Fundamental Bosons (part of the 112 E8 roots, 14 in total, real physical states)

E8 12i*e0r | Bos | U3 V3 w |x® |y (G)|z(B) By« 23 g* w* | B, %Y Q | Block-1| Block-2 | Block-3 | op R E8-root
sqrt(2/3) (112 "1" roots)
Gravitational sector
o 1 1 0 0 0 0 0 0 0 ey er.” 1 2 0 Yes
o’ -1 -1 0 0 0 0 0 0 0 gy er.” 1 -2 Yes
og” -1 1 0 0 0 0 0 0 0 ey er.” 1 0 Yes
o’ 1 -1 0 0 0 0 0 0 0 gy er.” 1 -2 Yes
(degeneracy of two)
Electroweak sector
W' 1 1 0 0 0 1 1 (o o1 1 0 0 Yes
W -1 -1 0 0 0 -1 0 -1 o, do. 1 0 0 Yes
B, -1 1 0 0 0 1 1 1 (o do- 1 0 0 Yes
B, 1 -1 0 0 0 -1 -1 -1 o, O 1 0 0 Yes
(degeneracy of two)
Strong sector (gluons)
gt -1 1 0 1 000 ] o 0 0 0 1 ar.® | qy.¢ 0 0 Yes
G 1 -1 0 -1 looo]| o 0 0 0 1 an.” | 94.© 0 0 Yes
gttt -1 1 0 12 1 087 ] o 0 0 0 1 ar.® | qu.° 0 0 Yes
g 1 -1 0 -1/2 | -0.87 0 0 0 0 1 qu." Qs 0 0 Yes
g=®? 1 -1 0 1/2 | -0.87 0 0 0 0 1 qu.° Qs 0 0 Yes
gfb -1 1 0 ~12 | 087 o 0 0 0 1 ai.® | q4.° 0 0 Yes
(degeneracy of four)
Fundamental "Building blocks" for particles
E8 12i*or | o | U | VP | w |x® |y@G)|zB | B g3 o w? | B | %Y | Q |[Block-1| Block-2 | Block-3 | o o E8-root
Gravitational sector sqrt(2/3) (112 "1" roots)
Frame
ey 1 1 0 0 0 0 0 0 0 sy 1 1 Yes
es” 1 -1 0 0 0 0 0 0 0 e 1 1 Yes
ess -1 1 0 0 0 0 0 0 0 sy’ -1 -1 Yes
es.” -1 -1 0 0 0 0 0 0 0 es.” -1 -1 Yes
er 1 1 0 0 0 0 0 0 0 ers 1 -1 Yes
er” 1 -1 0 0 0 0 0 0 0 er” 1 -1 Yes
er’ -1 1 0 0 0 0 0 0 0 ers” -1 1 Yes
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er. -1 -1 0 0 0 0 0 0 0 er” -1 1 Yes
Fermions
for 12 1/2 0 0 0 0 0 0 0 £ 1 0 Yes
for” 12 | -12 0 0 0 0 0 0 0 £ -1 Yes
for’ =172 1/2 0 0 0 0 0 0 0 for’ 0 1 Yes
for” 12 | -12 0 0 0 0 0 0 0 for’ 0 -1 Yes
Electroweak sector (Higgs)
Oy 1 1 0 0 0 122l 2] 1 e 0 0 Yes
b, 1 -1 0 0 0 12 w2l 2] 1 b, 0 0 Yes
o, -1 1 0 0 0o |-12)-12]-12] =1 o, 0 0 Yes
- SN S 0 0 0o |-12)-12]-12] =1 - 0 0 Yes
o+ -1 1 0 0 0o |-1m2) 12] 12] o o+ 0 0 Yes
o -1 -1 0 0 0o |-12) 12] 12] o o 0 0 Yes
o 1 1 0 0 0 12 |-12]-12] o s 0 0 Yes
Oy 1 -1 0 0 0 12 |-12]-12] o by 0 0 Yes
Fermions
fi. 12| 12 0 0 0 12| o 0 12 fi. 0 0 Yes
fi 12 - 12 0 0 0o |-12] o 0o |-112 fi. 0 0 Yes
fre -12] 12 0 0 0 0 12| 12| 12 fre 0 0 Yes
fio 12| -12 0 0 0 0 |-12|-12]-12 fi. 0 0 Yes
ES 12i*e’| o | | VP w |x® |y@)|zB | B 23 g w? | B | %Y | Q |Block-1| Block-2 | Block-3 | o or E8-root
Strong sector
x;. 08 N | 1/3 12 1029]| o 0 |-13]-113 au. " 0 0 Yes
x,.@° -1 -1 173 | -12 1029 o 0 |-13]-113 a,.° 0 0 Yes
x,. 0" -1 -1 1/3 0 |-058] o 0 |-13]-113 q,.° 0 0 Yes
X0 -1 1 13 | =12 | -029] o0 0 13 | 13 au." 0 0 Yes
X, ®F -1 1 -1/3 12 1-029] o 0 13 | 13 ap.° 0 0 Yes
X,.®" -1 1 -1/3 0 058 o 0 13 | 13 a,.”° 0 0 Yes
X,. 0% 1 -1 1/3 12 1029]| o 0 |-13]-113 qu+t 0 0 Yes
X,.®° 1 -1 173 | -12 1029 | o 0 |-13]-113 Aus 0 0 Yes
X,.®° 1 -1 1/3 0 |-058] o 0 |-13]-113 qu+’ 0 0 Yes
X,. 0" 1 1 13 | -12 [ -029] o 0 13 | 13 A+ 0 0 Yes
X,. D¢ 1 1 -1/3 12 1-029] o 0 13 | 13 qy.° 0 0 Yes
X,.®" 1 1 -1/3 0 058 o 0 13 | 13 A+’ 0 0 Yes
X;.0" 0 SN | 2/3 | 12 1-029] o 0 |-23]-253 Qu " 0 0 Yes
X;.0¢ 0o -1 -1 2/3 12 1-029] o 0 |-23]-253 au® 0 0 Yes




X;.0° 0 -1 -1 2/3 0 058 o 0 |-23]-253 A’ 0 0 Yes
X;. D" 0 1 1 -2/3 12 020 ] o 0 | 23| 213 amt 0 0 Yes
X5.0° 0 1 1 2213 | <12 029 | o0 0| 23] 213 au© 0 0 Yes
X;. 0" 0 1 1 -2/3 0 058) 0 0o | 23| 213 A’ 0 0 Yes
Large R is color, small r is anti-color
qr 121 12 12 ] -6 12 1029 ] o 0 16 | 1/6 qt 0 0 No
q.° 12 | -12f 12 -6 | -12]020] o 0 16 | 1/6 q° 0 0 No
q” 12 12)-12) -16 0 058) o0 0 16 | 1/6 q’ 0 0 No
anti-q | 12 |-12)-12] w6 | -12]1-029] o 0 |-16]-1/6 qr 0 0 No
anti-q ;¢ 12 w212 e 12 1-029] o 0 |-16]-1/6 qf 0 0 No
anti-q ;" 12| -12] 12 1/6 0 058 o 0 |-16]-1/6 qr 0 0 No
0 0
L 12 -2 -2 12 000 | o 0 |-12]-12 L 0 0 No
anti-L 2w | -1z 0.00 121 12 anti-L 0 0 No
Particle building, real physical states
B8 |t vod | U V| w @ h@|® ] B g3 & | wp | B | wy| Q |Block1]| Block-2 | Block3| @, | ox | ES-root
Frame-Higgs (part of the 112 E8 roots, 16 in total)
es" 0, 0 -1 0 1 0 0 0 0 0 0 0 212 1n2) 1 g, . 1 -1 -1 Yes
es” 0, 0 1 0 1 0 0 0 0 0 0 0 21wz 1n2] 1 eg,” . 1 1 1 Yes
es"0- 0 1 0 -1 0 0 0 0 0 0 0 |-12]-12]-12] =1 g, ¢-- 1 1 1 Yes
es”0- 0 -1 0 -1 0 0 0 0 0 0 0 |-12]-12]-12] =1 eg,” ¢-- 1 -1 -1 Yes
es" o 0 1 1 0 0 0 0 0 0 0 0 12 |-12)-12] o g, Po- 1 1 1 Yes
es” Py 0 -1 1 0 0 0 0 0 0 0 0 12 |-12)-12] o eg,” Po- 1 -1 -1 Yes
es" 0, 0 1 -1 0 0 0 0 0 0 0 o |-12] 12| 12] o g, 1. 1 1 1 Yes
es” 0, 0 -1 -1 0 0 0 0 0 0 0 o |-12] 12| 12] o eg,” 1. 1 -1 -1 Yes
er 0. -1 0 0 1 0 0 0 0 0 0 0 21w 1)1 er” . 1 -1 1 Yes
er’ o, 1 0 0 1 0 0 0 0 0 0 0 Vo2 BN Vo2 Vo I e . 1 1 -1 Yes
er’¢- 1 0 0 -1 0 0 0 0 0 0 0 |-12]-12]-12] =1 er” ¢-- 1 1 -1 Yes
er’¢- -1 0 0 -1 0 0 0 0 0 0 0 |-12]-12]-12] =1 e ¢-- 1 -1 1 Yes
er’ o 1 0 1 0 0 0 0 0 0 0 0 12 |-12)-12] o er” Po- 1 1 -1 Yes
er’ o -1 0 1 0 0 0 0 0 0 0 0 12 |-12)-12] o e Po- 1 -1 1 Yes
er’ 0y 1 0 -1 0 0 0 0 0 0 0 o |-12] 12| 12] o er” 1. 1 1 -1 Yes
er’ oy -1 0 -1 0 0 0 0 0 0 0 o |-12] 12| 12] o e 1. 1 -1 1 Yes
(degeneracy of two)
E8 WRi*tor| hos | | V| w | x y z B, 23 ¢ | w | B?| %Y | Q [Block-1| Block-2 | Block-3 | o oR E8-root
G1: Leptons sqrt(2/3)




T 1/2 1/2 1/2 12 |-12)-12]-122]-12 172 0 0 1/2 0 - 12 0 fo” fi L 1 0 Yes
o -12 - 12 1/2 2 |-12)-12]-122]-12 1/2 0 0 1/2 0 - 172 0 for” fis L -1 Yes
Ver -12 72 | -12) 12 |-12)-121-12] -12 1/2 0 0 0 1/2 0 0 for” fr+ L 0 1 Yes
Ver” 1/2 12 | -12) 12 ) -12)-12)-12] -1/2 1/2 0 0 0 1/2 0 0 for’ fr+ L -1 Yes
er 1/2 72 | -12)-12-12)-121-12] -12 172 0 0 -12 0 -12] -1 fo” fi. L 0 Yes
S -12 12 -2 -2 -2 ) -12)-172] -1/2 1/2 0 0 -12 0 -12] -1 for” fi. L -1 Yes
er” -12 1/2 2 -12)-12-12|-12| -12 1/2 0 0 0 -12] -1 -1 for” fr- L 0 1 Yes
er’ 1/2 - 172 2 -12)-12-12|-12| -12 172 0 0 0 -12] -1 -1 for’ fr. L -1 Yes
G1: Anti-leptons
Anti-v, " 1/2 1/2 172 1-121-12] 12 172 1/2 - 12 0 0 0 - 12 0 0 fo” fr- anti-L 1 0 Yes
Anti-vy " -12 - 12 72 1-121-12] 12 1/2 1/2 - 172 0 0 0 - 12 0 0 for” fr. anti-L -1 Yes
Anti-vg" -12 72 | -12)-12]-12] 12 172 1/2 - 172 0 0 -12 0 172 0 for” fi. anti-L 0 1 Yes
Anti-v " 1/2 12 | -12)-12)-12) 112 172 1/2 - 12 0 0 -12 0 1/2 0 for’ fi. anti-L -1 Yes
Anti-e;" 1/2 172 | -12) 12 |-12] 12 1/2 1/2 - 172 0 0 0 1/2 1 1 fo” fre anti-L 0 Yes
Anti-¢; " -1/2 12 | -12) 12 )-12) 12 1/2 1/2 - 172 0 0 0 1/2 1 1 fo.” fre anti-L -1 Yes
Anti-eg” -12 1/2 172 2 |-12) 12 1/2 1/2 - 172 0 0 1/2 0 1/2 1 for” fiv anti-L 1 Yes
Anti-eg” 1/2 - 172 1/2 172 |-12) 12 1/2 1/2 - 172 0 0 1/2 0 1/2 1 for’ fi+ anti-L 0 -1 Yes
E8 1/2i”‘o)T3 Vs 0353 e vV w x y z B, g3 gs w3 Bl3 nY Q | Block-1| Block-2 | Block-3 o, R E8-root
G2: Leptons
Vi 1/2 72 | -12) 12| 12)-121-12]-12 1/2 0 0 0 12 0 0 fo” fr+ L 1 Yes
V' -1/2 12 ) -12) 12 ) 12 )-12)-12]-1/2 1/2 0 0 0 12 0 0 fo.” fr+ L -1 0 Yes
Vi -12 1/2 1/2 2 12)-12)-121-12 1/2 0 0 12 0 -12 0 for” fi+ L 0 1 Yes
ViR 1/2 - 172 1/2 12 12)-12]-1221-1/2 172 0 0 1/2 0 -1/2 0 for’ fL+ L 0 -1 Yes
u” 1/2 1/2 2 -12) 12)-12-122]-12 1/2 0 0 0 =121 -1 -1 fo” fr. L 0 Yes
[T -1/2 -1/2 1720 -12) 12 -12|-12] -12 1/2 0 0 0 -121 -1 -1 fo.” fr L -1 Yes
ug” -12 72 | -12)-121 12)-121-12] -12 1/2 0 0 -12 0 -12] -1 for” f; L 1 Yes
ug” 1/2 12 | -12) -2 12 -12)-12] -1/2 172 0 0 -12 0 121 -1 for’ fi. L 0 -1 Yes
G2: Anti-leptons
Anti-v,; " 1/2 72 | -12)-121] 12 12 1/2 1/2 - 12 0 0 -12 0 1/2 0 fo” f;. anti-L 1 0 Yes
Anti-v,; -1/2 12 | -12)-12) 12) 12 1/2 1/2 - 172 0 0 -12 0 1/2 0 fo.” fi. anti-L -1 Yes
Anti-v,z" -12 12 2 1-121 12] 12 1/2 12 -12 0 0 0 -12 0 0 for” fr. anti-L 1 Yes
Anti-v,g” 1/2 - 172 1720 -12) 12 12 1/2 1/2 - 172 0 0 0 -12 0 0 for’ fr. anti-L 0 -1 Yes
Anti-p " 1/2 1/2 1/2 21 12] 12 1/2 1/2 - 172 0 0 12 0 1/2 1 fo” fi+ anti-L 1 0 Yes
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Anti-p 7 -12 - 12 1/2 21 12) 12 1/2 1/2 - 12 0 12 0 1/2 1 for” fi+ anti-L -1 0 Yes
Anti-pg” -1/2 172 | -12) 12 12 12 1/2 1/2 - 172 0 12 1 1 for” fr+ anti-L 1 Yes
Anti-pg” 1/2 12 1 -12) 12 ) 12) 12 1/2 1/2 - 172 0 12 1 1 for’ fr+ anti-L -1 Yes
E8 Ni*er | o | U | V| w x y z B,. 23 g w> | B | %Y | Q |Block-1| Block-2 | Block-3 | @ or E8-root
sqrt(2/3)
G3: Root Leptons (no physical states)
A 1 1 0 0 0 172 | -12]-12 0 ers do. 1 1 -1 Yes
Vor. -1 1 0 0 0 172 |-12]-12 0 ers do. 1 -1 1 Yes
e 1 1 0 0 0 172 | -12]-12 0 s do. 1 1 1 Yes
ViR -1 1 0 0 0 172 |-12]-12 0 egs’ do. 1 -1 -1 Yes
T 1 -1 0 0 0 12 )-12)-12]) -1 ers o-- 1 1 -1 Yes
T -1 -1 0 0 0 12 )-12)-121 -1 ers o-- 1 -1 1 Yes
18" 1 -1 0 0 0 12 )-12)-12) -1 s o-- 1 1 1 Yes
Ts’ -1 -1 0 0 0 12 )-12)1-121 -1 egs’ o-- 1 -1 -1 Yes
Anti-v.1" 1 -1 0 0 0 172 |-12]-12 0 ers O 1 1 -1 Yes
Anti-v -1 -1 0 0 0 172 | -12]-12 0 ers ¢ 1 -1 1 Yes
Anti-v." 1 -1 0 0 0 172 |-12]-12 0 egs” O 1 1 1 Yes
Anti-v.g” -1 -1 0 0 0 172 | -12]-12 0 s’ ¢ 1 -1 -1 Yes
Anti-t" 1 1 0 0 0 1/2 1/2 1/2 1 ers O, 1 1 -1 Yes
Anti-ty” -1 1 0 0 0 1/2 1/2 172 1 ers .. 1 -1 1 Yes
Anti-tg" 1 1 0 0 0 1/2 1/2 1/2 1 egs” O, 1 1 1 Yes
Anti-tg” -1 1 0 0 0 1/2 1/2 172 1 s’ .. 1 -1 -1 Yes
E8 1/2i”‘o)T3 Vs 0353 e W w x y z B, g3 gs w3 Bl3 nY Q | Block-1| Block-2 | Block-3 o, R E8-root
G-1: Quarks sqrt(2/3)
u ® 1/2 1/2 1/2 172 |-12)-12] 12 1/2 - 1/6 1/2 0.29 1/2 /6 | 2/3 fo.” fi. qr 1 0 Yes
u "¢ 1/2 1/2 1/2 2 |-121 12 |-122]1 12 -1/6 -1/2 | 029 1/2 /6 | 2/3 fo.” fiv q.° 1 Yes
u P 1/2 1/2 1/2 172 |-12) 12 121-127] -1/6 0 -0.58 1/2 /6 | 2/3 fo.” fi. q’ 1 Yes
u R -1/2 - 172 1/2 172 |-12)-12] 12 1/2 - 1/6 1/2 0.29 1/2 /6 | 2/3 fo.” fi. qr -1 Yes
u ¢ -12 - 12 1/2 72 |-12) 12 |-12] 12 -1/6 -172 | 029 1/2 /6 | 2/3 fo.” fiv q.° -1 0 Yes
u ® -1/2 - 172 1/2 172 |-12) 12 121-127] -1/6 0 -0.58 1/2 /6 | 2/3 fo.” fis q’ -1 0 Yes




4" 12 12 |-12) -2 )-12]-12) 2] 12] - 12 | 029 | -122 16 | -13 | f..° fi q, 1 0 Yes
4" 12 12 -2 -2 -2y w2 -2 2] -6 | -12 | 029 | -12 16 | -153 | fuu” fi. q.° 1 Yes
4, "? 12 12 |-12) -2 -2 w2 w2)-12)] -us 0 |-058]-12 16 | -13 | f..° fi q. 1 Yes
a"® 12 | -2 -]zl i) o] o-us 12 1 029 | -12 16 | -13 | fu.” fi. q -1 0 Yes
4, "° 12 | -2 e -z -2 w2 -2 12| -e | -2 | 029 | -12 16 | -153 | fur” fi. q.° -1 0 Yes
d."® 12 | sz -zl w2 | )2 - 0 |-058]-12 16 | -13 | fu.” fi. q;° -1 Yes
E8 1Ri*er | o | U | VP | w x y z B 23 g w? | B | %Y | Q |Block-1| Block-2 | Block-3 | o or E8-root
u® - 172 12 -2 a2 w2l-12 12| 2] -ue 12 o2 o | 12| 23] 25| . fi qr 1 Yes
u "¢ -172 12 {12 w2 w2 w2 ]-12) 12 -6 | -12029] o0 121 23| 23| £ fre q 0 1 Yes
u P - 172 12 -2 22| w2 z|-12] -ue 0 [-058] o | 12| 23| 23| £ fio q. 0 1 Yes
u " 12 | -2 -2 w2 -2 -2 2| o] o-ue 12 o020 o | 12| 23| 23| fo” fio qr -1 Yes
ugC 12 | -2 |-z w2 -2 w2 | -w2| iz o-we | -2 ] 029 12 253 23| for” fios q;° -1 Yes
u 12 | -2 -] w2 -2 2] | -2] -ue 0o | -058 12 23| 23| for” fio q. 0 -1 Yes
d" - 172 12 | w2]-w2p w2 2| 2] -ue 12 | 029 SV IESVEN IR VEN fio qr 0 1 Yes
"¢ -172 12 | w2 |-w2) 2] w212 12 -ue | -12 | 029 2| -1 -1 £l fi. q;° 1 Yes
g - 172 12 | w2]-1w2p w2l w2 az|-12] -us o | -058 SV IESVER IR VEN fio q.° 1 Yes
d " 12 | -2 |-z -2z 2| 2] o-ue 12 | 029 SV IERVET IERVEN A fio qr -1 Yes
g © 12 | -2 | w222 w2 -2 2] -we | -2 ] 029 12 -3 -3 R fi.- q,° 0 -1 Yes
dg”® 12 | -2 |-z -2 2] o2 -ue o | -058 SV IESVET IR VEN A fio q. 0 -1 Yes
E8 1/2i”‘o)T3 Vs 0353 I W w x y z B, g3 gs w3 Bl3 nY Q | Block-1| Block-2 | Block-3 o, R E8-root
Quarks sqrt(2/3)
Anti-u; ™" 1/2 1/2 172 0 -12)-12| 12 |-12]-12 1/6 -12 1 -0.29 -12)-231-23 fo.” fr. ar 1 Yes
Anti-u "¢ | 12 12 | w2 -w2)-2l-12) 12)-12] we 12 | -0.29 12 =23 23] £t fi.- q: 1 0 Yes
Antiu, " | 12 12 | w2 ]-w2 -2 -2]-12 2] ws 0o | oss 12| -3 -23 ] g fio qr 1 0 Yes
Anti-u;** -1/2 - 172 1720 -12)-12] 12 |-12]-12 1/6 -12 1 -0.29 -12)-231-23 fo.” fr. ar -1 Yes
Anti-u; " # -172 -1/2 172 1-1271-12]-1/2 121 -1/2 1/6 12 -0.29 =121 -2/3)-2/3 for” fr. qt -1 Yes
Antiu " | 12 | -2 | 2| -2zl |-z 12| e 0o | oss 12| -3 -23 ] £ fio qr -1 0 Yes
Anti-d; " 1/2 172 | -12) 12 |-12) 12 |-12])] -12 1/6 -12 1 -0.29 0 172 1/3 173 fo.” fre ar 1 0 Yes




Anti-d, " 12 12 |-12) w2 -2 -12] 12)-12] 16 172 | -0.29 2l w3 13| £ fre qc 1 0 Yes
Anti-d, " 12 12 |-12) 12 12|-12]-12] 12 1/6 0 0.58 121 3] 13| fre q. 1 Yes
Anti-d " | -2 | -2 |-z w2 -2 w2 -2 -2 e | -12 | 029 121 13 13| f." fre qr -1 0 Yes
Anti-d Ve -12 | -2 |-z w2 |-z -] w212 e 12 | -0.29 121 3] 13| " fre qc -1 0 Yes
Anti-d,"° | -12 | -12 |-z w2 | -12)-12)-12] 12 1/6 0 0.58 121 13 13| f." fre q? -1 0 Yes
E8 1/2i”‘o)T3 Vs 0353 e Ve w x y z B, g3 gs w3 Bl3 nY Q | Block-1| Block-2 | Block-3 o, R E8-root
Anti-ug" | - 12 12 |-12)-12) 12 12-12)-12] we | -12 | -029] -122 16| 23] fuit fi. qr 0 1 Yes
Anti-ug 8 | -1/2 12 |-12)-12) 12| -12] 12)-12] 16 12 | -029 ] -12 16|23 R fi. q.8 1 Yes
Anti-ug*® | -122 12 |-12]-12] 12)-12]-12| 12 1/6 0 058 | -12 16| 23] foit fi. q. 0 1 Yes
Anti-ug”" 12 | =12 | -2 -1m2)-12) w2 )-12]1-12) w6 | -12 | -029] -122 16| -23 ] for” fi. qr 0 -1 Yes
Anti-ug*® 12 | -2 -2 -12)-12)-12) 2] -12] 16 12 | -029 ] -12 16|23 for” fi. q.8 -1 Yes
Anti-ug”® 12 | =12 | -12)-12)-12)-12|-12] 12 1/6 0 058 | -12 16| -23 ] for” fi. q. -1 Yes
Anti-dg"" | - 12 12 | 12 w22 w2 ]-12)-12) w6 | -12 | -02] 122 16| 13| fuR) fi qr 0 1 Yes
Anti-dg"¢ | -1/2 12 12| w2 w12 wn2)-12] e 12 | -029| 12 16| 13| feR” fi q.8 0 1 Yes
Anti-dg"° | -122 12 | 12 12 12|-12]-12] 12 1/6 0 058 | 12 16| 13| foR) fi q; 1 Yes
Anti-dy”" 12 | =12 ) w2 w2-12) w2|-121-12| w6 | -12]-029]| 12 16| 13| fur” fi qr -1 Yes
Anti-dg*® 12 | -2 |zl w2 -2 -2) w2)-12) e 12 | -029| 12 16| 13| fer” fi. q.8 -1 Yes
Anti-dg*° 12 | -2 | w2 oz -2 -2)-12) 12 1/6 0 0.58 | 12 16 13| fhk” fi q; 0 -1 Yes
E8 ter || %o | || V| W x y z B,. 23 s w' | B | %Y | Q |Block-1| Block-2 | Block-3 | @ or E8-root
sqrt(2/3)
G-2: Quarks
et 12 12 |-12) w2 w2|-12] 2] 12] -1 12 | 029 12| 23| 23| o frs qr 1 Yes
@ 12 12 |-12] w2 w2 w2 -12) 12 -1/6 | -12]029] o 12| 23| 23| " T+ q’ 1 0 Yes
e 12 12 |-12) w22 2] w2]-12] -us6 0 |-058] o 12| 23| 23| o frs q. 1 0 Yes
o't S5 Vo2 N V2 N Vo N R Vo2 N Vo R VN NS V2 N VX RV 12 1 029 | o 12| 23| 23| fo.” frs qr -1 Yes
¢S 12 | =12 f-2 w2 -2l w2 -2 12 -6 | -12 | 029 12 23| 23| £, fre q.° -1 Yes
e”® S5 Vo2 N V2 N VN R V2 N Vo S Vi NS V3 N V2 IRV 0 |-058] o 12| 23| 23| o0 frs q. -1 0 Yes
s f 12 12 |12 -12)w2f-12 2] 12] -1 12 o020 o |-12]-13)-13] f.° fr. q R 1 0 Yes




s 12 12 |-z 2] w2 -2 2] -6 | -12 102 0 |12 -13])-13] £ fp. q.° 1 0 Yes
s ° 12 12 -2 w2 12 12]-12] -1/6 0 | -058 12 -1 -1 fe) fr. q.° 1 Yes
s 7" S5 V2 NS Vo NS Vo NS Vo2 N VN IS Vo N RS V2N IR Vo RS VS 12 | 0.29 12 -1 -1 ey fr. qr -1 0 Yes
s 12 | =12 o2 -2 -2 w2 -2 12 -6 | -12 | 029 0 [-12]-13]-13] . fr. q.° -1 0 Yes
s ° S5V 2 N Vo NS Vo NS Vo2 N VN NS V2 NS V2 I V2 R VS 0 |-058| o |-12]-13)-13] f..~ fr. q.° -1 0 Yes
E8 12107 | Bos' | U ' w X y z By« 23 g* w | B} | »y Q | Block-1| Block-2 | Block-3 | ap R E8-root
e R =172 12 |2l w2 w2122 12 -16 12 1 029 | 122 16 | 23| foz’ £, q; 0 1 Yes
¢ -1/2 12 w2l w2l w2-12) 2] -6 | -12 |02 | 122 16 | 23| for" £, q.° 1 Yes
B =172 12 |zl w22 12| 2)-12]) -16 0 |-058] 12] 0 16 | 23| foz’ £, q;° 0 1 Yes
e’ " 12 12 w2 w2z -2) 2| 12| -6 12 o020 | 12| o 16 | 23| for fL. Q" 0 -1 Yes
cr’ ¢ 12 12 w2z w2 -2 12 -ue | -12 | 029 | 122 16 | 213 | for” £, q.° -1 Yes
e’ ® 12 12 w2z oz |-z -6 0 |-058] 12 16 | 23| foz fL. q;° -1 Yes
s} =172 12 | -12)-12) 12]-12) 12 12] -16 12 1 029 | -12] o0 16 | -13 ]| fui" f,. qr 0 1 Yes
sg ¢ -1/2 12 |-12)-12 w2 12 -12) 12| -1/6 | -12 029 |-12] o0 16 | -13 ] for" f, q.° 0 1 Yes
s P =12 12 |-12)-12) 12 12 12]-12] -1/6 0 058 -121] o 16 | -13] fi’ f.. q° 1 Yes
st 12 12 =12 -2 w2 -2 12| 12 -6 12 | 029 | -122 16 | -13 ]| fur” f,. qr -1 Yes
sg’ ¢ 12 12 |12 -2 2| w2 -2 2] -6 | -2 ] 020 | 12 16 | -13 ]| for” f, q.° -1 Yes
g’ 12 12 =12 -2 2| oz |-z -6 0 |-058])-12] o 16 | -13 ]| fur” f, q;° 0 -1 Yes
E8 ter || %o | || V| W x y z B 23 g w? | B’ | »Y | Q |Block-1| Block-2 | Block-3 | oy or E8-root
G-2: anti-Quarks sqrt(2/3)
Anti-c, " 12 12 | -12)-12) 12 12 -12-12] 16 | -12]-029] -122 16 | =23 £ f,. qr 1 Yes
Anti-c;"® 12 12 |-12)-12 12-12] 12|-12] s 12 | -029 | -122 16| =23 £l f, q.8 1 Yes
Anti-¢; " 12 12 |-12)-12) 12]-12]-12] 12 1/6 0 058 | -12| o |-1w6]|-23] f.." f,. qr 1 0 Yes
Anti-c,”" | <12 | -12 -2 -2 -2 w2 -2z we | -2 | 029 -2 o |-we|-23) £ f,. q/ -1 0 Yes
Anti-c,”¢ | 12 | -2 |12 -2 -2 -2 2] -12]) 16 12 | -029 | -122 16| =23 £y f, q.8 -1 Yes
Antie,"® | 12 | 12 | -2 -2 |-12f -2 -12] 12 1/6 0 0.58 | -1/2 16| =23 £ f,. qr -1 Yes
Anti-s; " 12 12 | w2l w22 w2 -12-121 e | -2 0200 12 0o |-16) 13] £ fL. qr 1 0 Yes
Anti-s; " 12 12 w2l w2l w2l-12112)-12] s 12 10290 12| o [-16] 13] f.° £, q.¢ 1 0 Yes




Anti-s;"° 12 12 | 12 12]-12f-12]-12] 12 1/6 0 058 | 12| o |-we| 13| f." fi. q 1 0 Yes
Antiss" | -12 | w2 | w2 -2l w2 -2z e | -12 | 029 122 16| 13 £ fi. qr -1 Yes
Anti-s Ve | -2 | -2 | 2] w2 -2l -2 w2 -2 e 12 | -029 | 12 16| 13 £ fi. q.8 -1 Yes
Anti-s,® | -2 | -2 | w2 | w2 -2 12| -2 12 1/6 0 058 | 12| o |-ue| 13| f,." fi. q -1 0 Yes
E8 12i*er | o | U | VP | w x y z B,. 23 g w> | B2 | %Y | Q |Block-1| Block-2 | Block-3 | @y or E8-root
Anti-cg" | -12 12 |12 |-12) 2| w2 -12-12)1 e | -12 0290 o |-12]-23)-23] " fr qr 0 1 Yes
Anti-cg’ 8 | -122 12 | 12)-12)1n2)-12] 2)-12] 16 12 | -029] o |-12]-23]-23] £ fr q8 1 Yes
Anti-cg”® | -122 12 | 12-12) 12f-12]-12] 12 1/6 0 058 | 0 |-12]-23]-23] f." fr q. 0 1 Yes
Anti-cg”" 12 | -2 -2z w212 -12) we | -2 1-0200 o |-12|-23]-23] foi” fr qr 0 -1 Yes
Anti-cp" 12 | -2 w212 wn2)-12) 12)-12] 16 12 | 0291 o |-12]-23]-23] fop” fr q8 -1 Yes
Anti-cg"" 12 | -2 wzl-12) 2] -12)-12) 12 1/6 0 0.58 12 =23 =23 fug” fi. q? -1 Yes
Anti-sg"" | - 122 12 |-12) 12 2| w2 ]-12)-12] 16 | -12 | -029 2] 13 13| i firs qr 1 Yes
Anti-sg"¢ | -12 12 | -2 w2 w2|-12] 12)-12] 16 12 | -029] o 2 w3 13| R fis q 0 1 Yes
Anti-sg"® | -12 12 |-12) 12 12|-12]-12] 12 1/6 0 058 | o0 12 13 13| i frs q. 0 1 Yes
Anti-sg” " 12 | -2 -2 w2 w212 12)-12] 16 12 | -029] o 12 13 13| fur firs qr -1 Yes
Anti-sy” ¢ 12 | -2 -2l w2 w2 w212 -2 e | -12 ] -029 12 13 13| fp fis q -1 Yes
Anti-sy”" 12 | -2 -1z w2 2] -12)-12) 12 1/6 0 058 | o0 12 13 13 fur frs q. 0 -1 Yes
E8 1/2i”‘o)T3 Vs 0353 e W w x y z B, g3 gs w3 Bl3 nY Q | Block-1| Block-2 | Block-3 o, R E8-root
G-3: Quarks (no physical states) sqrt(2/3)
"R 1 -1 1/3 12 1020 | 12| 12] 6| 253 1 . qu. " Yes
"9 1 -1 13 | <12 o020 | 12 12| 6] 253 1 e au.° Yes
" 1 -1 1/3 0 |-058| 12| 12| 16| 2/3 1 . qu.° 0 0 Yes
t VR 1 -1 1/3 12 1020 | 12| 12] 6| 253 1 . aup 0 0 Yes
t, 9 1 -1 13 | <12 o020 | 12 12| 6] 253 1 . au.° Yes
t " 1 -1 1/3 0 |-058| 12| 12| 6] 2/3 1 . q,.° Yes
t " 1 1 -2/3 12 | 029 213 | 23 1 1 qu R Yes
" 1 1 =23 | -12 | 029 213 | 23 1 1 am® 0 0 Yes
t " 1 1 -2/3 0 | -058 213 | 23 1 1 am® 0 0 Yes




tg’ " 1 1 -2/3 12 | 029 213 | 23 1 1 qum R Yes
tg” @ 1 1 =23 | -12 | 029 213 | 23 1 1 am® Yes
t’ " 1 1 -2/3 0 | -058 213 | 23 1 1 am® 0 0 Yes
b ® -1 -1 1/3 12 1029 | -12] 12| 16 |-1/3 1 o+ an 0 0 Yes
b, -1 -1 173 | 12 o020 | -2 12] w6|-13 1 o q,.° Yes
b "® -1 -1 1/3 0 |-058)-12] 12| 16]|-153 1 o q,.° Yes
b "} -1 -1 1/3 12 1029 | -12] 12| 16 |-1/3 1 o qu. " Yes
b, ¢ -1 -1 173 | -12 o020 | -12]) 12] w6]-13 1 o+ au.° 0 0 Yes
b " -1 -1 1/3 0 |-058)-12]| 12| 16]|-153 1 o+ qu.° 0 0 Yes
b " -1 1/3 12 | 029 13 -13 1 1 qu+h Yes
b © -1 13 | -1/2 | 029 -13 ] -13 1 1 aus° Yes
b ® -1 1/3 0 058) o0 -13 ) -1/3 1 1 A+’ 0 0 Yes
b’ ® -1 13 12 1 o29] o -13 ) -1/3 1 1 qu+h 0 0 Yes
b ¢ -1 13 | 121029 o 13 -13 1 1 AQus Yes
b’ ® -1 1/3 0 058) o0 -13 ) -1/3 1 1 qu+® Yes
E8 1Ri*or | Bhos | U | VP x y z B, 23 g w> | B2 | %Y | Q |Block-1| Block-2 | Block-3 | @y or E8-root
G-3: anti-Quarks (probably no physical states)
Anti-t;"" | oA 23 | <12 1-029]| o0 23] -253 1 1 Q" 0 0 Yes
Anti-t;"® -1 -1 2/3 12 | -029] o 23] -253 1 1 qu’® 0 0 Yes
Anti-t; " | A 2/3 0 058 o =213 | -23 1 1 Qum® Yes
Anti-t; " | oA 2/3 | -12 ] -029 23] -253 1 1 Qu’ Yes
Anti-t; ¢ -1 -1 2/3 172 | -0.29 -2/3)-2/3 1 1 qu® Yes
Anti-t;"° | A 2/3 0 0.58 =213 | -23 1 1 Qum® 0 0 Yes
Anti-tg"" -1 1 13 | -2 [ -029 ) -2 | -12) -6 -23 1 o, au." 0 0 Yes
Anti-ty" ¢ -1 1 13 12 | 020 -12)-12]-16]-253 1 o, ay.° Yes
Anti-tz"° -1 1 -1/3 0 058 | -12|-12|-16]-2/3 1 o, an.”° Yes
Anti-ty" " -1 1 13 | -2 [ -029 ) -2 | -12) -6 -23 1 o, au." 0 0 Yes
Anti-t" ¢ -1 1 13 12 | 020 -12)-12]-16]-253 1 o, ay.° 0 0 Yes




Anti-tg"° -1 1 -1/3 0 058 | -12|-12|-16]-213 1 O qu- 0 Yes
Anti-b " 1 -13 | -12 1 -029 1731 113 1 1 qQu+" Yes
Anti-b, " 1 13 12 | -0.29 13 | 173 1 1 A+ Yes
Anti-b, " 1 -1/3 0 0.58 131 13 1 1 A+’ 0 Yes
Anti-b; " 1 -13 | -12 ] -029 1731 13 1 1 qQu+" 0 Yes
Anti-b, ' 1 13 12 | -0.29 13 | 173 1 1 A+ Yes
Anti-b, " 1 -1/3 0 0.58 131 13 1 1 A+’ Yes
Anti-by"" 1 1 13 | -2 [ -029] 12 |-12] -6 173 1 by an." 0 Yes
Anti-bg"® 1 1 13 12 | 020 12 |-12]-16] 1/3 1 s ay.° 0 Yes
Anti-bg"? 1 1 -1/3 0 058 | 12 |-12]-w6] 113 1 s an.”° Yes
Anti-by”" 1 1 13 | -2 [ -029] 12 | -12] -6 173 1 by an." Yes
Anti-bg " ® 1 1 13 12 | 020 12 |-12]-16] 1/3 1 s ay.° Yes
Anti-bg"° 1 1 -1/3 0 058 | 12 |-12]-w6] 113 1 s an.”° 0 Yes
E8 1Ri*er | e | U | VP x@® |y@ |z | B 23 o w? | B | »Y | Q |Block-1] Block-2 | Block-3 | @y E8-root

E8 root Assignments, Jan Leendert Joppe, Leiden, Netherlands, March 24, 2008
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