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1. Overture

The main goal of elementary particle physics is to searclplfiysics laws at very short dis-
tance scales. From the Heisenberg uncertainty princiflv§lknow that to test scales of order
10~¥m we need the energy of approximately 200 GeV. With approtéin& = 4 TeV, effectively
available at the LHC, we will be able to probe distances ag sts05 10-2°m. Unfortunately, it is
unlikely that we can do better before 2046 through high gnedider experiments. On the other
hand flavour-violating and CP-violating processes are gé&gngly suppressed and are governed
by quantum fluctuations that allow us to test energy scaldsgisas 200 TeV corresponding to
short distances in the ballpark of 18¥m. Even shorter distance scales can be tested, albeit indi-
rectly, in this manner. Consequently frontiers in testittgaghort distance scales belong to flavour
physics or more concretely to very rare processes likegbeddintiparticle mixing, rare decays of
mesons, CP violation and lepton flavour violation. Also &leadipole moments andg — 2),,
belong to these frontiers even if they are flavour conservitiile such tests are not limited by
the available energy, they are limited by the available ipr@e. The latter has to be very high
as the Standard Model (SM) has been until now very succeasfilifinding departures from its
predictions has become a real challenge.

Flavour physics developed over the last two decades intayabread field. In addition to
K, D and By decays and® — K° and By — By mixings that were with us for quite some time,
B2 — B2 mixing, Bs decays and? — D° mixing belong these days to the standard repertoire of
any flavour workshop. Similarly lepton flavour violation (/[Fgained in importance after the
discovery of neutrino oscillations and related non-vainigimeutrino masses even if within the SM
the LFV is basically unmeasurable. Simultaneously newsdeathe explanation of the quark and
lepton mass spectra and the related weak mixings, sumrddryzihe CKM [2,3] and PMNS [4, 5]
matrices, developed significantly in this decade. Moretiveianalyses of electric dipole moments
(EDM’s), of the(g— 2),, anomaly and of flavour changing neutral current (FCNC) psses in top
quark decays intensified during the last years in view of #diated experimental progress that is
expected to take place in the next decade.

The correlations between all these observables and theplenyeof flavour physics with direct
searches for new physics (NP) and electroweak precisiatiestwill tell us hopefully one day
which is the proper extension of the SM.

In preparing this talk | have been guided by the impressiveeass of the CKM picture of
flavour changing interactions [2, 3], evident in the excadlkalks of Adrian Bevan [6] and Giovanni
Punzi, and also by several tensions between the flavour datdhe SM that possibly are the
first signs of NP. Fortunately, there is still a lot of room P contributions, in particular in rare
decays of mesons and charged leptons, in CP-violatingiti@ms and in electric dipole moments
of leptons, of the neutron and of other particles. Theress almultitude of models that attempt to
explain the existing tensions and to predict what expertaiets should find in the coming decade.
Yet, in my opinion, those models should be favoured at ptethet try to address the important
open questions of contemporary particle physics like thea©f the stabilization of the Higgs mass
under loop corrections and the question of the origin of theeoved hierarchies in fermion masses
and mixings. Such extensions will play the dominant roléhia teport.

There is also the important question whether the footpfitdP that is responsible for the
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hierarchies in question will be seen directly at the LHC amdirectly through flavour and CP-
violating processes in the coming decade. Hoping that thisdeed the case we will assume in
what follows that the NP scales in various extensions of tedScussed below are not larger that
2—3TeV, so that the new patrticles predicted by these extessionin the reach of the LHC.

After a brief recollection of the theoretical framework ahé description of the most popular
NP scenarios in Section 2, we will list in Section 3, the tweanbst important goals in this field for
the coming decade. There is no space to discuss all theseigahdtail here. Therefore in Section
4 we will only discuss the ones which in my opinion are the niogtortant at present. A number
of enthusiastic statements will end this report.

I should strongly emphasize that | do not intend to preser ad¢otally comprehensive review
of flavour physics. Comprehensive reviews, written by a heddf flavour experts are already
present on the market [7—9] and moreover, extensive studidse physics at future flavour ma-
chines and other visions can be found in [10, 11]. | wouldeattke to paint a picture of flavour
physics in general terms and collect various strategiethfoexploration of this fascinating field
that hopefully will turn out to be useful in the coming yeats.this context | will recall present
puzzles in flavour physics that could turn out to be the firstshof NP and on various occasions
I will present the predictions of the NP scenarios mentioimethe Abstract. Last but certainly
not least let me cite two excellent text books on CP violatiod flavour physics [12, 13], where
many fundamentals of this field are clearly explained an@méxtensions of the SM and other
observables are discussed in detail.

2. Theoretical Framework

2.1 Preliminaries

The starting point of any serious analysis of weak decaysarfiramework of a given extension
of the SM is the basic Lagrangian

L = Lom(Gi, M, Vkm) +-Zp(@, M Wip), (2.2)

where (gi,m;, Vi) denote the parameters of the SM aigt”, MNP Vii,) = pnp the additional
parameters in a given NP scenario.

Our main goal then is to identify in weak decays the effectgided by %\p in the presence
of the background fronZsu. In the first step one derives the Feynman rules followingif(g.1),
which allows to calculate Feynman diagrams. But then we kaf&ce two challenges:

e our theory is formulated in terms of quarks, but experimémislve their bound states ,
K*, BY, BY, B*, Bc, D, Ds, etc.

e NP takes place at very short distance scales16 10~ m, while K., K%, BY, B, B* and
other mesons live at 13— 1015 m.

The solution to these challenges is well known. One has tetoaet an effective theory rel-
evant for experiments at low energy scales. Operator Ptdthmansion (OPE) and Renormaliza-
tion Group (RG) methods are involved here. They allow to sspahe perturbative short distance
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(SD) effects, where NP is present, from long distance (LD@at$ for which non-perturbative
methods are necessary. Moreover RG methods allow an effgimmation of large logarithms
log(usp/HLp)- A detailed exposition of these techniques can be found4n13] and fortunately
we do not have to repeat them here. At the end of the day theaf@rpressions involving ma-
trix elements of local operators and their Wilson coeffitdezan be cast into the followingaster
Formula for Weak Decayd.6].

2.2 Master Formula for Weak Decays

The master formula in question reads:
A(Decay = Z BirléchVci:KM F (M, one), (2.2)
|

whereB; are non-perturbative parameters representing hadrorirtexraements of the contributing
operatorsniQCD stand symbolically for the renormalization group fact(sr'@(,\,I denote the relevant
combinations of the elements of the CKM matrix and fin&lym, pnp) denote the loop functions
resulting in most models from box and penguin diagrams bsibime models also representing tree
level diagrams if such diagrams contribute. The internakichcontributions have been suppressed
in this formula but they have to be included in particulairdecays and&® — K° mixing. pnp
denotes symbolically all parameters beyomdin particular the segF, MNP Vi) in (2.1). Itturns
out to be useful to factor o, in all contributions in order to see transparently the diwies
from Minimal Flavour Violation (MFV).

In the SM only a particular set of paramet&ss relevant as there are no right-handed charged
current interactions, the functioris arereal and the flavour and CP-violating effects enter only
through the CKM factor&/},,,. This implies that the functionB; are universal with respect to
flavour so that they are the same in EheBy andBs systems. Consequently a number of observables
in these different systems are strongly correlated witlh egleer within the SM.

The simplest class of extensions of the SM are models withsttained Minimal Flavour
Violation (CMFV) [17-20]. They are formulated as follows:

e All flavour changing transitions are governed by the CKM mxatrith the CKM phase being
the only source of CP violation,

e The only relevant operators in the effective Hamiltonialolsethe weak scale are those that
are also relevant in the SM.

This implies that relative to the SM only the valuesFpire modified but their universal character
remains intact. In particular they are real. Moreover, isesawheré can be eliminated by taking
certain combinations of observables, universal cor@iatbetween these observables for this class
of models result. We will encounter some of these corraiatio Section 4.

In more general MFV models [21-23] new parametgrand rliQCD, related to new operators,
enter the game but the functiofsstill remain real quantities as in the CMFV framework and do
not involve any flavour violating parameters. Consequetitéy CP and flavour violating effects
in these models are again governed by the CKM matrix. Howéerpresence of new operators
makes this approach less constraining than the CMFV framewd/e will discuss some other

aspects of this approach below.
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In the simplest non-MFV models, the basic operator strectirCMFV models remains but
the functionsk; in addition to real SM contributions can contain new flavoargmeters and new
complex phases. Consequently the CKM matrix ceases to benilgesource of flavour and CP
violation.

Finally, in the most general non-MFV models, new operatoesuB; parameters) contribute
and the function$y in addition to real SM contributions can contain new flavoargmeters and
new complex phases.

Obviously this classification of different classes of maedebrresponds to a22 matrix but
before presenting this matrix let us briefly discuss thergggangredients in our master formula.

Clearly without a good knowledge of non-perturbative fagi no precision studies of flavour
physics will be possible unless the non-perturbative uaggres can be reduced or even removed
by taking suitable ratios of observables. In certain rasesat is also possible to measure the rel-
evant hadronic matrix elements entering rare decays by Usading tree level decays. Examples
of such fortunate situations are certain mixing induced €Branetries and the branching ratios
for K — mvv decays. Yet, in many cases one has to face the direct evaluzftB;. While lattice
calculations, QCD-sum rules, Light-cone sum rules ancekrgnethods made significant progress
in the last 20 years, the situation is clearly not satisfycémd one should hope that new advances
in the calculation oB; parameters will be made in the LHC era in order to adequataymproved
data. Recently an impressive progress in calculating thenpeterBy , relevant for CP violation in
KO — KO mixing, has been made and we will discuss its implicationSawtion 4.

An important progress has also been made in organizing thmendmt contributions in non-
leptonic two-bodyB meson decays and decays IBe~ V y with the help of the QCD factorization
approach, SCET and the Perturbative QCD approach.

Concerning the factons;(i?CD an impressive progress has been made during the last 20 years
The 1990’'s can be considered as the era of NLO QCD calcutatBasically the NLO corrections
to all relevant decays and transitions have been calculdteddy in the last decade [14], with a
few exceptions, like the width differencé$ < 4 in the Bgd — B_gd systems that were completed only
in 2003 [24-26]. This decade can be considered as the era bfONdlculations. In particular
one should mention here the NNLO calculations of QCD coimastto B — X ™1~ [27-33],
K+ — mvv [34-36], and in particular t8s — Xsy [37] with the latter one being by far the most
difficult one. Also important steps towards a complete dakon of NNLO corrections to non-
leptonic decays of mesons have been made in [38].

The final ingredients of our master formula, in additiortv'g'gp<M factors, are the loop func-
tions F; resulting from penguin and box diagrams with the exchandékeotop quarkW=*, z°,
heavy new gauge bosons, heavy new fermions and scalars. afadégnown at one-loop level in
several extensions of the SM, in particular in the two Higgshdet model (2HDM), the littlest
Higgs model without T parity (LH), the ACD model with one uaigal extra dimension (UED),
the MSSM with MFV and non-MFV violating interactions, thevibar blind MSSM (FBMSSM),
the littlest Higgs model with T-parity (LHT)Z’-models, Randall-Sundrum (RS) models, left-right
symmetric models, the model with the sequential fourth gaie of quarks and leptons. More-
over, in the SM?&'(as) corrections to all relevant one loop functions are knowrshtuld also be
stressed again that in the loop functions in our master f@rone can conveniently absorb tree
level FCNC contributions present in particular in RS models
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After this symphony of names like FBMSSM, LH, LHT, RS let uspkin them briefly by
summarizing the most popular extentions of the SM.

2.3 Minimal Flavour Violation

We have already formulated what we mean by CMFV and MFV. Letings add here that
the models with CMFV generally contain only one Higgs dotilaled the top Yukawa coupling
dominates. On the other hand models with MFV in which the afgerstructure differs from the
SM one contain two Higgs doublets and bottom and top Yukawloogs can be of comparable
size. A well known example is the MSSM with MFV and large farThe MFV framework can be
elegantly formulated with the help of global symmetriessprd in the limit of vanishing Yukawa
couplings [22,23] and its implications can be studied edfidi with the help of spurion technology
[21, 39]. However, | will not enter this presentation herdtasn be found in basically any paper
that discusses MFV. Recent discussions of various aspedB¥d can be found in [40—-45].

Here let us only stress that the MFV symmetry principle ielitdoes not forbid the presence
of flavour blind CP violating sources [40, 42—44,46-50]. Therefore, inipalgr, a MFV MSSM
suffers from the same SUSY CP problem as the ordinary MSSMeEan extra assumption or
a mechanism accounting for a natural suppression of thesdadling phases is desirable. The
authors of [21] proposed the extreme situation where the 8k&Wa couplings are the only source
of CPV. In contrast, recently in [45], such a strong assuamptias been relaxed and the following
generalized MFV ansatz has been proposed: the SUSY breaieobanism iglavour blindand
CP conserving and the breaking of CP only arises through tR¥ Bbmpatible terms breaking
theflavour blindnessThat is, CP is preserved by the sector responsible for SUgaking, while
it is broken in the flavour sector. While the generalized MR$atz still accounts for a natural
solution of the SUSY CP problem, it also leads to peculiar t@sthble predictions in low energy
CP violating processes [45].

The MFV approach is simple and offers an elegant explanaifotine fact that the CKM
framework works so well even if NP is required to be presersicatess’(1TeV). But one has to
admit that it is a rather pessimistic approach to NP. Thealiewvis from the SM expectations in
CP conserving processes amount in the case of CMFV to at MésBbthe level of the branching
ratios [51-53]. More generally in the MFV framework only inses where scalar operators are
becoming important and helicity suppression in decaysBike> u* i~ is lifted, enhancements of
the relevant branching ratios by more than a factor of twoeagsh one order of magnitude relative
to the SM are possible. However, independently of whethisr@MFV or MFV, the CP violation
in this class of models is SM-like and in order to be able tdimtislish among various models in
this class high precision will be required which calls fopexments like Super-Belle, Super-B
facility in Frascati andK — mvv experiments like NA62 and KOTO.

One should also emphasize that MFV in the quark sector ddesfieo the explanation of the
size of the observed baryon-antibaryon asymmetry in theeuse (BAU) and it does not address the
hierarchy problem related to the quadratic divergencesdriggs mass. Similarly the hierarchies
in the quark masses and quark mixing angles remain unegplairihis framework. For this reason
there is still potential interest in non-MFV new physicsrsmeos to which we will now turn our
attention.
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2.4 Most Popular Non-MFV Extensions of the SM

The search for NP at the 1 TeV scale is centered already e thecades around the hierarchy
problem, be it the issue of quadratic divergences in the $liggss, the disparity of the electroweak,
GUT and Planck scales or the doublet-triplet splitting m¢bntext of SU(5) GUTs. The three most
popular directions which aim to solve at least some of thesblems are as follows:

a) Supersymmetry (SUSY)

In this approach the cancellation of quadratic divergelicas, is achieved with the help of
new particles of different spin-statistics than the SMiphes: supersymmetric particles. For this
approach to work, these new particles should have massas hdleV, otherwise the fine tuning
of parameters cannot be avoided. One of the important giedscof the simplest realization of
this scenario, the MSSM with R-parity, is the light Higgshuity < 130GeV and one of its virtues
is its perturbativity up to the GUT scales.

The ugly feature of the General MSSM (GMSSM) is a large nunadfgrarameters residing
dominantly in the soft sector that has to be introduced imptloeess of supersymmetry breaking.
Constrained versions of the MSSM can reduce the number afiggters significantly. The same
is true in the case of the MSSM with MFV. An excellent reviewsapersymmetry can be found
in [54].

The very many new flavour parameters in the soft sector malee&MSSM not very predic-
tive and moreover this framework is plagued by flavour and @®lpms: FCNC processes and
EDM'’s are generically well above the experimental data greu bounds, respectively. Moreover
the GMSSM framework addressing primarily the gauge hiénamroblem and the quadratic di-
vergences in the Higgs mass does not provide automatideifierarchical pattern of quark and
lepton masses and of the hierarchical pattern of their FCNDGP-violating interactions.

Much more interesting from this point of view are supersyrtrindlavour models (SF) with
flavour symmetries that allow a simultaneous understanafitige flavour structures in the Yukawa
couplings and in SUSY soft-breaking terms, adequately mgsmng FCNC and CP-violating phe-
nomena and solving SUSY flavour and CP problems. A recenilel&tudy of various SF models
has been performed in [55]. We have analysed there the fioliprepresentative scenarios in which
NP contributions are characterized by:

i) The dominance of right-handed (RH) currents (abelian ehbgt Agashe and Carone [56]),

i) Comparable left- and right-handed currents with CKMelimixing angles represented by the
special version (RVV2) of the non abeli&(3) model by Ross, Velasco and Vives [57] as
discussed recently in [58] and the model by Antusch, King iatinsky (AKM) [59],

iil) The dominance of left-handed (LH) currents in non-delmodels [60] §LL) .

Through a model-independent analysis we have found thaettieee scenarios predicting quite
different patterns of flavour violation should give a googresentation of most SF models dis-
cussed in the literature. Short summaries of our resultbedound in [61, 62].

In Section 4 we will mainly confine our presentation of préidics of supersymmetry to these
SF models. However, we will also briefly encounter the MSSNhWilFV in which newflavour
blind but CP-violating phases are present. This FBMSSM frameWwaskbeen discussed in [46—49]
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and last year in [50], where a number of correlations betwaenus flavour conserving and flavour
violating observables, both CP-violating, has been pdiotg.

Next, let us recall that the new particles in supersymmeiriciels, that is squarks, sleptons,
gluinos, charginos, neutralinos, charged Higgs partidiésand additional neutral scalars can con-
tribute to FCNC processes through virtual exchanges in bdpanguin diagrams. Moreover, new
sources of flavour and CP violation come from the misaligmgroéquark and squark mass matri-
ces and similar new flavour and CP-violating effects arequreis the lepton sector. Some of these
effects can be strongly enhanced at largeBtakinally, in the MSSM a useful parametrization of
the new effects is given b Bwithi, j =1,2,3 andA, B =L, Rin the context of the so-called mass
insertion approach [63, 64]. However, it should be empleakthat in certain models, like super-
symmetric flavour models, this approximation is not alwagysusate and exact diagonalization of
squark mass matrices is mandatory in order to obtain mefuhirgsults [55, 65].

b) Little Higgs Models

In this approach the cancellation of divergencesinis achieved with the help of new par-
ticles of the same spin-statistics. Basically the SM Higg&ept light because it is a pseudo-
Goldstone boson of a new spontaneously broken global symnTdtus the Higgs is protected by
a global symmetry from acquiring a large mass, although dteioto achieve this the weak gauge
group has to be extended and the Higgs mass generation lgrapemged ¢ollective symmetry
breaking. The dynamical origin of the global symmetry in questior dne physics behind its
breakdown is not specified. But in analogy to QCD one couldjim@a new strong force at scales
0(10TeV) among new very heavy fermions that bind together to prodoeeSM Higgs. In this
scenario the SM Higgs is analogous to the pion. At scaleshedtiw 10 TeV the Higgs is consid-
ered as an elementary particle but at 10 TeV its compositetsiie should be seen. At these high
scales one will have to cope with non-perturbative strongadyics, and an unknown ultraviolet
completion with some impact on low energy predictions ofleiHiggs models has to be speci-
fied. The advantage of these models, relative to supersymnsea much smaller number of free
parameters. Excellent reviews can be found in [66, 67].

In Little Higgs models in contrast to the MSSM, new heavy gﬁngOhSNHi, Zy andAy in

the case of the so-called littlest Higgs model without [68 avith T-parity [69, 70] are expected.
Restricting our discussion to the model with T-parity (LHie masses M/,jt andZy are typically
0(700GeV). Ay is significantly lighter with a mass of a few hundred GeV anohfehe lightest
particle with odd T-parity can play the role of the dark mattendidate. Concerning the fermion
sector, there is a new very heaVyquark necessary to cancel the quadratic divergent caotitib
of the ordinary top quark tony and a copy of all SM quarks and leptons is required by T-parity
These mirror quarks and mirror leptons interact with SMipks through the exchange W7,
Zy and Ay gauge bosons which in turn implies new flavour and CP-viadationtributions to
decay amplitudes that are governed by new mixing matricéseiguark and lepton sectors. These
matrices can have very different structure than the CKM aidNB matrices. The mirror quark
and leptons can have masses in the range of 500-1500 GeValddobeodiscovered at the LHC. As
we will see in Section 4 their impact on FCNC processes camfmesmes spectacular. Reviews
on flavour physics in the LHT model can be found in [71-73].

c) Extra Space Dimensions

When the number of space-time dimensions is increased, oletions to the hierarchy prob-
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lems are possible. Most ambitious proposals are modelsamitarped extra dimension first pro-
posed by Randall and Sandrum (RS) [74] which provide a getcakéxplanation of the hierarchy
between the Planck scale and the EW scale. Moreover, wheaMhigelds, except for the Higgs
field, are allowed to propagate in the bulk [75-77], theseel®daturally generate the hierarchies
in the fermion masses and mixing angles [75, 77] througtenfit localisations of the fermions
in the bulk. Yet, this way of explaining the hierarchies ings@s and mixings necessarly implies
FCNC transitions at the tree level [78-81]. The RS-GIM mead$ra [79, 80], combined with an
additional custodial protection of flavour violatigcouplings [82—84], allows yet to achieve the
agreement with existing data without a considerable finmguof parameters. Reviews of [82—84]
can be found in [20, 62, 85—-89]. New theoretical ideas adtrgshe issue of large FCNC transi-
tions in the RS framework and proposing new protection mmshas occasionally leading to MFV
can be found in [90-95].

In extra dimensional models obvious signatures in high gng@rocesses are the lightest
Kaluza-Klein particles, the excited sisters and brothéthe® SM particles that can also have sig-
nificant impact on low energy processes. When KK-parity &spnt, like in models with universal
extra dimensions, then also a dark matter candidate ismiret® models with warped extra di-
mensions and protective custodial symmetries [82, 83, 8b#8posed to avoid problems with
electroweak precision tests (EWPT) and the data on FCN&pses, the gauge group is generally
larger than the SM gauge group and similar to the LHT modelimeswy gauge bosons are present.
However, even in models with custodial symmetries thesggaosons must be sufficiently heavy
(2—3TeV) in order to be consistent with EWPT. We will denote sR&framework with custodial
symmetries by RSc.

As far as the gauge boson sector of the RSc model is conceamadcdlition to the SM gauge
bosons the lightest new gauge bosons are the KK—gluons,Khghi$ton and the electroweak KK
gauge bosonw,jt, W'E, Zy andZ’, all with massedvikk around 2—- 3TeV. The fermion sector
is enriched through heavy KK-fermions (some of them withtexelectric charges) that could in
principle be discovered at the LHC. The fermion content & thodel is explicitly given in [99],
where also a complete set of Feynman rules has been workeDetailed analyses of electroweak
precision tests and of the parametgrin a RS model without custodial protection can be found
in [100,101].

d) Other Models

There are several other models studied frequently in thealiire. These are in particulaf
models and models with vector-like heavy quarks [102—184th are present in the RS scenario
and | will not discuss them separately. Recently new intexesse in models with a sequential 4th
generation which is clearly a possibility. In particulardige Hou [105-107] and subsequently
Lenz [108], Soni [109] and their collaborators made extenanalyses of FCNC processes in this
framework. See also [110]. This NP scenario is quite difiefrem SUSY, the LHT and RS models
as the 4th generation of quarks and leptons cannot deconglé these new fermions exist, they
will be found at the LHC. However this direction by itself doeot address any hierachy problems
and | will not further discuss it in this report. Electroweadecision tests in the presence of fourth
generation and other constraints are discussed in [11]-114
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SM Operators + Additional Operators
A B
CMFYV | (Y) GMFV | (Y,Yy)
CKM
2 HDM at low tanf MSSM with MFV
LH without T-parity 2 HDM at large tanf
Universal ED
¢ D
New beyond CMFV beyond GMFV
Flavour
V,(‘IJI:? LH with T-parity MSSM with (3,)) ;0
Intaracis | Some Z'-models LR Models, NMFV
4th generation Models with WED (RS)

Figure 1: The Flavour Matrix

2.5 The Flavour Matrix

The discussion of Section 2.2 suggests to exhibit diffeegténsions of the SM in form of a
2 x 2 matrix shown in Fig.1. Let us briefly describe the four exgrof this matrix.

The element (1,1) or the class A represents models with CMIRE SM, the versions of
2HDM'’s with low tan3, the LH model and the ACD model [115] with a universal fifth f#tra
dimension belong to this class.

The elements (1,1) and (1,2) or classes A and B taken togetteeupper row of the flavour
matrix, represent the class of models with MFV at large. &bli the new effect in the (1,2) entry
relative to (1,1) alone is the appearance of new operatdts different Dirac structures that are
strongly suppressed in the CMFV framework but can be enltbifican is large or equivalently
if Yg cannot be neglected. 2HDM with large faubelongs to this class. In the past it was believed
that the MSSM corresponds to the entry (1,2) only with lagyg3tbut the analysis in [116] has
shown that even at low tgh Yy cannot be neglected when the parameten the Higgs sector
is large and gluino contributions become important. We seké below that the presence of new
operators, in particular scalar operators, allows toHiét helicity suppression of certain rare decays
like Bs — u™u—, resulting in very different predictions than found in theIEV models.

The FBMSSM scenario carrying new complex phases that areutasonserving represents a
very special class of MFV models in which the functidghdecome complex quantities in contrast
to what we stated previously but as these new phases arerflegnserving a natural place for
FBMSSM is the upper row of the flavour matrix.

A very interesting class of models is the one representechéyentry (2,1) or the class C.
Relative to CMFYV it contains new flavour violating interaxtis, in particular new complex phases,
forecasting novel CP-violating effects that may signiftbadiffer from those present in the CMFV
class. As there are no new operators relative to the SM owesewB;-factors and consequently
no new non-perturbative uncertainties relative to CMFV sis@re present. Therefore predictions
of models belonging to the (2,1) entry suffer generally fremmaller non-perturbative uncertainties
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than models represented by the second column in the flavouixrimeFig. 1.

When discussing the (2,1) models, it is important to distisly between models in which new
physics couples dominantly to the third generation of gsiabasically the top quark, and models
where there is a new sector of fermions that can communiciiltetive SM fermions with the help
of new gauge interactions. Phenomenological approachiisenhanced Z-penguins [117-119],
some special’-models [120—-122] and the fourth generation models [108--1Q0] belong to the
first subclass of (2,1), while the LHT model represents tlwese subclass.

The entry (2,2) represents the most complicated class oemaad which both new flavour
violating effects and new operators are relevant. The MSSWM flavour violation coming from
the squark sector and RS models are likely to be the most perhimembers of this class of
models. The NMFV approach of [123] and left-right symmetriodels belong also to this class.
The spurion technology for this class of models has beeraese by Feldmann and Mannel [39].

2.6 The Little Hierarchy Problem

As we have seen, the stabilization of the Higgs mass undétrag corrections requires NP
at scale’(1TeV). Yet EWPT performed first at LEP/SLC and subsequently exterad Tevatron
imply that NP, unless properly screened, can only appeatads of 5-10 TeV or higher. The
situation is much worse in FCNC processes. There the massew@atrticles carrying flavour and
having&'(1) couplings cannot contribute at tree level unless their psase larger than 1000 TeV
or even more. A detailed analysis of this issue can be foumpaiticular in [124].

Thus in order to keep the solutions to the hierarchy probledismissed above alive, protective
symmetries must be present in order to suppress NP effeetedtroweak precision observables
(EWPOQ) and to FCNC processes in spite of NP being presentass€(1TeV) or lower. In
this context the custodial SU(2) symmetry in the case of EVgRduld be mentioned. In the
framework of the LHT model this symmetry is guarantied byariyy. For the FCNC processes
we need generally a GIM mechanism which forbids tree levetrdautions. If this mechanism is
violated and FCNC transitions occur already at tree leve¢ioprotections are necessary. In RS
models the so-called RS-GIM mechanism [79, 80] and the thcpointed out custodial protection
for flavour violatingZ couplings [82—84] play an important role.

In this context MFV is very popular as models with MFV can mally satisfy the existing
FCNC constraints. While this framework will play a role beglave will in Section 4 dominantly
present the results coming from the non-MFV scenarios dimliin Section 2.4.

3. 20 Goals in Flavour Physics for the Next Decade

We will now list 20 goals in flavour physics for the coming deeaThe order in which these
goals will be listed does not represent by any means a rankiimgportance. In this section each
goal will be summarized very briefly including some refeenawhere further details can be found.
In Section 4 we will concentrate on the goals 1, 3, 4, 6 and liblwinost likely will play the central
role in quark flavour physics in the coming years. We will el&ection 4 by correlating these goals
with the goals 16, 17 and 18 that deal with lepton physicseénctimtext of supersymmetric flavour
models. Let us now list the 20 goals in question.
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Goal 1: The CKM Matrix from tree level decays

This determination would give us the values of the elemehteeoCKM matrix without NP
pollution. From the present perspective most importanttaeedeterminations dp| andy be-
cause they are presently not as well knowr\as and|V,s|. However, a precise determination of
IVep| is also important asyx, Br(K™ — mtvv) andBr(K_ — mPvv) are roughly proportional to
IVep|*. While Super-B facilities accompanied by improved thedrgidd be able to determirfeyy|
and|Vgp| with precision of 1- 2%, the best determination of the anglen the first half of the next
decade will come from LHCb. An error of a few degrees shoulddgevable around 2015 and
this measurement could also be improved at Super-B machines

Goal 2: Improved Lattice Calculations of Hadronic Parametes

The knowledge of the meson decay constétsFg, and of varioudB; parameters with high
precision would allow in conjunction with Goal 1 to make pseccalculations oAMs, AMy, &k,
Br(Bsq — u* ) and of other observables in the SM. We could then directlywgdesther the SM
is capable of describing these observables or not. The racsht unquenched calculations allow
for optimism and in fact a very significant progress in theakdtion ofBx has been made recently.
We will discuss its implications in Section 4.

For completeness we collect here some selected non-patitriparameters relevant for FCNC
processes. The present lattice values, that are relevaagd‘c-r B_gd mixings, taken from [125] read

Fe.\/Bs, = 270(30)MeV,  Fg,y/Bg, = 22525 MeV, (3.1)
while the HPQCD collaboration [126] finds similar values butaller errors,
Fo.\/Bs, = 266(18)MeV,  Fg,y/Bg, = 21615 MeV. (3.2)

Other values that should be improved are Bagparameters themselves that will play some
role in predicting the branching ratios fBgg — ™~ as we proceed. The present lattice results
read [125]

% = 1.00+0.03, By =1.22+0.12, Bs=1.22+0.12. (3.3)
d
Also the accuracy of th8; parameters related to new operators present in the clBszedD in
the flavour matrix should be improved.

In this context one should mention the determination of kuaasses and of the QCD coupling
constantas(Mz) that should still be improved in order to reduce the paraimaticertainties in the
predictions for various branching ratios. Here importathteances have been made recently. Let
me just quote [127]

my(My) = (4.163+0.016)GeV,  me(me) = 1.279+0.013GeV, (3.4)
with the latter very relevant for the decy” — ™ vv. Similarly,
ms(2GeV) = (91+7)MeV,  m(m)=1635+1.7GeV, (3.5)

with the value ofmg(2 GeV) given recently by Leutwyler [128]. This agrees very wellwfi29],
where 94+ 6 MeV has been guoted.
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Finally, two impressive determinations af(Mz) should be mentioned here. One is from
hadronic Z andr decays [130] resulting i (Mz) = 0.1198+ 0.0015 and the second from the
hadronic width [131] with the resultr(Mz) = 0.1180+ 0.0008. The latest world average reads
[132]

o(Mz) =0.1184+ 0.0007. (3.6)

Goal 3: Is gk consistent with §yk ¢ within the SM?

The recent improved value 8 from unquenched lattice QCD acompanied by a more careful
look atex suggest that the size of CP violation measureB4dr- (yKs might be insufficient to de-
scribegg within the SM. Clarification of this new tension is importastthe sin B — e« correlation
in the SM is presently the only relation between CP violatiothe By andK systems that can be
tested experimentally. We will return to this issue in Smt#.

Goal 4: Is Syp much larger than its tiny SM value?

Within the SM CP violation in thds system is predicted to be very small. The best known
representation of this fact is the value of the mixing in@uUG® asymmetry(Sy,)sm ~ 0.04. The
present data from CDF and DO indicate that CP violation inBhsystem could be much larger,
Sye = 0.81f8:§§ [133]. This is a very interesting deviation from the SM. Itardication is of
utmost importance and | will return to this question in Sac#. Fortunately, we should know the
answer to this question within the coming years as CDF, DOChHATLAS and CMS will make
big efforts to measur§y, precisely.

Goal 5: Non-Leptonic Two-Body B Decays and Related Puzzles

The best information on CP violation in th& system to date comes from two-body non-
leptonic decays oBy andB* mesons. While until now these decays dominated this field;hH
will extend these studies in an important manneBi@nd B decays. This is clearly a challeng-
ing field not only for experimentalist but in particular afsw theorists due to potential hadronic
uncertainties. Yet, in the last ten years an impressiverpesghas been made in measuring many
channels, in particulaB — T andB — 1K decays, and in developing a number of methods like
QCD factorization [134, 135], the Perturbative QCD apploHB6], SCET [137-141] and more
phenomenological approaches based on flavour symmetti®s142]. Excellent reviews of this
subject have been given by Buchalla [143], Fleischer [Lad]Silvestrini [145]. They contain a lot
of useful material. I think this field will continue to be imgiant for the tests of the CKM frame-
work in view of very many channels whose branching ratiosikhbe measured in the next decade
with a high precision. This is also a place where the strectfiiQCD effects in the interplay with
weak interactions can be studied very well and the comhinatf the lessons gained from this
field with those coming from theoretically cleaner decaysdssed subsequently will undoubtly
enrich our view on flavour physics.

On the other hand in view of potential hadronic uncertagpeesent in the branching ratios
and direct CP asymmetries these observables in my opinibnatiprovide definite answers about
NP if the latter contributes to them only at the level of 20%ems. On the other hand mixing
induced CP-asymmetries lik&yks, Sy and alike being theoretically much cleaner will continue
to be very important for the tests of NP. Let me then just bridfscuss a number of departures
from the SM predictions which await resolution in the comymegrs.
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First of all the angleB has been measured in several other decays, in particulamigum
dominated decays lik8 — @Ks or B — n’Ks with the result that it is generally smaller than
(sin2B) gk, putting the SM and MFV in some difficulties. Clarification thiis disagreement is
an important goal for the next decade. While this tensioratrecweaker with time, the theoret-
ically clean asymmetr,k still remains to be significantly smaller than the expectatlie’ of
approximately 067 [133]:

Spks = 0.44+0.17. (3.7)

This tension cannot be resolved at LHCb and its resolutidhreinain as one of the important
goals for Super Belle at KEK and later the Super-B machineraséati, although an insight on a
possible anomalous behaviour in this asymmetry should beedat LHCb through the study of
CP violation inBs — @@ [146].

We will see in Section 4 that the desire to explain the valu@in) in the framework of some
supersymetric models will have interesting implicatioosdther CP-violating observables like the
direct CP asymmetry iB — Xsy and electric dipole moments.

Next the rather large difference in the direct CP asymmefig(B~ — K~ °) andACp(E0 —

K~ ") observed by the Belle and BaBar collaborations has not begeceed but it could be due
to our insufficient understanding of hadronic effects ratiw@an NP. Similar comments apply to
certain puzzles iB — 1K decays [119] which represent additional tensions thatedeed with
time but did not fully disappear [147]. For a different vieeeg148].

Finally of particular interest is the mixing induced CP-asyetry inB — 1°Kswhich appears
to indicate still some tensions with the SM expectation®[149,150] although this is inconclusive
at present. For the most recent analysis see [148].

Goal 6: Br(Bsqg — p™ )

In the SM and in several of its extentio®s(Bs — p* ™) is found in the ballpark of 3-
5.10°°, which is by an order of magnitude lower than the present 8sdrom CDF and DO. A
discovery ofBr(Bsg — p* ™) at&(10-8) would be a clear signal of NP, possibly related to Higgs
penguins. LHCb can reach the SM level for this branchingratithe first years of its operation.
From my point of view, similar td,, precise measurements Bf(Bs — u*p~) and later of a
more suppressed branching raio By — p* ) are among the most important goals in flavour
physics in the coming years. We will discuss both decays atiG@e4.

Goal 7: B — XsqY, B— K*(p)y and AdL(b — sy)

The radiative decays in question, in particuar Xsy, played an important role in constrain-
ing NP inthe last 15 years because both the experimentahddtalso the theory have been already
in a good shape for some time with the NNLO calculationBdB — Xsy) being at the forefront
of perturbative QCD calculations in weak decays. Both theord experiment reached roughly
10% precision and the agreement of the SM with the data is goplying not much room left for
NP contributions. Still further progress both in theory axgeriment should be made to further
constrain NP models. This will only be possible when Supendthines enter their operation. Of
particular interest is the direct CP asymme@@,é(b — 8y) that is similar toSy, predicted to be
tiny (0.5%) in the SM but could be much larger in some of its extensamdiscussed in Section 4.
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Goal 8: B— XJTI~ and B — K*|*|~

While the branching ratios fd — X/ "1~ andB — K*I "1~ put already significant constraints
on NP, the angular observables, CP-conserving ones like¢hd&nown forward-backward asym-
metry and CP-violating ones will definitely be very usefut flistinguishing various extensions
of the SM. Recently, a number of detailed analyses of varl@Bsaveraged symmetries and CP
asymmetries provided by the angular distributions in thelusive decayB — K*(— Km)l 71~
have been performed in [151-153]. In particular the zerdesome of these observables can
be accurately predicted. Belle and BaBar provided alreathresting results for the best known
forward-backward asymmetry but the data have to be improvedder to see whether some sign
of NP is seen in this asymmetry. Future studies by the LHCHSarger-B machines will be able to
contribute here in a significant manner.

Goal 9: Bf — rtv and Bf — D%r*v

The SM expression for the branching ratio of the tree-leeelyB* — 17 Vv is given by

GZmg: M2 me \ 2
Br(B® — TtVv)gw = FS‘;‘T* T(l—m;> F2, [Vub|*Ta+ . (3.8)
B+

In view of the parametric uncertainties induced in (3.8)Hay andV,p, in order to find the SM
prediction for this branching ratio one can rewrite it asdiet [55]:

2

3m n12 rr12 2 Vub
Br(BT — tv)sm = —A—T<1— T> L 15 AMg . (3.9)
( ) 4ng S (%) Bs, M3, Mg, ) |Md B

HereAMq is supposed to be taken from experiment and

2 1 \?1+R—2Rcosp
()

with R, and8 determined by means of (4.5) in Section 4. In writing (3.9, wsedrs ~ Fz+ and
mg, ~ mg+. We then find [55]

Vi
Vid

(3.10)

Br(B" — 17v)gy = (0.80+0.12) x 104, (3.11)

This result agrees well with a recent result presented by collaboration [154].
On the other hand, the present experimental world avaraggedban results by BaBar [155,
156] and Belle [157,158] reads [159]

Br(B"™ — T7V)exp= (1.73+£0.35) x 1074, (3.12)

which is roughly by a factor of 2 higher than the SM value. We tzdk about a tension at the5r
level.

While the final data from BaBar and Belle will lower the expaental error oBr(B™ — 17v),
the full clarification of a possible discrepancy between 3 and the data will have to wait for
the data from Super-B machines. Also improved valuesHpfrom lattice and|V,p| from tree
level decays will be important if some NP like charged Higgsiti work here. The decdy" —
D7 *v being sensitive to different couplings Bf* can contribute significantly to this discussion
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but formfactor uncertainties make this decay less thexaigfi clean. A thorough analysis of this
decay is presented in [160] where further references caalelf

Interestingly, the tension between theory and experimernhé case oBr(B™ — t7v) in-
creases in the presence of a tree lédél exchange which interferes destructively with the
contribution. As addressed long time ago by Hou [161] and adenn times calculated first by
Akeroyd and Recksiegel [162], and later by Isidori and Piard#l63], one has in the MSSM with
MFV and large taif

Br(B* — T7V)vssm mg tar’B 2

Br(Bf — ttv)sm M. 1+etanB |

(3.13)

with € collecting the dependence on supersymmetric parametéis. nfeans that in the MSSM
this decay can be strongly suppressed unless the choicedsl parameters is such that the second
term in the parenthesis is larger than 2. Such a possibhiiy would necessarily imply a light
charged Higgs and large tBnvalues seems to be very unlikely in view of the constrainbsnfr
other observables [164]. Recent summariell 6fphysics can be found in [165, 166].

Goal 10: Rare Kaon Decays

Among the top highlights of flavour physics in the next decaiibe the measurements of the
branching ratios of twgolden modes K — it vv andK, — mPvv. K* — v is CP conserving
while K. — mPvv is governed by CP violation. Both decays are dominated iStlend many of
its extensions by penguin contributions. It is well known that these decaygstheoretically very
clean and are known in the SM including NNLO QCD correctiond alectroweak corrections
[34—36]. Moreover, extensive calculations of isospin kieg effects and non-perturbative effects
have been done [167,168]. The present theoretical uncge®inBr(K™ — mtvv) andBr(K_ —
mvv) are at the level of 2 3% and 1- 2%, respectively.

We will discuss these decays in more detail in Section 4 hHuinke stress already here that
the measurements of their branching ratios with an accyrafct0% will give us a very important
insight into the physics at short distance scales. NA62 & ICk the case oK™ — vy and
KOTO at J-PARC in the case & — r°vv will tell us how these two decays are affected by NP.

The decay¥, — m°I I~ are not as theoretically clean as tke— rvv chanels and are less
sensitive to NP contributions but they probe different apans beyond the SM and having accurate
branching ratios for them would certainly be useful. Furttietails on this decay can be found
in [169-174].

Goal 11: Rare B Decays B— Xsvv, B — K*vv and B— Kvv

Also B decays withvv in the final state provide a very good test of modifizghenguin
contributions [175, 176], but their measurements appebeteven harder than those of the rare K
decays just discussed. Recent analyses of these decaysthvitlsM and several NP scenarios can
be found in [177,178].

The inclusive decad — XsvV is theoretically as clean #&— mvv decays but the parametric
uncertainties are a bit larger. The two exclusive channelsafiected by formfactor uncertainties
but recently in the case @& — K*vv [177] andB — Kvv [178] significant progress has been
made. In the latter paper this has been achieved by considsirultaneously alsB — KI*| .
Very recently non-perturbative tree level contributioran B* — t™v to Bt — K*vv andB*™ —
K*Tvv at the level of roughly 10% have been pointed out [179].
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The interesting feature of these thiee: svv transitions, in particular when taken together, is
their sensitivity to right-handed currents [177]. SupemBchines should be able to measure them
at a satisfactory level.

Goal 12: Lattice Calculations of Hadronic Matrix Elements in €' /¢

One of the important actors of the previous decade in flavhysips was the ratig’/¢ that
measures the size of the direct CP violatiorKin— rrt relative to the indirect CP violation de-
scribed byeg. In the SMe’ is governed by QCD penguins but receives also an importatrud
tively interfering contribution from electroweak pengsiitihat is generally much more sensitive to
NP than the QCD penguin contribution.

Here the problem is the strong cancellation of QCD penguimtridmtions and electroweak
penguin contributions te’/e and in order to obtain useful predictions the precision endbrre-
sponding hadronic parametddg andBg should be at least 10%. Lattice theorists around Norman
Christ hope to make progress Bg, Bg and othek’ /¢ related hadronic matrix elements in the com-
ing decade. This would really be good, as the calculatiorshoft distance contributions to this
ratio (Wilson coefficients of QCD and electroweak penguierapors) have been known already
for 16 years at the NLO level [180, 181] and present technotamld extend them to the NNLO
level if necessary.

The present experimental world average from NA48 [182] amd\K[183, 184],

£/e=(168+14)-10%, (3.14)

could have an important impact on several extentions of MediScussed in Section 4 Bg and
Bg were known. An analysis of’/¢ in the LHT model demonstrates this problem in explicit
terms [185]. If one useBs = Bg = 1 as obtained in the large N approadia)/e)sy is in the
ballpark of the experimental data and sizable departur@s . — n°vv) from its SM value are
not allowed.K™ — " vv being CP conserving and consequently not as strongly ededewith
g'/e asK — mvv could still be enhanced by 50%. On the other harBsitindBg are different
from unity and(&’/€)sm disagrees with experiment, much more room for enhancenuéntse
K decay branching ratios through NP contributions is abééla Reviews ofe’ /e can be found
in [186,187].

Goal 13: CP Violation in Charm Decays, D'(D) — Itvand D° — utu~

Charm physics has been for many years shadowed by the sesaéksdecays and decays,
although a number of experimental groups and selectedistetiave made a considerable effort
to study them. This is due to the GIM mechanism being veryctffe in suppressing the FCNC
transitions in this sector, long distance contributioregping the evaluation @diMp and insensi-
tivity to top physics in the loops. However, the lafie— DO mixing discovered in 2007 [188—190]
and good prospects for the study of CP violation in the abeoaygs at Super Belle and Sujiein
Frascati gave a new impetus to this field. The main targets drer.

e Dedicated studies of CP Violation D decays that is predicted to be very small in the SM,
but could be strongly enhanced beyond the SM and is theallgtimuch cleaner thaAMp,

e Dedicated studies d* — u*vy, DT — 17v; andDs — 17 v, with higher experimental
and lattice accuracy with the aim to study charged Higgstsffe
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e Rare decay®® — utpu~ andDs — ptu~ .

Excellent reviews can be found in [191, 192]. Various asp@étcharm physics are discussed
in [193-200].

The first possible sign of NP appeareddg — | *v decays some time ago and in 2008a 3
discrepancy between the SM and the data has been declaredwkiiée this tension decreased to
20 and in order to have a clear picture we have to wait for the neta dith higher statistics and
further improved lattice calculations of the relevéhiveak decay constants even if the latter are
already rather precise [201]. In fact this example shows hmweh fun we will have to compare
the data with theory when both experiments and lattice &tioms improve.

Goal 14: CP Violation in the Lepton Sector and6;3

The mixing angles;, and 6,3 are already known with respectable precision. The obvious
next targets in this field aré;3 and the CP phaséyns. Clearly the discovery of CP violation
in the lepton sector would be a very important mile stone itigla physics for many reasons. In
particular the most efficient explanations of the BAU theagsdfollow from leptogenesis. While
in the past the necessary size of CP violation was obtaired frew sources of CP violation at
very high see-saw scales, the inclusion of flavour effectgairticular in resonant leptogenesis,
gave hopes for the explanation of the BAU using only the phasthe PMNS matrix. This implies
certain conditions for the parameters of this matrix, thadhe relevandpyns, two Majorana phases
and6y3. As there was a separate talk on neutrino physics at thigoemée let me just refer to this
talk and the review in [202] for the relevant references. éerd review of models for neutrino
masses is given in [203].

Goal 15: Tests ofu — e and 4 — 1 Universalties

Lepton flavour violation (LFV) and the related breakdown ofversality can be tested in
meson decays by studying the ratios [204, 205]

_ Br(K* — putv) _ Br(B" —putv)
T Br(Kt —etv)’ HE™ Br(BY — 1tv)’
where the sum over different neutrino flavours is understoble first case is a high precision
affair both for experimentalists and theorists as both psalecreased the uncertaintieRjp, well
below 1% with a precision of.6% recently achieved at CERN. It will continue to constitate
important test of thg: — e universality. The ratid?,; is even more sensitive to NP contributions
but it will still take some time before it will be known with gd precision.

Goal: 16 Flavour Violation in Charged Lepton Decays

The search for LFV clearly belongs to the most important ggaflavour physics. The non-
vanishing neutrino masses and neutrino oscillations asas¢he see-saw mechanism for the gen-
eration of neutrino masses have given an impressive impethe study of flavour violation in the
lepton sector in the last ten years. In the SM with right-feh®irac neutrinos, the smallness of
neutrino masses implies tiny branching ratios for LFV peses. For instance

Rye (3.15)

Br(u — ey)sy ~ 104, (3.16)

which is more than 40 orders of magnitude below the 90% C.peufpound from the MEGA
Collaboration [206]
Br(u —ey) <12.10° 1% (3.17)
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Therefore any observation of LFV would be a clear sign of NRiléWwe hope that new flavoured
leptons will be observed at the LHC, even if this will not tuat to be the case, LFV has the
following virtue: sensitivity to short distance scales aghtas 18° — 10'*GeV, in particular when
the see-saw mechanism is at work.

The prospects for the measurements of LFV processes withn rhigher sensitivity than
presently available in the next decade look very good. Iriqadar the MEG experiment at
PSI [207] should be able to teBr(u — ey) at the level of&(102 — 1071%), and the Super
Flavour Factory [10] is planned to reach a sensitivity BotT — py) of at least¢’(107°). The
planned accuracy of SuperKEKB ¢f(1078) for 1 — py is also of great interest. Very important
will also be an improved upper bound @n— e conversion in Ti. In this context the dedicated
J-PARC experiment PRISM/PRIME [208] should reach the siitgiof ¢/(107'8). This means
an improvement by six orders of magnitude relative to thegmeupper bound from SINDRUM ||
at PSI [209].

Now the various supersymmetric models, the LHT model andRBemodels are capable of
reaching the bound in (3.17) and in fact this bound puts dyreather stringent constraints on the
parameters of these models. For instance in the case of themutlel the mixing matrix in the
mirror lepton sector has to be either very hierarchicaleast as hierarchical as the CKM matrix or
the mirror-lepton spectrum has to be quasi-degenerat@]03211]. Analogous constraints exist
in other models. We will discuss some aspects of LFV in Sactio

In order to distinguish various NP scenarios that come close bound in (3.17) it will
be essential to study a large set of decays to three leptahe ifinal state. Indeed, while in the
MSSM [212-216] the dominant role in the decays with thre¢édep in the final state and jn— e
conversion in nuclei is played by the dipole operator, inQj2111] it was found that this operator
is much less relevant in the LHT model, wil! penguin and box diagrams being the dominant
contributions. This implies a striking difference betwegmnious ratios of branching ratios of type
Br(li — 31j)/Br(li — I;y) in the MSSM, where they are typically(10-2 — 10-3) and in the LHT
model, where they are’(1071) [73]. A very recent short review of these topics can be found
in [217].

There exist also interesting correlations between leptegie and LFV but this is beyond the
scope of this presentation. Additional correlations rat#for LFV will be discussed in Section 4.

Goal 17: Electric Dipole Moments

CP violation has only been observed in flavour violating peses. Non-vanishing electric
dipole moments signal CP violation in flavour conservingnéiions. In the SM CP violation in
flavour conserving processes is very strongly suppressbasisexpressed by the SM values of
electric dipole moments of the neutron and electron thatlenrnio [218]

dy~10%%ecm  dex~10%%ecm (3.18)
This should be compared with the present experimental [2i®, 220]
d,<29.-10%ecm  d.<1.6-10% ecm (3.19)

They should be improved in the coming years by 1-2 orders gfmitade.
Similar to LFV, an observation of a non-vanishing EDM woulgply necessarily NP at work.
Consequently correlations between LFV and EDM's in spedifit scenarios are to be expected,

19



Flavour Theory: 2009 Andrzej J. Buras

in particular in supersymmetric models, as both classeshsémwvables are governed by dipole
operators. A rather complete analysis of such correlati@ssbeen recently presented in [221]
where further references can be found. We will encounteresgmecific examples in Section 4.
Goal 18: Clarification of the (g— 2),, Anomaly
The measured anomalous magnetic moment of the ele¢gen?)e, is in an excellent agree-
ment with SM expectations. On the other hand, the measu@danus magnetic moment of the
muon,(g—2),, is significantly larger than its SM value. The most recent@btliction reads [222]

a;" = 11659 183449)-10 ! (3.20)
and the experimental value from BNL [223, 224]
a;® = 11659 208063) - 10 1, (3.21)
whereay, = (g—2),/2. Consequently,
Nay =apP—ay" = (25+0.8) x 1077, (3.22)

implying a 310 deviation from the SM value. Similar results can be foundi?g, 226].

Hadronic contributions tog — 2),, make the comparison of data and theory a bit problematic.
Yet, as this anomaly has been with us already for a decaderemendous effort by a number of
theorists has been made to clarify this issue, this anonmaliddndeed come from NP.

The MSSM with large tafi and sleptons with masses below 400 GeV is capable of reproduc
ing the experimental value @i, provided theu parameter in the Higgs Lagrangian has a specific
sign, positive in my conventions:

aMISsM tanB\ /300 GeW\?
M~
1109 1.5( 10 >< m; \/> sgnu . (3.23)

Moreover an interesting correlation between the amountecessary shifba, and the value of
Br(t — py) andBr(u — ey) exists [227], implying that these two branching ratios dobé as
high as 410° and 3 10~!?, respectively and thus in the reach of dedicated expersrianthe
coming years. Other correlations of this type in supersytrimBavour models will be discussed
in Section 4. On the other hand the LHT fails to reproduce #ta th (3.21) andy, in this model
is within the uncertainties indistiguishable from its SMu&[210, 228]. Apparently there is no
visible correlation between NP &), and LFV in this model. Thus if the data in (3.21) remain, they
would favour the MSSM over the LHT. Recent reviews(gr- 2),, can be found in [222,229-232].

Goal 19: Flavour Violation at High Energy

Our presentation deals mainly with tests of flavour and ClRtiam in low energy processes.
However, at the LHC it will be possible to investigate thebeqmomena also in high energy pro-
cesses, in particular in top quark decays. Selected renahytses on flavour physics in high energy
processes can be found in [233-240].

Goal 20: Construction of a New Standard Model (NSM)

Finally, in view of so many parameters present in basicdllgx@densions of the SM like the
MSSM, the LHT model and RS models, it is unlikely from my padfiview that any of the models
studied presently in the literature will turn out in 2026 ®the new model of elementary particle
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physics. On the other hand various structures, conceptislaad explored these days in the context
of specific models may well turn out to be included in the NSl ils predictive, consistent with
all the data and giving explanation of observed hierarcimiésrmion masses and mixing matrices.
While these statements may appear to be very naive, it istahfacthe construction of the NSM
is the main goal of elementary particle physics and evergribe even as old as | am, has a dream
that the future NSM will carry her (his) name.

4. Waiting for Signals of New Physics in FCNC Processes

L5 [
B area has CL > 0.95 %

]
5
<
<

[y

r o
- 3 Amg&Lm,

S

-1.01~ & 7,
fitter y sol.\w/ cos 28

- Summer 08 (excl, atCL > 095)

P N E i T/
-1.0 -0.5 0.0 0.5 1.0 15 20

Figure 2: Unitarity triangle fits by the CKMfitter [241] (left) and UTfj242] (right) collaborations in 2009.

4.1 A Quick Look at the Status of the CKM Matrix

The success of the CKM description of flavour violation angamnticular CP violation can be
best seen by looking at the so-called Unitarity Triangle YfE in Fig.2. The extensive analyses of
the UTfitand CKMfitter collaborations [243,244] show thae thata onVys|, [Vub|, [Vebl|, &, AM4,
AMs and the CP-asymmeti§k,, that measures the angBein the UT, are compatible with each
other within theoretical and experimental uncertaintidoreover the anglesr andy of the UT
determined by means of various non-leptonic decays andstmgited strategies are compatible
with the ones extracted from Fig. 2.

While this agreement is at first sight impressive and manygthicould already have turned
out to be wrong, but they did not, one should remember that waty few theoretically clean
observables have been measured precisely so far.

The three parameters relevant for the CKM matrix that haes Imeeasured accurately are:

[Vus| = 0.2255+0.001Q Vep| = (41.241.1)-10°3, B =Byks = (211£0.9)°, (4.1)
where the last number follows from [133]

sin2B8 = 0.672+0.023 (4.2)
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It should be mentioned that the value fd,| quoted above results from inclusive and ex-
clusive decays that are not fully consistent with each otfAgpically the values resulting from
exclusive decays are below 400~3. As the value ofVqp| is very important for FCNC processes
in theK system it would be important to clarify this difference winitas been with us already for
many years. Hopefully, the future Super B facilities inytahd Japan and new theoretical ideas
will provide more precise values. More on this can be founBéman'’s talk [6].

4.2 Strategies in the Present Decade

The strategies for the determination of the UT in this deasksl basically the following set
of fundamental variables:
|Vus| =A 5 |VCb| 5 R( ) B s (43)

where (see Fig. 3)

Mavibl _ /7 =2, =2 1| M
R = 2 = 1-0)24+n2=—|—
’Vcdvcb’ ( 5) 1 A [Veb
Now, [Vys| and|Vep| extracted from tree level decays are free from NP pollutiorcontrastR
andp in the parameter set in (4.3) can only be extracted from ladpeed FCNC processes and
hence are potentially sensitive to NP effects. Conseqyehi corresponding UT, the universal
unitarity triangle (UUT) [17] of models with CMFV [18,19]cuild differ from the true UT triangle.

Indeed, within the SM and CMFV models the paramet&rsand 3 can be related in the
following way to the observableSMsy andSyk,

1 e [AMg o
Rt - EX de AMS ) S|n2B - S,UKS ) (45)

whereAMy and AMs are the mass differences in the neutgland Bs systems Sy, represents
the mixing-induced CP asymmetry in the dedy— WKs and the value of the non-perturbative
parameteg is given as follows

, Vid = [Viale"P. (4.4)

\/ Ba.Fe,
= —— =121+004, & =1.258+0.033 (4.6)
B, Fa,

as summarized by Lubicz and Tarantino [125] and by the HPQ@lakworation [126], respectively.
In the presence of NP however, these relations are modifieédiae finds

_ 1 mBs AMd CBS . B
R=3 me, Vam, | cg, - SR 20) =S @.7)

where the NP phaseg, in By mixing and the paramete, (q = d, s) are defined through [245]

Mis = (BalHg[Ba) = (ME)* + (Mp)N" = Ca e %o (M) M. (4.8)
For the mass differences in tBg meson system one then has

AMg = 2|M$,| = Cg AMGM . (4.9)
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The outcome of using (4.5)Vcp| and|Vys| are the parameteysandn that presently are given
as follows

_ [ 0.154+0.021 (UTfit),
0.1397092>  (CKMfitter).

_ [ 0.340+0.013 (UTfit),
0.34173318  (CKMfitter).

Yet, this determination could be polluted by NP and as we sa# below another look at the UT
analysis presented below reveals a number of tensionssingtérmination.
Finally let us stress that the angleis already well determined frofdy — pp andByq — p1T
decays [133]:
a=(914+4.6)". (4.10)

A specific analysis employing the mixing induced CP asymi@e8x,, S, and the QCDF ap-
proach finds [246h = (874 6)°. Summaries of other determinationsagxist [7, 9].
4.3 Unitarity Triangle in the LO Approximation

Even if NP could have still some visible impact on the deteation of the UT presented
above, the basic shape of the UT has been determined in ¢aslel@nd in the LO approximation
it can be characterized by two numbers:

a =90, sinZB:g, (4.11)
implying rather accurately
B =201, y=69, (4.12)
p = sinBcosy = 0.128 n = sinBsiny =0.33 (4.13)
and
R, = sin3 = 0.36, R =sin(a +B)=0.93. (4.14)

This is an important achievement of the present decade byiapinion in the next decade
we should proceed in a different manner. First, howeverddiriefly return to our first goal of the
previous section.

4.4 The Quest for|V,| and the Angley

As we have already stressed in Goal 1 of the previous segtienise measurements of the side
Ro(|Vub|) and of the angley in the UT of Fig. 3 by means of tree level decays that are indepet
of any new physics to a good approximation, are undisputadaly important.

Indeed the status ¢¥,p| andy from tree level decays is not particularly impressive:

Vo] = (4.0+0.3)-1023 (inclusive),
I (35+£0.4)-10°3 (exclusive),
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C=(0,0) B=(1,0;

J

Figure 3: The Unitarity Triangle
_ ) (78£12)° (UTfit),
Y=\ (76519 (CKMfitten).

It is very important to precisely measui,,| andy in tree level decays in the future as they
determine the so-called reference UT (RUT) [247], that éeffrom NP pollution. Having de-
termined|Vyp| and y from tree level decays would allow to obtain the CKM matrixtvaut NP
pollution, with the four fundamental flavour parametersgaiow

\Vusl s Vub|, [Vebl, Y, (4.15)

and to construct the RUT [247] by meansof= |V,
A2\ 1
Ro= (1‘ 7) )

andy.

This is indeed a very important goal as it would give us imratdy the true values d®; and
B in Fig. 3 by simply using

Vup

; 4.16
Ve (4.16)

1—Rycosy

Reeny (4.17)

Rt:\/1+R§—2Rbcosy, cotB =
Comparing this result with the one obtained by means of @n#)using (4.7) would tell us whether
NP in AB = 2 processes is at work.

4.5 Strategies for the Search for New Physics in the Next Deda

Let us first emphasize that until now orlff =2 FCNC processes could be used in the UTfits.
The measured® — Xsy andB — XJ "1~ decays and their exclusive counterparts are sensitive to
|Vis| that has nothing to do with the plots in Fig. 2. The same apptbiehe observables in thz
system, which with th&y, anomaly observed by CDF and DO and the studies of Baidecays
at Tevatron and later at LHC are becoming central for flavdwsjcs. Obviously these comments
also apply to all lepton flavour violating processes.

In this context a special role is played By(K+ — m"vv) and Br(K. — mfvv) as their
values allow a theoretically clean construction of the U&imanner complementary to its present
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determinations [248]: the height of the UT is determinedrfBr(K_ — m°vv) and the sideR
from Br(K™ — m"vv). Thus projecting the results of future experimental resfdt these two
branching ratios on thgo, ) plane could be a very good test of the SM.

Yet, generally | do not think that in the context of the sedartthe NSM (see Goal 20) itis a
good strategy to project the results of all future measuresnef rare decays on th@, ) plane or
any other of five planes related to the remaining unitarigngles. This would only teach us about
possible inconsistences within the SM but would not pointaials a particular NP model.

In view of this, here comes a proposal for the strategy forckag for NP in the next decade,
in which hopefullyR, andy will be precisely measured, CP violation in tBg system explored
and many goals listed in the previous section reached.

This strategy, which is a summary of many ideas presentdfrigathe literature, proceeds in
three steps:

Step 1

In order to study transparently possible tensions betvegesin 28, [Vup|, y andR; let us leave
the (p,n) plane and go to th&, — y plane [249] suggested already several years ago and rgcent
strongly supported by the analyses in [55, 250]. Rae- y plane is shown in Fig. 4. We will
explain this figure in the next subsection.

Step 2

In order to search for NP in rai€, By, Bs, D decays, in CP violation iBs and charm decays,
in LFV decays, in EDM’s andg — 2),, let us go to specific plots that exhibit correlations between
various observables. As we will see below such correlatwilide crucial to distinguish various
NP scenarios. Of particular importance are the correlatimetween the CP asymmetsy,, and
Bs — utu~, between the anomalies By, and Sy,, betweenK™ — mvv and K. — mPvv,
betweenK™ — mtvv and Sy, betweenSy, andde, betweenSy, and (g — 2), and also those
involving lepton flavour violating decays.

Step 3

In order to monitor the progress made in the next decade whditianal data on flavour
changing processes will become available, it is useful tsttact a “DNA-Flavour Test” of NP
models [55] including Supersymmetry, the LHT model, the RBd various supersymmetric
flavour models and other models, with the aim to distinguistwieen these NP scenarios in a
global manner.

Having this strategy in mind we will in the rest of this wrigillustrate it on several examples.

4.6 Theg-Anomaly and Related Tensions

The CP-violating parametek in the SM is given as follows

% |SM = KECEBK |Vcb|2|Vus|2 <%|Vcb|2Rt23in 2BneSo(%) + ResinB(NetSo(Xe, %) — nccxc)> )
(4.18)
whereC; is a numerical constant and the SM loop functi®siepend orx; = mz(m)/M\%,. The
factorsn;; are QCD corrections known at the NLO level [251-298},is a non-perturbative pa-
rameter and; is explained below.
Until the discovery of CP violation in thBy system ¢ played the crucial role in tests of CP
violation, but after the precise measurements of SimRd of the raticAMy/AM;s its role in the
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Situation in the SM
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Figure 4: TheR, — y plane as discussed in the text. For further explanationfc&ge

CKM fits declined because of the large errofip. Also for this reason the size of CP violation in
theK andB systems were commonly declared to be compatible with edwdr atithin the SM.

This situation changed in 2008 due to the improved valugyofthe improved determinations
of the elements of the CKM matrix and in particular due to thausion of additional corrections
to &« [255] that were neglected in the past, enhancing the rolei®f@P-violating parameter in the
search for NP.

Indeed it has been recently stressed [255] that the SM piedifor ¢ implied by the mea-
sured value of sin2 may be too small to agree with experiment. The main reasanthifo are
on the one hand a decreased valuBpf= 0.724+ 0.008-+ 0.028 [256] (see also [257]), lower by
5-10% with respect to the values used in UT fits until recesutigt on the other hand the decreased
value ofex in the SM arising from a multiplicative factor, estimatedkas= 0.924+0.02 [255,258].
Earlier discussions of such corrections can be found in4256%].

Given thatex 0 Bck,, the total suppression @k compared to the commonly used formulae
is typically of order 15- 20% and using (4.1), (4.2) and (4.5) one finds now [258]

e [SM = (1.78+£0.25) x 1073, (4.19)
to be compared to the experimental measurement [262]
ek |®P = (2.22940.010) x 1072 (4.20)

The 15% error in (4.19) arises from the three main sourcescéntainty that are stilBy, Vep|*
andR?. However, it should be stressed tiia¢ known by now with 4% accuracy is not the main
uncertainty which now is dominantly due i, and in the ballpark of 10%.
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As seen in (4.18) the agreement between the SM and (4.20pweprfor higher values of
B«, R or |Veb| @nd also the correlation betweegg and sin B within the SM is highly sensitive to
these parameters. Consequently improved determinatfaiktioese parameters are very desirable
in order to find out whether NP is at work Bykg or in & or both. Some ideas can be found
in [255, 258, 263, 264].

The tension in question can be also seen in the most recehtl# & Tfit collaboration shown
in Fig. 2, which now also includes the correction. In order to see this more transparently let us
have now a look at thB, — y plane in Fig. 4 taken from [55], where details on input paramrgecan
be found. There, in the upper left plot thiie (greer) region corresponds to theslallowed range
for sin2B (R;) as calculated by means of (4.5). Tiel region corresponds t@g | as obtained by
equating (4.18) with (4.20). Finally the solid black linern@sponds tar = 90° that is close to the
value favoured by UT fits and the determination frBm- pp [246].

It is evident that there is a tension between various regianthere are three different values
of (Ry, y), dependending on which two constraints are simultane@ghjied. The four immediate
solutions to this tension are as follows:

1. There is a positive NP effect igx while sin28 andAMy/AMs are SM-like [255], as shown
by the upper right plot of Fig. 4. The required effectsn could be for instance achieved within
models with CMFV by a positive shift in the functio® (%) [258] which, while not modifying

(sin2B)yks and AMq/AMs, would require the preferred values @FB“ to be by~ 10%
lower than the present central values in order té&ARty and AMs separately. Alternatively, new
non-minimal sources of flavour violation relevant only foeK system could solve the problem.
Note that this solution correspondsyte- 66°, R, ~ 0.36 anda ~ 93 in accordance with the usual
UT analysis.

2. & andAMq/AMs are NP free whileSy, is affected by a NP phasgs, in By mixing of
approximately—7° as indicated in (4.7) and shown by the lower left plot of FigT#e predicted
value for sin3 is now shifted to sing ~ 0.85 [255, 258, 263, 264]. This value is significantly
larger than the measureg}k; which allows to fit the experimental value ef. Note that this
solution is characterized by a large valueRgi~ 0.47, that is significantly larger than its exclusive
determinations but still compatible with the inclusive eftatinations. The angleg ~ 66° and
a ~ 87 agree with the usual UT analysis.

3. & andSyk are NP free while the determination Bf throughAMy/AM;s is affected by
NP as indicated in (4.7) and shown by the lower right plot @f. E. In that scenario one finds
AMIM/AMEM to be much higher than the actual measurement. In order &eagractly with
the experimental central value, one needs a NP contribtitidxiVly /AMs at the level of—22%.
Non-universal contributions suppressifilyly (Cg, < 1) and/or enhancingMs (Cg, > 1) could be
responsible for this shift as is evident from (4.7). The éased value oR that compensates the
negative effect of NP ilAMy/AMs allows to fit the experimental value @k. This solution is
characterized by a large value pt- 84° anda much below 90. The latter fact could become
problematic for this solution when the determinatioroofurther improves.

4. The value of|Vyy| is significantly increased to roughly 43 10~3, which seems rather
unlikely.

The first three NP scenarios characterized by black poirigird will be clearly distinguished
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from each other once the valuesyodndR;, from tree level decays will be precisely known. More-
over, if future measurements @Ry, y) will select a point in theR, — y plane that differs from the
black points in Fig. 4, it is likely that NP will simultanedysenterey, Syks andAMg/AMs. It will
be interesting to monitor future progress in Re- y plane.

Finally, let us mention that the tensions discussed aboutldme in principle somewhat re-
duced through penguin contributionsBo— Ks [265, 266]. However a different view has been
expressed in [267], where such effects have been found tediwible.

4.7 Rare Decays K — mrvv and K| — mPvv’

Let us next discuss in more detail two most popular decaysigmareK decaysK* — mrvv
andK_ — mPvv. These decays are theoretically very clean and very sensitiNP contributions
in Z penguin diagrams. It is then not surprising that theoristested over 25 years to improve
the SM prediction and to analyze these decays in many ertensif the SM. The most recent
predictions that include NNLO QCD corrections and electralwcorrections read [35, 36]

Br(K* — mvv)su = (85+0.7)-10 1%, (4.21)

rNKe — V\75M: . .6)-10 -, .
Br(K, — r° 2.84+0.6)-10°11 (4.22)

where the errors are dominated by parametrical uncerainin particular by the CKM param-
eters. In the past a sizable uncertaintyBr(K*™ — m"vv) was due to the charm quark mass.
But presentlym. is known to bem¢(m;) = 1.2794+0.013GeV [127] and this uncertainty is ba-
sically eliminated. Also very significant progress has be®te in estimating non-perturbative
contributions to the charm component [167] and in the detetion of the relevant hadronic ma-
trix elements from tree level leadirtg decays [168]. Reviews of these two decays can be found
in [268-272].

On the experimental side seven event&6f— mhvv decay have been observed by E787 and
E949 at Brookhaven resulting in [273]

Br(K™ — m"vv) = (17.37132) - 101 (4.23)

The experimental upper bound &m(K_ — m°vv) is still by more than two orders of magnitude
above the SM value in (4.22) but the present upper bound fr8@i& at KEK [274] oBr(K_ —
mvv) < 6.7-10-8 should be significantly improved in the coming decade. Eirpemtal prospects
for both decays have been already mentioned in connectitnGaal 10 on our list.

Once measured, these decays will provide a very clean deiztion of the anglg3 in the UT
as some parametric uncertainties, in particular the value.g, cancel out in this determination.
This implies one of thgolden relationof MFV [248, 275] that connect& andB physics,

(SIN2B) sy = (SIN2B) —rovi - (4.24)

which can be strongly violated in models with new flavour arh@olating interactions, such as
the LHT model [73,276] and the RSc model analyzed in [83].
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Model/Observablg Br(K+ — m"vv) | Br(K. — mvv) | Br(Bs— Ut u~) | Sy
CMFV 20% 20% 20% 0.04
MFV 30% 30% 1000% 0.04
AC 2% 2% 1000% 1.0
RvV2 10% 10% 1000% 0.50
AKM 10% 10% 1000% 0.30
oLL 2% 2% 1000% 0.04
FBMSSM 2% 2% 1000% 0.04
GMSSM 300% 500% 1000% 1.0
LHT 150% 200% 30% 0.30
RSc 60% 150% 10% 0.75

Table 1: Approximate maximal enhancements for various observabkifferent models of NP. In the case
of Sy We give the maximal positive values. The NP models have beéinetl in Section 2.4.

While the test of the relation (4.24) in future experimeniitell us whether some NP disturbs
this MFV correlation, in order to identify which NP is at worke have to do much more and
consider other decays and observables.

To this end let us first list the maximal enhancements of thesdranching ratios in a number
of NP scenarios. These are given in the second and third cobfriiable 1, where 100% means
an enhancement of the branching ratio by a factor of two. &thancements in a given NP
scenario are consistent with all existing data but couldigpeificantly decreased through various
correlations when new observables will be measured.

A striking hierarchy of enhancements is exhibited in thidd¢a

e In the GMSSM still very large enhancements are possible.eMioodest but still large en-
hancements are possible in the LHT model [73, 276] and in t8e Rodel [83]. In the
GMSSM and the LHT model the central experimental valuBgK* — mtvv) in (4.23)
can be reproduced. In the RSc model values above 11651 are rather unlikely.

e Enhancements of both branching ratios in CMFV and MFV scesare small, but as the
theory is very clean, powerful experiments will be able tstidguish these NP scenarios on
the basis of these decays one day. Yet, the confirmation afetheral value foBr(K+ —

T vv) in (4.23) with a precision of 10% would certainly tell us timan-MFV interactions
are at work.

e The branching ratios for both decays in supersymmetric flamoodels considered in sub-
sequent subsections are basically indistinguishable ft@SM predictions foK — mvv
decays, but as we will see soon these models perform qufaratitly in theBs system or
more explicitly inb — stransitions, both CP-conserving and CP-violating.

4.8 The VIP’s of Bs Physics: B;g — utu~ and Syg

We will move now to discuss Goals 6 and 4 in more detail. Thesdsgare in my opinion
the most important goals in quark flavour physics until thet i &?S11 conference, to be joined
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later by K — mvv decays so that EPS13 will indeed have them all. We will firstdés these
two goals separately. Subsequently we will have a grandlgmeous look a§yg, Bs — putu—,
K+ — vy andK_ — nPvv that we have already anticipated when constructing Table 1.

4.8.1 Br(Bsq — putu-)

One of the main targets of flavour physics in the coming yedis®the measurement of the
branching ratio for the highly suppressed deBay~ u* u~. Hopefully the even more suppressed
decayBy — u*u~ will be discovered as well. These two decays are helicitypsegsed in the SM
and CMFV models. Their branching ratios are proportionahtm squares of the corresponding
weak decay constants that suffer still from sizable unoeits as discussed in the context of Goal
2. However using simultaneously the SM expressions for #ng well measured mass differences
AMsgg, this uncertainty can be eliminated [277] leaving the utaieties in the hadronic parame-
tersBg, and Bg, as the only theoretical uncertainty Br(Bsg — u* u~). As seen in (3.3) these
parameters are already known from lattice calculation®][$&th precision of 10% and enter the
branching ratios linearly.

Explicitly we have in the SM [277]

B T(Bg) Y?(%)
Br(Bq — utu~)=C—3 AMg, q=sd (4.25)
( q ) BBq S(Xt) q ( )
with , 2 2
c—6mlY <L> i 4391071, (4.26)
Ne \ 4msi 8y M

S(% ) =2.324+0.07 andY (x ) = 0.94+ 0.03 are the relevant top mass dependent one-loop functions.
More generally we have in CMFV models

Br(Bq — HH) _ , , -~ 10T(Bg) _YAW)
A—Mq_4.4 10~ 3 F(v), F(v)= V) (4.27)

with Y (v) andS(v) replacingY (x ) andS(x) in a given CMFV model. Using these expressions one
finds in the SM the rather precise predictions

Br(Bs— u"u")=(36+04)-10°%  Br(By— u'u )= (11+01)-10°  (4.28)

These predictions should be compared to the 95% C.L. upptslirom CDF [278] and
D0 [279] (in parentheses)

Br(Bs— u*u")<33(53)-108  Br(Bg— putpu )<1.10°8 (4.29)

The numbers given above are updates presented at this eoecderMore information is given by
Giovanni Punzi. Itis clear from (4.28) and (4.29) that a lotamm is still left for NP contributions.

Now, irrespectively of large uncertainties in the sepaitepredictions foBsq — y*u~ and
AMs g, there exists a rather precise relation between thesewatides that can be considered as
one of the theoretically cleanest predictions of CMFV. Tdofden relationreads [277]

Br(Bs— u"p~)  Bg, T(Bs) AMs

= — —r 4.30
Br(Bg — utu-) Bg, 7(Bg) AMy ’ ( )
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Figure 5: Bys— ptu~ branching ratios in the RVV2 model (left) and theL model (right) as obtained
in [55].

with r = 1 in CMFV models but generally different from unity. For iaste in the LHT model one
finds Q3 <r < 1.6 [73,276], while in the RSc model®<r < 1.3 [83]. Also in supersymmetric
models discussed belowcan deviate strongly from unity.

It should be stressed that the raIEAigd / I_f’,Bs = 1.00-+ 0.03 [125] constitutes the only theoret-
ical uncertainty in (4.30). The remaining quantities eingpi(4.30) can be obtained directly from
experimental data. The right hand side is already knowrergthecisely: 35+ 1.7, but it will
still take some time before the left hand side will be knowithvdomparable precision unless NP
enhances both branching ratios by an order of magnitudéeltatter case one will very likely find
r # 1 as within CMFV models such large enhancement®rdBsy — p™ ) are not possible.

Large contributions to the branching ratios in questiona@ne from neutral scalar exchanges
(Higgs penguins) [280, 281] in which case new scalar opesatce generated and the helicity
suppression is lifted. Thus large enhancementBsqf— u* i~ are only possible in the models
placed in the entries (1,2) and (2,2) of the flavour matrix ig. E. The prime example here is
the MSSM at large taf, in which still in 2002Br(Bs — u*u~) could be as large as 18. The
impressive progress by CDF and DO collaborations, leading tlecrease of the corresponding
upper bound by two orders of magnitude totally excludedpbissibility but there is still hope that
a clear signal of NP at the level 6f(10-8) will be seen in these decays. We will discuss a number
of SUSY predictions below, where such enhancements arpasisible.

In the MSSM with MFV and large tgh there is a strong correlation betweBn(Bsq —
putu~) andAMg [282-286] implying that an enhancement of these branclaitigs with respect to
the SM is correlated with a suppression/fls below the SM value. In fact the MSSM with MFV
was basically the only model that “predicted” the supprmssf AMs below the SM prediction
as seemed to be the case just after the discovery otheB_g mixing. Meanwhile the lattice
values for weak decay constants changed and there is noessppr relativ to/AMs)sy seen
within theoretical uncertainties in the data. With the @ase of the experimental upper bound on
Br(Bsqg — p™u~) also in the MSSM with MFV the predicted suppressionAMs amounts to at
most 10% and it will require a considerable reduction of #ittdde uncertainties in the evaluation
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of (AMs)sm before the correlation in question can be verified or fadifig experiment. As we will
see soon, in the MSSM with non-MFV interactions the correfatliscussed here is absent [55].
Other analyses of this issue can be found in [65, 287, 288pamgliew on Higgs penguins can be
found in [289]. Also in models with hybrid gauge-gravity nigibn the MFV-like correlattion in
guestion can be strongly modified [290].

Looking atBr(Bsg — pp~) in CMFV, MFV, LHT, RSc, GMSSM and the specific supersym-
metric flavour models AC, RVV2, AKMJLL and FBMSSM we identify a striking hierarchy of
possible enhancements that is, as seen in table 1, oppotike dne found in the case kf— mvv
decays. An exception to this pattern is GMSSM:

e In the GMSSM, SUSY with MFV and all SUSY flavour modes (Bsq — p™ ) can
still reach the present experimental bounds because ofrésemce of Higgs penguins that
become very important at large t&n a (tanf3)® enhancement of the branching ratios is
present in this case.

e In CMFV, the LHT and the RSc only enhancements of 20%, 30% &% &re possible
[73,83,276] as Higgs penguins are irrelevant here and tperiguins in spite of non-MFV
interactions in the case of the LHT and the RSc do not lift tblechy suppression. Moreover
the custodial protection of left-handed Z couplings in thiecRallows only right-handed Z
couplings to be relevant and these cannot do much in this[83ke

Recently a closer look @&r(Bsg — p™ 1~ ) has been made in the context of specific SUSY
flavour models such as AC, RVV2, AKMJLL showing that the measurement of both branching
ratiosBr(Bsq — p™ 1) can not only test the golden MFV relation in (4.30) but alseegiome
insight in different SUSY flavour models. We find [55]:

e The ratioBr(By — u*u~)/Br(Bs — u*u~) in the AC and RVV2 models is dominantly
below its CMFV prediction in (4.30) and can be much smallentthe latter. In the AKM
model this ratio stays much closer to the MFV value of roudhi$3 [53,277] and can be
smaller or larger than this value with equal probability.llStalues of Br(By — u*™u~)
as high as & 10°° are possible in all these models BgBs — p*u~) can be strongly
enhanced. We show this in the case of the RVV2 model in theleftof Fig. 5.

e Interestingly, in thedLL-models, the ratidBr(Bq — u*u~)/Br(Bs — p™u~) can not only
deviate significantly from its CMFV value, but in contrasttte models with right-handed
currents considered by us can also be much larger that the Miie. Consequently,
Br(Bq — uu~) as high ag1— 2) x 10~ is still possible while being consistent with the
bounds on all other observables, in particular the onBr@Bs — p* ). We show this in
the right plot of Fig. 5.

4.8.2 The § o Asymmetry

The tiny complex phase of the elemé&#fyg in the CKM matrix precludes any sizable CP vio-
lating effects in the decays of tlida mesons within the SM and models with MFV. In particular the
very clean mixing induced asymmetgy, is predicted to be

(Spg)sm = sin(2|Bs|) ~ 0.04, (4.31)
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Figure 6: A vs. Sy in the RSc model (left) [82] and in the AC model (right) [55].

with —3s being the phase &fs. As pointed out in [291] some hadronic uncertainties natused
in the past could still be non-negligible so that valueSgf as high as  could not be immidiately
considered as signals of NP. However the same paper progasess strategies to overcome these
difficulties through additional measurements of differdatay channels that will be available in
the coming years.

In the presence of new physics (4.31) is modified as follovg$, [1

Sye = sin(2|Bs| — 2¢x,), (4.32)

wheregs, is a new phase iB? — B_S mixing as defined in (4.8).

Already in 2006 Lenz and Nierste [292], analyzing DO and CEdointed out some hints
for a large phasegxk,. In 2008 new hints appeared, emphasized in particular byJifé collab-
oration [293]. The most recent messages from CDF and DO [@8dly a 270 deviation from
the SM prediction and we have to wait for higher statisticeritler to conclude that NP is at work
here [295]. Explicitly CDF and DO find [133]

Sye ~ 0.817935. (4.33)

As the central value of the measurggl, is around (8, that is one order of magnitude larger than
the SM value, the confirmation of this high value in the futwauld be a spectacular confirmation
of non-MFYV interactions at work. As demonstrated recentigislarge values can easily be found
in the RSc model [82] and the same comment applies to the GMI&®most likely values for
Sye in the LHT do not exceed 0.3 [73] and finding this asymmetry igh las 0.4 would be in
favour of the RSc and the GMSSM. Similarly the supersymrodtavour models with significant
right-handed currents (AC, RVV2, AKM) provide sizable enbaments. Here the double Higgs
penguin contributing td13, is at work. The following hierarchy in maximal values is fau(see
Table 1)

(Swe) KT ~ (Swe)akm < (Spe)rwvz < (Spe)REc~ (Spe)Ac - (4.34)
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Figure 7: Br(K* — mtvv) vs. Sy, in the RSc model (left) [83] and in the LHT model (right) [73].

On the other han&y,, in the flavour models with only left-handed currents and aBMSSM is
SM-like.

Clearly a sizableSy, is not the only manifestation of CP violation in tii& system but
presently it is the most prominent one as it can be measuradtately at LHCDb, it is theoret-
ically rather clean and the leftover uncertainties coulduréher decreased using the strategies
in [291]. In Fig. 6 we show the correlation between the sesptdnic asymmetry, and Sy
in the RSc and AC models. This correlation is basically maadd¢pendent [296] and shows that
in any model in whichSy, deviates significantly from its SM value, al#g, will be very much
enhanced. Other implications of a lar§g, in the context of concrete models will be discussed
below.

4.9 Correlations between K- — mtvv, K| — mPvv, Bs— pu~ and Sy

In Table 1 we collect the largest possible enhancementsdordrresponding branching ratios
andSy, in various extensions of the SM discussed in this talk. Ivident that if we knew already
the values of these four observables that are given to ustoyenave could already make a clear
distinction between certain scenarios provided the deviatfrom the SM would be large.

This table does not take into account possible correlati@tseen these four observables and
it is important to list some of them:

e Simultaneous enhancementsSyf, and ofBr(K — mvv) in the LHT and the RSc scenario
are rather unlikely [73, 83]. This feature is more pronouhoethe RSc model. We show
this correlation in Fig. 7.

e On the contrary the desire to explain tBg, anomaly within the supersymmetric flavour
models with right-handed currents implies, in the case efAll and AKM models, values
of Br(Bs — u*u~) as high as several 18. This are very exciting news for the CDF, DO
and LHCb experiments! In the RVV2 model such values are atssiple but not necessarily
implied by the large value dfy,. We show one example of this spectacular correlation for
the case of the AC model in the left plot of Fig. 8.

e While in the case of the LHT model some definite correlatioasvieenBr (K, — m°vv)
andBr(K™ — m"vv) can be seen [73], no such correlations are found in the catieeof
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RSc model [83], although in both models the enhancementsediito branching ratios can
take place simultaneously. We show this feature in Fig. 9m&msights in this different
behaviour have been recently provided in [297].

More correlations in all these models can be found in the rzagaoted above but | think the
first two on the list above are the most interesting in the kjfiawour sector. Certainly a precise
measurement dby, in particular if Sy, will be found to be much larger than its SM value, will
have an important impact on the models discussed here.
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Figure 8: Br(Bs — u' ™) vs. Syg (left) andAay, vs. Sy, (right) in the AC model as obtained in [55].

4.10 The Correlation between the g, and Syx Anomalies

Before leaving quark flavour physics let me return for a man@the Sy, anomaly in (3.7)
and discuss it together with ti8, anomaly. These anomalies can be explained simultaneously i
the GMSSM but the situation is more interesting in supersgtmimflavour (SF) models.

Indeed the SUSY flavour models with right-handed currenss,(RVV2, AKM) and those
with exclusively left-handed currentdl(L) can be globally distinguished by the values of the CP-
asymmetriesSy, and Sykg with the following important result: none of the models ddesed by
us in [55] can simultaneously explain ti8, and Syks anomalies observed in the data. In the
models with right-handed current§, can naturally be much larger than its SM value, wisijg
remains either SM-like or its correlation wiy, is inconsistent with the data. On the contrary,
in the models with left-handed currents on§y,, remains SM-like, while the&,x, anomaly can
easily be solved. Thus already precise measuremer&g,0dndSyk, in the near future will select
one of these two classes of models, if any.

We will still have something to say about the correlationtege two anomalies with observ-
ables in the lepton sector in the context of the SF models @stipn.

4.11 Lepton Flavour Violation, EDM’s and (g—2),

Let us finally discuss some additional aspects of Goals 16nl8ur list for the next decade.
In [55] we have also performed a very detailed analysis of LIlEBM's and of (g — 2), in the
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Figure 9: Br(K_ — mPvv) vs. Br(K* — mtvv) in the RSc model (left) [83] and in the LHT model
(right) [73].

supersymmetric flavour models AC, RVV2, AKM ardd.L. Particular emphasis has been put on
correlations between these observables in each of theselsrad their correlation with flavour
observables in the quark sector discussed exclusivelyisrs#ttion until now. Let us just list the
most striking results of this study keeping in mind that thedels with right-handed currents (AC,
RVV2, AKM) have the potential to explain th&y, anomaly while thedLL model could explain
the Syxs anomaly. Here we go.

1. The desire to explain th§y, anomaly within the models with right-handed currents auto-
matically implies a solution to théy— 2),, anomaly. We illustrate this for the AC model in the
right plot of Fig. 8.

2. Inthe RVV2 and the AKM models, a large value®f, combined with the desire to explain
the (g— 2), anomaly implieBr(u — ey) in the reach of the MEG experiment. In the case of the
RVV2 model, de > 10-2° e cm. is predicted, while in the AKM model it is typically sriel
Moreover, in the case of the RVV2 mod@r(t — uy) > 1079 is then in the reach of Super-B
machines, while this is not the case in the AKM model. Someéhesé results are illustrated in
Fig. 10.

3. The hadronic EDM’s represent very sensitive probes of SUSYbtir models with right-
handed currents. In the AC model, large values for the neuEDM might be easily generated by
both the up- and strange-quark (C)EDM. In the former casiéhlei CP-violating effects id° — D°
mixing are also expected while in the latter case large @Rxting effects in theBs system are
unavoidable. The RvVV2 and AKM models predict values for tbevd-quark (C)EDM and, hence
for the neutron EDM, above the 10 28e cm. level if a largeSy, is generated. All the above
models predict a large strange-quark (C)EDM, hence, abtelianowledge of its contribution to
the hadronic EDM’s by means of lattice QCD techniques wowdbthe utmost importance to
probe or to falsify flavour models embedded in a SUSY fram&wor

4. In the supersymmetric models with exclusively left-handedents §LL), the desire to
explain theSyk; anomaly implies automatically a solution to tfge— 2),, anomaly and the direct
CP asymmetry irb — sy much larger than its SM value. We illustrate this in Fig. 1imi&r
results are found in the FBMSSM [50]. This is in contrast ® mmodels with right-handed currents
where theAgS,Z asymmetry remains SM-like.
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4.12 Testing GUT Models with Rare B Decays

Next we would like to stress the power of the complex of BudecaysB — Xgy, B— Xd 71,
Bsqa — pTu~ andB™ — 17 vy intesting NP models. Many analyses of this type can be foutiuk
literature. Here | would like to mention only the analysisaofery interestingsQ(10)-GUT model
of Dermisek and Raby [298] which gives a successful desoripif quark and lepton masses, of
the PMNS matrix and of all elements of the CKM matrix excepgibly for|Vp| that is found to be
3.2.10°3, definitely a bit too low. Yet as shown in [299], this modelsdb describe simultaneously
the data on the rare decays in question with supersymmetriicies in the reach of the LHC. This
is mainly due to taf® = 50 required in this model. It can be shown that this is a prolbdé most
GUTs with Yukawa unification [300]. Possible solutions t@stproblem have been suggested in
that paper. This discussion demonstrates that flavour ghgan have a significant impact not only
on physics at the LHC scales but also indirectly for much t&n@cales connected with GUT’s.

4.13 A DNA-Flavour Test of New Physics Models

We have seen above that the patterns of flavour violationd@uaarious extensions of the SM
differed from model to model, thereby allowing in the futdeefind out which of the models dis-
cussed by us, if any, can survive the future measurementdollitedly, the correlations between
various observables that are often characteristic for@ngmodel will be of the utmost importance
in these tests.

In Table 2, taken from [55], a summary of the potential sizd@fiations from the SM results
allowed for a large number of observables, considered inpdyeer and here, has been presented,
taking into account all existing constraints from otherexables. This table can be considered as
the collection of the DNA's for various models. These DNA#I Wwe modified as new experimental
data will be availabe and in certain cases we will be able ttade certain models to be disfavoured
or even ruled out. It should be emphasized that in constydtie table we did not take into
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account possible correlations among the observabled tistge. We have seen that in some models
it is not possible to obtain large effects simultaneouslyckrtain pairs or sets of observables and
consequently future measurements of a few observablegleoed in that table will have an impact
on the patterns shown there. It will be interesting to martit@ changes in this table when future
experiments will provide new results.
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Figure 11: Agsg' VS. Sy (left) andAay, vs. Sykg (right) in the JLL model as obtained in [S5]. The red
points satisfyBr(Bs — pu* ) <6x 10°°.

5. Final Messages and Five Big Questions

In our search for a more fundamental theory we need to impsaveinderstanding of flavour
physics. The study of flavour physics in conjuction with direollider searches for new physics,
with electroweak precision tests and cosmological ingasittns will without any doubt lead one
day to a NSM. Whether this will happen in 2026 or only in 2048 ot clear at present. Afterall,
35 years have passed since the completion of the present 8Maafully convincing candidate
for the NSM exists in the literature. On the other hand in vidyresently running and upcoming
experiments, the next decade could be like 1970’s in whiebtprally every year a new important
discovery has been made. Even if by 2026 a NSM may not exisityetconceivable that we will
be able to answer the following crucial questions by then:

e Are there any fundamental scalars with maddes< 1 TeV?

e Are there any new fundamental fermions like vector-likarfems or the 4th generation of
quarks and leptons?

e Are there any new gauge bosons leading to new forces at very distance scales and an
extended gauge group?

e What are the precise patterns of interactions between thgegaosons, fermions and scalars
with respect to flavour and CP Violation?
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AC RVV2 | AKM oLL FBMSSM | LHT RS
DO - D° *kk | Kk * * * *kk | ?
£k * | hokk | kkk |k * *k | kkk
Sye *okk | kkk | hkk | Kk * *okk | kkok
Syks *okk | kk | k[ kkk | Kkk * ?
Acp(B = XsY) * * * | kkk | kkk * ?
Arg(B—Kutu) | % * * | hkk | kkk | kxk ?
Ag(B — K*utu) * * * * * * ?
B— K®vy * * * * * * *
Bs— putu~ *okk | kkok | hokk | kkk | Kokk * *
K+ — mrvv * * * * * *okk | kkok
KL — mOvv * * * * * *okk | kkok
H—ey Kok | khok | dokk [ kkok | kokk | hokk | kkk
dn *okk [ kkok | hokk | Kk | dokk * | *kk
de *okk [ khkk | kk | Kk *k Kk * | *kk
(9-2), *okk [ khkk | kk | kkk | dkk *x | k%

Table 2: “DNA” of flavour physics effects [55] for the most intereggiobservables in a selection of SUSY
and non-SUSY modelsk % % signals large effectsk % visible but small effects angk implies that the
given model does not predict sizable effects in that obsdeva

e Can the answers to these four questions help us in undeirsgatin BAU and other funda-
mental cosmological questions?

There are of course many other profound questions [301fectk® grand unification, gravity
and string theory and to other aspects of elementary papitysics and cosmology but from my
point of view | would really be happy if in 2026 satisfactorgsavers to the five questions posed
above were available.

In this review written at the advent of the LHC era to whicloagveral low energy precision
machines belong, | wanted to emphasize that many obsesvablle quark and lepton flavour
sectors have not been measured yet or are only poorly knodha flavour physics only now
enters the precision era. Indeed, spectacular deviations the SM and MFV expectations are
still possible in flavour physics. The interplay of the exgelcdeviations with direct searches at
Tevatron, LHC and later at ILC will be most interesting.

In particular | emphasized the role of correlations betwesious observables in our search
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for the fundamental theory of flavour. These correlations laopefully new discoveries, both in
flavour physics and in direct searches for NP will pave thel todhe New Standard Model.

Acknowledgmentsl would like to thank the organizers of EPSQ9 for inviting neegive this
talk at such a well organized and interesting conference.oulavlike to thank all my collabo-
rators for a wonderful time we spent together exploringedéht avenues beyond the Standard
Model. Special thanks go to Bjorn Duling for invaluable coemts on the manuscript and to Wolf-
gang Altmannshofer and Monika Blanke for helping me at wegistages of this writeup. This
research was partially supported by the Deutsche Forsshgengeinschaft (DFG) under contract
BU 706/2-1, the DFG Cluster of Excellence ‘Origin and Stawetof the Universe’ and by the
German Bundesministerium fir Bildung und Forschung undatract 05SHT6WOA.

References

[1] W. HeisenbergUber den anschaulichen Inhalt der quantentheoretischexeiiatik und Mechanjk
Z.Phys43(1927) 172-198 dhysi cs/ 0605038].

[2] N. Cabibbo,Unitary Symmetry and Leptonic Decaihys. Rev. Lettl0(1963) 531-533.

[3] M. Kobayashi and T. Maskaw&P Violation in the Renormalizable Theory of Weak Inteiagti
Prog. Theor. Phys49 (1973) 652-657.

[4] B. Pontecorvolnverse beta processes and nonconservation of lepton eh@oy. Phys. JETR
(1958) 172-173.

[5] Z. Maki, M. Nakagawa, and S. SakaRemarks on the unified model of elementary partj¢tesg.
Theor. Phys28(1962) 870-880.

[6] A.J.BevanFlavour Physics at B-factories and other machiresXi v: 0909. 2519.
[7] M. Artusoet. al, B, D and K decay<ur. Phys. JC57 (2008) 309-492dr Xi v: 0801. 1833].

[8] M. Raidalet. al, Flavour physics of leptons and dipole mometsr. Phys. JC57 (2008) 13-182,
[ar Xi v: 0801. 1826].

[9] M. Antonelli et. al, Flavor Physics in the Quark Sectar Xi v: 0907. 5386.

[10] M. Bonaet. al, SuperB: A High-Luminosity Asymmetritee Super Flavor Factory. Conceptual
Design Repottar Xi v: 0709. 0451.

[11] T. E. Browder, T. Gershon, D. Pirjol, A. Soni, and J. Zaopidew Physics at a Super Flavor Factory
ar Xi v: 0802. 3201.

[12] G.C. Branco, L. Lavoura, and J. P. SiNGR violation Int. Ser. Monogr. Physl03(1999) 1-536.

[13] L. 1. Y. Bigi and A. I. SandaCP violation Camb. Monogr. Part. Phys. Nucl. Phys. Cosn8q2000)
1-382.

[14] G.Buchalla, A. J. Buras, and M. E. Lautenbachéeak Decays Beyond Leading LogarithiRev.
Mod. Phys68(1996) 1125-1144hep- ph/ 9512380].

[15] A.J. BurasWeak Hamiltonian, CP violation and rare decahep- ph/ 9806471.
[16] A.J. BurasFlavor dynamics: CP violation and rare decaysep- ph/ 0101336.

40



Flavour Theory: 2009 Andrzej J. Buras

[17] A. J. Buras, P. Gambino, M. Gorbahn, S. Jager, and LeSihni,Universal unitarity triangle and
physics beyond the standard madghys. LettB500(2001) 161-167 Hep- ph/ 0007085].

[18] A.J. BurasMinimal flavor violation Acta Phys. PolorB34 (2003) 5615-5668,
[hep- ph/ 0310208].

[19] M. Blanke, A. J. Buras, D. Guadagnoli, and C. TarantMmimal Flavour Violation Waiting for
Precise Measurements AMs, Sy, Ay, [Vup|, yand By — pu—, JHEP10(2006) 003,
[hep- ph/ 0604057].

[20] A.J. Buras,Testing the CKM Picture of Flavour and CP Violation in Rare KdaB Decays and
Particle-Antiparticle Mixingar Xi v: 0904. 4917.

[21] G. D’Ambrosio, G. F. Giudice, G. Isidori, and A. StrumMinimal flavour violation: An effective
field theory approachNucl. PhysB645(2002) 155-187 Hep- ph/ 0207036].

[22] R. S. Chivukula and H. Geordgomposite Technicolor Standard Mogdehys. LettB188(1987) 99.
[23] L. J. Hall and L. Randal\Weak scale effective supersymmghiyys. Rev. Let65(1990) 2939-2942.

[24] M. Beneke, G. Buchalla, C. Greub, A. Lenz, and U. Nierbtext-to-leading order QCD corrections
to the lifetime difference ofBnesonsPhys. LettB459(1999) 631-640,Hep- ph/ 9808385].

[25] M. Beneke, G. Buchalla, C. Greub, A. Lenz, and U. Nigr$tee B™ — Bg lifetime difference beyond
leading logarithmsNucl. PhysB639(2002) 389—-407 Hep- ph/ 0202106].

[26] M. Ciuchini, E. Franco, V. Lubicz, F. Mescia, and C. Tatiao, Lifetime differences and CP
violation parameters of neutral B mesons at the next-talileguorder in QCD JHEP 08 (2003) 031,
[hep- ph/ 0308029].

[27] H. H. Asatryan, H. M. Asatrian, C. Greub, and M. Walkégmplete gluon bremsstrahlung
corrections to the process-b sI™l~, Phys. RevD66 (2002) 034009 liep- ph/ 0204341].

[28] H. M. Asatrian, K. Bieri, C. Greub, and A. Hovhannisy&LL corrections to the angular
distribution and to the forward-backward asymmetries in:lXgl t1—, Phys. RevD66 (2002)
094013, hep- ph/ 0209006].

[29] P. Gambino, M. Gorbahn, and U. Haisé&momalous Dimension Matrix for Radiative and Rare
Semileptonic B Decays up to Three Loggacl. PhysB673(2003) 238-262,
[hep- ph/ 0306079].

[30] A. Ghinculov, T. Hurth, G. Isidori, and Y. P. Yadhe rare decay B~ Xl 1~ to NNLL precision for
arbitrary dilepton invariant masd\ucl. PhysB685(2004) 351-392 Hep- ph/ 0312128].

[31] A. Ghinculov, T. Hurth, G. Isidori, and Y. P. YaBprward-backward asymmetry inB Xd ™1~ at
the NNLL levelNucl. PhysB648(2003) 254-276 Hep- ph/ 0208088].

[32] C.Bobeth, P. Gambino, M. Gorbahn, and U. Haiscbmplete NNLO QCD analysis Bf— Xl 71~
and higher order electroweak effeci$1EP 04 (2004) 071, hep- ph/ 0312090].

[33] M. Beneke, T. Feldmann, and D. Seidekclusive radiative and electroweakbd and b— s
penguin decays at NL@&ur. Phys. JC41(2005) 173-188 Hep- ph/ 0412400].

[34] A.J.Buras, M. Gorbahn, U. Haisch, and U. Nier§the rare decay K — " vv at the next-to-next-
to-leading order in QCDPhys. Rev. LetB5 (2005) 261805,jep- ph/ 0508165].

[35] A.J. Buras, M. Gorbahn, U. Haisch, and U. Niers&téarm quark contribution to K — rrtvv at
next-to-next-to-leading ordedHEP 11 (2006) 002, hep- ph/ 0603079].

41



Flavour Theory: 2009 Andrzej J. Buras

[36] J. Brod and M. Gorbahii;lectroweak Corrections to the Charm Quark Contribution to
K+ — mvv, Phys. RevD78(2008) 034006,dr Xi v: 0805. 4119].

[37] M. Misiak et. al, The first estimate of @ — Xsy) at O(a2), Phys. Rev. Let®8 (2007) 022002,
[hep- ph/ 0609232].

[38] M. Gorbahn and U. Haisclffective Hamiltonian for non-leptonjé(F)| = 1 decays at NNLO in
QCD, Nucl. PhysB713(2005) 291-332 Hep- ph/ 0411071].

[39] T. Feldmann and T. Manné\jinimal Flavour Violation and BeyondHEP 02 (2007) 067,
[hep- ph/ 0611095].

[40] G. Colangelo, E. Nikolidakis, and C. SmitBupersymmetric models with minimal flavour violation
and their running Eur. Phys. JC59(2009) 75-98,4r Xi v: 0807. 0801].

[41] P. Paradisi, M. Ratz, R. Schieren, and C. Simon&tmning minimal flavor violatiofPhys. Lett.
B668(2008) 202—209 4r Xi v: 0805. 3989].

[42] L. Mercolliand C. SmithEDM constraints on flavored CP-violating phasBsicl. PhysB817
(2009) 1-24,4r Xi v: 0902. 1949].

[43] T. Feldmann, M. Jung, and T. Mann8equential Flavour Symmetry BreakjiRhys. RevD80
(2009) 033003,4r Xi v: 0906. 1523].

[44] A.L.Kagan, G. Perez, T. Volansky, and J. Zup&eneral Minimal Flavor Violation
ar Xi v: 0903. 1794,

[45] P. Paradisi and D. Straubhe SUSY CP Problem and the MFV Princifde Xi v: 0906. 4551.

[46] S. Baek and P. KdRrobing SUSY-induced CP violations at B factoriebys. Rev. LetB3(1999)
488-491, hep- ph/ 9812229].

[47] S.Baek and P. Kdffects of supersymmetric CP violating phases on Bgl |~ andeg, Phys. Lett.
B462(1999) 95-102,jep- ph/ 9904283].

[48] A. Bartl et. al, General flavor blind MSSM and CP violatioRhys. RevD64 (2001) 076009,
[hep- ph/ 0103324].

[49] J. R. Ellis, J. S. Lee, and A. PilaftsiB;Meson Observables in the Maximally CP-Violating MSSM
with Minimal Flavour Violation Phys. RevD76 (2007) 115011,4r Xi v: 0708. 2079].

[50] W. Altmannshofer, A. J. Buras, and P. Paradisiwv Energy Probes of CP Violation in a Flavor
Blind MSSM Phys. LettB669(2008) 239-2454dr Xi v: 0808. 0707].

[51] C. Bobethet. al, Upper bounds on rare K and B decays from minimal flavor violgtNucl. Phys.
B726(2005) 252—-274 Hep- ph/ 0505110].

[52] U. Haisch and A. WeileDetermining the Sign of the Z-Penguin AmplituBays. RevD76 (2007)
074027, ar Xi v: 0706. 2054].

[53] T.Hurth, G. Isidori, J. F. Kamenik, and F. Mescfagnstraints on New Physics in MFV models: a
model- independent analysistf = 1 processedNucl. PhysB808(2009) 326—346,
[ar Xi v: 0807. 5039].

[54] S. P. Martin A supersymmetry primghep- ph/ 9709356.

[55] W. Altmannshofer, A. J. Buras, S. Gori, P. Paradisi, Bnd/. Straub Anatomy and Phenomenology
of FCNC and CPV Effects in SUSY TheoyesXi v: 0909. 1333.

42



Flavour Theory: 2009 Andrzej J. Buras

[56] K. Agashe and C. D. Caron8upersymmetric flavor models and the-BpKg anomaly Phys. Rev.
D68(2003) 035017,Hep- ph/ 0304229].

[57] G. G. Ross, L. Velasco-Sevilla, and O. Viv&pontaneous CP violation and non-Abelian family
symmetry in SUSYucl. PhysB692(2004) 50-82,ep- ph/ 0401064].

[58] L. Calibbiet. al, FCNC and CP Violation Observables in a SU(3)-flavoured MSSM
ar Xi v: 0907. 4069.

[59] S. Antusch, S. F. King, and M. Malinsk8olving the SUSY Flavour and CP Problems with($U
Family SymmetrydHEP 06 (2008) 068, &r Xi v: 0708. 1282].

[60] L.J. Hall and H. Murayama) Geometry of the generatiorBhys. Rev. Let#Z5 (1995) 3985-3988,
[hep- ph/ 9508296].

[61] W. AltmannshoferProbing the MSSM flavor structure with low energy CP violatio
ar Xi v: 0909. 2837.

[62] A.J. Buraspatterns of Flavour Violation in the RSc Model, the LHT Moaletl Supersymmetric
Flavour Modelsar Xi v: 0909. 3206.

[63] L.J.Hall, V. A. Kostelecky, and S. Rablew Flavor Violations in Supergravity ModeNucl. Phys.
B267(1986) 415.

[64] F. Gabbiani, E. Gabrielli, A. Masiero, and L. SilvesiriA complete analysis of FCNC and CP
constraints in general SUSY extensions of the standard Ingdel. PhysB477(1996) 321-352,
[hep- ph/ 9604387].

[65] A.Dedes, J. Rosiek, and P. Tane@omplete One-Loop MSSM Predictions f&-B ¢ ¢/~ at the
Tevatron and LHCPhys. RevD79 (2009) 055006,4r Xi v: 0812. 4320].

[66] M. Schmaltz and D. Tucker-Smithittle Higgs review Ann. Rev. Nucl. Part. Sc5 (2005)
229-270, hep- ph/ 0502182].

[67] M. PerelsteinLittle Higgs models and their phenomenolpByog. Part. Nucl. Phys58 (2007)
247-291, hep- ph/ 0512128].

[68] N. Arkani-Hamed, A. G. Cohen, E. Katz, and A. E. Nels®he littlest HiggsJHEP 07 (2002) 034,
[hep- ph/ 0206021].

[69] H.-C. Cheng and I. LowTeV symmetry and the little hierarchy problefslEP 09 (2003) 051,
[hep- ph/ 0308199].

[70] H.-C. Cheng and I. Lowl,ittle hierarchy, little Higgses, and a little symmetdHEP 08 (2004) 061,
[hep- ph/ 0405243].

[71] M. Blanke and A. J. Burag\ guide to flavour changing neutral currents in the littlesggs model
with T-parity, Acta Phys. PolorB38(2007) 2923, iep- ph/ 0703117].

[72] B. Duling, Lepton Flavor Violation in the LHT - A Clear Distinction froBupersymmetry
ar Xi v: 0709. 4413.

[73] M. Blanke, A. J. Buras, B. Duling, S. Recksiegel, and @rahtinoFCNC Processes in the Littlest
Higgs Model with T-Parity: a 2009 Loglar Xi v: 0906. 5454.

[74] L. Randall and R. Sundrumd large mass hierarchy from a small extra dimensiBhys. Rev. Lett.
83(1999) 3370-3373Hep- ph/ 9905221].

43



Flavour Theory: 2009 Andrzej J. Buras

[75] T. Gherghetta and A. Pomar@ulk fields and supersymmetry in a slice of ANScl. PhysB586
(2000) 141-162 Hep- ph/ 0003129].

[76] S. Chang, J. Hisano, H. Nakano, N. Okada, and M. YamadgBcitk standard model in the
Randall-Sundrum backgrounBhys. RevD62 (2000) 084025 ,jep- ph/ 9912498].

[77] Y. Grossman and M. Neubefteutrino masses and mixings in non-factorizable geometrys.
Lett.B474(2000) 361-371 Hep- ph/ 9912408].

[78] G. BurdmanFlavor violation in warped extra dimensions and CP asymiestin B decaysPhys.
Lett. B590(2004) 86—94,liep- ph/ 0310144].

[79] S.J. HuberFlavor violation and warped geometrifucl. PhysB666(2003) 269-288,
[hep- ph/ 0303183].

[80] K. Agashe, G. Perez, and A. SoRilavor structure of warped extra dimension modé&lhbys. Rev.
D71(2005) 016002,Hep- ph/ 0408134].

[81] C. Csaki, A. Falkowski, and A. WeileT,he Flavor of the Composite Pseudo-Goldstone Higgs
JHEP09(2008) 008, &r Xi v: 0804. 1954].

[82] M. Blanke, A. J. Buras, B. Duling, S. Gori, and A. Weil&F=2 Observables and Fine-Tuning in a
Warped Extra Dimension with Custodial ProtectidEP 03 (2009) 001, &r Xi v: 0809. 1073].

[83] M. Blanke, A. J. Buras, B. Duling, K. Gemmler, and S. G&are K and B Decays in a Warped
Extra Dimension with Custodial ProtectipfHEP 03 (2009) 108, &r Xi v: 0812. 3803].

[84] A.J. Buras, B. Duling, and S. Goithe Impact of Kaluza-Klein Fermions on Standard Model
Fermion Couplings in a RS Model with Custodial ProtectidHEP 09 (2009) 076,
[ar Xi v: 0905. 2318].

[85] B. Duling, K and B meson mixing in warped extra dimensions with custqdéection J. Phys.
Conf. Serl71(2009) 012061,4r Xi v: 0901. 4599].

[86] S. Gori,Patterns of Flavour Violation in a Warped Extra Dimensioiidel with Custodial
Protection J. Phys. Conf. Set71(2009) 012062,4r Xi v: 0901. 4704].

[87] M. Blanke,K and B Physics in the Custodially Protected Randall- Sundkiode|
ar Xi v: 0908. 2716.

[88] B. Duling, Predictions for Flavour Observables in a RS Model with Cd&bSymmetry
ar Xi v: 0908. 3099.

[89] S. Gori,Patterns of Flavor Violation in a Warped Extra Dimensionabtiel with Custodial
Protection ar Xi v: 0909. 3042.

[90] C. Csaki, A. Falkowski, and A. WeileA Simple Flavor Protection for R®hys. RevD80 (2009)
016001, ar Xi v: 0806. 3757].

[91] G. Cacciapagli®t. al, A GIM Mechanism from Extra DimensigriHEP 04 (2008) 006,
[ar Xi v: 0709. 1714].

[92] C. Cheung, A. L. Fitzpatrick, and L. Randa@lequestering CP Violation and GIM-Violation with
Warped Extra DimensiondHEP 01 (2008) 069, &r Xi v: 0711. 4421].

[93] J. SantiagoMinimal Flavor Protection: A New Flavor Paradigm in Warpedhlels JHEP 12
(2008) 046, &r Xi v: 0806. 1230].

44



Flavour Theory: 2009 Andrzej J. Buras

[94] C. Csaki and D. CurtinA Flavor Protection for Warped Higgsless Mode®hys. RevD80 (2009)
015027, ar Xi v: 0904. 2137].

[95] C. Csaki, G. Perez, Z. Surujon, and A. Weilelavor Alignment via Shining in RS
ar Xi v: 0907. 0474.

[96] K. Agashe, A. Delgado, M. J. May, and R. Sundrd®g1, custodial isospin and precision tests
JHEP08(2003) 050, hep- ph/ 0308036].

[97] C. Csaki, C. Grojean, L. Pilo, and J. Ternifigwards a realistic model of Higgsless electroweak
symmetry breakind’hys. Rev. Let92 (2004) 101802,iep- ph/ 0308038].

[98] K. Agashe, R. Contino, L. Da Rold, and A. Pomalgustodial symmetry for Z_bPhys. LettB641
(2006) 62—66,liep- ph/ 0605341].

[99] M. E. Albrecht, M. Blanke, A. J. Buras, B. Duling, and Ke@mler Electroweak and Flavour
Structure of a Warped Extra Dimension with Custodial Pratet JHEP 09 (2009) 064,
[ar Xi v: 0903. 2415].

[100] S. Casagrande, F. Goertz, U. Haisch, M. Neubert, afioh,Flavor Physics in the
Randall-Sundrum Model: I. Theoretical Setup and Elect@k@recision TestsIHEP 10 (2008)
094, [ar Xi v: 0807. 4937].

[101] M. Bauer, S. Casagrande, L. Gruender, U. Haisch, andédbert Little Randall-Sundrum models:
&k strikes againar Xi v: 0811. 3678.

[102] F. del Aguila, M. Perez-Victoria, and J. Santia@dservable contributions of new exotic quarks to
qguark mixing JHEP 09 (2000) 011, hep- ph/ 0007316].

[103] G. C. Branco, M. N. Rebelo, and J. I. Silva-Marc¥gskawa Textures, New Physics and
NondecouplingPhys. RevD76 (2007) 033008,ljep- ph/ 0612252].

[104] I. Picek and B. Radovcityondecoupling of terascale isosinglet quark and rare K- Brdecays
Phys. RevD78(2008) 015014,4r Xi v: 0804. 2216].

[105] G.W. S. HouSearch for TeV Scale Physics in Heavy Flavour Deciys Phys. JC59 (2009)
521-541,&r Xi v: 0808. 1932].

[106] W.-S. Hou, F.-F. Lee, and C.-Y. MBourth Generation Leptons and Muon g,-hys. RevD79
(2009) 073002,4r Xi v: 0812. 0064].

[107] G.W. S. HouSource of CP Violation for the Baryon Asymmetry of the Ursger
ar Xi v: 0810. 3396.

[108] M. Bobrowski, A. Lenz, J. Riedl, and J. Rohrwildpw much space is left for a new family of
fermions? Phys. RevD79 (2009) 113006,4r Xi v: 0902. 4883].

[109] A. Soni, A. K. Alok, A. Giri, R. Mohanta, and S. Nandihe fourth family: a natural explanation for
the observed pattern of anomalies in B-CP asymmetaieXi v: 0807. 1971.

[110] G. Eilam, B. Melic, and J. Trampeti€P violation and the 4th generatipar Xi v: 0909. 3227.

[111] M. S. ChanowitzBounding CKM Mixing with a Fourth FamilyPhys. RevD79 (2009) 113008,
[ar Xi v: 0904. 3570].

[112] V. A. Novikov, A. N. Rozanov, and M. I. Vysotsk@)nce more on extra quark-lepton generations
and precision measuremengs Xi v: 0904. 4570.

45



Flavour Theory: 2009 Andrzej J. Buras

[113] R. Fok and G. D. Kribsiour Generations, the Electroweak Phase Transition, anue&ymmetry
Phys. RevD78(2008) 075023,dr Xi v: 0803. 4207].

[114] G.Burdman, L. Da Rold, O. Eboli, and R. MatheAsStrongly Coupled Fourth Generation at the
LHC, Phys. RevD79(2009) 075026,4r Xi v: 0812. 0368].

[115] T. Appelquist, H.-C. Cheng, and B. A. DobresBounds on universal extra dimensioR$iys. Rev.
D64 (2001) 035002,ljep- ph/ 0012100].

[116] W. Altmannshofer, A. J. Buras, D. Guadagnoli, and MclkyLarge [Vp|: A challenge for the
Minimal Flavour Violating MSSMIHEP 12 (2007) 096, &r Xi v: 0706. 3845].

[117] A.J. Buras and L. Silvestrinypper bounds on K- rrvv and K. — m’ete™ frome’/¢ and
KL — g™ u~, Nucl. PhysB546(1999) 299-314 Hep- ph/ 9811471].

[118] A.J. Buras, G. Colangelo, G. Isidori, A. Romanino, andilvestrini,Connections betweesi/ e
and rare kaon decays in supersymmebhtucl. PhysB566(2000) 3—-32, iep- ph/ 9908371].

[119] A.J. Buras, R. Fleischer, S. Recksiegel, and F. Schmahtomy of prominent B and K decays and
signatures of CP- violating new physics in the electroweatkquin sectgrNucl. PhysB697(2004)
133-206, hep- ph/ 0402112].

[120] P. Langacker and M. PlumachEtavor changing effects in theories with a heavy Z’ bosomwit
family non-universal coupling®hys. RevD62 (2000) 013006,ijep- ph/ 0001204].

[121] V. Bargeret. al, b — s Transitions in Family-dependen{l)’ Models ar Xi v: 0906. 3745.
[122] P. LangackeiThe Physics of New U(1)’ Gauge BospasXi v: 0909. 3260.

[123] K. Agashe, M. Papucci, G. Perez, and D. Piridxt to minimal flavor violation
hep- ph/ 0509117.

[124] UTfit Collaboration, M. Bonat. al, Model-independent constraints &F=2 operators and the
scale of new physic§HEP 03 (2008) 049, &r Xi v: 0707. 0636].

[125] V. Lubicz and C. Tarantind;lavour physics and Lattice QCD: averages of lattice indotsthe
Unitarity Triangle AnalysisNuovo Cim123B(2008) 674—688,dr Xi v: 0807. 4605].

[126] HPQCD Collaboration, E. Gamiz, C. T. H. Davies, G. P. Lepage, Jg&hitsu, and M. Wingate,
Neutral B Meson Mixing in Unquenched Lattice QEhys. RevD80 (2009) 014503,
[ar Xi v: 0902. 1815].

[127] K. G. Chetyrkinet. al, Charm and Bottom Quark Masses: an UpdateXi v: 0907. 2110.
[128] H. Leutwyler, to appear soon.

[129] M. Jamin, J. A. Oller, and A. Piclgcalar Kritform factor and light quark massgBhys. RevD74
(2006) 074009,ep- ph/ 0605095].

[130] P. A. Baikov, K. G. Chetyrkin, and J. H. Kuh@rder a2 QCD Corrections to Z and Decays Phys.
Rev. Lett101(2008) 012002,dr Xi v: 0801. 1821].

[131] M. Beneke and M. Jamim| pha; and ther hadronic width: fixed-order, contour-improved and
higher-order perturbation theoryJHEP 09 (2008) 044, &r Xi v: 0806. 3156].

[132] S. BethkeThe 2009 Wolrd Average of(Mz), ar Xi v: 0908. 1135.

[133] Heavy Flavor Averaging Group (HFAG) Collaboration, E. Barberiet. al, Averages of b-hadron
properties at the end of 200&r Xi v: 0704. 3575. Updates available on
htt p: // wwv. sl ac. st anf or d. edu/ xor g/ hf ag.

46



Flavour Theory: 2009 Andrzej J. Buras

[134] M. Beneke, G. Buchalla, M. Neubert, and C. T. SachrgaD factorization for B— rrr decays:
Strong phases and CP violation in the heavy quark liRlitys. Rev. LetB3(1999) 1914-1917,
[hep- ph/ 9905312].

[135] M. Beneke, G. Buchalla, M. Neubert, and C. T. SachrgaD factorization for exclusive,
non-leptonic B meson decays: General arguments and theofdmavy-light final statedNucl.
Phys.B591(2000) 313—418 Hep- ph/ 0006124].

[136] Y. Y. Keum and A. |. Sand&ossible large direct CP violations in charmless B decaysn®ary
report on the p QCD method. ((UPhys. RevD67 (2003) 054009,Hep- ph/ 0209014].

[137] C. W. Bauer, D. Pirjol, and I. W. Stewa@pft-Collinear Factorization in Effective Field Theory
Phys. RevD65 (2002) 054022, Hep- ph/ 0109045].

[138] C. W. Bauer, S. Fleming, D. Pirjol, I. Z. Rothstein, dnlV. Stewart,Hard scattering factorization
from effective field theoryPhys. RevD66 (2002) 014017 ,jep- ph/ 0202088].

[139] C. W. Bauer, D. Pirjol, and I. W. StewaRpwer counting in the soft-collinear effective thedthys.
Rev.D66 (2002) 054005 ,ep- ph/ 0205289].

[140] M. Beneke and T. Feldmanklultipole-expanded soft-collinear effective theory witin-abelian
gauge symmetrphys. LettB553(2003) 267-276 Hep- ph/ 0211358].

[141] M. Beneke, A. P. Chapovsky, M. Diehl, and T. Feldma®oft-collinear effective theory and
heavy-to-light currents beyond leading powiucl. PhysB643(2002) 431-476,
[hep- ph/ 0206152].

[142] C.-W. Chiang, M. Gronau, J. L. Rosner, and D. A. Supfimarmless B~ PP decays using flavor
SU(3) symmetryPhys. RevD70(2004) 034020,Hep- ph/ 0404073].

[143] G. BuchallaB Physics Theory for Hadron Colliderar Xi v: 0809. 0532.
[144] R. Fleischerflavour Physics and CP Violation: Expecting the LHE Xi v: 0802. 2882.

[145] L. Silvestrini,Searching for new physics in-b s hadronic penguin decay&nn. Rev. Nucl. Part.
Sci.57(2007) 405-4404r Xi v: 0705. 1624].

[146] R. Fleischer and M. Grona8tudying New Physics Amplitudes in Charmles®8cays Phys. Lett.
B660(2008) 212-2164r Xi v: 0709. 4013].

[147] S. Baek, C.-W. Chiang, M. Gronau, D. London, and J. Lsiw,Diagnostic for new physics in
B — niK decaysPhys. LettB678(2009) 97-100,dr Xi v: 0905. 1495].

[148] M. Ciuchini, E. Franco, G. Martinelli, M. Pierini, ard Silvestrini, Searching For New Physics With
B to K pi DecaysPhys. LettB674(2009) 197-203dr Xi v: 0811. 0341].

[149] R. Fleischer, S. Jager, D. Pirjol, and J. Zupenchmarks for the New-Physics Search through CP
Violation in B’ — 1°Ksg, Phys. RevD78(2008) 111501,4r Xi v: 0806. 2900].

[150] M. Gronau and J. L. Rosndmplications for CP asymmetries of improved data or-B°r°, Phys.
Lett. B666(2008) 467—471dr Xi v: 0807. 3080].

[151] C.Bobeth, G. Hiller, and G. PiranishviGP Asymmetries i — K*(— Kpi)l *1~ and Untagged
Bs, Bs — @(— KK ~)I*I~ Decays at NLOJHEPO7 (2008) 106, &r Xi v: 0805. 2525].

[152] U. Egede, T. Hurth, J. Matias, M. Ramon, and W. Reblesy observables in the decay mode
B — K%I*1~, JHEP11(2008) 032, &r Xi v: 0807. 2589].

a7



Flavour Theory: 2009 Andrzej J. Buras

[153] W. Altmannshofeet. al, Symmetries and Asymmetries ofBK*u™ u~ Decays in the Standard
Model and BeyondJHEP 01 (2009) 019, &r Xi v: 0811. 1214].

[154] UTfit Collaboration, . M. Bona&t. al, An Improved Standard Model Prediction Of @8R~ tv) And
Its Implications For New Physicar Xi v: 0908. 3470.

[155] BABAR Collaboration, B. Auber¢t. al, A Search for B — 1t v with Hadronic B tagsPhys. Rev.
D77(2008) 011107,4r Xi v: 0708. 2260].

[156] BABAR Collaboration, B. Auber¢t. al, A Search for B — ¢ v, Recoiling Against
B~ — D% vX, ar Xi v: 0809. 4027.

[157] K. Ikadoet. al, Evidence of the purely leptonic decay B+ 1~ vy, Phys. Rev. LetB7 (2006)
251802, hep- ex/ 0604018].

[158] Belle Collaboration, I. Adachét. al, Measurement of B— 7~ v; Decay With a Semileptonic
Tagging Methodar Xi v: 0809. 3834.

[159] V. TisserandCKM fits as of winter 2009 and sensitivity to New PhysaesXi v: 0905. 1572.

[160] U. Nierste, S. Trine, and S. Westhaifharged-Higgs effects in a new-B Dtv differential decay
distribution Phys. RevD78(2008) 015006,4r Xi v: 0801. 4938].

[161] W.-S. Hou Enhanced charged Higgs boson effects irsB v, v, and b— 1v + X, Phys. Rev.
D48(1993) 2342-2344.

[162] A. G. Akeroyd and S. Recksiegdlhe effect of H on B* — 1*v; and BF — p*v,, J. PhysG29
(2003) 2311-2317hep- ph/ 0306037].

[163] G. Isidoriand P. Paradidilints of largetanf in flavour physicsPhys. LettB639(2006) 499-507,
[hep- ph/ 0605012].

[164] FlaviaNet Working Group on Kaon DecaysCollaboration, M. Antonellet. al, Precision tests of
the Standard Model with leptonic and semileptonic kaon ggea Xi v: 0801. 1817.

[165] G. Barenboim, P. Paradisi, O. Vives, E. Lunghi, and Wfdd,Light charged Higgs at the beginning
of the LHC eraJHEP 04 (2008) 079, &r Xi v: 0712. 3559].

[166] J. Ellis,Outlook for Charged Higgs Physicar Xi v: 0901. 1120.

[167] G. Isidori, F. Mescia, and C. Smithight-quark loops in K— mvv, Nucl. PhysB718(2005)
319-338, hep- ph/ 0503107].

[168] F. Mescia and C. Smittmproved estimates of rare K decay matrix-elements frpsrd&caysPhys.
Rev.D76 (2007) 034017,4r Xi v: 0705. 2025].

[169] G. Buchalla, G. D’Ambrosio, and G. IsidoExtracting short-distance physics from K— mete
decaysNucl. PhysB672(2003) 387—408,Hep- ph/ 0308008].

[170] G. Isidori, C. Smith, and R. Unterdorfaihe rare decay K— m°u*u~ within the SMEur. Phys. J.
C36(2004) 57-66,iep- ph/ 0404127].

[171] S. Friot, D. Greynat, and E. De RafaRkre kaon decays revisitgehys. LettB595(2004)
301-308, hep- ph/ 0404136].

[172] F. Mescia, C. Smith, and S. Trin¢, — m’eTe™ and K. — 7°u*u~: A binary star on the stage of
flavor physicsJHEP 08 (2006) 088, hep- ph/ 0606081].

[173] J. PradesChPT Progress on Non-Leptonic and Radiative Kaon Ded2ySKAON (2008) 022,
[ar Xi v: 0707. 1789].

48



Flavour Theory: 2009 Andrzej J. Buras

[174] A.J.Buras, M. E. Lautenbacher, M. Misiak, and M. Mubirect CP violation in K — mPete~
beyond leading logarithm$ucl. PhysB423(1994) 349-383 Hep- ph/ 9402347].

[175] P. Colangelo, F. De Fazio, P. Santorelli, and E. S@iinRare B— K*vv decays at B factorigs
Phys. LettB395(1997) 339—-344 Hep- ph/ 9610297].

[176] G. Buchalla, G. Hiller, and G. Isidof®®henomenology of non-standard Z couplings in exclusive
semileptonic b- s transitions Phys. RevD63 (2001) 014015,jep- ph/ 0006136].

[177] W. Altmannshofer, A. J. Buras, D. M. Straub, and M. Wiblew strategies for New Physics search
in B— K*vv, B— Kvv and B— Xsvv decaysJHEP 04 (2009) 022, &r Xi v: 0902. 0160].

[178] M. Bartsch, M. Beylich, G. Buchalla, and D. N. Gdrecision Flavour Physics with B: Kvv and
B— KI*I~,ar Xi v: 0909. 1512.

[179] J. F. Kamenik and C. Smitfiyee-level contributions to the rare decays B mtvv, BT — K*vy,
and B — K**vv in the Standard Modehr Xi v: 0908. 1174.

[180] A.J. Buras, M. Jamin, and M. E. LautenbacHére Anatomy of’/¢ beyond leading logarithms
with improved hadronic matrix elementducl. PhysB408(1993) 209-285 Hep- ph/ 9303284].

[181] M. Ciuchini, E. Franco, G. Martinelli, and L. ReinBheAS = 1 effective Hamiltonian including
next-to- leading order QCD and QED correctigiéucl. PhysB415(1994) 403-462,
[hep- ph/ 9304257].

[182] NA48 Collaboration, J. R. Batlegt. al, A precision measurement of direct CP violation in the decay
of neutral kaons into two pion®hys. LettB544(2002) 97-112,Hep- ex/ 0208009].

[183] KTeV Collaboration, A. Alavi-Haratet. al, Measurements of Direct CP Violation, CPT Symmetry,
and Other Parameters in the Neutral Kaon SystBmys. RevD67 (2003) 012005,
[hep- ex/ 0208007].

[184] KTeV Collaboration, E. T. WorcesteFhe Final Measurement af /€ from KTe\
ar Xi v: 0909. 2555.

[185] M. Blanke, A. J. Buras, S. Recksiegel, C. Tarantina, 8nUhlig,Correlations betweeg’ / € and
rare K decays in the littlest Higgs model with T-payifHEP 06 (2007) 082,
[ar Xi v: 0704. 3329].

[186] A.J. Buras and M. Jamim; /¢ at the NLO: 10 years latedHEP 01 (2004) 048,
[hep- ph/ 0306217].

[187] A. Pich,&’/¢ in the standard model: Theoretical updakep- ph/ 0410215.

[188] BABAR Collaboration, B. Auberét. al, Evidence for B — DO mixing, Phys. Rev. Let®8(2007)
211802, hep- ex/ 0703020].

[189] Belle Collaboration, M. Stariet. al, Evidence for [§ — D° Mixing, Phys. Rev. Let®8 (2007)
211803, hep- ex/ 0703036].

[190] BELLE Collaboration, K. Abeet. al, Measurement of - D° mixing in I — Ksrt" 1~ decays
Phys. Rev. Let99(2007) 131803,dr Xi v: 0704. 1000].

[191] S. Bianco, F. L. Fabbri, D. Benson, and I. BigiCicerone for the Physics of ChayRiv. Nuovo
Cim.26N7(2003) 1-200,liep- ex/ 0309021].

[192] G. Burdman and |. Shipsep? — DO Mixing and Rare Charm DecayAnn. Rev. Nucl. Part. Scb3
(2003) 431-499 Hep- ph/ 0310076].

49



Flavour Theory: 2009 Andrzej J. Buras

[193] I.1. Y. Bigi and N. G. UraltsevD? — D° oscillations as a probe of quark-hadron dualityucl. Phys.
B592(2001) 92-106,jep- ph/ 0005089].

[194] A.F. Falk, Y. Grossman, Z. Ligeti, Y. Nir, and A. A. Pet, The ¥ — D° mass difference from a
dispersion relationPhys. RevD69 (2004) 114021 ,iep- ph/ 0402204].

[195] A.F. Falk, Y. Grossman, Z. Ligeti, and A. A. Petr&J(3) breaking and B— D° mixing Phys. Rev.
D65 (2002) 054034 ,Hep- ph/ 0110317].

[196] Y. Grossman, A. L. Kagan, and Y. NXew physics and CP violation in singly Cabibbo suppressed
D decaysPhys. RevD75(2007) 036008,iep- ph/ 0609178].

[197] Y. Nir, Lessons from BaBar and Belle measurements efmixing parametersIHEP 05 (2007)
102, jhep- ph/ 0703235].

[198] K. Blum, Y. Grossman, Y. Nir, and G. Per&2ombining K— K mixing and D— D mixing to
constrain the flavor structure of new physiBfiys. Rev. Letl02(2009) 211802,
[ar Xi v: 0903. 2118].

[199] Y. Grossman, Y. Nir, and G. Perelgsting New Indirect CP ViolatigiPhys. Rev. LettLl03(2009)
071602, ar Xi v: 0904. 0305].

[200] . I. Bigi, M. Blanke, A. J. Buras, and S. Recksieg@P Violation in I — D° Oscillations: General
Considerations and Applications to the Littlest Higgs Miagligh T-Parity, JHEP Q7 (2009) 097,
[ar Xi v: 0904. 1545].

[201] A. S. Kronfeld,Non-Standard Physics in Leptonic and Semileptonic Decbgharmed Mesons
PoSLATTICE2008 (2008) 282, &r Xi v: 0812. 2030].

[202] M. C. Gonzalez-Garcia and M. Maltofthenomenology with Massive NeutrinBsys. Rept460
(2008) 1-129,4r Xi v: 0704. 1800].

[203] G. Altarelli, Theoretical Models of Neutrino Mixing: Recent Developraeat Xi v: 0905. 2350.

[204] A. Masiero, P. Paradisi, and R. Petron®apbing new physics through — e universality in
K — lv, Phys. RevD74(2006) 011701, Hep- ph/ 0511289].

[205] A. Masiero, P. Paradisi, and R. PetronZAmatomy and Phenomenology of the Lepton Flavor
Universality in SUSY Theorie3HEP 11 (2008) 042, &r Xi v: 0807. 4721].

[206] MEGA Collaboration, M. L. Brooket. al., New limit for the family-number non-conserving decay
Ut — ety, Phys. Rev. LetB3(1999) 1521-1524hep- ex/ 9905013].

[207] S. YamadaSearch for the lepton flavor violating decgy— ey in the MEG experimeniNucl. Phys.
Proc. Suppl144(2005) 185-188.

[208] PRISM/PRIME working group Collaboration, Y. Moriet. al, LOI at J-PARC 50-GeV PS, LOI-25
http://psux1.kek.jphf-np/LOllist/LOllist.html

[209] SINDRUM II. Collaboration, C. Dohmeet. al, Test of lepton flavor conservation jn— e
conversion on titaniupPhys. LettB317(1993) 631-636.

[210] M. Blanke, A. J. Buras, B. Duling, A. Poschenriederd & TarantinoCharged Lepton Flavour
Violation and(g— 2), in the Littlest Higgs Model with T-Parity: a clear Distinoth from
SupersymmetryyHEP 05 (2007) 013, hep- ph/ 0702136].

[211] F. del Aguila, J. I. lllana, and M. D. JenkirnBrecise limits from lepton flavour violating processes
on the Littlest Higgs model with T-parityHEP 01 (2009) 080, &r Xi v: 0811. 2891].

50



Flavour Theory: 2009 Andrzej J. Buras

[212] J.R. Ellis, J. Hisano, M. Raidal, and Y. ShimiAinew parametrization of the seesaw mechanism
and applications in supersymmetric modétays. RevD66 (2002) 115013,ep- ph/ 0206110].

[213] E. Arganda and M. J. Herrerdgsting supersymmetry with lepton flavor violatingnd i decays
Phys. RevD73(2006) 055003,jep- ph/ 0510405].

[214] A. Brignole and A. Rossinatomy and phenomenologyiof— 1 lepton flavour violation in the
MSSM Nucl. PhysB701(2004) 3-53,fiep- ph/ 0404211].

[215] P. ParadisiHiggs-mediated — p andt — e transitions in Il Higgs doublet model and
supersymmetryHEP 02 (2006) 050, hep- ph/ 0508054].

[216] P. ParadisiHiggs-mediated e~ u transitions in Il Higgs doublet model and supersymmgeityeP
08(2006) 047, hep- ph/ 0601100].

[217] T. FeldmannNeutrinos and Lepton Flavour Violatipar Xi v: 0909. 1691.

[218] M. Pospelov and A. RitZ lectric dipole moments as probes of new phydiemals Phys318
(2005) 119-169 Hep- ph/ 0504231].

[219] C. A. Bakeret. al, An improved experimental limit on the electric dipole mohwdithe neutron
Phys. Rev. LetB7(2006) 131801 Hep- ex/ 0602020].

[220] B. C. Regan, E. D. Commins, C. J. Schmidt, and D. DeMMNlew limit on the electron electric
dipole momentPhys. Rev. LetB8 (2002) 071805.

[221] J. Hisano, M. Nagai, and P. Parad&siComplete Analysis of 'Flavored’ Electric Dipole Momertts i
Supersymmetric Theorigasr Xi v: 0812. 4283.

[222] J. PradesStandard Model Prediction of the Muon Anomalous Magneticridot
ar Xi v: 0909. 2546.

[223] Muon g-2 Collaboration, G. W. Bennet. al, Measurement of the Positive Muon Anomalous
Magnetic Moment to 0.7 pprRhys. Rev. LetB9 (2002) 101804,ep- ex/ 0208001].

[224] Muon g-2 Collaboration, G. W. Bennedt. al, Measurement of the negative muon anomalous
magnetic moment to 0.7-ppfhys. Rev. LetB2 (2004) 161802,ljep- ex/ 0401008].

[225] M. PasserdaStatus of the standard model prediction of the muon §t&l. Phys. Proc. Suppl55
(2006) 365-368 Hep- ph/ 0509372].

[226] M. Passeralhe standard model prediction of the muon anomalous magmetmentJ. Phys G31
(2005) R75-R94 Hep- ph/ 0411168].

[227] G. Isidori, F. Mescia, P. Paradisi, and D. Tenfdayour physics at largéan with a Bino-like LSP
Phys. RevD75(2007) 115019,jep- ph/ 0703035].

[228] S. R. Choudhury, A. S. Cornell, A. Deandrea, N. Gaud AnGoyal,Lepton flavour violation in the
little Higgs mode| Phys. RevD75(2007) 055011,Hep- ph/ 0612327].

[229] M. Passera, W. J. Marciano, and A. Sirlithe Muon g-2 and the bounds on the Higgs boson mass
Phys. RevD78(2008) 013009,dr Xi v: 0804. 1142].

[230] M. Passera, W. J. Marciano, and A. Sirlithe muon g-2 discrepancy: errors or new physja&siP
Conf. Proc.1078(2009) 378-3814dr Xi v: 0809. 4062].

[231] E. De RafaelPresent Status of the Muon Anomalous Magnetic Mophartl. Phys. Proc. Suppl.
186(2009) 211-217 dr Xi v: 0809. 3085].

51



Flavour Theory: 2009 Andrzej J. Buras

[232] F. Jegerlehner and A. Nyffelefhe Muon g-2Phys. Rept477(2009) 1-110,
[ar Xi v: 0902. 3360].

[233] Y. Grossman, Y. Nir, J. Thaler, T. Volansky, and J. Zugrobing Minimal Flavor Violation at the
LHC, Phys. RevD76 (2007) 096006,4r Xi v: 0706. 1845].

[234] J. L. Feng, C. G. Lester, Y. Nir, and Y. Shadifihe Standard Model and Supersymmetric Flavor
Puzzles at the Large Hadron Collidg?hys. RevD77 (2008) 076002,4r Xi v: 0712. 0674].

[235] K. Agasheet. al, LHC Signals for Warped Electroweak Neutral Gauge BosBhys. RevD76
(2007) 115015,4r Xi v: 0709. 0007].

[236] K. Agashe, A. Belyaev, T. Krupovnickas, G. Perez, andirZi, LHC signals from warped extra
dimensionsPhys. Re\D77 (2008) 015003,jep- ph/ 0612015].

[237] K. Agashe, G. Perez, and A. So@ipllider Signals of Top Quark Flavor Violation from a Warped
Extra DimensionPhys. RevD75 (2007) 015002 ,ep- ph/ 0606293].

[238] K. Agashe, S. Gopalakrishna, T. Han, G.-Y. Huang, an&a@ni,LHC Signals for Warped
Electroweak Charged Gauge Bospas Xi v: 0810. 1497.

[239] G. Hiller and Y. Nir,Measuring Flavor Mixing with Minimal Flavor Violation at hLHC, JHEP 03
(2008) 046, &r Xi v: 0802. 0916].

[240] J. Drobnak, S. Fajfer, and J. F. Kamer&ignatures of NP models in top FCNC decay c(u)l 1~
, JHEP03(2009) 077, &r Xi v: 0812. 0294].

[241] CKMfitter Group Collaboration, J. Charlest. al, CP violation and the CKM matrix: Assessing the
impact of the asymmetric B factorigsur. Phys. JC41(2005) 1-131,kep- ph/ 0406184].
Updates availableohnt t p: // cknfitter.in2p3.fr/.

[242] UTfit Collaboration, M. Bonat. al, The UTfit collaboration report on the unitarity triangle bmyd
the standard model: Spring 200Bhys. Rev. Let®7 (2006) 151803,ep- ph/ 0605213].
Updates available ot t p: / / www. utfit. org.

[243] M. Ciuchiniet. al, 2000 CKM-triangle analysis: A critical review with updategperimental inputs
and theoretical parameterdHEP 07 (2001) 013, hep- ph/ 0012308]. see alsavww.utfit.org.

[244] A.Hocker, H. Lacker, S. Laplace, and F. Le Diberdenew approach to a global fit of the CKM
matrix, Eur. Phys. JC21(2001) 225-259 Hep- ph/ 0104062]. see alsakmfitter.in2p3.fr.

[245] UTT it Collaboration, M. Bonat. al, The UTfit collaboration report on the status of the unitarity
triangle beyond the standard model. I: Model- independe@atgsis and minimal flavour violatign
JHEP03(2006) 080, hep- ph/ 0509219].

[246] M. Bartsch, G. Buchalla, and C. Krai&— V| V| Decays at Next-to-Leading Order in QCD
ar Xi v: 0810. 0249.

[247] T. Goto, N. Kitazawa, Y. Okada, and M. Tanakégdel independent analysis ofBB mixing and
CP violation in B decay$hys. RevD53(1996) 6662—6665hep- ph/ 9506311].

[248] G. Buchalla and A. J. Buras, sifdrom K — mvv, Phys. LettB333(1994) 221-227,
[hep- ph/ 9405259].

[249] A.J. Buras, F. Parodi, and A. Stocclihe CKM matrix and the unitarity triangle: Another look
JHEPO01(2003) 029, hep- ph/ 0207101].

[250] W. Altmannshofer, A. J. Buras, and D. Guadagrbie MFV limit of the MSSM for lowanf:
meson mixings revisitedHEP 11 (2007) 065, hep- ph/ 0703200].

52



Flavour Theory: 2009 Andrzej J. Buras

[251] A.J. Buras, M. Jamin, and P. H. Weiszading and next-to-leading QCD correctionseo
parameter and B— By mixing in the presence of a heavy top qualiacl. PhysB347(1990)
491-536.

[252] S. Herrlich and U. Nierst&gnhancement of the k- Ks mass difference by short distance QCD
corrections beyond leading logarithpisucl. PhysB419(1994) 292—-322 Hep- ph/ 9310311].

[253] S. Herrlich and U. Niersténdirect CP violation in the neutral kaon system beyond legd
logarithms Phys. RevD52 (1995) 6505-6518hep- ph/ 9507262].

[254] S. Herrlich and U. Nierst&lhe Complet¢éAS = 2 Hamiltonian in the Next-To- Leading Order
Nucl. PhysB476(1996) 27-88,liep- ph/ 9604330].

[255] A.J. Buras and D. Guadagndliprrelations among new CP violating effectR = 2 observables
Phys. RevD78(2008) 033005,4r Xi v: 0805. 3887].

[256] C. Aubin, J. Laiho, and R. S. Van de Wat€he neutral kaon mixing parameteg Brom unquenched
mixed-action lattice QCDar Xi v: 0905. 3947.

[257] RBC Collaboration, D. J. Antoniet. al, Neutral kaon mixing from 2+1 flavor domain wall QCD
Phys. Rev. Lettl00(2008) 032001,Hep- ph/ 0702042].

[258] A.J. Buras and D. Guadagnddn the consistency between the observed amount of CP uviolati
the K= and By-systems within minimal flavor violatipRhys. RevD79 (2009) 053010,
[ar Xi v: 0901. 2056].

[259] K. Anikeevet. al, B physics at the Tevatron: Run Il and beyphdp- ph/ 0201071.

[260] E. A. Andriyash, G. G. Ovanesyan, and M. |. VysotdBifference off ande in fitting the
parameters of CKM matrpPhys. LettB599(2004) 253-259 Hep- ph/ 0310314].

[261] E. A. Andriyash, G. G. Ovanesyan, and M. |. Vysotskyge value of B(K) from the experimental
data on CP- violation in K-mesons and up-to-date values df/CHatrix parametersPhys. Atom.
Nucl.69 (2006) 286—-292 Hep- ph/ 0502111].

[262] Particle Data Group Collaboration, C. Amsleet. al, Review of particle physic®hys. LettB667
(2008) 1.

[263] E. Lunghiand A. SoniPossible Indications of New Physics ig Bnixing and insin(2(3)
DeterminationsPhys. LettB666(2008) 162—-165dr Xi v: 0803. 4340].

[264] E. Lunghiand A. SoniHints for the scale of new CP-violating physics from B-CPraates JHEP
08(2009) 051, &r Xi v: 0903. 5059].

[265] M. Ciuchini, M. Pierini, and L. SilvestriniThe effect of penguins in thg B- J/WK° CP
asymmetryPhys. Rev. Let®5 (2005) 221804 ,ep- ph/ 0507290].

[266] S. Faller, M. Jung , R. Fleischer, and T. Manfi#le Golden Modes®B— J/Kg, in the Era of
Precision Flavour Physicsar Xi v: 0809. 0842.

[267] M. Gronau and J. L. Rosnddoubly CKM-suppressed corrections to CP asymmetries in
B® — J/yK©O, Phys. LettB672(2009) 349-353dr Xi v: 0812. 4796].

[268] A.J. Buras, F. Schwab, and S. UhlWaiting for precise measurements of K= mtvv and
K. — m°vv, Rev. Mod. Phys80 (2008) 965-1007 {ep- ph/ 0405132].

[269] C. Smith,Theory review on rare K decays: Standard model and beyload- ph/ 0608343.
[270] G. Isidori,KAON 2007: Conference SummaRpSKAON (2008) 064, &r Xi v: 0709. 2438].

53



Flavour Theory: 2009 Andrzej J. Buras

[271] C. Smith,Long-distance effects in rare and radiative K decaysXi v: 0908. 3434.
[272] M. GorbahnNNLO contributions tek and rare kaon decaysir Xi v: 0909. 2221.

[273] E949Collaboration, A. V. Artamonoet. al, New measurement of the"k— " vv branching ratiq
Phys. Rev. Letfl01(2008) 191802,4r Xi v: 0808. 2459].

[274] E391aCollaboration, J. K. Ahret. al, Search for the Decay K— m°vv, Phys. Rev. LettL00
(2008) 201802,4r Xi v: 0712. 4164].

[275] A.J. Buras and R. Fleisch@punds on the unitarity trianglsin 28 and K— mvv decays in
models with minimal flavor violatigiPhys. RevD64 (2001) 115010,jep- ph/ 0104238].

[276] M. Blankeet. al, Rare and CP-violating K and B decays in the Littlest Higgs eledth T-parity,
JHEPO01(2007) 066, hep- ph/ 0610298].

[277] A.J.BurasRelations betweefiMs g4 and B4 — p it in models with minimal flavour violatig#®Phys.
Lett. B566(2003) 115-119 Hep- ph/ 0303060].

[278] CDF Collaboration, T. Aaltonest. al, Search for 8 — p* i~ and B} — p* i~ decays witl2fb 1
of pp collisions Phys. Rev. LettL00(2008) 101802,4r Xi v: 0712. 1708].

[279] DO Collaboration, V. M. Abazoet. al, Search for B— u™u~ at DO, Phys. RevD76 (2007)
092001, ar Xi v: 0707. 3997].

[280] S. R. Choudhury and N. Gaubjleptonic decay of Bmeson in SUSY models with large tan(bgta)
Phys. LettB451(1999) 86—-92,liep- ph/ 9810307].

[281] K. S. Babu and C. F. Kold#jiggs mediated B— p* i~ in minimal supersymmetrhys. Rev.
Lett. 84 (2000) 228-231 Hep- ph/ 9909476].

[282] A.J. Buras, P. H. Chankowski, J. Rosiek, and L. Slaaveska AMq , Bg.s—> ptu~ and B— Xsy
in supersymmetry at larganf3, Nucl. PhysB659(2003) 3, hep- ph/ 0210145].

[283] A.J. Buras, P. H. Chankowski, J. Rosiek, and L. Slasweska,Correlation betweed&Ms and
Bgd — Ut~ in supersymmetry at largang, Phys. LettB546(2002) 96-107,
[hep- ph/ 0207241].

[284] G. Isidori and A. ReticoBsq — |71~ and K. — |71~ in SUSY models with non-minimal sources of
flavour mixing JHEP 09 (2002) 063, hep- ph/ 0208159].

[285] M. S. Carena, A. Menon, R. Noriega-Papaqui, A. Szynknaad C. E. M. Wagneonstraints on B
and Higgs physics in minimal low energy supersymmetric ispeays. RevD74(2006) 015009,
[hep- ph/ 0603106].

[286] M. Gorbahn, S. Jager, U. Nierste, and S. Trifiee supersymmetric Higgs sector ane-B mixing
for largetanf, ar Xi v: 0901. 2065.

[287] P. H. Chankowski and J. Rosiekupersymmetry (at larganf) and flavor physicsActa Phys.
Polon.B33(2002) 2329-2354hep- ph/ 0207242].

[288] A. Dedes and A. PilaftsiResummed effective Lagrangian for Higgs-mediated FCN&antions in
the CP-violating MSSIWPhys. RevD67 (2003) 015012,ljep- ph/ 0209306].

[289] A. Dedes;The Higgs penguin and its applications: An Overvittod. Phys. LettA18 (2003)
2627-2644 liep- ph/ 0309233].

[290] G. Hiller, Y. Hochberg, and Y. Nif-lavor Changing Processes in Supersymmetric Models with
Hybrid Gauge- and Gravity-MediatiQqdHEP 03 (2009) 115, &r Xi v: 0812. 0511].

54



Flavour Theory: 2009 Andrzej J. Buras

[291] S. Faller, R. Fleischer, and T. Mannetecision Physics with 8— J/@¢ at the LHC: The Quest for
New PhysicsPhys. RevD79(2009) 014005,4r Xi v: 0810. 4248].

[292] A.Lenz and U. NiersteTheoretical update of 8- Bs mixing JHEP 06 (2007) 072,
[hep- ph/ 0612167].

[293] UTI it Collaboration, M. Bonat. al, First Evidence of New Physics in-b s Transitions
ar Xi v: 0803. 0659.

[294] CDF Collaboration, G. Brooijman$/lixing and CP Violation at the Tevatron
ar Xi v: 0808. 0726.

[295] A.J. LenzSearch for new physics insBnixing, ar Xi v: 0808. 1944,

[296] Z. Ligeti, M. Papucci, and G. Perdmplications of the measurement of th%BB_g mass difference
Phys. Rev. Le®7 (2006) 101801 ,Hep- ph/ 0604112].

[297] M. Blanke,Insights from the Interplay of K- mvv andex on the New Physics Flavour Structure
ar Xi v: 0904. 2528.

[298] R. Dermisek and S. RabBj-large neutrino mixing and CP violation in an SO(10) SUSYTGor
fermion masse®hys. LettB622(2005) 327-338 H{ep- ph/ 0507045].

[299] M. Albrecht, W. Altmannshofer, A. J. Buras, D. Guadatjrand D. M. StraubChallenging SO(10)
SUSY GUTs with family symmetries through FCNC procedstsP 10 (2007) 055,
[ar Xi v: 0707. 3954].

[300] W. Altmannshofer, D. Guadagnoli, S. Raby, and D. MaSk,SUSY GUTs with Yukawa unification:
a go/no-go study using FCNC procesdelys. LettB668(2008) 385-391dr Xi v: 0801. 4363].

[301] C. Quigg,Unanswered Questions in the Electroweak ThearyXi v: 0905. 3187.

55



