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Abstract. The status of the Unitarity Triangle analysis realized by the UTfit Collaboration is
presented. The most recent determinations of theoretical and experimental parameters are used in
order to over-constrain the apex of the Unitarity Triangle in the Standard Model. In addition, we
present the analysis of the Unitarity Triangle beyond the Standard Model, by parametrizing New
Physics contributions in AF = 2 processes. With the new measurements from the Tevatron, namely
the mass difference Amg, the width difference Al's and the di-muon asymmetry, it is possible to
establish significant bounds on New Physics parameters also in the Bg sector. The results and the
plots presented in this paper can be found at the URL ht t p: / / www. ut fi t . or g, where they are
continuously kept up-to-date.
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INTRODUCTION

The analysis of the Unitarity Triangle (UT) and CP violation represents at the moment
one of the key places where the Standard Model (SM) can be tested with outstanding
precision, hence it provides a great opportunity to search and discover New Physics
(NP) effects beyond the SM. During the recent years an unprecedented amount of new
measurements, thanks to the successes of the B factories and the Tevatron, has been made
available to the UT analysis, allowing for a precise determination of the parameters of
the Cabibbo-Kobayashi-Maskawa (CKM) matrix.

The measurements used in the Standard Model UT analysis include the sides of the
UT, namely |Vyp|/|Vep| from semileptonic decays, and the magnitudes of the mixing
amplitudes of the neutral B mesons Amy and Ams, as well as &, which parametrizes
the indirect CP violation in the neutral Kaon system. Besides these quantities, which
require the employment of non-perturbative hadronic parameters coming from lattice
computations in order to be obtained, as in the case of |Vp|/|Vep|, or related to the CKM
factors p and ] in the other cases, several determinations of the UT angles a, 8 and y



not requiring aid from the lattice are available.

Such an abundance of measurements, which can be basically unaffected from NP as
in the case of [Vyp|/|Vep| and of the tree-level determination of y from B — D) K(*),
or alternatively affected by the presence of NP contributions in different ways, allows
for a simultaneous determination of SM and NP parameters in the flavour sector. As
it will be shown, the UT analysis in the presence of NP has reached nowadays an
accuracy comparable to the SM analysis, thus providing very stringent constraints on
NP contributions to AF = 2 processes.

The UTTit Collaboration has already published a series of papers, where the interested
reader can find all the details not reported in this brief document [1, 2, 3, 4].

In the following we will show first the results of the SM analysis, i.e. assuming the
validity of the SM. Then, upon the introduction of a generalized parametrization of
AF = 2 processes, we will discuss the UT fit in the presence of NP, thus showing the
bounds so obtained on NP quantities. By restricting the NP scenario to Minimal Flavour
Violation (MFV) models, both in the large and small tan 3 regimes, we will estimate
the corresponding NP scales which are probed by means of the currently available
experimental information.

STANDARD MODEL ANALYSIS

Before the advent of the B factories, UT fits were performed by only using measurements
of the sides and indirect CP violation in neutral Kaon system. Several determinations of
UT angles, thanks to the results coming from the B factories, allowed for a dramatical
improvement of our knowledge of the UT.

Several measurements at present bound the range of the p and i} parameters. Here
below a brief description of the most relevant ones in use in our UT fit is reported:

 The rates of charmed and charmless semileptonic B decays decays which allow to
measure the ratio |Vyp| / [Vep|-

» The mass difference between the light and heavy mass eigenstates of the Bg — Bg
system Amg.

« The mass difference of the B — BY system Ams, compared to Amg, Amg/Ams.
« The & parameter, which measures CP violation in the neutral kaon system.

+ sin2f3 from the golden modes Bg — ccK?Y, that can be determined almost without
hadronic uncertainties.

« The angle a, that can be obtained from the B — mrand B — pp decays, assuming
the SU(2) flavour symmetry and neglecting the contributions of electroweak pen-
guins. It can also be obtained using a time-dependent analysis of B — (p IT)O decays
on the Dalitz plane. Fig. 1 shows the combination of the BaBar and Belle results
including all the three methods, as well as and the bound on the p — i} plane. We
obtain:

a=([7,9]°U[80, 107]°U[159, 177]° @95%) (1)

The multimodal shape of the a p.d.f. is due to the intrinsic ambiguities of the
methods used for its determination. The SM solution corresponds to the central
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FIGURE 1. Left plot: p.d.f. for a resulting from the combination of the BaBar and Belle results. Right
plot: corresponding bound on the p — ] plane, 68% and 95% confidence regions.

peak, and just considering it (e.g., using other constraints to discard the non-SM
solutions) we get a = (92+7)°.

« The angle y that can be extracted from the tree-level decays B — DK, using the
fact that a charged B can decay into a D0(50)K final state via a Vgp(Vyp) mediated

process. CP violation occurs if the D° and the D’ decay to the same final state. The
same argument can be applied to B — D*K and B — D®*)K* decays. Three methods
have been proposed:
— The Gronau-London-Wyler method (GLW). It consists in reconstructing the
neutral D meson in a CP eigenstate: B+ — Dgpi K=, where Dgpi are the CP
eigenstates of the D meson.

— The Atwood-Dunietz-Soni method (ADS). It consists in forcing the D° (D°)
meson, coming from the Cabibbo-suppressed (Cabibbo-allowed) b — u (b —
C) transition to decay into the Cabibbo-allowed (Cabibbo-suppressed) K 1T final
state. In this way, one can look at the interference between two amplitudes.

— Dalitz method. It consists in studying the interference between the b — u and
the b — c transitions using the Dalitz plot of D mesons reconstructed into
three-body final states (such as DY — Kgrr11"). The advantage of this method
is that the full sub-resonance structure of the three-body decay is considered,
including interferences such as those used for GLW and ADS methods plus
additional interferences due to the overlap between broad resonances in some
regions of the Dalitz plot.

Fig. 2 shows the combination of the BaBar and Belle results including all the three
methods, as well as and the bound on the p — ] plane.
We obtain:

y=(78+30)°U(—102+30)° (2)

As in the case of the a angle, the p.d.f. for y is multimodal due to a remaining
two-fold ambiguity.
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FIGURE 2. Left plot: p.d.f. for y resulting from the combination of the BaBar and Belle results. Right
plot: corresponding bound on the p — ] plane, 68% and 95% confidence regions.

TABLE 1. Values of the relevant input quantities used in the UT fit.
The Gaussian and the flat contributions to the uncertainty are given in
the third and fourth columns respectively (for details on the statistical

treatment see [5]).

Parameter Value Gaussian (0) Uniform
(half-width)

A 0.2258 0.0014 -
Vepl(excl) — 41.3x 1073 1.0x 1073 1.8x 1073
IVep|(incl.) 41.6x 1073 0.7x 1073 -
Vubl(excl.)  35.0x 107* 4.0x 1074 -
[Vup)(incl.) 449 x 10~ 3.3x107% -
Amg 0.507 ps~! 0.005 ps~! -
Amg 17.33 ps~! 3 £0.07ps™! -
fB.1/Bg, 262 MeV 35 MeV -
£ = fosvBes o3 0.06 ]

de \/ BBd
Bk 0.79 0.04 0.08
& 2.280 x 1073 0.013x 1073 -
f 0.160 GeV fixed
Amg 0.5301 x1072 ps~! fixed
sin2f3 0.675 0.026 -
™ 163.8 GeV 3.2 GeV -
M, 421 GeV 0.08 GeV -
Mc 1.3 GeV 0.1 GeV -
as(Mz) 0.119 0.003 -

In Tab. 1 we summarize the values of the relevant input parameters used in the fit.



TABLE 2. Determination of UT parameters from the SM

fit.
Parameter Output Parameter Output
9] 0.162£0.029 n 0.342+£0.017
al’] 929+4.4 B[°] 22.1+0.9
y°] 64.6+44  Ams[ps']  17.4+0.3

sin2B 0.698+£0.023 ImA [107°]  13.7£0.6
Vip[1073]  3.674£0.15  Vgp[1072]  4.16+0.06
Vig[1073]  8.51+£0.28 Ma/Vis|  0.208 £0.007
Rp 0.379+0.015 R 0.904 £0.030

P

FIGURE 3. Determination of p and ] from constraints on [Vp| / |Vep|, AMg, Ams, &k, B, ¥, and a. 68%
and 95% total probability contours are shown, together with 95% probability regions from the individual
constraints.

The output of the SM fit including all the constraints is reported in Tab. 2 and in Fig. 3.
By looking in more detail at Fig. 3, it is interesting to note that the 95% confidence
regions depicted by the sin2f3 and |Vp| / [Vep| constraints, being them two of the most
precise ones used in the fit, show just a bare agreement. In particular, in our analysis
we find that while the experimental value of sin2f3 is in good agreement with the rest
of the fit, the same does not hold for |Vp|/ [Vep|, which is rather on the higher side. It



can be shown that this is due to a large value of the inclusive determination of |V|.
Unless this discrepancy should be considered as a hint of NP, it has to be explained by
the uncertainties of the theoretical approaches. It is worth recalling that the value of |V )|
that is extracted from the experiments also relies on non perturbative hadronic quantities.

Nevertheless, it should be remarked that the UT analysis has shown so far an impres-
sive success of the CKM picture in describing CP violation in the SM.

NEW PHYSICSANALYSIS

Starting from a tree-level determination of p and 7, we perform the UT analysis in
general extensions of the SM with arbitrary NP contributions to |AF | = 2 processes. We
will show that the recent measurements from B factories and the Tevatron allow us to
determine with good precision the shape of the UT even in the presence of NP, and to
draw significant bounds on NP contributions to |AF| = 2 processes.

In particular, three results have dramatically improved the knowledge of the UT
beyond the SM, extending our view in the Bg sector. First, the measurement of Amg
from CDF [6], which reduces the uncertainty of the SM fit and has a strong impact on
the determination of the Universal Unitarity Triangle (UUT) [7] in models with Minimal
Flavour Violation (MFV) [8, 9, 10, 11, 12, 13, 14]. Moreover, it allows for the first time
to put a bound on NP corrections to the magnitude of the Bg mixing amplitude. As far
as the Bg mixing phase is concerned, useful information to put relevant bounds can be
extracted from the measurement of the dimuon asymmetry in pp collisions by the DO
experiment [15] and of the Bg width difference.

We assume that NP enters observables in the flavour sector only at the loop level. For
this reason the constraints from Vyy, /Vey and y from the interference between b — ¢ and
b — u transitions to DK final states are basically NP-free. Being the mixing processes
described by a single amplitude, they can be parameterized without loss of generality in
terms of two parameters quantifying the difference of the amplitude with respect to the
SM one [16, 17, 18, 19, 20]. In the case of B§ — BY mixing we define

By Y

Cp, ef%a — —1__d°
! (B3IHG' 1BY)

(q=d,s) (3)

where H(f‘fl%/[ includes only the SM box diagrams, while Hg}‘fu includes also the NP
contributions. In the absence of NP, Cg, = 1 and @, = 0. The experimental quantities

determined from the B(C)I — Eg mixings are related to their SM counterparts and the NP
parameters by the following relations:

M M M M
AmE® =Cg AmM, B = BM + g, aP =a M — @, BSP =BM — B, D)

For the K — K mixing is instead convenient to introduce a single parameter:

Im[(KO[Ht'[KO)]
CgK -

- _ . 5
Im[(KOHSMRD)] )
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FIGURE 4. Constraints on the Cg, — @5, planes, from the NP generalized UT fit: 68% and 95%
confidence regions.

TABLE 3. Determination of UT and NP parameters from the

NP generalized fit.
Parameter Output Parameter Output
Ca, 1.25+£043  gg,[°] —2.942.0
Cs, 1.1340.35 ¢s[°] (=34+19)U(94+19)

Ce  0.9240.16

p 0.2040.06 1l 0.36+0.04
al’] 93+9 B[°] 2442
vi°] 6249 ImA[1073] 146+ 1.4

Vu[1073]  4.0140.25  Vp[1072] 4.1540.07
Vig[1073]  8.3£0.6 Vtd/Vis| 0.203+£0.015

Rp 0.4240.03 Rt 0.8940.06

sin2f3 0.75+0.04 sin2fs 0.0394+0.004

which implies the following relation for the measured value of &x:
gP =Cg M (6)

In fact, Amg is not considered because the long distance effects are not well under con-
trol. With these definitions, NP effects which enter the present analysis are parameterized
in terms of 5 real quantities: Cg,, @b, Cg,, @, and Cg, .

The results of the fit are summarized in Tab. 3. The bounds on the two @g vs Cp planes
are given in Fig. 4. The distributions for Cg,, ¢, and Cg are shown in Fig. 5, and in
the same figure also the fit result in the p — ) plane is depicted. We see that the non-
standard solution for the UT with its vertex in the third quadrant, which was present in
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a previous analysis [2], is now absent thanks to the improved value of Agy, by the BaBar
Collaboration and to the measurement of Acy by the DO Collaboration. Furthermore, the
measurement of Ams strongly constrains Cg;, so that Cg; is already known better than
Cpy.- Finally, Acy and Al provide the first relevant constraints on @s,.



UNIVERSAL UNITARITY TRIANGLE ANALYSIS

In the context of MFV extensions of the SM, it is possible to use the so called UUT
construction in order to determine the parameters of the CKM matrix independently of
NP effects. To this end one has to use all the constraints from tree-level processes and
from the angle measurements, as well as the Amg/Amg ratio, which in MFV scenarios
are NP-free. Instead, £¢, Amg and Amg may receive NP contributions, because of the
shifts 6SK and 3SE of the Inami-Lim functions in the K-K and Bq s-Bg s mixings. With
only one Higgs doublet or at small tan 3 these two contributions are forced to be equal.
Instead, for large tan 3, the two quantities are in general different. In both cases, one
can use the output of the UUT given in Tab. 4 and in Fig. 6 to constrain 585 B We
get 8Sy = OSK = dSE = —0.12 +0.32 for small tan 3, while for large tan 3 we obtain
OSE = 0.26£0.72 and 6SK = —0.18 +-0.38. The output distributions for S§ and dSf
are also given in Fig. 6. Using the procedure detailed in [13], these bounds can be
translated into lower bounds on the MFV scale A:

N > 5.9TeV @95% Prob. for small tan 3

N > 5.4TeV @95% Prob. for large tanf3 (7)
x10°
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FIGURE 6. P.d.f. of 8S, 685’ and 5SOK (see the text for details). Bottom-right: Determination of p and
7 from the constraints on a, 3, ¥, [Vup/Vep|, and Amg/Ams (UUT fit).



TABLE 4. Determination of UUT parameters from the
constraints on @, 8, Y, [Vup/Vep|, and Amg/Ams (UUT fit).

Parameter Output Parameter Output
P 0.154+0.032 n 0.347+0.018
al°] 91+£5 B[°] 222409
vl 66+£5 sin2f3s 0.0374+0.002

CONCLUSIONS

In this paper we have presented an updated analysis of the UT in the SM, using all the
relevant measurements available from the B factories and the Tevatron, in particular the
recent measurement of dmg from CDF.

Then, we have performed a model-independent analysis of the UT in general exten-
sions of the SM with loop-mediated contributions to FCNC processes. We have shown
how the great number of measurements nowadays available allow for a simultaneous
determination of the CKM parameters, together with the NP contributions to |AF| = 2
processes in the K°, B® and BY sectors.

Finally, we have analyzed in detail the UUT, showing that it is possible to constrain
the additional NP parameters very accurately. In this way, we have been able to probe
the NP scale in MFV scenarios in the large and small tan 3 limits up to about 5-6 TeV,
to be compared with the SM reference scale of 2.4 TeV.
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