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Abstract
The Composite Particles Model (CPM) is characterized by composite Higgs, composite top quark,
cancelation of the scalar leading quadratic divergences, and a particular ground state such that top anti-top
channel is neither attractive or repulsive at tree level at the Z pole mass. The radiatively generated scalar
mass in 2D is ݉ ு = ඨ
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ଷቀଵା ቁ

= 113 GeV/c ଶ, 143 GeV/c ଶ,. . . , 230 GeV/c ଶ for k = 1, 2, … ∞ .

As first proposed by Nambu, in the simplest models with dynamical mass generation and fermion
condensate in 4D, one expects the Higgs mass on the order of twice the heaviest fermion mass. Hence, if
this is applied to the CPM one could expect scalar mass dynamically generated by top constituent quarks
and composite top quarks to be equal to 2
ܿଶ


ଷ

and ʹ ݉ ௧ respectively. When Bose-Einstein statistics for

݇ܶ ؆  ܯௐ
is applied to the two lowest energy states in 2D (113 GeV and 143 GeV) and 4D (115 GeV
and 346 GeV), the CPM suggests physical Higgs mass equal to ݉ ு ≅ 125 GeV/c ଶ in both 2D and 4D.
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1. Introduction
The molecules, atoms, nuclei, baryons, mesons, etc. are all composite particles. While these
particles may appear elementary in the infrared their composite nature is readily revealed in the
ultraviolet. The compositeness can be sometimes even inferred from the physics in the infrared.
The CPM [1-3], analyzed here, extends this "compositeness principle" by encompassing
dynamical electroweak symmetry breaking (EWSB) with composite Higgs and composite top
quark. While numerous recent studies [4] address composite Higgs none has addressed
possibility that top quark may be also a composite particle.
The Higgs mechanism with a weak doublet scalar field having a non-zero vacuum expectation
value (VEV) provides the simplest potential realization of the spontaneous EWSB. However, if
Higgs is an elementary particle, a natural explanation of potentially large hierarchy might be
difficult. The renormalization group running of the SM scalar effective mass squared
݉ ଶு ൫Λଶ൯ is quadratic function of energy scale, Λ., hence, a small change at one end of the

energy spectrum is traditionally assumed to lead to tremendous changes at the opposite end of
the energy spectrum. This quantity can be made dimensionless and represented as ߤ ൌ
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If EWSB is dominated by the scalar sector the EWSB scale, Λ ୗ , is expected to correspond to
an energy scale at which the dimensionless effective Higgs mass squared changes its sign [5,2],
i.e. ߤ(Λଶாௐ ௌ ) =

మ
మ
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ஃమ

|ஃୀஃ ಶೈ ೄಳ = 0 or alternatively ݉ ଶு (Λଶாௐ ௌ ) = 0 The detailed mapping

between possible physical Higgs masses, ݉ ு ௬௦, and Λ ୗ , has been obtained independently
ത, [5,2]. The Λ  ୗ is obtained to be
by two standard regularization schemes: hard-cutoff and ത
ܯതതܵ
in the range of 800-1050 GeV for physical Higgs masses in the range of 115-145 GeV. If the SM
is good approximation of theory in the infrared, then this mapping is expected to persist even if
the Higgs is not an elementary particle [3].
For experimentally preferred physical Higgs masses, the dimensionless effective mass squared in
ultraviolet, i.e. ߤ(Λଶ) for Λ > Λ  ୗ, is a smooth, slowly varying function all the way to the
Planck scale; however, the vacuum stability constrains the maximally allowed scale to be less
ௗఓ
than the Planck scale [5,2]. This function resembles a suppressed ௗ(ஃ)  ןെ ߤ  ͳ اmode. In the

infrared, Λ < Λ  ୗ , the dimensionless effective Higgs mass squared, ߤ(Λଶ), is steep function
rapidly approaching the second derivative of classical effective potential at its local minimum.
This defines the physical Higgs mass (second derivative) and the EW VEV (local minimum).
The Λ  ୗ is less than an order of magnitude larger than VEV.
The “hierarchy problem” caused by quadratic running was traditionally utilized as motivation for
new physics model building. The Supersymmetric models [6-10] address quadratic running with
a set of supersymmetric partners (boson and fermions) whose leading quantum corrections to
scalar mass squared exactly cancel. In models with dynamical symmetry breaking, like
TechniColor (TC) [11-13], TopColor (TopC) [14], or TopColor assisted Technicolor (TC2) [15-
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23], there is no elementary Higgs scalar particle in ultraviolet; however, at some energy scales
the running coupling constant is strong enough to form condensate.
Here, the cancelation of scalar quadratic divergences in the SM zero-VEV theory is promoted to
self-consistent condition for the smooth dynamical EWSB phase transition within the composite
framework. The scalar is a massive composite field in the infrared and non-existent in the
ultraviolet, where effective scalar mass and scalar quartic coupling are both zero. This is similar
to TechniColor theories where the "hierarchy problem" is avoided via dynamical EWSB. In
difference to other dynamical models, the CPM has composite top quark and it is characterized
by set of dynamical relationships. In the infrared the CPM mimics most of the features of an
ordinary SM.

2. Review of the CPM
The minimally modified SM that can satisfy the cancelation of quadratic divergences in the zeroVEV theory has largest Yukawa coupling approximately equal to 1/3 of the SM top Yukawa
coupling. The CPM [1-3] considers the massive top quark to have composite structure with 3
fundamental O quarks, ܱ ՞ ܱത ՞ ܱ, and the massive Higgs scalar is a color-neutral structure
composed of 2 fundamental O quarks, ܱത ՞ ܱ . Section 2.1 ref [3] analyzes the Higgs mass
stability against radiative corrections for vanishing Higgs mass in the full SM calculation, with
fixed, known, low energy SM gauge coupling values. The obtained condition for cancelation of
leading divergences implies that the largest Yukawa coupling at low energies should be roughly
equal to one third of the top quark Yukawa coupling. This motivates a CPM where massive top
quark has composite structure with 3 original massless O quarks. Because O is not a mass
eigenstate in the masssive EW phase, it cannot be observed directly.
Note that the SM gauge anomaly cancellation is satisfied as the elementary top quark is simply
exchanged with the original O quark with identical SM gauge group couplings.
The three degrees of freedom (DoF) are gauged away to reappear as the three longitudinal
polarizations of the W and Z massive gauge bosons whereas the forth DoF is represented by the
physical Higgs particle. Hence, the fundamental O quark is not the mass eigenstate in the
infrared and cannot be directly observed. But the true composite fermion, i.e. top quark, DoFs
cannot be locally gauged away. Clearly, the heavy O particle with a mass between 50 and 60
GeV would be observed from W decays during searches for the heavy top quark.
Moreover, the CPM assumes radiative generation of the Higgs mass in the infrared and
cancellation of surplus leading "divergences" in both 2D and 4D; here, the full SM
renormalization scheme is applied to the running effective scalar mass squared. Section 2.2 ref
[3] analyzes the possibility that Higgs mass (in the massive EW phase) is radiatively generated.
If non-Abelian strong interactions are partially responsible for mass generation, then the 2D
physical description might be appropriate toward the understanding of mass generation
dynamics; the static charges observed in QCD form a spatially one dimensional tube. The
obtained 2D equations lead to the prediction of Higgs mass parameterized by a positive integer k.
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The two particularly interesting modes (k = 1, 2) are obtained and interpreted within the CPM [13]. The simplest CPM scenario in 2D leads to ݉ ு ܿଶ = 113.0 GeV and 143.4 GeV corresponding to
scalar masses affiliated with ܱതܱ and  ݐ ̅ݐcondensates. These coincide with excesses observed by
the Large Electron Positron (LEP) particle accelerator group [24,25] and by the Fermi National
Accelerator Laboratory CDF collaboration [26].
As first proposed by Nambu in the simplest models with dynamical mass generation and fermion
condensate in 4D one expects the Higgs mass on the order of twice the heaviest fermion mass
[27,28]. If this is applied to the CPM one could expect that the top constituent subquarks and

composite top quarks may generate scalar masses equal to 2 ଷ and ʹ ݉ ௧ respectively.

As shown in Section 3, the ܱതܱ and  ݐ ̅ݐaffiliated states (in both 2D and 4D representations) may
mix in agreement with the Bose-Einstein statistics for ݇ܶ ؆  ܯௐ ܿଶ which then lead to the
physical Higgs mass ݉ ு ≅ 125 GeV (in both 2D and 4D representations) which coincide with
excesses recently observed by the Large Hadron Collider (LHC) ATLAS [29-31] and CMS [3235] collaborations.
The LEP group observed suspicious events [24,25] in the vicinity of ͳͳͷܸ݁ܩȀܿଶ, at the center of
mass energies a bit above √ݏ؆ ʹ Ͳܸ݁ܩȀܿଶ , just before the accelerator was shut down in 2000.
Last year, the Fermi lab group reported excess in dijet invariant mass [26] centered in the
vicinity of ͳͶͶܸ݁ܩȀܿଶ, at collision energies √ݏ؆ ͳǤͻܸܶ݁Ȁܿଶjust before the shutdown in
September 2011. The LHC ATLAS [29-31] and CMS [32-35] collaborations recently announced
3 sigma level excess centered at 125 ܸ݁ܩȀܿଶ.
Finally, the Λ ୗ , Z, and W bosons masses are established via balanced top anti-top
interactions at Z mass energy, i.e. via dynamical relationship presented in [2-3] between top
Yukawa coupling and strong coupling constant ݃ொ . In the language of ultraviolet physics, the
O anti-O quarks will form a "lattice" at some energy scale (specifically Z mass). In the infrared
language, this lattice will consist of nodes with top and anti-top quarks. Small deformation of the
“lattice’ will be represented by three Goldstone Bosons composites that are “eaten” by Z and W.
It is shown that the top anti-top scattering matrix at tree level is zero at the Z mass pole. In other
words it takes zero energy to orient the top condensate field at the Z mass pole energy. This
finding is supported by very accurate (0.3 %) prediction of the QCD gauge coupling at the Z pole
from only the known value of the top quark mass.
Regarding potential completion of theory in the ultraviolet imagine that there is no fundamental
scalar field in the high-energy sector of the theory. Instead, as one of several possible scenarios,
imagine that there are non-SM four-fermion interactions that may be caused by, here
unspecified, broken gauge symmetries at high energies. A heavy gauge boson G may be
integrated out and the resulting contact terms may be Fiertz reordered to give the standard lowenergy weak-interaction-like form of the non-SM four-fermion interaction terms. Furthermore,
the four-fermion interaction terms may be interpreted as Yukawa term with an effective static
scalar field, ߔ , i.e. field without a Lagrangian kinetic term. As shown before [36], the static
effective scalar field may generate a fully gauge covariant kinetic term in the low energy
effective theory via fermion loops. This can be summarized as
4

௩௬ீ௧௧ௗ௨௧

௦௧௧ௗః

ܱതࡳܱ ՞ ܱതࡳܱ ሱ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ሮ ܱതܱܱതܱ ሱ⎯⎯⎯⎯⎯⎯⎯⎯⎯ሮ ܱതߔܱ.

In the unbroken phase, the effective Lagrangian is

(1)

 ௦௦௦௦ௌெ

ℒ  = ℒ (ை
ܽ݊݀〈߶〉 = 0 .
௦௧ௗ௧) + ℒ (?) ǡ

(2)


with theory in ultraviolet expressed at low energies by an unknown Lagrangian ℒ (?)
assumed to
௦௦௦௦ௌெ
be irrelevant for calculations here. The ℒ (ை
௦௧ௗ௧) term is a massless SM Lagrangian where
top quark is exchanged with O quark having a different Yukawa coupling but identical SM
gauge couplings as top quark,
 ௦௦௦௦ௌெ
ௌெ
ௌெ
ℒ (ை
௦௧ௗ௧) = ℒ௨௦௦௧ + ℒ ௦௧(ை௦௧ௗ௧) +
ௌெ
ℒ ௦
ௌெ
௧
+ℒ ௨௪
.
(ை௦௧ௗ௧)  ൜
0

(3)

As discussed in Sec. 2.1. ref [3] the identical CPM condition for cancelation of quadratic
divergencies is obtained with and without scalar kinetic term.
In the broken phase the effective Lagrangian is identical to the SM Lagrangian to the extent that
there may be more than one scalar field or dynamical resonances
 ௦௦௩ௌெ
ℒ  = ℒ (௧
+ ℒ  ௦௦௩௦(௦) ǡ൏ ߶ ് Ͳ.
(4)
)
2.1.The CPM Dynamical Relations
Here, the basic CPM dynamics relations are reviewed. For more detailed analysis see ref [3].
EWSB is a transition between two ground states. Here, instead of the SM Higgs and top quark
fields in the unbroken massless phase, the CPM [1-3] has an auxiliary Higgs field with zero mass
and quartic coupling, i.e. ݉ ு = 0 and ߣ ൌ Ͳ, and an elementary quark field О instead of top
quark, having Yukawa coupling equal to 1⁄3 of the SM top quark Yukawa coupling. As
anticipated, for a 〈߶〉 = 0 ground state with SM gauge group, the minimally modified massless
SM is stable against quadratic divergences at low energies, i.e.

మ
ௗ మ
ಹ ൫ஃ ൯
≅
ௗஃ మ

0, and the broken

massive phase is expected to closely resemble SM with the О quark field confined within the
Higgs ܱത ՞ ܱ and top quark ܱ ՞ ܱത ՞ ܱ composite fields. In other words, the 〈߶〉 ≠ 0 SM ground
state is explained in terms of the original massless fields.
In the case of the SM scalar SU(2) Higgs doublet the three scalar degrees of freedom can be
removed by the convenient gauge transformation. These degrees of freedom reappear as three
Goldstone bosons that are “eaten” by Z and W; hence providing longitudinal polarization to
massive gauge bosons. Similarly, in the case of O anti-O condensation, the convenient gauge
transformation can remove the three O fermion degrees of freedom or equivalently the three
composite scalar degrees of freedom whereas the fourth composite scalar degree of freedom is
identified as composite scalar field similar to elementary Higgs.
Hence, it is not possible to directly observe O particle. Clearly, the heavy O particle with mass of
~ 60 GeV would be observed from W decays during searches for the top quark.
As shown in [3] the condition that leading SM scalar renormalized mass squared “divergences”
cancels out in unbroken SM electroweak phase (i.e. zero VEV ground state) is identical with and
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without propagating Higgs in both 2D (see also [37, 2-3]) and 4D. By ignoring all other
Yukawa couplings except the largest, one obtains
݃ࢌଶ =

మ
మ
ೊ ାଷೈ

and ߣ ൌ Ͳ.

ଵଶ

(1)

For the low energy SM values of ܷ(1) ൈ ܷܵ(2)ௐ gauge couplings ݃ =
where ߠௐ is the weak mixing angle, one obtains
݃ࢌ ≅


ଷ

.


ୡ୭ୱఏೈ

ǡ݃ௐ =


ୱ୧୬ ఏೈ

(2)

No SM fermion has this Yukawa coupling and SM Higgs quartic coupling is not zero. However,
in CPM this is exactly what one would expect in the unbroken phase!
As first emphasized by Nambu [27, 28], in simplest models with dynamical mass generation [3941] and top condensate [27, 28, 42-44] EWSB, one may expect the Higgs mass on the order of 2
top quark masses. Hence, if top quark is exchanged with O quark one might expect the Higgs
ଶ

mass on the order of ଷ ݉ ௧ [1-3].

The condition that radiatively generated scalar mass is in agreement with renormalization group
equations in the 2D description is addressed next. As is demonstrated by the lattice arguments,
e.g. see [38], the non-Abelian gauge fields carry charge that causes their propagation to mimic
the 1-space D flux providing confinement between static charges. Hence, the 2D considerations
here are thought of as consequence of non-Abelian gauge fields’ dynamics in regular 4D.
As discussed in detail in [3], regarding the radiatively generated Higgs mass in 2D, the dominant
fermion loop contribution to radiative corrections can be split into two terms: the first term (xterm) contributes to the cancellation of leading “divergences” in Equ (8) ref [3] and the second
term (y-term) equals to the radiatively generated Higgs mass. Two terms add to one, i.e.  ݔ  ݕൌ
1 and the single color 2D fermion loop is exactly solved [2,3] as
మ

ʹ  ݈݊݅ ݉ݎ݂݁ܦൌ 

గ

.

(3)

This result is obtained with similar techniques as the fermion loop in the Schwinger model [45].
However, in contrast to the Schwinger model this is a composite scalar and not a gauge boson.
Here, an explicit dependence on the relevant phase space is parameterized with k. According to
Schwinger model, the mass singularities in the propagator should exist for multiple integer
values [38, 45], i.e. ݇  ܰ א.
The obtained system has three unknowns, ݔ,  ݕand ߣ, and three equations,
͵ ߣ

మ
మ
ೊ ାଷೢ

ସ

ൌ ͵ ݃௧ଶ ݔ,  ݔ  ݕൌ ͳ and ߣ ൌ

leading to an unique solution
͵ ߣ
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ൌ ͵ ݃௧ଶ ቀ1 −

֜ ݉ ு = ඨ

ఒగ

మ


ቁ → √ߣ =
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మ

 శయೢ
మି ೊ
ඨ  ഏభమ
ଵା ೖ

,

(4)

(5)
(6)

The above calculation, see also [2,3], is self consistent as the Higgs mass in the Higgs loop
propagator (within piece proportional to  )ݔis identical to radiatively generated Higgs mass
(within piece proportional to )ݕ.
For the world average top quark mass, ݉ ௧ ൌ ͳ͵ Ǥͳ േ ͳǤ͵ ܸ݁ܩ, one obtains
ͳͳ͵ ǤͲേ ͳǤͲ ݇ݎ݂ܸ݁ܩൌ ͳ՜  ݕൌ Ǥૢǡ ݔൌ ͲǤ͵ ͵ ͳ
݉ு ൌ ൜
.
(7)
ͳͶ͵ ǤͶേ ͳǤ͵  ݇ݎ݂ܸ݁ܩൌ ʹ ՜  ݕൌ Ǥૢǡ ݔൌ ͲǤͶͳ
Interestingly, according to Equ (6), for the ݇ ՜ λ the ݉ ு ՜ ؆ ʹ ͵ Ͳܸ݁ܩ. This finding is
compatible with the upper limit on the SM Higgs mass [5, 2] obtained from the requirement that
the running effective Higgs mass takes zero value at any scale (which happens to be order ̱ ܸܶ݁
scale). The mapping between the physical SM Higgs mass and this scale, named Higgs Mass
Zero Crossing (HMZC) scale, has been presented in [5, 2].
The Higgs mass squared in Equ (4) within 2D k=1 mode may be rewritten as
ݕ

మ

గ

≅

ଶ మ

ଷగ

=6

మ

ቀ ൗଷቁ

గ

ൌ ݊ௌ݊

మ

ቀ ൗଷቁ

(8)

గ

where ݊ௌ = 2 and ݊ = 3 are spin and color contributions to phase space respectively and where
݃
≅ ௧ൗ3 is О Yukawa coupling. Hence, 2D k=1 Higgs appears to be generated via О anti-О
condensate.
The Higgs mass squared in Equ (4) within 2D k=2 mode may be rewritten as
ݕ

ଶమ


≅ 0.539

గ

ଶమ

గ

= 0.539 ∙ 2 ∙ 9

మ
ቀൗଷቁ

గ

= 9.702

మ
ቀൗଷቁ

గ

.

(9)

This result may be represented as mixing between 4D top anti-top contribution to 2D dynamics
and direct 2D O anti-O contribution. The top anti-top contribution to 2D k=2 Higgs is
݊ௌ݊

ߨଶ

మ

ቀ ൗଷቁ

(10)

గ

where factor ߨଶ is the phase space of 2 transversal О anti-О condensates with half axial (Ͳǡߨ)
symmetry.
The weighted sum parameterized with an angle ߙ should be equal to the 2D k = 2 mode Higgs
mass. Hence,
cos ଶ ߙ ȉ݊ௌ݊ + sinଶ ߙ ȉ݊ௌ݊ ߨଶ ≅ 9.702 ⇒ cos ଶ ߙ ൌ ͲǤͻ͵ Ͳ
(11)
See ref [3] for review of 4D matching.
For completeness, the CPM condition defining weak scale is briefly reviewed next.
As discussed in ref [3] hypothesis that CPM is characterized by particular ground state such that top
anti-top channel is neither attractive or repulsive at tree level at the Z pole mass correspond to
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ଵ ଶ
ଶ ଷ

ଶ
݃ொ
ൌ ݃௧ଶߙݎௌ =

ଷ మ


at Z mass

ଶ ସగ

(12)

The result in Equ (12) is in an excellent agreement with the standard estimate of the strong
running coupling constant [47, 48]. Equ (12) predicts ߙ௦ = 0.1181 ± 0.0018 given the world
average top quark mass ݉ ௧ ൌ ͳ͵ Ǥͳ േ ͳǤ͵  ܸ݁ܩwhere uncertainty is therefore solely due to the
top quark mass uncertainty. This can be compared with the world average value ߙ௦ ≅ 0.1184 ±
0.0007 at  ݏൌ  ܯଶ [47, 48].
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3. The Bose-Einstein distribution applied to condensates mixing
Here, the possibility that Bose-Einstein statistics applied to the mixing of the lowest CPM energy
states defines the Higgs mass provided that there is thermodynamics equilibrium as
characteristics of the CPM ground state is analyzed next.
Imagine that Higgs field, ߔ , may be shared by О anti-О, top anti-top, and potentially something
else
ߔ ൌ ܿതߔ ООഥ  ܿ௧௧̅ ߔ ௧௧̅ + ⋯
(13)
where coefficients ܿǡܿ௧௧, ⋯ are relative contributions normalized to one.
3.1.Mixing in 4D

By applying the Bose-Einstein distribution with assumed values
ଶ
ଶ
˱߱ 
݉ തܿଶ , and ݇ܶ ؆  ܯௐ ܿଶ
ഥସ ؆ ݉ 
തܿ ǡ˱߱ ௧௧̅ସ ؆ ݉ ௧௧̅ ܿ ؆ ͵ 

(14)

ଶ

with CPM’s ݉ ௧௧̅ ؆ ʹ ݉ ௧ ≅ 346.2 GeV and ݉ ைைത ≅ ݉ ௧ ≅ 115.4 GeV in 4D on the lines of top
ଷ

condensate models as emphasized by Nambu [27,44]. Hence,
֜ ܿ
ഥସ =

భ

˱߱ Ͷܦ⁄ೖషభ
భ
భ
ା˱߱
ାڮ
˱߱ Ͷ ܦ⁄ೖ షభ
 ݐݐͶܦ⁄ೖ షభ

≤ 0.9585

(15)

The mass contribution to Higgs field from each condensate type can be expressed as


݉ ு ௬௦ ൌ ܿതସ ∙ 2   ܿ௧௧̅ସ ∙ 6  + ⋯
ଷ

֜ ݉ ு ௬௦ ≥ 0.9585 ∙ 2


ଷ

ଷ

+ (1 − 0.9585)6 ∙


ଷ

؆ ͳʹ ͷǤͲܸ݁ܩ

(16)
(17)

i.e. result in potentially excellent agreement with the recent excess obtained by the LHC [29-35].
3.2.Mixing in 2D
By applying the Bose-Einstein distribution with assumed values
˱߱ 
Ͳܸ݁ܩǡ˱߱ ௧௧̅ଶ ؆ ͳͶ͵ ǤͶܸ݁ܩ, and ݇ܶ ؆  ܯௐ ܿଶ
ഥଶ ؆ ͳͳ͵ Ǥ
with CPM’s k=1 and k=2 solutions in 2D, see Section 2.2.2 . Hence,
֜ ܿ
ഥଶ =

భ
˱߱ ܦ ʹ⁄ೖషభ
భ
భ
ା˱߱
ାڮ
˱߱  ܦ ʹ⁄ೖ షభ
 ܦ ʹݐݐ⁄ೖ షభ

≤ 0.6168

The mass contribution to Higgs field from each condensate type can be expressed as
݉ ு ௬௦ ൌ ܿതଶ ȉͳͳ͵ ǤͲ ܸ݁ܩ ܿ௧௧̅ଶ ȉͳͶ͵ ǤͶ ܸ݁ܩ ڮ

(18)

(19)

(20)

݉ ு ௬௦  ͲǤͳͺȉͳͳ͵ ǤͲ ܸ݁ܩ (1 − 0.6168)ͳͶ͵ ǤͶ ܸ݁ܩ؆ ͳʹ ͶǤ( ܸ݁ܩ21)
i.e. result in potentially excellent agreement with the recent excess obtained by the LHC [29-35].
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Figure 1 The potential CPM scalar masses in 2D and 4D, vertical lines, are superimposed on the recent result
obtained by the LHC CMS collaboration [34] showing the 95% CL upper limits on the signal strength parameter
࣌Ȁ࣌ࡿࡹ for the SM Higgs boson hypothesis as a function of the Higgs boson mass.

4. Summary
The CPM [1-3] is reviewed and the concept of condensates mixing based on the Bose-Einstein
statistics with ݇ܶ ؆  ܯௐ ܿଶ is advanced.
The CPM provides natural explanation for mass generation via O anti-O and top anti-top
interactions. The CMP proposed scalar masses provide potentially good fit to recent
experimental observation by Fermi Lab [26] and CERN [29-35], see Figure 1.
In 2D the radiatively generated k=1 mode Higgs mass is expected to be ݉ ு = 113.0 GeV
whereas the k=2 mode mass is ݉ ு = 143.4 GeV. These predictions are supported by selfconsistent cancellation of extra leading "divergences".
As first proposed by Nambu, in the simplest models with dynamical mass generation and
fermion condensate in 4D, one expects the Higgs mass on the order of twice the heaviest fermion
mass. If this is applied to the CPM one could expect that the top’s constituent subquarks and
ଶ

composite top quarks may generate scalar masses equal to ݉ ௧ ≅ 115.4 GeV and ʹ ݉ ௧ ≅ 346.2
ଷ

GeV respectively.
When Bose-Einstein statistics for ݇ܶ ؆  ܯௐ ܿଶ is applied to the two lowest energy states in 2D
(113 GeV and 143 GeV) and 4D (115 GeV and 346 GeV), the CPM suggests physical Higgs
mass equal to ݉ ு ≅ 125 GeV/c ଶ in both 2D and 4D.
The hierarchy problem is resolved by non-existence of elementary Higgs in ultraviolet and by
defining relationship Equ (12), [2,3]. This relationship between top Yukawa coupling and strong
QCD coupling obtained by requiring that top anti-top channel are neither attractive or repulsive
at tree level at √ ݏ؆  ܯܿଶ, defines the Z mass and hence the EW VEV and the CPM Higgs mass.
9

Finally, Equ (12) defines the HMZC scale, [5, 2], at which the running effective Higgs mass
squared is zero. As argued in [2] the HMZC ≅ EWSB scale if SM is the effective theory in
vicinity of the EWSB scale, and if the Universe’s dynamics were never dominantly tachyonic.
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