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It is common lore that Parton Distribution Functions (PDFs) in the MS factorization scheme
can become negative beyond leading order due to the collinear subtraction which is needed
in order to define partonic cross sections. We show that this is in fact not the case and next-
to-leading order (NLO) MS PDFs are actually positive in the perturbative regime. In order
to prove this, we modify the subtraction prescription, and perform the collinear subtraction
in such a way that partonic cross sections remain positive. This defines a factorization
scheme in which PDFs are positive. We then show that positivity of the PDF's is preserved
when transforming from this scheme to MS, provided only the strong coupling is in the
perturbative regime, such that the NLO scheme change is smaller than the LO term.
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“bare factorization”

Curci, Furmanski, Petronzio (1980)
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Positivity argument
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where P denotes path-ordering; P is the four-momentum of the parent hadron in light-cone
components and g, is the strong coupling, with analogous expressions for antiquarks and

gluons [8]. It can be shown (see e.g. Sect. 6.7 of Ref. [10]) that the expression Eq. (2) is a
number density, and as such before subtraction of divergences it is positive.

positivity of the partonic cross section at the regularized level. If all contributions which are

factored away from the partonic cross section and into the PDF remain positive, then the
latter also stays positive.



Track B: “bare factorization”
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Given that € < 0 to regulate the collinear divergence,
the collinear divergence in the counterterm is actually
negative. Therefore the supposed positivity of the “bare”
track-B pdfs is actually violated.
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Positivity argument
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An example: factorization in a Yukawa model
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Note that mu dependence cancels
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Observations

e F1is muindependent

e This means once can choose any scale
for the pdf and it will give the same F1

e Even a negative pdf will give a good
approximation to F1

e Factorization in a Yukawa theory does
not excludes negative MSbar pdfs



Ok, so is this issue a purely academic point
or does it have practical consequences?



Some examples of negative pdfs
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It was recently shown in Ref. [21] that PDFs for individual quark flavors and the gluon in the MS
factorization scheme are non-negative. We thus now also impose this positivity condition along with the
constraint of positivity of physical cross-sections discussed above. Indeed, note that the positivity of MS
PDF's is neither necessary nor sufficient in order to ensure cross-section positivity [21]: they are independent
(though of course related) constraints that limit the space of acceptable PDFs.

Why? Because cross section predictions in the unmeasured
region can become negative
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The Path to Proton Structure at One-Percent Accuracy
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Pros

e Uncertainties on PDFs are
smaller

e Cross section predictions at
extreme kinematics are positive

Cons

e How do we interpret negative
cross sections? Negative PDFs or
failure of factorization/pQCD?



Ok, so are there more consequences?
-> what about the “dark spin”?




How well do we know the gluon polarization in the
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Theory/external constraints
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Polarized Jets

¢ unpolarized DIS
e DY
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Polarized Antimatter in the Proton from Global QCD Analysis

Jefferson Lab Angular Momentum (JAM) Collaboration « C. Cocuzza (Temple

U.) etal. (Feb 7, 2022)
e-Print: 2202.03372 [hep-ph]

(updated version in progress)
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process Ndat x° /Ndat
polarized
inclusive DIS 365 0.93
SIDIS (nt,77) 64 0.93
SIDIS (K, K™) 57 0.36
SIDIS (h*,h7) 110 0.93
inclusive jets 83 0.81
STAR W* 12 0.53
PHENIX W*/Z 6 0.63
total 697 0.86
unpolarized
inclusive DIS 3908 1.11
SIDIS (7t,77) 498 0.88
SIDIS (K, K™) 494 1.01
SIDIS (ht,h7) 498 0.52
inclusive jets 198 1.11
Drell-Yan 205 1.19
W /Z production 153 0.99
total 5954 1.03
SIA (7%) 231 0.85
SIA (K*) 213 0.49
SIA (h*) 120 1.09
total 7215 0.99
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e First ever universal analysis of pol. &

the nucleon

e Clear evidence of an asymmetry,
with opposite sign compared to

unpolarized sea asymmetry
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Summary/Qutlook ......

e Track B based positivity of MS
PDFs are not really supported

on formal grounds C. Cocuzza Y. Zhou

e Imposing positivity is a strong bias,
e.g., cannot tell if factorization is
failing or HO corrections are

needed (or both) in computing

observables in extreme kinematics

Has practical consequences in
spin physics, Soffer bounds, etc.

~ www.jlab.org/jam
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Is this positive? ¢

If this is positive

Yes, how about higher orders?
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Yes, too! So pdfs in MSbar are positive!



