
Stucture of a Fermion

spin iso-spin flavour-
chirality particle chirality 2𝑁 −3𝑇3 6𝑌

𝐹 + + + + −1 𝜈𝑅 0 0 0
𝜎1 𝐹 − + + + −1

𝐹 𝜎1 + − + + +1 𝑒𝐿 −6 −3 −3
𝜎1 𝐹 𝜎1 − − + + +1

𝐹 𝑐1 + + + − −1 ̄𝑑𝑅 +2 0 +2
𝜎1 𝐹 𝑐1 − + + − −1

𝐹 𝜎1 𝑐1 + − + − +1 𝑢̄𝐿 −4 −3 −1
𝜎1 𝐹 𝜎1 𝑐1 − − + − +1

𝐹 𝑐2 + + + + −1 𝑢𝑅 +4 0 +4
𝜎1 𝐹 𝑐2 − + + + −1

𝐹 𝜎1 𝑐2 + − + + +1 𝑑𝐿 −2 −3 +1
𝜎1 𝐹 𝜎1 𝑐2 − − + + +1

𝐹 𝑐3 + + + − −1 ̄𝑒𝑅 +6 0 +6
𝜎1 𝐹 𝑐3 − + + − −1

𝐹 𝜎1 𝑐3 + − + − +1 ̄𝜈𝐿 0 −3 +3
𝜎1 𝐹 𝜎1 𝑐3 − − + − +1

𝜏1 𝐹 + + − + +1 𝜈𝐿 0 +3 −3
𝜏1 𝜎1 𝐹 − + − + +1
𝜏1 𝐹 𝜎1 + − − + −1 𝑒𝑅 −6 0 −6
𝜏1 𝜎1 𝐹 𝜎1 − − − + −1
𝜏1 𝐹 𝑐1 + + − − +1 ̄𝑑𝐿 +2 +3 −1
𝜏1 𝜎1 𝐹 𝑐1 − + − − +1
𝜏1 𝐹 𝜎1 𝑐1 + − − − −1 𝑢̄𝑅 −4 0 −4
𝜏1 𝜎1 𝐹 𝜎1 𝑐1 − − − − −1
𝜏1 𝐹 𝑐2 + + − + +1 𝑢𝐿 +4 +3 +1
𝜏1 𝜎1 𝐹 𝑐2 − + − + +1
𝜏1 𝐹 𝜎1 𝑐2 + − − + −1 𝑑𝑅 −2 0 −2
𝜏1 𝜎1 𝐹 𝜎1 𝑐2 − − − + −1
𝜏1 𝐹 𝑐3 + + − − +1 ̄𝑒𝐿 +6 +3 +3
𝜏1 𝜎1 𝐹 𝑐3 − + − − +1
𝜏1 𝐹 𝜎1 𝑐3 + − − − −1 ̄𝜈𝑅 0 0 0
𝜏1 𝜎1 𝐹 𝜎1 𝑐3 − − − − −1

𝜌3|1 1|𝜌3 𝐿7|1 1|𝐿7 𝐿1|𝜌3
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spin iso-spin flavour-
chirality particle chirality 2𝑁 −3𝑇3 6𝑌

𝜏1 𝐹 + + − + +1 𝜈𝐿 0 +3 −3
𝜏1 𝜎1 𝐹 − + − + +1

𝐹 𝜎1 𝑐2 + − + + +1 𝑑𝐿 −2 −3 +1
𝜎1 𝐹 𝜎1 𝑐2 − − + + +1

𝜏1 𝐹 𝑐2 + + − + +1 𝑢𝐿 +4 +3 +1
𝜏1 𝜎1 𝐹 𝑐2 − + − + +1

𝐹 𝜎1 + − + + +1 𝑒𝐿 −6 −3 −3
𝜎1 𝐹 𝜎1 − − + + +1

𝐹 + + + + −1 𝜈𝑅 0 0 0
𝜎1 𝐹 − + + + −1

𝜏1 𝐹 𝜎1 𝑐2 + − − + −1 𝑑𝑅 −2 0 −2
𝜏1 𝜎1 𝐹 𝜎1 𝑐2 − − − + −1

𝐹 𝑐2 + + + + −1 𝑢𝑅 +4 0 +4
𝜎1 𝐹 𝑐2 − + + + −1

𝜏1 𝐹 𝜎1 + − − + −1 𝑒𝑅 −6 0 −6
𝜏1 𝜎1 𝐹 𝜎1 − − − + −1

𝐹 𝜎1 𝑐3 + − + − +1 ̄𝜈𝐿 0 −3 +3
𝜎1 𝐹 𝜎1 𝑐3 − − + − +1

𝜏1 𝐹 𝑐1 + + − − +1 ̄𝑑𝐿 +2 +3 −1
𝜏1 𝜎1 𝐹 𝑐1 − + − − +1

𝐹 𝜎1 𝑐1 + − + − +1 𝑢̄𝐿 −4 −3 −1
𝜎1 𝐹 𝜎1 𝑐1 − − + − +1

𝜏1 𝐹 𝑐3 + + − − +1 ̄𝑒𝐿 +6 +3 +3
𝜏1 𝜎1 𝐹 𝑐3 − + − − +1
𝜏1 𝐹 𝜎1 𝑐3 + − − − −1 ̄𝜈𝑅 0 0 0
𝜏1 𝜎1 𝐹 𝜎1 𝑐3 − − − − −1

𝐹 𝑐1 + + + − −1 ̄𝑑𝑅 +2 0 +2
𝜎1 𝐹 𝑐1 − + + − −1

𝜏1 𝐹 𝜎1 𝑐1 + − − − −1 𝑢̄𝑅 −4 0 −4
𝜏1 𝜎1 𝐹 𝜎1 𝑐1 − − − − −1

𝐹 𝑐3 + + + − −1 ̄𝑒𝑅 +6 0 +6
𝜎1 𝐹 𝑐3 − + + − −1

𝜌3|1 1|𝜌3 𝐿7|1 1|𝐿7 𝐿1|𝜌3

64 states in total (32 excluding spin). L and R refer to SU(2)𝐿 active vs inactive.

𝜎1 = 𝐿7𝜌1 𝜎2 = 𝐿7𝜌2 𝜎1𝜎2 = −𝜌3
𝜏1 = 𝐿1,2,3 𝜏2 = 𝐿23,31,12 𝜏1𝜏2 = −𝐿7
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𝑋 = 𝐿1,23 + 𝐿2,31 + 𝐿3,12
𝑐0 = {1, 𝐿7} × {1, 𝐿1,23, 𝐿2,31, 𝐿3,12}
𝑐1 = 𝑐0 × {𝐿23, 𝐿31, 𝐿12}
𝑐2 = 𝑐1 × 𝐿23,31,12
𝑐3 = 𝑐0 × 𝐿23,31,12
𝐶 = 1

4(1 + 𝐿7𝑋) = 1
2(1 − 𝐿7𝑅7) = −𝐿7

1
2(𝐿7 + 𝑅7)

𝑆 = 1
2(1 − 𝐿7𝜌3) = −𝐿7

1
2(𝐿7 + 𝜌3)

𝐹 = 𝑆𝐶 = −1
2(𝐿7 + 𝜌3)1

2(𝐿7 + 𝑅7)
𝑓 = 𝐿7|𝜌3 flavour-active ±
𝜒 = 1

2(1 + 𝑓) flavour-active projector

Λ4 = 1
2(𝐿31,3 + 𝐿12,2)

Λ1 = 1
2(𝐿12,1 + 𝐿23,3)

Λ6 = 1
2(𝐿23,2 + 𝐿31,1)

−Λ5 = 1
2(𝐿2,3 + 𝐿31,12)

Λ2 = 1
2(𝐿3,1 + 𝐿12,23)

Λ7 = 1
2(𝐿1,2 + 𝐿23,31)

Λ3 = 1
2(𝐿1,23 − 𝐿3,12)

−Λ8 = 1
2

√
3(𝐿1,23 + 𝐿3,12 − 2𝐿2,31) = 1

2( 1√
3𝑋 −

√
3𝐿2,31)

𝑁 = 1
2(3|𝜌3 − 1|𝑋)

3𝑄 = 𝑁
𝑇1 = 𝜒(𝜏1| ̄𝜌1)
𝑇2 = 𝜒(𝜏1| ̄𝜌2)
𝑇3 = 𝜒(1| ̄𝜌3) = 𝑇1𝑇2 = 1

2(𝐿7|1 − 1|𝜌3)
6𝑌 = 2𝑁 + 3𝑇3

𝑖Λ𝑘 are the canonical SU(3) generators.
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Transformations
𝜌3|1 space-axial spin,
𝜎1|1 spin up/down
1|𝜌3 iso-axial spin
1|𝜎1 iso-spin up/down
𝐿7|1 flavour-axial spin
𝜏1|1 flavour-spin up/down, 𝛾0
𝜏1|𝜏1 flip of 𝐿7, complex conjugation, exchange particle/anti-particle
1|{𝐿23, 𝐿31, 𝐿12} R-G-B-spin
1|𝐿7 RGB/energy spin (± for particle/anti-particle)
1|𝑐𝑖 color alignment, color parity: particle/anti-particle
𝐿7|𝐿7𝜌3 chiral spin, 𝛾0123
ℍ|1 Lorentz Spin(3) symmetry, 𝛾23, 𝛾31, 𝛾21
𝐿7ℍ|1 Lorentz boost symmetry, 𝛾10, 𝛾20, 𝛾30
1|Λ𝑘 SU(3)𝐶 color symmetry
𝑇𝑖 SU(2)𝐿 flavour symmetry
𝑁 U(1)𝐸𝑀 axial symmetry
𝑌 U(1)𝑌 axial symmetry
{𝜏1, 𝐿7}|1 Higgs

−𝐿7|𝜌3 chirality (inactive (+) vs active (−))
1
2(1 + 𝐿7|𝜌3) chirality projector

1|1, 𝜏1|𝜎1 flavour-inactive
𝜏1|1, 1|𝜎1 flavour-active

4



SU(5)

𝑆𝑈(3)𝐶 = (0
−𝑖Λ𝑘

) 𝑆𝑈(2)𝐿 = (−𝑖𝑇𝑖
0)

6𝑌 =
⎛⎜⎜⎜⎜⎜⎜
⎝

3
3

−2
−2

−2

⎞⎟⎟⎟⎟⎟⎟
⎠

−3𝑇3 =
⎛⎜⎜⎜⎜⎜⎜
⎝

−3
3

0
0

0

⎞⎟⎟⎟⎟⎟⎟
⎠

6𝑄 = 6𝑌 − 3𝑇3 =
⎛⎜⎜⎜⎜⎜⎜
⎝

0
6

−2
−2

−2

⎞⎟⎟⎟⎟⎟⎟
⎠

𝑓 =
⎛⎜⎜⎜⎜⎜⎜
⎝

𝑑
𝑢
𝑟
𝑔
𝑏

⎞⎟⎟⎟⎟⎟⎟
⎠

≅
⎛⎜⎜⎜⎜⎜⎜
⎝

𝜑0
𝜑+
𝐻𝑟
𝐻𝑔
𝐻𝑏

⎞⎟⎟⎟⎟⎟⎟
⎠

Bits Particle 6𝑄 −3𝑇3 6𝑌
𝑛̄𝐿 0 0 0

𝑑 𝑛̄𝑅 0 3 3
𝑢 ̄𝑒𝑅 6 −3 3
𝑢 𝑑 ̄𝑒𝐿 6 0 6

𝑏 𝑑𝑅 −2 0 −2
𝑏 𝑑 𝑑𝐿 −2 3 1
𝑏 𝑢 𝑢𝐿 4 −3 1
𝑏 𝑢 𝑑 𝑢𝑅 4 0 4

𝑔 𝑑𝑅 −2 0 −2
𝑔 𝑑 𝑑𝐿 −2 3 1
𝑔 𝑢 𝑢𝐿 4 −3 1
𝑔 𝑢 𝑑 𝑢𝑅 4 0 4
𝑔 𝑏 𝑢̄𝐿 −4 0 −4
𝑔 𝑏 𝑑 𝑢̄𝑅 −4 3 −1
𝑔 𝑏 𝑢 ̄𝑑𝑅 2 −3 −1
𝑔 𝑏 𝑢 𝑑 ̄𝑑𝐿 2 0 2

𝑟 𝑑𝑅 −2 0 −2
𝑟 𝑑 𝑑𝐿 −2 3 1
𝑟 𝑢 𝑢𝐿 4 −3 1
𝑟 𝑢 𝑑 𝑢𝑅 4 0 4
𝑟 𝑏 𝑢̄𝐿 −4 0 −4
𝑟 𝑏 𝑑 𝑢̄𝑅 −4 3 −1
𝑟 𝑏 𝑢 ̄𝑑𝑅 2 −3 −1
𝑟 𝑏 𝑢 𝑑 ̄𝑑𝐿 2 0 2
𝑟 𝑔 𝑢̄𝐿 −4 0 −4
𝑟 𝑔 𝑑 𝑢̄𝑅 −4 3 −1
𝑟 𝑔 𝑢 ̄𝑑𝑅 2 −3 −1
𝑟 𝑔 𝑢 𝑑 ̄𝑑𝐿 2 0 2
𝑟 𝑔 𝑏 𝑒𝑅 −6 0 −6
𝑟 𝑔 𝑏 𝑑 𝑒𝐿 −6 3 −3
𝑟 𝑔 𝑏 𝑢 𝑛𝐿 0 −3 −3
𝑟 𝑔 𝑏 𝑢 𝑑 𝑛𝑅 0 0 0
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