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Two physical interpretations

e Kaluza-Klein type of framework, for in higher than
(3+1)-dimensions, only the spin component in

u=4,...,N-1, v=4,...,N-1

remains as symmetry operator; thus, spatial
componets are frozen.

* Elementary discrete degree-of- freedom matrix
construction.



(a) Symmetry groups (b) Representations

J. Besprosvany & H. Homero

Table 1. ({a) Shows the wrrangement of symmetry operators 7 in matrx space of arbatrary
dimension N, after projection aver Sp, with left-handed and right-handed operators subspaces: 8
(*) represents the matrix subspace contaming the projector 1 — Pz = 1 — Pp; its dhoace wathin the
right-handed symmetry components 1= arbatrary. (b) Shows the arrangement of matrxc solutions
¥ mn the extended-spin model which is divided into four & x & matrix blocks, contaning fermion
(F), wector (and waal-) (V), scalar {and psewdo-) and :Lﬂtiﬁ}";nme:lr]u (5, A} terms.
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(5+1)-d spin-extended model

Following the Kaluza-Klein idea, one seeks constraints on
symmetries extending the spin space. For example, the Clifford
algebra on 5+1 dimensions contains the usual Lorentz generators,

and scalar ones.

Lorentz

Scalars
U(1)x Uy(1)x SU(2)
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Standard-model heavy particles

Weak  Hypercharge

Masses (GeV) Spin |2 Y
W+~ 80.4 1 1 0
/ 91.2 1 0 0
H 126 0 Z) -1
t 173 Z Z0) 1/3, 4/3
b 4.6 Z Z0) 1/3, -2/3

Composite multiplet suggested
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Spin-extended model equivalent
Lagrangian terms

Fermion-vector

Etl‘ lILI'T { [id.uj- den + g A ,I'-If [ I :I I a ] Yooy o — -ﬂf F:"-[:'} !IJ Pf :

Projection operator




Projection operator

F.f = 85Y5 + Epr + 201y },J + El‘r“'}’ﬂ“la;
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. - I 1 2 ) 3
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For the E:xtended—spin model with ‘I‘ilj_r}. the coeffi-
cient of the e L associated term (i JL (x)) is

(A — Bi[l J(x) — W 2 ()]

A= EI-EI + 85 — 18356 — 1856)

B = —%{Em — 1812 — 180356 — £1256)-

For the conventional term with ¥;(x), the Ei coeffi-
cient 1s
'[W {H—W (x)].

We conclude the choice A = 1/2, B =0



Table 3. (a) Massless left-handed quark weak isospin doublet and (b) right-handed singlets, with
momentum along +%.

(a)

Hypercharge 1/3 left-handed doublet

(7+1)-d - ) '155(1—".r's}(f:r-f‘—inlr-ﬁ}{,:,-7_‘_1-,?.8){,?.(14_,?.3) )
I : - =1-) (v —#®) (1 —0r®) (" ++7)
fermions

(b)

Iz = 0 right-handed singlet
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Table 4. Scalar Higgs-like pairs.

0 baryon-number scalar
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SU(2),xU(1),-invariant term

—tr { [m ) \I'E;ZT{__ r)[d,(x) + @o(x)] P %’ (z)
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Higgs mechanism -2

Hv — (1 Jl ‘l'h'H. —|—r£r —|—b nJr

H,U§t = —myUs}
H,D5; = —mpD5;

effect:




Main points

Spin-extended model provides for a feasible
SM extension.

At given dimension, it constrains groups and
representations.

A Lagrangian construction produces a gauge
invariant formulation.

At (7+1)-d, a predicted Higgs doublet induces
a fermion mass hierarchy effect, suggestive of
the bottom and top quark mass values.



Composite models

1961 Nambu Jona-Lasignio. Superconductivity
model in which four-fermion interaction
generates both fermion and boson masses.

1989 Nambu. Higgs from top quark condensate.

Bardeen, Hill, Lindner, use fixed point in
renormalization.

Technicolor: Higgs composed of fermions
alleviates fine-tuning problem.

Spin extended model.




Can standard-model bosons be
constructed in terms of fermions?
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Higgs

":I" =1 T ‘:[:'; T fﬁr"-I-" I«

Y = —1 I, = 1/2 states: H® =t} +1ptn

VA left-handed helicity -1 hypercharge carrier is deseribed by A; = =1fIf_L - hﬁ}“




Hamiltonian model: known mesons

e Fermion Hamiltonian of the form:

H=H(y,, ¥, m;, m,); variational calculation

toponium and bottomium: masses 2m, 2m,



Standard-model extensions

Phenomenological prediction Conceptual basis



