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When technicolor (TC), QCD, extended technicolor (ETC) and other interactions become coupled
through their different Schwinger-Dyson equations, the solution of these equations are modified
compared to those of the isolated equations. The change in the self-energies is similar to that
obtained in the presence of four-fermion interactions, but without their ad hoc inclusion in the
theory. In this case the TC and QCD self-energies decrease logarithmically with the momenta,
which allows us to build models where ETC boson masses can be pushed to very high energies,
and do not lead to undesirable flavor changing interactions. Viable TC models may be built along
this line including a necessary horizontal symmetry. The different fermionic mass scales are
dictated by the different strong interactions. Pseudo-Goldstone bosons acquire large masses in
this class of models.
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Forty years ago Weinberg [1] and Susskind [2] verified that the Standard Model (SM) gauge
symmetry breaking could be promoted by a new strong interaction dubbed as Technicolor (TC).
In this type of symmetry breaking the role of a fundamental scalar boson, the Higgs boson, is
substituted by a composite scalar formed by new techniquarks of the TC theory. This dynamical
symmetry breaking mechanism has been reviewed in Refs. [3, 4]. Unfortunately, the TC models
and its many variations are plagued by phenomenological problems as described in Ref. [4].

In TC models the ordinary fermion (f) obtains mass coupling to technifermions (F) via ex-
tended technicolor (ETC) gauge bosons as in Fig.(1). The blob in that figure is the TC self-energy,
which in non-Abelian gauge theories is given by Eq.(1), where µTC is the TC dynamical mass and
γm an anomalous mass dimension.
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Figure 1: Ordinary fermion mass f in ETC models
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The generated fermion mass is given by m f ∝
µ3

TC
M2

E
. Different fermion masses appear as a

consequence of different ETC gauge boson masses ME . This dependence on ME is at the origin of
all TC phenomenological problems [4], including the models with large γm values [5].

We have verified that when TC and QCD are coupled into a larger gauge theory (see Fig.(2))
the self-energies behavior are modified [6]. The numerical solution of the self-energies where TC,
described by a SU(2) gauge group, is coupled to QCD is shown in Fig.(3), lead to fermion masses
that can be fitted by Eq.(2).
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Figure 2: The coupled system of SDEs for TC (T ≡technifermion) and QCD (Q ≡quark) including ETC
and electroweak or other corrections. G(g) indicates a technigluon (gluon).

m f it
Q = ai[ln(M2

E/µ
2
TC)]

−bi , (2)
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Figure 3: ΣQ(0) (quark running mass at p2 = 0) as a function of ME with the fit given by Eq. (2). The fit 1
was obtained with the ETC coupling constant αE = 0.032 and the fit 2 with αE = 0.32.

In Eq.(2) the set of optimal values when the ETC coupling constant αE = 0.032 is a1 = 203.92 GeV
and b1 = 2.53, to be denoted by fit 1. For the fit 2, defined when αE = 0.32, we have a2 = 912.9 GeV
and b2 = 2.82. The reduced chi-square of both fits are R2 = 0.99. The behavior of Eq.(2) is simi-
lar to the one found in theories where bare current masses are introduced. This is not unexpected
since in Ref. [7] we have shown analytically that at the same time that TC give masses to ordinary
fermions QCD also gives masses to the technifermions, as well as other interactions may contribute
to these masses when all their Schwinger-Dyson equations are coupled.

A most accurate description of the TC self-energy is given

ΣT(p2)≈ µTC
[
1+δ1 ln

[
(p2 +µ

2
TC)/µ

2
TC
]]−δ2

. (3)

δ1 and δ2 are parameters that depend on the QCD, TC and ETC theory. In the case with more in-
teractions (e.g. electroweak) these parameters will contain corrections proportional to the charges
of these theories, and ultimately δ2 would be related to the mass anomalous dimension of a tech-
nifermion, although its value is connected to the QCD dynamics as well as to the other interactions
present in the model.

Ordinary quark masses generated by Eq.(3) will be given by [6, 8]

mQ ∝ λE µTC[1+κ1 ln(M2
E/µ

2
TC)]

−κ2 , (4)

where λE involves a ETC coupling multiplied by a Casimir operator eigenvalue and the κi are also
functions of the δi in Eq.(3) as well as other possible corrections (electroweak or other interactions).
The QCD self-energy has the same behavior of Eq.(3) just changing µTC by µQCD (the QCD
dynamical mass) and respective δi coefficients.

Two facts are noticeable: 1) The diagrams (a2) and (b2) act as ordinary masses for tech-
nifermions and ordinary fermions (as verified in Ref. [6] and [7]); 2) The generated masses are
weakly dependent on ME , and, if we neglect the logarithmic factor in Eq.(4), the generated masses
can be roughly described by λE µTC or λE µQCD (depending on specific characteristics of the
model). The small dependence on the ETC gauge boson masses allow us to promote the ETC
gauge symmetry breaking at very large energies, alleviating all FCNC problems usually associated
to the ETC interaction [4].

In the models discussed in Refs. [8, 9] most of the fermion masses turn out to be quite heavy
and proportional to λE µTC. That is the reason for introducing a horizontal (or family) symmetry,
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Figure 4: Contributions to the neutral technifermion mass in the coupled TC scheme.

in such a way that the first fermionic generation couples only to QCD and the third generation
couples preferentially to TC, generating masses of O(100)GeV and of few MeV respectively to the
third and first fermionic generation. Therefore, this class of models can explain the mass splitting
between the different generations, whereas the second generation obtain mass due to the exchange
of horizontal gauge bosons (as shown in Refs. [8] and [9]).

In Refs. [8] and [9] we have shown how a Fritzch type mass matrix can be generated in the TC
coupled model scenario, i.e.

m f =

 0 A 0
A∗ 0 B
0 B∗ C

 , (5)

where A ≈ αµQCD and C ≈ α ′µTC, providing a natural explanation of the different mass scales,
where α and α ′ are coupling constants and the B entry appears due the exchange of horizon-
tal/family gauge bosons (see, for instance, Ref. [9]). Eq.(5) has many of the expected qualities
of the known fermionic spectrum. It is important to stress that in this scheme the TC sector will
interact at leading order only with the fermions of the third generation.

Usually we can find in TC models a neutral technifermion (N) with ordinary neutrino quantum
numbers. This technifermion may be associated to the lightest pseudo-Goldstone boson (N̄γ5τ iN,
where i indicate electroweak indexes). In the coupled model of Ref. [9], where TC and QCD are
embedded into a SU(5) gauge group, N receives mass from diagrams like the one of Fig.(4), where
the first diagram generates a dynamical TC mass, the second generates a “current" mass (leading
to the logarithmic self-energy behavior), and the third one generates a weak mass correction of the
following order

mN ≈ g2
wµTC, (6)

where gw is the weak coupling constant. This mass is of O(100)GeV, which can be even enhanced
by the neglected logarithmic term of Eq.(4). Simple use of the Gell-Mann-Oakes-Renner relation
will lead to this neutral pseudo-Goldstone boson a mass MΠ ≈ 150GeV [9]. This pseudo-scalar
boson will decay into weak gauge bosons and may have escaped detection up to now.

These models may contain several pseudo-Goldstone bosons, but the charged and colored ones
certainly will be heavier than the neutral one discussed above. It is also worth mentioning that the
scalar boson playing the role of the Higgs boson will be light in this scenario. The reason was
discussed at length in Refs. [8, 10].

We conclude pointing out the relevant qualities of the TC coupled models: a) The coupled
TC and QCD self-energies behavior are modified and lead to generated fermion masses weakly
dependent on the ETC mass scale, b) The mass splittings between different generations are not
related to different ETC boson masses, but they appear as a consequence of a horizontal or family
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symmetry. This new symmetry is necessary in order to build realistic models, c) As a consequence
of the self-energy behavior described in Eq.(3) pseudo-Goldstone boson masses turn out to be
heavier and scalar masses lighter. It is clear that the mass of the first fermionic generation will
be generated by QCD, while the mass of the third generation will be generated by TC, explaining
naturally the mass difference observed in the fermionic spectrum.
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