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The spacetime manifold

¥ M is the spacetime 4-manifold and M is
embedded in a Minkowski 6-space.

¥ A manifold with n dimensions in an
n+2-dimensional space can be knotted.
(We will show the knots are particles.)

¥ Use a vector field A’ to describe
displacement of M. A’ =x’ at rest.
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FInite Energy

¥ M must have finite energy.

¥ Therefore M is Lorentzian everywhere /
except a set of measure zero.

¥ Where M is Lorentzian there can be // ,
no topology change. (Geroch) x@“

¥ The metric can be degenerate on the

measure zero set, allowing topology "€ metric is degenerate on
the red curve
change.



Topology change

¥ The degenerate metric
allows topology change.

¥ This allows creation of
pairs of knots. The

knots have topology
R#(S'! P?)

These knots are the fermions

An example in 2+1
dimensions:

\

The manifold is on the light cone
on the red lines. The metric is
degenerate there.
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Take the spacelike slice where the
degeneracies are points.

Twist around those points, then slow
off of the light cone. The topology
has changed.



RE#(S'! P?)
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To make R°#P? cut a disk out To make R*#(S'! P?) cuta

of R and then glue together torus out of the R® and then

opposite points of the glue together opposite points of

circumference the circumference

R*#(S'! P?) is non-orientable, so use the spin group for
the coordinate frame of fermions, for example Pauli
matrices.



Strong force

¥ The topology R*#(S'! P?) can link. Linked
are quarks.

¥ Linked R*#(S'! P?) cannot be separated.
This 1s confinement.

¥ At close distance, the links exert no force.
This Is asymptotic freedom.



Quantum branches

To allow quantum mechanics, let M be a branched
manifold. The branches separate and recombine,
producing particle interference.

To prevent infinite branching, use a branch weight p =1
to make the metric g"* = pA“*AY. Then require R* =0



Gravity

¥If p isconstant and A" = x" then the
manifold satisfies R =0 ,the gravitational
field equation in empty space.

¥ Non-constant p on large distance scales
may explain dark matter (g = pA“*A;")



Electromagnetism

¥ A" =x" atrest. A”is manifold
displacement and preserves
causality. Therefore |F*F,, <1

y
¥ The constraint 1F*F,, <1 implies

a Lagrangian L= (p/2)[1-A)In(1—A)+(1+A)In(1+ A)]
where A=IF“F,I"

¥ For a weak fleld thisis L=(p/2)F"F,



Flectroweak

¥ Near particles (knots), v may
not be in TM and the F*"

fleld can have rest mass
(no Higgs).

¥ Account for the additional
dimensions of field
components using gauge
groups.
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On the knot,vis not in TM |
therefore T"" Lorentz transforms
with rest mass on the knot. Field
energy adds to the rest mass.




The fine structure constant,
an open question

¥ The Lagrangian and particle geometry allow
calculation of particle field energy.

¥ Far from saturation the energy is E~- q

R

¥ At saturation the radius is &, —(_)(

¥ At saturation the energy is £, _( 2)

STT

¥ At saturation the action 2zR_E., =(4i2) E,

¥ Compare with 1=g’a”" o' =137 E, =131
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