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Poincaré Algebra

2.1 Poincaré Algebra

In the lecture, we have introduced the commutation relations of the Poincaré

algebra

[P/“ PI/] =0
(s Bpl = 1(gup Py — 90pP)
(s Joo) = 1 (Gupdvo = Guodvp = Gupuo + Guodup) -

and the Pauli-Lubanski vector

e Show that

2.2 Poincaré Algebra Spin 0

e Show that the differential operators

P, =10,
Jw =1(2,0, — 2,0,)

realize the Poincaré algebra (1).

e Compute the Pauli-Lubanski vector W, in the realization (4).

e Compute

W2 =WHW, = —m?s(s + 1)

and deduce s.

(4a)
(4b)

1B



2.3

Poincaré Algebra Spin 1/2

The constant Dirac matrices {,},—01234 satisfy the anti-commutation re-
lations

Vs Wl = YW + % = 29 -
Compute the commutation relations
[0y Oex]

of the matrices )

O = % Vs W
Show that the sum of differential operators and matrices

. 1

Jw =1(x,0, — ,0,) + 5

also realize the Poincaré algebra (1).
Compute the Pauli-Lubanski vector again in the realization (9).

Compute
W2 =WHW, = —m?s(s + 1)

and deduce s. Hint:

€uapr€ oy = —Yaa'gsp oy + signed permutations of o, ', 7.
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