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3. Phenomenolgy

1. Introduction

e Motivation: no new particles have been observed yet at current ac- Mass hierarchy? — possible cases
celerators energy scale = to introduce new scalar particles, we need to 2 2 ()2
have a mass hierarchy _ gVR _ 95% U :
[s it possible to obtain hierarchy in a natural way? (i.e. general My, 9L{P)

model /models & wide range of parameters)

e Problem: we need to produce new particles while recovering the SM 1287 (Aéf _Af> * analytical expressions
at low energies (masses, couplings, Oy, ...) R =c¢e ‘L 7R ® g. # gr, A\ # Ar needed for R # 1
e Proposal: start from a massless lagrangian and make use of the Cole- 2.9x 70, ALr =0
man & Weinberg mechanism to obtain spontaneous symmetry; effective e gx < 1 = analytical expres-
potential formalism (1-loop) wodtoTd el Oy -tz s
This does not work for the SM alone, but we can introduce a new R — o 5497 +3697, 9% Q2. —(R=L) o R £ 1for gr = gr, AL

symmetry and scalar field with Q1 # Qr

3.9x =0, ALr # 0
® g1, #* gr, AL # Ar needed for R # 1

2. The model

SU2)r X SU(2)r xU(1)x + 2 scalars e but: no analytical expressions

e problems with the behaviour of the potential: critical

1 1 points on ¢ = 0,7 = 0
L= §(DZ¢L)T(DLM¢L) + i(D%¢R)T(DRu¢R) —V(¢r, oR)
( (
A | A ap— H
DrLr= 0 29L RUaWL R QQXQL RA R —7 e difficult numerical analysis
(QbLa ¢R) )‘LgbL T Al )‘RgbR + A ALR¢L¢R |9x=0, Ar=0, gi =gk, Ar=Ar | 9x=0, A r=0/0: *ge, AL¢AR

Nosp
Classical fields: ¢, — (0,¢) ~ SM, ¢r — (0,7n)

Mass matrix — eigenvalues and eigenvectors
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Effective potential (1-loop + Coleman & Weinberg hypothesis) o
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Renormalization Group Equations (1) , . A,=0.001,g,=06
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= Ar = P(R)gr, [Ar| = egr
r = In(p?), p: renormalization scale

More coﬁlpligate;iﬁ models (2, 3)

4. Conclusions and future work ———t L letdiRes] L ebdusmeionze]

e model with SU(2);, xSU(2)gr xU(1)x symmetry — 2 sectors of particles
with possible hierarchy between them

e hierarchy: depends on the couplings gr,9r, A1, A\r, 9x QL. R, \LR

e promising results: wide region of parameter space giving place to

hierarchy
x we are studying a hierarchy~ LHC scale = R ~ 10%; but: other hi- 40 4,3
erarchies?: ~ gravity/inflation scale = R ~ 10°?; neutrino mass scale .
= R ~ 10712
x include fermions in the model and study their effects; specifically: in- _
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