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Flavour physics is a very interesting sector for present and future dedicated experiments and
machines. Some physics aspects of CP violation are still left open by the excellent measure-
ments at B-factories and Tevatron. Very rare decays, forbidden in the Standard Model, for
which the required statistics can only be obtained at hadron colliders or super-B machines
will open a window on New Physics, in a complementary way to the direct searches at LHC.

1 Introduction

In the Standard Model, the flavor structure of the hadronic sector is governed by the Cabibbo-
Kobayashi-Maskawa (CKM) matrix, which is usually parametrized in terms of three angles and
one phase, or, more conveniently, of the four parameters A, λ, ρ and η (Wolfenstein parametriza-
tion). The basic parameter λ, the Cabibbo angle, has been measured by KLOE with the best
precision ever 1 λ= sin θCabibbo= 0.2237 ± 0.0013. The unitarity triangle (UT) is a very useful
tool to analyse and represent the correlations among flavor and CP violating observables (see
figure 1).

In the recent years, the B-factories, working at the Υ(4s), at SLAC 2 and KEK 3, made
several measurements of the UT sides and angles, and also in the leptonic sector. By now
sin(2β) is a precision measurement 4, (sin(2β) = 0.668 ± 0.028), while the angles α and γ have
still large statistical and systematic uncertainties.

CDF and D0, working at the Tevatron, also produced excellent quality results 5 from B and
D decays, demonstrating that hadron machines are a viable source of high statistics b-hadrons
decays.

2 Current status of the CKM parameters

Combining all the available experimental information, the state of the art of the UT triangle in
the (ρ, η) plane is shown in figure 2 (taken from 6). The UT is now largely constrained leaving
small room to New Physics (NP). One can conclude that the SM is consistent up to the level
probed, which is the experimental error. New Physics effects beyond the Standard Model seem
therefore to be rather small, implying the need to make precise measurements and look at more
complex observables.



Figure 1: The representation of the CKM unitarity relations (bd) and (bs).

Figure 2: Determination of UT combining all the experimental measurements available.



3 Flavour Physics beyond 2009

An open problem of particle physics today is the CP violation mechanism. Cosmology tells
us that the Standard Model does not predict the amount of CP violation necessary for the
baryogenesis. The baryonic world in which we live needs more than what the CKM matrix
expects. The main goal of future experiments must be the discovery and investigation of possible
new contributions to this mechanism. This will have two aspects: test up to a very high level of
precision the consistency of the Standard Model and the CKM description of CP violation, and
on the other hand, to measure very rare decay modes which could be affected by the existence
of new particles introduced by NP models. New Physics must keep however Flavour Changing
Neutral Currents (FCNC) processes very small. The absence of FCNC in the SM is explained
by the GIM mechanism and the structure of the CKM matrix. Precise measurements of decays
with very small branching ratios could be therefore a window on new physics.

New particles can give additional loops or boxes through which the decays can take place:
their existence could then be probed by measuring the decay rate and other variables distri-
butions involved. This indirect approach to discovery of new physics can in principle access
higher energy scales than direct production, accessible if enough energy is available at collider
experiments (after all indirect evidence of the 3rd family and of the Zo boson was inferred from
CP violation in kaon mixing and from the measurement of ν N → ν N). It can also access phases
of the new couplings, and B, D, K physics measurements will help understanding the nature of
the flavour structure of the New Physics found in direct searches at LHC.

In all cases, to detect New Physics effects in weak decays of b, c quarks and τ leptons, very
large statistics will be necessary in order to have the appropriate experimental sensitivities.

4 Is there new physics in B decays?

Rare B decays are highly sensitive to probe new degrees of freedom beyond the Standard Model.
Few examples are given here. A wide and exaustive review can be found in 7.

4.1 The decay Bo
s → J/ΨΦ

The SU(3) counterpart of Bo
d
→ J/ΨKo (with which B-factories measured the β angle), is

Bo
s → J/ΨΦ related to the phase βSM

s of the oscillation Bo
s − B̄o

s , responsable for the CP
violation in the Bo

s → J/ΨΦ decay.

The presence of NP could contribute additional processes and modify the phase of the
mixing amplitude. Also its magnitude could be modified, but the Tevatron measurement of the
oscillation frequency 8 leaves extremely small room to new contributions.

The SM predicts a very small value, 2βSM
s = 0.04 . CDF 9 and D0 10, at Tevatron, have

measured, with the J/Ψ(µ−µ+)Φ(K−K+) final state a (combined) value 2.2 σ different from
the SM, with a combined luminosity of about 5.5 fb−1. These experiments will add about a
factor of two in luminosity in 2009, but the best measurement of 2βs should come from LHCb 11,
especially when it can reach an integrated luminosity of 10 fb−1. In this case the expected
statistical precision will be σ(2βs) ∼ 0.01, allowing a 4σ test of the SM prediction 12. Also
ATLAS 13 and CMS 14 plan to do this measurement, expecting to achieve σ(2βs) ∼ 0.04 with
an integrated luminosity of 30 fb−1.

If disagreement with the Standard Model suggested by the Tevatron measurements will be
confirmed, extremely interesting indications can be inferred on New Physics and its flavour
structure 15.



Figure 3: Standard Model (left) and contribution of SUSY particles (right) to the Bo

s
→ µµ.

4.2 The decay Bo
s → µµ

The decay Bo
s → µµ can potentially be a window on the existence of new particles and provide a

constraint on the parameter space of New Physics. Its branching ratio is predicted by the SM to
be BR(Bo

s → µµ) = (3.4 ± 0.4)x10−9, while the present experimental limits given by Tevatron
are of the order of 4.7 x 10−8 at 95% C.L. 16.

In figure 3 it is shown how NP can intervene to change the decay rate of the SM. In SUSY
models this can increase as the 6th power of the parameter tanβ. It is a high priority for the
LHC experiments to make this measurement at the level of sensitivity requested by the SM.
This can be achieved in LHCb 12 with a 5σ statistical significance with 10 fb−1. ATLAS 13 and
CMS 14 will require a much larger luminosity (about 30 fb−1) in order to get a limit 18 of the
order of 10−9.

4.3 The decay Bo
→ K∗oµµ

The transition b → s is one where NP effects can be large.

The decay Bo
→ K∗oµµ (with the K∗

→ Kπ) is a FCNC process particularly interesting.
The SM forbids it at the tree level, therefore the contributions from NP can be comparable to
that of the SM, entering with loop diagrams.

The interference between the vector and axial vector current introduces an asymmetry in the
angular distribution of the muons which depends on the dimuon invariant mass squared s. The
forward-backward asymmetry (defined as muon going forward or backward in the rest frame of
the Bo) vanishes at a value of s predicted precisely by the SM. This crossing point is sensitive
therefore, if measured with a small uncertainty, to different models of NP, as shown in figure 4.
The pattern of the zeros of the angular asymmetry in a given model will be useful in identifying
the correct model and/or limiting its parameters space.

Other variables, like the asymmetry in the spin amplitude and the polarization of the K∗

provide sensitivity to NP.

LHCb expects to measure this channel very precisely with a luminosity of 2 fb−1 (see figure 4)



Figure 4: Left: prediction of different SUSY models for the asymmetry as a function of s. Right: expected
sensitivity for the measurement of the asymmetry AFB in LHCb with 2 fb−1.

but also with a more modest luminosity it will already allow to discard some of the new physics
models 12.

5 Conclusions

Flavour physics will give in the near future information on some major open problems of particle
physics today. The effects of New Physics in loops can be seen in rare decay branching fractions
of B, τ , D, K, in kinematic distributions and CP-violating asymmetries. Some examples for B
decays have been given in section 4. Purely leptonic branching ratio like B → τν must also be
mentioned because of its correlation with the sin(2β). Do

− D̄o oscillations and rare decays like
Do

→ µ+µ− can give complementary information if charm decay is affected by new dynamics
in a way different than in B decay 20.

Branching ratios for KL → πoνν and K+
→ π+νν can be enhanced by factors 2 to 5 by new

physics contributions.

Flavour physics will play a significant role in deepening the understanding of the Standard
Model and, should NP found at LHC, will indicate specific patterns and distinguish between
various scenarios of New Physics. The rare decays are crucial to understand how FCNC are
suppressed in models beyond the SM.

Different approaches like dedicated experiments such as LHCb 12 at LHC, general purpose
LHC experiments ATLAS13 and CMS14, dedicated machines (super-B factories 19), rare K decay
experiments, and better theoretical understanding and predictions, will be all fundamental for
achieving this goal.
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