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PhD	THESIS

•Motivation
ü𝑉 Φ#Φ = 𝜇&Φ#Φ + 𝜆 Φ#Φ &

üSolution:	symmetry	breaking	is	realized	dynamically	through	condensates	of	bilinear	
fermion	fields	

• Results
üConditions	under	which	the	condensates	get	formed	in	the	Higgs- Yukawa	
system

üThe	evolution	of	the	Yukawa	couplings	at	the	one-loop	level	and	constraint	
their	initial	values	so	that	the	condition	for	condensate	formation	occurs	at	an	
energy	scale	of	O(1	T	eV	)	

üThe	electroweak	symmetry	breaking	is	then	driven	by	fermion	bilinear	
condensates	at	that	scale.	
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small. Similarly, one could get the same order of induced VEV of �
S

coming from
Fig. 5b if we assume g

Sq

⇠ g0
Sq

⇠ g
Sl

.
The induced VEV of �

S

emerges ”naturally” small as a result of the constraint
g
Sl

 10�3 studied in.9 Turning this argument around, the smallness of neutrino
masses implies that g

Sl

has to small within the present framework. The implication
of this result will be presented elsewhere.

7. Conclusions

As with the 4th-generation scenario of,12 we started out in this paper with the EW-
scale ⌫

R

model with massless scalars at tree level. The Higgs fields will become com-
posite Higgs when fermions in the EW-scale ⌫

R

model condense. Condensates and
critical values were dynamically investigated within the framework of SD approach.
If initial values of the Yukawa coupling exceed corresponding critical values, the
condensation of right-handed neutrino and mirror fermions through the exchange
of fundamental Higgs occur. By studying of the evolution of one-loop � functions
of Yukawa couplings, we have also shown that the energy where condensate states
form is at the the order of ⇠ O(1 TeV). The electroweak symmetry breaking is
then driven by fermion bilinear condensates at that scale. In the present work, the
case where condensates of ⌫

R

and qM give rise to composite Higgs e�
c

and �2Mc

was
considered. After the formation of right-handed neutrino and mirror quarks conden-
sates, Higgs triplet � and Higgs doublet �2M will develop VEVs through induced
µ2 terms. The others, �2 and ⇠ acquire masses because of quadratic couplings with
�0 and �0

2M . The global SU(2)
L

⌦ SU(2)
R

symmetry is then dynamically broken
down to the custodial SU(2)

D

.
This study actually provides an interesting result. First, a model of DEWSB was

provided where ⌫
R

’s and mirror quarks obtained dynamical masses proportional to
⇤
EW

. The other interesting feature of this work is that within the framework of
DEWSB, the induced VEV of �

S

would be naturally smaller than the electroweak
scale because of the smallness of g

Sl

. This implies that m
D

⌧ M
R

and the light
neutrinos are naturally light. Last but not least, there is also a recent interest
concerning the possibility that the Higgs boson is a composite of neutrinos.18

The model presented in this paper is scale-invariant at tree-level above the con-
densate scale. Scale invariance is broken at ”low energy” and it is an interesting
question to see if there are any phenomenological consequences. This question is
under investigation.

Acknowledgments

NNL would like to thank the Department of Physics, University of Virginia for
hospitality during the earlier stages of this investigation. Financial support of Hue
University is gratefully acknowledged.


