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Understanding the internal structure of the proton

QCD is the fundamental theory of the
strong interaction.

It successfully describes the interactions of
quarks and gluons.

However, understanding how hadron
structure emerges from QCD remains a
major challenge.

How does the proton acquire its
internal structure?
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From Mesons to Baryons

Meson PDAs have been extensively studied
using continuum approaches and lattice
QCD.

At experimentally accessible scales, they are
typically broad and concave, differing
significantly from their asymptotic forms.

In contrast, considerably less is known about
baryon PDAs.

In particular, the dynamical origin of the
momentum asymmetry of the proton
PDA remains incompletely understood.
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What Shapes the Proton PDA?

The proton is a genuine three-body
bound state, making its PDA considerably
more complex than in mesons.

Strong nonperturbative quark–quark
correlations (diquarks) naturally emerge
within a covariant Faddeev description.

The dominant correlations are scalar
diquarks (0+), and axial-vector diquarks
(1+).

How does each diquark correlation
shape the proton’s longitudinal
momentum distribution?
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The Proton as a Quark–Diquark System

The nucleon is described through a
Poincaré-covariant Faddeev equation.
Strong quark–quark correlations allow the
three-body problem to be reorganized in
terms of quark–diquark configurations.
The Faddeev wave function contains three
components, corresponding to each possible
choice of the bystander quark:

Ψ = ψ1 + ψ2 + ψ3.

Each component contains both

JP = 0+ and JP = 1+

diquark correlations.
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Scalar-Diquark Distribution Amplitude

The scalar-diquark PDA is obtained
from the Mellin moments

⟨xm⟩0+ =

∫ 1

0

dxxm ϕ0(x)

The PDA depends explicitly on the
diquark virtuality through λ = M2

K2 .
As the diquark virtuality increases, the
PDA becomes progressively broader
than the asymptotic form.

ϕ0(x, λ) = λ

[
1− λ

x(1− x)
ln

(
1 +

x(1− x)

λ

)]
.

λ=2

λ=1/4

λ=1/64

λ=1/210
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Proton PDA: Scalar-Diquark Approximation

The proton PDA combines two momentum
scales:

momentum sharing inside the [ud]0+ diquark,
momentum sharing between the diquark and
the bystander u quark.

The resulting PDA is broader and more
asymmetric than the conformal-limit
distribution.
It is skewed toward large x1: the bystander
u-quark carries, on average, more
longitudinal momentum.

0.2 0.4 0.6 0.8

0.2

0.4

0.6

0.80.2

0.4

0.6

0.8

u(x1)

d(x3)u(x2)

B. Almeida-Zamora (UPO) Sep, 2026 10 / 16



B. Almeida-Zamora (UPO) Sep, 2026 11 / 16



Axial-Vector Diquark PDAs

The spin–1 structure generates two
independent leading-twist projections:

ϕeven1+ (x), ϕodd1+ (x).

Both distributions are symmetric under

x↔ 1− x,

but exhibit different shapes.
The chiral-odd PDA shows a stronger
nonperturbative broadening.
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Proton PDA: Axial-Vector Diquark Approximation

The three axial-vector spectator
configurations are combined according
to their spin–isospin weights:

ϕAV =
1

2

(
−ϕ1AV + ϕ2AV + 2ϕ3AV

)
.

The resulting PDA is broader and
less asymmetric than in the
scalar-diquark approximation.

Localized negative regions arise
from destructive interference among
the different spectator contributions.

chiral-even {ud} chiral-odd {ud}

chiral-even {uu} complete AV
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Complete Proton PDA

The complete PDA combines both
correlations:

ϕ = N (ϕS + ϕAV) .

AV correlations redistribute longitudinal
momentum and reduce the strong
asymmetry generated by the scalar sector.
The first Mellin moments are

⟨x1⟩ = 0.412, ⟨x2⟩ = 0.265, ⟨x3⟩ = 0.323

The maximum remains far from the conformal
limit:

(x1, x2, x3)max ≃ (0.56, 0.24, 0.20).
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Comparison with Other Approaches

All nonperturbative approaches predict
asymmetric momentum sharing in
the proton.
The scalar-diquark contribution
produces a strong enhancement of
⟨x1⟩.
Including axial-vector correlations
redistributes the longitudinal
momentum, bringing the first moments
closer to LQCD and previous continuum
results.

⟨x1⟩u ⟨x2⟩u ⟨x3⟩d
Conformal 0.333 0.333 0.333
LQCD [17] 0.372 0.314 0.314
LQCD [18] 0.358 0.319 0.323
Ref. [38] 0.392 0.291 0.316
scalar only 0.498 0.250 0.252
scalar + AV 0.412 0.265 0.323

The proton PDA remains clearly
asymmetric.
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Summary

We constructed the leading-twist proton PDA within a Poincaré-covariant
quark–diquark framework.
Scalar-diquark correlations generate the dominant asymmetry, favoring
configurations in which the bystander quark carries a large fraction of the
longitudinal momentum.
Axial-vector correlations introduce additional spin–momentum structures,
redistribute longitudinal momentum, and reduce the scalar-induced
asymmetry.
The complete proton PDA remains broad and strongly asymmetric with
respect to the conformal limit, revealing the persistence of nonperturbative
quark–quark correlations.
The resulting momentum-sharing pattern is qualitatively consistent with
previous studies.

Thank you.
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