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Eg = Everything Magic Square Review

Research Agenda

@ Standard Model in eg(_24) or egtgy OF L.
(symmetries, fermions, mediators, gravity, super-stri mmetry)
@ Use mathematician’s conventions. (anti-Hermitian!)

@ Pay attention to signature. (eg is real)
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Eg = Everything Magic Square Review

Magic Squares

2 X 2 “half-split”: (spin groups ...)

R C H O
R’ | s0(2) 50(3) s0(5) 50(9)
C' | s50(2,1) | s0(3,1) | s0(5,1) | s0(9,1)
H' | s0(3,2) | s0(4,2) | s0(6,2) | s0(10,2)
O | s0(5,4) | s0(6,4) | s0(8,4) | s0(12,4)

3 x 3 “half-split”: (... plus spinor reps)

R C H o)
R’ | su(3,R) | su(3,C) | su(3,H) f4
C' | sI(3,R) | sU(3,C) | sl(3,H) | eg(—26)
H' | sp(6,R) | su(3,3,C) 06(—6) €7(—25)
o fa(a) €6(2) €7(-5) €g(—24)
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Eg = Everything Magic Square Review

3 X 3 Structure
(50(12,4) ‘ spinor\

\—spinorT ‘ 0 /

R C H O
R" | s0(3) su(3) | su(3,H) fa
C" | sI(3,R) | sl(3,C) | sl(3,H) | eg—26)
H' sp(6,R) | su(3,3) 06(—6) €7(—25)

[} fa(a) e6(2) e7(—5) eg(—24)
Algebra Maximal Subalgebra Centralizer
50(3) 50(2) 92 D g2(2)
s[(3,R) 50(2,1) ®so(1,1 g2 @ sl(3,R)
s((3,H) | so(5,1) @so(1,1) ®su(2) | su(2) ®sl(3,R)
¢6(—26) 50(9,1) @ so(1,1) s((3,R)
¢7(5) 50(8,4) & su( su(2)

eg(—24) 50(12,4) —
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Eg = Everything
Decompositions

Research Agenda Addition

@ Standard Model in eg(_24) Or eggy OF £4.

(symmetries, fermions, mediators, gravity, super-stri mmetry)
@ Use mathematician’s conventions. (anti-Hermitian!)
@ Pay attention to signature. (eg is real)

@ Decompose into subalgebras and centralizers.
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Eg = Everything
Decompositions

Decomposition of s0(12, 4)

complex

—

¢g(—24) O $0(12,4) + spinors
50(12,4) D s0(2) +s0(3,1) + s0(7,3)
SN~ S~——

complex “s50(10)"
structure

’Lorentz + s0(10) GUT‘

’ Spinors are complex ‘
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Eg = Everything
Decompositions

Decompositions of so(n) vs. su(n)

so(p+ q) =so(p) +50(q) +pXxq
q) = su(p) +su(q) +2 x p x g+u(l)

373
=,
he]
+
~

so(p+1) =so(p) +p
su(p+ 1) = su(p) +2 x p+u(1)

50(6) = su(4) = su(3) +2 x 3+ u(l)
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Eg = Everything
Decompositions

Color Decomposition of eg

R C H O
R | su(3,R) | su(3,C) | su(3,H) fa
C’ 5[(3R) 5[(3‘((?) 5[(3qH) e6(—26)
[ 5p(6,R) | u(3.3,0) | o5 | er(on) )
o’ f4(4) €6(2) €7(=5) €g(—24)
compact
e X 3 + su(3)
fo(-24) = 27 x 6+ sI(3,R
e6(—26) +. 27 % 6 +5l(3,R)
Jordan
algebra

Everyone (including us) who studied Jordan algebra representations
of ¢ was almost correct...
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Eg = Everything
Decompositions

Decomposition of eg — ¢

sI(3,R) +3 x 2 + (S,

——
50(12,4) = 50(9,1) + 10 x 6 + s0(3, 3)

Majorana—Weyl spinors of both s0(9,1) & s0(3,3)

128=16 x (1+1+3+3)

68(—24) = e6(—26) + 27 X 6+ 5[(3,R)

——
50(9,1) 10x2x3
16 x2x1 16 x 2 x 3

St 1x2x3
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Eg = Everything
Labels

Research Agenda Addition

Standard Model in eg(_24) Or eggy OF £4.

(symmetries, fermions, mediators, gravity, W)
Use mathematician’s conventions. (anti-Hermitian!)

Pay attention to signature. (eg is real)

Decompose into subalgebras and centralizers.

Label everything with division algebras.
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Eg = Everything
Labels

Octonions
kl KL
] J |
| L
il k il I ~JL
1 U
O 04

(reverse arrows if 2 Ls)
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Eg = Everything
Labels

Basis

D X —zt
(50(12,4) ‘ spinor\
— —Xxf D Y

\—spinorT ‘ 0 / \ > v ‘ 0/

50(12,4): Basis consists of rotations/boosts in single plane:
(boosts contain L, IL, JL, KL)

Dij, Di = Dyt (both indices in @, or both in Q')

Xit, Xj = Xju (one index in each)
Spinors: (like X)
Yi,Z; (one index in each)
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Eg = Everything
Labels

Commutator Rules

Adjoint s0(12, 4):

[Dijs Djx] = —2D; «

Spinors:
[Dij; Yaal = Yiga)a
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Eg = Everything
Labels

Killing Duals

Normalized Killing form B; our basis is orthonormal.
(rotations/boosts have squared norm +1/—1)

St =Diu+Dyy+ Dk = L
—2L

(3,3)-component! Triality!
Spinors split into Killing pairs, e.g. Yi4;.
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Eg = Electroweak/Leptons

Research Agenda Addition
@ Standard Model in eg(_4) Or eg¢gy OF g4.

(symmetries, fermions, mediators, gravity, super-stri mmetry)
Use mathematician’s conventions. (anti-Hermitian!)

Pay attention to signature. (eg is real)

°
°
® Decompose into subalgebras and centralizers.
@ Label everything with division algebras.

°

Put leptons and electroweak theory into eg(_26) (C' ® O)
Labels: U, L; 1, i, j, k, ke, j¢, it, £
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Eg = Electroweak/Leptons Spinors

Spinors of ¢g: Volume Elements

Killing
duals

—~
e6(—26) = 50(9,1) +16 x 2+ (S;)

Lorentz weak

——
50(9,1) —> s0(2) + s0(7,1) — s0(2) + 50(3,1) + s0(4)
——

su(2), +su(2)r
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Eg = Electi k/Leptons )
6 ectroweak/-ep Eigenvalues

Labels on Adjoint Elements

50(3, 1) D,"J' DJ"k Dk7,'
(i7j7 k7 L) XkL Xi )<J
s50(4) Divje Djoke Die,ie

(it jl, ke, L) Diee  Dijey  Digy
su(2), su(2)r
Di¢jo — Diae Dig je + D
Di¢.ke — Digy Dj¢ ke + Dig e
Dye,ie — Djos Dye,ie + Dje e
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Eg = Electroweak/Leptons )
6 /P Eigenvalues

Labels on Spinors

Lorentz (Weyl) Spinor

weak /spin

+/+ | Yiary + Zia-o

spin: D, [X1, ] —Yha+n) — Zia-y
e +/= | Yoy + Zig-1)

weak: [Dj¢je + Dioe, [X1,¢]] Yiaen) + Zau
=//=F —Yiary + Zig-1)

—Yiarny — Zig-y

== Yia+r) — Zka-1)

Yoty — Zia-1)

¢ in label <— left-handed
su(2), annihilates right-handed spinors
su(2)r annihilates left-handed spinors

Corinne Manogue & Tevian Dray Eg and the Standard Model



Eg = Electi k/Leptons )
6 ectroweak/-ep Eigenvalues

Labels on Spinors

Quark Lepton
weak /spin weak /spin
+/+ Yiu—a) — Zk(u—u) +/+ Yia+r) + Zia-u)
—Yi(—u) + Ziu—n) — Yy — Zig-u
+/— Yiu—a) — Zigu—ur) +/- Yia+) + Zig-u)
—Yiu—uy — Ziu—u) —Yia+r) + Zia-1)

L <— —L interchanges Killing duals
[Sts Zoareny] = £3Z50140)
[SLs Zaye )] = FZausn)

(charge as usual from s0(10) as sum of Cartan elements)
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Eg = Electroweak/Leptons )
6 /P Eigenvalues

Labels on Spinors

Lorentz (Weyl) Spinor

weak /spin

+/+ | Yiary + Zia-o

spin: D, [X1, ] —Yha+n) — Zia-y
e +/= | Yoy + Zig-1)

weak: [Dj¢je + Dioe, [X1,¢]] Yiaen) + Zau
=//=F —Yiary + Zig-1)

—Yiarny — Zig-y

== Yia+r) — Zka-1)

Yoty — Zia-1)

¢ in label <— left-handed
su(2), annihilates right-handed spinors
su(2)r annihilates left-handed spinors
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Generations
The Rest

Generations

su(2)r Lorentz (Weyl) Spinor
Di¢ je + Diey weak /spin
Dj@kg -+ D,‘&é +/+ Y\l/(IJrL) + Z;(lfL)
[Pram <~ Dk — Yr(+L) — £1(1-1)
b itk +/- Yia+ + Ziga-u)
. —Y. Zi
Choose different Cartan element! \;(1+L ) + Zl L)
Mixes up eigenstates: =/t - + Zia-o)
' i *Y ~Zja-1)
k—ir—jr—k
Exactly 3 generations! —/- Yl(” ) A
ysg ! Yirt) — Zuoo)
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The Rest Mediators

Mediators

Lie algebra = Cartan subalgebra + raising/lowering operators
50(7,1) = s0(3,1) +s0(4) +4 x 4
4 x 4 has both Lorentz and weak vector labels.
XeL Dké,i Dké,j Dy k

Xjer  Djei Djej  Dijek
Xiee  Diei Diej Dok

50(6,4) = s0(3,1) +50(3,3) +4 x6

4 x 6 has both Lorentz and color vector labels.
—> 6 gluons in a vector representation
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SUMMARY

Everything in eg(_24)!

¢g(—24) = 50(12, 4) + spinors
= eg(—26) + 27 X 6+ s((3,R) gluons & quarks
Hﬂ \—/
50(9,1) +2 x 16 + (S1) leptons
S~—— ~
2 , 1 2 su(2 4x4
50(2) +s0(3,1) + su(2), + su(2)r +4 x

3 generations  electroweak

mediators
Corinne Manogue Tevian Dray
corinne@physics.oregonstate.edu tevian@math.oregonstate.edu
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