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• Baryon form factors are functions of the 
four momentum squared

• In the Breit frame,   represents the 
electric charge (magnetic momentum) 
density’s Fourier Transforms
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NUCLEON FORM FACTORS OSCILLATIONS
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• High precision data are 
required

• The subtraction of the 
time-like dipole behaviour 
shows the oscillations



BARYONIC STATES IN LIGHT-FRONT QUANTIZATION

ψ⟩ = ∑
n

∫ [dμn] ⟨μn ψ; M, P+, ⃗P ⊥, S2, Sz; h⟩ μn⟩
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G. Peter Lepage and Stanley J. Brodsky, Phys. Rev. D 22, 2157 – Published 1 November 1980

baryon⟩ = 0⟩ + qqq⟩ + qqqg⟩ + ⋯

Leading Order

⟨P′￼ J+ P⟩ = ∫ [dx]∫ [dy] φ* (y, Q2) TH (x, y, Q2) φ (x, Q2) ⇒ Factorization

• At the leading order, the baryonic 
state is represented by three 
collinear quarks

• The hard scattering kernel  
describes the subnuclear process

TH



4 ⟨0 εijkui
α (a1z) uj

β (a2z) dk
γ (a3z) P (P, λ)⟩

L.T.= V1 (PνγνC)αβ (γ5N)γ
+ A1 (Pνγνγ5C)αβ

Nγ + T1 (PνiσμνC)αβ
(γμγ5N)γ

THREE QUARK OPERATORS

• The three quark matrix element 
can be parametrized

• The parametrising functions are 
called Light Cone Distribution 
Amplitudes (LCDAs)

• The LCDAs are functions for the 
light like four-vector z

• It is best to operate in the four-
momenta space, thus defining the 
LCDAs Fourier transforms as

F (aip ⋅ z) = ∫ [dx] F̃ (xi) e−ipz∑i aixi

xi =
k+

i

p+
,

3

∑
i=1

xi = 1



THREE QUARK OPERATORS
• By using  and  quarks 

symmetry, it remains only one 
independent twist-3 LCDA

u d

u−d symmetry ⇒

V1 (x1, x2, x3) = V1 (x2, x1, x3)
A1 (x1, x2, x3) = − A1 (x2, x1, x3)
T1 (x1, x2, x3) = T1 (x2, x1, x3)

Isospin 1/2 requirement ⇒ 2T1 (x1, x2, x3) = [V1 − A1] (x1, x3, x2) + [V1 − A1] (x2, x3, x1)

• Only one independent LCDA remaining: 
φN (x1, x2, x3) = V1 (x1, x2, x3) − A1 (x1, x2, x3)



CHERNYAK-ZHITNITSKY FORMULA

q4GM (q2) = (4πᾱs)2

54
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∫ [dx]∫ [dy] {2
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eiTi (x, y) +
14

∑
i=8

eiTi (x, y)}
Initial State

Final State

Es: i = 1 ⇒ T1 (x, y) =
φN (x) φN (y) + 4T (x) T (y)

(1 − x1)2 x3 (1 − y1)2 y3

• Form factor behaviour determined 
mostly by the running coupling 
constant 

• Through symmetry relations, the 
minimal number of leading twist 
contributing diagrams is 14

ᾱs (q2)

Leading twist diagrams contributing to the hard 
scattering kernel  TH



CONFORMAL EXPANSION

φN (x, Q2) = 120x1x2x3

φas(x)

∑
n

BnPn (x) (
αs (Q2)
αs (μ2) )

γn/β0

⟨0 εijku↑
i (a1z) Cγμnμu↓

j (a2z) γμnμd↑
k (a3z) P (P, λ)⟩

= −
1
2

fN (pn) N↑ (p)∫ [dx] exp [−ipn (a1zx1 + a2zx2 + a3zx3)] φN (x1, x2, x3, μ2)

Nucleonic Function @ the origin

• The expression of the polynomials  and of the anomalous dimensions  have to be determined, 
using the  conformal invariance

Pn (x) γn
ℒQCD



CONFORMAL BASIS: THE APPELL POLYNOMIALS 
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• The conformal basis is identified in the normalised Appell polynomials
• They are defined in the triangle T = {(x1, x3) ∈ [0,1]2 ⊂ ℝ2 : x1 + x3 ≤ 1}



NEAR THRESHOLD PARAMETERS

• A dependance over the negative powers of  is proposed
•  is fixed since it is related to the normalization of 

q2

B0 φN (x)

B0 = 1

Bn (Q2) = b(n)
0 +

b(n)
1

Q2
, n = 1, 2

Bm (Q2) = b(m)
0 +

b(m)
1

Q2
+

b(m)
2

(Q2)2 , m = 3, 4, 5

• The procedure encodes the 
effective form factor’s 
oscillations to the three 
quark model

• The evolution equation’s 
effect is negligible in 
comparison to the  and  
coefficients evolution 

αs Bn



MODEL’S RESULTS

Simultaneous fit for proton and neutron using our model’s parameters
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• Isospin symmetry of the 
nucleons

• Simultaneous fit for proton 
and nucleon, sharing the 
same parameters

• Near threshold oscillations 
for the neutron 



MODEL’S RESULTS - ERROR BANDS
• Error bands containing both statistical and systematic 

errors

2 2.5 3 3.5 4 4.5
)2  (GeV/cppM

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

|
p Ef

f
|G

| error bandsp
Eff

|G

2 2.2 2.4 2.6 2.8 3
)2  (GeV/cnnM

0

0.05

0.1

0.15

0.2

0.25

0.3

|
n Ef

f
|G

| error bandsn
Eff

|GProton and neutron effective 
form factors error bands

Gaussian Variation of the 
data points
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number and  dependanceq2



MODEL’S RESULTS - ERROR BANDS

• The nucleon distribution function 
 presents a global maximumφN (x)

• The quark’s momenta 
distribution is compatible with a 
quark - diquark interaction

φmax
N @ x = (0.492873,0.237073,0.270055)
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SUMMMARY
• The proposed model provides a suitable description of the nucleon effective form factor but same 

can not be said for the proton, where the oscillations are barely visible
• The proton behaviour can be explained by the charge limited order momenta used in the 

description
• Still, this work can shed light over the connection between nucleon form factors oscillations and the 

internal structure of the hadrons
• Further search of a light-front model for nucleon form factors oscillations is still in act



Thank you giving me the 
opportunity to speak


