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Exercices

2.1 Decay kinematics

Relate the values of momenta and their orientation to location on the Dalitz plot for the decay py —
p1 + p2 + p3 using values indicated on the figures below.
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https://inspirehep.net/literature/2104945
https://inspirehep.net/literature/1251349

Solution: Mass is computed as

ms; = (pi + pj)2 = mlz + m? + 2E¢Ej — Qpipj COS Zﬁ;ﬁ]
=m? +m32' +2E;E; + p} +pj2‘ - i
= (Ei + E;)* - pi
the angle between the two momenta is traded to magnitude of momenta using algebra of
three-vectors, —pj, = pji + P

pi = p? + P2 + 2pip; cos Lpif;
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2.2 2-to-2 Kinematics

In hadron physics, the Mandelstam invariants s, t, and u are essential for describing the kinematics of
scattering processes. Consider a 2 — 2 scattering process where two particles with four-momenta p; and po
scatter into two particles with four-momenta p3 and p4. Consider the particles have different masses. The
Mandelstam invariants are defined as s = (p1 + p2)?, t = (p1 — p3)?, and u = (p1 — pa)?. The scattering
angle @ is the angle between the momenta of the incoming (p7) and outgoing (p3) particle in the center of
mass frame.

(a) Verify the relation s+t +u = Y. m?, where m; are the masses of the particles.
(b) Calculate the particle energies and 3-momenta in the center of mass frame, as a function of s
(c) Calculate the scattering angle € in terms of s, ¢, and u

(d) How would those relation change if one considered the crossed reaction pi1ps — psp4?

2.3 Canonical and Helicity states

Consider a particle of spin 1/2 at rest with spin up uy = v2m or spin down, u_ = v/2m
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Remember that the generator of Lorentz group is o# = 5 [y#,+"]. That implies that
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where tanhn = p/E, n being the particly rapidity.
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(a) Derive the spinors in canonical and helicity basis for a particle with momentum lying in the xz plane.

2.4 Boosting spinning particles

A particle of spin 1 in the helicity basis lying in the xz plane is described by the following polarization

vectors:
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Consider a particle with mass m and momenum p = m2 and with helicity +1.

(a) Boost the momentum and the polarization in the x direction of a boost 8 = 1/+/2.

(b) Compare with the polarization vectors according to the new momentum. Decompose it in the basis

of the new polarization vectors.
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