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PDFs and LHC

PDFs
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PDFs uncertainties are a crucial input at
the LHC, often being the limiting factor in
the accuracy of theoretical predictions and |

parameter determination (W mass)
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Exploit the power of precise LHC

data to reduce PDF uncertainties
and discriminate among PDF sets
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® PDFs are universal and their evolution with ® They can be extracted from available
the scale is predicted by perturbative QCD experimental data and used as a
by means of DGLAP equations predictions phenomenological input for theory
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Splitting functions are known up to NNLO [2004: Moch,Vogt, Vermaseren)



Consbraints from daka

Before the LHC

Different data constrain
some partonic
combinations at
different x.

' Global analyses include
Deep Inelastic
Scattering (DIS),
'neufrino data,
fixed-target Drell-Yan
(DY), vector boson
production, jets data

DIS data

® q,qbar at x > 10*

® g at small and medium x
® deuteron data: disentangle
isospin triplet and singlet
contributions

® neutrino DIS data: handle
on strange
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Cownstraints from data
Before the LHC
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® Good consistency with DIS data, i.e. scaling violation
® L argest impact on large-x gluon
® Significant improvements in accuracy, uncertainty reduced by factor of 2 for 0.1 < x < 0.7
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Consbraints from daka

Before the LHC
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Old DY fixed-target data and Tevatron data

constrain light quark separation and
disentangle quark-antiquark distributions

Light quarks
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State of the art

NNLO Z(qq) luminosity at LHC (\'s = 8 TeV) NNLO Z (qq) luminosity at LHC (Vs = 8 TeV)
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NNPDF23: global fit (DIS+DY+EW+Jets) + LHC data
HERAPDF1.5: reduced dataset (HERA DIS data)
ABMI11: reduced dataset (DIS+DY fixed target), much lower values of o s(Mz), FFN scheme

JRO9: reduced dataset (DIS+DY fixed target + Jets only at NLO)

G. Watt  (November 2012)
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MSTWZ2008: global fit (DIS+DY+EW+Jets)
CT10: global fit (DIS+DY+EW+Jets)

NNPDF23: global fit (DIS+DY+EW+Jets) + LHC data
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HERAPDFL.5: reduced dataset (HERA DIS data)
ABMI11: reduced dataset (DIS+DY fixed target), much lower values of o s(Mz), FFN scheme

NNLO gg luminosity at LHC (\'s = 8 TeV)
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HERA + TEVATRON
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No fixed-target data s No low-energy troubles
i.e. higher twists, nuclear corrections, poorer perturbative convergence
No older data without correlation information
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® Good accuracy for gluon TN

® Loss of accuracy for strange and flavor separation Tevatron W/Z,

Tevatron Jets
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HERA + TEVATRON «+ early LHC daka
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HERA + TEVATRON + early LHC dakta

e First LHC data included in the NNPDF2.3 fit already show that the LHC data have the potential to provide
missing information

e Light quark uncertainty is reduced

e Still not enough to substitute fixed target data

e Need more constraints on strange and light flavor decomposition!
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® The staged increase of LHC energy beams provides a
new class of observables: cross section ratios for
different beam energies

O'(X, EQ)/O'(Y, EQ)

Bpm & Y) = o(X,E1)/o(Y,E1)

® These ratios can be computed at very high precision
due to the correlations of theoretical uncertainties at
different energies and cancellation of most of theory
systematics

® For some ratios, PDFs are left as the dominant
remainder, especially at large mass

e Experimentally these ratios can also be measured
accurately since many systematics partially cancel

® They can be pursued as a novel way to constrain PDFs

The LHC data

Cross section ratios at different CME

Mangano, Rojo ArXiv:1206.3557

8TeV / 7 TeV
Cross Section | R*™ ™% | Sppp(%) | da, (%) | dscates (%)
tt/Z 1.23 + 04 -02-021|-02-03 |
tt 1.43 + 0.3 -02-0.2| -0.1-03
Z 1.16 + 0.1 -00-0.1]-0.1-0.1
W+ 1.15 == (.1 -0.0-0.1 | -0.1-0.1
W~ 1.X¢ + 0.1 -0.0-0.1| -0.1-0.1
W+ /W- 0.98 + 0.1 -0.0-0.0 | =0.0-0.0
W/Z 0.99 + 0.0 -0.0-00 | -0.0-0.0 |
ggH 1.27 +02 | -00-01]-02-02
tt(My > 1 TeV) 1.81 + 0.8 -00-03 | —-0.6-0.5 ;
tt(My, > 2 TeV) 2.80 + 3.2 -06-03| -00-14
giet(pr 2 1 TeV) 2.30 + 1.0 -00-05| -04-1.0
ie(pr >2TeV) | 738 | +52 | -04-1.0]-25-23
14 TeV / 7 TeV
Cross Section | R™™PY | §ppp(%) | ba, (%) | dscates (%)
tt/Z 2.61 +16 [-11-10]-06-14
tt 5.58 + 1.4 -0.7-09 | -05-14
Z 2.14 + 0.8 -0.1-04 ]| -03-0.3
w+ 2.01 + 0.8 -00-03 | -04-03
W- 2.17 + 0.8 -0.1-03 | —0.4 - 0.2
W+ /W~ 0.93 + 0.4 -0.0-0.1] -0.0-0.1
W/Z 0.97 + 0.2 -0.1-0.1 ] -0.0-0.0
ggH 3.26 + 0.8 -01-02 | -11-1.1 |
tt(My > 1 TeV) 14.8 + 3.3 -1.0-1.2 | -2.2- 2.6
tt(My, > 2 TeV) 69.7 + 9.6 -06-06 | —2.8-2.0
' oje(pr >1TeV) | 349 +29 |-00-03[-20-28
' gier(pr > 2 TeV) | 1340 +12 | -07-11|-80-64




The LHC daka

Daka and conskrainks on PhFs

* Inclusive jets and dijets (medium/large x)
* Isolated photon and ¥ +jets (medium/large Xx)

Gluons : :

* Top pair production (large x)
* High pr Z(+jets) distribution (small/medium x)
* High pr W(+jets) ratios (medium/large x)

Light flavors * W and Z production (medium x)

and strangeness * Low and high mass Drell-Yan (small and large x)
* Wc (strangeness at medium x)
* Low and high mass Drell-Yan

Photon

* WW production



Inclusive jet data ab the LHC

e Jets are traditional source of information on gluon and @ s

® The higher the pr the higher is the x probed

® Large-x is the region where gluons and quarks are mostly

unconstrained

e Wealth of precise experimental measurements
® Theoretical calculation: NLO and partially also NNLO gg

initiated contribution has now been calculated. Soon full NNLO

[Gehrmann et al]
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inclusive jet cross-sections
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VS = 2760 GeV, ly|<0.3

ATLAS (2012)

Vs = 7000 GeV, y|<0.3

CMS (2011)

18 = 7000 GeV, ly|<0.5

CDF (2008)

& = 1960 GeV, ly|<0.1

DO (2008)

Vs = 1960 GeV, ly|<0.4

UA2 (1991)

Vs = 630 GeV, n/<0.85

UA2 (1985)

Vs = 546 GeV, n<0.85

UA1 (1985)

Vs = 548 GeV, hi<1.4
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Inclusive jet data at the LHC
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ATLAS

2.76 TeV

0.2 pb!

20 - 430 GeV

EPJC (2013) 73 2509

ATLAS

7 TeV

35 pb !

20 - 1500 GeV

100 - 2000 GeV

Phys.Rev. D86 (2012) 014022

Phys.Rev. D87 (2013) 112002

74 - 2500 GeV
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Inclusive jet data abt the LHC
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Inclusive jet data at the LHC
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Lrerapk photon proguction
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ATLAS, 7TeV, 880 nb™!, 15<E1<100, Phys. Rev. D 83, 052005 (2011)
ATLAS, 7TeV, 35 pb™, 45<Er<400, Phys. Lett. B706, 150-167 (2011)
ATLAS, 7TeV, 4.5 fb!, 100<E1<1000, ATLAS-CONF-2013-022
ATLAS, photon + jet, 7TeV, 35 pb™!, Phys. Rev. D 85, 092014 (2012)
CMS, 7 TeV, 1.9 pb, 21<Er<300, Phys. Rev. Lett. 106 (2011) 082001
CMS, 7 TeV, 36 pb™!, 25<Er<400, Phys. Rev. D 84, 052011 (2011)

Crluoins

* Prompt photon production at hadron colliders is directly
sensitive to the gluon-quark luminosity via Compton

scattering
e Isolated prompt photon data well described by NLO QCD
theory
* ATLAS and CMS measurements at 7 TeV constrain

medium-x region
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e Included ATLAS 880 nb -, and 35 pb -, e Isolated photon+jet at central rapidities probe
CMS 1.9 - and 36 pb ! mostly gluon at x=0.01 (low E?t) and x=0.1 (high E”1).

e At forward jet rapidities probe the gluon and light-

* Moderate uncertainty reduction in the region quark densities at medium and small-x (low E?7), or

which affects and reduce uncertainties for Higgs :
gluon fusion predictions by 20% quarks at very large-x (v. high E”1))

e Systematic uncertainties of early LHC data [Phys. Rev.
e Issue: there is not yet a fast interface available D 85, 092014 (2012)] still too large to provide significant

for JETPHOX [P. Aurenche et al] in PDF fits constraints.



Top pair production
e At the LHC, the dominant channel for top pair production is
gluon-gluon fusion

Crluoins

Correlation between PDFs and Cross-Section
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e Several studies on effect of top pair inclusive cross section on
the gluon [Czakon et al, Beneke et al]
* Predictions computed at NNLO+NNLL accuracy
* Inclusion in the recent NNPDF23 PDF analysis shows that top-
quark inclusive cross section data (Ndata = 4) reduces uncertainty of
large x gluon up to 20%
e Effect of HERA+top data on gluon similar to HERA+ jets
e Ultimate constraint power expected from distributions
* Fast interface available in MCFM

Czakon et al, JHEP 1307 (2013) 167

Ratio to NNPDF2.3 NNLO, o = 0.118
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Grluons
High pr Z/W Produ&&ov\

e In global fits, medium/large x gluon is mainly constrained by jet data.

e W/Z boson at large pr (associated with jets) would provide a complementary constraint in x region which
enters gg>H production

e At large pT, gluon up (for Z and W*) or gluon down (for W-) scattering dominate: can exploit these observables
to constrain gluon and u/d ratio

Z°(~s I'M)+jet at the LHC with \s = 8 TeV Wi [V)4etatthe LHC with (s=8TeV |
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! § *gu myg i L $ S +gd
' S [ MadGraph + PYTHIA e ] - +dd
L S - -
o cgiegs 8 % 99
¢ R :
] < ] e " *Other
o5 o = Rt =
8ud =Other ) -
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Malik, Watt ArXiv: 1304.2424
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High pr Z Fwodu«c&mm

Malik Watt ArXiv: 1304.2424

J. Rojo, PDF4LHC

@] T ——— (2] Z* (= 1) + jot at the LHC with \& = 8 TeV NNPDF2.3 + MCFM LO, Correlation PDFs and o(Z+jet)
: ® 1181 T 15 ey . —r —
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° e v X T L L4 L L3 T L] T L3 L L4 L l L) L4 L4 L ] L T L2 | g A A A A
- i ] ' : correlated to gluon at medium x and light quarks. Similar to
n y :'— “-_uv."“':l:u P, _:' .
=N A 3 direct photon
By e [seetaRedt E e x dependence on gluon -> pr dependence on d 0 /dpr
= 128 |k =
O A L e —— 3 ® pr spectrum is affected by possibly large theoretical
é E 3 uncertainties
- 095‘ """ e For pr > 30 GeV, the need of resumming soft logs of Mv/pr
; oE is minimized. Still scale uncertainty and NLO/LO ratio grows
0.8f -] 4
o - . e with pr. Need NNLO!
g o] TP ‘ 3 e NNLO Z+jets not much different from H+jets, therefore
08" o wan wsima NLo PR "7 4 | NNLO calculation is expected soon [Boughezal et al]
=y f e Gy g ey ot it gt oy o getigay g oy gt g e o o
5= 50 100 150 200 250 300 * EW NLO effects, large EW logs can be significant at large
Boson P, (GeV) lepton pT [Denner et al, 1103.0914] Local K-factor?

Malik, Watt ArXiv: 1304.2424
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Light (anti-)quarks

High pr W*/W- ratio

Ratlo of up/down quark distributions at Q = 100 GeV
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Ratio of (W' +jet)/(W +jet) at the LHC with s = 8 TeV
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e In ratios theoretical uncertainties for higher order QCD corrections
cancel below 1%.

e Impact of PS almost negligible in W*/W- ratio as well as EW

high-pt log corrections

* x dependence on (u/d) -> pr dependence on ratio d(W*/W-)/dpr in the
region where differences are larger

 Very promising observable giving complementary information as W
asymmetry measured as a function of rapidity

* Work in progress to make V+jets NLO theoretical predictions
available in APPLGRID format

Malik, Watt ArXiv: 1304.2424




e Inclusive W and Z production
probes quark flavor separation in
a wide range of x

e Wealth of experimental
measurements: inclusive cross
sections, ratios, rapidity and
pseudo-rapidity distributions

Light (anti-)quarks

Vector boson erc«dm:&icm

ATLAS, Phys. Rev. D85, 072004
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Light (anti-)quarks
Vector boson production
® ATLAS W/Z lepton rapidity distributions, 36 pb ! phys. Rev. D85(2012) 072004

® CMS W lepton asymmetry, 840 pb ! Phys. Rev. Lett. 109(2012) 111806
® LHCb W rapidity distributions, 36 pb - JHEP 1206(2012) 058

Il Ratio to NNPDF2.1. @*= 10°GeV2 | W’ > I'v at the LHC (Vs = 7 TeV) with > 20 GeV, E; > 25 GeV, M, > 40 C
- 1 2 t 0.3 4 L4 L  J ] L] 0] Ll 1 I I L] L} ] l 1 | ] . | l' T | J L} 1§ l | 1 L4 A | ‘
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|| NNPDF2.1NLO E°
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R. Ball et al, Nucl. Phys. B867 (2013) 244 R. Thorne, QCD@LHC 2013

e Inclusive electroweak production decreases antiquark uncertainty (NNPDF2.3)

e W asymmetry data enabled MSTW to spot a restrictive uy-dy parametrization

e Upcoming PDF sets will include higher statistics measurements -> stronger constraints

® Most useful: separate differential distribution of W and Z together with the corresponding covariance
matrix. Individual distributions can be combined a posteriori in a global analysis!



Vector boson prcwdwc&icw\
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R. Ball et al, Nucl. Phys. B867 (2013) 244
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Strangeness

® ATLAS (2012) claims large value of rs ~ 1

Pl o —

sl Q) s Q)

2d(z, Q%)

e Results based on the HERAPDF + HERAFITTER approach

e NNPDF2.3 analysis confirms the central value of the ATLAS
analysis but finds larger uncertainties.
e Strangeness in NNPDF2.3 is still mostly determined by NuTeV

data, LHC data have minor impact

e In the upcoming analyses more input from 8 TeV data

ATLAS, Phys. Rev. Lett. 109 (2012) 012001
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Strangeness
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_Q* =M, ratio to NNPDF2.1 Collider Only

e Strange PDF is the most poorly constrained, mostly determined

by neutrino charm production data on nuclear target (NuTeV and 18] - NNPDF2.1 Collider-only
CHORUS) 16 NNPDF2.1 Collider-only + W Data L = 5 fb"’
e W+charm data from ATLAS and CMS (both inclusive and

distributions) provide a cleaner set of data to constrain - e
strangeness from collider [J. Rojo, study with pseudodata] E— 1.2
* ATLAS data consistent with large strangeness, as opposite to g .

CMS data consistent with suppressed strangeness
e Recent from NOMAD: charm dimuon production in neutrino-iron
scattering consistent with NuTeV [ArXiv:1308.4750] 0.6

e Ultimate answer comes from inclusion of W+c data in PDF fits T T - SR
(ongoing effort by NNPDF, HERAFITTER) 10 10° 10° 10"




Light (anti-)quark
High and low mass Drell-Yan

 In global fits, quark flavor separation mostly comes

from fixed-target DY data ATLAS [
® Large and low mass DY measurements at the LHC can cMs |
be used to constrain small and large x quark and anti- LHCb
3 ’ E L L LT TTT N e e Y WA i 1 LA L 111l
quark distributions. 10 107 " 1[%:; ”
o ; u [Ge
* NNLO theory predictions available [FEWZ, DYNNLO]
e Very precise data available both from CMS (preliminary Wi
; Ly 0 > ¢4 S. Farry, QCD@LHC2013
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Correlation Coefficient
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High and low mass Drell-Yan

Photown PDF

Ball et al, 1308.0598

* EW corrections have become relevant at the current phenomenological precision level
e A consistent inclusion of EW corrections requires PDF with QED effects
e NNPDF23QED is new PDF set with uncertainties which incorporates (N)NLO QCD + LO QED effects
e Photon PDF fitted from DIS and DY data (on-shell W,Z production and low/high mass DY)
e DIS data fitted and DY data included via Bayesian reweighting [Ball et al., Nucl.Phys. B855 (2012) 608-638]
* Photon PDF is poorly determined from DIS data. Need hadron collider processes where photon contributes at LO!

Observable

Dataset Ngat | [Mmin,Mmax] | |MjPin, Mipax

LHCb v*/Z Low Mass | do(Z)/dM, 9 2,4.5] [5,120] GeV

ATLAS W, Z do(W*,Z)/dn | 30 [-2.5,2.5] 60,120] GeV
ATLAS ~*/Z High Mass | do(Z)/dMy 13 1-2.5.2.5] | [116,1500] GeV

Correlation between photon PDF and cross sections
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Photown PDF

Ball et al, 1308.0598

High and low mass Drell-Yan

Photon PDF at Q? = 2.0 GeV? Photon PDF comparison at 2 GeV?
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Photown PDF

Ball et al, 1308.0598

Win prodm:&wm

e WW production is phenomenologically
relevant as a background for BSM
searches

e At high Mww, photon-induced
contribution become relevant

e The large uncertainty at large Mww
comes from the large uncertainty of
photon PDF for x > 0.1

e New LHC data give unique opportunity
of constraining the photon in that region

, . WW production @ LHC Vs = 14 TeV
Correlation between photon PDF and cross sections _ i _ :
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PDF Wishlist abk the LHC

In this talk only a portion of PDF-related measurements to be pursued at the LHC has been covered.
Notice that, in order to use measurements in PDF fits we need full information on correlations!

v Already used in PDF fits

® Inclusive jets and dijets both central and forward: large-x quarks and gluons
e Inclusive W and Z productions and asymmefries: quark-flavor separation, strangeness, photon

v (Almost) Ready to be used in PDF fits

e Isolated photon: medium-x gluon

® High-pT Z transverse momentum distribution

e W+charm: direct handle on strangeness

* W,Z + jets: gluon at medium-x and u/d ratio

e Off-resonance Drell-Yan at small and large mass: quarks & photon at small and large x
e WW production: photon and light quarks

e Top quark inclusive and differential distribution: large-x gluon

e Ratios at different CME

v Some speculation

® Z+c: intrinsic charm PDF
® Z+b: gluon and bottom PDF
e Single top production: gluon and bottom PDFs
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Bayesian Reweighting

In a nukshell

* Nrep of a Monte Carlo fit give the probability density in the space of PDFs

e Expectation values are MC integrals. Same for errors, correlations

e One can assess the impact of including new data in the fit by updating the probability
density distribution

W X ( \/-) )%"'_1‘, _%»\f
. N | | N
(0) = / OfIPU)Df =5 ) O™l (Opew = / OlfPaen()Df = 3 3 L wkO[f*)
' k=1 k=1

?x Whenever add new data, need to do ;"
£ full refitting, tune parametrization and }
¢ statistic treatment i

tweights with each replica of a PDF set

:‘x Can be done only by PDF fitting fand producing a new PDF set through

Ball et al, ArXiv: 1012.0836
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Testk-case

e Start from DIS+DY only fit
(blue)

e Add CDF and DO data by
refitting (as benchmark)

* Add first CDF data by
reweighting, unweight, then
reweight DO data on
unweighted set

e Add first DO data by
reweighting, unweight, then
reweight CDF data on
unweighted set

* Add CDF+D0 data by
reweighting at the same time

e Same results!!

Bayesian Reweighting

Inclusive Jets - Successive reweighting |

p—
Pell Prior 2.0DIS+DY
X [ Refitted
o [[__] Reweighted(both Jets)-UW
* 08 [TTTTTT] RW(CDF)-UW-RW(DO)-UW
E==] RW(D0)-UW-RW(CDF)-UW

0.4

3 T
bt P b

0.2

io_lllllllllllll
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Bayesian Reweighting

Inclusion c:;nf CMS jef: daka
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R. Thorne, QCD@LHC 2013



Covartance mabrix

Consistent treatment of experimental uncertainties

Dataset x? | X%, | Neg

without covariance matrix ATLAS 2.0 | 1.2 | 46

add statistic and systematic ATLAS W+ 36 pb~" 57| 1.5 | 17

LA ATLAS W~ 36 pb~! 2.5 | 1.0 | 205

ATLAS Z 36 pb—1 18| 1.1 | 581

CMS 20 | I 56

CMS Z rapidity 36 pb~! 1.9 | 14 | 223

CMS muon asymmetry 234 pb—! 2.0 04 | 200

LHCb 0.8 | 0.8 | 972

LHCb Z rapidity 36 pb~! 1.1 1 1.0 1 962

LHCb W lepton asymmetry 36 pb~! | 0.8 | 0.5 | 961

All data combined 20 | 1 4
NNPDF2.3 noLHC reweighted with LHC data

NLO NNLO
Negr | (@) || Net | (@) with covariance matrix:
ATLAS W/Z 285 | 14 1 134 1 1.6 include all bin correlations

CMS W e asy 284 | 1.6 || 290 | 1.6
LHCb W 492 | 1.1 |) 483 | 1.2
ATLAS inclusive jets || 476 | 1.0 || 456 | 0.9
All LHC data 338 | 1.1 || 271 | 1.2




Correlation Coefficient

W

Correlation between M, and PDFs, Q=M _

mass debtermination

Correlation between M,, and PDFs, Q=M

Absolute Templates

Normalized Templates

Mw * 6p9t Mw 80.359 £ 0.010

80.359 = 0.004

M,, ( GeV)

Rojo, Vicini, ArXiv: 1309.1311

[ [— Gluon L ' [ |[— Gluon Sy T i
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e Selection bias 0 0
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constraints Higgs mass and checks for SM consistency



Jdeb eross seckion abk NNLO

A. De Ridder Gehrmann, SM@LHC 2013
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Crluons
Je&s versus Je&s
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Grluons

TOP pair produ&&mm

* PDF fits including the jet data _H¢ =m,, g PDF normalized to NNPDF21

from the Tevatron agree in their
predicted fop cross section at the
LHC

1.6 ' : NNPDF2.1, o, = 0.118+ 0.0015

7
.

] NNPDF2.1 + tf, o, = 0.118 + 0.0015
14

I

NNPDF2.1 + tt fake, o, =0.118+ 0.0015

* PDF uncertainty is the dominant
theoretical uncertainty 1.2

[]]I][ITIIIU!

* Top pair production cross section 1 — I AR RRER
data not included in any fit _

» Reweighting study suggests that o
they would already have significant i
impact on the gluon ! 7%

Beneke et al, ArXiv: 1212.5511
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Top pair production

Ratio to NNPDF2.1 NNLO HERA-only, o, = 0.119 Fourth-Generation Heavy Quark Production at the LHC 8 TeV
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Czakon et al, JHEP 1307 (2013) 167
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W+ jebs/Z+jets abt hight F?‘T
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Photown PDF

High and low mass Drell-Yan

Ball et al, 1308.0598

* EW corrections have become relevant at the current phenomenological precision level

e A consistent inclusion of EW corrections requires PDF with QED effects

e NNPDF23QED is the first PDF set with uncertainties which incorporates (N)NLO QCD + LO QED effects

e Photon PDF fitted from DIS and DY data (on-shell W,Z production and low/high mass DY)

e DIS data fitted and DY data included via Bayesian reweighting [Ball et al., Nucl.Phys. B855 (2012) 608-638]

* Photon PDF is poorly determined from DIS data. Need hadron collider processes where photon contributes at LO!

NLO NNLO .
~: Q% = 2 GeV? (042+0.42) % | (0.34%0.30)%
v Q2 =10 GevZ | (0.68+£0.42)% | (0.61+0.30)%
total; Q2 = 2 GeV2 | (100.43 £ 0.44)% | (100.32 £ 0.34)%
total; Q2 = 10° GeVZ | (100.38 £ 0.43)% | (100.29 £ 0.36) %

photon-initiated contribution to dilepton production « i

approximate inclusion




The NNPDFRIQETD anaijsis
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\
> Y

CONSTRUCTION OF NNPDF2.3 QEDPRIOR AT Q3:

(A) QUARK AND GLUON PDFs FROM NNPDF2.3 GLOBAL
(B) PHOTON PDFs FROM NNPDF2.3 DIS-ONLY

Y

EvVOLVE NNPDF2.3 QEDPRIOR UPWARDS FOR ALL Q2
USE COMBINED QCD+QED DGLAP EQUATIONS

Y

COMPUTE HORACE+DYNNLO PREDICTIONS FOR
LHC W, Z PRODUCTION WITH NNPDF2.3 QEDPRIOR

REWEIGHT THE Nyep = 500
: REPLICAS WITH LHC W, Z DATA
¥
>

CONSTRUCT THE FINAL NNPDF2.3 QED SET
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Ball et al, 1308.0598

QED corrections to PDFs, Q% = 100 GeV?
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Inclusive W and 2 Prodw&:&iom
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High and low mass Drell-Yan

ATLAS 2011, Zly — e'e
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Heavy quarkes
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Intrinsic charm: it is not ruled out in global fits



Strangeness

Ks i ATLAS, CMS and NOMAD analyses
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Crlobal versus collider only

Strangeness
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