Stucture of a Fermion

spin  iso-spin Cﬂ}i‘;zﬁgf particle chirality 2N =37, 6Y
F + + + + -1 VR 0 0 0
o, F — - + - —1
F o + — + + +1 er, | —6 -3 =3
oo F o — — + + +1
F o | + + + — —1  |dg | +2 0 +2
o, F | - + + — -1
F oo ¢ | + - + - +1 uy, | —4 -3 -1
oo F o ¢ | — — + — +1
F ey | + - + - —1 | up | +4 0 +4
o F e | — - - - —1
F oo c| + — + + +1 d; | —2 -3 +1
oo F o c| — — + + +1
F c3 | + + + — -1 er | +6 0 +6
o, F c3 | — + + — —1
F o c3| + — + — +1 vy 0 -3 +3
oo F o, c3| — — + — +1
T F + + — + +1 vy 0 +3 =3
n o F — + - + +1
T F oo + — — + -1 ep | —6 0 —6
n o F o - - - + -1
) F c | + + - - +1 d; | +2 +3 -1
n o F | — + — — +1
s F o ¢ | + - - - -1 up | —4 0 —4
n o F o ¢ | — — — — -1
T F cy | + + — + +1 ur | +4 +3 +1
n o F cy | — + — + +1
T F o, ¢ | + — — + -1 dp | —2 0 -2
n o F o c¢| — - — + —1
Tl F cs | + - — — +1 |e, | 46 +3 +3
T o F cg | — + — — +1
T F oy c3| + — — — -1 VR 0 0 0
n o F o c¢3| — — — — —1
p3ll 1]ps L1 1L, Lylps




flavour-

spin  iso-spin chirality particle chirality 2N =37, 6Y
T F + + — + +1 vr 0 +3 -3
™ o F — + - + +1
F o ¢ | + — + + +1 d; | —2 -3 +1
o, F oy c| — — + + +1
T F cy | + + — + +1 uy | +4 +3 +1
n o F cy | — + - + +1
F o + — + + +1 er, | —6 -3 -3
o, F o — — + + +1
F + + + + -1 VR 0 0 0
o, F — + + + —1
T F o ¢ | + — — + -1 dp | —2 0 —2
n oo F oo | — — - + -1
F ey | + + + + —1 up | +4 0 +4
o, F cy | — + + + —1
T F oo + — — + -1 ep | —6 0 —6
n o F o - - — + -1
F o, c3| + — + — +1 vr 0 -3 +3
oo F o7 ¢c3| — — + — +1
m F e |+ + — — +1 dy | +2 43 —1
n o F c | — + — — +1
F o ¢ | + — + — +1 up | —4 -3 -1
o, F oy ¢ | — — + — +1
T F Cg + + - - +1 éL +6 +3 43
n o F c3 | — + — — +1
T F o, c3| + - - - -1 Vgp 0 0 0
n o F o c¢| — — — — -1 B
F c | + + + — -1 dp | +2 0 +2
o, F c | — + + — —1
T F o ¢ | + — — — -1 up | —4 0 —4
n o F o ¢ | — — — — -1
F c3 | + + + — -1 er | +6 0 +6
o, F c3 | — + + — -1
P3|l 1|ps L1 1L, Lylps

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

0y = Lgpy
T = L1,2,3

oy = Lzps

Ty = L23,31,12

0102 = —P3

T Ty = —Ly




X = L1,23 + L2,31 + L3,12

co=1{1,L;} x {17L1,237L2,317L3,12}

¢y = o X {Lgg, L3y, L5}

Co = ¢ X Lag 31 19

C3 = Co X Loz 31 19
C=3(1+L;X)=3(1—L;R;)=—L;3(L; + Ry)
S =50 —=Lypy) = —Ly5(Ly + p3)
F=8C=—5(L; + p3)5(Ly + Ry)

f=1L,|p; flavour-active +

X = %(1 + f) flavour-active projector

Ay = %(L31,3 + Lis5)
Ay %(le,l + Los 3)
Ag = %(L23,2 + L3 1)
—A; %(Lz,s + L3y 12)
Ay = %(LS,I + L3 93)
A? = %(L1,2 + L23 31)
A3 = %(L1,23 - L3,12>
_As - ﬁ(Ll,zg + L3,12 - 21-12,31) = %(%X - \/§L2,31)
= 5(3lps — 1]X)
3Q=N
T, = x(m1|p1)
Ty = x(71[p2)
T; = X(1|P_3) =NT, = %(L7|1 - 1|P3>
6Y = 2N + 315

i\, are the canonical SU(3) generators.



Transformations

P3|1
o1
1ps
1oy
711
71‘71

1{Lag; Ly, Lo}

1L,
1e
L|Lyps
H|1
L.H|1
1Ay,

T;

N
Y

{717 L7}‘1

1—L7|93
5(1 + Lo|ps3)

1|177-1’O'1
7|1, 1oy

space-axial spin,

spin up/down

iso-axial spin

iso-spin up/down

flavour-axial spin

flavour-spin up/down, ~,

flip of L, complex conjugation, exchange particle/anti-particle
R-G-B-spin

RGB/energy spin (+ for particle/anti-particle)
color alignment, color parity: particle/anti-particle
chiral spin, 723

Lorentz Spin(3) symmetry, 7,3, V31, V21

Lorentz boost symmetry, 70, 720: 730

SU(3) color symmetry

SU(2),, flavour symmetry

U(1) gy, axial symmetry

U(1)y axial symmetry

Higgs

chirality (inactive (+) vs active (—))
chirality projector

flavour-inactive
flavour-active



SU(5)
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