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Motivation: multiplet structure

Puzzles in the standard model;

*Fermion-mass parameters; Yukawa sector independent of scalar-vector.
Origin of electroweak symmetry breaking (Higgs mechanism).

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 % ,0 1/3, 4/3
b 4 Iz % ,0 1/3, -2/3

Composite multiplet structure suggested



Physics revealed by new basis

Landau’s quasiparticles: effective mass.
Superconductivy: Cooper pairs.

Application to field theory in Nambu Jona-Lasinio
model: composite bound particle states.

Constituent quarks.
Interactive boson model in nuclear physics.



Spin-extended model within standard-
model extensions

Unification examples

Grand -unified theory

supersymmetry

Gravity,
SPHEE'[IH"IE General
relativity
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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=5,...,N, v=5,... N

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

* Elementary discrete degree-of-freedom matrix
construction: g-bits

To generalize to higher-dimensional spaces, we continue with the Lorentz-group case
as paradigm. The most general spinor construction containing [ spinors £%, k spinors
&%, n spinors &,,, and m spinors &, has the form

__gday gargdp g0 g £ £ £
— ‘: ...5 ‘: ...5 bal ...5(‘115({”...5{?”1 (1)




Use of conventional and spin bases

spin basis conventional basis

Constrain representations and interactions at given
dimension.

Finite number of possible partitions.

spin basis conventional basis
Reinterpretation of fields:

SV: scalar operator acting over vectors

SF: scalar operator acting over fermions
Standard-model projection.
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Modelo de espin extendido Propiedades generales

Propiedades de los generadores escalares

Conjunto de generadores escalares

e Matriz quiral 5 = —iNK )3

Teorema de Coleman-Mandula
I:yN—4?GHV:| — 0

@ Simetrias continuas (globales y locales



Modelo de espin extendido Operadores y transformaciones de simetrias

Propiedades del modelo de espin extendido

Representaciones asociadas a particulas en €3 ® .Sn_a

@ (elementos del espacio 341 ) x (

combinacién de productos
de elementos de .¥)_4

Transformaciones

o UV — UVU"

Evaluacion de operadores

o [0.VW] =AW

Producto interno
o (d|WV)=Tr (<b"'\|1)




VY. DLW LGNSR LG Il Operadores y transformaciones de simetrias

Esquema del espacio matricial

Operadores Estados




Modelo electrodébil en 741 dimensiones [EEETIETe[TZRVCT I T o7

Bases y generadores

Matrices gama

Y8

Generadores escalares

4%, a=5..80Yp=%Y a<b 4 Yapc=VaVoYe: BV Vo Vs
o 32 escalares ./, = P.U(4)% P_U(4)

Base de Cartan

—
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Meodelo electrodébil en 741 dimensiones [T TRV ETe o7

Representacion matricial base de Cartan
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Modelo electrodébil en 741 dimensiones Generadores y operadores

Operadores de norma y niimero baridnico




Modelo electrodébil en 741 dimensiones

Esquema matricial de quarks y escalares
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(7+1)-
scalars

hypercharge 1/3 left-handed doublet

5) (0 = 7%) (L= i7"*) (0" +7°)

(a)

I? = 0 right-handed singlet

Table 4. Scalar Higgs-like pairs.

0 baryon-number scalar Iq
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Conventional and spin-extended bases,
Lagrangian equivalence: vector

conventional base spin-extended base

Field formulation: EWESEERES Nt

| 1
Lpyv = qg(z)[i0, + - +:r Wilz) + JBL‘]"“HI_HI—F

2

Lpy = tr{ 11'3 L(@)[i8, + gI*Wi(z) + —g'Yo Bu(z) 7"y Wor () +

1 N
Ul (x)[i0, + - _.,r} B,(2)7°" Up(z) + U} p(2)[id, + - a} B.(z)]y"v* Upr(z)} Py




Conjugate SU(2) property

* For a set of generators G; conjugate -G;” satisfy the
same Lie algebra.

e SU(2) property: conjugate representation obtained
by similarity transformation:

* . .
0, 0,0, = -0, o;: Pauli matrices

o, b* transforms as



Scalar-vector Lagrangian representations

Single scalar representation

(x) = i *ﬂn- 4 % gT - ‘NM () + 2¢'By.(x)

(x) = (x:H(z), xsH(z))

Xt Xb




SV Lagrangian and scalar t-b spin
representation

H(x) — ¢(2) — ¢y(x)

Scalar correspondence

Hf (x | — @, L T)+ @ylT |

H:(z) = ¢(z) + @y(z), Hy(z) = () — @y(x)

()
H.r(z) = ag(z) + foq(x)




Lagrangian correspondence in two
bases for Z-mass term:

__ )

1
e {” (!)Fac,1+zp;1:t}w++“+)Jﬂm( r)e i +:p;u(f1( 40 +“))}
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Spin-space: connection between scalar-
vector and awa terms

tr{[F"(2), Hag ()| L[F" (), Hag (2)]2 }sym

— tr\/_ U () H () W () + mp O () H () Wy ()] + { e}
»

V2 (1, Hy () + mpHy(2))




Scalar-vector scalar- comparison

Z-vector mass
Higgs mechanism

-‘CSZ m0 — tr [H s IT 0 { xr }f;' I + BII )—(} },-.} [H s II{Jj (.,_I' :l yI s + B'D (r);y!}o] (ll:l

l i') -3 .I. [y L l i l q ; " [y
2( . . 273 _ & HH 213 — 242V = Z72(2)m2
=) yz + g,gtl [Hn.: g I r:' ] [ ns 4 I L-_).":} } F_'.l] — 2 ‘0 “[ __J”!'Ze

mass o -
Higgs mechanism s (Hm {__::f:__}) = m.H ;" + myH E

Hh T\f ?“fT\f Hh TLl = _TT_(-tIT‘;i}:

m m

h / dl
H EJ\I = ?“hB\I HtBUr = ?H-bBiir:

m m

where HP = H,, + H! | and T}, B correspond to negative-energy solution states

m




Spin-space connection: vector and
masses

vector

Table 3: Massive quark eigenstates of H"

T




-mass relation

INCR A | (7 |\/2H,|Z)|> = m% and (t|H,, + H}

m

Ity = my

Higgs mechanism

R .

my = /02 /2 —m; =~ 173.90 GeVil,, — 246 GeV

my, = 4 GeV




mass from hierarchy argument




Correspondence’s physical
Interpretation

Dynamical: action of scalar on and vector share the same
effect: common Hamiltonian H.

[H+HT,F] vs [H,V]T[H,V]

Symmetry: e. ¢., SU(2),xU(1) -adjoint representation
connection.

Compositeness: Standard-model gauge structure. No information on
whether this a formal or physical feature.

from gauge mvarance. Formally, a boson beld B ir) expansion may be obtained

uwsing B(x) = ¥ Filz)Filx) + [Bolz) — Yo Fi(z)Filz)], where Fi(z), Filz) are

fermion helds reproducing Bylx)'s quantum numbers, and the last two terms give

corrections.




Argument summary

Electroweak conventional fields and their
Lagrangian can be written in a spin-extended
space.

Scalar-vector term, invariant under conjugate scalar
parametrization.

Same scalar field within SV and SF terms connects
V and F; after the Higgs mechanism, it constrains
guark masses.

Yukawa constants are reinterpreted as geometrical.

Multiplet structure suggested for heavy standard-
model particles.



Composite models

1961 Nambu Jona-Lasinio. 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?

1 I; !F1] ‘|"'I--"~1':|i".T I' —_ ,
Doc| T I=in(tp¥ )
= II_ - fu{.]. + }'-_le,ru I - -

":i' =i T2 ':[:'; T f_R'I.I.I" [ -

Y=—11I,= ll,-"'-E states: H:' = fl f—j +1 rtR

left-handed helicity -1 hypercharge carrier is described by Ay = =1f1ﬂ‘ 1 h;r‘h'




Hamiltonian model: known mesons

e Fermion Hamiltonian of the form:

H=H(=

N\

t’

b, My, My); variational calculation

toponium and bottomium: masses 2m, 2m,



Spin-extended model equivalent
Lagrangian terms

Fermion-vector

Etr 'ILI'T { [EDI.UI den + g A ,I'-If I: <k :I I a ] YooY o — -ﬂf F:"-[:'} !IJ Pf :

Projection operator




INTERACT )\VE THEORY
FOR FIELDS IN AN EXTENDET
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