
Quantum Field Theory Exerises week 9

Exerise 12 : loop orretions, on-shell internal partiles and the optial theorem
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the Lorentz invariant 2-body phase-spae element.

The fator 1=2 takes into aount the fat that we are dealing with idential partiles.
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In the alulation you an use that �

2

is muh larger than the Mandelstam variable s of the

sattering reation. The matrix element will onsist of three Feynman diagrams that have

a similar form: draw these diagrams. One you have alulated one of them, you an �nd

the others by interhanging the appropriate momenta. Note however that the three diagrams

have a di�erent analyti struture. As a result, while taking proper aount of the sign of the

relevant Mandelstam variable, you should keep a lose eye on possible imaginary parts!

Hint: apply the two standard triks for performing loop orretions disussed on pages 70-72

of the leture notes.

Your intermediate result should e�etively read:
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() Read § 2.9.4 of the leture notes entitled \The optial theorem". Translated to exerise 12

the optial theorem states that 2 Im
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at one-loop order is equal to the

quantity you alulated in (a) if there is no angular dependene. Chek this equality expliitly.

(d) Now we want to see the expliit link with putting internal partiles on-shell, as mentioned

on page 80 of the leture notes. To this end we onsider the one-loop diagram that gave rise

to the imaginary part of the matrix element in (). Subsequently we put the two partiles

ourring inside the loop on their respetive mass-shells by replaing both propagators by

delta-funtions aording to i=(q

2

+i�) ! 2�Æ(q

2

). Realulate the loop orretion after this

replaement. Keep in mind that the integral is Lorentz invariant, so you an hoose the CM

frame of the reation for expressing the external momenta.

Hint: this time you don't have to apply the standard triks for performing loop orretions.

(e) Compare the results that you obtained in parts () and (d).

1


