PDFs in the light of the
LHC data

Alberto Guffanti

Niels Bohr International Academy & Discovery center
Niels Bohr Institute - Copenhagen

24th Rencontres de Blois - Particle Physics & Cosmology
May 27 - June 1, 2012




Parton Distribution F’rions

What are they? - Definition

Consider a process with a single hadron in the inifial state

we, Partonic Cross Section

% Partfon Distribution Function




Parton Distribution Func’rlons

What are they? - DGLAP evolution

e Parton Distribution Functions are non-perturbative objects and their value at
given x and Q2 cannot be computed in QCD Perturbation Theory (Lattice?)

* .. but the scale dependence of PDFs is governed by the DGLAP evolution
equations
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* .. where the splitting functions (P;) can be computed in Perturbation Theory

and are known up to NNLO

[LO - Dokshitzer; Gribov, Lipatov; Altarelli, Parisi (1977)]
[NLO - Floratos, Ross, Sachrajda; Gonzalez-Arroyo, Lopez, Yndurain; Curci, Furmanski, Petronzio (1981)] _
[NNLO - Moch, Vermaseren, Vogt (2004)] @@




Parton Distribution Ftibns

Why do we care?

7 TeV LHC parton kinematics
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The PDF fitting game
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The PDF fitting game

Present status of PDF fits
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PDFs for the LHC

Comparing Parton Luminosities

Let us first compare parton luminosities at the LHC (7 TeV)
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PDFs for the LHC

Comparing Parton Luminosities

Let us first compare parton luminosities at the LHC (7 TeV)
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24(q@) luminosity at LHC (s =7 TeV) 24(q@) luminosity at LHC (s =7 TeV)
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LHC data will soon be accurate enough fo distinguish between
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PDFs for the LHC

Comparing predictions for LHC Benchmark processes
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PDFs for the LHC

Comparing predictions for LHC Benchmark processes

e

Going beyond inclusive quantities and looking at differential distributions adds even

more information
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untested assumptions and fine details
of PDF fits
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PDFs for h- '

A “strange” story ...

s = 0.5(s T.)/fj
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PDFs for the LHC

A “strange” story ...

* Compare NNPDF2.1, NNPDF2.3-noLHC, and NNPDF2.3 sets with various datasets:
global, HERA+ATLAS-WZ, collider-only

* HERA+ATLAS-WZ (and collider-only) fit: central value consistent with ATLAS
analysis, but substantially larger PDF uncertainties

* Possible signs of “tension” between fixed target (NuTeV/CCFR) and collider data

Proton strangeness fraction Rs(x,Qz)

Q2=MZZ

0.32 + 0.10

0.35 + 0.10

1.4 + 2.2

0.95 + 0.60




PDFs for the LHC

A “strange” story ...

Q% =1.9 GeV?, x=0.023
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* PDF uncertainties in ATLAS determination of strangeness probably seriously
underestimated

e .. but LHC data begin to provide constraints on strangeness and hint at a
possible “tension” with fixed-target data

* Upcoming W+charm measurement will shed more light on the issue




LHC rFs

NNPDF2.3 - Inclusion of LHC data in global fits

0.93 0.94
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1.31
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e Compare the quality of the fit
to LHC data before and after
inclusion in the global fit

e Including LHC data in the fit
improves the quality of their
description, w/o deteriorating
quality of the fit to other
datasets

* Moderate impact of the LHC
data, supporting consistency of
the global fit framework

* Fit quality is comparable at NLO
and NNLO, thought the former
marginally better




LHC rFs

NNPDF2.3 - Inclusion of LHC data in global fits
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e Compare the quality of the fit
to LHC data before and after
inclusion in the global fit

e Including LHC data in the fit
improves the quality of their
description, w/o deteriorating
quality of the fit to other
datasets

* Moderate impact of the LHC
data, supporting consistency of
the global fit framework

* Fit quality is comparable at NLO
and NNLO, thought the former
marginally better




LHC for PFs

NNPDF2.3 - Inclusion of LHC data in global fits

oy L‘.! ot

* NNPDF2.3 is the first global fit including B e
LHC data 20| [ 1] NNPDF2.1 NLO
* ATLAS, CMS & LHC-b W/Z data *85] - NNPDF2.3 NLO

* ATLAS inclusive jet data

* Reduction on uncertainty in large-x gluon
(ATLAS jet data)

0.85 C 1 1 1 Lo
10? 10"
X

* Reduction on uncertainties on light quark

distributions both at small- and large-x
(W/Z data)

Ratio to NNPDF2.1, @2 = 10 GeV? |
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gy s NNPDF2.3 NLO

* Changes in light flavour PDFs shape after
due to inclusion of LHC W/Z data: handle |
on flavour separation




LHC Fr PFs

Collider-only fits, are we there yet?

It is the it we would love to have
* Only high energy data: minimize the effects of higher-twist contributions
* Only proton data: no assumptions based on models for nuclear corrections

! g § - NNPDF2.3 NLO
* How does a fit including only HERA DIS, Tevatron W/Z A
and inclusove jet and LHC data compares to global |\
fits? - 2
* Gluon distribution is very well constrained both at " "R~ 0
small-x (HERA) and large-x (Tevatron/LHC jets) *
0 Gé - NNPDF2.3 NLO

* PDF combinations sensitive to light flavour separation —
have much larger uncertainties in the collider-only fit == ~
(missing constraints from fixed target DIS/DY data)

\\\\\\

01 02 03 04 05 06 07 08 09 1
X




LHC for PDFs

Collider-only fit? More data are coming

More inclusive jet (and dijet) data
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Constraining the medium/large-x gluon




LHC for PDFs

Collider-only fit? More data are coming

Low-mass Drell-Yan
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Constraining light quark flavour separation




RFf =c(WTe)le(W—c) R, =o(W+c)lo(W +jets) g
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LHC rFs

Collider-only fit? More data are coming

W+charm production
CMS Preliminary results (CMS-PAS-EWK-11-013)

— 0.92+0.19 (stat.) +0.04 (syst.) ~

= 0.143 £0.015

k¥ BEGRE:

0.09
0.08

Constraining strangeness & heavy flavour PDFs
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Conclusions & Outlook

*Parton distribution Functions are an essential ingredient in
predictions of observables at the LHC experiments

*The use of different methods and techniques in the extraction of

PDFs guarantees the solidity of predictions and a thorough
understanding of the differences and assumptions

* LHC data will soon (and indeed already do) discriminate between
predictions from different PDF sets

* Measurements at the LHC will soon (and indeed already do) provide
valuable information to further constrain PDFs




