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Figure 4.1: The LF variables for states with two or more constituents.

The mass for a Hadron with two constituents is in the LF form in momentum space given

M2 =

Z 1
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dx
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where �LF (x,~k?) is the LF wave function of two constituents with relative momentum ~k
and longitudinal momentum fractions x1 = x, x2 = (1 � x). By Fourier transformation we
obtain:
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For vanishing constituent masses, mi = 0, the x and ~b? dependence can be expressed by the
LF variable

~⇣ =
p

x(1 � x) ~b?i, ⇣ = |~⇣ | (4.3)

and we construct the LF Hamiltonian
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with H�LF = M2 �LF .

The complicated interaction is here approximated by the LF potential U(⇣). By separating
the variables �LF (~⇣) = eiL'�LF (⇣) and by rescaling

�LF (⇣) = �(x)(2⇡⇣)�1/2�(⇣) (4.5)

we obtain for �(⇣) the Schrödinger-like equation:

H�(⇣) =
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⇣ +
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�(⇣) = M2�(⇣) (4.6)

L is the LF angular momentum. The LF potential U(⇣) is in principle determined by QCD
it (hopefully) contains also some part of the influence of higher Fock states, that is states
with more than two constituents.
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Modify conformal AdS space by a dilation profile e�(z) = e
2z2
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⇣ () z de Teramond, Brodsky PRL 2009

GeV (emergent mass scale ! Same for mesons and baryons) ⇡ 0.52

A semiclassical approximation to QCD

Relativistic, frame-independent

Color confining, massless pion mq ! 0

Symmetry between observed mesons  
and observed baryons 

Regge behavior at low x,  
pQCD counting rule at large x
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Mp := 0.93828
mpi := 0.13957
gmm[0] := 0
gmm[1] := 0
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phi := 0.7
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Mapping of AdS gravity to  
QCD quantized at fixed light-front time

Pion EM Form Factor

Pion form factor compared with data

 6

G.F. de Téramond and S.J. Brodsky,  Proc. Sci. LC2010 (2010) 029. 
S.J. Brodsky, G.F. de Téramond, H.G. Dosch, J. Erlich, Phys. Rep. 584, 1 (2015). [Sec. 6.1.5]

F⇡(t) =
X

⌧

P⌧F⌧ (t)
X

⌧

P⌧ = 1

Truncated at twist-τ = 4 

F⇡(t) = c2F⌧=2(t) + (1� c2)F⌧=4(t)
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U(⇣) = 4⇣2 + 22(J � 1)


