‘ atomic physics particle physics

new physics discrete spectra




atomic physics particle physics

new physics discrete spectra

ansatz v=g(nm9—n)
Balmer-Rydberg

discrete param. qeZ

continuous param. | g € R




atomic physics

particle physics

new physics

ansatz

discrete param.

continuous param.

experimental fit

discrete spectra

v =g (m?—m9)
Balmer-Rydberg

qeZ
geRy

q= _27
g = 3.289 10'° Hz



atomic physics

particle physics

new physics

ansatz

discrete param.

continuous param.

experimental fit

underlying theory

discrete spectra

v=g(mn?—m9)
Balmer-Rydberg

qeZ
geRy

q= _27
g = 3.289 10'® Hz

quantum mechanics



atomic physics

particle physics

new physics

ansatz

discrete param.

continuous param.

experimental fit

underlying theory

constraints

discrete spectra

v=g(nm9—m9)
Balmer-Rydberg

qeZ
geRy

q:_27
g = 3.289 10'® Hz

quantum mechanics
qg=-2

4
— _MmMe e
g Arh3 (4mep)?




atomic physics

particle physics

new physics

ansatz

discrete param.

continuous param.

experimental fit

underlying theory

constraints

discrete spectra

v=g(nm9—m9)
Balmer-Rydberg

q e
geRy

q:_27
g = 3.289 10'® Hz

quantum mechanics
qg=-2

4
— _Mme €
&= k3 (47ep)?

forces from gauge bosons



atomic physics

particle physics

new physics

ansatz

discrete param.

continuous param.

experimental fit

underlying theory

constraints

discrete spectra

v=g(nm9—m9)
Balmer-Rydberg

q e
geRy

q:_27
g = 3.289 10'® Hz

quantum mechanics
qg=-2

4
— _Mme €
&= k3 (47ep)?

forces from gauge bosons

Yang-Mills-Higgs models



Maxwell
Oskar Klein
Gordon
Dirac

Weyl

Elie Cartan
Majorana
Yukawa
Brout
Englert



Q>



A, € Lie(G)®



A, € Lie(G)®

H, ®Hr



A, € Lie(G)®
Y eHL®Hr

= <=
/s —



A, € Lie(G)®
Y eHL®Hr

= <=
/s —

v € Hs



A, € Lie(G)®

Y eHLDHRr

= <=
/s —

v € Hs
g7)‘aM€R+
gy €C



LAY, ] =

A, € Lie(G)®

Y eHLDHRr

= =
—_— —

v € Hs
g7)‘aM€R+

gy €C

Lt (9, ALOHAY — 9,A, 0" AH)
+g tr (8NAV [AH, AY])
+g° tr ([Au, AJJ[A%, AY)
+ Jop
+ig v(pL ® Pr)(AL) YU
+% Oup* oty
+3 g {(Ps(Au)p)* 0 0 + Dup* Ps(Au) e}
+3 8% (Ps(Au)p) Bs(AH)p
+A P pp*p
— 2P
+ gy VoY + By Yot



Properties:

» For
G=U(1), H.=Hr, Hs={0},

Yang-Mills Lagrangian = Maxwell’s Lagrangian with g = e/, /€.



Properties:

» For
G=U(1), H.=Hr, Hs={0},

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



Properties:

» For
G=U(1), H.=Hr, Hs={0},

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 ayp, vanishes.



Properties:

» For
G=U(1), H.=Hr, Hs={0},

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 ayy, vanishes.

» The Yang-Mills-Higgs action is invariant under general coordinate
transformations.
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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,

4/

/ . o .
gy's ~» fermion masses and mixings.
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A = algebra of observables, H = unitary representation, ¢ = Dirac operator

Reconstruction theorem (Connes, hep-th/9603053): There is a one-to-one
correspondence between commutative spectral triples (A, H, @) and compact
Riemannian spin manifolds M.

Example (D. Hamilton, 1996)
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Fermion representations are direct sums of fundamental representations.

» The scalar representation Hg is computed not input.

Constraints on continuous parameters:

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

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

1.4+ 83
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Post- and predictions:

postdiction The strong force preserves parity, PL|5U(3) = PR|5U(3)-
prediction Hs = (2, —%, 1) implies that there is only one Higgs scalar.
(Super symmetry implies five.)
postdiction Hg = (2, —%, 1) implies that photons and gluons are massless.
postdiction Hs = (2, —%, 1) implies that the py parameter

_gitg my
- 2

=1 = 1.000210-:0007y
g12 mZ ( 0.0004)

prediction go = g3 plus big desert implies uncertainty in proper-time
measurements A7 ~ h/A ~ 107" s

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

postdiction g» (Z lgy |*)}/? plus big desert implies m; < 186 GeV.
( 171.3+£2.3 GeV.)
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Higgs-mass predictions in the literature:

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

a few classes of models:

> su(2) @ u(1l) C su(2|1), 4 predictions
super symmetry, 41 predictions
super string (inspired), 2 predictions
E-theory, my = 161.8033989 GeV

extra dimensions, 11 predictions

vV v v v Y

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

lattice gauge theory, 2 predictions

v

» cosmology (CMB), 11 predictions
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pseudo-force  transformation simpler force geometry  time

centrifugal, rotations 0 Euclid absolute

Coriolis

magnetic Lorentz electric Minkowski  universal

gravitational  general 0 Riemann proper
coordinate T

elect.-magn., gauge gravitational NCG AT ~107% s

weak, strong
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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 ¢} c &0 O O
d O o O O d G——o© ©] O
diag. 3 diag. 4

Jureit & Stephan 2007: the irreducible Krajewski diagrams (Dynkin and weight 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.



