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Intro

• LHC data provide the opportunity to carry out a staggering extent of 
diverse verifications of the Standard Model predictions, covering
processes with assorted final states and spanning several orders of 
magnitude in cross-section
• Standard Model (precision) measurements also offer the opportunity

for a comprehensive and unbiased search for new physics effects
• Precision measurements are dominated by systematic uncertainties, 

experimental and theoretical. Optimal measurements can/should
balance/trade statistical fluctuations with systematics to improve the 
results.
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precision measurements
mostly from inclusive & 

high rate  processes
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ATLAS-CONF-2023-004
arXiv:1701.07240v2

arXiv:2109.01113

Science 376 (2022) 6589

10-4 precision : mW
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://arxiv.org/abs/1701.07240v2
https://arxiv.org/abs/2109.01113
https://doi.org/10.1126/science.abk1781


Different choices for Theory modeling and their uncertainties
Compatibility and combinations arXiv:2308.09417

more data should allow less model dependence 
CERN-THESIS-2021-271 Asymow ERC theory agnostic mW

10-4 precision : mW

measure mW with a single observable arXiv:2308.15993
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https://arxiv.org/abs/2308.09417
http://cds.cern.ch/record/2800948
https://cordis.europa.eu/project/id/101001205
https://arxiv.org/abs/2308.15993


DY pT
JHEP 12 (2019) 061

Eur. Phys. J. C 80 (2020) 616
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https://arxiv.org/abs/1909.04133
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-14/


10-3 precision : sin𝜽W
ATLAS: JHEP 1509 (2015) 49 4.8/fb @7TeV
LHCb:JHEP 1511 (2015) 190 1/fb+2/fb  @7+8 TeV
CMS: arXiv:1806.00863 20/fb @8TeV
ATLAS-CONF-2018-037 20/fb @8TeV

(electron pairs with one electron in the forward region)

LHCb high rapidity yields less AFB dilution 

LEP+SLD still 2-3x better
large PDF syst uncertainties can be reduced
• constraining in situ (off peak)
• fitting also angular coefficients (mll, yll)

impact of exp systematics are much smaller

effective leptonic weak mixing
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2011-34/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-039.html
https://arxiv.org/abs/1806.00863
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/


10-3 precision : sin𝜽W

reach LEP+SLD 
precision with 1/ab

(and improve with 3/ab)

CMS-PAS-FTR-17-001
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https://cds.cern.ch/record/2294888?ln=en


10-3 precision : top quark mass
Direct reconstruction

5-D likelihood ⇒ mt=171.77 ± 0.37 GeV

Complementary extraction of 
pole mt from (differential) 𝜎tt

Latest CMS arXiv:2302.01967
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http://arxiv.org/abs/2302.01967


top quark mass

large reductions of JES & JER impacts

(CMS) JHEP 02 (2022) 142 :  
simultaneous fit of  inclusive jets and differential tt

to extract PDFs, 𝛂S / mt :
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011


10-2 precision : 𝛂S

arXiv:2309.12986

units of 10-3.
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https://arxiv.org/abs/2309.12986


10-2 precision : 𝛂S
NP QCD form factor

g and q are fitted from data 
other parameters varied to assess 

envelope of syst uncertainty 

compare with most recent CMS-PAS-SMP-22-005
𝛂S form jet azimuthal correlations 

here NP uncertainties from envelope of MC gen showers & tunes
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-005/index.html


W decay measurements
CMS SMP-18-011 Phys. Rev. D 105 (2022) 072008

ATLAS Nature Phys. 17 (2021) 813
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-011/
http://dx.doi.org/10.1103/PhysRevD.105.072008
https://www.nature.com/articles/s41567-021-01236-w


W decay measurements
CMS SMP-18-011
Phys. Rev. D 105 (2022) 072008

ATLAS Nature Phys. 17 (2021) 813
14

https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-011/
http://dx.doi.org/10.1103/PhysRevD.105.072008
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-29/


invisible Z width
CMS    Phys. Lett. B 842 (2023) 137563

ATLAS-CONF-2023-053

ΓH@IJ 𝐝irect determinations
(LEP single-𝛾 is more direct)
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https://arxiv.org/abs/2206.07110
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-053/


invisible Z width
CMS    Phys. Lett. B 842 (2023) 137563

ATLAS-CONF-2023-053
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https://arxiv.org/abs/2206.07110
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-053/


jets

double differential inclusive jets
CMS : JHEP 02 (2022) 142 :  

event shapes (multijets) 
ATLAS  JHEP 01 (2021) 188
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-02/


V +  jets
exhaustive multi-differential measurements

Phys. Rev. D 108 (2023) 052004

ATLAS  Z+ high pT jets

integrated unc
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-009/index.html


V +  charm 
arXiv:1811.10021 + arXiv:2308.02285 Z+c arXiv:2012.04119

Would be interesting to use full lumi
for Z+c exploring more  IC scenarios
(forward rapidity ?)

arXiv:2109.08084
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https://arxiv.org/abs/1811.10021
https://arxiv.org/abs/2308.02285
http://arxiv.org/abs/2012.04119
https://arxiv.org/abs/2109.08084


W +  charm

W+c CMS :arXiv:2308.02285
W+D ATLAS : Phys. Rev. D 108 (2023) 032012

OS-SS bkg subctraction

syst related to charm-tagging 
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-005/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032012


precision in parton showers : rapidity gap  

can test & show  results with several other model 
(pythia dipole recoil …)

VBF Z & W events relatively large productions offer the 
opportunity to measure and test rap gap activity 
predictions. 

Very relevant for VBF Higgs and VBS  analyses that 
often make (in)direct use of the rap gap signal 
properties

PS is now the leading systematic uncertainty source for VBF & VBS measurements 
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precision in parton
showers 

2105.11399

Jets are here

Charged hadrons are here

( experimentally )

focus on the individual hadrons for precise observations

Future developments ?
Retuning with more information (particle id) 
Higher-order precision in PSs 
How reliable is LEP Z➝qq data for fragmentation ?

22

https://arxiv.org/abs/2105.11399


quark and gluon jets
potentially interesting phenomenology of q/g-jets fractions in 
different (pT,y)  kinematic regions  to be explored 

Interplay of gluon-jet fractions in ppà dijet and V+jet would
have important impact on  Gluon PDF determinations

possible measurements and procedures to  be defined with theorists 
(Predictions/results depend on jet clustering radius)

ATLAS ATL-PHYS-PUB-2017-017
Eur. Phys. J. C (2014) 74:
arXiv:2308.00716

CMS  JME-13-002 JME-16-003
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-02/
https://arxiv.org/abs/2308.00716
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME13002
http://cds.cern.ch/record/2256875?ln=en


quark and gluon jets

Les Houches 2015 
arXiv:1605.04692

Eur. Phys. J. C 78 (2018) 589

for signal/background separation
VBF/VBS tagging & W/Z➝qq
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https://arxiv.org/abs/1605.04692
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-018/


Multibosons

JHEP 07 (2021) 005

differential 4-leptons 

CMS-PAS-SMP-19-007 : 4l/2l ratios exploited to cancel  
exp syst in the  Z peak region  : improved B(Z➝4ℓ)

B(Z→4ℓ= 4.67 ± 0.11 (stat) ±0.10 (sys) ) × 10−6

EPJC 81 (2021) 200

uncertainties on total cross section

ATLAS

CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-007/index.html
http://dx.doi.org/10.1140/epjc/s10052-020-08817-8


Multibosons

ATLAS WZ polarization arXiv:2211.09435

CMS WZ JHEP 07 (2022) 032

rich variety of relevant syst impacts precision EFT 26

https://arxiv.org/abs/2211.09435
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html


Summary

• Systematic uncertainties are dominating LHC precision measurements 
• Results have surprisingly surpassed expectations in many directions 

implementing new ideas, analysis methodologies and event 
reconstruction 
• improved S/B benefits on both stat and syst impacts 

• Correlations of syst uncertainties need to be treated with care
• Choices for theory modeling and their uncertainties play a crucial role 

in many precision results 
• Keep on being creative and use new ideas to get the best from the 

Run3 and HL  statistics
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