
QUARKS FROM THE TANGENT BUNDLE

Jose G. Vargas

PST Associates, LLC

May 31, 2015

Jose G. Vargas (PST Associates, LLC) QUARKS FROM THE TANGENT BUNDLE May 31, 2015 1 / 11



CONTENTS

Table of Quarks
Geometric Motivation
Clifford Algebra
Kähler’s Algebra & Calculus
Scalar-valued Idempotents
Constant Idempotents
Geometrization of unit imaginary in QM

Jose G. Vargas (PST Associates, LLC) QUARKS FROM THE TANGENT BUNDLE May 31, 2015 2 / 11



1. Table of Quarks

Palette of Quarks

Color 1 Color 2 Color 3
t = u1 −ε+I′+23 ε+I+23P+

2 ε+I+23P−2
b = d1 −ε+I′−23 ε+I−23P+

3 ε+I−23P−3
b̄ = d1 −ε−I′+23 ε−I+23P−3 ε−I+23P+

3
t̄ = ū1 −ε−I′−23 ε−I−23P−2 ε−I−23P+

2
c = u2 ε+I+31P−3 −ε+I′+31 ε+I+31P+

3
s = d2 ε+I−31P−1 −ε+I′−31 ε+I−31P+

1

s̄ = d2
ε−I+31P+

1 −ε−I′+31 ε−I+31P−1
c̄ = ū2 ε−I−31P+

3 −ε−I′−31 ε−I−31P−3
u = u3 ε+I+12P+

1 ε+I+12P−1 −ε+I′+12
d = d3 ε+I−12P+

2 ε+I−12P−2 −ε+I′−12

d = d3
ε−I+12P−2 ε−I+12P+

2 −ε−I′+12

u = ū3
ε−I−12P−1 ε−I−12P+

1 −ε−I′−12
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2. CARTAN

Fix the point, move the frame

dxi +ω
i + xj

ω
i
j = 0

Differentiate and substitute dxj

(dω
i−ω

j∧ω
i
j )+ xj(dω

i
j −ω

k
j ∧ω

i
k) = 0

dω
i−ω

j∧ω
i
j = 0

dω
j
i −ω

k
i ∧ω

j
k = 0

In general, active and passive transformations are not equivalent
Hence, point is absent
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3. Refibrate in Finsler bundle in order to understand

u→ e0

0 = du = de0 = ω
i
0ei

Hence,
ω

i
0 = 0, dxi−uidt = 0

I am simply illustrating that particles are represented by the origins of
moving frames
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4. Solving the problem of representing particles, with
implications for QM

Dimension 5
Fifth dimension τ. On curves: propertime
Translation element:

dP = ω
µeµ +dτu,

eA · eB = ηAb = diagonal(−1,1,1,1,1)

Metric
dP(·, ·)dP = 0

−dt ·dt+∑
i

ω
i ·ω i +dτ ·dτ +2ω

µ ·dτ = 0

ω
µ ·dτ = 0⇒ dτ ·dτ = dt ·dt−∑(ω i ·ω i)2

Hence ωµ ·dτ = 0⇒ dτ ·dτ = dt ·dt−∑(ω i ·ω i)2

But ωµ ·dτ = 0 is inconsistent with metric
since, on curves, all differential forms are multiples of just one.
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5. EXTERIOR ALGEBRA

ai∧aj versus ai×aj,

u∧ v = (u1v2−u2v1)a1∧a2 +(. . .)a2∧a3 + . . .

ai∧aj =−aj∧ai

dxµ ∧dxν =−dxν ∧dxµ

TANGENT CLIFFORD ALGEBRA
uv = 1

2(uv+ vu)+ 1
2(uv− vu)

Take 1
2(uv+ vu) to be u · v

There are other choices
Then (double notation): uv = u · v+u∧ v = u∨ v
In orthonormal basis eµ ∨ eν = eµ ∧ eν if µ 6= ν

eµ · eν =±1, η =−1,1,1,1
γ1γ2γ3γ0γ2γ1γ3 = γ1γ3γ0γ1γ3 = γ3γ0γ3 =−γ0
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6. KÄHLER’S ALGEBRA AND CALCULUS

Kähler algebra is the algebra defined by the relation
dxµdxν +dxνdxµ = 2gµν

In pseudo-Cartesian coordinates this is dxµ ·dxν = ηµν

Define (again Cartesian) dµu = ∂u
∂xµ

∂u = dxµ ∨dµu = du+δu;

du = dxµ ∧dµu; δu = dxµ ·dµu;

δu is co-derivative

Kähler-Dirac equation: ∂u = (m+ eA)u
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7. Idempotents of Scalar-Valuedness

The algebra just introduced is of scalar valued differential forms.
Idempotents are essential for solutions with symmetry
Idempotents of special importance are:

ε
± =

1
2
(1∓ idt); τ

± =
1
2
(1± idxdy)

ε+ε− = 0; τ+τ− = 0; ε±τ∗ = τ±ε∗

1 = ε+τ++ ε+τ−+ ε−τ++ ε−τ−

Hence

u = +u+ε
+

τ
++−u+ε

+
τ
−++u−ε

−
τ
++−u−ε

−
τ
−

u = uε
+

τ
++uε

+
τ
−+uε

−
τ
++uε

−
τ
−

commutativity allows for annulment:
uε+τ+ = u+(ε+τ+)+0+0+0 = u+ε+τ+.
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8. Constant Idempotents

An idempotent c is said to be a constant one iff dµc = 0.

Important property ∂ (u∧ c) = (∂u)∧ c

∂u = (m+ eA)u⇒ ∂ (uc) = (m+ eA)(uc)

The ε±τ∗ are constant idempotents. Hence

∂ (uε
±

τ
∗) = (m+ eA)(uε

±
τ
∗)

if u is a solution itself
Hence solutions u are sums of solutions

u = uε
+

τ
++uε

+
τ
−+ . . .+ . . .

But those solutions are not leptons unless they are of the form

p(ρ,z,dρ,dz)ei(mφ−Et)
ε
±

τ
∗.
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9. Geometrization of the Unit Imaginary

Rotations: A ∈ an→ e−
1
2 φa1a2Ae

1
2 φa1a2 , i→ a1a2; a1a2 =−1

By the same token, with (a1a2)
2 =−1,

1
2
(1± idxdy)→ 1

2
(1±dxdya1a2),

[
1
2
(1∓ idt)]→ 1

2
(1∓a0dt)

we now add
We have reencountered the double algebra

1
2
(1± idydz)→ 1

2
(1±dydza2a3)

1
2
(1± idzdx)→ 1

2
(1±dzdxa2a3)

1
2
(1± idxh)→ 1

2
(1±ahdxh)

But, actually, 1
2(1∓ idt)→ 1

2(1∓udτ) with u2 =−1.
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