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LHC Run-2 data taking 
LHC Run-2 data-taking offered a 
unprecedented physics potential: 
probing high-precision Higgs and other 
Standard Model processes, detecting 
very rare processes, and exploring new 
physics via direct and indirect 
measurements 
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After over three years of upgrade and 
maintenance work, the Large Hadron 
Collider in July 2022 started its third 

period of operation Run 3. 
@record-breaking energy of 13.6 TeV and 

peak 𝓛 2∙1034 cm-2s-1
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LHC Run3 

TODAY focus on early Run-3 SM measurements

https://home.cern/about/accelerators/large-hadron-collider
https://home.cern/about/accelerators/large-hadron-collider
https://home.cern/news/news/cern/third-run-large-hadron-collider-has-successfully-started
https://home.cern/news/news/cern/third-run-large-hadron-collider-has-successfully-started


LHC Run3: The challenges at the new frontier 
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The functionality of the ATLAS detector and its 
reconstruction software underwent many improvements 
to cope with Run 3 increase instantaneous luminosity 
and pileup:

• Upgraded Detector performances, Trigger & computing 

• more sophisticated algorithms to identify physics 
objects 

• multi-threaded software framework AthenaMT  

• All this improvement affect physics object 
performances

https://atlas.cern/updates/briefing/renovating-athena


Early Run3 combined performance
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The functionality of the ATLAS detector and its 
reconstruction software underwent many improvements 
to cope with Run 3 increase instantaneous luminosity 
and pileup:

• Upgraded Detector performances, Trigger & computing 

• more sophisticated algorithms to identify physics 
objects 

• multi-threaded software framework AthenaMT  

• Excellent object performances for the early Run3 

muon scale

electron scale

electron efficiencies 

muon efficiencies 

https://atlas.cern/updates/briefing/renovating-athena
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Single boson and tt̄ x-section

• W,Z measurements “standard candle” : 
• Large cross sections  
• clean experimental signature  

• used to check performance of 
detectors  

• check validity of the SM at the 
energy frontier  

• Important for early validation of 
detector performance and software 

• Test theoretical predictions at a new 
centre-of-mass energy of 13.6 TeV 

• Cross section Ratios with tt̄ process 
allow test PDF   

6
2403.12902 [hep-ex] 

PLB 848 (2024) 138376 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2023-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-21/


Inclusive Drell-Yan Cross-section measurement 

• Measurement of vector boson production cross-sections and their ratios at 13.6 TeV

• Using 29 fb-1 of data collected in 2022 

• Cross section obtained from Profile likelihood fit of 8 channels: 

• Leptonic final states used for reconstruction and signal identification ( also for tt ̄) 
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x-section measurements
• Fiducial cross sections compared to theoretical 

predictions calculated with different PDFs  
• Benchmark for our understanding of QCD and EW 

processes  
• Measurement compared to the state-of-the-art MC 
and analytical  NNLO+NNLL (QCD) + NLO (EWK)] 
• Good agreement between results and SM prediction
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Fiducial Volume:

𝑍-boson cross sections limited by 
the luminosity and lepton 
uncertainties. 

𝑊-boson cross sections, the 
multi-jet background and jet-
related uncertainties are 
dominant



x-section ratio

In the x-section ratio some uncertainties are reduce/increase 
because of correlation between process: 
- lepton experimental uncertainty cancel between processes 
- tt/̄W,Z theory uncertainty ( in particular PDF ) do not cancel in 

ratio 
- tt/̄W,Z cross section ratio ⇒ data precision better then theory 

slightly lower than PDF4LHC21 prediction, but consistent with 
tt ̄x-section measurement PLB 848 (2024) 138376 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-21/
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Higgs boson production cross-section 

Check the X-section of the 
Higgs boson at new energy 

frontier : 
• H→γγ and H→𝑍𝑍*→4ℓ “golden 

channels”  
• Experimental measurement are 

compared with N3LO [ggF] 
theoretical accuracy

10 Eur. Phys. J. C 84 (2024) 78

https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5


Inclusive Higgs boson production x-section @13.6 TeV 
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H→γγ and H→𝑍𝑍*→4ℓ “golden channels”  

• small branching rations 
• excellent mass reconstruction.  

• First data measurement at √s =13.6TeV with 29 fb-1  
• Signal yield extracted from a likelihood fit on the H mass pick 



Inclusive Higgs boson production x-section @13.6 TeV 
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Fiducial cross-sections are extrapolated 
to the full phase space corrected for 
the predicted SM decay BR [assuming 
SM values] ( p-value 20% ) and combined.

H→γγ H→𝑍𝑍∗→4ℓ cross-sections are measured inclusively in 

the production modes within fiducial volume. 
• The MC samples are normalised to the state-of-the-art 

cross-section predictions:

• compared with N3LO accuracy prediction (ggF) + NLO 

EW corrections 
• VBF/VH to an approximate NNLO QCD + NLO EW 

corrections 

H→γγ

 H→𝑍𝑍∗→4ℓ 

Measurements statistically limited
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Diboson production

Rare SM processes key 
ingredients for the current and 

future LHC physics program  
direct connections with two 
fundamental features of the 

SM EW theory [ non-Abelian gauge 
group structure and spontaneous EW 

symmetry breaking ]

13 arXiv:2311.09715 [hep-ex] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-17/


ZZ productions
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Main sys uncertainty coming from Luminosity and Lepton sys  
⇒ Better calibration is foreseen for the full run-3 dataset

𝑍𝑍→4ℓ fiducial/total 

cross-section is 
measured inclusively in 
the production modes 
at √s =13.6TeV with 
29fb-1

• σfid = NSig.evs /C×BR×𝓛 where C is the detector eff  

• σtot = σfid/A, where A is the detector acceptance



differential cross-sections
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Compare with state-of-the-art MC simulation & fixed-order MATRIX calculations up to 
NNLO QCD + NLO EW

Bayesian unfolding use to extract differential measurement: 
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Conclusion
LHC Run-3 
has started in 
July 2022, 
with collisions 
at the 
unprecedente
d center of 
mass energy 
of 13.6 TeV

This is only 
the beginning 
of the 
exciting run-3 
LHC physics 
program with 
the ATLAS 
experiment! 
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BACKUP
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ATLAS detector LS2 Upgrades



Breakdown of uncertainty (W,Z measurement )
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Breakdown of uncertainty (H, ZZ measurement )
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Breakdown of relative unc, ZZ 



Inclusive Higgs boson production x-section @13.6 TeV 
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H→γγ H→𝑍𝑍∗→4ℓ cross-sections are measured inclusively in the production 

modes within fiducial volume. 
• Fiducial cross-sections are extrapolated to the full phase space corrected for 

the predicted SM decay BR [assuming SM values] and combined. 
• The MC samples are normalised to the state-of-the-art cross-section 

predictions:

• ggF up to N3LO QCD calculation + NLO EW corrections 
• VBF/VH to an approximate NNLO QCD + NLO EW corrections  

• Measurements statistically limited ( p-value 20% )
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