PROCEEDINGS

OF SCIENCE

The Unitarity Triangle Analysis
within and beyond the Standard Model

A. J. Bevan, M. Bona

Queen Mary, University of London, E1 4NS, United Kingdom
M. Ciuchini

INFN, Sezione di Roma Tre, 1-00146 Roma, Italy

D. Derkach, A. Stocchi
Laboratoire de I'’Accélérateur Linéaire, IN2P3-CNRS et \sité de Paris-Sud, BP 34,
F-91898 Orsay Cedex, France

E. Franco, L. Silvestrini
INFN, Sezione di Roma, I-00185 Roma, Italy

V. Lubicz, Cecilia Tarantino *

Dipartimento di Fisica, Universita Roma Tre, and INFN, 14206 Roma, Italy
G. Martinelli

Dipartimento di Fisica, Universita di Roma “La Sapienzahd INFN, I-00185 Roma, Italy
F. Parodi, C. Schiavi

Dipartimento di Fisica, Universita di Genova and INFN, |46 Genova, Italy
M. Pierini

CERN, CH-1211 Geneva 23, Switzerland

V. Sordini

IPNL-IN2P3 Lyon, France

V. Vagnoni

INFN, Sezione di Bologna, 1-40126 Bologna, Italy

We present the status of the Unitarity Triangle AnalysisAUperformed by the UTfit Collabo-
ration, with experimental and theoretical inputs updatedtie last summer conferences. Several
analyses are presented, corresponding to different asgmaor the theoretical model, that is
either the Standard Model, or Minimal Flavour Violation @nepletely generic New Physics.

The Xth Nicola Cabibbo International Conference on Heavai®s and Leptons,
October 11-15, 2010
Frascati (Rome) Italy

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



The UTA within and beyond the SM Cecilia Tarantino

1. Introduction

The Cabibbo-Kobayashi-Maskawa (CKM) matiigxm, is a 3x 3 unitary matrix which orig-
inates from the misalignment in flavour space of the up andhdmmponents of th8U(2),. quark
doublet of the Standard Model (SM). The CKM matrix elememésthe only flavour-non-diagonal
and CP-violating couplings present in the SM. The CKM matéxr be parameterized using three
rotation angles and one phase. The popular Wolfensteinmedesization allows for a transparent
expansion of the CKM matrix in terms of the sine of the smalbiBho angle A, with the other
three parameters beidgp andn. In this parameterization, because of the non-vanishipgram-
eter,Vckm is complex and as a consequence the CP-symmetry is violBbedelations induced by
the unitarity of the CKM matrix include sittiangular relations in the(p, nn)-plane, among which

ViibVud + Ve Ved + Vip Vi = 0, (1.1)

is referred to as the Unitarity Triangle (UT). This trianggeof great phenomenological interest
as it is a privileged framework for studying CP-violationq.K1.1), indeed, represents a relation
among the CKM parameters which is sensitive togheontribution.

The main aim of the Unitarity Triangle Analysis (UTA) is thetdrmination of the values
of the CKM parameters, by comparing experimental measureared theoretical prediction for
several observables depending on the CKM itself. The passreandA are accurately measured
from the decayX — lv, K — nlv, andB — Dlv, and are known with a precision of8% and
1.2%, respectively [1, 2]. The essential role of the UTA, thisnthe determination of the and
n parameters. Actually, the UTA is performed in terms of theapzetersp = p - (1—A2/2) and
n=n-(1-A?/2), in order to add to the original Wolfenstein expansion safi#®) corrections,
which are required by the present accuracy of the constraint

In these proceedings we present the results of the diffef€m@tnalyses performed by the UTfit
collaboration, following the methods described in ref§:[g3, with experimental and theoretical
inputs updated for the last summer conferences. These Uysasawhich are based on different
assumptions for the theoretical model, are:

- The SM fit
The validity of the SM is assumed. As NP effects cannot appeany process, all the
experimental constraints are used.

- The indirect determination of the hadronic parameters
It is the same as the SM Fit but with the exclusion of one hadrimput at a time, which
turns out to be predicted by the UTA itself.

- The Tree-level Fit
Completely generic NP effects are allowed in loop proce@sbereas in tree-level processes
they are very unlikely to show up). Only tree-level consttaiare unaffected by these con-
tributions and can be used.

- The Universal Unitarity Triangle (UUT) Fit
NP is assumed to be Minimal Flavour Violating (MFV) [9, 10]e(i ruled by the CKM
couplings). Only the constraints not affected by MFV NP a@luded.
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- The New Physics Fit
Generic NP effects are allowed and parameterizefiFin= 2 processes (where visible ef-
fects can be expected). In addition to the usual constraté® the recent CDF and DO
measurements of the CP-asymmetrieBdr— ¢ are included. Both the CKM and the NP
parameters are determined from the fit.

2. The UTA within the SM

In this section we present the results of the SM Fit, where ffiets are not allowed and all
the available constraints are included. They are

Amy  Vup|
&, A\ —
K rnd7 Arnsv |V(;b|

sin2B,cosPB,a,y,(2B+Y), (2.1)

,BR(B— 1V),

where the constraints in the first row rely on the theoretiedtulation of hadronic matrix elements,
at variance with those in the second row. dn we have included the contributions éfand
@ # 1/4 which, as pointed out in [11], decrease the SM predictiansfoby ~ 8%. We have
also included the long-distance contribution calculatedemecently in [12], which softens the 8%
reduction to 6%. In a new paper [13] the perturbative catautaof the NNLO QCD corrections
to the box diagram involving a top and a charm quark has besmpoted and found to increase
the theoretical prediction ofx by 3%. This contribution, which is a part of the NNLO QCD
corrections, is not yet included in the UTA.

We observe that the CKM matrix turns out to be consistentlgroenstraint and the CKM
parameterg andn are accurately determineg: = 0.1324-0.020, n = 0.3584+0.012 [14]. The
UTA has thus established that the CKM matrix is the dominantee of flavour mixing and CP-
violation and that New Physics (NP) effects can at most mgrea small correction to this pic-
ture. As shown in fig. 1, however, the new contributiongingenerate some tension in particular
between the constraints provided by the experimental meamnts ofx and sin . As a conse-
guence, the indirect determination of sfh furns out to be larger than the experimental value by
~ 2.60, as shown by the compatibility plot in fig. 2. We observe tihat tipdated lattice average
of the bag-parametdBy [15] further enhances thisc-sin 23 tension. This is due to the fact that
new ungquenched results, though compatible with older cweshecesults, tend to lie below them.
An equivalent way to point it out is from the comparison of thput lattice average and the in-
direct determination oBk from the UTA. The difference is found at the5t level. We do not
further discuss the results of the indirect determinatibthe hadronic parameters from the (over-
constraint) SM UTA. We just observe that the overall comsisy provides additional evidence of
the SM success in describing flavour physics and of the igtiabf Lattice QCD. For a detailed
discussion on the status of Lattice calculations of thedwdmparameters which enter the UTA we
refer to the conference proceedings of Vittorio Lubicz [16]

Recently, we have shown [17] how to use the UTA to improve tieeligtion of BRB — 1V)
in the SM, thanks to a better determination\@f,| and fg. Within the SM the UTA prediction for
BR(B — tv) is found to deviate from the experimental measurement [PhyL8- 3.20 (see fig. 3).
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Figure 1: Results of the UTA within the SM. The contours display theestdd 68% and 95% probability
regions in thep, n)-plane. The 95% probability regions selected by the singtestraints are also shown.
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Figure 2: Compatibility plot for sin 8. Different colors denote the number of standard deviatimoma the
indirect UTA result for sinB. The experimental measurement is represented by the cross.

It is interesting to note that a large value|\df,| (which is closer to some inclusive determinations)
would reduce this deviation but it would enhance the tensiin 23.

3. The UTA beyond the SM

In this section we consider the UT analyses where NP effeetallowed for.

Inthe Tree-level Fit, NP effects are allowed to affect initin@st general way all loop processes.
Therefore, only the tree-level constraints can be usedaiattalysis, namelip|/|Veo| @ndy. The
former comes from (tree-leveB semileptonic decays and the latter from the (tree-levet)-no
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Figure 3: Compatibility plot for BRB — 1Vv).

Figure4: Results of the Tree-level Fit. The contours display thectete68% and 95% probability regions
in the (p,n)-plane. The 95% probability regions selected by the two tairgs are also shown.

leptonic decay® — D™K. Within this analysis, the CKM parametepsand ] are found to be:
p =0.111+0.070, 0 = 0.381+0.030 [14]. They are compatible with the results of the SM Fit,
with larger uncertainties due to the use of only two constsajsee fig. 4).

A different scenario is considered in the UUT Fit, where NRdsumed to be Minimal Flavour
Violating [9, 10], i.e. with quark mixing ruled only by the &tdard Model CKM couplings. In
this case no additional weak phases are generated andlsghseavables entering into the Stan-
dard Model fit (the tree-level processes and the measureofiemtgles through the use of time-
dependent CP-asymmetries) are not affected by the presd#rdP. The sizeable effect one is
sensitive to is a shift of the Inami-Lim function of the topntdbution in meson mixing. This



The UTA within and beyond the SM Cecilia Tarantino

means that that the constraints gnand Amyq cannot be used, nor the ratlony/Ams, asAmg
can get additional NP contributions at large Bae.g. in some SUSY models). TiBR(B — 1V)
constraint could also receive a MFV NP contribution and isstexcluded from the fit. From the
UUT Fit we find p = 0.143+0.030, n = 0.342+ 0.015 [14], which are in good agreement with
the results of the SM Fit, with similar uncertainties. It Isainteresting to note the the indirect
determination of BRB — tv) from th UUT Fit differs from the experimental value by 3.00,
showing that in a NP model of MFV type a significant deviatiooud still be present.

Finally, we discuss the NP Fit, which is based on a genetaizaof the relations among
the experimental observables and the elements of the CKMxnattroducing effective model-
independent parameters that quantify the deviation of ¥perémental results from the SM ex-
pectations. The possible NP effects considered in the sisadye those entering the NP-sensitive
processes of neutral meson mixing, where a significant arpatal progress has been achieved.
In the case oBd‘,s—E?CLS mixing, a complex effective parameter is introduced, defiag

full,\ 5
<Bd-,S’He19f ‘Bd75>

2igs
CB e ds — — = 7
o (BdsIHSH(Bas)

(3.1)

beingHSM the SMAF = 2 effective Hamiltonian antHef?'f' its extension in a general NP model,

and withCg, , = 1 andgs, ; = 0 within the SM. All the mixing observables are then exprdssea
function of these parameters and the SM ones (see refs. Thfd@, details). In a similar way, for
the K-K system one can introduce two paramet€s,andCan, (equal to one in the SM)

_ Im{(K[He7 K oo _ ReUKIHYIK)
Im{(K[HEHIK)] o RA(KIHSHIK)]

Cec (3.2)

For Amy, a possible long-distance contribution with a uniform rigttion between zero and the
experimental value dimk is conservatively added to the short-distance one. The cedlit of

all the experimental observables selects the regioa (0.135+ 0.040, n = 0.37440.026) which

is consistent with the results of the SM analysis, with largecertainties as the NP parameters are
simultaneously determined. For a more detailed discussitime status of this analysis and for the
results of the NP parameters we refer to the conference @dowgs of Luca Silvestrini [19].
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