178 23. Kinematics

23. KINEMATICS

Revised June 1994.

Throughout this section units are used in which h̄ = c = 1. The following conversions are useful: h̄c = 197.3 MeV fermi, (h̄c)2 = 0.3894 (GeV)2 mb.

23.1. Lorentz transformations

The energy E and 3-momentum p of a particle of mass m form a 4-vector p = (E, p) whose square p2 ≡ E2 − |p|2 = m2. The velocity of the particle is fi = p/E. The energy and momentum (E∗, p∗) viewed from a frame moving with velocity fif are given by ( E∗ p∗‖ ) = ( γf −γf βf −γf βf γf ) ( E p‖ ) , p∗T = pT , (23.1)

where γf = (1 − β2f )−1=2 and pT (p‖) are the components of p perpendicular (parallel) to fif . The scalar product of two 4-vectors p1 · p2 = E1E2 − p1 · p2 is invariant (frame independent).

In the collision of two particles of masses m1 and m2 the total center-of-mass energy can be expressed in the Lorentz-invariant form

Ecm = [ (E1 + E2)2 − (p1 + p2)2

]1=2 , = [ m21 + m2 + 2E1E2(1 − β1β2 cos θ)

]1=2

, (23.2)

where θ is the angle between the particles. In the frame where one particle (of mass m2) is at rest (lab frame),

Ecm = (m21 + m2 + 2E1 lab m2)1=2 . (23.3)

The velocity in the lab of the center-of-mass frame is

fi_{cm} = p_{lab}/(E_{1 lab} + m_2) , (23.4) and γcm = (E1 lab + m2)/Ecm . (23.5)

23.2. Center-of-mass energy and momentum

A beam of particles with mass m and momentum p beam is incident on a fixed target consisting of particles with mass M. The energy of the beam particles E beam, the total center-of-mass energy Ecm, and center of mass momentum of one of the particles pcm are given by

E beam = √ p 2beam + m2 (23.6)

Ecm = √ m2 + 2E beamM + M 2 (23.7)