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Parton Distributions at the LHC

Parton Distributions, and their associated theoretical and experimental uncertainties play a crucial for
hadron collider phenomenology:
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Experimental data in global PDF fits

Q2 dependence of PDFs:
determined by pQCD

LHC parton kinematics
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for PDF constraints

¢ A global dataset covering a wide set of hard-scattering
observables is required to constrain all possible PDF combinations
in the whole range of Bjorken-x

¢ For example, inclusive jets are sensitive to the large-x gluon,
while HERA neutral current data pins down the small-x quarks

¢ LHC data is introducing completely new observables to be used

pre-LHC dataset

Process Subprocess Partons X range
Ii{p.n}—>liX v qg — q q,q.8 x 2 0.01

(X n/p— T X v*d/u— d/u d/u x 2 0.01

pp — o X utl, dd — ~* g 0.015 < x < 0.35
pn/pp = T X (ud)/(utt) — ~* d/u 0.015 < x £ 0.35
V()N — = (n7) X W*q — q’ q,q 0.01 £ x<0.5
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PDF whishlist at the LHC

¢ At the LHC, there is a long list of PDF-related important measurements to be pursued. Will be the
main topic of this talk. Some of these already available, and used in PDF analysis.

¢ Data ready to be used in PDF analysis:
¢ Inclusive jets and dijets, central and forward: large-x quarks and gluons
¢ Isolated photons: medium-x gluons
¢ Inclusive W and Z production and asymmetries: quark flavor separation, strangeness
¢ Ongoing/future measurements for PDF constraints:
¢ W production with charm quarks: direct handle on strangeness
¢ W,Z production with jets: medium and small-x gluon

¢ Off resonance Drell-Yan and W production at small and high mass: quarks at very small and
very large-x

¢ Top quark differential distributions: large-x gluon
¢ Z+charm: intrinsic charm PDF

¢ Single top production: gluon and bottom PDFs

¢ Charmonium production: small-x gluon

¢ Available data on jets, photons and W,Z based on 2010/2011 run. Much more stringent constraints are
expected to be larger with the full 8 TeV dataset and with 13/14 TeV data
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LHC data and PDF analysis (1)

NNPDF2.3 dataset
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LHC data already part of global PDF analysis, ie.
the recent NNPDF2.3 sets.

The inclusive jet data help to constrain the large-x
gluon

The W and Z production data from CMS, ATLAS
and LHCb constrain medium-x antiquarks

We are already working in adding more LHC data,
like the 2011 CMS jets and the ATLAS and CMS
Drell-Yan distributions
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LHC data and PDF analysis (II)

2 LHC data already studied in the context of the MSTW analysis

2 MSTW2008 leads to the poor description of the ATLAS and CMS asymmetry data (undershooting data

at central rapidities)

2 By including the LHC data with PDF reweighting, a good fit quality is achieved by a larger uv-dv PDF
at medium x

2> Similar effects can be achieved starting from the MSTWO08 dataset but with a more flexible

parametrization with Chebyshev polynomials, as

corrections

Lepton charge asymmetry

well as with an improved treatment of deuteron
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LHC data and PDF analysis (III)

2 A systematic comparison of all modern NNLO PDFs with LHC data on inclusive cross sections and
differential distributions performed in arXiv:1211.5142: “Parton Distribution benchmarking with LHC data”

2 Reasonable agreement between NNPDF2.3, CT10 and MSTWO08 found, both for central values and
errors, with larger differences with HERAPDF1.5 and ABM

2 Quantitative comparisons with x2 estimator, NNPDF2.3 best overall description (as expected since it is
the only set that already includes all the data)
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Isolated photons

¢ Photon production in hadronic collisions is directly sensitive to LHC, pp — 7, +X @\s=14 leV, y=0 R_, =04, E™ <4 GeV)
the gluon via QCD Compton scattering . ;_ JETPHOX NLO (NNPDF2.1, uE})
¢ Photon production was used in early PDF fits for gluon _ o8-
constraints, then replaced by jets due to poor data/theory 2 0.7-
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« ]
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Pinning down strangeness

¢ Strangeness is the worst known of all light quark PDFs

¢ In global PDF fits determined by neutrino charm production
data (NuTeV+CHORUS)

¢ A HERAfitter analysis of ATLAS inclusive W and Z data
points to a larger strangeness than usually assumed (difficult to
reconcile with neutrino DIS data)

¢ A NNPDF2.3 analysis based on the same data as above
confirms the larger central value of strangeness, but with much
larger uncertainties (factor 3): no tension between LHC and
neutrino data

¢ W+c data from ATLAS and CMS (total xsecs and differential
distributions) will be instrumental to conclusively determine
strangeness from collider-only data

Simulation based on 5 1/fb 7 tev data

Q? = M2, ratio to NNPDF2.1 Collider Only

1.85 NNPDF2.1 Collider-only N
] e 1
1.6 || NNPDF2.1 Colider-only + We Data L = 5 fo” E
1.4 v
e & 2D
@ L
= 1.2 «c
w4 B
N S
N\
0.8 ©
N '-U
- g+
os- W + charm I
0.4 B 1 1 L1 1111 | 1 1 11111 | 1 1 1 | | | N

10" 10° 10?2 10" 2
< X

T 1 T T T T T T 1 T T T | T T T 1 T T T | T T T 1 T T T 1 T T T 1

=19 Gev- x=0.023 epWZfrees ATLAS

Q°

A ABKMO9 4

® NNPDF2.1 -

e MSTWO8 .

v CI10 (NLO) =

total uncertainty
experimental uncertainty

02 0 02 04 06_08 1 12 14
HERAfitter fit I
r.(x =0.023, @*=2.0 Ge\?)
'AT'L'A'S'I""1'"'|""|""|""|"'
® NNFDE2 1N rs=(s+sbar)/2bar
| NNPDF2.3 noLHC NNLO
\ 4 NNPDF2.3 HERA+ATLASWZ NNLO
v
-
o ; NNPDF fit
PR TR S R T T WY W TN T TN UNN RN RN RN AN BN E PR T L1
T 7050 05 T 15 2755 3
W+charm\



New avenues to the gluon (I)

¢ In global PDF fits, the gluon is directly constrained
by jet data only (and HERA at small-x)

¢ Jets are NLO with large scale uncertainties (though
NNLO close, arxiv:1301.7310), and experimental errors
substantial because of the JES

¢ Given the crucial role of the gluon for LHC physics,
complementary LHC observables directly sensitive
the gluon would be beneficial

¢ One possibility is Z/W boson production at large pT
(in association with jets). Cross section > 80%
dominated by gluon-quark scattering (ISR of extra
jets gluon dominated)

¢ The measurement can be only with leptons (double
differential in pT and rapidity), thus with very small
systematic errors

¢ Statistical errors will be negligible

¢ This measurement will be equivalent to measuring
the partonic luminosity relevant for gg > H
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New avenues to the gluon (II)

¢ Another interesting possibility would be to use top quark
data to constrain the gluon PDF: at the LHC tT is gg

dominated

€ Full NNLO available for total cross sections, in the near

future also for distributions

¢ Total cross sections already help to discriminate between
different PDF sets. Also a direct handle on the strong
coupling (CMS determination: CMS-PAS-TOP-12-022)

¢ Ultimate constraining power from ATLAS and CMS

differential distributions
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Low and high mass Drell-Yan

¢ In global PDF fits, fixed target Drell-Yan data are instrumental for quark flavor separation, but several

issues: low energies (thus larger scale errors), nuclear corrections, no covariance matrix: we would like to
replace them with collider data \

4 0

L9

¢ At the LHC, low mass DY constraints small-x quarks, with large mass DY determines large-x quarks and
antiquarks: essential for high mass BSM searches.

¢ Binning in rapidity improves the constraining power

¢ At large masses, it is crucial to properly account for electroweak corrections
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Cross section Ratios between 7, 8 and 14 TeV

The staged increase of the LHC beam energy provides a new class of interesting
observables: cross section ratios for different beam energies

o X, E) e % v = X E2)/o(Y, Ep)
RE, (B (X) = ——— h E2/Ex | X, Y) = — X e B
2 I n—'\ll' (T( . ,|)(7( , ‘])
These ratios can be computed with very high precision due to the large degree of
correlation of theoretical uncertainties at different energies

Experimentally these ratios can also be measured accurately since many systematics, like
luminosity or jet energy scale, cancel partially in the ratios

These ratios allow stringent precision tests of the SM, in particular PDF discrimination

Cross section Ratios between 14 and 8 TeV Cross section Ratios between 14 and 8 TeV
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Cross section Ratios between 7, 8 and 14 TeV

¢Cross section ratios cancel most of theory systematics, PDFs dominant remainder, specially at large masses

Cross Section R*PA 1 s or (%) da, (%) dscales (%0)
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¢ Therefore, cross section ratios should be pursued as a
novel approach to constrain PDF

¢ First measurement of cross section ratios by ATLAS: jet
cross sections between 7 and 2.76 TeV

experimental

and

scale

uncertainties,

potentially can improve the sensitivity to PDFs of 7 TeV
ATLAS jet data alone

¢ Improved discrimination power from 14 to 8 TeV ratios
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Summary

¢ Parton Distributions are an essential ingredient for LHC phenomenology

¢ Accurate PDFs are required for precision SM measurements, Higgs characterization
and many New Physics searches

¢ The determination of fundamental SM parameters like the W mass or as from LHC
data also greatly benefit from improved PDFs

¢ LHC data is already providing direct constraints on the proton PDFs: 7 TeV
measurements of jets, electroweak bosons and photons

¢ Many more ongoing/future measurements at 7 and 8 TeV will provide stringent
constraints on PDFs in the next years: W, Z, dijets, top distributions, photons, W
+charm, W,Z+jets, high mass off resonance W, ...

¢ Combining data at different LHC center of mass energies also provides useful handles
on PDF, in particular the poorly-constrained large-x PDFs.
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