed (expected)

tt̄H( → bb̄)

Give the strongest  constraints on 

CP-odd  [-0.31, +0.88]CHW̃

Using Transformer NN for Higgs  
reconstruction 

pT
 sensitive to VBF kinematics 

and BSM effects

Δϕsigned
jj

H → ττ

https://arxiv.org/abs/2407.16320
https://arxiv.org/abs/2407.10904


Higgs Rare Processes
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arXiv:2410.19611 
arXiv:2411.02040

First Direct constraints on :  
• 95% CL upper limit  on SM HHH production 

cross section: 59 fb 
The results are mainly limited by statistics

κ4A improvement by a factor of 3 for VHcc 
• Current results include only resolved jets 
• Further improvements  are expected with the 

addition of the boosted region 

https://arxiv.org/abs/2410.19611
https://arxiv.org/abs/2411.02040


Standard Model Measurements
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arXiv:2411.09962 
arXiv:2407.13473 

The most precise result for B life time Measurement of  + heavy 
flavor 
• Extensive measurement 

for improved theory 
modeling

tt̄

https://arxiv.org/abs/2411.09962
https://arxiv.org/abs/2407.13473


Searches for Physics Beyond Standard Model
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Search for additional Higgs Boson 

with interference in  decaystt̄
First LHC search for dark mesons 
decaying to top and bottom quarks
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JHEP 08 (2024) 013 
JHEP 09 (2024) 005

https://arxiv.org/abs/2404.18986
https://arxiv.org/abs/2405.20061


Searches in Run 3

New data, New triggers and New methodology
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arXiv:2410.16835 
arXiv:2408.11035

New Trigger in Run3: Triggering with large 

impact parameters tracks

New method to search monopoles in 

Pb+Pb collision

https://arxiv.org/abs/2410.16835
https://arxiv.org/pdf/2408.11035


New Methods for Statistical Inference

Neural simulation-based inference benefit 

physics analyses: 

Off-shell Higgs production in H * → ZZ
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arXiv:2412.01548

 MeV 

Old Results Based on Histograms 

 MeV

ΓH = 4.4+2.7
−1.9

ΓH = 4.3+3.1
−2.3

Improve sensitivity ~ 10%

Phys. Lett. B 846 (2023) 138223

∝
ΓH

ΓSM
H

μpp→H*→ZZ
off−shell ∝ κHggκHZZ

μpp→H*→ZZ
on−shell ∝

κHggκHZZ

ΓH /ΓSM
H

https://arxiv.org/abs/2412.01548
https://arxiv.org/abs/2304.01532


ATLAS Phase-II upgrade
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Highlights
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Production on-going

Global Trigger 
Hardware prototypingAll sMDTs at CERN

Complete prototype of HGTD board

New  LAr 
prototype  FEB 
board tested

Tile Phase-II demonstrator 
taking data

Phase-II upgrade projects have advanced towards production 

Many Areas are close to critical path



Summary 

Well into Run-3 with a fantastic year of data-taking, 

excellent performance and good progress with Phase-II 

upgrades 

• Continue to search for physics beyond the SM 

• Working on high-precision SM measurements 

• Exploiting new AI/ML tools and methodology that 

help us pushing boundaries
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With new data, new method and new 
detector ahead,  road ahead is filled with 
exciting physics 



Bonus Content
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Jet Energy Scale
Old Method: In situ calibration with Z+jets pT  

balanced method 

• Limited kinematic reach 

New Method: Deconvolution method rely on 

single particle E/p measurement
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arXiv:2407.15627

E/p for single hadrons were driven: 
• Minimum bias events (0.6 < p < 20 GeV) 

•  decays (10 < p < 300 GeV)W → τν

https://arxiv.org/abs/2407.15627


Deconverlution
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Precision calibration of calorimeter signals
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arXiv:2412.04370

 BNN: Local topo-cluster calibration using Machine Learning 

• Improved response measurements in jets, hadronic recoil and event shape 

• Assess per-cluster systematic uncertainties for bottom-up approaches, add handle for 

cluster selection based on signal quality 

https://arxiv.org/abs/2412.04370


Precision calibration of calorimeter signals

24ZHI ZHENG

arXiv:2412.04370

Hadronic shower fluctuation

Ionizations 
(Landau)

Extend linearity

https://arxiv.org/abs/2412.04370


B-jet calibration with Transformer

Improvements are even 

more pronounced in the 

semileptonic channel
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ATL-PHYS-PUB-2024-015

From Brendon & Prajita

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-015/


B-jet calibration with Transformer
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ATL-PHYS-PUB-2024-015

Small R jets
Large R jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-015/


ttH bb analysis
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arXiv:2407.10904

Improvements comes from b-tagging: MV2c10 60% WPs → DL1r 70% 

• More improvements is expected to come with new GN2 tagger * bjets regression 

New  Monte Carlo and tt+b-jet modeling: more improvements will come from the latest results of +HF  tt̄ tt̄

https://arxiv.org/abs/2407.10904


ttH bb analysis
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arXiv:2407.10904

Improved signal and 

background categorization 

and reconstruction on multi 

class NN with transform 

Reconstruction

JHEP 06 (2022) 97

https://arxiv.org/abs/2407.10904
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/


H→ ττ
Give the strongest constraints on the CP-odd  [-0.31, +0.88]CHW̃

29ZHI ZHENG

arXiv:2407.10904 

https://arxiv.org/abs/2407.10904


B meson Lifetime
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arXiv:2411.09962

https://arxiv.org/abs/2411.09962


B meson Lifetime
Systematic uncertainty reduced by a factor of 4.7, improvements comes from : 

• insertable B-layer 

• better ID alignment 

• More statistics
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arXiv:2411.09962

Phys. Rev. D 87, 032002 (2013)

https://arxiv.org/abs/2411.09962
https://arxiv.org/abs/1207.2284


ttbar+HF

B-jets calcification:assignment to top 

Sherpa ttbb agrees better with data
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arXiv:2407.13473

https://arxiv.org/abs/2407.13473


New data, New trigger and New method

LLP
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arXiv:2410.16835

Calo time 
as input

Adding new EM-BDT channel to probe electron/tau 
partners with long lifetimes

https://arxiv.org/abs/2410.16835


New data, New trigger and New method

LLP
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arXiv:2410.16835

Using new trigger for LRT in run3 
Large Radius Tracking (LRT) introduced in the HLT for Run 3[JINST 19 (2024) P06029] 

https://arxiv.org/abs/2410.16835
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TRIG-2022-01/


Magnetic monopole search
Mainly use Pixel detector and Zero Degree Calorimeters (ZDC)
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arXiv:2408.11035

https://arxiv.org/pdf/2408.11035


Magnetic monopole search
Analysis improvements: 

• The use of dedicated trigger, improves data statistics by a factor of 

approximately 1600 

• Introduced of validation region, very close to signal region, 

ensuring background estimation 

• Tighter requirements for pixel clusters and IBL hits- better 

suppress background 

• Dedicated selection to suppress the impact from noisy Pixel 

modules (modules masking, geometrical cuts) 

• Track selection 
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arXiv:2408.11035

T = 1/nPix

Pix

∑
i=1

̂ri ̂ni

https://arxiv.org/pdf/2408.11035


New Methods for Statistical Inference

Neural simulation-based inference (SBI) benefit physics analyses:
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Signal

arXiv:2412.01548

https://arxiv.org/abs/2412.01548


New Methods for Statistical Inference

Neural simulation-based inference (SBI) benefit physics analyses:
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Traditional way of building MVA for 
Signal vs Background would work

arXiv:2412.01548

This interference 
term is not 
properly treated in 
the classification

https://arxiv.org/abs/2412.01548


New Methods for Statistical Inference

Neural simulation-based inference (SBI) benefit physics analyses:
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arXiv:2412.01548

https://arxiv.org/abs/2412.01548


New Methods for Statistical Inference

Neural simulation-based inference (SBI) benefit physics analyses:
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Large interference 
from Background 
can be treated by 
SBI

arXiv:2412.01548

https://arxiv.org/abs/2412.01548


ITK Highlights
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From C. Bernius



Other components Highlights
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From C. Bernius
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Data quality
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ATL-PHYS-PUB-2024-016

https://cds.cern.ch/record/2910850/files/ATL-PHYS-PUB-2024-016.pdf

