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moment vanishes [22]. The light-cone formalism also properly incorporatesWigner boosts.
Thus this model of composite systems can serve as a useful theoretical laboratory to
interrelate hadronic properties and check the consistency of formulae proposed for the
study of hadron substructure.

7. Spin and orbital angular momentum composition of light-cone wavefunctions

In general the light-cone wavefunctions satisfy conservation of the z projection of
angular momentum:

J z =
n∑

i=1
sz
i +

n−1∑
j=1

lzj . (62)

The sum over sz
i represents the contribution of the intrinsic spins of the n Fock state

constituents. The sum over orbital angular momenta lzj = −i(k1j ∂
∂k2j

− k2j
∂

∂k1j

)
derives from

the n−1 relative momenta. This excludes the contribution to the orbital angularmomentum
due to the motion of the center of mass, which is not an intrinsic property of the hadron.
We can see how the angular momentum sum rule Eq. (62) is satisfied for the

wavefunctions Eqs. (20) and (23) of the QED model system of two-particle Fock states.
In Table 1 we list the fermion constituent’s light-cone spin projection sz

f = 1
2λf, the boson

constituent spin projection sz
b = λb, and the relative orbital angular momentum lz for each

contributing configuration of the QED model system wavefunction.
Table 1 is derived by calculating the matrix elements of the light-cone helicity operator

γ +γ 5 [29] and the relative orbital angular momentum operator−i(k1 ∂
∂k2

− k2 ∂
∂k1

)
[16,30,

31] in the light-cone representation. Each configuration satisfies the spin sum rule: J z =
sz
f + sz

b + lz.
For a better understanding of Table 1, we look at the non-relativistic and ultra-relativistic

limits. At the non-relativistic limit, the transversal motions of the constituent can be
neglected and we have only the | + 1

2 〉 → | − 1
2 + 1〉 configuration which is the non-

relativistic quantum state for the spin-half system composed of a fermion and a spin-1
boson constituents. The fermion constituent has spin projection in the opposite direction
to the spin J z of the whole system. However, for ultra-relativistic binding in which the
transversal motions of the constituents are large compared to the fermion masses, the

Table 1
Spin decomposition of the J z = + 1

2 electron

Configuration Fermion spin sz
f Boson spin sz

b Orbital ang. mom. lz∣∣+ 1
2
〉 → ∣∣+ 1

2 + 1〉 + 1
2 +1 −1∣∣+ 1

2
〉 → ∣∣− 1

2 + 1〉 − 1
2 +1 0∣∣+ 1

2
〉 → ∣∣+ 1

2 − 1〉 + 1
2 −1 +1


