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An attractive hypothesis for the quantum numbers of technifermions is that they consist of a
Y=0 weak doublet together with ¥ =11 weak singlets of opposite chirality to the doublet. Usually
these particles are postulated in an ad hoc manner, and so there is no understanding of why techni-
fermions do not follow the pattern of ordinary fermion representations. We show how such techni-
fermions can arise naturally in an extension of the standard model.

An impressive amount of experimental evidence has
been gathered which supports the minimal standard mod-
el (SM). For instance, experiments on neutral-current
phenomena and recent precision measurements of the Z-
boson mass' are remarkably consistent with SM expecta-
tions.

However, the extremely important symmetry-breaking
sector of the theory remains almost entirely without
direct experimental support. SM orthodoxy has elec-
troweak symmetry breaking induced by nonzero vacuum
expectation values (VEV’s) for a fundamental spin-zero
field. Although this provides an economical symmetry-
breaking sector, the use of fundamental spin-zero fields in
non-supersymmetric theories has been criticized on the
grounds of parameter instability under renormalization
(gauge hierarchy problem).

An attractive way of avoiding this difficulty is to re-
place the elementary spin-zero fields by a set of fermions
(“technifermions”), which feel a new strong gauge in-
teraction called “technicolor”.? By analogy with QCD,
one can easily arrange for nonzero bilinear technifermion
condensates to develop, thereby breaking the electroweak
symmetry dynamically. The SM gauge-boson-mass rela-
tions remain unchanged in this scenario, and thus it is
still phenomenologically viable.

There are two standard assignments for technifermions
under the SM gauge group Gg,=SU(3).®@SU(2),
®U(1)y. One may have them transforming in the same
way as the ordinary quarks and leptons (usually including
the analog of the right-handed neutrino), or one may in-
troduce

F; ~(R,1,2)(0), F,z~(R,1,1)(1),
For~(R,1,1)(—1)

(1)

under G =G1c®Ggy, where technifermions transform
under the R representation of G1c. The latter possibility
is attractive because it contains fewer degrees of freedom
than the former. Indeed, ignoring technicolor, the spec-
trum in Eq. (1) defines the simplest, anomaly-free, non-
trivial chiral representation under Ggy, and so it would
perhaps not be surprising if nature made use of this possi-
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bility somewhere. One should note that this spectrum
yields (confined) charge +1 fermions.

Usually these particles are postulated in an ad hoc
manner, leaving it as a mystery as to why ordinary fer-
mions should have different Ggy properties from techni-
fermions. In this Brief Report we will construct an ex-
tension of the SM that incorporates charge +. technifer-
mions in a natural way.

Before describing the model, it is necessary to address
the issue of mass generation in technicolor theories. It is
well known that technifermion condensation is not
sufficient to generate quark and lepton masses, due to a
residual global chiral symmetry. New physics is required
to break this symmetry and generate realistic fermion
masses without introducing new problems.

The nature of this new physics is an unresolved issue.
The simplest candidate, extended technicolor (ETC), usu-
ally has phenomenological problems due to unacceptably
large flavor-changing neutral processes.’ Recently,
“walking technicolor” theories have engendered new
hope that a realistic ETC theory may exist.*®> We will
not address these difficult and important issues in this
Brief Report. Instead we will follow other authors® 7 by
adopting an intermediate position between the exclusive
use of elementary spin-zero fields for symmetry breaking
and fermion mass generation as in the SM, and the hy-
pothetical realistic ETC-like theory free of all elementary
spin-zero particles. Such particles will not be used for
electroweak symmetry breaking, but they will be used to
perform the symmetry breaking of a new gauge group at
a relatively high scale, and the ordinary spin-zero doublet
(with a zero VEV) will be used to generate quark and lep-
ton masses, as in Simmons.® One may view these elemen-
tary spin-zero particles as “shorthand” for new and un-
known physics which we hypothesize to exist.

We now describe the model.® The gauge group is

G =SU(N)®SU(3),@SU(2), 8 U(1)y , )

under which three (or more) generations of fermions
transform as
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fL~(N,1’2)(x1): flR~(N)171)(x2))
[ar~(N,L,1)(x3), q;~(1,3,2)(x,), (3)
qu~(1,3,1)(xS), Q2R~(1,3,1)(x6).

The fields f will contain the ordinary leptons and the
technifermions, while the g’s will be ordinary quarks.
The Abelian group U(1)y is not weak hypercharge, and
the charges x,, . . ., X are a priori undetermined.

We now introduce the standard spin-zero doublet in
the manner of Simmons:%°

¢~(1,1,2)(1) . (4)

Note that we have set the arbitrary normalization factor
for X so that the X charge of ¢ is 1. We demand that the
standard Yukawa Lagrangian

Lyw=MfLf 1S+ A S frr0+ 23019189
+k4qu2R$+H.C. (5)
be invariant under G. This implies that

x,=x;—1, x3=x;+1,
(6)
xs=x,—1, x¢=x,+1.

This pattern of X charges is anomaly-free for
[SUNPPU(y, [SUB)JPU(1)y, and [U(1)y]® for all
values of x; and x,. The remaining nontrivial gauge
anomaly [SU(2), ]*U(1)y is zero provided

Nx,

X4=_ 3 . (7)

The spectrum is now

fL~(N,1,2)(X), f1R~(N,1,1)(X —1) s

far~(N,1,1)(x +1), g, ~(1,3,2) —&k, ®)

3

Nx

q1R~<1,3,1)[———1 Nx

N q2R~(1,3,1)‘”——3“+1 ,

3

where x =x, is as yet undetermined.
We now break the gauge group G to one which con-
tains the technicolor group and the SM group; i.e.,

G —SU(N —1);c®SU(3),®SU(2),®U(1)y .  (9)

To do this we introduce an elementary Higgs field y to
break

SU(N)®U(1); —SU(N —1);c@U(1)y .

The fields f separate into singlets under SU(N — 1) (the
technicolor group), which we intend to identify with ordi-
nary leptons, and technifermions transforming under the
fundamental representation of technicolor. Interestingly,
this Higgs field can play a dual role, for it can also give a
large Majorana mass to right-handed neutrinos. Thus
the presence of a large Majorana mass, necessary for the
assumed seesaw mechanism!® to work, is correlated with
a high symmetry-breaking scale for the ETC-like group
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SU(N). Let us choose the right-handed neutrino to reside
inside f,p:

Lyw=hfSgfirx+H.c., (10)
where the Higgs field
x~(m*1,1)(—2x —2). an

A nonzero VEV for y indeed breaks SU(N) down to
SU(N —1)pc as well as giving the SU(N — 1)y singlet
part of f,5 (i.e., vg) a large Majorana mass.

From the symmetry breaking induced by Y we can
identify the hypercharge. Consider

Y=X+aT, (12)

where T refers to the diagonal generator of SU(N) which
is broken by the VEV for y. We normalize it so that
T =diag(N —1,—1,...,—1) in the fundamental repre-
sentation. « is obtained by demanding that {y) be an-
nihilated by Y. Since

m*— m*(2)e0*(2—N)e 1(2—2N) (13)

under SU(N)—SU(N —1)1c®U(1); for our normaliza-
tion of T it follows that

(14)

The next step is to use the TC mechanism to break the

SM gauge group in the wusual way'! so that
SU@2),eU(1)y —U(l), where
Q=I,+BY . (15)

It is assumed that SU(N — 1)1 induces the condensates
(F{F,z), (F{Fg)#0, (16)

where F;, F g, and F,; are the components of f;, fz,
and f,r, respectively, which transform under
SU(N —1)gc. The (L) superscript on F, denotes the
I,==x1 component thereof. B is obtained by requiring
that the technifermion condensates are neutral under Q.
These are neutral under Q provided

B=1. (17)

So our electric charge candidate is

1 x+1 X
— T +—.
2 1—N 2 (18)

g=I;+

The Q charges of the fermions in the theory are
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11 1+Nx
2 2 1—N
Q= |1 QL= 1 1 1+Nx |-
2 1—N
1 2+N(x—1)
Lg=—1, QF g=~
Olir » QF g 5 N —1 )
1 N(x+1)
!, =0, Fop=— R 1
Ol OF 3¢ 2 N—1 (19)
1N
2 6 1 | Nx
Qqr _l__Nl , quR—_'E ——3_+1 ’
2 6
1 Nx
= |—-2X+1
Q91r ) 3

Note that the charges of the ordinary leptons /;, /|, and
I, are completely determined, while the rest depend on
the unknowns N and x.

We have used the conditions of mass generation and
anomaly cancellation to fix the electric charges of the fer-
mions in terms of the parameters x, N. We now make the
observation that if

x=—— (20)

then the ordinary quarks and leptons have the correct
electric charges and the technifermions have electric
charges =1. Explicitly we find

1

2
OF, = _%l’ QF1R=—%: QF2R=%,

21

o

Qq, =

Hence we have shown that in our theory the electric
charges of the ordinary fermions are necessarily connect-
ed with the charges (1) of the technifermions, for any
value of N.

The residual 1 parameter (x) freedom of our model in-
dicates that this theory has the same problem accounting
for electric charge quantization as does the SM with
right-handed neutrinos.!?> As in the latter theory, one
may explore new physics in an attempt to fix the free pa-
rameter to the value given in Eq. (20).!> We will not pur-
sue this remaining issue in this paper.

In conclusion, we have shown how charge i% techni-
fermions can be automatically incorporated into a theory
based on an ETC-like group SU(N). Technicolor is
identified via the symmetry breaking SU(N)
—SU(N —1)p¢c. The generator T is instrumental in the
definition of electric charge, thereby allowing leptons to
have standard charges, even though the technifermions
have exotic half-integral charges. As in other technicolor
theories, fermion mass generation remains an open prob-
lem, although we were able to model the required new
physics through the agency of ‘‘effective” elementary
spin-zero fields.

s Qi r=—1 Q=%

—1
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