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Understanding nuclear effects in parton distribution fiores (PDF) is an essential component
needed to determine the strange and anti-strange quanibediuns in the proton. In addition
Nuclear Parton Distribution Functions (NPDF) are critigaiportant for any collider experi-
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presented. The first uses neutral current charged-lggto) Deeply Inelastic Scattering (DIS)
and Drell-Yan data for several nuclear targets and the skeses neutrino-nucleon DIS data. We
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from the literature. In particular, we compare and contiitsbased upon the charged-lepton DIS
data with those using neutrino-nucleon DIS data.
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1. Introduction

Parton distribution functions (PDFs) are extremely important in high endnggigs as they
are needed for the computation of reactions involving hadrons. For thi®mevarious groups
present and update precise global analyses of PDFs for prota&s3;14] and nuclei [5, 6, 7].
PDFs are non-perturbative objects determined by experimental inpubarmthta come from dif-
ferent processes such as the Deep Inelastic Scattering (DIS), [rellBY) and jet production. A
lot of data is extracted from free protons but there is a large share whinles from analysis of
data on nuclear targets. Most prominently, the neutrino DIS on heavyimsipie®ving to be very
important for precise determination of the flavor components of the PDF# gines the most
precise information on the strange quark PDF. The knowledge of thegstiguark PDF has an
impact on the precision & andZ boson measurements at the LHC. Data taken on nuclear targets
are included in the proton analysis using the nuclear correction factock ate very often based
on a specific model [8]. The other option is to use the data on nuclear tampgtte extract from
them the nuclear parton distribution functions (NPDFs) in order to corigtraquclear correction
factors based on experimental input. NPDFs are also used in prediatioc@lisions of nuclei at
RHIC or at the LHC.

Here, we present a new framework for a global analysis of nucletorpdistribution functions at
next-to-leading-order (NLO). Then we use it to analyze the appaiffatahces between nuclear
correction factorsg} ¢/ FZFe’O) coming from charged lepton data and from neutrino DIS data.

2. NPDF global analysis framework

We introduce the global analysis framework and the analysis of NPDFg tlsincharged
lepton DIS and Drell-Yan data for a variety of nuclear targets. The aisdf/performed based on
the same principle as the proton analysis of [9]. The input distributionsaaeareterized as

ka(X, QO) = COXC1(17X)CZeC3X(1+eC4X)C5 k: Uy, dvav u_+ d_aS,STv (21)
d_(X7 QO)/lT(Xa QO) = COXCl(l - X)CZ + (l+ C3X)(1 - X)C4 )

at the scal®), = 1.3 GeV. The different nuclear target materials are treated by introducinglaar
A-dependence in thg coefficients:

Cx — Ck(A) = Ck0 1 Ck,1 (1—A7Ck>2) , k= {1,...,5}. (2.2)

The advantage of this construction is that in the li&kit> 1 we recover the original proton parame-
terization withcy g as the coefficients. Using this framework, we construct a global fit toltamed
lepton DIS data and Drell-Yan data (for details see [11]). The coefte®p were based on the
results of the proton global fit presented in [10] where the influencauolear targets on proton
PDFs was minimal. In the analysis, we have applied standard kinematic &g ef 2.0 GeV, and

Wit = 3.5 GeV. Performing the global fit to the data (708 data points after the cutgpatied),

we obtain an overalk?/dof of 0.946 with about 32 free parameters. The results of the global
fit, the coefficients, 1 andcy 2, give theA-dependence of the generalized coefficient#\) (see

Fig. 1) and these coefficients determine the parton distribution functior®tord partons inside
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Figure 1: The A-dependent coefficientg(A), k = {1,5}, for the up-valence (a) and down-valence PDF (b)
as a function of the nucled. The different coefficients,(A) correspond to following linesc;- solid (red)
line, c- long dashed (blue) lines- dashed (green) liney- dash-dotted (magenta) ling;- dotted (brown)
line.

a nucleus (see Fig. 2). The nuclear effects are typically given in termgabdar correction factors
RIF) Fe] = Ff¢/F,° and we show the nuclear correction factors resulting from our fit tagehar
lepton data in Fig. 3. The nuclear structure functi6gé anszFe’0 are both defined according to

RAYQ) = 2 B x Q)+ A2 B ). (2:3)

These structure functions can be computed at next-to-leading ordemasutions of the (nuclear)
PDFs with the conventional Wilson coefficienit®,, generically

AM00Q) = ¥ Ges (7. @4

The difference betweeR!® andFZFe’0 is in using different PDFSR © uses nuclear PDFs alﬁge’o
uses proton PDFs) in Eq. (2.4).

3. Nuclear correction factors from neutrino DIS

The result of an analysis of NuTeV neutrino DIS cross-section datarpsed in [12] showed
a deviation from the standard result of the analysis of charged leptoraBbdSDY data. This
can be clearly seen when comparing the different nuclear correctmorgain Fig. 3. As the
different nuclear correction factors were not obtained in completelytichdirameworks, we first
used the NPDF framework introduced in the previous section and in [1é}lamalyze the NuTeV
neutrino DIS data. Using the same kinematic cuts, we obtain a fit to 2310 neamdremti-neutrino
cross-section and di-muon data points. The result of the fit (see Figs #bapgreement with the
previous analysis and confirms the difference between the nucleactor factors mainly in the
intermediatex-region. The obvious difference poses a question if a compromise medgaction
factor can be found which would accommodate both the charged leptoreatrtho data. In order
to construct a compromise fit we use all data used for the charged leptd@8itdata points),
NuTeV and Chorus neutrino and anti-neutrino cross-section data aheM\and CCFR di-muon
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Figure 2: We display the (axuy(x), (b) xdy(x), (c) xg(x) and (d)xs(x), PDFs for a selection of nuclear
values ranging fromh\ = {1,207}. We choos&)y = 1.3GeV. The different curves depict the PDFs of nuclei
with the following atomic numbers (from top to bottom in (¢)xa= 0.01) A= 1,2,4,8,20,54, and 207.

data (3134 data points). To avoid the neutrino data to dominate the analysagplyea weight
factor 1/2 to thex? coming from the neutrino and anti-neutrino cross-section data. The wdsult
such a compromise fit with the weighf2 is shown in Fig. 4a. Although the nuclear correction
factor from the compromise fit seems to be compatible with the charged leptontalataw a
firm conclusion a further investigation is necessary. A detailed analysissip@ned to the next
publication (see also analysis in [13]).

4. Conclusions

We presented a framework for a global analysis of NPDFs at next-tinigarder QCD
closely linked to a proton analysis. We used this framework to analyze threpi#sties between
the nuclear correction factors stemming from the analysis of charged IBp$and DY data and
the ones coming from neutrino DIS data. We confirm the differencesifoua previous analysis
and we presented preliminary results on compromise fit combining charded kepd neutrino
data. A much more detailed analysis is postponed to a later publication.
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Figure 3: The nuclear correction factor as a functionxdr Q% = 20Ge\?. Figure-(a) shows the fit (fit
C) using charged-lepton—nucleus DIS and DY data whereasé-idp) shows the fit using neutrino-nucleus
data (fit A2 from Ref. [12]). Both fits are compared with the SLIAMC parameterization, as well as fits
from Kulagin-Petti (KP) (Ref. [8]) and Hirai el. (HKNO7), (Ref. [5]).
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Figure 4: As above but here Figure-(a) shows a compromise fit usinghaliged lepton and neutrino data
with neutrino cross-section data weighted down by a factdr/@ whereas Figure-(b) shows the fit using
only neutrino and anti-neutrino DIS data.
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