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Introduction: The standard model

SSM =
∫
d4xψ /Dψ+ψφψ+F 2+ (Dφ)2−m2

φφ
2+λφφ4
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Reformulation: WHY

1. Long obscure list of axioms

Ï A is a real, associative, involutive, unital algebra
Ï D =D∗
Ï J is a unitary anti-linear operator on H
Ï γ= γ−1 = γ∗
Ï [a,Jb∗J∗]= 0 for all a,b ∈A
Ï [[D ,a],Jb∗J∗]= 0 for all a,b ∈A
Ï Ra = JL∗aJ∗
Ï {D ,γ} = 0
Ï ...

2. Too Many Higgs �elds

3. Incorrect Higgs mass predicted
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B0 =A⊕H

bb′ = (a+h)(a′+h′)= aa′+ah′+h′a+0

b∗ = (a+h)∗ = a∗+Jh



Reformulation: {A,H ,J} →B0

B0 =A⊕H

bb′ = (a+h)(a′+h′)= aa′+ah′+h′a+0

b∗ = (a+h)∗ = a∗+Jh



Reformulation: {A,H ,J} →B0

B0 =A⊕H

bb′ = (a+h)(a′+h′)= aa′+ah′+h′a+0

b∗ = (a+h)∗ = a∗+Jh



Reformulation: {A,H ,J} →B0

B0 =A⊕H

bb′ = (a+h)(a′+h′)= aa′+ah′+h′a+0

b∗ = (a+h)∗ = a∗+Jh



Reformulation: {A,H ,J} →B0

Associativity:

[b1,b0,b2]= (b1b0)b2−b1(b0b2)= 0

→(a1h)a2−a1(ha2)= [Ra2 ,La1 ]h= 0

→ [Ra2 ,La1 ]= 0 ∀ai ∈A,h ∈H ,bi ∈B0

Involution:

(b1b0)
∗ = b∗0b

∗
1

JLa1h=R∗
a1Jh

→Ra1 = JL∗a1J
∗ ∀a1 ∈A,h ∈H ,bi ∈B0



Reformulation: {A,H ,J} →B0

Associativity:

[b1,b0,b2]= (b1b0)b2−b1(b0b2)= 0

→(a1h)a2−a1(ha2)= [Ra2 ,La1 ]h= 0

→ [Ra2 ,La1 ]= 0 ∀ai ∈A,h ∈H ,bi ∈B0

Involution:

(b1b0)
∗ = b∗0b

∗
1

JLa1h=R∗
a1Jh

→Ra1 = JL∗a1J
∗ ∀a1 ∈A,h ∈H ,bi ∈B0



Reformulation: {A,H ,D ,J} →B

A→ΩA=A⊕Ω1A⊕Ω2A...

B =ΩA⊕H

Associativity:

[ω1,h,ω2]= [Rω2 ,Lω1 ]h= 0

→ [[D ,a],Jb∗J∗]= 0

→ [[D ,a],J[D ,b∗]J∗]= 0...



Reformulation: {A,H ,D ,J} →B

A→ΩA=A⊕Ω1A⊕Ω2A...

B =ΩA⊕H

Associativity:

[ω1,h,ω2]= [Rω2 ,Lω1] = 0

[[D ,a],Jb∗J∗]= 0

[[D ,a],J[D ,b∗]J∗]= 0...



Reformulation: {A,H ,D ,J} →B

A→ΩA=A⊕Ω1A⊕Ω2A...

B =ΩA⊕H

Associativity:

[ω1,h,ω2]= [Rω2 ,Lω1 ]= 0

→ [[D ,a],Jb∗J∗]= 0

→ [[D ,a],J[D ,b∗]J∗]= 0...



Reformulation: {A,H ,D ,J} →B

A→ΩA=A⊕Ω1A⊕Ω2A...

B =ΩA⊕H

Associativity:

[ω1,h,ω2]= [Rω2 ,Lω1 ]= 0

→ [[D ,a],Jb∗J∗]= 0

→ [[D ,a],J[D ,b∗]J∗]= 0...



Reformulation: {A,H ,D ,J} →B

A→ΩA=A⊕Ω1A⊕Ω2A...

B =ΩA⊕H

Associativity:

[ω1,h,ω2]= [Rω2 ,Lω1 ]= 0

→ [[D ,a],Jb∗J∗]= 0

→ [[D ,a],J[D ,b]∗J∗]= 0...



Applications:Too many Higgs Fields

Constraints on D: D =D∗, {D ,γ} = 0,DJ = εJD , [[D ,a],Jb∗J∗]= 0
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Too Many Higgs Fields

[ωm,h,ωn]= 0→ [[D ,a],J[D ,b]∗J∗]= 0

m=
(
a b
b 0

)
, n=

(
~c ~d
0 0

)



Applications: Incorrect Higgs mass
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Applications: Incorrect Higgs mass

Traditional approach: symmetries = Aut(A)
Symmetry Generators: δ= La−Ra, where a=−a∗ ∈A.
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Fused algebra approach: symmetries = Aut(B)
Symmetry Generators: δ= La−Ra+ t, where a=−a∗ ∈A,
[t,Lx ]= [t,Rx ]= [t,J]= [t,γ]= 0, and t =−t∗ ∈End(H).
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Applications: Non-associative geometry

[b1,b0,b2] 6= 0



Summary:

{A,H ,D} →B


