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Abstract

Topological Particle Theory yields a unified particie
description in terms 6f two topological constituents, which we caﬁ the
I-triangle and the Y-triang'le; Each triangle is a charge doublet s the :
I-trian'g'lev has spin % v)hﬂe the Y-triangle has spin 0. Leptons are IV ;
eiecttoweak Qec:ér‘bosons are Ii; hadrons arein (mesdns), 1I1TY (baryohs),,
or 1IYYII (bafypniums). An as-yet-undiscovered singlet ﬁeutral electroweak

scalar boson is predicted, corresponding to YY.



Topologicgl Particle Theory involves a quantum-classical
pair of intersectingsurfaces [1] : the "classical” surface describes
space~-time aspects of particle intefactions whi1e‘the 'quéatum“ surface
is the source of internal quantum numbers.

The closed quantum surface ':Q divides into oriented
triangles which intersect the c]assicgl surface zt either in the "1" pattern
of fig.1(a) or the "Y" pattern of fig.1(b). Since.zQ also divides into -
elementary-particle connected areas, it is possible to describe each elemen-
tary particle as “built" from I- and Y- triangles. An individual triangle
does not carry energy-momentum and cannot alone be interpreted as an elemen-
tary particle, but individual triang1es do carry charge, spin,:;hirality and
generation index and their orientation distinguishes “antitriangle® from
triangje. The idea of triangular constituents wjthin elementary particles
is then relevant to a1l particle properties except energy-momentum. We here
supplement earlier proposals for the triangular structure of elementary
hadrons and leptons with an electroweak-boson proposal. Thg regulting cons-

tituent picture groups hadrons and electroweak particles into a remarkably

~simple unified pattérn --a "Topological Grand Unification" (TGU). In fig.2
we show how TGU particles are constructed from I- and Y-trianglie constituents
hadrons are 11, 1117 or IITYIT ; leptons are I¥ ; electroweak vector bosons

are IT and (Higgs?) scalars are YY. _
Refs.[2] and [3] explain how each triangle is a charge

doublet inasmuch as exactly one end of an oriented charge arc ends inside
each triangle ; the relative orientation of charge-arc and triangle allows

each triangle to be labelled as charged (1epsYep) OF neutral (1. .Y

neut’ neut’*

Charge defined as in ref.[3] is conserved on any (closed) ZQ when the total
number of antitriangles equals the total number of triangles. Necessarily
accompanying a conserved kharge is thus 5 second conserved Quantum number
Na= Nl" NY == the number of triangles minus the number of antitriangles

(see table I). Baryon number B and lepton number L are identifiable as



linear combinations of Nx and NY :

v Jog-u

Le-gip+3n)

so N = 2(B-L). For those compohénts of the topological expansion where
every tfiangIe is mated in the sense of ref.[1] (see also below) to a
triangie of 6ggosite orientaiion. the quantities N and NY are individually
conserved. B and L are then ;eparately.good quantum numbers.

| Within hadron areas f trianglés are always charged [3], while within
electrowegk particle areas they are always heutral [61. I-triangles may

carry either cﬁarge value in any particle area where they appear.

The boundary (belt) of zc

divides into connected pieces belonging to separate particles and the belt

» Which is embedded in Iq.

always passes from one partic]e-are; to énother at a vertex of the ZQ
triangulation {1] . It follows from fig.l that the edges of Y-triangles
never lie along the boundary of a particle area (for this reason Y-triangles
have heretofore been called "core triangles”). Because the genefationAindex
resides on this boundary [1,4] , Y trianélgs aré flavorless -<flavor being
defined as the combination of generation index with electric charge. An
I-triangle, as described in refs.[1] and [4], may be “periphéra]“--sharing
1ts.two edges uncut by the belt with another I-triangle ; if so the I-triangle
carries a generation index through the orienfation of these two edges.
Peripheral IQtriangles within hadrons have been previously called
“topological quarks". As do all triangles they carry integral electric charge,
so standard fractionélly-cﬁarged quarks do not appear as elementary consti-
tuents in our theory. '

The ends of energy-momentum (Feynman-Lapdau) graphs on Ic

uniformly 1ie on an intersection of the belt with an edge of the ZQ



triangulation and never inside triangles (4;5], Figs.é(a.b.c) locate
momentum-arc ends for each of the elementary-hadron disks of ref.[1]);
fig.2(f) does the same for the 1epfon area of ref.[4] . It is evidently

not possible to attribute momentum to an individual triangle. Ia this sense
I or Y triangles are permaﬁently"confined' _

o ~ What about the spin content of I- and Y-triangles ?
Accord1ng to ref.[ 6], chirality resides in the (local)orientation of zc
areas not adjacent to a junction line but-adjacent to a peripheral I triangle.
Peripheral I-triangles fnherit from the adjacent Ic area a corresponding
chirality and carry spin 1/2 as well as flavor. Because'Y-triangles touch
Junction lines [1] and are always adjacent to nonoriented I; areas [6] ,
they carry no spin. The spin content of both h;drons and leptons resides
in their I-triangles, which are all'per%pheral (see figs.2(a,b,c,d)):
mesons appear as spin S = 0,1 1Y states, baryonium as S = 0,1,2
HIYYIT states, banyons as S = 172, 372 111V states. and leptons as S =172
IV states. ' '

What about nonperipheral I-tfiangles ? The tC topolbgy
of electroweak currents impl{es that such a triangle, even though flaQorless,
has fermion (spin-1/2) content via its belt-intersected vertex [7].
In other wo;ds N; is fermion number. Chirality, however, is an attribute
restricted to periphera] I-triangles.

%he quantum numbers associated with I and Y constituents

are summarizedriﬁ table II?

%one might be ﬁuizled by the absence of QCD color. Recall, however, that 1
and Y triangles are permanently “confined” by their lack of energy-momentum.
In fact, as explained in ref.[1], a “topological color* is implied for

topological quarks by the location of the momentum-arc end in figs.2(a,b,c).



Ref.[4] describes in detail a lepton area built from one
I-triang1e and one ¥-triangle. The IV surface, shown in fig.2(f), is a
Mébdbius band Nlth perimeter composed of the two ;-tr1angle‘edges not cut
jby the belt. Because a closed (beriheter-less) area need carry no flavor,
it is ﬁatura) that ElggggAz-triangle areas should represent electroweak
bosons, belt cohtinuity allowing both 1T and Y7 possibilities. Ref.[2] v
proposed to'represent a vector boson through a sphere covered by 1T triangles,
' but the absence of flavor here is not compelling. (It may be recalled that
~ strong-interaction topologies of nonzero entropy include spherical quantum
areas for fiavor-éarrying self-conjugate mesons such as Po? Ws ¢.) Flavor
content is precluded for electroweak vector bosons if I and I triangles
fail to be adjaceﬁtAalong édges uncytAby the belt. Maintenance of the
:._ mating rule [1] that each triangle on I, share all 3 of its vertices with
exactly one other triangle then leads to the vector —boson edge identifica-
tions ee and ff of fig.Z(d), with the sense giQen by the arrows. This
closed surface is globally nonorientable, namely it is a Klein bottle.
Justification for vector-boson association with‘fig.Z(d) requires attention
to locally-oriented zc chiral areas. The essentials bf the ref.[2] chirality
picture survive even though the chiral topology of refs. KI] and [ 2] has
subsequently been amended [6] The ent1re content of ref [3] is compat1b1e

with a Klein-bottle vector boson.

Given the lepton and vectér-boson topologies of figs. 2(f) and
2(d), it is natural to expect the YY closed surface of fig. 2(e) also to
belong to an elementary particle. This particle would be a neutral scalar;
since it might be identified with the Higgs boson which appears in gauge
theories, we wili call it the H paftiéle. Electroweak Y-triangles are then
‘uniformly Msbius bands wh11e stroﬁg-1nteraction Y triangles are uniformly
disks. I-triangles are disks in both hadrons and leptons but Msbius bands
in vector bosons. |

The triangle structure presented here yields the'quartet of

vector bosons employed in standard Weinberg-Salam electroweak theory [8},



as well as the singlet H, Uith I- and Y-triangles as building

units the Heinberg-Sa)am pattern does not appear arbitrary. We furthermore
achieve (sgé fig.2) a unified pattern for the three types of hadron and for

the three types of electroweak particles. Parallelism between baryons and
leptons and between mesons and electroweak vector bosons has been noted

long ago without appeal to combinatorial topology, although not in such

a precise sense 2s achieved here. The TGU parallel structure fer banyontums and
the H boson is a totally new 1dea.

The style of prgsentation here may suggest that the
properties of I- and Y-triangles have been chosen so that simple combinatibns
generate obsérved-particle quantum numbers.lﬁ point of fact the relevance
of the constituent .idea became appreciated well after stabilization of most
elements in Topological Particle Theory. In particular, more than a year
before recognition of their role as universal constituents the I- and Y-
triangles were already part of the theory.

The fact that it is not quantum numerology bu; the bootstrap
prihcip]e of self-consistency that leads Topblogicai Particle Theory to ‘
describe physical phenomena in terms of universal constituents is not surpri-
sing. The constitueﬁt idea appeared in reaction to the projiferatioh of
quarks, leptons and associated arbitrary parameters [9]. The essential virtue
of the 5ootstrap_princip1e is its elimination of arbitrariness.

| Two positive qualitative features of TGU. .

deserve mention : (1) No exotic states (e.g., spin 3/2 leptons) are
4 predicted ; (2) The too-easy occurences of rare processes, a frequent
difficulty of composites models [9], is avoided. For example it is
natural for TGU to allow quark-generation mixing without lepton-
generation mixing [ 4] ; so processes like u -~ e yv will be rare if allowed
at all. We anticipate that the precise topologlcal def1n1tvon of constituents,

united with general features of the topological expansion, will lead to a
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- rich arr#y'of phenomenoiogical predictions.

_ A word of caution in closing : the triangle constituent
viewpoint does not permit immediate transcription into Lagrangian form
because triangles, lacking energy-momentum, are not localizable in space-
time.A general connection with local field theory remains to be found
although Feynman rules for lepton-photon intera;iions have been generated

from Topological Particle Theory {2,7].
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NI‘ NY N
VVVVVV Bgr&on . i 1 3 . -1 2
Lepton S . 2
A1l other particles in
fig.2 0 0 0

j ‘Table I : Net triangle content of the pafticles.

s Q B L

I, vz +1 1/4 -4
Lneut '1/z 0 1/4 -1/4
Y 0 ‘+1l ” -1/4 -3/4
Yneut 0 0 -1/4 34

Table Il : Quantum numbers of the universal I and Y constituents.



Figure Captions

The universal constituents :

(2) The I-triangle

(b) The Y<triangle

(the notations are the following : —— triangle edge,

=== boundary (belt) of Zc » o end of charge arc).

Particle areas on the quantum surface :

(a) Meson (disk) as II composite

(b) Baryonium (disk) as IIVYII composite

(¢) Baryon (disk) as IIVI composite

(d) Electroweak vector-boson quartet (Klein bottle) as II
composites |

(e)  scalar (Klein bottle) as ¥Y composite :

(f) Lepton (Msbius band) as IV composite

(x denotes end of momentum arc).

luﬂ



the I-constituen

(o)

Y P R

(o) (b) -

e.w. vector boson .
(d)  H scalar
(e)

Fig.2

the Y-consthtuent

~(b)

lepton

(F)
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