
from the previous lectures ...

Physical Unphysical

3× 3̄ = 8 + 1 3× 3 = 6 + 3̄

3× 3× 3 = 10 + 8 + 8 + 1

3̄× 3̄× 3̄ = 10 + 8 + 8 + 1

Questions: Is there a physical meaning to the 3, 3̄?

Gellmann & Zweig: baryons & mesons are made of quarks.
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mesons & baryons in the quark model

We can now see how the proton & neutron and all the other slew of hadron

resonances fit in the quark model.

3× 3× 3 = (6 + 3̄)× 3 = 6× 3 + 3̄× 3 = 10 + 8 + 8 + 1

baryons
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uuuuududdddd

uususdsdd

ssd ssu
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(−1,1/2)
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(+1,3/2)
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The 10 is the symmetric representation uuu → spin = 3
2

P = uud N = udd
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β–beta decay from the quark point of view
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mesons 3× 3̄ = 8 + 1
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π0 =
1√
2
(uū − dd̄)

η =
1√
6
(uū + dd̄ − 2ss̄)

η′ =
1√
3
(uū + dd̄ + ss̄)

where π0, η ∈ 8 and η′ ∈ 1.

The decaplet is a fully symmetric representation of SU(3) and spin.

∆++ = u↑u↑u↑ ← :
1√
2
(λ1 − iλ2)

∆+ =
1√
3
(u↑u↑d↑ + u↑d↑u↑ + d↑u↑u↑)

∆0 =
1√
3
(u↑d↑d↑ + d↑u↑d↑ + d↑d↑u↑)

∆− = d↑d↑d↑
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to go down the aile we operate with a lowering operator ւ= 1√
2
(λ4− iλ5), etc.

y∗+ =
1√
3
(u↑u↑s↑ + u↑s↑u↑ + s↑u↑u↑)

Y ∗0 =
1√
6
(u↑d↑s↑ + u↑s↑d↑ + d↑u↑s↑ + d↑s↑u↑ + s↑u↑d↑ + s↑d↑u↑)

Ω− = s↑s↑s↑

What is the wave function of the Proton?

The Proton is orthogonal to ∆+. Both are combinations of uud .

P = (αuud + βudu + γduu)

P ·∆+ = 0 ⇒ α+ β + γ = 0⇒ 2 solutions
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PA =
1√
2
(ud − du)u asymmetric under 1↔ 2

PS =
1√
6
[(ud + du)u − uud ] symmetric under 1↔ 2

Nice ... But ...

Problems:

1) ∆++ = u↑u↑u↑ fully symmetric → conflict with Pauli’s spin–statistics

2) charm was discovered su(3)flavour → not enough. SU(4)f 4 =
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In 1974 J/Ψ particle was discovered with m ∼ 3.1GeV. spin = 0. cc̄ .

bottom was discovered in 1978 m(B −meson) ≈ 10GeV. Spin = 0. bb̄.

top was discovered in 1994 mt ∼ 175GeV.
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