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HL-LHC

ATLAS + CMS: fl σÁÂ

LHCb:fl πȢσÁÂ

ÅA new phase of the LHC starting in 2025
Å Increased luminosity results in improved statistics
ÅQuestion: What will PDFs look like after this phase?
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High ὼ
gluon Strange quark

High ὼgluon + valence 
quarks

Mid ὼgluon + 
antiquarks

Flavour separation

Mid ὼgluon

ÅConcentrating on mid ς
high x for a variety of pdfs

ÅNot systematic dominated
ÅLow number of observed 

events (W + charm)
ÅBenefit from extended 

kinematic reach (ὸӶὸ)
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Data Sets



Statistics:
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ÅCentral value determined by NLO theory 
and then shifted according to errors

ÅNo need for NNLO theory due to closure 
test

ÅAcceptance, ὥ, accounts for detector 
ŜŦŦŜŎǘǎ κōǊŀƴŎƘƛƴƎ ǊŀǘƛƻκΧύ 

ÅAcceptancetaken from existing 
experimental data set (nearest bin)

Data Sets



Data Sets
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ÅSystematics taken from existing data set
ÅTreated as uncorrelated, with a factor Ὢ

to account for this
ÅA variable factor, Ὢ , used to estimate 

improvement to systematics
ÅException:Luminosityerror

ÓÙÓρτ4Å6ͯὪ Ὢ ÓÙÓψȾρσ4Å6

Ὢ πȢυȟ Ὢ
πȢς ρψ4Å6
πȢρ πȢυρσ4Å6



Hessian Profiling
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Hessian: Ὄ

Expand:    … … ὝВ ‍

‍ ŀƭƻƴƎ IŜǎǎƛŀƴΩǎ ŜƛƎŜƴǾŜŎǘƻǊ ŘƛǊŜŎǘƛƻƴǎ

At ‍ ρdefine error PDF: Ὢ ὼ

Error on PDF: ‏Ὢὼ В Ὢ ὼ Ὢὼ

ÅEstimates the effect of adding 
new data sets to a Hessian PDF 
set
ÅHessian PDF set described by 

eigenvectors of the Hessian 
matrix.
ÅTolerance, Ὕ, takes into account 

data inconsistencies
ÅWe take Ὕ σ, in line with 

MMHT and CT
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New Hessian: Ὄ
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ÅCan add in new data set with typical 
… formula

ÅTheory values parametrised using 
error PDFs

Å… minimised with respect to 
Hessian parameters Onew central 
PDF

ÅCalculate new Hessian Onew error 
PDFS

Hessian Profiling



Individual Data Sets
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ÅὸӶὸhas good constraints on 
high-x gluon

ÅResults from extended 
kinematic region

ÅForward W + charm data 
constrains the strange PDF

ÅLimited by overall 
normalisation error



Parton Distributions and Luminosities
Scenario A:

Ὢ
ρψ4Å6
πȢυρσ4Å6

Scenario C: 

Ὢ
πȢςψ4Å6
πȢρρσ4Å6

Å Good reduction overall
Å Not much difference 

between scenarios
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Luminosities
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ÅOverall factor of ͯ 2-4 improvement over a wide range of kinematics
ÅNot much difference between optimistic and conservative (in brackets) 

scenarios



Higgs and BSM

Å Errors down to ͯ 2%
Å Potential for new heavy particles 

at high ὴ

Å Example BSM theory with good 
reduction

Å Will help constrain parameter space
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Yellow Report Studies
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Å W mass measurement
Å Factor of 2 improvement over CT

Å Dijet theory
Å Significant error reduction over a 

broad range of ά



LHeC
ÅProposed electron-proton collider
ÅMuch cleaner results, expected significant improvement to PDF errors, all the way 

down to low x
ÅWhat happens when applying the same formalism?

Heavy 
quark

Ignore polarisation: 
not expected to have 
a large effect
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Inclusive



LHeC
ÅVery good reduction overall, 

particularly at low x
ÅHeavy quark data had good 

improvement over a broad 
range of x, especially around x = 
0.1-0.3

ÅCould be argued that LHeCwill 
be more consistent -> lower 
tolerance

ÅT = 1 has a factor of ͯ2 
improvement over T = 3
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LHeC

ÅHL-LHC and LHeCcomplementary, reducing errors in different regions
Å e.g. HL-LHC reduces high-x gluon, while LHeCreduces low-x gluon
Å However, not all data-sets chosen to concentrate on these regions and others such as jets at 

LHeCcan constrain high-x gluon
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Conclusions
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Å HL-LHC will have significant constraining power, reducing 
luminosity errors by 2-4 over a wide range of kinematics

Å Reduced errors on SM measurements and BSM searches
Å Caveats:

o Ignored issues such as correlation models and data incompatibilities
o Not included all possible data sets

Å HL-LHC and LHeCare complementary in their PDF constraining 
abilities



LHAPDF Sets
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https://data.nnpdf.science/HLLHC_YR/PDF4LHC15_nnlo_hllhc_scen1.tgz 
https://data.nnpdf.science/HLLHC_YR/PDF4LHC15_nnlo_hllhc_scen2.tgz 
https://data.nnpdf.science/HLLHC_YR/PDF4LHC15_nnlo_hllhc_scen3.tgz



Thank you for listening
Any questions?
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Data Sets
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Kinematic coverage
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Parton Densities
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Luminosities
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SM Cross Sections
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BSM Cross Sections
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Hessian Profiling
Ὄ ɜ ÃÏÖɜ Ὕ‏

Ὢ Ὢ Ὢ ὺ
ρ

‭
Ὕ

Data dominant -> ‭independent of Ὕ-> ‏Ὢͯ Ὕ

Data not constraining -> ‭ͯὝ-> ‏Ὢindependent of Ὕ
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High Mass DY
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Forward DY
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ὸӶὸ
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Inclusive Jet
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Direct Photon
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Central W + charm
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Forward W + charm
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