
E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x (R) y (G) z (B) B2* g3 g8 W3 B1
3 ½Y Q

Gravitons? sqrt(2/3) weak-iso hypercharge charge

ωL
∧ 1    1    0    0    0    0    0    0    0    0    0    0    0    0    0    

ωL
∨ -1    -1    0    0    0    0    0    0    0    0    0    0    0    0    0    

ωR
∧ -1    1    0    0    0    0    0    0    0    0    0    0    0    0    0    

ωR
∨ 1    -1    0    0    0    0    0    0    0    0    0    0    0    0    0    

EW-bosons

W+ 0    0    1    1    0    0    0    0    0    0    0    1    0    0    1    

W- 0    0    -1    -1    0    0    0    0    0    0    0    −1    0    0    −1    

B1
+ 0    0    -1    1    0    0    0    0    0    0    0    0    1    1    1    

B1
- 0    0    1    -1    0    0    0    0    0    0    0    0    −1    −1    −1    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x (R) y (G) z (B) B2* g3 g8 W3 B1
3 ½Y Q

sqrt(2/3)

Frame-Higgs

eS
∧φ+ 0    -1    0    1    0    0    0    0    0    0    0     1/2  1/2  1/2 1    

eS
∨φ+ 0    1    0    1    0    0    0    0    0    0    0     1/2  1/2  1/2 1    

eS
∧φ- 0    1    0    -1    0    0    0    0    0    0    0    − 1/2 − 1/2 − 1/2 −1    

eS
∨φ- 0    -1    0    -1    0    0    0    0    0    0    0    − 1/2 − 1/2 − 1/2 −1    

eS
∧φ0 0    1    1    0    0    0    0    0    0    0    0     1/2 − 1/2 − 1/2 0    

eS
∨φ0 0    -1    1    0    0    0    0    0    0    0    0     1/2 − 1/2 − 1/2 0    

eS
∧φ1 0    1    -1    0    0    0    0    0    0    0    0    − 1/2  1/2  1/2 0    

eS
∨φ1 0    -1    -1    0    0    0    0    0    0    0    0    − 1/2  1/2  1/2 0    

eT
∧φ+ -1    0    0    1    0    0    0    0    0    0    0     1/2  1/2  1/2 1    

eT
∨φ+ 1    0    0    1    0    0    0    0    0    0    0     1/2  1/2  1/2 1    

eT
∧φ- 1    0    0    -1    0    0    0    0    0    0    0    − 1/2 − 1/2 − 1/2 −1    

eT
∨φ- -1    0    0    -1    0    0    0    0    0    0    0    − 1/2 − 1/2 − 1/2 −1    

eT
∧φ0 -1    0    -1    0    0    0    0    0    0    0    0    − 1/2  1/2  1/2 0    

eT
∨φ0 -1    0    1    0    0    0    0    0    0    0    0     1/2 − 1/2 − 1/2 0    

eT
∧φ1 1    0    -1    0    0    0    0    0    0    0    0    − 1/2  1/2  1/2 0    

eT
∨φ1 -1    0    -1    0    0    0    0    0    0    0    0    − 1/2  1/2  1/2 0    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

G1: Leptons sqrt(2/3) weak-
iso=t3

hypercharge charge

νeL
∧  1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0     1/2 0    − 1/2 0    

νeL
∨  1/2  1/2  1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0     1/2 0    − 1/2 0    

eL
∧  1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    − 1/2 0    − 1/2 −1    

eL
∨  1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    − 1/2 0    − 1/2 −1    



νeR
∧  1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0     1/2 0    0    

νeR
∨  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0     1/2 0    0    

eR
∧  1/2  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0    − 1/2 −1    −1    

eR
∨  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0    − 1/2 −1    −1    

G1: Anti-leptons

Anti-νeL
∧  1/2 - 1/2  1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    0    − 1/2 0    0    

Anti-νeL
∨  1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    0    − 1/2 0    0    

Anti-eL
∧  1/2 - 1/2 - 1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    0     1/2 1    1    

Anti-eL
∨  1/2  1/2 - 1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    0     1/2 1    1    

Anti-νeR
∧  1/2  1/2 - 1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    − 1/2 0     1/2 0    

Anti-νeR
∨  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    − 1/2 0     1/2 0    

Anti-eR
∧  1/2  1/2  1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 0    0     1/2 0     1/2 1    

Anti-eR
∨  1/2 - 1/2  1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0     1/2 0     1/2 1    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

G2: Leptons sqrt(2/3)

νµL
∧ - 1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0     1/2 0    − 1/2 0    

νµL
∨ - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0     1/2 0    − 1/2 0    

µL
∧ - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    − 1/2 0    − 1/2 −1    

µL
∨ - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    − 1/2 0    − 1/2 −1    

νµR
∧ - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0     1/2 0    0    

νµR
∨ - 1/2  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0     1/2 0    0    

µR
∧ - 1/2  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0    − 1/2 −1    −1    

µR
∨ - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 0    0    0    − 1/2 −1    −1    

Anti-νµL
∧ - 1/2  1/2  1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    0    − 1/2 0    0    

Anti-νµL
∨ - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    0    − 1/2 0    0    

Anti-µL
∧ - 1/2  1/2 - 1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    0     1/2 1    1    

Anti-µL
∨ - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    0     1/2 1    1    

Anti-νµR
∧ - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 0    0    − 1/2 0     1/2 0    

Anti-νµR
∨ - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0    − 1/2 0     1/2 0    

Anti-µR
∧ - 1/2 - 1/2  1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 0    0     1/2 0     1/2 1    

Anti-µR
∨ - 1/2  1/2  1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 0    0     1/2 0     1/2 1    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q Start Result

sqrt(2/3)

G3: Root Leptons (=boson)

ντL
∧ 1    1    0    0    0.00  1/2 − 1/2 − 1/2 0    νeR

∨ νeL
∧

ντL
∨ 1    -1    0    0    0.00  1/2 − 1/2 − 1/2 0    νeR

∧ νeL
∨

τL
∧ -1    1    0    0    0.00 − 1/2 − 1/2 − 1/2 −1    νeR

∨ eL
∧

Physical Gen 3 ("result") = Root gen 3 + gen 1 or 2 particle ("start")



τL
∨ -1 -1    0    0    0.00 − 1/2 − 1/2 − 1/2 −1    νeR

∧ eL
∨

ντR
∧ -1    1    0    0    0.00 0    0    0    0    νeR

∨ νµR
∧

ντR
∨ -1 -1    0    0    0.00 0    0    0    0    νeR

∧ νµR
∨

added lepton  1/2  1/2

τR
∧ 1    1    0    0    0.00 0    0    0    0    eR

∨ eR
∧

τR
∨ -1 -1 0    0    0.00 0    0    0    0    eR

∧ eR
∨

added lepton 1/2  1/2 −1    −1    

Anti-ντL
∧ 1    1    0    0    0.00 0    0    0    0    Anti-νµL

∨ Anti-νeL
∧

Anti-ντL
∨ 1    -1    0    0    0.00 0    0    0    0    Anti-νµL

∧ Anti-νeL
∨

Anti-ντR
∧ -1    1    0    0    0.00 − 1/2  1/2  1/2 0    Anti-νeL

∨ Anti-νeR
∧

Anti-ντR
∨ -1    -1    0    0    0.00 − 1/2  1/2  1/2 0    Anti-νeL

∧ Anti-νeR
∨

Anti-τR
∧ 1    1    0    0    0.00  1/2  1/2  1/2 1    Anti-νeL

∨ Anti-eR
∧

Anti-τR
∨ 1    -1    0    0    0.00  1/2  1/2  1/2 1    Anti-νeL

∧ Anti-eR
∨

added lepton - 1/2 − 1/2

Anti-τL
∧ -1 1    0    0    0.00 0    0    0    0    Anti-eL

∨ Anti-eL
∧

Anti-τL
∨ 1    -1    0    0    0.00 0    0    0    0    Anti-eL

∧ Anti-eL
∨

added lepton - 1/2  1/2 1    1    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

Quarks sqrt(2/3)

uL
∧R  1/2 - 1/2  1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29  1/2 0     1/6  2/3

uL
∨R  1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29  1/2 0     1/6  2/3

uL
∧G  1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29  1/2 0     1/6  2/3

uL
∨G  1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29  1/2 0     1/6  2/3

uL
∧B  1/2 - 1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58  1/2 0     1/6  2/3

uL
∨B  1/2  1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58  1/2 0     1/6  2/3

dL
∧R  1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 − 1/2 0     1/6 − 1/3

dL
∨R  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 − 1/2 0     1/6 − 1/3

dL
∧G  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 − 1/2 0     1/6 − 1/3

dL
∨G  1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 − 1/2 0     1/6 − 1/3

dL
∧B  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 − 1/2 0     1/6 − 1/3

dL
∨B  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 − 1/2 0     1/6 − 1/3

uR
∧R  1/2  1/2 - 1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0     1/2  2/3  2/3

uR
∨R  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0     1/2  2/3  2/3

uR
∧G  1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0     1/2  2/3  2/3

uR
∨G  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0     1/2  2/3  2/3

uR
∧B  1/2  1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0     1/2  2/3  2/3

uR
∨B  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0     1/2  2/3  2/3

dR
∧R  1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0    − 1/2 − 1/3 − 1/3



dR
∨R  1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0    − 1/2 − 1/3 − 1/3

dR
∧G  1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0    − 1/2 − 1/3 − 1/3

dR
∨G  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0    − 1/2 − 1/3 − 1/3

dR
∧B  1/2  1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0    − 1/2 − 1/3 − 1/3

dR
∨B  1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0    − 1/2 − 1/3 − 1/3

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

Quarks sqrt(2/3)

Anti-uL
∧ r  1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-uL
∨ r  1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-uL
∧ g  1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-uL
∨ g  1/2  1/2  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-uL
∧ b  1/2 - 1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0    − 1/2 − 2/3 − 2/3

Anti-uL
∨ b  1/2  1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0    − 1/2 − 2/3 − 2/3

Anti-dL
∧ r  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0     1/2  1/3  1/3

Anti-dL
∨ r  1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0     1/2  1/3  1/3

Anti-dL
∧ g  1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0     1/2  1/3  1/3

Anti-dL
∨ g  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0     1/2  1/3  1/3

Anti-dL
∧ b  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0     1/2  1/3  1/3

Anti-dL
∨ b  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0     1/2  1/3  1/3

Anti-uR
∧ r  1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-uR
∨ r  1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-uR
∧ g  1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-uR
∨ g  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-uR
∧ b  1/2  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 − 1/2 0    − 1/6 − 2/3

Anti-uR
∨ b  1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 − 1/2 0    − 1/6 − 2/3

Anti-dR
∧ r  1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29  1/2 0    − 1/6  1/3

Anti-dR
∨ r  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29  1/2 0    − 1/6  1/3

Anti-dR
∧ g  1/2  1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29  1/2 0    − 1/6  1/3

Anti-dR
∨ g  1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29  1/2 0    − 1/6  1/3

Anti-dR
∧ b  1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58  1/2 0    − 1/6  1/3

Anti-dR
∨ b  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58  1/2 0    − 1/6  1/3

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

Quarks sqrt(2/3)

cL
∧ R - 1/2  1/2  1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29  1/2 0     1/6  2/3

cL
∨ R - 1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29  1/2 0     1/6  2/3

cL
∧ G - 1/2  1/2  1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29  1/2 0     1/6  2/3

cL
∨ G - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29  1/2 0     1/6  2/3

cL
∧ B - 1/2  1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58  1/2 0     1/6  2/3



cL
∨ B - 1/2 - 1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58  1/2 0     1/6  2/3

sL
∧ R - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 − 1/2 0     1/6 − 1/3

sL
∨ R - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 − 1/2 0     1/6 − 1/3

sL
∧ G - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 − 1/2 0     1/6 − 1/3

sL
∨ G - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 − 1/2 0     1/6 − 1/3

sL
∧ B - 1/2  1/2 - 1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 − 1/2 0     1/6 − 1/3

sL
∨ B - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 − 1/2 0     1/6 − 1/3

cR
∧ R - 1/2  1/2 - 1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0     1/2  2/3  2/3

cR
∨ R - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0     1/2  2/3  2/3

cR
∧ G - 1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0     1/2  2/3  2/3

cR
∨ G - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0     1/2  2/3  2/3

cR
∧ B - 1/2  1/2 - 1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0     1/2  2/3  2/3

cR
∨ B - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0     1/2  2/3  2/3

sR
∧ R - 1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0    − 1/2 − 1/3 − 1/3

sR
∨ R - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0    − 1/2 − 1/3 − 1/3

sR
∧ G - 1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/2  1/2 - 1/6  1/2 0.29 0    − 1/2 − 1/3 − 1/3

sR
∨ G - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/6 − 1/2 0.29 0    − 1/2 − 1/3 − 1/3

sR
∧ B - 1/2  1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0    − 1/2 − 1/3 − 1/3

sR
∨ B - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/6 0    −0.58 0    − 1/2 − 1/3 − 1/3

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2* g3 g8 W3 B1
3 ½Y Q

Quarks sqrt(2/3)

Anti-cL
∧ r - 1/2  1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-cL
∨ r - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-cL
∧ g - 1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-cL
∨ g - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0    − 1/2 − 2/3 − 2/3

Anti-cL
∧ b - 1/2  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0    − 1/2 − 2/3 − 2/3

Anti-cL
∨ b - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0    − 1/2 − 2/3 − 2/3

Anti-sL
∧ r - 1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0     1/2  1/3  1/3

Anti-sL
∨ r - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0     1/2  1/3  1/3

Anti-sL
∧ g - 1/2  1/2 - 1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 0     1/2  1/3  1/3

Anti-sL
∨ g - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 0     1/2  1/3  1/3

Anti-sL
∧ b - 1/2  1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0     1/2  1/3  1/3

Anti-sL
∨ b - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 0     1/2  1/3  1/3

Anti-cR
∧ r - 1/2  1/2 - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-cR
∨ r - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-cR
∧ g - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-cR
∨ g - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29 − 1/2 0    − 1/6 − 2/3

Anti-cR
∧ b - 1/2  1/2 - 1/2 - 1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 − 1/2 0    − 1/6 − 2/3



Anti-cR
∨ b - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58 − 1/2 0    − 1/6 − 2/3

Anti-sR
∧ r - 1/2  1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29  1/2 0    − 1/6  1/3

Anti-sR
∨ r - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29  1/2 0    − 1/6  1/3

Anti-sR
∧ g - 1/2  1/2  1/2  1/2  1/2 - 1/2  1/2 - 1/2  1/6  1/2 −0.29  1/2 0    − 1/6  1/3

Anti-sR
∨ g - 1/2 - 1/2  1/2  1/2 - 1/2  1/2 - 1/2 - 1/2  1/6 − 1/2 −0.29  1/2 0    − 1/6  1/3

Anti-sR
∧ b - 1/2  1/2  1/2  1/2  1/2 - 1/2 - 1/2  1/2  1/6 0    0.58  1/2 0    − 1/6  1/3

Anti-sR
∨ b - 1/2 - 1/2  1/2  1/2 - 1/2 - 1/2 - 1/2  1/2  1/6 0    0.58  1/2 0    − 1/6  1/3

Quarks
E8 1/2i*ωT

3 ½ ωS
3 U3 V3 w x y z B2* g3 g8 W3 B1

3 ½Y Q Start Result

sqrt(2/3)

tL
∧ R 1 -1  1/3  1/2 0.29  1/2  1/2  1/6  2/3 Anti-νeL

∧ uL
∧R

tL
∧ G 1 -1  1/3 − 1/2 0.29  1/2  1/2  1/6  2/3 Anti-νeL

∧ uL
∧G

tL
∧ B 1 -1  1/3 0    −0.58  1/2  1/2  1/6  2/3 Anti-νeL

∧ uL
∧B

added lepton - 1/2 − 1/2

tL
∨ R 1    -1  1/3 − 1/2 0.29  1/2 − 1/2 − 5/6 − 1/3 Anti-eL

∨ uL
∨R

tL
∨ G 1    -1  1/3  1/2 0.29  1/2 − 1/2 − 5/6 − 1/3 Anti-eL

∨ uL
∨G

tL
∨ B 1    -1     1/3 0    −0.58  1/2 − 1/2 − 5/6 − 1/3 Anti-eL

∨ uL
∨B

added lepton - 1/2  1/2 1    1    

bL
∧ R -1    -1     1/3  1/2 0.29 − 1/2  1/2  1/6 − 1/3 Anti-νeL

∧ dL
∧R

bL
∧ G -1    -1     1/3 − 1/2 0.29 − 1/2  1/2  1/6 − 1/3 Anti-νeL

∧ dL
∧G

bL
∧ B -1    -1     1/3 0    −0.58 − 1/2  1/2  1/6 − 1/3 Anti-νeL

∧ dL
∧B

added lepton - 1/2 − 1/2

bL
∨ R -1 -1  1/3 − 1/2 0.29 − 1/2 − 1/2 − 5/6 −1 1/3 Anti-eL

∨ dL
∨R

bL
∨ G -1 -1  1/3  1/2 0.29 − 1/2 − 1/2 − 5/6 −1 1/3 Anti-eL

∨ dL
∨G

bL
∨ B -1 -1  1/3 0    −0.58 − 1/2 − 1/2 − 5/6 −1 1/3 Anti-eL

∨ dL
∨B

added lepton - 1/2  1/2 1    1    

tR
∧ R 1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∧ uR
∧R

tR
∧ G 1    -1     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∧ uR
∧G

tR
∧ B 1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3 Anti-eL

∧ uR
∧B

tR
∨ R -1    -1     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∨ uR
∨R

tR
∨ G -1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∨ uR
∨G

tR
∨ B -1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3 Anti-eL

∨ uR
∨B

added lepton − 1/2  1/2 1    1    

bR
∧ R 1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3 Anti-νµL

∧ dR
∧R

bR
∧ G 1    -1     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3 Anti-νµL

∧ dR
∧G

bR
∧ B 1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3 Anti-νµL

∧ dR
∧B

bR
∨ R -1    -1     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∨ dR
∨R

bR
∨ G -1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3 Anti-eL

∨ dR
∨G

bR
∨ B -1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3 Anti-eL

∨ dR
∨B



added lepton - 1/2 − 1/2

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x y z B2 g3 g8 W3 B1
3 ½Y Q Start Result

Anti-tL
∧ r -1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3 eR

∧ Anti-uL
∧ r

Anti-tL
∧ g -1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3 eR

∧ Anti-uL
∧ g

Anti-tL
∧ b -1    1    - 1/3 0    0.58 0    0     1/3  1/3 eR

∧ Anti-uL
∧ b

Anti-tL
∨ r 1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3 eR

∨ Anti-uL
∨ r

Anti-tL
∨ g 1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3 eR

∨ Anti-uL
∨ g

Anti-tL
∨ b 1    1    - 1/3 0    0.58 0    0     1/3  1/3 eR

∨ Anti-uL
∨ b

added lepton  1/2 − 1/2 −1    −1    

Anti-bL
∧ r -1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3 νeR

∧ Anti-sL
∧ r

Anti-bL
∧ g -1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3 νeR

∧ Anti-sL
∧ g

Anti-bL
∧ b -1    1    - 1/3 0    0.58 0    0     1/3  1/3 νeR

∧ Anti-sL
∧ b

Anti-bL
∨ r 1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3 νµR

∨ Anti-dL
∨ r

Anti-bL
∨ g 1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3 νµR

∨ Anti-dL
∨ g

Anti-bL
∨ b 1    1    - 1/3 0    0.58 0    0     1/3  1/3 νµR

∨ Anti-dL
∨ b

added lepton  1/2  1/2

Anti-tR
∧ r -1 1 - 1/3 − 1/2 −0.29 − 1/2 − 1/2 − 1/6 − 2/3 νeR

∧ Anti-uR
∧ r

Anti-tR
∧ g -1 1 - 1/3  1/2 −0.29 − 1/2 − 1/2 − 1/6 − 2/3 νeR

∧ Anti-uR
∧ g

Anti-tR
∧ b -1 1 - 1/3 0    0.58 − 1/2 − 1/2 − 1/6 − 2/3 νeR

∧ Anti-uR
∧ b

added lepton  1/2  1/2

Anti-tR
∨ r -1    1 - 1/3  1/2 −0.29 − 1/2  1/2  5/6  1/3 eR

∨ Anti-uR
∨ r

Anti-tR
∨ g -1    1 - 1/3 − 1/2 −0.29 − 1/2  1/2  5/6  1/3 eR

∨ Anti-uR
∨ g

Anti-tR
∨ b -1    1    - 1/3 0    0.58 − 1/2  1/2  5/6  1/3 eR

∨ Anti-uR
∨ b

added lepton  1/2 − 1/2 −1    −1    

Anti-bR
∧ r 1    1    - 1/3  1/2 −0.29  1/2 − 1/2 − 1/6  1/3 νeR

∧ Anti-dR
∧ r

Anti-bR
∧ g 1    1    - 1/3 − 1/2 −0.29  1/2 − 1/2 − 1/6  1/3 νeR

∧ Anti-dR
∧ g

Anti-bR
∧ b 1    1    - 1/3 0    0.58  1/2 − 1/2 − 1/6  1/3 νeR

∧ Anti-dR
∧ b

added lepton  1/2  1/2

Anti-bR
∨ r 1 1 - 1/3  1/2 −0.29  1/2  1/2  5/6 1 1/3 eR

∨ Anti-dR
∨ r

Anti-bR
∨ g 1 1 - 1/3 − 1/2 −0.29  1/2  1/2  5/6 1 1/3 eR

∨ Anti-dR
∨ g

Anti-bR
∨ b 1 1 - 1/3 0    0.58  1/2  1/2  5/6 1 1/3 eR

∨ Anti-dR
∨ b

added lepton  1/2 − 1/2 −1    −1    

E8 1/2i*ωT
3 ½ ωS

3 U3 V3 w x (R) y (G) z (B) B2* g3 g8 W3 B1
3 ½Y Q

Gluons sqrt(2/3)

gR-g -1 1 1    0.00 0    0    0    0    

gr-G 1 -1 −1    0.00 0    0    0    0    

gR-b -1 1  1/2 0.87 0    0    0    0    

gr-B 1 -1 − 1/2 −0.87 0    0    0    0    



gg-B 1 -1  1/2 −0.87 0    0    0    0    

gG-b -1 1 − 1/2 0.87 0    0    0    0    

New Fields

x1.Φ
gb -1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3

x1.Φ
rb -1    -1    0     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3

x1.Φ
gr -1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3

x1.Φ
GB -1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3

x1Φ
RB -1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3

x1.Φ
RG -1    1    - 1/3 0    0.58 0    0     1/3  1/3

x2.Φ
gb 1    -1     1/3  1/2 0.29 0    0    − 1/3 − 1/3

x2.Φ
rb 1    -1     1/3 − 1/2 0.29 0    0    − 1/3 − 1/3

x2.Φ
rg 1    -1     1/3 0    −0.58 0    0    − 1/3 − 1/3

x2.Φ
BG 1    1    - 1/3 − 1/2 −0.29 0    0     1/3  1/3

x2.Φ
RB 1    1    - 1/3  1/2 −0.29 0    0     1/3  1/3

x2.Φ
RG 1    1    - 1/3 0    0.58 0    0     1/3  1/3

x3.Φ
RG 0    -1    -1     2/3 0    0.58 0    0    − 2/3 − 2/3

x3.Φ
GB 0    -1    -1     2/3 − 1/2 −0.29 0    0    − 2/3 − 2/3

x3.Φ
RB 0    -1    -1     2/3  1/2 −0.29 0    0    − 2/3 − 2/3

x3.Φ
rg 0    1    1    - 2/3 0    −0.58 0    0     2/3  2/3

x3.Φ
gb 0    1    1    - 2/3  1/2 0.29 0    0     2/3  2/3

x3.Φ
rb 0    1    1    - 2/3 − 1/2 0.29 0    0     2/3  2/3

E8 root Assignments, Jan Leendert Joppe, Leiden, 27 jan 2008
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