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With significant material from this weeks Theory precision WS

https://indico.cern.ch/event/1368033/timetable/


Precision measurements at the LHC
● LHC discovered the Higgs boson, being deeply studied
● No conclusive signs of BSM physics, yet
● But, many innovative studies of QCD and EW, many reaching or 

surpassing precision of theory despite huge efforts – theory in 
pp is difficult

Will mostly focus on impact and problems from PDFs
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ATLAS-CONF-2023-004

ATLAS-CONF-2018-037
Eur. Phys. J. C 78 (2018) 701 arXiv:2309.12986

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/
https://arxiv.org/abs/2309.12986


PDFs for LHC physics
Weʼve come a long way: theory progress, uncertainty estimates, data, benchmarking exercises…

Yet, at precision level, differences between fits can be significant
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Current status of mW
● Key parameter of SM: can we reach <10 MeV at hadron collider?
● Measurement requires high-precision QCD modelling of W production and decay – 

PDF uncertainties a key contribution, e.g. most recent ATLAS result quotes 8 
MeV…  PDFs not everything, but without precise PDFs no mW
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CDF



PDF set dependence of mW

● Repeating the most recent ATLAS measurement for different PDF sets:
○ 15 - 20 MeV difference between CT18/MSHT20 and NNPDF3.1/4.0
○ Equal to the total measurement uncertainty
○ About twice the quoted PDF uncertainty
○ Clearly a ʻpoor manʼs approachʼ

5



PDF correlations 
● Most LHC physics analyses these days performed with elaborate fits that constrain 

uncertainties ʻin-situʼ – is this enough to deal with PDFs?
○ It does not obviously improve the situation for the ATLAS mW example shown before
○ It does rely on very precise correlation model

● How far are PDF correlations controlled? Case study of mW measurements at 
TeVatron (1.96 TeV ppbar), ATLAS (7 TeV pp ʻcentralʼ), LHCb (13 TeV pp ʻforwardʼ) 

○ Clear differences observed
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arXiv:2308.09417 

CT18 MSHT20 NNPDF4.0

https://arxiv.org/abs/2308.09417


PDF correlations
● Strong dependence in each set, CT18 set ʻfavouredʼ in benchmarking
● ʻSmall miracleʼ in combination: real effect or accident?
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arXiv:2308.09417 

https://arxiv.org/abs/2308.09417


PDF ‘profiling’ 
● PDF fitters in fact tell us, that our ʻprofiling procedureʼ is not correct, issue of 

“Tolerance factors” applied in some PDF fits such as CT and MSHT
○ Deviate from canonical DeltaChi2 = 1 to accommodate deficiencies in the theory and/or tensions in 

the input data

● ʻExperimentalistsʼ include the impact of PDF eigenvectors in their likelihood/chi2 
ignoring tolerances, effectively overestimating the impact of our data
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Adapted from Simone & Maarten

○ Not clear that ʻdealing correctlyʼ with these 
tolerances improves the situation

○ Also has the detriment that it destroys all 
experimental precision

● Way out: PDF fit without tolerance 
criteria… 

https://indico.cern.ch/event/1368033/contributions/5753950/attachments/2807883/4900883/LHCprecision-Amoroso-26-02-2024.pdf


Guido Altarelli on Proton structure in ep and pp
● Possible path to 

high-precision global PDF fits
○ New DIS data – LHeC
○ Carefully selected LHC data
○ N3LO theory

● A few more examples follow 
to illustrate the points made
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Outlook for mW
● PDF uncertainties expected with LHeC data expected to be smaller by large factor
● This will be a game-changer for mW measurements at the LHC
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E.g. ATL-PHYS-PUB-2018-026 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/


Weak mixing angle
● Situation broadly similar to mW: ʻprofilingʼ usually built into the analyses

○ In case of CMS it improves the consistency, but spread remains

11

E.g. Eur. Phys. J. C 78 (2018) 701 
  

http://dx.doi.org/10.1140/epjc/s10052-018-6148-7


Weak mixing angle prospects
● HL-LHC promises very high precision
● As for mW, fundamental improvement of PDFs via LHeC will be a game changer

○ Also anticipating that one does not want to rely solely on ʻPDF profilingʼ
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E.g. ATL-PHYS-PUB-2018-037  
  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-037/


Strong coupling from pT(Z)
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arXiv:2309.12986

● Clearly at the bleeding N3LO edge, while some ingredients only available at N2LO
● Yet, we see a similar effect: this time CT18 appears to be an outlier
● Stefano Camarda: “Indication that in the CT18 PDF set the gluon PDF is pulled away from what is 

preferred by DIS data, to accommodate tensions with other datasets sensitive to the gluon PDF”
○ Impact from e.g. jet cross section data?

https://arxiv.org/abs/2309.12986


mTop
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E.g. Eur. Phys. J. C 80 (2020) 658

● ʻDirectʼ extractions (e.g. CMS Eur. 
Phys. J. C 83 (2023) 963 ) for once 
not limited by PDFs, but rather 
other experimental+modelling 
systematics

● Extraction from differential cross 
section data goes circumvents 
some conceptual questions: PDF 
effects appear, but subleading

http://dx.doi.org/10.1140/epjc/s10052-020-7917-7


Conclusions
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● Clearly, high-energy high-luminosity ep has a huge physics program
● Because of personal bias, I focussed on impact of better PDFs on the pp program

○ Many other interesting topics where pp struggles

● For electroweak precision – mW and sin2theta – PDF model dependence appears 
to be a ʻkillerʼ beyond the current status:

○ Unclear how ʻsignificantʼ differences between PDF sets are
○ Unclear how to deal correctly with ʻtolerance criteriaʼ in profiling analyses

● A deeper understanding of PDFs and their uncertainties is a must:
○ New DIS data from LHeC would put the effort on a new basis
○ It may allow to select pp data more carefully
○ Clearly, a lot of work on theory (N3LO+) and the fits will remain



DY data benchmarking
● CT18 set ʻfavoured ,̓ used for recent mW values
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arXiv:2308.09417 

https://arxiv.org/abs/2308.09417


CTEQ view
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Adapted from Simone

https://indico.cern.ch/event/1368033/contributions/5753950/attachments/2807883/4900883/LHCprecision-Amoroso-26-02-2024.pdf

