
PDF4LHC recommendations for 

LHC Run-2

Pavel Nadolsky
Southern Methodist University

With Joey Huston (MSU) and Jun Gao (ANL)

for the PDF4LHC working group



A major revision of the 

previous PDF4LHC 
recommendation in 
arxiv:1101.0538, 
arXiv:1211.5142



PDF4LHC publication, topics

1. Review of updates on PDFs 
from various groups

NNLO Global PDF sets: CT14, 

MMHT’14, NNPDF3

PDFs using other methodologies: 

ABM’12, CJ15, HERAPDF2.0 

2. Average PDF sets by PDF4LHC 
group: PDF4LHC15_30, _100, _MC

Criteria for combination

3. Recommendation on selecting PDF sets for various LHC 
applications

New physics searches

Precision tests of SM and PDFs

Monte-Carlo simulations                            Acceptance  estimates
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2012→2015: Agreement between NNLO PDFs 

greatly improved

Note in 

particular the 

changes in the

gg luminosity,

especially

important in 

the Higgs 

mass region

LHC data has

been added 

for all 3 new 

PDFs, but most

of change is 

due to changes

in formalisms

Note also 

differences in

high mass region

remain 4



R. Ball et al., arXiv:1211.5142

±7%

2012 �	
� ≈ 7%2012: �	
� ≈ 7%

N3LO scale dependence on 
� is <3%

Similar agreement for ��̅ cross sections

SM Higgs

2015 �	
� ≈ 2 − 3%2015: �	
� ≈ 2 − 3%

           
(�� → ��) at NNLO      

Disagreement in central values

Good agreement of central values



Other new sets published as well

behavior for

HERAPDF2.0

and ABM12

somewhat 

different

HERAPDF2.0

uncertainties

tend to be 

larger
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Three main uses of PDFs at the LHC

For 2), compute cross sections with individual PDF sets.

For 1), the PDF uncertainty based on the totality of available PDF sets must be 

estimated. Need to estimate the combined PDF error.

For 3), may want to use an average of various PDF sets. 8



Averaging of PDF ensembles

The 2012 recommendation estimated the combined 

uncertainty as an envelope of cross sections for 3 PDF 

sets; the envelope was overly sensitive to outliers 

Recently, several methods for combination (averaging) of 

PDFs (before computing cross sections) were developed. 

Criteria allowing the combination were outlined.

Combination workflow:

1. Generate 900 MC replicas from all input ensembles 

(currently CT14, MMHT14, NNPDF3.0) using Thorne-

Watt procedure

Other PDF sets can be added in the future if they satisfy the 
listed criteria 

2. Reduce the number of  final replicas from 900 to 100 or 

30 by keeping most relevant PDF combinations
9



Which PDFs can be “easily” combined?
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MC900

Note that

MC900 is 

not the 

envelope of

the 3 PDF

error bands

The PDF error

bands 

themselves

are similar 

for the

precision 

physics 

region, but

not for low

mass/high

mass
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Why 900 Monte-Carlo replicas?

900 replicas

seems enough.

Increasing the

# of replicas 

to 1800 does not

significantly

change the 

average PDF 

uncertainty

->MC900

or

PDF4LHC_prior

12



Reduced sets

� 900 error PDFs are too much for general use

� We would like to reduce this number while still maintaining as 
much information on the uncertainties and on correlations between 
PDF uncertainties as possible

� We have settled on 3 techniques/outputs

� Compressed Monte Carlo PDFs (PDF4LHC15_nnlo(nlo)_mc)

� 100 PDF error sets; preserve non-Gaussian errors

� META Hessian PDFs (PDF4LHC15_nnlo(nlo)_30

� 30 PDF error sets using METAPDF technique; Gaussian 
(symmetric) errors

� MCH Hessian PDFs (PDF4lhc15_nnlo(nlo)_100

� 100 PDF error sets using MCH technique; Gaussian 
(symmetric errors)

� The META technique is able to more efficiently reproduce the 
uncertainties when using a limited number (30) of error PDFs

� The MCH technique best reproduces the uncertainties of the 900 
MC set prior 13



Some comparisons: mc PDFs
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Some comparisons: Hessian sets
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Application to cross sections
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Correlations

probably only 1 

digit for the 

correlations is 

significant, so 

plot like on right is

more relevant

correlations can differ 

significantly for example

from the individual PDFs

from YR2 18



Now on LHAPDF:
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NLO, NNLO, varied �� sets
�� = 5 and 4 (upcoming)



Caveat: Heavy flavors and low 

� �� = 5  averaged PDFs are strictly valid at �� ≫ !"
� , 

where they should be used with �� = 5 hard cross 

sections

� At � ≤ !" , each PDF group assumes a different heavy-

quark mass scheme/heavy quark mass; at � < !" the 
averaged PDFs should not be naively used in fixed-
order calculations, but can be used with parton 
showering programs if some accuracy loss is 
tolerated

� With this understanding, the _30, _100, and _MC PDFs 

are provided for � > 1.4, 1, and 1 GeV. 

� The _30 PDFs have been parametrized at Qo=8 GeV and extended 
down to Q=1.4 GeV by backward DGLAP evolution.The resulting 
_30 PDFs match up well with the _100 set for Q<8 GeV
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_30 and _100 sets at � = 1.4 and 2 GeV
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PDF4LHC NLO sets with �

� Made available for NLO calculations in the 4-flavor scheme

� ��

)*+,
-. ≈ 0.118 →  ��

)*+0
-. ≈ 0.113. For other 1

values, ��

)*+0
1 is found from ��

)*+,
1 via 4-loop 

relations by Chetyrkin et al., hep-ph/0512060
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Recommendations
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Pedagogical text about the PDF use has been added

…continues with discussion of MC PDFs 25



Summary

� New PDF4LHC recommendations are based on PDF combinations 
of CT14, MMHT2014 and NNPDF3.0

� Central PDF and uncertainties derived from 900 MC replicas of 
error PDFs of above 3 sets

� Three reduction techniques, with either 30 or 100 error PDFs, with 
uses as discussed  previously

� PDF4LHC_XX X sets on LHAPDF: 

�� = 5 NLO and NNLO sets;  

�� = 4 NLO sets; 

member  sets with varied 2�

� With this recommendation also comes a new recommendation for 

the central value of αs(MZ) and its uncertainty

� αs(mZ)=0.118

� δαs(mZ)=+/-0.0015 at 68% c.l.
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Backup slides



MC900 set does not completely cover/coincide with the uncertainty bands of CT14, 

NNPDF3.0 or MMHT14, especially at low/high x. However, it’s the best approximation 

we can come up with. 



Parton luminosities for combined sets



Some comparisons: mc PDFs
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Some comparisons: Hessian sets
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