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We present a summary of our recent analysis update of flavour changing neutral current (FCNC)
processes in the Littlest Higgs model with T-parity (LHT). The essential novelties of our update
are: the removal of the logarithmic UV cutoff dependence by the inclusion of the new contribution
to the Z 0 -penguin diagrams identified by Goto et al. and by del Aguila et al., the study of the decay
KL → µ + µ − , a discussion of fine-tuning in εK and Br(µ → eγ ).
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Little Higgs models [1] are promising candidates for New Physics (NP) being able to address
the question of stability of the Higgs mass under radiative corrections. In Little Higgs models the
Higgs is naturally light as it is identified with a Nambu-Goldstone boson of a spontaneously broken global symmetry, whose gauge and Yukawa interactions are incorporated without generating
quadratic one-loop mass corrections, through the so-called collective symmetry breaking. The most
economical, in matter content, Little Higgs model is the Littlest Higgs (LH) [2], where the global
group SU (5) is spontaneously broken into SO(5) at the scale f ≈ O(1 TeV) and the SM ew sector is embedded in an SU (5)/SO(5) non-linear sigma model. In the LH model, the new particles
appearing at the TeV scales are the heavy gauge bosons (WH± , ZH , AH ), the heavy top (T ) and the
scalar triplet Φ. In the LH model, however, electroweak (ew) precision tests are satisfied only for
quite large values of the NP scale, f ≥ 2 − 3 TeV [3, 4], due to tree-level heavy gauge boson contributions and the triplet vacuum expectation value (vev). The LH model can be reconciled with
ew precision tests by introducing a discrete symmetry called T-parity [5, 6]. As T-parity explicitly
forbids the tree-level contributions of heavy gauge bosons and the interactions that induced the
triplet vev, the compatibility with ew precision data can be obtained already for smaller values of
the NP scale, f ≥ 500 GeV [7]. Another important consequence is that particle fields are T-even or
T-odd under T-parity. The SM particles and the heavy top T+ are T-even, while the heavy gauge
bosons WH± , ZH , AH and the scalar triplet Φ are T-odd. Additional T-odd particles are required by
T-parity: the odd heavy top T− and the so-called mirror fermions, i.e., fermions corresponding to
the SM ones but with opposite T-parity and O(1 TeV) mass. Mirror fermions are characterized
by new flavour interactions with SM fermions and heavy gauge bosons, which involve two new
†
unitary mixing matrices in the quark sector, VHd and VHu satisfying VHu
VHd = VCKM , and two in
†
[8, 9]. Because of these new mixing
the lepton sector, VHℓ and VH ν satisfying VH† ν VHℓ = VPMNS
matrices, the Littlest Higgs model with T-parity (LHT) does not belong to the Minimal Flavour Violation (MFV) class of models [10, 11] and significant effects in flavour observables are possible.
Other LHT peculiarities are the rather small number of new particles and parameters (the SB scale
f , the parameter xL describing T+ mass and interactions, the mirror fermion masses and VHd and
VHℓ parameters) and the absence of new operators in addition to the SM ones. On the other hand,
one has to recall that Little Higgs models are low energy non-linear sigma models, whose unknown
UV-completion could in principle introduce for some processes a theoretical uncertainty reflected
by a left-over logarithmic cut-off dependence. It has been recently pointed out [12, 13], however,
that in the LHT model the logarithmic UV cutoff dependence is absent at O(v2 / f 2 ) making the predictions in this model much less sensitive to the physics at the UV cutoff scale. The cancellation
of the logarithmic UV-cutoff dependence in ∆F = 1 processes comes from an O(v2 / f 2 ) contribution to the Z 0 -penguin diagrams overlooked in our previous analyses [14]-[19] and first identified
in [12, 13]. We have therefore performed a new extensive analysis [20] of FCNC processes in
the LHT model with the inclusion of the above mentioned O(v2 / f 2 ) contribution and by updating
some theoretical and experimental inputs. In what follows we summarize the main results obtained
for both the quark and lepton sectors, underlining what is new and pointing out the channels where
the largest NP effects could be seen. For more details on the analysis we refer the reader to [20].
In the kaon system, we have studied the direct CP-violation parameter εK , which provides
a stringent constraint on the LHT parameter space. We have discussed for the first time the
fine-tuning required in order to satisfy the experimental constraint on εK finding that much less
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fine-tuning is required in the LHT model w.r.t. the custodially protected Randall-Sundrum (RS)
model [21]. For the kaon system we also observe that large enhancements of the branching ratios
Br(KL → π 0 ν ν̄ ) , Br(K + → π + ν ν̄ ) and Br(KL → π 0 ℓ+ ℓ− ) with respect to the SM predictions are
found to be possible. Though the removal of the divergence reduces these enhancements by approximately a factor of two, the strong correlations among them are not modified and provide a useful
tool to distinguish the LHT model from other NP scenarios. Another interesting LHT correlation,
which we have studied in [20] for the first time, is between Br(K + → π + ν ν̄ ) and Br(KL → µ + µ − ),
pointing out that it is opposite and therefore distinguishable from the correlation predicted in the
custodially protected RS model. Moreover, the short-distance contribution to Br(KL → µ + µ − ) can
be as large as 2.5 · 10−9 in the LHT model, that is much larger than the SM prediction.
In the B system, the most interesting observable at present is the phase of B0s − B̄0s mixing. We
have therefore updated the LHT prediction for the CP-asymmetry Sψφ , though it is not affected by
the Z 0 -penguin contribution previously omitted. We find that Sψφ can vary in the range [−0.4, 0.5],
so that the measured deviation from the SM can be explained in the LHT model, though with some
tuning of the parameters, while larger values can be easily obtained in the RS model.
In the lepton sector we find that the inclusion of the previously left-out O(v2 / f 2 ) contribution
does not spoil two important results, namely the requirement of a highly hierarchical VHℓ matrix in
order to satisfy the present upper bounds on µ → eγ and µ − → e− e+ e− and the strong correlation
between the branching ratios of these two decays. In [20] we have also studied the fine-tuning
required in the model in order to satisfy the present experimental bound on Br(µ → eγ ), finding
that it is not relevant but that it would become important if the MEG experiment pushes the bound
further down to ∼ 10−13 . The inclusion of the O(v2 / f 2 ) term turns out to reduce the LHT upper
bounds for the branching ratios of the decays τ → µ (e)π , τ → µ (e)η , τ → µ (e)η ′ by approximately a factor of five, whose enhancements with respect to the SM are nevertheless large and
could be visible at a SuperB factory. Similarly, the branching ratios for LFV τ decays with three
leptons in the final state are lowered by almost an order of magnitude once the UV-cutoff dependence is cancelled, but are still large enough to be observed at a SuperB facility provided the NP
scale is small enough, f < 1 TeV. An important feature that is not affected by the removal of the
UV-cutoff dependence is the dominance of Z 0 -penguin and box diagram contributions relative to
− + −
−
− + −
the dipole contributions in the decays ℓ−
i → ℓ j ℓ j ℓ j and ℓi → ℓ j ℓk ℓk . This LHT feature, being
in contrast to the MSSM dipole dominance, allows for a distinction between these two models, in
particular when looking at ratios where the dependence on the model parameters partially cancels.
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