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Exercices

5.1 Projections of the Dalitz Plot

For a given Dalitz plot, sketch the projections onto m2
12, m

2
23, m

2
31, and helicity angles for all subsystems

rest frames.
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Solution:
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5.2 Spin Sum

Polarization vectors of a spin-one particle are given by
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(a) Evaluate the amplitude for the decay of a1 meson (JP = 1+) to ρπ using the covariant expression,
M = ϵa1 · ϵρ in the following frames of reference:

• a1 is at rest and the decay particles are aligned along the z-axis,

• ρ is at rest and a1 and π are aligned along the z-axis, compare to (a) .

Solution: The first one is −(1, γρ, 1), the second one is −(1, γa1 , 1). Both equal since the two
frames are connected by a boost with γ = (m2

a1 +m2
ρ −m2

π)/(2ma1mρ).

(b) Compare three matrix elements in (a) configurations to the expectations from the helicity formalism,

AL
λa1λρ

= HL
λρ,0 d

1
λa1 ,λρ

(θ) , (3)

where the helicity coupling is parametrized in LS scheme reads,

HL
λρ,0 = ⟨L, 0; 1, λρ|1, λρ⟩ . (4)

Which partial waves are allowed in the decay, and what value of L the covariant matrix M element
correspond to?

Solution: The S-wave corresponds to (1, 1, 1), while D-wave is (1,−2, 1)/
√
10. Convariant

formalism mixes partial waves.

5.3 Spin of a New Λ∗∗0
b State

A new Λ∗∗0
b state has been discovered decaying into Λ0

bπ
+π− with a prominent Σ∗

b resonance line on the
Dalitz plot. The decay intensity distribution along the Σ∗

b band is provided in the supplementary material,
which includes the helicity angle distribution. Your task is to determine the spin J of the Λ∗∗0

b state.

(a) Write down the decay matrix element for Λ∗∗0
b → Λ0

bπ
+π− using helicity formalism.

(b) Identify the partial waves in the decay Σ∗
b → Λ0

bπ.

(c) Determine the partial waves in the decay Λ∗∗0
b → Σ∗

bπ for JP = 1
2

±
, 32

±
, 52

±.

(d) Compute the unpolarized differential distribution given by:

dI

d cos θ
=

{−1/2,1/2}∑
λ0,λ1

∣∣∣⟨L, 0; 3/2, λ0|J, λ0⟩ d3/2λ0,λ1
(θ) ⟨1, 0; 1/2, λ1|3/2, λ1⟩

∣∣∣2
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