
Quantum Field Theory 2: exerises for week 2

Exerise 3: Absene of saled ouplings in the non-Abelian ase

Consider the loal SU(N) gauge theory for N � 2, as desribed in the leture notes.

(a) Why is the QED-like harge saling �

a

(x)! Q�

a

(x), g! Qg not an e�etive means

of hanging the interation strength?

Hint: You have to demand that after harge saling W

a

�

transforms in the same way

as before harge saling. Only then one and the same gauge �eld ould mediate the

SU(N) interation between di�erently harged partiles. At some point in your proof

you will have to take into aount the ommutator algebra of the generators.

(b) Consider the subset of global SU(N) gauge transformations, for whih the Lagrangian

density L

SU(N)

is invariant.

{ Derive the onserved Noether urrents J

a;�

(x) for eah of the independent global

transformations labeled by �

a

2 R and link the ombination gW

a

�

(x)J

a;�

(x) to the

three types of interations ontained in the SU(N) gauge theory.

{ Indiate the fundamental di�erene with the QED ase.

Not being able to hange the oupling strength is a strong statement! It immediately tells

you that the oupling strength between the gauge bosons and other partiles is �xed, given

by the theory.

Exerise 4: Feynman rules for the SU(N) interations

Consider again the loal SU(N) gauge theory for N � 2. Derive the momentum-spae

Feynman rules for the three SU(N) interation verties, as given on pages 11 and 12 of the

leture notes. Please take all gauge bosons to be inoming in these Feynman rules.

Hints: in the ase of the gauge-boson interations you should keep a lose eye on all possible

permutations of the various indies. In the Lagrangian density all indies are repeated and

therefore summed over. A summed SU(N) index a in the Lagrangian density is atually a

dummy variable and need not be idential to the open index a of the spei� gauge boson in

the Feynman rule. To get a feeling for how the derivation works for the triple gauge-boson

interations, you are advised to �rst onsider the fully onneted O(g) ontributions to the

Green's funtion
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in terms of ontrations. This Green's funtion is diretly linked to the interation vertex, as

an be seen by drawing the assoiated Feynman diagram. Subsequently, for �guring out the

onsequenes of a �eld derivative in momentum spae, you may use that the gauge-boson

quantum �eld in the interation piture is given by
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in terms of the reation and annihilation operators a

e;ry

~p

and a

e;r

~p

. Here e is the adjoint

SU(N) index of the gauge �eld, whereas ~p and r represent the momentum and spin quantum

numbers of the assoiated partile modes.

This exerise may feel a bit awkward, but it prepares you for what you will typially en-

ounter in the literature, where summed indies in the Lagrangian density and open indies

for the Feynman rules will in general not be taken all di�erent.
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