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Motivation (LFV)
After the discovery of n oscillations, flavor violation only remains unmeasured in the charged lepton sector.

Marciano-Sanda ‘77, Bilenky-Petcov-Pontecorvo ‘77, Cheng-Li ‘77

MEG’s present upper bound:

Hunt of New Physics at MEG, MEGA, SINDRUM (II), Mu2e, Mu3e, COMET, PRISM, Belle-II, ATLAS & CMS, LHCb…

4.2

See related talks today and tomorrow See also Emilie’sintroductory talk
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Motivation (SLH)
LH models are composite Higgs models (Georgi-Kaplan ’84, Dugan-Georgi-Kaplan ‘85). These assume:I ) A scale of compositeness, f.II) Hierarchy v/f<<1.III) Higgs potential is (entirely or partly) radiatively generated.
Features of LH models:I) Loop-level generated Higgs mass.II) Tree-level generated quartic coupling (see however Schmalz-Stolarski-Thaler ‘09).III) ‘Little’ particles with masses of O(f), that cancel the main one-loop corrections to the Higgs mass in the SM (consequence of collective symmetry breaking).IV) UV completion of the model is expected at L ~ 4pf ≥ 12 TeV.
Two types of LH models:I) Product group models [SU(2)xU(1)]N (needs T-parity).II) Simple group models SU(N)xU(1) (like SLH).

See also Moyotl et. al. & Arroyo et. al., poster session

Higgs as a ‘kind’ of p
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- Solves the hierarchy problem without T-parity.- SU(2)LxU(1)Y from the breakdown of SU(3)XxU(1).- Every fermion family contains a L SU(3) triplet and the corresponding R singlets. We follow the anomaly-free embedding: 

LH models vs LHC data: Han, Wang, Yang, Zhu ‘13
(See alsoKalyniak, Martin, Moats ’15)

(More complete discussion in additionalmaterial)
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Motivation (SLH, Schmaltz ‘04)
- Solves the hierarchy problem without T-parity.- SU(2)LxU(1)Y from the breakdown of SU(3)XxU(1).- Every fermion family contains a L SU(3) triplet and the corresponding R singlets. We follow the anomaly-free embedding: 

- Two complex scalar fields, triplets under SU(3):

- Scalar potential with [SU(3)xU(1)]2 symmetry, breaking to [SU(2)xU(1)]2 with vevs of order f and NGBs. The (gauged) diagonal subgroup SU(3)LxU(1)X breaks down to the SM EW group via the vevs. The scalar multiplets are given by non-linear sigma models (including the SM Higgs and new NGBs):
[SU(3)xU(1)]2→[SU(2)xU(1)]2
Only the diagonal part is gauged: SSB of global symmetry & of local gauge symmetry

Higgs d.o.f & h

5 additional massive gauge bosons (W’+, Y0(†), Z’)

EWSB
(Cheung, Song et. al. ‘07, ‘08 )
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Improved analysis with respect to Phys.Rev. D93 (2016) no.7
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And 2 orders of magnitude improvement expected for Belle-II !!

See also Toshiki Yoshinobu, poster session
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Motivation
But not so much activity on thetheory side (but for L→l g(*)):
SUSY (Brignole-Rossi ‘04, Fukuyama-Ilakovic-Kukuchi ‘08, Arganda-Herrero-Portolés ‘08, Arganda-Portolés-Rodríguez-Sánchez ‘09)
LH with T-parity (Liu-Yue-Zhang ’10, Goto-Okada-Yamamoto’11)
3-3-1 models (Hua & Yue ‘14)
EFT (Celis-Cirigliano-Passemar‘14)And 2 orders of magnitude improvement expected for Belle-II !!

See also Toshiki Yoshinobu, poster session
See also Emilie’sintroductory talk
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1-loop diagrams (g,Z,Z’)* → q q omitted
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Unitary gauge throughout!!

Subtlecancellation of divergences !!
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Unitary gauge throughout!!

Approximations:

External momenta set to zero in thecomputation of boxes
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Box contributions
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Unitary gauge throughout!!

(Del Águila-Illana-Jenkins ‘11)

(small mixing for qd)

O(1)

(Explicitexpressions in additionalmaterial)

Box contributions relevant (essential in decaychannels with only one pseudoscalar meson)
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Chiral symmetry + Dispersion relations (unitarity, analyticity, crossing symmetry) + Brodsky-Lepage behaviour + Accurate data
(Dumm-Roig ‘12, Shekhovtsova-Przedzinski-Roig-Was ’12, …)

See alsoSergi González-Solís & Rafel Escribano talks
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(Dumm-Roig ‘12, Shekhovtsova-Przedzinski-Roig-Was ’12, …)

See alsoSergi González-Solís & Rafel Escribano talks

Basically only fP decay constant
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Hadronization
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Chiral symmetry + Dispersion relations (unitarity, analyticity, crossing symmetry) + Brodsky-Lepage behaviour + Accurate data
(Dumm-Roig ‘12, Shekhovtsova-Przedzinski-Roig-Was ’12, …)
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2 heavy neutrinos (small mixing for qd)

Previous work within SLH in Del Águila-Illana-Jenkins ’11: m → e g, m → eee & m → e in nuclei

All low-E constraints taken into account for our analyses of t → l (P/PP/V) & H → l l’

(GIM-like)

Allowed heavy neutrino mass hierarchies
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And 2 orders of magnitude improvement expected for Belle-II !!
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2 heavy neutrinos (small mixing for qd)

And 2 orders of magnitude improvement expected for Belle-II !!

Log[BR(mpp)]

MN1 (TeV)
MN2 (TeV)

Scatter plot for reasonable values of model parameters

(GIM-like)
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Phys.Rev. D94 no. 5, 056001 (2016)
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1-loop diagrams

3 heavy neutrinos

(Vanishing CPV phase for simplicity)

2 heavy neutrinos → 3 heavy neutrinos: 

(Also in the l’ leg)

Unitary gauge throughout!!

(GIM-like)
w-dependencein the 3 N case
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3 heavy neutrinos

Small BRs for LFV Higgs decays in agreement with B. Yang et. al. ’16 (LH-T)

See also Moyotl et. al., poster session

(GIM-like)
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Conclusions
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Little Higgs models (particularly SLH) remain as elegant candidates to alleviate the hierarchy problem on the Higgs mass,respecting all experimental bounds.

(S)LH models predict small LFV decay rates which could escape detectionat Belle-II and (specially) at LHC.
Within SLH, LFV detection would be easier with 3 heavy neutrinos and for t/m decays (GIM-like)
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Motivation (SLH, Schmaltz ‘04)
- Solves the hierarchy problem without T-parity.- SU(2)LxU(1)Y from the breakdown of SU(3)XxU(1).- Every fermion family contains a L SU(3) triplet and the corresponding R singlets. We follow the anomaly-free embedding: 

- Two complex scalar fields, triplets under SU(3):

- Scalar potential with [SU(3)xU(1)]2 symmetry, breaking to [SU(2)xU(1)]2 with vevs of order f and NGBs. The (gauged) diagonal subgroup SU(3)LxU(1)X breaks down to the SM EW group via the vevs. The scalar multiplets are given by non-linear sigma models (including the SM Higgs and new NGBs):- Gauge part:
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Higgs contribution to semileptonic LFV tau decays
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(Celis, Cirigliano, Passemar, ‘14)

General contribution: Independent of LFV model used !!
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Unitary gauge throughout!!

O(1)
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Unitary gauge throughout!!

(Del Águila-Illana-Jenkins ‘11)

(small mixing for qd)

O(1)
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Chiral symmetry + Dispersion relations (unitarity, analyticity, crossingsymmetry) + Brodsky-Lepage behaviour + Accurate data
(Dumm-Roig ‘12, Shekhovtsova-Przedzinski-Roig-Was ’12, …)
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P = p0, h, h’
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Hadronization

1


