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The Littlest Higgs Model with T-parity (LHT) is an interesting alter-
native model for New Physics at the TeV scale. Although Flavour Physics
was not the reason for creating the LHT model, significant effects (such as
large CP violation where not predicted by the SM) can be created without
violating existing experimental bounds. We study the B-, K- and especially
the D-sector.
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1. The Little(st) Higgs Model (with T-parity)

In the Little Higgs class of models [1], the Higgs Boson is a pseudo-
Goldstone boson of a spontaneously broken global symmetry. Gauge and
Yukawa couplings break the symmetry explicitly, but every single coupling
conserves enough of the symmetry to keep the Higgs massless. This way, the
radiative corrections to the Higgs mass are only logarithmically divergent at
one loop (and not quadratically as in the SM).

One popular implementation of the Little Higgs mechanism is the Lit-
tlest Higgs Model [2], where the Higgs boson is a pseudo-Goldstone bo-
son from breaking a global SU(5) symmetry to a global SO(5) at the scale
f ∼ O (TeV). The exact mechanism for symmetry breaking is unspecified,
therefore the Littlest Higgs model is an effective theory valid up to Λ ∼ 4πf .

There are 14 Nambu–Goldstone bosons from symmetry breaking: the
SM Higgs, new heavy gauge bosons W±H , ZH , AH , a scalar triplet Φ, and
a heavy partner for the top quark, T . In the original Littlest Higgs model,
the custodial SU(2) is broken already at tree level. Consequently, the elec-
troweak precision (EWP) observables demand f & 2–3TeV, which leads to
rather small (10–20%) effects in Flavour Physics.
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By introducing a new discrete symmetry (“T-parity”), the Littlest Higgs
Model with T-parity (LHT) [3] avoids problems with the EWP observables.
Under the new symmetry, all the new particles (except T+) are odd, and
all the SM particles are even. There are therefore no contributions by
T-odd particles at the tree level, but the cancellation of divergences still
works since it is a loop effect. This allows lowering the scale f to ∼ 1TeV
(or even lower).

The LHT model contains three doublets of “mirror quarks” (T-odd,
heavy), three doublets of “mirror leptons” (T-odd, heavy) and a T-odd
T− in addition to the T-even T+. (Just like R-parity in SUSY, T-parity
can also produce a candidate for Dark Matter.)

The new parameters in the LHT model are f , the NP scale which also
fixes MWH

, etc. The mixing between t and T is described by xL. There
are three mirror quark masses: mH1,mH2 and mH3 (the model is Minimal
Flavour Violating (MFV) if these are degenerate) and a mirror quark mixing
matrix VHd containing three angles and three [4] phases. The up-type mirror
fermion mixing matrix is given by V †HuVHd = VCKM. (There are also 9 mirror
lepton parameters, but these are not of interest in the context of this study.)

2. Flavour effects from LHT

Although the LHT model does not introduce new operators in addition to
the SM ones in the low-energy effective Lagrangian, it is not MFV because
of the mirror quark mixing. New particles contribute to Flavour Chang-
ing Neutral Current (FCNC) processes as shown in the figure. A detailed
discussion of Flavour Physics in the LHT model is given in [5].

The LHT amplitudes can be written as (e.g. K sector):∑
i=u,c,t

λKi Fi(mi,mT+ , . . .) + ξKi Gi(m
i
H ,MWH

, . . .) ,
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where the first term is the T-even contribution, and the second term is
the T-odd contribution. This way the Inami–Lim functions become XK =
XSM + Xeven + ξKi /λ

K
t Xodd, with the CKM factors λKt = V ∗ts Vtd and the

mirror quark mixing ξKi = V ∗isHd V
id
Hd. Because of the CKM hierarchy 1/λKt �

1/λBd
t � 1/λBs

t , we expect the largest effects in K physics, but suitable ξji
can produce large effects also in Bd, Bs.

It has to be checked very carefully whether the LHT effects do not vio-
late existing experimental FCNC constraints. We studied [6] the constraints
on ∆MK and εK from the K system, the mass differences in the B sys-
tem ∆MBd

and ∆MBs , as well as the CP asymmetry in Bd decays SJ/ψKS
.

(Constraints from b → sγ are not a problem, the effects from LHT in this
channel are very moderate.)

We generated random points in the LHT parameter space, checked these
constraints and kept only the points that fulfill all constraints. The input pa-
rameters were evenly distributed over their respective 1σ ranges. Although
a lot of points in the parameter space have to be tried to find one that does
not violate any of the experimental constraints, fine tuning is not really
a problem: typically, εK as generated by arbitrary model parameters is one
or two orders of magnitude too large, but there are also many points that
generate correct εK without large fine tuning ∆BG(O) = maxj

∣∣∣pj

O
∂O
∂pj

∣∣∣ [7].
Some of the most spectacular points need no fine tuning at all.

3. General results from LHT flavour study

The decays K+ → π+νν̄ and especially KL → π0νν̄ are excellent probes
of new physics because they can be calculated very cleanly. In the LHT
model, KL → π0νν̄ can be enhanced significantly over the SM value (black
dot) up to a factor of 3–5, and also K+ → π+νν̄ can easily be enhanced
to the central value (dashed line) of the current experimental range. Most
data points lie on two axes: one of constant KL → π0νν̄, and one parallel
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to the Grossmann–Nir bound. This is due to the specific operator structure
of the LHT model, and distinguishes the experimental signature from other
models.

The CP-asymmetry Sψφ of the decay Bs → ψφ is much smaller in the SM
than SJ/ψKS

because the corresponding CKM angle βs is only about −1 deg.
In the LHT model, large effects between −0.3 and +0.4 are observed, but
simultaneous large effects in KL → π0νν̄ and Sψφ, though possible, seem
unlikely. This is very different from the situation between BR(Bs → µ+µ−)
and Sψφ, here simultaneous significant effects are rather likely because both
observables profit from a modified b → s penguin. The enhancement of
BR(Bs → µ+µ−) of up to 30% over the SM result is, however, rather mod-
erate compared to e.g. SUSY.

Another interesting signature of the LHT model is the correlation be-
tween the BRs of KL → µ+µ−SD and K+ → π+νν̄, which is very different
from e.g. the RS model with custodial protection (cf. contribution by Börn
Duling in this volume). Correlations like these might prove instrumental in
distinguishing different models of NP in the experiment.
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4. DD̄ oscillations in the LHT model

This section is based on [8, 9]. DD̄ is more complicated than KK̄ and
BB̄ mixing: KK̄ and BB̄ mixing is dominated by short-distance physics,
i.e. charm/top loops (cf. figure). DD̄ has almost no short-distance contri-
bution: the corresponding CKM factors are small and the down-type quarks
in the loops too light. Therefore, the SM contribution to DD̄ mixing is
long-distance, hence difficult to estimate. In our analysis, we vary the SM
contribution in a reasonable range and use theoretical estimates only to
bound the values.

The D mass eigenstates are |D1/2〉 = 1/
√
|p|2 + |q|2

(
p|D0〉 ± q|D̄0〉

)
.

The observables are the normalised mass and width differences, xD ≡
∆MD/Γ , yD ≡ ∆ΓD/2Γ , as well as q/p ≡

√
(MD

12
∗ − i

2Γ
D
12
∗)/(MD

12 − i
2Γ

D
12).

Obviously CP is violated when |q/p| 6= 1.
Rather recently, DD̄ oscillations have been observed [10], a measurement

received with great interest by the community: xD = 0.0100+0.0024
−0.0026, yD =

0.0076+0.0017
−0.0018 , |q/p| = 0.86+0.17

−0.15. Although this establishes oscillation, CP
violation has not (yet) been observed, |q/p| is consistent with 1. In the SM,
no significant CP violation is expected.

To establish whether the LHT model can produce a significant CP viola-
tion in the D system, we determine (MD

12)SM and (ΓD12)SM so that together
with the LHT contribution, xD and yD coincide with experiment. This ap-
proach is reasonable, because even the expected relative sign of (MD

12)SM
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and (ΓD12)SM [11] does not match the values necessary to reproduce the mea-
sured values of xD and yD with the SM contributions, i.e. very little is known
about these quantities from the theoretical side. We obtain two solutions
for each LHT parameter point as shown in the figure.

Essentially all the LHT parameter points are consistent with expecta-
tions for the magnitude of SM contributions. In some cases, (MD

12)SM/
(ΓD12)SM can be rather large, but these are not our most spectacular/ in-
teresting data points. Obviously, requiring xD and yD to coincide with
experiment restricts the allowed points to a rather narrow region in the
Abs/ArgMD

12 plane. Since V †HuVHd = VCKM and the CKM-matrix is rather
close to the unity matrix, the experimental constraints on εK exclude points
with large ArgMD

12 (light blue/grey triangles).

Even without these points, i.e. observing all experimental constraints,
very large (for theD system) CP asymmetries of several percent are possible.
The LHT model could even generate asymmetries of ±5% for D → Kφ, but
this would correspond to semileptonic asymmetries aDSL close to unity. Such
large values of aDSL are already excluded by the measurements of |q/p|exp =
0.86+0.17

−0.15 because aDSL = (|q|4−|p|4)/(|q|4+|p|4).
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We can therefore conclude that the LHT model can easily saturate the
CP violation in the D system that is still allowed by current measurements.

Let us finally look at the correlation between the D system and the Bs
system, i.e. at |q/p| and Sψφ. We find that simultaneous large NP effects in
both systems are possible but unlikely, just as we found that simultaneous
large effects in the K and the B system are unlikely in the LHT model.
Again, it is easier to produce large NP effects that do not violate existing
experimental constraints in one sector than in two.

5. Conclusions

The LHT model is an interesting, economical alternative to SUSY in
solving the hierarchy problem. There are rather few parameters, the model
passes the EW precision tests and (surprisingly, because this is not what the
model was created for) there are interesting, sometimes spectacular effects
on flavour observables. For example, large CP violation in DD̄ oscillations
is possible. We hope that in the near future experimental results will show
us whether nature has chosen anything like the LHT model for physics at
the TeV scale.
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