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PDF4LHC15
l combination of CT14, MMHT2014, NNPDF3.0

• 1 year benchmarking exercise comparison of above PDFs
• 300 Monte Carlo replicas generated for each of the above PDFs
• condensed to Hessian sets with from 30-100 members for distribution to users 

with central PDFs and error PDFs representing the three published PDFs
• good (too good?) agreement for gluon-gluon luminosity->see qqbar
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…in the meantime
l New critical data sets from the LHC on Drell-Yan, top, 

jets, W/Z+jets
l NNLO predictions available for all of above allowing this 

data to be included in PDF fits
l New NNLO PDFs available (CT18, MSHT20, 

NNPDF3.1*) that make use of this LHC data
� additional technical improvements to the PDF fits

l These PDF sets (or rather a slight modification to CT18 
(CT18’) and a larger modification to NNPDF3.1 
(NNPDF3.1’) used for the construction of  PDF4LHC21

*NNPDF4.0 came out too late to be included in the combination 3



PDF4LHC21
• new PDFs CT18, MSHT2020, NNPDF3.1, containing large amount of LHC data
• some new/different techniques, i.e. fitted charm for NNPDF3.1

• exercise: start with a reduced data set large enough to provide constraints, 
small enough that resulting PDFs should be similar for the different groups

• add more data sets, ttbar, jets … and finally use the full fit PDFs

consistency with PDF4LHC15,
a bit more of a spread of the gg 
uncertainty bands than for the
2015 combination; some of 
gg fusion Higgs uncertainty will
be due to spread of central
values

1.5 years in the making; many Friday meetings; many details in the paper 
left out of this talk
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Aside: uncertainties
l PDF uncertainties depend first on the experimental uncertainties of 

the data
l 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 

l 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

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

l NB: CT (Tier 2) and MSHT (dynamic tolerance) have introduced 
criteria to restrict the pull of data sets that disagree with global fit

l NB: all groups see tensions; the relevant c2 values show that the 
fits are not good
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Reduced data set fits
l Diverse enough to provide information for all PDFs
l Sparse enough that uncertainties should be very similar for all 3 PDFs
l Origins of differences of PDFs

• due to variations of experimental input, treatment of systematic 
errors, different theory choices, fitting methodologies?

• so for benchmarking, use common theory settings (i.e. perturbative 
charm, mcharm=1.4 GeV, s=sbar at input scale, as(mZ)=0.118, 
positive-definite PDFs, no deuteron or nuclear corrections…)
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Reduced fits
l Central values agree reasonably well
l …as do uncertainties at higher x
l There are some differences, for example at low x for the gluon 

distribution; this is a region nominally not well constrained by data
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PDF luminosities: no rapidity restriction
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|yX<2.5|
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CT18

MSHT20

Spartyness, a variable that describes
the goodness of fit, taking into account
the number data points; expect S to
be in the range of -1 to 1.
If S>>1, that means the data is poorly
fit; if S<<1, that means the fit is too 
good, and possibly the errors are
overestimated

Note the trouble fitting the ATLAS W/Z
data
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Definitions for CT18’/NNPDF3.1’
l CT18->CT18’: mc=1.4 GeV,mb=4.75 GeV
l NNPDF3.1->NNPDF3.1’: same as above plus some additions to the 

data set (in some ways NNPDF3.1’ is a transition from 3.1-> 4.0)
l No MSHT20’ since the above are the heavy quark mass values they 

normally use

Note the trouble fitting the 
ATLAS W/Z data

important addition
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Combination

l Generate 300 MC 
replicas of each of the 3 
PDFs and combine
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reduction in
uncertainty for
gg fusion
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_mc and _40
l For distribution, compress 900 MC replicas to 100 replica set and 

to 40 member Hessian set using same techniques as PDF4LHC15
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l Note that 
the 
Hessian 40 
member
set is 
positive 
definite, 
while the 
MC 100 set 
can go 
negative at 
high 
x/mass
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l It can be useful to look at 
2-D ellipses comparing 
cross sections

No 7 TeV ATLAS W/Z

17



…recently added to LHAPDF

The white smoke has dissipated. 
The PDFs have been sent to LHAPDF.
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Summary
l The PDFs are now available on LHAPDF

• they can be quite useful, just as those from PDF4LHC15 were, 
for example in Monte Carlo generation (for Run 3);  for 
comparison to data, the individual PDFs are most often the best 
to use 

• The paper has been submitted to Journal of Physics G
l We will next turn our attention (back) to a followup paper, trying to 

dive in a bit deeper into a better understanding of how each PDF fit 
works, what the relative sensitivities are to different data sets, etc
• see also talk by Pavel Nadolsky at the APS meeting yesterday
• https://smu.box.com/s/an6abaoh8pbvd7z8vcmbz2h4ye23dc50
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Extras



High x gluon
l Of great interest for both SM physics and searches
l 3 main datasets sensitive to high x gluon: jet data, top data, Z pT data
l Tensions between data sets, tensions within data sets

� correlated systematics important
l Consider ATLAS 8 TeV top datasets: mtt,yt,ytt,pTtop

� MSHT, CT, ATLAS cannot get good fit to all correlated distributions 
together, or to yt, ytt separately, in either reduced fit or full global fit

� NNPDF able to fit rapidity distributions if systematics for each 
observable are de-correlated; for correlated case find same large 
chisquares as the other PDFs

l Theory predictions check out, i.e. common theory used by all groups
l NB: top data sets have a low number of data points; NNPDF cannot 

divide into training and validation, so all data in training
� small data sets are effectively double-weighted (e.g. E866, CMS W 

charge asymmetry)
� NNPDF4.0 includes more jet data than NNPDF3.1, sees similar 

issues as CT, MSHT, ATLAS


