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The masses of quarks are

me = 1712 131 Gev, mp = 4.20 007 GeV,
me = 1.27 tgﬂ GeV, ms = 104 i—%g MeV,
m, =1.5—3.3 MeV, my =3.5—6.0 MeV.

The quark spectrum is characterized by the following striking
features:

(1) There is a large hierarchy between quark masses from different
families,
my/m; ~ 107, m,/m¢ ~ 1073, me/my ~ 1072,

mg/mp ~ 1073, mg/mg ~ 1072, mg/my, ~ 107 L.

(2) The isospin violation is also hierarchical: It is very strong in
the third family, strong (although essentially weaker) in the
second family, and mild in the first one:

my/mp ~40.8, mc/ms~11.5, m,/myg =0.35—0.60.



Isospin symmetric Higgs mechanism

Michio Hashimoto and V.M.:
PRD 80, 013004 (2009); arXiv:0901.4354[hep-ph]
PRD 81, 055014 (2010); arXiv:0912.4453[hep-ph]

We assume the separation of the dynamics triggering the strong
isospin violation in the third and second families from that
responsible for the generation of the W and Z masses, i.e.,
electroweak symmetry breaking (EWSB). The latter could be
provided by one of the following known mechanisms:

(a) An elementary Higgs field (or fields).
(b) A modern version of the technicolor (TC) scenario.

(c) Dynamical Higgs mechanism with a Higgs doublet
(or doublets) composed of t’ and b’ quarks of the fourth
family.



Our basic assumption is that the dynamics primarily responsible for
the EWSB leads to the mass spectrum of quarks with no (or weak)
isospin violation. Moreover, we assume that the values of these
masses are of the order of the observed masses of the down-type
quarks. In the case of an elementary Higgs field (or fields), they
are provided by the conventional Yukawa interactions. In the case
of the dynamical Higgs mechanism, in order to generate these
masses, one should use flavor-changing-neutral (FCN) interactions:
the extended technicolor (ETC) in the case of the TC scenario,
and the horizontal interactions between the 4th family and the first
three ones in the case of the scenario with the fourth family.



Isospin symmetric quark masses
m? ~1GeV, mP ~100MeV, m{" ~ 1MeV

IS Yukawa interactions
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FCN interactions of the up- and down- quark sectors. Here u 1’2’ =u,c,t and
d®23) = d, s, b, respectively. AU are masses of exchange vector particles.
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Top quark as the source of isospin violation
in quark mass spectrum

The second (central) stage is introducing horizontal interactions between
quarks in the first three families (this stage is essentially the same for all EWSB
mechanisms mentioned above.) First, we utilize strong (although subcritical)
interactions for the top quark which lead to the observed ratio z—; ~ 40.8.
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Topcolor like dynamics (C. Hill, Phys. Lett. B 266, 419 (1991))

This is the only source of the isospin violation in the present model.

The second step is introducing the equal strengths horizontal FCN interactions
between the t and ¢ quarks and the b and s ones in order to get the observed
ratio mc/ms ~ 11.5 in the second family.
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Low energy effective interactions

At energy scales less than the mass A(33) and A(23) of the vector
bosons, the corresponding interactions can be presented by the
four-fermion Nambu-Jona-Lasinio (NJL) ones.

Let us start from the third family. The isospin symmetric mass m(()3)

plays the role of a bare mass with respect to these interactions.

Schwinger-Dyson (SD) equations
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The solution of the SD equation for the t quark propagator leads
to the following mass m;
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my >~ ——m
Ag: 0

where Ag, denotes the difference of the critical coupling and the
(normalized) dimensionless NJL one for a g quark, so that
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Agy >~ Mo_ | 6 x 1073,
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where we used m; = 171.2 GeV and m(()3) =1 GeV. For the
bottom quark, it should be Ag, ~ O(1):
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Let us now turn to the generation of the realistic masses for the
second family.

A23) A23)
CL tL o tR CR , SL bL ® bR SR
2 23 2 23
mC:m(()) § )mt, ms—m(())—i—ng )mb,
where m(()Z) ~ 100 MeV is the isospin symmetric mass for the
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second family, and 7; They are
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Taking m(()z) = 100 MeV and 7752 ) = (23) = 1/100, we get

me = 100 MeV + m;/100 ~ 1 GeV,
ms = 100 MeV + m;,/100 ~ 140 MeV .

with mp/m; ~ 1/40. Let us emphasize that the presence of the
(2)

isospin symmetric mass my’ ~ 100 MeV ~ mg is crucial here:

with m(2) < 100 MeV, the ratio ms/m. would be close to mp/m;.

As to the horizontal FCN gauge bosons which couple to the quarks
of the 1st and 2nd families, we assume that they are very heavy,

u—N2 s — g —A02)

with A12) > (1000 TeV). As a result, their contributions to the
masses of the v and d quarks are very small.



One of the signatures of the scenario with subcritical but
nearcritical interactions is the appearance of a composite top-Higgs
doublet @5, (resonance) composed of the quarks and antiquarks,
®p, ~ tr(t, b)L

R. S. Chivukula, A. Cohen, K. Lane, Nucl. Phys. B343, 554 (1990)

T. Appelquist, J. Terning, L. C. R. Wijewardhana, PRD 44, 871 (1991)
R. Mendel and V. M., Phys. Lett. B 268, 384 (1991)

V. M., PRL 69, 1022 (1992)
The mass of @4, can be estimated via the NJL relation:
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where we used Ag; ~ 6 x 1073,



Quark mass matrices

The Yukawa interactions are
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®;, acquires a vacuum expectation value only due to its mixing with ®,. It is
responsible for the top mass, m; ~ yht%. The IS masses m(()i) of the order of
the masses of the down-type quarks, say, m83) ~ 1 GeV, m((f) ~ 100 MeV, and
m(()l) ~ 1 MeV. The common one-loop factor § ~ 1/100 yields the correct mass
hierarchy between ms and mc via the hierarchy between m, and m;. Also, the
off-diagonal coefficients are assumed to be £, n; ~ O(1), with some dynamical

mechanism.



CKM matrix

The CKM matrix is approximately determined by the down-type
quark mass matrix,
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For example, with the inputs, m(()l) =10 MeV, m(()2) = 63 MeV,

m(()3) =42 GeV, my=1735GeV, §=7x1073,
§12=81=m2=mn21 =20, &3=2E&1=m3="mn31 =16,

o3 =& =13 =73 = —25, M1 =1, we obtain

myg = 4.9 MeV, ms =95 MeV, mp=4.2 GeV,

my, =22 MeV, m.=13 GeV, |V,4|~|Vs|=0.975,

Vip| 22 1, |Vis| 2 |Veg| = 0.22, |Vip| = 0.041, |Vis| = 0.039,
|Vb| = 0.0042, |V4y| = 0.013.

These values fairly agree with the PDG ones.



Isospin symmetric Higgs boson and LHC data

Michio Hashimoto and V.M., PRD 86, 095018 (2012);
arXiv:1208.1305[hep-ph]

(1) The IS Higgs doublet @, which is mainly responsible for
EWSB and couples to the top and bottom in the isospin
symmetric way. The origin of its compositeness (if any) is not
specified.

(2) The top-Higgs doublet ®,, which is required to obtain the
correct top mass.

While the neutral top-Higgs h: has a large top-Yukawa coupling,
the IS Higgs neutral boson h does not, y; ~ y, ~ 1072

On the other hand, the A(WW?* and hZZ* coupling constants are
close to those in the SM. We identify h with the 125 GeV h boson
discovered at the ATLAS and CMS experiments.



Best-fit Higgs mass m,;:
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Decay modes h — vy, h — Z~v, h - WW*, h — ZZ*
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Diagrams contributing to h — vy



In the SM, the W-loop contribution to H — 7+ is dominant, while the top-loop effect
is destructive against the W-loop,
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W= ;n—’iv’v, T = ;"T"é. The numerical values of A; and A, are Ai(Tw) = —8.32,

Ai (1) = 1.38 for my, = 80.385 GeV, m; = 173.5 GeV, and my = 125 GeV. On the
P

other hand, in the IS Higgs model, y; between the top and the IS Higgs h is as small
as yp. The top contribution is strongly suppressed. The partial decay width of h — ~vy
is thus enhanced without changing essentially h — ZZ* and h — WW™. For
yt ~ yp ~ 1072, they read

r'(h— )

——— ~ 156,
MSM(H — vv)

Mh—ww)  Th(h—2zzv) _ (ﬁ)z ~ 0.6
MSM(H — WW*)  SM(H — ZZ*) v
These values agree well with the ATLAS and CMS data. Here using the Pagels-Stokar
formula the vacuum expectation value of the top-Higgs h; is estimated as
vt 2 50 GeV, and that of IS Higgs h follows from v2 = v2 + vZ with v = 246 GeV. It
is important that the values of these ratios are not very sensitive to the value of v;:
for v = 40 — 100 GeV, the suppression factor in WW* and ZZ* decays is 0.97 — 0.84
and the enhancement factor in 4 decay is 1.58 — 1.37.



h— Zv

Diagrams contributing to h — Z~v

For the decay mode of h — Z~, the model yields
r(h— Zv)
MSM(H — Z~v)
(the LHC data concerning this decay channel has not yet been reported).

~ 1.07



IS boson h production

Because y; ~ yp ~ 1072, the gluon fusion process gg — h is now
in trouble. The presence of new chargeless colored particles,
considered in

R. Boughezal and F. Petriello, Phys. Rev. D 81, 114033 (2010);

B. Dobrescu, G. Kribs, A. Martin, Phys. Rev. D 85, 074031 (2012)

can help to resolve this problem.
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eaten by W* and Z, and real scalar S is assigned to the (8,1)o
representation of SU(3)c x SU(2)w x U(1)y. The mass of S is
M2 = m3s + 2 vZ > 0.



Gluon fusion gg — h
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With Aps ~ 2, Mg = 150 — 400 GeV and mgs < I\/I_%, one obtains

o(gg — h)

e 7 g,
oM(gg — H)



Conclusion

The model with an IS Higgs boson yields not only an explanation
of the ATLAS and CMS data, including the enhanced diphoton
Higgs decay rate, but also makes several predictions. The most
important of them is that the value of the top-Yukawa coupling
h-t-t should be close to the bottom-Yukawa one. Another
prediction relates to the decay mode h — Z+, which unlike h — ~~
is enhanced only slightly, MS(h — Zv) = 1.07 x SM(H — Z~).
Last but not least, the LHC might potentially discover the
top-Higgs resonance hy, if lucky.



