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PDFs from global QCD analysis

1 Factorization theorem relating any sufficiently inclusive observable to the collinear
PDFs
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2 Perturbative input: coefficient functions and DGLAP evolution
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∑
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C
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I,i α
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ij αks

3 Experimental data
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PDF parametrization
f
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0

)
evolve with DGLAP
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u− ū+ d− d̄− 2s+ 2s̄

)
c+ = (c+ c̄)

update
model to
minimize
χ2

compare to data
σtheo − σdata

PDFs set
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Figure 3.1: The NNPDF3.1 NNLO PDFs, evaluated at µ2 = 10 GeV2 (left) and µ2 = 104 GeV2 (right).

3.3 Parton distributions

We now inspect the baseline NNPDF3.1 parton distributions, and compare them to NNPDF3.0
and to MMHT14 [7], CT14 [6] and ABMP16 [8]. The NNLO NNPDF3.1 PDFs are displayed
in Fig. 3.1. It can be seen that although charm is now independently parametrized, it is still
known more precisely than the strange PDF. The most precisely determined PDF over most of
the experimentally accessible range of x is now the gluon, as will be discussed in more detail
below.

In Fig. 3.2 we show the distance between the NNPDF3.1 and NNPDF3.0 PDFs. According
to the definition of the distance given in Ref. [98], d ' 1 corresponds to statistically equivalent
sets. Comparing two sets with Nrep = 100 replicas, a distance of d ' 10 corresponds to a
difference of one-sigma in units of the corresponding variance, both for central values and for
PDF uncertainties. For clarity only the distance between the total strangeness distributions
s+ = s + s̄ is shown, rather than the strange and antistrange separately. We find important
differences both at the level of central values and of PDF errors for all flavors and in the entire
range of x. The largest distance is found for charm, which is independently parametrized in
NNPDF3.1, while it was not in NNPDF3.0. Aside from this, the most significant distances are
seen in light quark distributions at large x and strangeness at medium x.

In Fig. 3.3 we compare the full set of NNPDF3.1 NNLO PDFs with NNPDF3.0. The
NNPDF3.1 gluon is slightly larger than its NNPDF3.0 counterpart in the x ∼< 0.03 region, while
it becomes smaller at larger x, with significantly reduced PDF errors. The NNPDF3.1 light
quarks and strangeness are larger than 3.0 at intermediate x, with the largest deviation seen
for the strange and antidown PDFs, while at both small and large x there is good agreement
between the two PDF determinations. The best-fit charm PDF of NNPDF3.1 is significantly

23

excellent description of all the
experimental data included in the
analysis

some PDFs are constrained better
than others and some x-regions have
bigger error bands
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What about lattice data?

As before we need 3 things:

1 Factorization theorem relating some lattice observable to the collinear PDFs

OI
(
z,Q2

)
=
∑
i

CIi
(
αs
(
Q2
))

~ fi
(
Q2
)

+ power corrections

where the specific expression of CIi and the definition of the operation ~ will
depend on the specific observable we are interested in.

2 Perturbative input: coefficient functions and DGLAP evolution

CI,i =
∑
k

C(k)
I,i α

k
s

fi
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)
=
∑
j

Γij
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0

)
⊗ fj

(
Q2

0

)
with Γij =

∑
k

Γ
(k)
ij αks

3 Lattice data

we can use a generic fitting framework to include different lattice observables in
the same fit [Yan-Qing Ma, Jian-Wei Qiu 2017]

we can include both lattice and experimental data points in the same analysis
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An example: quasi-PDF as an observable

Starting from the Ioffe-time distribution

M(0)
µ (n, P ) = 〈P |ψ̄(0)

q (n) Γµ U (n, 0)ψ
(0)
q (0) |P 〉

= 2Pµ hΓ

(
n · P, n2

)
+ nµ h̃Γ

(
n · P, n2

)
and taking
- gamma structure: γ0

- pure-spatial separation: n = (0, 0, 0, z) , n2 = −z2

we can define

f̃
(0)
q (x) =

∫ ∞
−∞

dz

4π
ei x Pz zhγ0

(
−zPz ,−z2

)
quasi-PDF [X.Ji, 2013]

The relation to the light-cone PDFs is given by

f̃A
(
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2
)
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∫ +1
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P 2
z
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QCD

P 2
z

)
Matching relations
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Factorization theorem

Unpolarized isovector parton distribution
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FastKernel tables

In the NNPDF framework, all the observables are implemented in terms of FastKernel
tables
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Lattice data
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Lattice data systematics

Different sources of systematics from the lattice simulation

cut-off effects (finite value of lattice spacing a, UV regulator)

finite volume effects (finite size of the box L, IR reguator)

excited states contaminations

truncation effects (coefficients to go from RI’-MOM to minimal subtraction)

We came up with different possible scenarios

Scenario Cut-off FVE Excited states Truncation
S1 10% 2.5% 5% 10%
S2 20% 5% 10% 20%

S3 30% e−3+0.062z/a% 15% 30%
S4 0.1 0.025 0.05 0.1
S5 0.2 0.05 0.1 0.2

S6 0.3 e−3+0.062z/a 0.15 0.3
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Fit settings (NNPDF framework)

covariance matrix:
built using the available information about the lattice systematics, to be used for
both the computation of the χ2 and for replicas generation

Monte Carlo fit:
for each lattice point we generate 100 Gaussian pseudo-data (100 replicas),
according to the covarinace matrix constructed using the available information
about the systematics. 100 independents fits are run, the 68% CL on the
ensemble of the fits gives the PDF error.

minimization and stopping:
we minimize numerically the χ2 (CMA algorithm) over half of the available data
(8 lattice points). The remaining points are used as a validation set: the final fit
correposnds to the minimum of the validation error.
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Results

1 closure tests:
we generate fake data using an input PDFs set, and we run a fit over these
artificial data. By comparing our results with the input PDFs we can assess

how good the convolution to get the lattice observables is in constraining PDFs
what we should expect given different systematics scenarios

2 fit:
fit results with different systematics scenarios
how lattice PDFs look like in comparison to pheno ones
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Closure test 1: ideal world

small fake statistical uncertainty

no systematics
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Closure test 2: real world

real statistical uncertainty

real systematics scenario
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Fit results

S2 and S5 scenarios (more realistic ones)
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Summary and Outlook

we can treat lattice data on the same footing as experimental data

in this framework it would be easy to run a global fit over different lattice data:
any data available..?

polarized and transversity cases: less experimental data available → could be
more interesting from the phenomenological point of view

Thanks!
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