Name: PHY625 (Fall 2012), 11/19/12

Homework Assignment #6

(Due Date: Monday, Nov. 26, 01:50 pm, in class)

6.1 Electron Scattering and Parton Model (2+41+2+2 pts.)
The elastic cross section for scattering an electron (with initial and final 4-momenta (E k)
and (E' k'), respectively) off a spin—% point particle of mass M can be written as
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where 8 = /(k, k') is the scattering angle (neglect the electron mass).
(a) Show that, for fixed incident lab energy, the scattering angle is the only independent

variable, by expressing £’ and the 4-momentum transfer ¢ in terms of 6.

(b) For inelastic scattering, the outgoing proton breaks up and another variable (usually
taken as E' or v = E — E') together with 2 structure functions, W 5, are needed.
The differential cross section takes the form
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Show that for Wy(v, ¢*) = 6(v+¢*/2M) and 2W, (v, ¢*) = —¢*/(2M?) 6(v+¢*/2M),
the elastic “point-like” cross section, Eq. (1), is recovered.

(c) Introduce “new” point-like constituents with mass m = 2’ M by setting Ws (v, ¢*) =
d(v + ¢?/2m) and 2W; (v, ¢*) = —¢?/(2m?) 6(v + ¢*/2m) in Eq. (2). Show that the
redefined structure functions Fy = MW, and Fy, = v, “scale”, i.e., only depend
on the ratio w = —2Mwv/¢? for given 2’ of a “parton”, not separately on v and ¢>.

(d) Integrate over =’ with charge (e? )and probability (f;(z")) weights to show

20F(z) = Fy(x) = _eixfi(x) (3)
where = 1/w and the sum is over parton species in the proton (i=u,i,d,d,s,3).
6.2 Local Gauge Invariance of QCD Lagrangian (2+1 pts.)
The QCD Lagrangian is defined by
— /. ~ ]' a v
Lqcp = ¢ (V"' Dy — 1) q — ZGWGZL (4)

with the covariant derivative D, = 0, + ig,T, aGZ where T, = \,/2 are given by the
Gellmann matrices A\;_g and satisfy 15, T}] = i fup.T. (double indices summed over).

(a) Show that the quark part of Lqcp is invariant under the following local infinitesimal
phase rotation:
q(z) = [1 +ia,(z) Tolq(x) GZ(SL’) — GZ(SL’) — i 0,04(2) — fape () G;(:c)

(b) What are key differences between the coupling “constants” in QCD, a,(Q?), and
QED, aen(Q?)?



