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Questions

1) Why Gsm= [SuB)Sur)UH] / Is ?
94 e

2) Why gim= 13 , 2, 15, 1
,
5015, -5)

# (1
,

2,)0(1 , 1
, 1) /1 , 1

, 0) ?
I Er Fe

3) Why 3 generations

Ism =gngsnogs ?
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#Hitsnification
i) SU/5) - Com ii) Spin (10)- Gom
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meanseem

2) Exceptional ? · Es
⑨

-----Killing-Cartan : G &· Ex

An --- · G
· Es

B---8 ·00 Fy · Spin (10)
·

(no-0- ...0 ↳

Una...
· EG · Su(f)

↳ *

Es S· Esm



#ewHint :

Dubois-Violette + Todorov (rBaez) (2018)

hy(0) Esm

Whatabout you
?"
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↑ Normed Division Algebras : / = 1, , 0 /Hurwitz)
il

I : z= a+ a
,
i ↳

o
⑲# : 9

= Gotaitazjtazk ↳

① Astautanjtagk taltagiltasjetake
i
~seemsseem

Enclidean Jordan Algebras /Jordan
, Wigner, von Neumann)

1) Jspin(n) hg(0) /Exceptional Jordan Algebra
2) UndR)

3) hn(k) S y= (0)
4) Un(t)

Yoyz = 2 3y,, y23 = E(y ,Yz+ /24)



Emfrom hy() yehz(Q)
I

G = F = 50(detry) = det((y) , <y , lyny = Tr[yoyn] = 20x, 10x2) 3

~preservesspi

impressiTodorov
, wond

Baez's i) fix Ma+1 in hy(D) and M3+1 in Marz ·

Interpretations :1) fix 0-bit in O-trit and K-bit in 0-bit
,



·
size"mpex-i . e . you and Isn areequivalent

· SM isiral .
· So usually consider Gone with complex reps :
An --- · G SU(n) (n <3)
B---8 ·00 Fy

·
(no-0- ...0 · So(n +2) or Spin (4n +2)· EG

↳ *

Ez Eg
Una...

Es3
· But in U3(0) , Gon arises as subgroup of F and Spin (9)
which have no complex reps.



y eh (0)
--from
= det((y) , (y , /y+y =Tr yz) = -0x, 10x2)3

-preservesTE2 +split
Ja pt in /COOP2)

#
:
= [SUB) + Su(3) +SUB1]/23 : preserves O

= #C3 split
reseseem

/12)
9L R In IR



building on work
Jordanpairs (Ottmar Loos) 2 by Jacobsen ,

McCrimmon on

Jordanpair : (V+s V_) guadratic J. algebras-

A Triple product : [ ,--] : V* + V
=
-> VI

-

* Define linear map Pl , y) : Ve VI
-

2x, y , z3 = 0(x,y)z

#omimmetry : (x, y ,z) = (z,y ,*)
2)as derivation:( , y)(4 , v, w3 = 30( ,y)4, v, w3

-Jordan pairs are equivalent
+ (4, 01x,y)v, w3

to 3-graded Lie algebras + Su, v,e,y)w3



-#thomingworkwazEo
Jordan pairs .

· This is a slight generalization because

oneSimplePairhas responding Jalget.
4 An--- · G "Gi-Cayley"

families of En ---8 ·00 Fy pair comes
· from here

J. algebrasI In 00- ...0 ·
G-..

# · E]er
come from On ↳ * exceptional
here J alese

comes from
her2

2 = To e [spin(10)Qu/1)]016 = same structure as one

L-1 Lo L 5M generation
.



Triality
· dev (A) =(G) G(ab) = ((a)b+ ab() = abtA)

· tri () = EITicTu , Ts) / T, (ab) = Tz(a)6 + aTz() abt A3

↓tri (T
is
Tz

, Tz) <tri(k)

& u/louil (T3 sF > Tz) Etri(k)

D I so(8) ↳
It Su(z)Su()su(z)



~gic Square
Freudenthal +Tits
Adams

Gursey
m(l,)= tri((trik)IK),/Kok), Ramond

BartonSuddery

=>
-ummetriesof symmetries of

>(1) and hallkok) and
(101)P2 (1k01R)4 "



bosonic fermionic
uni-

m(k,)= tri(k(@triNIR) + /Iko) , + /kin +(k),

Lie brackets : · tril(@tri) forms a Lie subalgedra
· (tri(II)@triSIR) , likeT) :] E /IKO) :
· (NIKO) ,, /Ik@k) -Je /IkORIs etc.

· ((kE1K)i < (k) : ] e tri (11)①tri(ik)

m(k , 0) = 26 = spin(10)u(f)+(0)
-

↓ bosonic fermionic 16-dim Wer
↓ ↓ spinor of Spindo)

0-03 GLR SLR



=>generations : (some comments/speculations)

m(k,)= tri(k(@triNIR) + /Iko) , + /kin +(k),

1)0 = eg : 3 overlapping generations ? related by

# 3 large
Gogolindov
transformations ?

2)d)= ef : right counting to describe 3 gen /internal d . o .
f
. )

3)0=ef : right counting to describe 3 gen /internalspacetime d . o .
f

. )



iv) An-> Lie-algebra valued I- form
↓

-> derivation-valued I- form /Ondois-Violette)
-> triality-valued I- form /Naturallyasi)
-> triality-valued superconnection following

Quillen
,
modelled on Ramond's magic square

Is the standard model (or its LK-symmetric extension)
a Yang-Mills theory of such a generalized connection ?



Summary

i) Complexifying h3(0)-> h* (4) incorporates SM fermions
.

ii) Consequence : SM-> LK-symmetric extension

[V) Alternative : Jordan algebras -> Jordan pairs /bi-Cayley pair)

iii) Rephrase above construction : from m/R ,4)+m/,Q)

iv) superalgebra decomposition of m/K, ) agrees wh
Spin(Io GUT

v) Thoughts about 3 generations


