PROCEEDINGS

OF SCIENCE

CP Violation

Luca Silvestrini *

INFN, Sez. di Roma

Ple A. Moro, 2

00185 Rome

Italy

E-mail: Luca. Silvestrini @onmal.infn.it

We discuss some aspects of CP violation in heavy quarkssifogwn searches of New Physics

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

*Speaker.

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



HQL 2010 Luca Silvestrini

1. Introduction

The Standard Model (SM) of electroweak and strong interactions isnegtyesuccessful in
describing all presently available experimental data. However, its validityegtend at most to
energies of the order of the Planck scale, where gravity comes into pawsltherefore consider
the SM as an effective theory valid up to a scaléNe can then write the SM Lagrangian as

o Ng i

2 .
£ =CoNH™H + A (H'H)" + Lyauget -Rrukawat+ Z Zid o}, (1.1)
( ) gauge ukawa 2, 2 NCED)

whereO}; is a generic gauge-invariant operator of dimensionNow, it turns out that the La-
grangian truncated ak < 4 has some very important “accidental” symmetries that are violated by
Oij>4. Most notable examples of such symmetries are given by baryon and leymaper conser-
vation. The agreement of the SM with experimental data would suggesy &igérvalue ofA\, so

that the breaking of SM accidental symmetries gets strongly suppresseel inyerse powers at

in front of the higher-dimensional operators. However, we see franfitst term in eq. (1.1) that
CoA\ controls the scale of electroweak symmetry breaking. Thus, unless wallarg to accept an
extremely small value dE, (which means an extremely large amount of fine-tuning, since radia-
tive corrections within the effective theory naturally genefate- ¢/(1)), we are forced to consider
values of the New Physics (NP) scalenot too far above the electroweak scale. But then the SM
accidental symmetries require that NP has a peculiar structure, so thaffibieots of symmetry-
breaking higher dimensional operators are strongly suppressedaptiéhomenological success
of the SM remains unscathed. Turning the argument around, the caefficiethose higher di-
mensional operators that break SM accidental symmetries provide the niogéstrconstraints

on the NP scale and couplings (or better, on a combination thereof).

Let us now concentrate on two accidental symmetries of the SM: i) the absétee-level
Flavour Changing Neutral Currents (FCNC), and the GIM suppresgimop-mediated FCNC,; ii)
The absence of tree-level CP violation in weak interactions. These ataidgmmetries ensure
that flavour physics is extremely sensitive to NP. In particular, CP violatiaquark weak inter-
actions in the SM is governed by one single phase in the Cabibbo-Kohdylaskawa (CKM)
mixing matrix, leading to stringent correlations between all CP violating obblEsaA very use-
ful tool to study these correlations is given by the so-called Unitarity TieAgalysis (UTA) [1].
The unitarity of the CKM matrix implies several triangular relations; in particulae of these re-
lations defines a triangle whose sides and angles are connected td sbseraables ifB physics.
Since all CP violating observables are connected to the phase of the CKM, iy all translate
into a constraint on the apex of the UT. Furthermore, the UTA allows to combiaecoherent
way all constraints coming from both CP-conserving and CP-violatinggssas. For example, in
Figure 1 we compare the determination of the UTA using only the measuremeh&sdT angles
(left) or all other measurements (right). From the fit to angle measuremertstaia at 68% prob-
ability p = 0.1264-0.028 and) = 0.3244-0.017, while from the fit to the other observables we get
p = 0.1314+0.028 andn = 0.38740.021. There is some tension between the two determinations
of n, which might be due to some small NP contribution.
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Figure 1. Determination of the UTA using only the measurements of tieddgles (left) or all other
measurements (right). The contours correspond to 68% a¥opddbability regions. The coloured regions
correspond to 95% probability for a single constraint.

2. CPviolation in Bq mixing

By mixing is governed by the transition matrix element bethgrandB_q mesons, which
can be parameterized in terms of two fundamental matrix elemévts; which is dominated
by the exchange of virtual heavy states (top quarks and possibly newy Iparticles), and 1>,
which is dominated by the tree-level exchange of on-shell intermediate.s¥eassume here
and in the following that NP is a negligible correction to tree-level proce@&sespt for chirally
suppressed decays, where a chirally-enhanced NP could competehwéltlyesuppressed tree-
level SM amplitudes). We can therefore write the relevant amplitudes in terr881obnes as
follows:

full
M]-UZQ <Bq| AB 2’Bq> M12q 1Zq Cqul%quzq (21)
M5, = M54+ penguin effects

with g=d,s. Notice that Infr£5%,/M$)¢,) ~ 0 due to GIM suppression, sinb&f, [ (VibVeg)? and
ng"q O (\/tb\/{a)2+ GIM-suppressed terms. On the other hand, in the standard CKM par&aeter
tion,

Arlg(MZy) =28~ 0(1)  but  Arg(M3%) = —2Bs~ €(10°7). (2.2)

From experiments we can extract the following combinations of the aboaenghers:

Al Ffluz'fq ATgM cos s,

=Re ~ , (2.3)
Amg, Miuzl,lq Amg.:vl Cs,

Amg, = 2|Mz3g| = Ca, A,

ry ArsM sin AT
12q q z%q q tan 2¢Bq :

Ad =Imot ~ — o ~ =
Mlqu Amgq CBq Anhq

Syywk ~SIN2AB+ @y,), Syjwep ~ SINA—Ps+ ¢s,) -
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Figure 2: Determination of the UTA within the SM (left) or in the presenof NP (right). The contours
correspond to 68% and 95% probability regions. The colouegibns correspond to 95% probability for a
single constraint.

Parameter Cs, @, [°] Cs, @, [°]
Value 0.95+0.14 | —3.14+1.7 | 0.95+£0.10 | (—68+8) U (—20+8)

Table 1: Numerical results (at 68% probability) for the NP paranmgteiB, mixing.

To exploit the full constraining power of the measurements in eq. (2.3) wé obtgin a NP-free
determination of CKM parameters, so that we can compute the SM mixing amplitidethis
aim, we use tree-level processes: semileptBrdecays determin/,| and|Vy|, B— DK decays
determine the anglg of the Unitarity Triangle (UT) andB — rtrt, o andpp decays determine
the anglea [2]. Using the tree-level UT, we can extra@g, andgs, from experimental data [2—4].

In Figure 2 we compare the determination of the UT in the presence of NP teghk of the
SM UTA. Thanks to the redundancy of the UTA, the accuracy obtainedeirptbsence of NP is
comparable to the SM one.

Figure 3 shows the result of the NP analysis for BageandBs sectors. Numerical results for
NP parameters are summarized in table 1.

Given the experimental measurements, the resultgfashow a discrepancy of 3i2from the
SM value, pointing to NP contributions with new sources of flavor violation irtriduesition within
2" and 39 generation. The results fags, show a slight discrepancy from the SM value by less
than 2. As a consequence, NP contributions in transitions witfiraad 39 generations are not
yet excluded, but are limited to be 6f(30— 40%), while NP contributions in transitions within
2" and 39 generations of the order of the SM one are favoured (see Fig. 4).

Large NP contributions tb ++ stransitions arise naturally in several NP models. For example,
they are expected in nonabelian flavour models, given the large breakitayour SU(3) by the
top Yukawa coupling. In addition, supersymmetric Grand Unified Theo8ESY-GUTS) provide
a rather general connection between the large mixing angles in neutritiatasts and large NP
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Figure 3: The dark and light colored areas show the 68% and 95% pratyaiegjions in the 2-dimensional
planes Cg,,@s,) (left) and Cag,,¢s,) (right).
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Figure4: The dark and light colored areas show the 68% and 95% pratyaieidjions in the 2-dimensional
planes AP /ASM,@l'P) (left) and AYP/ASM,@'P) (right).

contributions td <+ s processes.

21 NPinB— Km

Let us now turn to NP irb — s penguins. For reasons of space, we shall concentrate on
B — Kmdecays. The differena&Acp = Acp(K+ %) — Acp(K*7117) has recently received consid-
erable attention, following the new measurem@&Atp = 0.1644 0.037 published by the Belle
collaboration [5]. It has been argued tia#cp could be a hint of New Physics (NP), but alternative
explanations within the Standard Model (SM) have also been considered.

To understand wheth& — K1t decays are really puzzling, possibly calling for NP, one has
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Figure 5: Some fit results as functions of the upper bound on power ciiores.

to control the SM expectations for tle— Krramplitudes with a level of accuracy dictated by the
size of the potential NP contributions. Thanks to the progress of theorgitash few years, we
know that two-body non-leptoniB decay amplitudes are factorizable in the infiritquark mass
limit, i.e. computable in terms of a reduced set of universal non-perturbatizengters [6—8].
However, the accuracy of the predictions obtained with factorization is limgetdouncertainties
on the non-perturbative parameters on the one hand and by the unbkla@ualeading terms in
the 1/m, expansion on the other. The latter problem is particulary sever8 for K decays
where some power-suppressed terms are doubly Cabibbo-enhaithespect to factorizable
terms [9]. Indeed factorization typically predicts too sntall> Kt branching ratios, albeit with
large uncertainties. The introduction of subleading terms, certainly graséme physical value
of the b quark mass, produces large effects in branching ratios and CP asynsmieziging to
a substantial model dependence of the SM predictions. Given this situliffonpntributions to
B — Kmramplitudes could be easily misidentified.

In Fig. 5 we display the dependence of the SM fit results on the size ofrpmwections for
someB — K CP asymmetries [10]. We see tigkcp can be reproduced within the SM for power
corrections to factorization of the order of 30%, while the coefficients eftithhe-dependent CP
asymmetry inB — K are almost insensitive to power corrections and might therefore provide
a test of the SM with improved experimental results. Unfortunately, at preke situation is
inconclusive: the observed value &fcp could be given by NP (in particular, by new sources of
CP violation inb — s electroweak penguins), but it can also be explained within the SM due to
uncalculable power corrections to factorization.

3. Conclusions

CP violating processes are a very powerful probe of NP. Using adlepitéy available experi-
mental data, we can constrain NP contributions to CP violatia+nd andb — d transitions to
be at the level of 36- 40%, while the possibility of7(1) NP contributions td — s transitions is
still open. Forthcoming experimental data from the TeVatron and LHCb wathsarify if (and at
what level) NP is manifesting itself iBs mixing.

L.S. is associated to the Dipartimento di Fisica, Universita di Roma “La Sagienz
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