
Developments in PDF4LHC

Albert De Roeck
CERN, Geneva, Switzerland
Antwerp University Belgium

UC-Davis California USA

BUE, Cairo, Egypt

20th May 2015



History

• PDF4LHC originated from the HERA/LHC workshops 

organized in the period 2004-2008

• Forum for PDF discussions with all PDF groups and 

experiments 

• First recommendation in 2010:  arXiv:1101.0538 (under 

some duress of the Higgs cross section group  )

• This recommendation (see later) was a bit tedious: revised 

and being improved now…

• New recommendation being finalized, which should be a 

easier for the user, without (noticeable) loss of precision 



New PDFs (2014/2015)

CT14 PDFs
To be released soon 

New release NNPDF3.0 arXiv:1410.8849
New release MMHT      arXiv:1412.3989   (formerly known as MSTW)
HERAPDFs:    data& fits ready, paper expected in a few weeks
Other PDF updates of PDFs are older

Final combined HERA
structure function
data not yet released
hence not included
yet



LHC Data Plays an Increasing Role

arXiv:1410.8849:   NNPDF Parton Distributions for the LHC Run-II

LHC data included

Also, in preparation:
Plan for a discussion forum
among the experiments for 
PDF sensitive measurements 



PDF Updates  Benasque Workshop

http://benasque.org/2015lhc/
cgi-bin/talks/allprint.pl

Also summaries
on recent PDF4LHC
meeting (5/4/2014)



Updated PDFs

Slides from J. Huston
FNAL seminar last week

New data added 
Partially new parameterization, 
Correcting some numerical 

problems in the global fit
All sorts of improvements…



Updated PDFs
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PDF Comparisons
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NNLO ggF Higgs Cross Section



PDF4LHC Recommendation 2010

Use CTEQ6.6, MSTW, MSTW08 for PDF uncertainty calculations



PDF4LHC Recommendation 2010 

P. Nadolsky



PDF Evolution



Adapted Recommendation (2013)

On PDF4LHC web page: http://www.hep.ucl.ac.uk/pdf4lhc/



Updated Recommendation 

• Criticism: use of only 3 PDF (motivated in arXiv:1101.0538)

• Criticism: complicated for the user, having to make the 

envelope for each observable. Some signal programs are 

not adapted well to do that in an efficient way.

• Criticism: not statistically rigorous/robust 

• Response: Use the transition from Run-I to Run-II for a 

more statistically rigorous procedure. Ideas developed in 

o.a. Forte arXiv:1011.5247, G Watt PDF4LHC meeting 4/2013

• Idea: create a “combined-PDF” set based on N input PDFs

with its uncertainty band, using the MC replica method. 

This is what the user can use directly. Correlations 

between the PDFs should be kept. The user should have a 

simple procedure.

• Compress the set to reduce the number of replicas   



Updated Recommendation

• In principle N can be larger than 3, ie it can allow for more 

PDFs that the 3 sets used before to enter in such a  

‘combination’

• In practice one has to study this carefully. So far we have 

used only the ‘global fitted’ PDFs from the previous 

envelope. When new sets are included that do not contain 

all available experimental data in the fits, we will (likely) 

have to use some weighting procedure in the combination.

• Hence we start the first set of these ‘Combined-PDFs’ 

including CT, MMTH and NNPDF. HERAPDF could be 

next to be included.

• Minimum requirements for PDFs to be considered in the  

combination, see https://indico.cern.ch/event/377812    



Basic inputs for the Combination

Not yet included

To be released soon



Combining Procedures



Updated Recommendation

P. Nadolsky



Meta-PDFs



CMC-PDFs

Compressed Monte Carlo PDFs (a la NNPDF) arXiv:1504.06469 



Compression Strategy

https://indico.cern.ch/event/377812



Comparisons



Compressions
P. Nadolsky, 
J. Rojo et al.



Comparisons



PDF-PDF Correlations
P. Nadolsky DIS2015

Anti
d-quark

gluon



Documentation (in prep.)

Expected in June/July



Summary/Plan

• Status: Two methods available, using different 

methodology. Eg one can be the baseline, the other used 

as a cross check.  Both will be made available.

• Finalizing tests and discussions still ongoing within the 

group

• Note is in preparation (plan to circulate in the PDF groups 

of the experiment for further feedback)

• Plan to release these combined PDFs for use end of June 

or in July

• Further studies will continue after that eg more thorough 

study on theoretical errors.

• New sets will be made available as needed by new PDFs

added or improved inputs in future  



The PDF Landscape


