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PDF & LHC
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Input from HERA, Tevatron, fixed target experiments.
e PDF fits/ evolution to bring to LHC energy
Input for/from LHC.



PDFALHC Workshop Series - the mission

PDF4LHC Initiative started as a continuation of

HERALHC workshop with the main goa
e Getting the best PDFs, including the

S
ODF

uncertainties, based on the present @

ata.

e Devise strategies to use future LHC ¢
Improve the PDFs.

ata to



The main PDF groups.

Recent fits from the main active PDF groups:

CTEQG6.6[arXiv:0802.0007] General-Mass Variable-Flavor-Number
Scheme (GM-VENS, ACOT) fit to DIS, DY and jet data, availalvle |
2008.

MSTWO08 [arXiv:0901.0002] GM-VFNS (TR) fit to DIS, DY and jet
data, available in 2008. Also NNLO.

NNPDF2.0[arXiv:1002.4407] Zero-Mass VFNS fit to DIS, DY and jet
data, updated to modern data.

HERAPDF1.0[arXiv:0911.0884] GM-VFENS (TR) fit to HERA only
data

ABKMOQ9 [arXiv:0908.2766] Fixed-Flavor-Number Scheme (FFNS) fit
DIS and DY data. Also NNLO.

GJR08[arXiv:0708.0614] FFNS fit to DIS, DY and jet data, with extra
assumptions on PDFs at the starting scale (“dynamical pdfdbs
NNLO.

Different assumptions for PDF uncertainties: large tolerantia
(CTEQ,MSTW), flexible parameterization (NNPDF), sepanaf
experimental, model and parameterization errors (HERAPDF
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Input date

P

PDFALHC workshop helps to propagate knowledge about
new input data sets to PDF fit groups. Feedback on
consistency of the data with QCD expectations. Recent

data sets include:

e Combined H1 and ZEUS inclusive DIS cross section
measurement

e Tevatron Run-ll measurements of jet productidi,
asymmetryZ rapidity distribution.
More data are expected to come. In particular, from
HERA:

¢ Inclusive data from HERA-II period
(x3.5 luminosity vs HERA-I)

e Combined H1 and ZEU&- andb- quark data.



HERA input: Combined inclusive measurement
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Tevatron Jets
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¢ Inclusive Jet cross section data from Tevatron provides
iInformation on gluon density at high

e Recent run-Il data from CDF and DO, DO data reaches
Impressivel.2% precision for the jet energy scale.

e Softens gluon density distribution compared to Run-I rssul



Importance of Heavy flavors
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Massive quark treatment for all but NNPDF2.0 setdfédence btw
different treatments is under investigation.



Understanding of Heavy Flavars
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CMS: Z rapidity In extended range
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4 The background of HF electrons are under control.
4 With 100 pb-' of integrated luminosity, it can constrain different PDF models.

Ping Tan, DPF 2009

Dedicated fwd electron reconstruction allows to extendsuezment
y range.
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LHCb: PDF uncertainty reductign
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Forward coverage of LHCb allows to prokes low as 16°.

11



PDFs and MC Generatars

e “PDF critical” processes should use NLO MC
generators whenever available (i.e. ATLAS uses
MC&NLO for W, Z inclusive production
measurements).

e The main workhorse are however LO MC generators
(PYTHIAB).

e LO PDFs do not contain all dynamics
— LO theory often requires large factors
— X shapes of LO pdfs is usually not correct.

e Solutions, discussed at PDF4LHC workshops:
— NLO PDFs for LO MC (bettex shape at least)

— Dedicated LO PDF sets for MC generators —
preferred option.
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Modified PDF sets

e MSTW and CTEQ have produced “modified” LO
PDF sets:

— MSTW:
x Release momentum sum rule and use NtO
— CTEQ:
+ Fit existing dataAND LHC benchmark
processes to LO evolution.

x Systematic study offéects of momentum sum
rule, as, scale choices, selection of data points.

e The sets are available at LHAPDF.
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Status of LO* implementation

Tunes for Modified LO PDFs

Tune to CDF/DO data using RIVET/PROFESSOR A. Buckley
PDF4LHC meeting

29th May 09

Tune parameters compared

Absolute values

meE’SSﬂI tunes Transverse region charged pariicle donsity
Param Atlas tune CTEQLL LO* LO*
PARP(64) ISR rx. scale 1.0 0.89 092 097 e 'TT%..E—E
PARP(71) FSR max virt. 4.0 1:72 1.29 1205
PARP(78) FS colour reconn. 0.3 017 0.14 013
PARP(79) Remnant x enh. 2.0 110 1.11 3.69 Allas "oB tune
PARP(80) Remnant cnctn. 0.1 0.01 e
PARP(82) MPlp .y 201 183 210 2.28 Tine to MRST LO®
PARP(83) Matter overlap 1 0.8 1.72 1.68 1.67 ks —= g
PARP(84) Matter overlap 2 0.7 N/A — ; ' —
PARP(89) MPI reg ref scale 1800 1800
PARP(90) MPI reg power 0.16 020 020 0.21
PARP(91) Kk, width 2.0 1.85 215 211
PARP(93) k, cutoff 5.0 686 6.79 5.08

e ATLAS uses modified LO PDFs for MC production.
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Understanding of PDF uncertainties

Main topic of the PDF4LHC workshops is understanding of PDF
uncertainties.

e GlobalCTEQ andMSTW fits use large tolerances af> = 100
and50to determine PDF uncertainties, while other groups use
Ay® = 1.

e NNPDF uses flexible PDF parameterization, most of the
uncertainty comes from the parameterization error.

e HERAPDF separates experimental, model and parameterization
errors. Largest contribution typically arises from
parameterization variation.

e GJR uses extra assumptions on PDF shapes at the starting scale
to reduces the errors.

Remarkably, dferent groups arrive to comparable PDF uncertainties
for the LHC observables (see next slides). The main reasgriamye
tolerance criteria fo€CTEQ andMSTW are required are
parameterization uncertainty and to lesser extend data
iIncompatibility.
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Benchmarking of PDF sels

Compare predictions from flierent PDF sets:

W+ W-,Z tt andH production (atmy = 120, 160and240GeV).
LHC CME of 7 TeV and14 TeV.

NLO calculations usingICFM5.7 with agreed set of
parameters. Input files by J. Campbell and J. Huston.

First results are available from the last PDF4LHC worksioop,
26 March 2010

[http://indico.cern.ch/conferenceDisplay.py?confId=87871].

Finalized results will be given on a wiki
[https://wiki.terascale.de/index.php?title=PDF4LHC_WIKI].
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Gluon-Gluon Iuminositj(

gg luminosity at LHC ( \'s =7 TeV)
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Quark-quark luminosity

%4(q) luminosity at LHC ( \'s =7 TeV)
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Predictions folZ
NLO z° - I'I' at the LHC (N's = 7 TeV
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Relatively weekys dependence fagg dominated channels.

19



Predictions fortt|
NLO tt cross sections at the LHC ( \'s =7 TeV)
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G. Watt, PDF4LHC, 26 March 2010

Strongas dependence fajg dominated channels.
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Predictions for Higgs

NLO gg — H at the LHC (N's = 7 TeV) for M, =120 GeV
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Same strong dependence@nfor H production. More comparisons at
[http://indico.cern.cfmaterialDisplay.py?contribteD&materialld=slides&confld=87871]
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Summarj

e PDF4LHC workshop series are very successful in bringing
experimentalists, providing input of PDF fits, theorists,
performing PDF fits and experimentalists using PDFs forrthel

LHC analyses together.

e This communication triggered rapid development in
— Understanding of data internal consistency (combined HERA
set)
— Development of LO MC-tuned PDF sets (from MSTW and
CTEQ)

— Understanding of sources of PDF uncertainties, in padrcul
parameterization uncertainty (due to rapid development of
NNPDF sets).

e Further steps are detailed understanding of tffeidinces among
PDFs for the LHC observables and development of
recommendations for the LHC experiments how to evaluate PDF

related errors.
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