
267 Building the Tools

shown to first-order perturbation theory in Fig. 10.7, is described through the ex-

change of a Standard Model electroweak gauge boson [Sur99]:

e(k) + P (p)→ l(k′) +X(p′) (10.8)

with the electron (positron) and proton in the initial state denoted by the four-

vectors k = (Ee,ke) and p = (EP ,P ), respectively. The final state consists of the

scattered lepton k′ = (E′l ,k
′
l) and the hadronic final state system p′ = (EX ,pX).

Depending on the exchanged electroweak gauge boson, one distinguishes two

classes of events:

• Neutral Current (NC) (electroweak gauge boson: virtual photon γ∗ or Z0 boson)

and

• Charged Current (CC) (electroweak gauge boson: W± boson) events.

Both event classes can be distinguished by the final-state lepton. In the case of

NC events an electron (positron) is found in the final state (l = e) whereas in the

case of CC events the final-state system consists of a neutrino (antineutrino) which

escapes detection (l = νe).

Collider e± / p experiments are typically designed be able to measure the energy

and direction of both the scattered lepton (in case of NC events only) and the

hadronic final-state system. Two independent variables are sufficient in defining

the unpolarized inelastic e± / p event kinematics at fixed beam energies, e.g., in

the case of a NC event the energy E′e and polar angle θ′e of the scattered electron

(positron).

A detailed discussion of deep-inelastic scattering (DIS) is presented in Chapter 9.

In the section below the emphasis is placed on the kinematic aspects. Here, in

order to be self-contained, the variables necessary to provide a relativistic-invariant

formulation of the unpolarized inelastic ep event kinematics are again summarized:

s = (k + p)2 ' 4EeEP (10.9)

t = (p− p′)2 (10.10)

u = (k′ − p)2 (10.11)

Q2 = −(k − k′)2 = −(p− p′)2 = −t = −q2 (10.12)

x = Q2

2(p·q) ' − t
u+s 0 ≤ x ≤ 1 (10.13)

y = p·q
p·k ' u+s

s 0 ≤ y ≤ 1 (10.14)

W 2 = (p+ q)2 = (p′)2 = m2
p + Q2

x (1− x) ' s+ t+ u (10.15)

ν = p·q
mp

(̇10.16)




