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CLASE 4: Modelo de Quarks

Repaso:
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: matrices unitarias de 3x3 y det=1SU(3) U(αa) = e−iαaJa a = 1,...,8

     (  matrices de Gell-Mann)Ja =
1
2

λa λa

λ1 = (
0 1 0
1 0 0
0 0 0) λ2 = (

0 −i 0
i 0 0
0 0 0) λ3 = (

1 0 0
0 −1 0
0 0 0)

λ4 = (
0 0 1
0 0 0
1 0 0) λ5 = (

0 0 −i
0 0 0
i 0 0 )

λ6 = (
0 0 0
0 0 1
0 1 0) λ7 = (

0 0 0
0 0 −i
0 i 0 )

λ8 = (
1 0 0
0 1 0
0 0 −2) 1

3

[Ja, Jb] = ifabc Jc

f123 = 1 f458 = f678 =
3

2

f147 = f165 = f246 = f257 = f345 = f378 =
1
2

: matrices unitarias de 2x2 y det=1SU(2) U(θi) = e−i θiJi (1
0) (0

1)i = 1,2,3

Ji =
1
2

σi  (  matrices de Pauli)σi σ1 = (0 1
1 0) σ2 = (0 −i

i 0 ) σ3 = (1 0
0 −1) [σi, σj] = 2iϵijk σk

[Ji, Jj] = iϵijk Jk

≡ 2

≡ 3

2 ⊗ 2 = 3S + 1A

2 ⊗ 2 ⊗ 2 = 4S + 2MS + 2MA

| ↑ > | ↓ >

|p > |n >

|u > |d > |s >

J (1)
1 =

1

2 (
0 1 0
1 0 1
0 1 0) J (1)

2 =
1

2 (
0 −i 0
i 0 −i
0 i 0 ) J (1)

3 =
1

2 (
1 0 0
0 0 0
0 0 −1)



CLASE 4: Modelo de Quarks

grupo de interés : tres subgrupos  que se muerden la colaSU(3) SU(2)

λ1 = (
0 1 0
1 0 0
0 0 0) λ2 = (

0 −i 0
i 0 0
0 0 0) λ3 = (

1 0 0
0 −1 0
0 0 0)

λ4 = (
0 0 1
0 0 0
1 0 0) λ5 = (

0 0 −i
0 0 0
i 0 0 )

λ6 = (
0 0 0
0 0 1
0 1 0) λ7 = (

0 0 0
0 0 −i
0 i 0 )

λ8 = (
1 0 0
0 1 0
0 0 −2) 1

3

I3

SU(2)

1
2−

1
2

pn

σ± ≡
1
2

(σ1 ± iσ2)

λ3

1
2

(λ1 ± iλ2)λ8

1
2

(λ4 ± iλ5)
1
2

(λ6 ± iλ7)

SU(3)

3 ⊗ 3 = 6S + 3A

3 ⊗ 3 ⊗ 3 = 10S + 8MS + 8MA + 1A

2 ⊗ 2 = 3S + 1A

2 ⊗ 2 ⊗ 2 = 4S + 2MS + 2MA

ud

s

|uu >
1

2
|ud + du >

|dd >
1

2
|sd + ds >

|ss >
1

2
|us + su >

Recapitulación:



Gell-Mann Nishijima

isospín, carga eléctrica y extrañeza:

I31
2

−
1
2

pn
I = 1/2

I3−1

π− π+
I = 1

0 1

π0

I3

Δ−
I = 3/2
Δ0 Δ+ Δ++

−
3
2

−
1
2

1
2

3
2

I30

Λ0
I = 0

J = 1/2 J = 3/2J = 0 J = 1/2

Q = e (I3 +
1
2 ) n, p, Δ

Q = e (I3 +
B
2 ) B = 1 bariones

B = 0 mesones

Q = e (I3 +
B + S

2 ) S = 1 K+

S = 0 K0, Λ0
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modelo SU(3) de Sakata (1956):

(
p
n

Λ0)
I3

S

−1 Λ0

−1/2 1/2

n p
I3

S
1 Λ0

−1/2 1/2

p n

3

3

composición: 3 ⊗ 3 pn

pΛ0

ppnp

nΛ0

nn
Λ0Λ0

Λ0nΛ0p

= 8 + 1
B = 0 mesones

S = 0 pn = |1,1 >I π+

pp + nn = |1,0 >I π0

pn = |1,−1>I π−

3 ⊗ 3 ⊗ 3 B = 1 bariones

pnΛ0 S = 1 no existen!

modelo de quarks (1964): (
u
d
s) 3 ⊗ 3 ⊗ 3 = 10S + 8MS + 8MA + 1A

3 ⊗ 3 = 8S + 1A
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modelo de quarks (1964):
 los quarks: tienen carga eléctrica fraccionaria

no existen de manera aislada
sólo se combinan de a tres o como qq

u
d
s

I3
1/2

−1/2

0

S
0

0

−1

Q
2/3

−1/3

−1/3

J
1/2

1/2

1/2

B
1/3

1/3

1/3

uuu 3/2 0 2 1 Δ++ I = 3/2

uud 1/2 0 1 1 Δ+, p

udd −1/2 0 0 1 Δ0, n

ddd −3/2 0 −1 1 Δ− I = 3/2

dds −1 −1 −1 1 Σ*−, Σ−

dss −1/2 −2 −1 1 Ξ*−, Ξ−

sss 0 −3 −1 1 Ω− I = 3/2

ssu 1/2 −2 0 1 Ξ*0, Ξ0

suu 1 −1 1 1 Σ*+, Σ+

uds 0 −1 0 1 Λ0, Σ0

SU(2)u−d

SU(2)d−s

SU(2)u−s

ud
I3
1

S
0

Q
1

B
0 π+

du −1 0 −1 0 π−

uu
dd 0 0 0 0 π0

u u
d

p n
u

d d
u

d
π+

π− d
u

p
d

u
u

s
s
d

u
d

K0

Λ0
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CLASE 4: Modelo de Quarks.
funciones de onda de  SU(3):

 partículas spin 1/2 requieren simetría definida ante permutaciones

SU(2)

u u uu
S

d d

u d

dd
d u

1

2
(ud + du)

1

2
(ud − du)

A
2 ⊗ 2 = 3S + 1A

s s

s d

ss
d s

1

2
(sd + ds)

1

2
(sd − ds)

s u
u s

1

2
(us + su)

1

2
(us − su)

SU(3) 3 ⊗ 3 = 6S + 3̃A

u u u

2 ⊗ 2 ⊗ 2

uuu

d d d ddd

u u d
u d u
d u u

I3 =
3
2

I3 = −
3
2

1

3
(uud + udu + duu)

S

I3 =
1
2

d d u
d u d
u d d

1

3
(ddu + dud + udd ) I3 = −

1
2

= 4S

1

2
(ud − du) u

MA

1

2
(ud − du)d

(ud + du)u

2
− 2uud

1

3
[ ]

(ud + du)d

2
− 2ddu

−1

3
[ ]

MS

+2MA +2MS

3 ⊗ 3 ⊗ 3

Δ− Δ0 Δ+ Δ++

uuuddd ′￼uud′￼′￼udd′￼

sss

′￼uss′￼

′￼uus′￼′￼dds′￼

′￼dss′￼
′￼uds′￼

= 10S

Σ*+

Ξ*0

Ω−

Σ*−

Ξ*−

J = 3/2

Σ*0
|3/2 > = | ↑ ↑ ↑ >

|1/2 > =
1

3
( ↑ ↑ ↓ + ↑ ↓ ↑ + ↓ ↑ ↑ )

|−1/2 > =
1

3
( ↓ ↓ ↑ + ↓ ↑ ↓ + ↑ ↓ ↓ )

|−3/2 > = | ↓ ↓ ↓ >

| χ3/2
SU(2) >

|ψ > = |ϕ3/2
SU(3) > | χ3/2

SU(2) >

′￼uud′￼′￼udd′￼ pn

′￼uus′￼

′￼uss′￼

Σ+

Ξ0

′￼dds′￼

′￼dss′￼

Σ−

Ξ−

′￼uds′￼
Σ0Λ0

+8MS + 8MA + 1A

|ψ >S =
1

2
[ |ϕMS > | χMS > + |ϕMA > | χMA > ]

|ψ >A =
1

2
[ |ϕMS > | χMA > − |ϕMA > | χMS > ]


