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We discuss the foundation for a new global nCTEQ nuclear PDF anal-
ysis, combining a number of our previous analyses into one consistent
framework with updates to the underlying theoretical treatment as well
as the addition of new available data. In particular, the new global release
will be the first nCTEQ release containing neutrino DIS scattering data
in a consistent manner together with JLab high-x DIS data and new LHC
p-Pb data. These additions will improve the data-driven description of
nuclear PDFs in new regions, especially the strange quark and the gluon
PDF at low-z.
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1 Motivation

Parton Distribution Functions (PDF's) describe the structure of hadrons as composed
of quarks and gluons. They are one of the key elements in making predictions for
collider experiments in the theoretical framework of perturbative quantum chromo-
dynamics (QCD). So far, PDFs cannot be reliably computed from first principles.
Only the evolution with the energy scale @ is calculable through the DGLAP evolu-
tion equations. Thanks to the QCD factorization theorem, it is possible to use their
universality and determine the z-dependence at some initial scale ()y by comparing
PDF-dependent predictions with experimental measurements. This is a process called
‘global QCD analysis’ [1]. In the nuclear case additional effects such as shadowing,
antishadowing, the EMC effect and Fermi motion need to be parameterized as well.

Several collaborations perform global analyses of nuclear PDFs (e.g. [2, 3, 4]).
In the nCTEQ framework the parametrisation of nuclear PDFs is done in two steps.
First, at the initial scale Qo = 1.3 GeV, the so-called bound proton PDF, fP/4 is
parametrized as

xff/A(:U, Qo) = cox® (1 — )2 (1 + e*x)*, (1)
e — prtap(1—A") (2)

and depends explicitly on the nuclear mass number A. The bound neutron PDFs f™/4
are obtained by making use of isospin symmetry and the full nucleus is constructed
via

F90,Q) = 2w @) + 22w, Q). )
The nCTEQ15 fit, the latest global release from the nCTEQ collaboration, used data
from deep-inelastic scattering (DIS) and Drell-Yan (DY) to constrain the quark and
anti-quark nPDFs as well as data from RHIC neutral pion production for the gluon.
From today’s perspective the fit had a number of limitations including the precision
in the high-z region, the gluon and the strange PDF'. Lowering the energy cuts in the
data opens up new constraints on the high-x region for the up and down quarks. LHC
data and a reanalysis of neutrino DIS and charm dimuon data allows us to improve
this fit in the gluon and strange directions. We design a new global fit built upon
these results.

2 New proton Baseline and nuclear parametriza-
tion

The new release will use an improved proton baseline from the “CTEQ-Jefferson
Lab” (CJ) proton release [5]. This will update the current CTEQ6 baseline. The
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Figure 1: Coverage of the kinematic (z, Q?)-plane of the experimental data sets. The
nCTEQ15 Q- and W-cut (black dashed line) removed most of the HERMES DIS data
and all of the data from JLAB. The improved cut is shown as the red dashed line.

parametrization
2fP(@.Qo) = con® (1= 2)*(L+ ez + caa) @

itself is simpler than eq. (1), leading to less correlated parameters in the fit. Further-
more, CJ made use of constraints from newer data and includes a careful treatment of
deuterium corrections and high-z effects, making it especially suited for an extension
to the nuclear dimension.

The second parametric update is a new A-dependence of the parameters:

Cr — Pr+ ag ln(A) + bk 1112(A) (5)

Compared to eq. (2) the correlations are limited between the parameters yielding a
more accessible y2-function and a more truthful representation of uncertainties.

3 Relaxed kinematical cuts

The nCTEQ15 fit used restrictive cuts for the DIS data with Q = 2 GeV and W = 3.5
GeV. Whilst this allows for a simplified theoretical prediction, it removes a significant
amount of data points: a large fraction of the data from HERMES and all of the JLAB
data. The cut is depicted by the black dashed line in fig. 1. Relaxed cuts within the
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nCTEQI5HIX analysis [6], shown as the red dashed line, allowed us to include these
data and therefore improve the constraints on the high-x region. In total, about
850 new data points were added. The most notable improvement is the reduction in
uncertainties in the up- and down-sector for z-values between 1072 and 0.7.

The new cuts of Q = 1.3 GeV and W = 1.7 GeV are possible due to a careful
treatment of target mass corrections, the inclusion of higher twist effects and an
improved description of Deuterium. The details of the target mass corrections have
been worked out for different nuclei in Ref. [7] and lead to corrections of up to 15% in
the F; structure function at ) = 1.3 GeV. At this energy the span between different
nuclei is at about 2% from the lightest to the heaviest nuclei. The effects decrease
quickly with higher energies.

A parametrization of the higher twist effects has been worked out in the CJ proton
release. It leads to a reduction in the intermediate-z region (z ~ 0.3) and becomes
large and positive at large x. A possible nuclear dependence of these corrections has
been tested but had very limited impact.

A large fraction of the nuclear DIS data are expressed as a Fy'/F ratio of struc-
ture functions on a heavy nuclear target and on a deuteron target. The deuteron
structure is more complex than a isoscalar combination of proton and neutron PDFs.
Although a sizable part of the deuteron system can be captured by these charge factors
weighting the quark PDFs, the residual dynamical nuclear effects are not negligible.
Particularly at large-z values deviations of up to 7% exist.

4 Heavy-quark and quarkonium data

The experiments at the LHC have provided data on W/Z boson and single inclusive
hadron production in pA scattering. This improved the determination of the gluon
PDF within the nCTEQ15WZ [8] and nCTEQ15WZSIH [9] global fits. The uncer-
tainty was reduced in both fits by a factor of two in the low-x region: x ~ 1073 —1072.
Also, the central value of the strange PDF was affected but the uncertainty remained
substantial.

Heavy quarkonium and open heavy-flavor meson production data can constrain
the nuclear gluon further. The gluon contribution dominates the overall cross section
of these processes and a naive leading order estimation of

TR exp(—[yl) (6)

shows that the data is sensitive to x values below 107°. A fast evaluation of the
cross section is possible by the data driven approach of the Crystal Ball function
[10, 11]. The ansatz assumes that the cross section is dominated by the gluon and
its parameters are inferred via the well measured proton-proton cross sections. The
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Figure 2: Ratio lead to proton PDFs from the nCTEQ15 fit (black), the nCTEQ15WZ
fit (blue) and the nCTEQI5WZSIH (red). The new nCTEQI5HQ fit is shown in

green.

prediction has been verified by the next-to-leading order calculations in QCD [12] and
NRQCD [13].

In fig. 2 the resulting nCTEQ15HQ fit, shown in green, is compared to the
nCTEQ15 in black, the nCTEQ15WZ in blue and the nCTEQ15WZSIH in red.
Clearly, the central value in the up- and down-sector is not affected whereas the
uncertainty is reduced. The gluon is impacted the most. Its fit results in a shifted
central value compatible with the former results whilst yielding a significantly reduced
uncertainty.

5 Neutrino DIS and dimuon data

As the uncertainty of the strange PDF remains large, other additional data needs to
be utilized. Charged Current neutrino DIS and charm dimuon production data have
long been known to be sensitive to the strange PDF. However, the compatibility of
the corresponding measurements from CDHSW, CCFR, NuTeV and Chorus and also
with neutral current DIS measurements exhibits tensions.

In a global fit in Ref. [14] an extensive compatibility study was carried out both
within the charged current data sets and those used in nCTEQ15WZSIH. Even with
an improved calculation of the deuteron structure and a larger Ay? tolerance of 45
instead of 35 the tension persists. One way of removing the tension is to use a
kinematical cut of x > 0.1 but a better result was obtained by using only Chorus and



dimuon data.

Overall the central value of the PDF's from the best neutrino fit (BaseDimuChorus)
is only affected in the case of the strange quarks whilst all uncertainties are decreased.
At the same time the data has an impact on the uncertainty of the valence PDFs but
they are dominantly constrained by the neural current DIS experiments.

6 Conclusion

In conclusion, the next nCTEQ global fit will extend the nCTEQ15 results in several
directions. An update in the proton baseline, i.e. the CJ PDFs, will provide improved
proton boundary conditions. The parametrization update on the level of nuclear
modifications (obtained by the new A-dependence) provides a better disentanglement
between individual parameters which simplifies the fitting procedure and results in a
more truthful representation of PDF uncertainties.

Relaxed kinematical cuts in the DIS data with a careful treatment of target mass
corrections, higher twist effects and improved prediction for the deuterium kinematics
yield stronger constrains in the high-z region throughout all flavors. Additionally it
opens up the possibility of including new data from HERMES and JLAB increasing
the coverage of the data sets overall.

The LHC has produced precise data on W/Z, heavy quark and quarkonium pro-
duction in pA collisions. We will include the new data sets, where the heavy quark
and quarkonium production provides access to very low values of z in heavy nuclei
and is accurately described by a data-driven approach. In consequence the new fit will
include refined constraints on the gluon PDF even down to 10~ in the momentum
fraction.

Finally, improved flavor separation is gained by incorporating fixed-target neutrino
DIS and charm dimuon production data with high statistics. By concentrating only on
the CHORUS and dimuon data the compatibility with neutral current DIS is obtained.
It yields better constraints on the strange quark and also reduces uncertainties on the
up- and down-quarks.
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