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1. Introduction

Particle physics experiments of the last three decades can always lehasweither tests of
the standard model (SM) or as searches for new physics (NP). Ttiectan between the two
points of view is somewhat artificial, because testing a theory only makes Barge admits the
possibility that it may be wrong, and so that new phenomena may be disdog@mehe other hand
the search for new phenomena only makes sense if one can clearly @Weéhé known and to
what level of precision, which means, that one has tested the “old thddaying made clear that
this separation is somewhat artificial, | can also express my gratitude to theizecs for having
decided to make this splitting, which made the impossible task of summarizing aeocddnalf
that difficult. | am sure that this gratitude is also shared by my colleaguen¥asokada who had
to summarize the part of the conference related to the search for NP [1].

Before discussing what precision SM tests have been reported at tifiss@&ace, it is useful to
define an ordering principle, which allows us to navigate among the manyhadiins and topics
touched without losing the overview of this field. | will split the SM Lagrangiiarthree pieces
which, at the energy scale of the kaon, can be described as the dontheasinall and the tiny
one:

Lsm = Z(S:;:Dd) + ZLise + Leak
ZLise = ZQED+ ZLmy—my (1.2)

The dominant term is the QCD Lagrangian in the isospin limit, the small one is theériswspking
part, which can itself be split into the QED Lagrangian and the isospin-iog&CD mass term ,
and the tiny piece is due to weak interactions, which at this energy is beesegyped by a series
of nonrenormalizable terms generated by the exchanyé arfidZ bosons.

2. Strong interactions

At energies of the order of the kaon mass and below, the SM Lagrangilmmimated by the
QCD term. This part of the Lagrangian has only two free parameters (in dspiislimit only
the masses of the light quarks, = my = m andmg — the heavy quark masses, which are also
present, are fixed at their value). Once these two free parametenseatefdir example to correctly
reproduce the lowest part of the spectrum (the pion and kaon masB) b@mes a parameter-
free theory and we must face the challenge to describe with it a very riehophenology. The
non-perturbative nature of the problem makes this a highly nontrivial task

At present there are three main approaches to tackle nonperturb&@epflenomena: the
lattice, the effective field theory and the dispersion-relation method. Lati@e {3 a fully first-
principle approach; in the effective field theory one efficiently derthesconsequences of symme-
try in a quantum field theory framework (and so automatically respectingtiiglyand unitarity,
albeit perturbatively); in the dispersion theory approach one exactly mepies analyticity and
unitarity. The three methods are complementary and indeed they are sometadés cembina-
tion in order to obtain a prediction which can be compared to experiments.

In the last few years lattice calculations with dynamical fermions and with realistight
guark masses have become available, so that a direct comparison witteti@mnology is now
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becoming possible. In some tests of the SM this is essential, as lattice calculatvite unique
information (like in the case of (0) necessary for the extraction ¢fs, see below).

For xPT and dispersion relations a direct comparison to the phenomenology iklpcasce
much longer and what we have seen at this conference is the remarkagbleflprecision which
has been reached.

2.1 Latticeresults

There have been several talks about lattice results at this confevdrich reflects the fact that
nowadays lattice QCD provides invaluable information on hadronic matrix eksmescessary for
the SM analysis of kaon phenomenology. Probably the best example tottey determination
of Vys. Experiments orK,3 decays measure the product(0)V,s, whereas those oK, and 1z,
decays provide the rati®/,sFx )/ (MudFr). The extraction ols or of the ratioVs/Vyg requires
input on the hadronic matrix elements(0) andF« /Fr. Symmetry arguments (the Ademollo-
Gatto theorem [2]) imply that the deviation &f (0) from 1 is quadratic in the SU(3)-breaking
— moreover the effective Lagrangian method allows one to express tI8)-8kd@aking correction
of order p* in terms of masses and decay constants only [3] and give an unambigmesical
prediction. Unfortunately this is not enough at the level of precisionhred¢oday if one wants
to test the unitarity of the CKM matrix, and in fact it was realized early on [4] #maestimate
of the O(p®) correction was essential in order to have a precise extractivgsofmproving this
estimate is difficult. Calculations of the chiral expansion of the form factaougrder p® allow
one to identify unambiguously the unitarity contribution, but the final resydedds on unknown
O(p®) LECs. Estimating these with resonance saturation or other methods doesnotcslead
to the necessary precision. The rafig/Fr depends on LECs already at org#r A purely chiral
prediction for these is impossible, because the relevant LEC combinationkeamen from other
sources. Lattice calculations for both(0) andF« /F; are nowadays possible and have already
reached the necessary precision to make a sensitive test of the unitahty ©KM matrix. The
current status of these has been reviewed in the talks of Boyle [5] asdiME5]. Moreover, if
one uses the independent determinatiokgffrom superallowed Fermi decay of nuclei together
with Fx /Fr to extractVys from the ratiol (K — ¢v)/I' (1T — ¢v) one obtains two independent
and compatible determinations fs [7, 8]. This nontrivial result confirms that the systematic
uncertainties of lattice calculations are under good control.

Several lattice groups have studied pion physics in detail: the pion masseay cbnstants,
the scalar and vector form factors and the 2 scattering length have been calculated by different
groups with different actions and at different values of the light quaalsses. The description of
the quark mass dependence of these quantitiesyfthis quite satisfactory and has led to a deter-
mination of several low energy constants of §®T Lagrangian both at ord@? andp*. Moreover
results obtained with different actions and different computational teakeiqnd setups show a
good level of agreement. In view of this it appears to be useful to try amherize lattice results
in a unified way and where possible to offer averages or lattice-batigthss which any theorist
or experimentalists could then directly use in his/her analysis of the phentoggn8uch an ini-
tiative is being carried forward by FLAG, a working group of the FLAVi&t European network
(the acronym stands for FLAVIAnet Lattice Averaging Group), for thement concentrating on



Standard Model Gilberto Colangelo

low-energy particle physics$.€. mainly pions and kaons) — at this conference | have presented the
status of this project [7]. The first paper of FLAG will appear soon.

At this conference there has been one talk dedicated to pion physics tattibe, the one
by J.-I. Noaki [9] on behalf of the JLQCD/TWQCD collaboration. This codieation performs
calculations with two (and more recently even with 2) dynamical quarks with the overlap for-
mulation. This formulation respects chiral symmetry exactly even at finite latteeirgp and is
therefore particularly well suited to approach the chiral limit. These adgastaome at a very
high computer cost, unfortunately, which makes it even more remarkablsubhatcalculations
can be performed and produce competitive results. The results obtaitieid bollaboration show
that xPT at NLO describes well the pion mass dependence only for pion masiess the kaon
mass (similar conclusions have also been reached by other groupshacftothe kaon-mass region
it is necessary to include NNLO terms. One must add, however, that egae an describe data
aroundMg and beyond with NNLOYPT , these data can barely improve the precision of the LEC
determination — one should rather aim at having more and more precise tat@ipion masses
and determine the LECs only in the region where the chiral series cosvweike

A different picture comes out of the lattice data on kaons, even if oneidenssonly very
simple quantities like masses and decay constants. Different collaboraiemsdported a failure
of NLO xPT in describing the quark-mass dependence of the lattice datg &wse to the physical
value, but fomisuch thatM; ~ 400 MeV (cf. [5]). This is not that surprising, after all, in view of
the fact that in this case the kaon mass is around 600 MeV and that thegdhwaie of the kaon
mass is already at the border of where one can hope to apply the clperissan successfully.
From the practical point of view this difficulty has been overcome in two wayther by doing
an SU(2) chiral analysis of data on kaon®.( by considering the strange quark as heavy and
expanding only arounch = 0, an approach pioneered by Roessl [10]), or by doing polynomial fits
of thems dependence of lattice datiag based on a Taylor expansion aroungl= r‘r‘@hys). Since
it is no problem for lattice calculations to work e, = m@’hys, it is clear that the chiral expansion
aroundms = 0 is not needed to reach the physical point. On the other hand, one stbwiderlook
the possibility to learn something interesting about QCD and investigate theddapenorm per
se This does require to invest considerable efforts in doing expensivdations atmg < mEhys,
but by doing this one may reliably determine the SU(3) LECs and shed light antigsis of the
phenomenology based on SUG@PT , which is nowadays done at NNLO.

This issue is even more urgent for the four-quidrk T matrix elements discussed by Norman
Christ in his talk [11], because for those quantities the failurgfT is quite dramatic. Of course,
the main motivation for carrying out such difficult calculations is to get¢he Trmatrix elements
which are relevant in the CP-violating decays and play an important role icalocalation of
¢’ /g, and since it is possible to calculate these directly, this is the route that latticbaralfians
interested in these problems will take (as announced in [11]). Nonethketlessot doubt that some
time in the future lattice calculations &f — 1 matrix elements with three light dynamical flavour
will becomeeasy- it will then be interesting to understand why the chiral expansion seemi to fa
here and at what values of the strange quark mass it breaks down.

The reader interested in learning more about the current status of latitcéatians relevant
for kaon decays is referred to the contributions by Boyle [5], Chrik}, [Mescia [6] and Noaki [9].



Standard Model Gilberto Colangelo

a, NA48/2 combined Ke4 + Cusp
04 (stat. + syst.) errors
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Figure 1: Ellipses representing the experimental measuremera§ ahda3 by NA48/2 and band for the
DIRAC measurement. The small (red) one is obtained by coimdpithe cusp and thKe, measurement.
Figure courtesy of Brigitte Bloch-Devaux.

2.2 mrrrscattering lengths

The rrr Swave scattering lengths represent one of the best examples of the pbiine
effective Lagrangian method, especially when combined with disperdiatioes. The calculation
of the Swave scattering lengths based on this approach [12] yields a precidioa few-percent
level (the superscript indicates the isospin, the subscript the angularmuume

ad=0.220+0.005 a3 = —0.0444+0.0010. (2.1)

The first experimental measurements of the scattering lengths date backgevémies, when
a8 was extracted from a measurement ofl8* Koy decays [13], but only in the last few years a
precision close to the theoretical one has been reached. This not amlkg tivsea dramatic increase
in the event statistics, but also thanks to the use of different methods: thecattering lengths
can now be measured K, decays (E865 [14] and NA48/2 [15]), from the lifetime of pionium
(DIRAC [16]) and from the cusp effect iIK* — = °r® (NA48/2 [17, 18]). At this conference
preliminary results of analyses of the full data sampldgf decays of NA48/2 and of the cusp
in K — 3t decays have been presented by Brigitte Bloch-Devaux [19] and Dmitdigdahin
[20]. The most interesting outcome of these preliminary analyses is the catrmesdt of the two
measurements, as illustrated in Fig. 1, which gives [19]

38 = 0.22104 0.004 %tart= 0.001 5yt aé = —0.04294 0.00445:+ 0.001 65yt (2.2)

with an uncertainty ira8 very close to the theoretical one and a remarkably good agreement.
A first attempt to measura — a3 in a different channel has been discussed, on behalf of the
KTeV collaboration, by Ed Blucher [21], who presented evidence fousp effect ik, — 371
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[22]. Making a two-parameter fit to the Dalitz-plot distribution they ob&r a3 = 0.215-+0.031,
which is about 150 away from the value obtained by the NA48/2 experiment. The discrepancy
is not particularly worrying in view of the strong correlation with the Dalitz-gdatameter which

is unknown otherwise. Indeed if they fag — a3 at the measured NA48/2 value they can also ob-
tain a good fit (albeit slightly less so), but get a very different valugHerDalitz-plot parameter.
Moreover, the analysis is based on the Cabibbo-Isidori approaci2f2®nly and does not take
into account the rediative corrections calculated in [25]. Preliminaryiteelsy the NA48/2 collab-
oration on the same measurement also point in the direction of some tension withwhesusp
measurement in thé™ decay [26] — this issue clearly calls for further investigations.

The experimental uncertainty @, see (2.2), is not yet comparable to the theoretical one,
but the result is nonetheless most remarkable as it represamtdchpremiére Let me emphasize
that pions in the final state dfss decays are never in dn= 2 state, and thaa% plays a role
here only because one describes thephase shifts with solutions of the Roy equations (since
these only embody analyticity, unitarity and crossing symmetry, no theory biagrésluced in
this way). In this frameworb% (more precisely the combinatiora%— Sa%) enters as a subtraction
constant also in thé = 0 Swave. The cusp ifK — 3 decays, on the other hand, is mainly
sensitive to the differenceg —a3. Neither of the two experiments provides a reasonably precise
measurement cﬂ% alone, but since they are sensitive to two slightly different combinatiomg of
anda3, the combined analysis yields a rather precise measurement of both sgaegths, as
illustrated in Fig. 1. This first measurementagfis very interesting also because this quantity can
be calculated on the lattice. Atthe moment there are two independent calcsilatiatn have been
made with dynamical quarks and small enough quark masses to allow forldeaidrapolation
to the physical pointife. M; < 300 MeV and the use of thePT NLO formula). The results are
[27, 28]

—0.0433Q42) NPLQCD, (Nf =2+1)

ajlatt) = { —0.0438528)(38) ETM, (N¢ =2) 23

and nicely agree both with the chiral calculation (2.1) and the experimentaurezaent (2.2).

The NPLQCD collaboration has also calculated scattering lengths for atlesthic processes
like, e.g. K scattering [29]. The amplitude has been calculated at two loops [30]) in) B,
although one may doubt whether this theory is still in its applicability domain at lsigthvalues
of center of mass energy even. One can, however, consider theakdogavy and apply SU(2)
XPT [10], just like one calculatelsN scattering. In particular one may rely on a soft-pion theorem
which states that the current algebra prediction for the isospinSaddve scattering length is
subject only toO(M32) corrections. The analysis in [31], however, has shown that with theesalu
of the LECs estimated in [30], these corrections are of about 10@(@t) and an additional
10% atO(p®), despite their algebraic suppression, which is surprising. Alternatioely, can
treatniK scattering with dispersion relations — the Roy-Steiner equations — [32] amsldte high-
energy data into constraints on the scattering lengths. This analysis alsmtésd&rge corrections
to the soft-pion theorem. The lattice calculation [29], on the other hand is ddoigpwith the
current algebra prediction. This short summary clearly indicates tha& ifisomething to be better
understood here. Direct measurements of this scattering process mestuott are unfortunately
not available — the same methodology used by DIRAC to measurg titseattering lengths from
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the pionium lifetime could however also be used to measurerithscattering lengths, and indeed
at this conference Ewa Rondio [33] has discussed this exciting possitslione of the future
projects at CERN. Just before the conference the first evidence &dimation of such atoms has
been announced by the DIRAC collaboration [34].

3. I'sospin breaking

Isospin breaking effects, whether they are induced by electromagnetiactions or by the
up and down quark mass difference, are mostly a nuisance for thearisiswhenever possible
try to ignore them — unless the precision reached forces them not to ddteohaving discussed
in detail the high level of precision of the scattering length measurement fainé ¢heoretical
calculations, it is appropriate to comment on the role of isospin breakingteffethose measure-
ments. Indeed both the lattice and thET calculations are for tha rrscattering length in QCD
in the isospin limit (n, = My tuned such thaM,; = 0.1396 GeV). While such a quantity cannot
be directly measured, one can correct the experimental data for isaspkiry effects and obtain
the quantities in the isospin limit. This has in fact been done for all three measnote of the
scattering lengths discussed above: for pionic atoms the experimentasiarialpased on [35],
for the cusp inK — 31 on [23, 24, 36, 37] (in fact also the calculation for #ie — 37° decay is
available, see [25]), and féfe, decays on [38]. In particular for tH&y, analysis the isospin break-
ing corrections make a spectacular effect. For the decay of pioniumoatidef cusp effect, on the
other hand, they are not corrections, but are responsible for th&galhyphenomenon — without
them these measurements would not be at all possible.

At the level of precision reached by lattice calculations, isospin breakfagte start to play
an important role. The QCD spectrum is one of the fundamental tests forttloe lapproach
and if the precision reaches the percent level, then one has to acoouheffact that neutral
and charged members of an isospin multiplet receive different QED nasliadirrections to their
mass. In addition, strong isospin-breaking contributions must also be tatkeaccount. Most
lattice calculations so far have been performed in the isospin limit, but the iSEgespin breaking
is well known in the community and first efforts in calculating these effects haen performed
already more than ten years ago [39], at the time still in the quenched amataon. More recently
a method has been proposed to evaluate electromagnetic effects in dyremidations in a cost
effective way [40]. In [41] a lattice calculation of the electromagnetic dbutions to meson
masses with two dynamical Domain Wall Fermions has been performed — in thidat@ic the
coupling of the photon field to the sea quarks has been neglected. Atthieeace Taku lzubuchi
has presented an update of this calculation [42] which now includes adsmstguarks in the sea.
For example the electromagnetic contribution to the kaon mass differencedasélculated to
be Mk: — Mo is split into a part due to the quark mass difference and the part defesfects):

[MK+ - MKO](ez) —

{ 1.44355)MeV [41] (3.1)

1.20(10)MeV  [42]

These results indicate rather small violations of Dashen’s theorem (atatttirds even consistent
with no violation at all), which is in contrast to what is typically obtained in analyteiculations
performed in the framework of models [43, 44, 45, 46]. While it is probabtyearly to draw
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definitive conclusions on this issue, it is clear that a systematic improvem#r tsttice calcula-
tions is possible, whereas on the analytical side this is rather unlikely. Ferlattice calculations
of these effects, see the literature cited in [42].

Isospin breaking effects play also an essential role in the study of weealyd of kaons, which
is the subject of the next section. Whether in the determinatiof,oénd in the corresponding
tests of unitarity of the CKM matrix, or in tests of lepton universality, or in aregdys rare decays,
radiative corrections and strong isospin breaking effects have to be tato account at the level
of precision of today’s experiments. The status of the theoretical calawdatibthese effects is
summarized in the contributions of Emilie Passemar [47] and Christopher Smjth [48

4. Weak interactions

Weak interactions are the last tiny bit of the Lagrangian of the Standaré&Mwdibw energy
and play a role in the analysis of the phenomenology only if one waits longgértowbserve the
decay of otherwise stable hadrons (like the pions, the kaons and themeuthey break various
symmetries which are otherwise conserved in QCD, likeRhthe CP and the flavour symmetry,
and make kaon physics especially interesting as they allow us to glimpse aytiesptf an energy
scale several orders of magnitude higher than the kaon mass. At thiyéhemweak interactions
are represented by a series of nonrenormalizable terms in the Lagraagidiustrated in (1.1)
— from a low-energy perspective the weak interactions are treatetlyelile new physics, since
at the kaon mass it does not make much of a difference whether the hadiofes exchanged
in loops are th&V andZ bosons, or the top quark, or their supersymmetric partnersZéraad
W’ bosons which are maybe a factor two or three heavier. A technically impalifégrence is
of course that for the SM weak interactions one can explicitly integrate euh#lavy degrees
of freedom and derive the exact form of the nonrenormalizable tpsrarhich are so generated.
Doing this one obtains the explicit form of the corresponding Wilson caeffis expressed in terms
of CKM matrix elements, masses of the heavy degrees of freedom and gatige couplings.
These steps have been illustrated with a historical perspective in the gpalkiby Professor Lim
[49], emphasizing in particular the question of whether the heavy top quauld decouple or not
— the nondecoupling effects are very intimately related to the structure ofdhk interactions in
the SM.

In the long step from the electroweak scale down to the kaon mass the stteragiions
play again a crucial role as they are responsible for the running of threnormalizable operators.
This is an effect which can be dealt with in perturbation theory, but tsrafithe size of the strong
coupling constant and the large ratio of the scales involved, to reach tkssay precision one
has to go beyond the leading log approximation. Indeed the level of precsiwhed nowadays
in evaluating QCD corrections, known at NNLO, and even electrowealeciions (at NLO) to
the nonrenormalizable part of the SM Lagrangian at low energy is quiterkaivla, as illustrated
in the contribution by Martin Gorbahn [50] (for a very detailed introductiothi® subject and a
comprehensive review, see [51]).

4.1 Semileptonic decays, photon and Z penguin contributions

Among the various nonrenormalizable interactions those which involve fesnsio partic-
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Figure2: Summary of the analysis &s andV,q as performed by the Flavianet Kaon Working group [8].
Figure courtesy of Matteo Palutan.

ularly easy to deal with: the quark currents do not renormalize and thee rignning between
the electroweak and the low-energy scale to worry about. Moreover tirexralements of quark
bilinears among kaon and pion states can be calculated reliably on the latgmegant with no
more than two hadrons in the external states) gfRT . The calculation of the matrix elements

f+(0) and the ratidw /F; have been discussed in Sect. 2.1. These allow a precise determination

of the CKM matrix element¥s and of the ratio/s/Vuq, as discussed in detail by Palutan [8] and
illustrated in Figure 2: as seen there, the CKM passes perfectly the unitatifyated with it an
essential building block of the SM is experimentally confirmed.

Even safer against hadronic uncertainties are ratios of decay ratdsdh the hadronic part

cancels out completely, like in
MK —ev(y))

F(K—pv(y))
In this ratio one tests the coupling of the leptons to\iffe and the universality assumption (on
which the SM is based). In the SM this ratio is tiny, of the order of°18s it is proportional to
the square of the ratio of the lepton masses. A precise SM prediction thésecisted against
experiments requires an analysis of radiative corrections and in partmuthose due to real
photon emission. This has been provided recently in [52] and reads

Rk = (4.2)

RRM = (2.477+£0.001)-10°° (4.2)

A precise experimental measurement has been recently performedesedigd at this conference
both by KLOE [53] and NA62 [54], and their results read

(4.3)

Re — { (2.50040.016) - 105 NAG62 — prelim.

(2.493-+ 002554 0.01%ys) - 1075 KLOE

thus beautifully confirming the SM.
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In the broad class of semileptonic decays belong also those due to fladvaengiog neutral
currents originated by and photon penguins. Among these there are the “golden médes?
vy andK — rPvv, for which the standard model prediction is dominated by the uncertainty in
the relevant CKM matrix elements. For these modes both the long-distancidabarrs, including
isospin-breaking ones [48], as well as the short-distance contribg0hbave been evaluated to
such an accuracy that the total theory error amounts to about 4%. ateseveral other modes
where the electroweak penguins contribute, but none is as cleanlés-thgw channel, because
of much larger long-distance contributions. For a comprehensive amalyghe different modes
and a detailed discussion of how essential it is to measure all these moddsriticofully exploit
their potential in testing the SM, see [48].

4.2 Nonleptonic decays

For nonleptonic kaon decays the situation is unfortunately less satisfablag8 and KTeV
have measured these accurately and in particular both the direct andti@i¥giolating contri-
butions in the decak — mmrm These measurements are not new, but an update of the analysis
by the KTeV experiment and their final number fdy'e has been presented for the first time at
this conference [55]. The summary of the NA48 analysis can be fouribin These remarkable
experimental results do not provide a significant test of the SM, unfatélyn On the theory side
the calculation of the effective weak Hamiltonian and the running of the Wilsefficients have
been performed to NLO accuracy [57, 58]. The calculation of the maciroatrix elements, on the
other hand, cannot yet be performed reliably, as discussed in detddioyan Christ [11], because
the strategy to calculate thé— mandK — vacuum matrix elements and ugPT to obtain from
these theK — mrrrmatrix elements has shown to lead to results with uncontrolled uncertainties.
This does not mean that they have given up the calculation, but rathénélyatill attack it from a
different side: it has been announced that the RBC/UKQCD collaborhtierstarted a new major
project with the goal of calculating directly thé — mrmmatrix elements, following the method
proposed by Lellouch and Lischer [59] — a 10-20% accuracy foAthe 3/2 amplitudes will be
reached in about two years. Th¢ = 1/2 amplitudes are more difficult and will take longer but
are also “within reach” [11].

There are several reasons that make these decay amplitudes diffi@lttutate, in particular
the fact that there are two light particles in the final state. Dealing with faarigqoperators,
on the other hand, is not anymore a major obstpelese as the successful calculations By
(see, [60, 61, 62], reviewed at this conference in [5]) show. Tdmhination of these lattice
calculations with the precise perturbative analysis of the weak Hamiltonigtepuds to an accurate
SM prediction foreg, with a theoretical error (excluding the parametric one coming from the
uncertainties in the CKM matrix elements) of about 6%. | mention this quantity herenty
to provide an example of a difficult matrix element which can be calculatedratetyl on the
lattice, but also because this is one of the few quantities where a possiliepdiscy with the
SM may start becoming visible [63, 64]. A detailed analysis of this issue wegldire discussing
the B-physics observables which provide an alternative measurement oKientatrix elements
involved, which is outside the scope of this conference. Moreover, thigddbring up the question
of possible new physics signals k physics, which is the topic of the parallel summary talk by
Okada [1] — better for me to stop here.

10
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5. Conclusions

Since the very discovery of kaons the experimental studies of their siéeag played an im-
portant role in shaping the Standard Model. Today, more than sixty ydarstlaey still provide
stringent tests of this theory, to an ever increasing level of precisiamnguizing a conference is
an impossible task, even if it is split in two — the approach | have taken is to esizphtaat at low
energy, the SM is to a good approximation dominated by the strong interaatithssmall cor-
rections given by isospin—breaking contributions either of strong otrel@agnetic origin. With
enough precision in the data or if one looks at the proper observabiegllypone which would
be zero because of a symmetry of the strong interactions) can then litevegoget smaller non-
renormalizable terms in the Lagrangian — the low-energy remnant of theimea&ctions, which
become fully dinamical only at much higher energies. Experiments in kaaysetlow us to test
all these aspects of the SM, even its high-energy scales, to a remarkegbleflprecision. No evi-
dent discrepancies have emerged so far other than in a few casestiwieulprit could be either
some experimental issue or our difficulty in calculating strong-interaction melgirents.
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