Fitting EMC structure functions with intrinsic charm
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A detailed study of the impact of the data collected by the European Muon Collaboration (EMC)
on the parton distribution function (PDF) of the charm quark is presented. The analysis is performed in the NNPDF framework, and the charm PDF is freely parametrized on equal footing as
light quark and gluon distributions. We find that variations in the treatment of EMC data do not
modify the charm PDF and do not affect our previous conclusion on the presence of an intrinsic
component in the charm PDF.
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Theory and fitting methodology The NNPDF3IC set is largely based on the settings of the
NNPDF3.0 global analysis [2], with some differences regarding theory, fitting methodology, and
dataset, which we now briefly discuss.
An accurate treatment of heavy quark mass effects is mandatory in modern PDF sets. This is
usually achieved resorting to variable flavour number schemes, which ensure a consistent treatment
of mass effects close to the quark thresholds, and resummation of large collinear logarithms at
large scales. The NNPDF family of PDFs uses the FONLL variable flavour number scheme [6, 7]
to include heavy quark mass effects. Variable flavour number schemes are usually used under the
assumption that the heavy quark PDFs are generated perturbatively above the threshold. However,
this assumption is not justified if the heavy quark PDF is freely parameterized, as in the case of
fitted charm. Therefore, the FONLL scheme has to be extended to include massive charm-initiated
contributions [8, 9]. The new contributions to be added to the FONLL scheme have been initially
implemented in the public MassiveDISsFunction code [10]. The code has been used as
benchmark for the implementation in the public code APFEL [11], which has replaced the internal
NNPDF FKgenerator code.
Concerning the fitting methodology used in NNPDF3IC, the main difference with respect to
NNPDF3.0 is the introduction of an additional PDF in the fitting basis. Consequently, the seven
independent PDF combinations in NNPDF3.0 have been supplemented by the total charm PDF
c+ = c + c̄ parameterized by a neural network at the initial scale Q0 . We assume that charm and
anti-charm PDFs are the same, i.e. c− = c − c̄ = 0. The fits also benefit from minor improvements
regarding the positivity constraints, which now include also flavour non-diagonal combinations,
and a different treatment of preprocessing exponents.
The experimental data used in the fit is the same as in NNPDF3.0 with two differences. Firstly,
the combined HERA-I data [12] and the HERA-II data from the H1 and ZEUS collaboration [13–
16] which was included in NNPDF3.0 has been replaced by the HERA legacy data [17]. Secondly,
the NNPDF3IC fit includes the EMC charm structure function data [18].
The EMC data The EMC charm structure function data has sometimes been adduced as a direct
evidence for an intrinsic component in the charm PDF [4, 19–21] (see also [22]). Nevertheless,
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Parton distributions with fitted charm A common assumption in modern parton distribution
function (PDF) sets [1–3] is that the charm distribution is perturbatively generated via gluon and
light quarks splittings. However, this assumption is a possible source of bias for two main reasons.
Firstly, the charm PDF may have an ‘intrinsic’, non-perturbative component (see e.g. [4] and references therein). Secondly, even if the charm PDF is perturbative, its value depends strongly on the
value of the charm mass, which is not precisely known. To remove this source of bias, the NNPDF
collaboration has recently released the NNPDF3IC PDF set where the charm PDF is treated on the
same footing as the light quarks and the gluon, i.e. it is fitted from data [5].
In this contribution, we focus on the impact of the EMC data on parton distributions with fitted
charm. We start by reviewing the fit settings and the theory phenomenology used in NNPDF3IC.
We then analyse the EMC dataset in more detail and we discuss its role in PDF fits with intrinsic
charm. Finally, we perform a detailed study of the impact of the EMC data on PDFs with fitted
charm in the NNPDF framework.
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The impact of the EMC data In this contribution, we show some of the results of the study performed in [5] in greater detail, and we investigate the impact of other EMC datasets. More specifically, we include the EMC charm structure function data extracted from di-muon and tri-muon
events with 200 GeV muons of ref. [31]. To our knowledge, this data has never been considered in
the context of intrinsic charm studies. The 200 GeV dataset, despite the lower statistics, provides
additional constraints and therefore should be used alongside the 250 GeV dataset. Finally, we
assess the impact of the inclusive EMC structure function data of ref. [25, 26].
Let us start to discuss the impact of using the up-to-date branching ratio of D mesons into
muons in a PDF set with fitted charm. To quantify this impact we rescaled the EMC data by a
factor of 0.82 and we added an additional 15% systematic uncertainty, which we assumed as fully
correlated. The effect on the charm PDF is shown in Fig. 1 at two different scales. The rescaling has
a negligible impact on the central value of the charm PDF. The PDF uncertainty at Q = 1.65 GeV
is somewhat reduced, although compatibly with statistical fluctuation. We observe that the large-x
structure of the charm PDF at Q = 1.65 GeV is the same regardless of the rescaling. The impact
of the rescaling on the other PDFs is negligible and the overall quality of the fit is unchanged.
Henceforth, we will use the fit obtained with the up-to-date branching ratio as a baseline.
We can now compare our baseline fit with a PDF set extracted using all the charm structure
function data collected at the EMC experiment. The 200 GeV data has been extracted using the
same BR used in the 250 GeV dataset, therefore we applied the rescaling procedure to this dataset
as well. The additional 15% systematic uncertainty has been assumed as fully correlated between
the two datasets. The results are shown in Fig. 2. We observe that the central value of the charm
PDF is substantially unchanged. The PDF uncertainty of the charm PDF is slightly larger if the
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previous PDF fits with intrinsic charm reported a poor description of this data [23]. It is now known
that data from the EMC experiment suffered from systematic uncertainties which had not been fully
taken into account at the time of the measurement. Consequently, some argue that the reliability
of the EMC data is questionable. The main reason of concern is the tension [24] between the
inclusive EMC structure function data [25, 26] and the data from the BCDMS experiment [27, 28].
Furthermore, the charm structure function data from the EMC collaboration was extracted using an
inclusive branching ratios (BR) of D mesons into muons equal to 8.2%, which differs from the last
measurement of LHCb [29, 30] as well as the PDG average [30].
The NNPDF3IC set includes charm structure function data from the EMC collaboration extracted from di-muon and tri-muon events produced by the interaction of muons with Eµ = 250
GeV in an iron target. This data should be unaffected from the underestimated systematic uncertainties, which instead are related to the drift chambers which were not used for this measurement.1
In order to quantify the impact of the 250 GeV data several variations have been performed in [5].
In particular, the results obtained with and without EMC data have been compared, as well as the
results obtained by rescaling the EMC data by taking into account the updated branching ratios.
It was concluded that whereas discarding completely the EMC charm data has a significant effect
in the charm PDF at medium and small values of x, different treatments of the dataset do not alter
substantially the results obtained with the original dataset.
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Figure 1: Comparison of the NNPDF3IC PDF set to the PDF set obtained with up-to-date branching ratio,
pole
for a charm pole mass of mc = 1.47 GeV. Left panel: comparison of the charm PDF at Q = 1.65 GeV.
Right panel: comparison of the charm PDF at Q = 50 GeV. The comparison at Q = 50 GeV is shown as a
ratio.
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Figure 2: Same as Fig. 1, now comparing the baseline fit with a fit including the 200 GeV EMC charm
structure function data.

200 GeV dataset is included, especially at smaller values of x, again compatibly within statistical
fluctuations. The PDF at large x is essentially unaltered by the inclusion of the new data.
We can finally assess the impact of the inclusive EMC data. To that purpose, we have performed a new fit which includes both the 250 GeV and 200 GeV charm structure function data and
the inclusive EMC data. As expected, the quality of the fit partially deteriorates due to the tension
between this data and the other data included in the global fit. The description of the EMC inclusive
dataset is rather unsatisfactory, with a χ 2 equal to 4.8 per datapoint. However, the impact of the
data on the fit is moderate, and the χ 2 of the other experiments fluctuates but does not worsen. We
have performed a variation of this last fit by imposing an additional cut on the inclusive dataset and
discarding all the experimental points with x < 0.1. The systematic uncertainties which affected the
drift chambers should in fact have a more pronounced effect on the small-x datapoints. Indeed, the
description of the inclusive EMC data with this additional cut improves, although the description
of the data is not completely satisfactory as the χ 2 /d.o.f. is equal to 2.8.
We show in Fig. 3 the impact of the inclusive EMC data on the charm PDF at 1.65 GeV and at
3
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Figure 3: Same as Fig. 1, now comparing the baseline fit with a fit including the 200 GeV EMC charm
structure function data and the inclusive EMC data.

50 GeV. The impact of the inclusive EMC dataset is marginal: the central value of the charm PDF
is not affected by the addition of the EMC inclusive dataset, and we observe only small differences
in the PDF uncertainty in the small-x region with regard to the baseline fit. We observe a partial
reduction in the PDF uncertainty at small-x in respect of the fit with the 200 GeV EMC charm
structure function data (see Fig. 2). The results are comparable within statistical uncertainties.
Discussion and oulook To conclude, we have studied in detail the impact of the EMC data on
parton distributions with fitted charm. We have included all the charm structure function data
collected by the EMC collaboration. We have shown that different treatments of the EMC charm
structure functions data do not substantially alter the fitted charm PDF. Finally, we have inspected
the impact of the inclusive EMC structure function data. Whereas this data cannot be satisfactorily
described, its impact on the fit is rather moderate, especially if only the large-x data is included
in the fit. Furthermore, the impact of this data on the charm PDF is small. We found that the
large-x structure in the charm PDF is particularly stable upon all the variations we have performed.
This structure is absent in case the charm PDF is assumed to be generated perturbatively, thereby
suggesting the presence of an intrinsic component peaked at large x in the charm PDF.
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