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Yang-Mills Lagrangian = Maxwell’s Lagrangian with g = e/,/€.
» The Yang-Mills-Higgs Lagrangian is gauge invariant.

» The Yang-Mills-Higgs Lagrangian defines a perturbatively renormalizable
quantum field theory if the Yang-Mills anomaly

aym = tr [pL(A)®] — tr [Fr(A)?]

vanishes for all A € Lie(G).

» The Yang-Mills-Higgs action is invariant under general coordinate
transformations.
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Lie(G)® > (Wi, Z, photon) @ (8 gluons).
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ong’

Hs = (2-31) 5 (W, Zions, Higes).
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g1 = 0.3574 £ 0.0001, g» = 0.6518 £ 0.0003, g3 = 1.218 = 0.01,

at E = myg,

my = 222 —80.308 4+ 0.025 GeV, my = v2u > 114.4 GeV,

4v/X

/ . o .
gy's ~» fermion masses and mixings.
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A = algebra of observables, H = unitary representation, ¢ = Dirac operator
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Example (D. Hamilton, 1996)
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» The scalar representation Hs is computed not input.

Constraints on continuous parameters:

| 4
g =g=V3\= %\/Z\gyP.



g=g=V3x=1/> lgv[? at E=A=10" GeV,

if we believe in big desert and standard renormalisation group flow.

1.4+ 83

L2t

|
0.8/ &
0.6¢
0.4+ —
02 BV
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Post- and predictions:

postdiction The strong force preserves parity, pi|gy(3) = PRIsy(s) -
prediction Hs = (2, —%, 1) implies that there is only one Higgs scalar.
(Super symmetry implies five.)
postdiction Hs = (2, —%, 1) implies that photons and gluons are massless.
postdiction Hs = (2, —%, 1) implies that the po parameter
_ &t +g& my
gt m3
prediction go = g3 plus big desert implies uncertainty in proper-time
measurements A7 ~ A/A ~ 1074 s,

=1 (=1.0002130007) -

prediction go» = v/3\ plus big desert implies
my = 170 £ 10 GeV.

postdiction g = 3(3° lgy |2)'/? plus big desert implies m; < 186 GeV.
(my =171.3 £ 2.3 GeV.)

prediction g

2(X lgy[?)Y/? plus big desert excludes a 4th generation.
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Noncommutative geometry beyond the standard
model:

» Classify finite dimensional, compact Lie groups
G by Dynkin diagrams.

» Classify irreducible, unitary representations
‘H by weight diagrams.

» Classify finite dimensional spectral triples
(A, H, @) by Krajewski diagrams.



c O o o o c O O o o
d O O o o d O O o
diag. 1 diag. 2

a b c d a b d
a o C——>0 o a o o
b O O C——>0 b O @] O o
c O ©] O ¢} cC &0 O O
d O o ©] O d 6——o© O O
diag. 3 diag. 4

Jureit & Stephan 2007: the irreducible Krajewski diagrams with 4 or less simple algebras in
KO dimension 6. Diag. 4 yields the standard model with one generation of fermions and a
massless neutrino.
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Higgs-mass predictions in the literature:

arXiv:0708.3344 [hep-ph]

» over 100 predictions from 114 GeV to 108 GeV leaving
» 3 empty intervals: 600 — 739, 781 — 1800, 2000 — 10'® GeV

a few classes of models:
» su(2) @ u(l) C su(2|1), 4 predictions
> super symmetry, 45 predictions
» super string (inspired), 2 predictions
» E-theory, my = 161.8033989 GeV
> extra dimensions, 11 predictions

» cancelation of a particular 1-loop divergence, 8 predictions
e.g. quadratic: 309 GeV by Decker & Pestieau 1979, Veltman 1981

> lattice gauge theory, 2 predictions

» cosmology (CMB), 11 predictions



