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1. Particle Data Group k � � h Z�Pn)Ê��Ôo �
Z → ℓℓ̄ (ℓ = e, µ, τ) ∼3%

Z → invisible(νeν̄e + νµν̄ν + ντν̄τ) ∼20%

Z → u ū (u = u, c) 11.6%

Z → d d̄ (d = d, s, b) 15.6%h j c fD� � å�nh� ��U [f � )Ê��Ô� ¬�[� � (sin2θW ∼ 0.23)

lepton, quark o]�^�	�ãB � � quark o � colorL	.^B� S h kè�[� �
(FW � ZoêÏn'�¢ÂK� top quark þk o)ÊgM jD_� � up-type quarkn�¹�j�ãpkè� � )

T3 Q L≡ |T3− sin2θWQ|2 R≡ |sin2θWQ|2 Γ≡L+ R Γ×Ncolor×Ngeneration
Γ×Ncolor

sum
νℓ 1/2 0 (1/2)2 = 0.25 0 0.25 0.25× 1× 3 = 0.75
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1. Branching fraction of each decay mode of Z boson is shown as below by Particle Data Group

Z → ℓℓ̄ (ℓ = e, µ, τ) ∼3%

Z → invisible(νeν̄e + νµν̄ν + ντν̄τ) ∼20%

Z → u ū (u = u, c) 11.6%

Z → d d̄ (d = d, s, b) 15.6%

Complete the following table to account for the branching fractions. (sin2θW ∼ 0.23)

Note that leptons and quarks have three generation and quarks have three colors as well.

(Also note htat up-type quarks have effectively two generations since Z cannot decay into a top
quark pair)
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