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We present an update of the Unitarity Triangle (UT) analysis, within the Standard Model (SM)
and beyond. Within the SM the main novelties are the inclusion in εK of the contributions of
ξ and φε 6= π /4 pointed out by A. J. Buras and D. Guadagnoli, and an accurate prediction of
BR(B → τν ), by using the indirect determination of |Vub | from the UT fit, which can be compared
to the present experimental result. In the generalization of the UT analysis to investigate New
Physics (NP) effects, the estimate of ξ is more delicate and only the effect of φε 6= π /4 has
been included. We confirm an hint of NP in the Bs -B̄s mixing at the 2.9σ level, which makes a
comparison with new experimental data certainly desired.
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Figure 1: Result of the UT fit within the SM. The contours display the 68% and 95% probability regions
selected by the fit in the (ρ̄ , η̄ )-plane. The 95% probability regions selected by the single constraints are also
shown.

We present an update of the Unitarity Triangle (UT) analysis performed by the UTfit collaboration following the method described in refs. [1, 2]. Within the Standard Model (SM), we have
included in εK the contributions of ξ and φε 6= π /4 which, as pointed out in [3], decrease the SM
prediction for εK by ∼ 8%. We observe, as main result of the UT analysis, that the CKM matrix
turns out to be consistently overconstraint and the CKM parameters ρ̄ and η̄ are accurately determined: ρ̄ = 0.154 ± 0.021, η̄ = 0.340 ± 0.013 [4]. The UT analysis has thus established that
the CKM matrix is the dominant source of flavour mixing and CP-violation and that New Physics
(NP) effects can at most represent a small correction to this picture. We note, however, that the
new contributions in εK generate some tension in particular between the constraints provided by
the experimental measurements of εK and sin 2β (see fig. 1). As a consequence, the indirect determination of sin 2β turns out to be larger than the experimental value by ∼ 2.0σ .1 We observe
that since new unquenched results for the bag-parameter BK tend to lie below the older quenched
results [6], an update of the input value for BK , which is in program, is expected to enhance this
εK -sin 2β tension.
Recently, we have shown [7] how to use the UT fit to improve the prediction of BR(B → τν )
in the SM, thanks to a better determination of |Vub | and fB . Within the SM the UT fit prediction
for BR(B → τν ) is found to deviate from the experimental measurement [8] by ∼ 2.5σ . Even
allowing for NP effects in ∆F = 2 processes, while assuming negligible NP contributions to the
B → τν decay amplitude, a ∼ 2.2σ deviation from the experimental value is found.
We now present the update of the NP UT analysis, that is the UT analysis generalized to include possible NP effects. In εK we have taken into account the effect of φε 6= π /4, while the
ξ contribution, which beyond minimal flavour violation (MFV) [9, 10] is affected by a large un1 For an alternative indirect determination of sin 2β

which does not rely and is thus free from the hadronic uncertainty

in |Vub |, see ref. [5].
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certainty [11], is not included. This analysis consists first in generalizing the relations among
the experimental observables and the elements of the CKM matrix, introducing effective modelindependent parameters that quantify the deviation of the experimental results from the SM expectations. The possible NP effects considered in the analysis are those entering neutral meson
mixing. Thanks to recent experimental developments, in fact, these ∆F = 2 processes turn out
to provide stringent constraints on possible NP contributions. In the case of Bd,s -B̄d,s mixing, a
complex effective parameter is introduced, defined as
=

hBd,s |Heffullf |B̄d,s i
hBd,s |HeSM
f f |B̄d,s i

,

(1)

f ull
being HeSM
f f the SM ∆F = 2 effective Hamiltonian and He f f its extension in a general NP model,
and with CBd,s = 1 and φBd,s = 0 within the SM. All the mixing observables are then expressed as a
function of these parameters and the SM ones (see refs. [12, 13, 14] for details). In a similar way,
for the K-K̄ system, one can write

CεK =

Im[hK|Heffullf |K̄i]
Im[hK|HeSM
f f |K̄i]

,

C∆mK =

Re[hK|Heffullf |K̄i]
Re[hK|HeSM
f f |K̄i]

,

(2)

with CεK = C∆mK = 1 within the SM.
In this way, the combined fit of all the experimental observables selects a region of the (ρ̄ , η̄ )
plane (ρ̄ = 0.177 ± 0.044, η̄ = 0.360 ± 0.031) which is consistent with the results of the SM analysis, and it also constraints the effective NP parameters.
For K-K̄ mixing, the NP parameters are found in agreement with the SM expectations. In the
Bd system, the mixing phase φBd is found ≃ 1.5σ away from the SM expectation, reflecting a slight
tension between the direct measurement of sin 2β and its indirect determination from the other UT
constraints.
The Bs -meson sector, where the tiny SM mixing phase sin 2βs ≃ 0.041(4) could be highly
sensitive to a NP contribution, represents a privileged environment to search for NP. In this sector,
an important experimental progress has been achieved at the Tevatron collider in 2008 when both
the CDF [15] and D0 [16] collaborations published the two-dimensional likelihood ratio for the
width difference ∆Γs and the phase φs = 2(βs − φBs ), from the tagged time-dependent angular
analysis of the decay Bs → Jψ φ . Updating the UTfit analysis of ref. [17], by combining the CDF
and D0 results including the now available D0 two-dimensional likelihood without assumptions
on the strong phases, we find φBs = (−69 ± 7)◦ ∪ (−19 ± 8)◦ , which is 2.9σ away from the SM
expectation φBs = 0 (see fig. 2). A deviation of more than 2σ is found also by the Heavy Flavour
Averaging Group (HFAG) [8] (2.2σ ) and by CKMfitter [18] (2.5σ ), by combining the Tevatron
results with some differences in the statistical approach.
It will be interesting to see if this hint of NP will be confirmed once the Tevatron measurements
will improve, in particular when the CDF collaboration will make the new likelihood, based on an
enlarged data sample of 2.8 f b−1 , publicly available. We note that this NP signal would be not only
a signal of physics beyond the SM but more in general beyond MFV, since a value of φBs different
from zero can only be an effect of a new source of flavour violation different from the Yukawa
couplings.
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Figure 2: 68% (dark) and 95% (light) probability regions in the (CBs , φBs )-plane.
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