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Running coupling “constants” 

The Standard Model is based on the gauge group SU(3)C x SU(2)W x U(1)Y

with the corresponding coupling constants
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Gauge couplings evolution

in the Standard Model
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min 8N 

144

120692  GeV



It is interesting to note that 

the unification scale ͞ and 

coupling constant ( ͞) do 

not depend on doublets 
number, N. Furthermore, 
such a relatively small scale 
leads to “proper” neutrino 
mass ~ 0.6 eV.

Gauge couplings unification with extended 

Higgs sector (N >1) and intermediate scale ̂
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Seven additional Higgs doublets: 

it is a lot?!

Here we propose a different interpretation of the given result. 
The massive vector boson has three physical degrees of 
freedom and contributes to the gauge coupling evolution in the
one-loop approximation three times more strongly than the 
scalar boson. Therefore, introduction of one pair of scalar and 
vector doublets is equivalent to the four Higgs doublets content.

So, the solution with N = 8 can be interpreted as an extension 
of the SM Higgs sector with one additional Higgs doublet and 
two corresponding vector doublets. That is exactly the set of 
fields which was proposed in
M.V. Chizhov, Mod. Phys. Lett. A 8 (1993) 2753



Introduction of new spin-1 bosons with the internal quantum 
numbers identical to the Standard Model Higgs doublet can 
help to solve by the Hierarchy Problem.

MP

10
19 

GeV10
2 
GeV

MW,Z

10
3 
GeV

MW*,Z*

18 Jan 2013 6

M. Chizhov and G. Dvali “Origin and 
Phenomenology of Weak-Doublet Spin-1 
Bosons”, Phys. Lett. B 703 (2011) 593, 
arXiv:0908.0924

*

0 *

H W

ZH





 
   

  


 
 




Naturalness of the Higgs mass
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Search of new Z*/W* bosons at LHC
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The ATLAS Collaboration “Search for 
high-mass dilepton resonances in pp
collisions at √s=8 TeV with the ATLAS 
detector”, Physical Review D 90 (2014) 
052005
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The ATLAS Collaboration “Search new 
particles in events with one lepton and 
missing transverse momentum in pp
collisions at √s=8 TeV with the ATLAS 
detector”, JHEP 09 (2014) 037
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Alternative of universality

At first glance, these results exclude the possibility of existence 
of the lightest states with masses M ~ 700 GeV. However, their 
production and decays were searched only in the clearest 
channels at LHC: Drell-Yan processes. In other words, the quark-
lepton and family universality was assumed.
This assumption is natural for the vector fields like Z’/W’ from the 
adjoint representations of the gauge group in order to avoid tree-
level flavor-changing neutral currents, whereas the scalar Higgs 
doublet from the fundamental representation interacts mainly 
with the fermions from the third family, which is the source of the 
flavor violation in Nature. Since the vector doublets come along 
with the scalar doublets, it is more natural to suggest a similar 
pattern of couplings for the vector doublets too.
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Example with extra dimensions
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Let us consider a doublet of the gauge fields in N-dimension Minkowski space.
Then its the fifth and the subsequent components 
can play a role of the Higgs fields
(so-called Gauge-Higgs unification)

The lightness of the Higgs doublets is guaranteed by the gauge symmetry. This 
symmetry is spontaneously broken by compactification. In this way the mass of 
the Higgs doublet is controlled by the compactification scale, as opposed to
the high-dimensional cutoff of the theory.

N.S. Manton, Nucl. Phys. B 158 (1979) 141; 
D.B. Fairlie, J. Phys. G 5 (1979) L55; Phys. Lett. B 82 (1979) 97.
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Higgs vs. new bosons

production at LHC
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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Signature of neutral Z* bosons

The neutral Z* bosons are interacting mainly with top quarks.
Therefore, they will produce in top quarks annihilation and 
decay to them. However, at LHC energy the protons do not 
contain practically top quarks and the only mechanism of 
their occurrence is gluon splitting:
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Signature of charged W* bosons (1)

The charged W* boson is interacting mainly with top and 
bottom quarks. Therefore, it will produce in top-bottom 
quarks annihilation and decay to them. 
This process is analogous to previous neutral Z* boson 
production: gg t b W t t bb *

t

b

W*t

bg

g t

b

The final state coincides with the 
associated production of the Higgs 
boson with a top quark pair and its 
decay into bottom quarks, although
with absolutely different kinematics.
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https://indico.cern.ch/event/386258/
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gb tW t b t *

The second signature of the charged W* boson production, 
with the bottom quark from the proton contamination, is 
much simpler than the previous ones and can be used even 
for direct reconstruction of the b̅t - invariant mass.
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Signature of charged W* bosons (2)
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Conclusion

The increasing gluon luminosity due to higher 
centre-of-mass energies in the second LHC run 
will lead to an order of magnitude higher cross 
sections for the considered processes than in the 
first LHC run.


