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Outline

- A short digression on nPDFs

- New LHC data: can we learn something from it?

- Some results: 

W: ATLAS & CMS

Z: ATLAS & CMS

- Summaries
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nPDFs
- Several sets available at NLO with error sets 
(DSSZ, EPS09, HKN, nCTEQ)

- Mostly valence distribution through DIS

- Sea determination strongly relies on assumptions 
(even for proton PDFs)

- ... and don’t ask about the gluon 
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limited kinematical coverage
limited sensibility to gluon and sea densities

P.Z., 2014, Lisbon
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Can the LHC 

p-Pb and Pb-Pb 

runs improve this?
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Yes!

Kinematics @ LHC
up to 5 o.o.m. in Q2

up to 4 o.o.m. in x

y ≠ 0 not in the fits

lots of data to analyze
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Hadro-production
- Most sensitive to gluon distribution

- Too few points from RHIC ( ~ 100 )

- Rely on knowledge of FFs:

                      none “good” at 7 TeV
                      nuclear FFs?

- Interesting & controversial results from LHC
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W and Z for the sea

ATLAS: Z in p-Pb, W in Pb-Pb 

CMS: W and Z in both p-Pb and Pb-Pb

check their impact on nPDFs sets
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what do we do?
- generate predictions for the observables using  
  different sets of proton and nuclear PDFs

- apply a re-weighting strategy to the data

- check the results

- W. T. Giele and S. Keller,  PRD58 (1998) 094923.
- R. D. Ball et al. [NNPDF Collaboration], NPB 849 (2011) 112, NPB 855 (2012) 608.
- G. Watt and R. S. Thorne, JHEP  (2012) 052. 
- N. Sato, J.F. Owens and H. Prosper, arXiv:1310.1089.
- B.J.A. Watt, P. Motylinski and R.S. Thorne, arXiv:1311.5703.
- H. Paukkunen and C. A. Salgado, Phys. Rev. Lett. 110, 212301 (2013).
- N. Armesto, J. Rojo, C.A. Salgado, and P. Z., JHEP 1311 (2013) 015.
- H. Paukkunen and P.Z., arXiv:1402.6623. 
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(some) 

results
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Disclaimer:

preliminary results

using EPS09 & CT10

relevant H&P uncertainties

take what follows with a pinch of salt
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CMS W boson in p-Pb @ 5.02 TeV 
CMS PAS HIN-13-007

- discrepancies 
in some bins for 
the distributions

- yet good 
description of 
the charge 
asymmetry
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Charge asymmetry doesn’t 
seem to bring anything 

change in the sea

black: original EPS09
red: re-weighted
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ATLAS W bosons in Pb-Pb @ 2.76 TeV 
arXiv:1408.4674

16 The ATLAS Collaboration
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Fig. 9 W boson production yield per binary collision as a function of
the mean number of participants 〈Npart〉 for W+, W−, and W± bosons
for combined muon and electron channels. The kinematic require-
ments are p!T > 25 GeV, pmiss

T > 25 GeV, mT > 40 GeV, and |η! | < 2.5.
Statistical errors are shown as black bars, whereas bin–uncorrelated
systematic and statistical uncertainties added in quadrature are shown
as the filled error box. Bin–correlated uncertainties are shown as the
hatched boxes and are offset for clarity. These include uncertainties
from 〈Ncoll〉. Also shown is an NLO QCD prediction.

1.5, behaviour hitherto only observed at |η! | > 3 in pp mea-
surements at 7 TeV [26, 56]. The negative asymmetry is at-
tributable to the V−A structure of W boson decays, in which
the decay angle of the charged lepton is anisotropic and a
larger fraction of negatively charged leptons are produced
at forward |η! |. The larger fraction of W− → !−ν̄! events in
Pb+Pb compared to pp collisions results in a sign–change
of the asymmetry that can be observed within the |η! | accep-
tance of the measurement. This behaviour is in accordance
with the NLO QCD predictions.

10 Summary and conclusions

The measurements of W± boson production in Pb+Pb col-
lisions at

√
sNN = 2.76 TeV are presented using data cor-

responding to an integrated luminosity of 0.14− 0.15 nb−1

collected with the ATLAS detector at the LHC. The W± bo-
son candidates are selected using muons or electrons in the
final state in the fiducial region defined by p!T > 25 GeV,
pmiss

T > 25 GeV, mT > 40 GeV and 0.1 < |ηµ| < 2.4 for muons
and |ηe|< 2.47, excluding the transition region, for electrons.
After background subtraction, correction, and extrapolation
to a pseudorapidity coverage of |η! | < 2.5, the numbers of
events reported in each channel are consistent.
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Fig. 10 Differential production yield per binary collision for W+ (top)
and W− (bottom) events integrated over all centralities and compared
to NLO QCD theoretical predictions with (CT10+EPS09) and with-
out (CT10) nuclear corrections. The kinematic requirements are p!T >
25 GeV, pmiss

T > 25 GeV, and mT > 40 GeV. Statistical errors are shown
as black bars, whereas bin–uncorrelated systematic and statistical un-
certainties added in quadrature are shown as the filled error box. Bin–
correlated uncertainties are shown as the hatched boxes. The PDF un-
certainties in both the CT10+EPS09 and CT10 predictions are derived
from the PDF error eigensets. The total theoretical uncertainty also
includes uncertainties in the renormalisation and factorisation scales
used in the cross-section calculations.

The W boson production yields are presented as a func-
tion of 〈Npart〉 and |η! |. These yields, scaled by 1/〈Ncoll〉,
are independent of centrality and in agreement with NLO
QCD predictions. The lepton charge asymmetry from W±

W boson production and lepton charge asymmetry in Pb+Pb collisions with the ATLAS detector 17

boson decays differs from measurements in pp collisions.
This is expected since in Pb+Pb collisions there is an addi-
tional neutron component contributing to W boson produc-
tion. The lepton charge asymmetry agrees well with theo-
retical predictions using QCD at NLO with CT10 PDF sets
with and without EPS09 nuclear corrections. The nuclear
corrections account for modifications that are not present in
the PDF of free nucleons. However, further improvements
in the experimental precision and uncertainties in the theory
are needed to establish the existence of nuclear effects. The
results presented here clearly indicate that in events associ-
ated with a jet, W bosons are an excellent tool for evaluating
jet energy–loss in a QGP. Moreover, it was demonstrated
that W bosons can be used to study PDFs in multi–nucleon
systems. With improved statistical and systematic precision,
along with additional data from different colliding systems
such as p+Pb, it will be possible to decisively evaluate the
extent of nuclear effects on PDFs and to further test theoret-
ical predictions.
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Fig. 11 The lepton charge asymmetry A! from W± bosons as a func-
tion of absolute pseudorapidity compared to theoretical predictions
from the CT10 and CT10+EPS09 NLO PDF sets. The kinematic re-
quirements are p!T > 25 GeV, pmiss

T > 25 GeV, and mT > 40 GeV. Sta-
tistical uncertainties are shown as black bars, whereas bin–uncorrelated
systematic and statistical uncertainties added in quadrature are shown
as the filled error box. Correlated scaling uncertainties are shown as the
hatched boxes and are offset for clarity. The PDF uncertainties in both
the CT10+EPS09 and CT10 predictions are derived from the PDF error
eigensets. The total theoretical uncertainty also includes uncertainties
in the renormalisation and factorisation scales used in the cross-section
calculations.
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Asymmetry

EPS09

re-weighted*103

Rvalence

Rsea

RvalenceRvalence

Rgluon

Q2 = 1.69 GeV2

η x

xx

nothing
new
from
this
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CMS Z boson in p-Pb @ 5.02 TeV 
CMS PAS HIN-14-003

good agreement with both EPS09 and DSSZ
not enough precision to differentiate

c.m.
y

-2 -1 0 1 2

/d
y
 [
n
b
]

!
d

0

5

10

15

20

25

30

CMS Preliminary
-1 = 34.6 nb

int
 = 5.02 TeV L

NN
spPb 

Data

)µµ"Z" (MCFM+MSTW08NLO pp#208 

)µµ"Z" (MCFM+MSTW08NLO+EPS09 pN#208 

)µµ"Z" (MCFM+MSTW08NLO+DSSZ pN#208 

Monday, September 22, 2014



ATLAS Z boson in 
p-Pb @ 5.02 TeV 

ATLAS-
CONF-2014-020
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Summary (I)
Jets seem promising (K. Eskola, H. Paukkunen and C. A. Salgado, JHEP 

1310 (2013) 213, based on the results from CMS PAS HIN-13-001)

Z & W do not seem to be quite sensitive to nPDFs 

Large uncertainties

Best observables to be found

Hadro & photo production really interesting
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New data from LHC: so far so good? bad?

Summary (II)
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but...

New data from LHC: so far so good? bad?

Summary (II)
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but... Results are still preliminary and we 
all know hearts things can change

New data from LHC: so far so good? bad?

Summary (II)
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Results are still preliminary and we 
all know hearts things can change

Full analysis of the data to come

New data from LHC: so far so good? bad?

Summary (II)
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Results are still preliminary and we 
all know hearts things can change

Stay tuned!

Full analysis of the data to come

New data from LHC: so far so good? bad?

Summary (II)
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