
VOLUME 55, NUMBER 5 PHYSICAL REVIEW LETTERS 29 JULY 1985

Leptons and "Horizontal" Neutral Scalar Bosons from Topological Particle Theory
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Besides hadrons and eight electroweak gauge bosons, topological particle theory predicts four
generations of isodoublet Dirac leptons (e, p„r, X plus neutrinos) and eight generation-changing
neutral scalar bosons H~„H),„,H„, H„„and conjugates. Seven vector bosons, all H's, and X ac-
quire masses » 1 GeV from direct couplings to heavy elementary hadrons with masses & 1 TeV.
We estimate that m), & 1 TeV. H-mediated radiative corrections give masses to p, and ~ in first or-
der, and to e in second order. Lepton-generation numbers are absolutely conserved and neutrinos
acquire small masses but do not mix.

PACS numbers: 11.50.Ge, 12.10.Ck, 14.60.—z, 14.80.Pb

This Letter describes in algebraic terms, suitable for
comparison with the standard model, the nonhadronic
content of topological particle theory (TPT). Selection
rules and the qualitative features of the observed lep-
ton mass spectrum are explained and related to a
predicted family of horizontal neutral scalar bosons.
Certain rules will appear arbitrary in this language; to-
pological justification will be given in a separate paper.

TPT is based on a graphical expansion of the S ma-
trix rather than on fundamental local fields. Feynman
graphs are embedded in two-dimensional surfaces that
were already implicit in Harari-Rosner duality dia-
grams' and that have a twofold capacity: (i) Ampli-
tudes can be expanded according to the topological
complexity of the corresponding surfaces, as in field-
theoretic I/N expansions. 3 The lowest-complexity lev-
el, which corresponds to elementary hadrons, yields a
set of nonlinear bootstrap equations that determine
"soft" (nonpolynomial) elementary vertex functions4
from which higher levels of the topological expansion
are to be calculated via Feynman-type ruless which
satisfy S-matrix unitarity level by level. Each level is
required to be finite. (ii) The various one- and two-
dimensional submanifolds that build TPT surfaces can
be independently oriented and the orientations inter-
preted as discrete particle properties —spin, isospin,
etc. 6 The particle spectrum is thereby uniquely deter-
mined. Most orientations pass unchanged between
outgoing and ingoing particles, corresponding to global
U(1) symmetries and conserved quantum numbers.
Larger symmetry groups, U(2~) or SL(2,C), are ob-
tained where all possible orientations of a set of sub-
manifolds are equivalent, but symmetries larger than
U(1), except for the Lorentz group, are eventually
violated by higher-level components of the topological
expansion.

A supermultiplet of elementary hadrons has been
deduced at the zero-complexity level, with a scale-
setting fundamental mass mo that has been inferred to
lie in the teraelectronvolt range. Leading corrections
generate partons of mass (( mo which dominate
gigaelectronvolt-scale strong-interaction phenomena8

but the concern of this Letter is with a different-
nonhadronic —level of the topological expansion.

This new level arises because the photon as a mass-
less vector boson coupled to a conserved charge ap-
pears to be essential for a comprehensive bootstrap
theory, giving meaning to measurement of momen-
tum and to macroscopic space-time. The photon can
be incorportated in TPT as part of a multiplet of mass-
less elementary nonhadrons by using only oriented
manifolds already encountered in hadrons. We now
turn to the quantum numbers of nonhadrons.

Any elementary TPT particle can be algebraically
characterized by an ordered two-index structure
4&@ (p), all discrete quantum numbers being carried by

a right index n (fermion or boson number + 1) and a
left index P (fermion or boson number —1). The in-
dices n and P may separately be either fermionic (f)
or bosonic (b), allowing the combinations 4I& (gauge

boson or meson), 4» ["H"' boson or hexon (hadron-
ic counterpart of the horizontal boson)], 4Ib (lepton
or antibaryon), and C» (antilepton or baryon).

For nonhadrons a fermionic index depicts three
(two-valued) topological orientations. One orientation
is absolutely conserved and corresponds to electric
charge 1 or 0, transforming as an isospinor. The other
two orientations correspond to spin and chirality cou-
pling to momentum as required by Lorentz invariance
and together transforming as a Dirac four-spinor.

A nonhadron bosonic index is only four-valued be-
cause its isospin turns out to be fixed in the neutral
direction. The bosonic analogs of fermionic spin and
chirality are completely disconnected from momentum
and do not transform under the Poincare group. To-
pological consistency requires these orientations to be
conserved, i.e. , for each external nonhadron with a left
bosonic index G = 1, . . . , 4 there is another in the am-
plitude with the same right bosonic index G. This
matching of indices implies four absolutely conserved
(internal) quantum numbers LG.

The photon lies within the 4, family, which gen-

erally contains isosinglet and isovector bosons, with
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LG =0. For nonhadrons f and f' are restricted to op-
posite chiralities, and so only vectors occur (both right
and left handed). ~0 A similar restriction on the boson-
ic analog of chiral orientation reduces the number of
nonhadronic 4, to eight H, neutral scalar bosons.
We choose a convention where only H~2, H~3, H24,
H34 and conjugates occur. HG, has LG = —1 and

LG, = +1.
LG can be identified with lepton number for genera-

tion G: C~ has no chiral restrictions and for non-
hadrons describes four generations of Dirac neutrinos
and electrons. It will turn out that G =1, 2, 3 corre-
sponds, respectively, to e, p, , r while the charged lep-
ton with G =4 will be denoted by )t. . We remark at
this point that hadrons all have LG=0; hence proton
decay and semileptonic transitions such as Ko

e+ p, or e p,
+ are strictly forbidden. Lepton

mixing and transitions such as p, e e+e are also
forbidden by conservation of LG.

Nonhadron couplings are topologically much more
complex than those between hadrons and lack duality.
Purely nonhadronic tree graph amp-litudes are given by
the Feynman rules of a massless Lagrangean consist-
ing of U(2)~ S U(2)L gauge theory with four lepton
generations plus H boson and lepton-H terms to be
discussed below. Now, the topological expansion gives
priority to radiative corrections from hadrons, summed
to infinite order, over any nonhadronic loops. At en-
ergies will below mo the hadronic effects lead to an ef-
fective Lagrangean with most symmetries broken"
and substantial masses given to many nonhadrons.
The concomitant softening of nonhadronic vertices
and propagators at the mo scale, together with the
small value of the fine-structure constant, is presumed
to preclude divergences and generally to assure nu-
merical smallness for purely nonhadronic loops; the
high multiplicity of elementary hadrons'2 normally
guarantees their dominant role in corrections to
nonhadronic tree graphs. An exception is the mass of
leptons, as we now explain.

While vector hexons generate H boson masses
which are expected to approach mo because of the high
hexon multiplicity, chiral symmetry protects leptons
from vector-generated mass. The restrictions on the
lepton numbers carried by H bosons can be shown to

n' = h2/4m = n = g2/47r = n (2)

This assumption is supported by the high degree of
symmetry between fermionic and bosonic nonhadron
indices and by the anticipated common dynamical ori-
gin of g and h. '3 (It has long been known4 that gis of

also prevent the onset of lepton mass generation.
However, the topological meaning of hadron bosonic
indices allows certain (neutral) scalar hexons to couple
to charged leptons with G=4. The resulting lepton
mass ml, is a priori expected to be of order 1 TeV. A
recent study of an anomalous neutral scalar particle
0—neither hadron nor nonhadron and predicted by
TPT several years ago 3—suggests a coupling to
charged leptons with G = 3, 4 (r and )t. ). The mass
generated by this single state would be smaller than m&

by 2 or 3 orders of magnitude but still might contrib-
ute most of the r mass.

Once )t. has acquired a mass, so will all other leptons
through nonhadron loops; hadronic radiative correc-
tions will just shift these masses because they couple
only to flavor- and generation-conserving lepton
currents. Figure 1(a) shows how one H-boson loop
generates masses for p, and ~ while the electron mass
requires two loops [Fig. 1(b)]. Neutrinos inherit their
masses from charged leptons of the same generation
via 8 bosons, but these diagrams are suppressed by
the required mixing between WL and Wz (Fig. 2) that
we shall parametrize by an angle Hz in the following es-
timates (0„ is calculable in principle). As soon as
m„e0, H-boson loops contribute in the same way as

for charged leptons.
We now make a few plausible assumptions that will

enable us to estimate the masses of all leptons in terms
of m~: (i) Vector hexon corrections to lepton masses
are approximately proportional to these masses. (ii)
The mass splitting Am between p, and r is due to the
particle 0 (iii) Th. e lepton-H coupling constant in the
effective nonhadronic Lagrangean

~ H-lepton ltl Gtlt't HG' GG (1)

(spinor indices are suppressed while isospin and gen-
eration indices are to be summed over) is of the same
order of magnitude as the gauge-coupling constant and
hence electric charge:
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FIG. 2. Neutrino mass generation from charged lepton
mass, via mixed O'L, H~.
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the same order of magnitude as TPT's dimensionless
strong-interaction coupling constant. )

Evaluating the diagrams of Fig. 1 with a cutoff mo
one obtains

m, = m„+Am,
2'

mo
m = ln mz —= qmz,4~ m'H,

mo
m, = ln

&
(m +m, )=qm, .

4m mH

(3)

(4)

(5)

Conversely, we may use the measured masses of e, p, ,
and r to estimate m„and n' from (3)—(5) as a check
on our expectations:

m„= m„(m, /m, ) = 400 GeV,

4~ me

ln(m(~)/mH)

indeed n'= n, if mH & mo.
From Fig. 2 the neutrino masses are found to be

r

3n MR
mv = Oxln mz= rmz,

L,
m„= rm, + qm, „=rm„

m, = rm„+ qm, „=2rm,

m„= rm, + q (m„+ m„) = 2rm, .Ve P

(6)

(8)

(10)

Hx is the mixing angle between 8 I and 8 z, whose
masses are ML and Mz, respectively. From the
present upper bound, m, ( 50 eV, we conclude that
r & 5 x 10 . With the further assumption that
MR ) 20ML, '4 left-right mixing is restricted to
0„& 2&&10 3. Neutrino masses may thus provide a
crucial test for TPT.

Discussions with S. Dawson, I. Hinchliffe, B. Nic-
olescu, V. Poenaru, M. Suzuki, and L. Wolfenstein
have been helpful to this paper. The contribution of
J. Finkelstein has been crucial, not only in encourag-
ing us to pursue horizontal scalar bosons but in clarify-
ing detailed properties of these particles. The present

paper is a direct outgrowth of an unpublished collab-
oration with Finkelstein. '5 This work was supported
by the Director, Office of Energy Research, Office of
High Energy and Nuclear Physics, Division of High
Energy Physics of the U.S. Department of Energy
under Contract No. DE-AC03-76SF00098, and the
National Science Foundation under Research Grant
No. PHY-84-06608.
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