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Classwork

DIS hadronic tensor in parton model

The general hadronic tensor for inelastic electron scattering on a hadron (e.g proton) target is given by

Wµν =
1

2π

∑
X

(2π)4δ4(p+ q − pX)〈p|Jµ†(0)|X〉〈X|Jν(0)|p〉 (1)

In the Bjorken limit, Q2 �M2, p · q �M2, with Q2/(2p · q) ≡ xB a constant (0 < xB < 1), this process
is described at leading order (LO) in QCD by the incoherent scattering from individual quarks.

To calculate this LO contribution, we want to evaluate the tensor of Eq. (1) for the situation where the
initial state is a massless quark (with momentum pq and spin projection s), and the final state X is also
a quark (with momentum p′q and spin projection s′). The initial quark carries a fraction x of the target
momentum, i.e. pq = xp.

(1) How does the sum
∑

X looks like for this physical situation ?

(2) Show that the energy-momentum conserving δ-function yields∫
d3~p ′

q

(2π)32E′
q

(2π)4δ4(q + pq − p′q)... = (2π)
xB
Q2

δ(x− xB)... (2)

(3) Using the Dirac current for a quark

〈X|Jν(0)|p〉 = ū(p′q, s
′)γνu(pq, s), (3)

show that the partonic DIS tensor wµν is given by

wµν =
xB
Q2

δ(x− xB)Tr

{(
1 + (2s)γ5

2

)
γ · pq γµ γ · p′q γν

}
, (4)

(4) By working out the trace in Eq. (4), show that this leads to :

f1 =
xB
2
δ(x− xB),

f2 = 2xBf1,

g1 = (2s)f1,

g2 = 0. (5)
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