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The hierarchy problem and its possible

solutions

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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Composite Higgs models with Partial

Compositeness

The Higgs as a resonance of a strong interacting sector:
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Composite Higgs models with Partial

Compositeness

New gauge group: G = Ggyr X Ggr

/\\“

Particles charged only

New particles charged

under Gswm under SU(N)
I
Composite states (~TeV scale)
Higgs Boson
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Composite Higgs models with Partial

Compositeness

New gauge group: G = Ggyr X Ggr

/\\“

Particles charged only New particles charged
under Gswm under SU(N)
!
. Composite states (~TeV scale)
small mixing Fr— I
SM patrticles Higgs Boson
Pros: Cons:

e Solving the hierarchy problem e New flavor violating interactions
e Addressing the SM flavor
puzzle
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The spurionic approach

New set of vector-like heavy fermions.

Extend the lepton flavor group:

Gy =8U(3)° = SU(3)¢ x SU(3)e x SU(3)r, x SU3) 1, x SU3)z, x SUB3) 5,
| || |
SM flavor group extension
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The most general set of spurions:

m— Vi,mVy A = VAV Yi = Vi, YRV}
i A Ryt , ,
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The spurionic approach

New set of vector-like heavy fermions.

Extend the lepton flavor group:
Gy =8U(3)° = SU(3)¢ x SU(3)e x SU(3)r, x SU3) 1, x SU3)z, x SUB3) 5,
I || |
SM flavor group extension

The most general set of spurions:

m— Vi,mVy A = VAV Yi = Vi, YRV}

s Vi Vi A VAV Vi iV,
ER b,

too dangerous:
Issetto O
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The spurionic approach

Flavor violating observables for charged leptons.

EFT approach:

(Qgg))ij = (SOT@'BM ©)(Criv*lr;) (Qer)ij = (bricter;) o Fu (Qu)ijmn = (Crivulr;)Lrmy"lrn)

(QW))ij = (1D @) (Erim' 7" 1s) (Qep)ij = (1) (Lrierjep) (Qee)ijmn = (ERiVueR;)(ERmY" €RN)
(Que)ij = (SOTZ'BM ©)(eriv"er;) (Qie)ijmn = (Crivulri)(€rRmY" €Rrn)
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The spurionic approach

Flavor violating observables for charged leptons.

EFT approach:

(Qgg))ij = (SOT@'BM ©)(LrLiv"lr;) (Qer)ij = (bricter;) o Fu (Qu)ijmn = (Crivulr;)Lrmy"lrn)

(QW))ij = (1D @) (Erim' 7" 1s) (Qep)ij = (1) (Lrierjep) (Qee)ijmn = (ERiVueR;)(ERmY" €RN)
(Qpe)ij = (SOTZ'BM ©)(eriv"er;) (Qie)ijmn = (Lrivulr;)(€rRmY" ern)

Spurionic analysis. Deriving either:

e Constraints on the mass scale of the CH sector

* Hypothesis on the structure of the spurions
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The spurionic approach:

results

e Classification of the spurionic structures

e Model independent phenomenological analysis of LFV

e Showed that Y;* = 0 could be not sufficient

e |dentified an Intermediate Flavor Violation (IFV) scenario: m,m, Yp

aligned
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An explicit model

Considering a specitic dynamical model (Contino et al., arXiv:hep-ph/0612180).
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An explicit model

Considering a specitic dynamical model (Contino et al., arXiv:hep-ph/0612180).

Lagrangian:

The SM Lagrangian

N

£ =~ J(FL )+ fils
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An explicit model

Considering a specitic dynamical model (Contino et al., arXiv:hep-ph/0612180).

Lagrangian:

The SM Lagrangian

N

The Lagrangian for
the composite states

~

M2

£ == J(FLP + Fif — (o + S5 + FGD — m)F

2
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An explicit model

Considering a specitic dynamical model (Contino et al., arXiv:hep-ph/0612180).

Lagrangian:

_ The Lagrangian for
The SM Lagrangian the composite states

1 a \2 ' a \2 ]\4*2 a2 [
LZ_Z(F/M/) +leDf—_(p,u1/) + 9 (p,u) _I_F(Zm_m)F
M
2

_MEAT i

/'

Mass mixing terms

(A%)* — (AfF +h.c.)
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An explicit model

Considering a specitic dynamical model (Contino et al., arXiv:hep-ph/0612180).

Lagrangian:

_ The Lagrangian for
The SM Lagrangian the composite states

£=— ~(Fe)2 + Fidf — (o) + 002+ Pl — m)F

4 9
M2 A gt @ M, A2 — (AfF +h D, o> -V YFQF
= MEAL P+ (AL)" = (AfF +h.c.)+ |Dypl” = Vip) =Y Fyp

" \

Mass mixing terms The Higgs Lagrangian
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Lepton content:

» SM |leptons:
» Heavy leptons:

An explicit model

(L,
L., Lr,

CR.
E., Er.

] G = SU(3)°
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An explicit model

Lepton content:

» SM leptons: /L, eR.
» Heavy leptons: L, Lr, EL, Er.

] G = SU(3)°
Spurions:

» Mass terms:  Lipass = —mLL — mEFE + h.c.

» Yukawa: Lyuk — —YRZ_;L¢ER — YLER¢EL + h.c.

» Mass mixing:  Lmix = —AlLr — AérFEr + h.c.
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An explicit model

Lepton content:

» SM leptons: /L, ER.

_ 6
» Heavy leptons: Ly, Lr, E. Er ] Gy =5SU(3)

Spurions:

» Mass terms:  Lipass = —mLL — mEFE + h.c.

» Yukawa: Low = —YrLp¢ERr — YiEréE] + h.c.

» Mass mixing:  Lmix = —AlLr — AérFEr + h.c.
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An explicit model

We have performed explicit calculations:

e Confirmed the presence of the predicted spurionic structures

e Explicit one-loop result for the dipole operator (Qey)ij = (bric™er;j)oF

* Phenomenological predictions for various observables
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Phenomenological analysis

Analysing BR(u — ev)
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Phenomenological analysis

Analysing BR(u — ev)
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Phenomenological analysis

Analysing BR(u — 3e)

w\_____expbounds |
1 O - .E.E‘:._-.E..-_.-..E.E.?'..E_ E..-..-..E.E_-.E.E. E.E.-..-.E!:. E.E..-..E.;E!E.E. E.:.-..!!r:. - E.E.'.E.E.E. = E.:C!:. e
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Phenomenological analysis

Analysing BR(u — 3e)

% exp bounds% %
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Conclusions

* From general spurionic approach:

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

e F-rom explicit dynamical model:

» Confirmation of the spurionic analysis
» Detalled phenomenological analysis
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Conclusions

* From general spurionic approach:

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

e F-rom explicit dynamical model:

» Confirmation of the spurionic analysis
» Detalled phenomenological analysis

Thank You
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