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Hierarchy Problem: Huge mass gap between Planck scale (~1018 GeV) 
and EW scale (~100 GeV).  

Possible solutions: 
• Disregard for naturalness argumentations 
• Multiverse reformulation of the problem 

‣ Anthropic selection 
‣ Likelihood of SM vacuum in the multiverse scenario 

• New physics at the TeV scale 
‣ Supersymmetry 
‣ Composite Higgs models 
‣ “Large” compactified extra dimension(s)
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New gauge group: G = GSM ⇥GST (0.1)

GSM = SU(3)⇥ SU(2)⇥ U(1) (0.2)

GTC = SU(N) (0.3)

a

Gf = SU(3)6 = SU(3)` ⇥ SU(3)ẽ ⇥ SU(3)LL ⇥ SU(3)LR ⇥ SU(3)ẼL
⇥ SU(3)ẼR

, (0.4)

m ! VLLmV †
LR

,

m̃ ! VẼL
m̃V †

ẼR
,

� ! V`�V †
LR

,

�̃ ! Vẽ�̃V †
ẼL

,

Y ⇤
R ! VLLY

⇤
RV

†
ẼR

,

Y ⇤
L ! VLRY

⇤
LV

†
ẼL

.
(0.5)

(Q(1)
'l )ij = ('†i

$
Dµ ')(¯̀Li�

µ`Lj) (Qe�)ij = (¯̀Li�
µ⌫eRj)'Fµ⌫ (Qll)ijmn = (¯̀Li�µ`Lj)(¯̀Lm�µ`Ln)

(Q(3)
'l )ij = ('†i

$
D I

µ ')(¯̀Li⌧
I�µ`Lj) (Qe')ij = ('†')(¯̀LieRj') (Qee)ijmn = (ēRi�µeRj)(ēRm�µeRn)

(Q'e)ij = ('†i
$
Dµ ')(ēRi�

µeRj) (Qle)ijmn = (¯̀Li�µ`Lj)(ēRm�µeRn)

`i ! `j � i 6= j i = j dd Y ⇤
L = 0

m, m̃, Y ⇤
R

1
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New gauge group:
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µeRj) (Qle)ijmn = (¯̀Li�µ`Lj)(ēRm�µeRn)
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Particles charged only 
under GSM

New particles charged 
under SU(N)

Composite states (~TeV scale)

SM particles Higgs Boson

Pros: 
•Solving the hierarchy problem 
•Addressing the SM flavor 

puzzle

small mixing

Cons: 
•New flavor violating interactions
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`i ! `j � i 6= j i = j dd Y ⇤
L = 0

m, m̃, Y ⇤
R

1



New set of vector-like heavy fermions. 

Extend the lepton flavor group:
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SM flavor group extension
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⇥ SU(3)ẼR
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Flavor violating observables for charged leptons.  

EFT approach:
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Spurionic analysis. Deriving either: 

•Constraints on the mass scale of the CH sector 

•Hypothesis on the structure of the spurions
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•Classification of the spurionic structures 

•Model independent phenomenological analysis of LFV 

•Showed that            could be not sufficient 

•Identified an Intermediate Flavor Violation (IFV) scenario:                   
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Considering a specific dynamical model (Contino et al., arXiv:hep-ph/0612180). 
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Considering a specific dynamical model (Contino et al., arXiv:hep-ph/0612180). 
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L
mix

= �� ¯̀
LLR � �̃ ēREL + h.c.
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Lepton content: 

‣SM leptons:         l L ,           eR. 
‣Heavy leptons:    LL, LR,      EL, ER. 

G = GSM ⇥ SU(N) (0.1)

GSM = SU(3)⇥ SU(2)⇥ U(1) (0.2)

GTC = SU(N) (0.3)

a

Gf = SU(3)6 = SU(3)` ⇥ SU(3)ẽ ⇥ SU(3)LL ⇥ SU(3)LR ⇥ SU(3)ẼL
⇥ SU(3)ẼR

, (0.4)

m ! VLLmV †
LR

,

m̃ ! VẼL
m̃V †

ẼR
,

� ! V`�V †
LR

,

�̃ ! Vẽ�̃V †
ẼL

,

Y ⇤
R ! VLLY

⇤
RV

†
ẼR

,

Y ⇤
L ! VLRY

⇤
LV

†
ẼL

.
(0.5)

(Q(1)
'l )ij = ('†i

$
Dµ ')(¯̀Li�

µ`Lj) (Qe�)ij = (¯̀Li�
µ⌫eRj)'Fµ⌫ (Qll)ijmn = (¯̀Li�µ`Lj)(¯̀Lm�µ`Ln)

(Q(3)
'l )ij = ('†i

$
D I

µ ')(¯̀Li⌧
I�µ`Lj) (Qe')ij = ('†')(¯̀LieRj') (Qee)ijmn = (ēRi�µeRj)(ēRm�µeRn)

(Q'e)ij = ('†i
$
Dµ ')(ēRi�

µeRj) (Qle)ijmn = (¯̀Li�µ`Lj)(ēRm�µeRn)

`i ! `j � i 6= j i = j dd Y ⇤
L = 0

1
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We have performed explicit calculations: 

•Confirmed the presence of the predicted spurionic structures 

•Explicit one-loop result for the dipole operator 

•Phenomenological predictions for various observables
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ẼL

.
(0.5)

(Q(1)
'l )ij = ('†i

$
Dµ ')(¯̀Li�

µ`Lj) (Qe�)ij = (¯̀Li�
µ⌫eRj)'Fµ⌫ (Qll)ijmn = (¯̀Li�µ`Lj)(¯̀Lm�µ`Ln)

(Q(3)
'l )ij = ('†i

$
D I

µ ')(¯̀Li⌧
I�µ`Lj) (Qe')ij = ('†')(¯̀LieRj') (Qee)ijmn = (ēRi�µeRj)(ēRm�µeRn)
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µeRj) (Qle)ijmn = (¯̀Li�µ`Lj)(ēRm�µeRn)
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•From general spurionic approach: 

‣Thorough classification of the spurionic structures 
‣Prescriptions for viable TeV scale scenarios (IFV) 

•From explicit dynamical model: 

‣Confirmation of the spurionic analysis 
‣Detailed phenomenological analysis
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