Mandelstam Variables

Consider any kind of a 2 particles — 2 particles process
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All Lorentz invariant combinations of the 4 incoming or outgoing momenta pf’, pj, pllu , and p;“

may be expressed in terms of the 3 Mandelstam’s variables
s = (m+p)? = (L +ph)%
t = (p—p)° = (bh—p2)%, (2)
u = (p1—ph)* = (Ph—p2)*

Moreover, only 2 out of these 3 variables are independent because for the on-shell momenta

s+t +u=mi+mi+m+mi. (3)

In terms of Mandelstam’s variables, Lorentz products of momenta are given by

2(pip2) = s — mi — m3,
2mph) = s —mf — mg,
20pph) = mi + mf —t, A
2(paph) = mj + mg — 1, W
2piph) = mi + ms — u,
2(popy) = mj + mf — u.
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Proof of eq. (2):

s+t + u

Proofs of eqgs. (4):
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(p1+p2)* — pi — P

2(p1p2) =

2p1ph) = (ph +ph)* — P — Py
20mph) = P+ P — (o —ph)°
2paph) = ph + 5 — (p2 — ph)?
2piph) = P+ Py — (p1—ph)°
2popt) = p5 + P — (p2— ph)?

(p1+p2)* + (p1—11)* + (p1 —ph)?

P+ p3 o+ o+ PR+ 21 x (p1+p2— P — ph=0)

+ P54 2pip2) — 2(pip)) — 2(piph)

(6)



