
Putting it altogether - The CKM matrix
S. Descotes-Genon on behalf of the CKMfitter group

Laboratoire de Physique Théorique (UMR 8627), CNRS/Univ. Paris-Sud 11, 91405 Orsay, France

Abstract. I review our current understanding of the Cabibbo-Kobayashi-Maskawa matrix within
the Standard Model, with a focus on some current tensions between the available observables. I
discuss the extension of the CKMfitter approach for∆F = 1 New Physics, namely the two-Higgs
doublet model of type II.
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In the Standard Model (SM), the weak charged-current transitions mix quarks of
different generations, which is encoded in the unitary Cabibbo-Kobayashi-Maskawa
(CKM) matrix. In the case of three generations of quarks, thephysical content of this
matrix reduces to four real parameters, among which one phase, the only source of CP
violation in the Standard Model (the lepton sector can also exhibit similar sources of CP
violation once masses, provided by New Physics (NP), are considered). One can define
these four real parameters as:
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This parametrisation is exact, unitary to all orders inλ and independent of phase
conventions. A Wolfenstein-like parametrisation of the CKM matrix can be derived
up to an arbitrary power in the Cabibbo angleλ = sin(θC), using the unitarity of the
matrix to determine all its elements. A challenge for both experimentalists and theorists
consists in extracting information on these parameters andthe underlying mechanism of
CP violation from the wealth of data currently available, inthe presence of the strong
interaction that binds quarks into hadrons. The CKMfitter group pursue this goal using
the Rfit frequentist approach [1].

Since the era ofB-factories is coming to its end, it is quite natural that experimental
updates are scarcer nowadays. An interesting recent updatecame concerningB → ρρ
decays, since the world averages for the branching ratio andthe longitudinal polarisation
for ρ+ρ0 have increased due to a new BaBar value [3]:B(ρ+ρ0) = (18.2± 3.0) ·
10−6 → (24.0±1.9) ·10−6 and fL(ρ+ρ0) = 0.912±0.044→ 0.950±0.015. As is well
known,α can be extracted fromB→ ππ,ρπ or ρρ decays. First, an effective valueαe f f

is determined from the time-dependent CP-asymmetry inB̄0 → h+h−. The analysis of
the other modes can be done based on isospin relations to eliminate the pollution from
penguin contributions and determine:αe f f −α, through a geometric reconstruction of
isospin triangles up to an eight-fold ambiguity. Comparingthe three different cases (ππ,
ρπ andρρ), one finds that the smallest penguin pollution, and thus themost stringent
bound, comes fromρρ.
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FIGURE 1. On the left : 95% CL constraints on the unitarity triangle from the global fit. On the right :
constraints on alpha fromB→ ππ ,ρπ ,ρρ decays, showing a good agreement among the three channels
and with the global fit expectation.

The BaBar update forces theρρ isospin triangles not to close for the central values,
which means that one prefers flat triangles with degenerate mirror solutions. This has an
impact on the determination ofα, which used to(88.2+6.1

−4.8)
◦ in Summer 08 and is now

α = (89.0+4.4
−4.2)

◦: α becomes a precise measurement (5%) at same level asβ (4.2%).
Through a toy Monte-Carlo using the best fit for central values, we have studied the
distribution of the 1σ error onα for ρρ: the average toy error is 7.5◦ (observed: 5.4◦),
with a long asymmetric tail due to configurations with non-degenerate mirror solutions,
and 68% of the toys have a larger error than the data. We have also modeled isospin-
breaking effects and checked that even a sizeable isospin breaking contribution toA+0

has only a very mild impact on the determination ofα at 95% CL.
The global fit exhibits currently a slight tension between the various observables.

Indeed, the global fitχ2
min drops by∼ 2.4σ if sin2βcc̄ or B → τν is removed. Before

claiming any effect from new physics, one should consider the possibility of a fluctuation
in the experimental measurements or in the theoretical inputs. On the experimental side,
both sin2βcc̄ or B → τν show a good agreement between BaBar and Belle. On the
theoretical side, the issue is not restricted to the value offBd since one observes a 2.4σ
discrepancy from the ratio
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Two possible ways of escaping the current tension would be a change in the measured
branching ratio ofB→ τν or a correlated change in lattice estimates offBd andBBd.

Another topic discussed recently consists inεK, which is the only input from (indirect)
CP-violation inK sector. It is dominated by long distances and can be evaluated on the
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FIGURE 2. On the left : constraints on theBd decay constant and bag parameter fromB→ τν decay and
B mixing. On the right : the value ofεK as determined from the global fit (in blue) and the corresponding
p-values with different treatments of systematics.

latticeB̂K = 0.721±0.005±0.040, with the usual relation:

|εK| = Cε B̂Kλ 2η̄2|Vcb|
2[|Vcb|

2(1− ρ̄)ηttS0(xt)+ηctS0(xt ,xc)−ηccS0(xc)] (3)

with the well-known Inami-Lim functionsS0 of xq = m2
x/m2

W andCε normalisation.
Recently [2], it was advocated that a multiplicative correction κε should be applied,
because of neglected contributions from related to theππ strong phaseφ 6= π/4 and
the amplitudeImA0 6= 0. If the estimateκε = 0.92± 0.02 is currently scrutiny, it is
interesting to notice how the presence (or the absence) of a tension in a fit depends on
the treatment of errors. Indeed, if we include this correction and treat the uncertainty on
κε in a Gaussian way, we observe a tension (∼ 1.5σ ) in the global fit. But if we stick to
our usual and more conservative Rfit treatment of systematics, we observe no tension,
as can be seen in the above figure.

Flavour physics and CP-violation data provide stringent constraints on the parameters
of extensions of the Standard Model, which yield generally fine-tuning problems. From
this point a view, a rather minimal extension of the SM, with alimited number of new
parameters to fix, consists in two-Higgs doublets models (2HDM). The additional pa-
rameters needed to describe this SM extension are the massesof the additional Higgs
bosonsH±, H0 andA, the ratio of vacuum expectation values tanβ and an angle describ-
ing h0-H0 mixing. A particularly alluring version of 2HDM is type II, where a doublet
couples to down-type quarks and the other one to up-type quarks (and to leptons), be-
cause of its resemblance with the SM in the quark sector: the CKM matrix remains the
only source of flavour changing interactions and there are noflavour-changing neutral
currents at tree level. But there are new flavour-changing charged interactions, corre-
sponding to the exchange of a charged Higgs rather than aW (obviously, there are also
interactions with neutral Higgs fields).

We have collected measured decays potentially sensitive tocontributions from
charged Higgs, for which a good control of the theoretical hadronic uncertainties can be
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FIGURE 3. On the left : superimposed 95% CL constraints onmH+ and tanβ for the two-Higgs doublet
model type II. On the right : combined constraint onmH+ .

achieved:a) the leptonic decaysΓ[K → µν]/Γ[π → µν], B[D → µν], B[Ds → µν],
B[Ds → τν] andB[B → τν], b) the semileptonic decaysB → Dτν, through the ratio
B[B → Dτν]/B[B → Dℓν], andK → πℓν, through the ratioB[K → πµν]/B[K →
πeν]., c) the Z partial width intob quarks,Rb = Γ[Z → bb̄]/Γ[Z → hadrons], d) the
FCNC radiative decayb→ sγ through the ratioB[B̄→ Xsγ]/B[B̄→ Xceν̄ ].

The most stringent constraints come from leptonic decays and from b→ sγ [4]. The
minimum χ2 of χ2

min ≃ 11 is obtained formH+ > 600 GeV. At highH+ masses and
irrespective of the value of tanβ (decoupling limit), the charged Higgs contribution
becomes negligible for all the processes we are consideringin this analysis, so that
the SM predictions are recovered. The largeχ2

min value is due to the tension between:
the large measuredB[B→ τν] which favours a fine-tuned solution at lowmH+ values,
and all the other observables, in fair agreement with the SM expectations which select
large values for the charged Higgs mass. The global fit hence selects large values of the
charged Higgs mass, but with a penalty from theB[B → τν] branching ratio. A lower
limit of the charged Higgs mass can be inferred:mH+ > 323 GeV at 95 % CL, while no
significant constraint is obtained for tanβ . This can be compared to the bound obtained
from direct searches at LEP for any value of tanβ : mH+ > 78.6 GeV at 95 % CL.

REFERENCES

1. The CKMfitter Group (J. Charles et al.), Eur. Phys. J. C41, 1-131 (2005), updated results and plots
available at: http://ckmfitter.in2p3.fr

2. A. J. Buras and D. Guadagnoli, Phys. Rev. D78 (2008) 033005 [arXiv:0805.3887 [hep-ph]].
E. Lunghi and A. Soni, Phys. Lett. B666 (2008) 162 [arXiv:0803.4340 [hep-ph]].

3. B. Aubertet al. [BaBar Collaboration], Phys. Rev. Lett.102 (2009) 141802 [arXiv:0901.3522 [hep-
ex]]; A. Bevan, this conference.

4. The CKMfitter Group, in preparation


