QCD and Hadron Structure Fall 2008 Exercise 10

Session of Monday 10 November at 16.00-17.30 in aud A315.

1. On Vdh I1.19 the matrix element of the energy-momentum tensor 7" = T"* between nucleons
is expanded in terms of three Lorentz-invariant form factors A(t), B(t) and C(t) as

(p+ 3A[T*(0)[p — 3A) =

L 2 aAa v v 1
= a(p+ 5A) | A(t)y“p") + B(t)pio" T2 + C(H(A"A" — APg™)— | u(p — §A)

where t = A2,

(a) Show that all three terms in this expansion are consistent with 9,7 (z) = 0.

(b) Show that a term like D(¢)y*A?) is not allowed.

2. On Vdh I1.4 the Light-Front matrix element is expressed in terms of the GPD’s H and FE as

p+ — iz - =
b e Py ia N3y nao)lp - 30N, o= (1)
A,
= u(p+ 38, N) [ H(w, & t)y - n + B, & 0)io™ S| ulp = 34, 0)

where v -n =", AT = —2¢(pT and t = A%

(a) In DVCS (v*p — ~vp), the momentum transfer from the target which is kinematically
required for the 4* — v transition is —A*. Show that & = x5/(2 — xp), where xp =
Q?/2mv is the standard Bjorken variable.

(b) Explain why there are no other Lorentz structures on the rhs. of (1), such as p-n or A-n.
Hint: Compare with the evaluation of the form factors in problem 1b of Ex. 7.

3. The electron contribution to the energy-momentum tensor in QED is
T =iz (Y DY 4+~ D*)p — g (i) — m)y

where ) is the electron field and iD* = i0" — e A*. Verify by an explicit calculation that

(ela.X)| [ EaT(@)le(p, ) = 5 (0. X)e(p. V)

where |e(p, A)) is the state of an electron with momentum p and helicity A.
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