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Prelude: CT18
l There is a wide variety of data in modern global PDF analyses, over 3500 data points 

for CT18
l The data includes DIS, DY (including precision W/Z), jet production, top production

� NB: ATLAS 7 TeV W/Z data not included in CT18, but rather in CT18A, because 
of tensions with other data sets

l All predictions at NNLO, all depending on as

...but the 
power of as
depends on 
the process

Born for DY is
as0; Born for 
dijet/top 
production is
as2



as from CT18 (Phys.Rev.D 103 (2021) 1, 014013)

l All of the experiments in 
the global fit do not speak 
with a unified voice, 
weakening the 
discrimination power

l We end up with a fairly 
parabolic c2 dependence 
of as(mZ), but it’s clear 
that different experiments 
have different 
preferences

l At 68% CL, 
as(mZ)=0.1166+/-0.0018 
(for CT18 at NNLO)

l This assumes a 68%CL 
with a Dc2 of 37

l Uncertainty of as(mZ) 
depends on tolerance 
and on degree of conflict 
within data samples
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αs(MZ)=0.1166±0.0018 at 68%CL

Lagrange Multiplier scans

theme of this talk



Towards CT25



Towards CT25

776 new data points from DY, tT and jets for CT25

also dijet data,
but don’t 
(officially)
know how to
combine with
inclusive jets
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• The post-CT18 Drell-Yan data from the LHC experiments at 8 TeV and 13 TeV are found to 
generally impose similar constraints on 𝑠-PDF (and 𝑑̅-PDF) as the ATLAS data from the 7 
TeV W/Z processes. However, the constraints from the Drell-Yan data are significantly 
weaker.

• Thus, CT25 starts from CT18A rather than CT18 
• but basically, we just wanted to make Mandy happy

-ness





L2 sensitivity of new data

By definition, there is tension among the data included in the global PDF fit. A positive
value of L2 sensitivity means the data is trying to pull the gluon down, and vice versa. The 
sum of all L2 sensitivity values at a particular x value should be close to zero. 
•Phys.Rev.D 108 (2023) 3, 034029 e-Print: 2306.03918 (L2 sensitivity paper)

200’s are DY data

There is a strong correlation between the value of as(mZ) and the gluon 
distribution. So it’s also important to understand how the gluon is determined. 

504-555 are jet data

581-587 tT data

data sets with greatest L2 sensitivity

https://arxiv.org/abs/2306.03918


CT25prel PDF+𝛼! fit (Lagrange Multiplier scans)

Total
Drell-Yan
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Towards CT25 as(mZ)

CT25prel

• Tension between DIS data and 
collider data
• Smaller tension between jet+tT
and DY
• Result is parabolic (by definition), 
but Dc2 near one does not reflect
the spread of the information that
goes into the determination

Dc2=37 CT18 68%

Dc2~1 nominal 68%
Dc2=10 tighter tolerance 
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Consider jet data alone

CMS7 jets
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αs(MZ)=0.1179±0.0021 at 68%CL

• dijet data (not in CT25pre)
• scale dependence seems larger than

for inclusive jet
• under investigation



The table lists χ2 from different 
decorrelation options applied 
to ATLAS 8 TeV and 13 TeV 
inclusive jet data sets using 
ePump profiling. Decorrelation 
improves the goodness-of-fit χ2 

Aside: Decorrelating errors



Decorrelating errors has little impact on gluon distribution





Combining three measurements

l Consider the fit shown in the plot
l It is easy to see that there is a large 

tension between DIS and other data 
sets.

l Treat each of the sets (DIS, DY, Jet 
+𝑡 ̅𝑡) as independent and identically 
distributed measurements of 𝛼!

l 𝜒"#"$ = ∑% 𝜒%$

l Mean and Error given by minimizing

l '𝜒$ = ∑%
('!"()'!)
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#
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+"
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,
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l Large Tension:  -.
#

/#0
≃ 17

l Yet small uncertainty: .𝜶𝒔 =
𝟎. 𝟏𝟏𝟕𝟗 ± 𝟎. 𝟎𝟎𝟎𝟑𝟐𝟗

l The small difference with 𝛼! given in 
plot shows  good agreement with 
quadratic approximation.

DIS DY Jet +𝑡 ̅𝑡 #𝛼!

𝛼!×10"
𝑎𝑡min 𝑜𝑓 𝜒#$

115.9 119.9 118.9 117.9

Error  (𝜎#×10")
(Δ𝜒#$ = 1 ) 

0.553 0.655 0.539 0.329



How to handle this situation?

K=1 K>=2

Gaussian Mixture Model





Stay tuned to this channel
using a nominal tolerance for 
results with tensions as seen
in the as determinations would result
in a large underestimate of the 
uncertainty



Dynamic tolerances

We also have a dynamic tolerance implemented





l A non-lattice result was determined from 
sub-fields 1-6 using a c2-averaging method

l FLAG result itself is an average and is 
taken as is

l Note that the uncertainty for the  data-
driven determination is similar to that 
from lattice; lattice error will come down 
faster than non-lattice

l Combine two numbers in un-weighted 
average, and take uncertainty as an 
average of the two uncertainties 
(conservative)

weighted

A few words about PDG



PDG value of as(mZ)
l There was discussion on the grouping of the 

measurements used in the determination
l We’ve been considering the philosophy shown below

from 2023 review



PDG value of as(mZ)
l Every two years, the QCD section in the Particle Data Book is updated; part of that 

update is a review of the world average of as(mZ), revising it to include the impact of  
new measurements and calculations

l The last revision was in 2023; which means I’m going to have a busy summer this 
year

l The selection of results to include in the as averaging are restricted by the following 
considerations:
• published in a peer-reviewed paper at the time of the report (or is based on a 

summary of results that have been published in a peer-reviewed journal, such as 
the FLAG report)

• based on the most complete perturbative predictions of at least NNLO accuracy, 
accompanied by reliable estimates of all experimental and theoretical 
uncertainties



Summary
l The LHC has been very productive with high statistics 

precision data becoming available at 13 TeV, useful for 
PDF and as(mZ) determination

l We have made use of much of this new data in our 
development of CT25
� some choices have to be made, for example 

inclusive jets over dijets
l Tensions exist between and within data sets requiring a 

good understanding of the tolerance needed to provide 
a robust estimate of the PDF uncertainty
� we are pursuing multiple paths for this exploration

l There are opportunities to involve professional 
statisticians, e.g. PDF4LHC in conjunction with 
PHYSTAT



Extras





unweighted 
averages of
central value
and uncertainties
within sub-fields; 
impact of 
correlations reduced

combination of first 
6 pre-averages
using  c2 averaging 
gives 

issue of 
whether 
necessary 
to do 
simultaneous
PDF fit; * ==
fit

if use only H1 and 
CMS, which
used PDF fit

PDF fits often
do not have 
explicit 
estimate of 
theory 
uncertainty

some results removed
due to underestimate
of NP uncertainties

new version
of ePump will
allow
simultaneous 
fit of as(mZ) 
with new data


