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Nucleon structure from an AdS/QCD model in the Veneziano limit

Defu Hou
Central China Normal University

In collaborate with: Jiali Deng

Based on: Phys.Rev.D 112 (2025) 3, 036011
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Significance of Nucleon Structure Studies

1. Understanding the Origin of Mass
To answer the ultimate question: ”Where does most of our mass come from?”
The answer lies not in the Higgs mechanism, but primarily in the dynamical energy of QCD and the
non-perturbative structure of the nucleon.

2. Understanding the Origin of Spin
Similar to the mass puzzle: How does the proton’s spin of 1/2 emerge from the spins and orbital
angular momenta of its constituent quarks and gluons?
This remains the central question of the ”spin crisis” in particle physics.

3. Testing Fundamental Theory (QCD)
The nucleon serves as the most important laboratory for studying strong interactions in the
non-perturbative regime.
It provides a crucial testing ground for validating and developing our understanding of QCD.

V.D.Burkert, Rev.Mod.Phys. 95 (2023) 4, 041002
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How to ”See” the Internal Structure?

Probe Type Process Revealed Physical Information Key Observables
Electroweak
Probe

DIS Parton momentum distribution Structure Functions →
PDFs

Electroweak
Probe

Elastic scattering Electromagnetic distribution EM FFs

Gravitational
Probe

(Theoretical concept) Mechanical distribution GFFs

Hadron Spectrum – Global properties: Mass of nu-
cleon as QCD bound state

Mass spectrum

Table: Experimental probes for studying nucleon internal structure

The 26th International Symposium on Spin Physics (SPIN2025)

Jiali Deng, Phys.Rev.D 112 (2025) 3, 036011
S. Kumano, Phys.Rev.D 97 (2018) 1, 014020
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How to access its?

deep inelastic scattering

elastic scattering.

Deeply Virtual Compton Scattering

⟨p|Ψq(0)oΨq(y)|p⟩

⟨p′|Ψq(0)oΨq(0)|p⟩

⟨p′|Ψq(0)oΨq(y)|p⟩

Michel Guidal, Rept.Prog.Phys. 76 (2013) 066202
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interrelation

∫
dx ∆ = 0

H(x, 0, 0) =
{

q(x), x > 0
− q(−x), x < 0

H̃(x, 0, 0) =
{

q(x), x > 0
q(−x), x < 0

∫
H(x, ξ, t)dx = F1(t)

∫
E(x, ξ, t)dx = F2(t)

∫
xH(x, ξ, t)dx = A(t)+ξ2D(t)

∫
xE(x, ξ, t)dx = B2(t)−ξ2D(t)

Rept.Prog.Phys. 76 (2013) 066202
V.D.Burkert, Rev.Mod.Phys. 95 (2023) 4, 041002
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Outline

• Holographic VQCD Model

• Mass spectrum for proton

• Structure function of proton

• Electromagnetic form factors

• Gravitational form factors
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VQCD Model
Large-Nc Limits Comparison

Standard ’t Hooft limit: Nc → ∞, λ = g2
YMNc and Nf finite,

Veneziano limit: Nc → ∞, Nf → ∞, Nf
Nc

= x fixed
Preserves important quark effects while maintaining large-Nc simplifications

Holographic Construction
Gluon sector: 5D Einstein-dilaton gravity

Sg = M3N2
c

∫
d5x√g[R − 4

3
(∂λ)2

λ2 + Vg(λ)]

Flavor sector: Tachyonic Dirac-Born-Infeld action

SDBI = −M3N2
c

∫
d5x√gVf(λ, τ)

√
− det(gab + κ(λ)∂aτ∂bτ + w(λ)Fab)

Metric ansatz:
ds2 = e2A(z)(dz2 + ηµνdxµdxν)

Matti Jarvinen, JHEP 03 (2012) 002
U. G¨ursoy, JHEP 02 (2008) 019
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Boundary Condition and Confinement

UV boundary Condition
Two-loop QCD β-function:

dλ
dA = β(g) = − g3

(4π)2 (
11
3 Nc −

2
3Nf)−

g5

(4π)4 (
34
3 N2

c −
Nf
Nc

(
13
3 N2

c − 1)) + ...

Perturbative anomalous dimension: dτ
dA = γ = − a0

4πg2 + a1
(4π)2 g4 + ...

Confinement Criterion
Wilson loop criterion: Confinement requires area law behavior at large distances

E(L) ∼ Tfe2As(r)L,As(r) = A(r) + 2
3Φ(r)

confinement is equivalent to the existence of a minimum of the expression.
The 26th International Symposium on Spin Physics (SPIN2025)
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Mass Spectrum
By solving the equations of motion, we obtain a Schrödinger-like equation:

−φ′′
R/L(z) + (m2

5e2AS(z) ± m5eAS(z)A′
S(z))φR/L(z) = M2

nφR/L(z)

Figure: Mass spectrum results from numerical solution of the Schrödinger equation
Jiali Deng, Phys.Rev.D 112 (2025) 3, 036011

FolcoCapossoli, Chin.Phys.C 44 (2020) 6, 064104
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Structure Function

The hadronic tensor is defined as:

Wµν = 4π
∫

d4x eiq·x⟨P|Jµ(x)Jν(0)|P⟩

which can be decomposed into structure functions:

Wµν = F
(
ηµν − qµqν

q2

)
+

2x
q2 F(Pµ +

qµ
2x )(P

ν +
qν
2x )

where x = Q2

2P·q is the Bjorken scaling variable.
The interaction term in the holographic description:

ηµ⟨P + q, sX|Jµ(0)|P, s⟩ = Sint = gV

∫
dz d4y

√
−gΦ(z, y)Aµ(z, y)Jµ(y)

The 26th International Symposium on Spin Physics (SPIN2025)
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Structure Function

Jiali Deng, Phys.Rev.D 112 (2025) 3, 036011
FolcoCapossoli, Phys.Rev.D 102 (2020) 8, 086004
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Electromagnetic form factors
Hadron matrix element

⟨p′, s′|Jµ(0)|p, s⟩ = eu(p′, s′)Γµ(p, p′)u(p, s)

Vertex function:

Γµ(p, p′) = γµF1(Q2) +
iσµν∆ν

2M F2(Q2), ∆ = p′ − p,P = (p′ + p)/2

=
MPµ

P2 GE(Q2) +
iϵµαβλ∆αPβγλγ

5

2P2 GM(Q2)

Sachs EM FFs

GE(Q2) = F1(Q2)− Q2

4M2 F2(Q2),GM(Q2) = F1(Q2) + F2(Q2)

Dirac

Electric

Pauli

Magnetic

Electric charge:
qe = F1(0) = GE(0)
Magnetic moment:
µ = q + F2(0) = GM(0)
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Electromagnetic form factors

In the holographic description, spin-conserving matrix elements can be represented as:∫
d4xdz

√
−gΨ̄p′(x, z)eM

A ΓAϕM(x, z)Ψp(x, z) ∼ (2π)4δ4(p′ − p − q)ηµϕ(z)ū(p′)γµF1(q2)u(p)

The spin-flip matrix element can be written as:∫
d4xdz

√
−gΨ̄p′(x, z)eM

A eN
B[Γ

A, ΓB]FMN(x, z)Ψp(x, z) ∼ (2π)4δ4(p′ − p − q)ηµϕ(z)ū(p′)
σµνqν

2M F2(q2)u(p).

Raza Sabbir Sufian, Phys.Rev.D 95 (2017) 1, 014011
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Electromagnetic form factors

Jiali Deng, Phys.Rev.D 112 (2025) 3, 036011
Raza Sabbir Sufian, Phys.Rev.D 95 (2017) 1, 014011
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Gravitational Form Factors
Hadron matrix element

⟨p′, s′|Tµν(0)|p, s⟩ = eu(p′, s′)Γµν(p, p′)u(p, s)

Vertex function:

Γµν(p, p′) = γ(µPν)A(Q2)+
iP(µσν)αqα

2M B(Q2)+
qµqν − ηµνq2

2M D(Q2), q = p′−p,P = (p′+p)/2

The interaction term in the holographic description:∫
d5x√ghµνTµν

F ∼ ⟨p′, s′|Tµν(0)|p, s⟩

The equation of motion for graviton
1√
−g∂M(

√
−ggmn∂Nhµν) + m2hµν = 0

The 26th International Symposium on Spin Physics (SPIN2025)
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Gravitational Form Factors

Jiali Deng, Phys.Rev.D 112 (2025) 3, 036011
Daniel C. Hackett, Phys.Rev.Lett. 132 (2024) 25, 251904

Zainul Abidin, Phys.Rev.D 79 (2009) 115003
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Summary and outlook
1 We computed the mass spectrum of the proton using the VQCD model and

determined the metric parameters.

2 Through deep inelastic scattering, we calculated the proton’s structure functions.
Smaller x values correspond to higher probabilities of final states being excited states.

3 We computed the electromagnetic form factors of the proton.

4 We computed the gravitational form factors of the proton.

Next, we will calculate the D-term and the mechanical properties of the proton.

Thank you!
The 26th International Symposium on Spin Physics (SPIN2025)
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