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Prelude: uncertainties

⚫ PDF uncertainties depend first on the experimental uncertainties of 

the data

⚫ Data from two measurements, or even from within the same 

measurement,  can both be very precise, but the result of adding 

both to the PDF fit can be an increase in the PDF uncertainty (or 

more likely)  a smaller decrease in uncertainty than expected) if the 

data are in tension with each other 

⚫ The resultant PDF uncertainty relies on the definition of a 

tolerance, i.e. what is a significant increase from the global 

minimum c2, i.e. PDF uncertainty can be adjusted by changing the 

tolerance

⚫ Dc2=1 is not applicable for ~4000 data points from different 

experiments

⚫ NB: CT (Tier 2) and MSHT (dynamic tolerance) have introduced 

criteria to restrict the pull of data sets that disagree with global fit



What is the L2 sensitivity? 

⚫ For data to influence the PDF fit in a particular region of x and Q2, two 

conditions must be met

the parton-level dynamics must depend on a particular PDF (say that of 

the gluon), as manifested in a statistical correlation

the data must have sufficient resolving power to contribute to the PDF 

likelihood analysis

⚫ The L2 sensitivity incorporates both of these features

⚫ The L2 sensitivity is a way of viewing the pulls of all of the experiments used 

in a global PDF fit, for a particular parton flavor, as a function of a kinematic 

variable, such as parton x 

or, when plotted for a PDF luminosity, as a function of the  mass

⚫ The fit value for a particular PDF(x,Q) is determined by the sum of these 

pulls



What is the L2 sensitivity…continued? 

⚫ The L2 sensitivity provides a visualization of what is 

happening inside the PDF fit

⚫ It can be considered as a faster version of Lagrange Multiplier 

scans (but dependent on the Gaussian approximation)

⚫ The L2 sensitivity streamlines comparisons among 

independent analyses, using the log-likelihood (c2) values for 

the fitted experiments and the error PDFs

⚫ Both the L2 and LM methods explore the parametric 

dependence of the c2 function in the vicinity of the global 

minimum

⚫ The L2 sensitivity has been used internally by CT (in CT18), 

by the PDF4LHC21 benchmarking group (to determine which 

data sets should be in the reduced PDF fit used for 

benchmarking), and now by CT, MSHT and ATLASpdf in this 

upcoming paper



Error PDFs

⚫ ATLAS, CT and MSHT groups adopt the Hessian format for their 

PDF error sets

⚫ D error PDFs are used to determine the PDF uncertainty 

(assuming the probability distribution is approximately Gaussian)

⚫ Consider an expansion of a function X of the parameters R in the 

vicinity of the global c2 minimum Xo

use symmetrized form for first order derivative

define 68% CL hypersphere

define correlation

between 2 variables

X and Y



L2 sensitivity

⚫ CH represents the cosine of the correlation angle 

between PDF flavor f (or any defined quantity) and 

experimental c2

⚫ Can also be defined for the MC PDF approach

The importance of an experiment for a particular PDF depends not only on the 

correlation of the cross section with that PDF, but the degree to which the cross

section can determine that PDF. 

2nd Lagrangian technique







show only 6

most important

experiments

apply to region

where c2 has best

quadratic behavior



Can also look at L2 for 2 GeV
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545: CMS 8 TeV jets

504: CDF Run- 2 jets

542: CMS 7 TeV jets

147: H1 charm

544: ATLAS 7 TeV jets

160: HERA DIS combined



compare to LM scans of the gluon 

at x=0.01 and x=0.3

Lagrange Multplier Scans







since first derivative of c2

vanishes at the global 

minimum, the sum of the 

L2 sensitivities must be zero

within uncertainties



Examine the impact of each experiment on the different PDFs
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MSHT20 NNLO gluon
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71: ATLAS 8 TeV Z pT

160: HERA DIS Combined

4: NMC F2
d

26: HERA e+p NC 920 GeV

73: CMS 8 TeV jets

66: ATLAS 7 TeV jets



MSHT20 and CT18
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160: HERA DIS Combined
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73: CMS 8 TeV jets
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Note importance of ATLAS Z pT data

(also, Z pT data poorly fit at NNLO; dynamic tolerance?)

CMS 8 TeV jet data play a similar

role as in CT18

ATLAS Z pT not one of 6 most 

important experiments (more 

restrictive kinematic region)



MSHT20 NNLO and aN3LO
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71: ATLAS 8 TeV Z pT

73: CMS 8 TeV jets

66: ATLAS 7 TeV jets

26: HERA e+p NC 920 GeV

4: NMC F2
d

89: ATLAS 8 TeV double- diff. Z

shape of L2 sensitivity similar for two PDFs, but absolute value of Z pT

decreased by almost a factor of 3; significant change in low x gluon

where’s expt 160?

160



MSHT20 NNLO and aN3LO
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160: HERA DIS Combined

69: CMS 7 TeV jets

at aN3LO, the two experiments now on same side; aN3LO needed for HERA

160  fell out of the top 6



ATLASpdf21

ATLAS PDF fits are based on

a more limited set of data, with

HERA inclusive as the backbone

series of sequential PDF fits 

adding W/Z data,ttbar, W/Z+jets,

inclusive jets and photon ratio data

full information on correlated 

systematic sources of uncertainty 

used (not available to to other 

PDF fits)



ATLASpdf21:Impact of addition of W/Z, ttbar data to HERA inclusive

no top in fit top in fitno W,Z, top

in fit



Reduced fits (PDF4LHC21);arXiV:2203.05506 

fitting CT18’,

MSHT20’ and

NNPDF3.1’ 

to a common

data set, as

prelude to the

PDF4LHC21

combination



…from PDF4LHC21 paper



Summary

⚫ L2 sensitivity is a useful variable to understand what is 

happening/has happened inside a PDF fit, any tensions 

that may exist between data sets, and how the fit may 

be improved in the future

⚫ Paper should  be coming out shortly

⚫ Meanwhile, two websites can be used to explore L2

sensitivity for CT18, MSHT20 (NNLO and aN3LO) and 

ATLASpdf21

https://www.physics.smu.edu/nadolsky/work/pdf4lhc21/L2

sens/index2.html

https://www.physics.smu.edu/nadolsky/work/pdf4lhc21/L2

sens/index3.html

https://www.physics.smu.edu/nadolsky/work/pdf4lhc21/L2sens/index2.html
https://www.physics.smu.edu/nadolsky/work/pdf4lhc21/L2sens/index3.html


Have you ever 

considered using

L2 sensitivity?



Reduced fits

Reasonable agreement for the most part.  

strange is one of the least

well-determined PDFs



Uncertainties

Uncertainties increased with respect to full global fits

more variation in

uncertainty.



PDF luminosities


