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Abstract
We summarize the physics case of a high-luminosity— flavour factory collecting an integrated lumi-
nosity of 50 — 75 ab—!. Many New Physics sensitive measurements invoihgnd D mesons and
leptons, unique to a Super Flavour Factory, can be performed with excellent sensitivity to new particles
with masses up te- 100 (or even~ 1000) TeV. Flavour- and_P-violating couplings of new particles
that may be discovered at the LHC can be measured in most scenarios, even in unfavourable cases as-
suming minimal flavour violation. Together with the LHC, a Super Flavour Factory, following either
the SuperKEKB or the SupBrproposal, could be soon starting the project of reconstructing the New
Physics Lagrangian.
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1 Introduction

Many open fundamental questions of particle physics amgeelto flavour: How many families are
there? What is their origin? How are neutrino and quark nsmase mixing angles generated? Do
there exist new sources of flavour afig? violation beyond those we already know? What is the relation
between the flavour structure in the lepton and quark séttbrgure flavour experiments will attempt
to address these questions providing the exciting poigibdl learn something about physics at energy
scales much higher than those reachable by current expgeme

The Standard Model (SM) of elementary particles has begnsigcessful in explaining a wide
variety of existing experimental data. It accounts for ageanf phenomena from low-energy physics
(less than a GeV), such as kaon decays, to high-energy (auedréd GeV) processes involving real
weak gauge boson$|{ andZ) and top quarks. There is, therefore, little doubt that thkisSthe theory
to describe physics below the energy scale of several hdrgled/, namely all that has been explored so
far.

In spite of the tremendous success of the SM, it is fair to baythe flavour sector of the SM is
much less understood than its gauge sector, reflecting okrofaanswers to the questions mentioned
above. Masses and mixing of the quarks and leptons, whiok &aignificant but unexplained hierarchy
pattern, enter as free parameters to be determined expdaige In fact, while symmetries shape the
gauge sector, no principle governs the flavour structurén@®fSM Lagrangian. Yukawa interactions
provide a phenomenological description of the flavour pgees which, while successful so far, leaves
most fundamental questions unanswered. Hence the needygnd the SM.

Indeed the search for evidence of physics beyond the SM isntie goal of particle physics
in the next decades. The LHC at CERN will start soon lookingtifie Higgs boson, the last missing
building block of the SM. At the same time it will intensivepearch for New Physics (NP), for which
there are solid theoretical motivations related to the guarstabilization of the Fermi scale to expect an
appearance at energies arounteV.

However, pushing the high-energy frontier, i.e. incregghme available centre-of-mass energy in
order to produce and observe new patrticles, is not the onytavimok for NP. New patrticles could reveal
themselves through their virtual effects in processedwivg only standard particles as has been the case
several times in the history of particle physics. For thaad kf searches the production thresholds are
not anissue. Since quantum effects become typically snaadlthe mass of the virtual particles increases,
the name of the game is rather high precision. As a matterctf iggh-precision measurements probe
NP energy scales inaccessible at present and next-gemecatliders at the energy frontier.

Flavour physics is the best candidate as a tool for NP seatbhhe@ugh quantum effects for several
reasons. Flavour Changing Neutral Currents (FCNC), nleatgaon-antimeson mixing ardP violation
occur at the loop level in the SM and therefore are potegtgibject toO(1) NP virtual corrections.

In addition, quark flavour violation in the SM is governed I tweak interaction and suppressed by
the small quark mixing angles. Both these features are rmgssarily shared by NP which, in such
cases, could produce very large effects. Indeed, the indus the SM of generic NP flavour-violating
terms with naturalD(1) couplings is known to violate present experimental comgaunless the NP
scale is pushed up tW-100 TeV depending on the flavour sector. This difference betwieemNP scale
emerging from flavour physics and the one suggested by Higgsigs could be a problem for model
builders (the so-called flavour problem), but it clearlyigades that flavour physics has the potential to
push the explored NP scale in th@0 TeV region. On the other hand, if the NP scale is indeed close t
1 TeV, the flavour structure of NP must be highly non-triviatldhe experimental determination of the
flavour-violating couplings is particularly interesting.

Let us elaborate on this latter option. Any new-physics moegtablished at the TeV scale to
solve the gauge hierarchy problem, includes new flavouretitjes and new flavour- an@P-violating
parameters. Therefore, such a model must provide a solatsmto the flavour and’P problems,



namely how new flavour changing neutral currents alftdviolating phenomena are suppressed. This
may be related to other interesting questions. For instancsupersymmetry the flavour problem is
directly linked to the crucial issue of supersymmetry biegk Similar problems also occur in models
of extra-dimensions (flavour properties of Kaluza-Kleiates), Technicolour models (flavour couplings
of Techni-fermions), little-Higgs models (flavour coug of new gauge bosons and fermions) and
multi-Higgs models CP-violating Higgs couplings). Once NP is found at the TeV ec¢airecision
measurements of flavour- alddP-violating observables would shed light on the detailedcitire of the
underlying model.

On quite general grounds, quantum effects in flavour presessplore a parameter space includ-
ing the NP scale and the NP flavour- afi-violating couplings. In specific models these are related t
fundamental parameters such as masses and couplings ofnigeles. In particular, NP effects tend to
disappear at large NP scales as well as for small couplingsrefore a crucial question is: could NP
be flavour-blind, thus making searches for it with flavour gihg unfeasible? Fortunately, the concept of
Minimal Flavour Violation (MFV) provides a negative answewen if NP does not contain new sources
of flavour andCP violation, the flavour-violating couplings present in thi®l &re enough to produce
a new phenomenology that makes flavour processes sensitilie presence of new particles. In other
words, MFV puts a lower bound on the flavour effects generayedP appearing at a given mass scale, a
sort of “worst case” scenario for the flavour-violating cbogs extremely useful to exclude NP flavour-
blindness and assess the “minimum” performance of flavoysip in searching for NP, always keeping
in mind that larger effects are quite possible and easilggeed in many scenarios beyond MFV.

In the light of the above considerations, a Super Flavoutdfa¢SFF), following the recent Su-
perKEKB [1] and SupeB [2] proposals, has one mission: to search for new physidseifiavour sector
exploiting a huge leap in integrated luminosity and the wiglege of observables that it can measure.
However this goal can be pursued in different ways depenaiinghether evidence of NP has been found
at the time a SFF starts taking data.

In either scenario, a SFF can search for evidence of NP &otisp of the values of the new
particle masses and of the unknown flavour-violating cowgdi A large number of measurements could
provide evidence for NP at a SFF. Afirst set is given by measents of observables which are predicted
by the SM with small uncertainty, including those which aamighingly small (the so-called null tests).
Among them are the flavour-violating decays, direcCP asymmetries inBB — X, 47, in 7 decays
and in some non-leptonib decaysCP violation in neutral charm meson mixing, the dilepton inaat
mass at which the forward-backward asymmetryiof— X./™¢~ vanishes, and lepton universality
violating B andr decays. Any deviation, as small as a SFF could measure, to8M value of any
observable in this set could be ascribed to NP with essintial uncertainty. A second set of NP-
sensitive observables, including very interesting desaigh a9 — s penguin-dominated non-leptonic
B decays,B — tv, B — D®ru, B — K*y, B — pv, and many others, require more accurate
determinations of SM contributions and improved controthaf hadronic uncertainties with respect to
what we can do today in order to match the experimental poecachievable at a SFF and to allow for
an unambiguous identification of a NP signal. The error orSfkcan be reduced using the improved
determination of the Cabibbo-Kobayashi-Maskawa (CKM)nmradrovided by a SFF itself. This can be
achieved using generalized CKM fits which allow fot%@ determination of the CKM parameters using
tree-level andA F' = 2 processes even in the presence of generic NP contributiméar as hadronic
uncertainties are concerned, the extrapolation of oureptdenowledge and techniques shows that it is
possible to reach the required accuracy by the time a SFFwitlnning using improved lattice QCD
results obtained with next-generation computers [2] andémunding the theoretical uncertainties with
data-driven methods exploiting the huge SFF data sample.

As we already noted, the NP search at a SFF could reveal tiahiffect of particles with masses
of hundreds of TeV and in some cases, notablly = 2 processes, even thousands of TeV depending
on the values of the flavour-violating couplings. Thereftitis search is worth doing irrespective of



whether NP has already been found or not. If new particleslismvered at the energy frontier, a SFF
could enlarge the spectrum providing evidence of heaviesiot accessible otherwise; if not, quantum
effects measurable at a SFF could be the only option to looklFbfor a long time.

If the LHC finds NP at the TeV scale — in particular if the findinigclude one (or more) new
flavoured particle(s) — then a SFF could measure its flavoat€#-violating couplings. Indeed all terms
of the NP Lagrangian non-diagonal in the flavour space asdypaccessible at the LHC. A SFF would be
needed to accomplish the task of reconstructing them. mseble to do that even in the unfavourable
cases provided by most MFV models. Indeed, for the purpodafefring the NP Lagrangian from
experiments, the LHC and SFF physics programmes are coraptany.

Finally, it must be emphasised that while a Supkavour Factory will perform detailed studies
of beauty, charm and tau lepton physics, the results willigaly complementary to those on several
important observables related B meson oscillations, kaon and muon decays that will be medsur
elsewhere. Most benchmark charm measurements, in particueresting NP-related measurements
such asCP violation in charm mixing, will still be statistics-limitk after the CLE®, BESIII and B
factory projects are completed, and can only be pursueceto dltimate precision at a SFF. Operation
at theT'(5S) resonance provides the possibility of exploiting the cleaa~ environment to measure
B? decays with neutral particles in the final state, which wihnplement the channels that can be
measured at LHCb. A SFF has sensitivity foiphysics that is far superior to any other existing or
proposed experiment, and the physics reach can be extemdedwether by the possibility to operate
with polarized beams. It is particularly noteworthy thag¢ tombined information op, andr flavour
violating decays that will be provided by MEG [3] togethetiwva SFF can shed light on the mechanism
responsible for lepton flavour violation.

2 Experimental Sensitivities

A Super Flavour Factory (SFF) with integrated luminositys6£75 ab~! can perform a wide range of
important measurements and dramatically improve upondhelts from the current generation Bf
Factories. Many of these measurements cannot be made in@nlfwadnvironment, and are unique to a
SFF. The experimental sensitivities of a SFF can be scheafigttlassified in two categories:

— Searching for New Physics:
Many of the measurements that can be made at a SFF are higiditise to NP effects, and
those with precise SM predictions are potential discovéanoels. As an example: the mixing-
inducedCP asymmetry parameter fd" — ¢K° decays can be measured to a precisiof.@f,
as can equivalent parameters for numerous hadronic de@mnels dominated by the — s
penguin transition. These constitute very stringent testany NP scenario which introduces
new CP violation sources, beyond the Standard Model. The presehcew sources of’P
violation in D°-DY mixing, where the SM background is negligible, can be testedimilar
precision. New physics that appears in & sector (involving up-type quarks) may be different
or complementary to that in tth or BY sectors. DirecCP asymmetries can be measured to
the fraction of a percent level in — sy decays, using both inclusive and exclusive channels,
andb — s¢t¢~ can be equally thoroughly explored. Equally precise sesrdbr directCP
violation in charm orr decays provide additional NP sensitivity, since the SM gamknd is
largely absent. At the same time, a SFF can access chanaeBréhsensitive to NP even when
there are no new sources 6P violation, such as the photon polarizationtin— s+, and the
branching fractions o™ — /'y, the latter being sensitive probes of NP in MFV scenarios
with largetan 8. Furthermore, rare FCNC decays of théepton are particularly interesting since
lepton flavour violation sources involving the third geriina are naturally the largest. Any of
these measurements constitutes clear motivation for a SFF.



— Future metrology of the CKM matrix:
There are several measurements that are unaffected by NBrin likely scenarios, and which
allow the extraction of the CKM parameters even in the presasf such NP effects. Among
these, the anglg can be measured with a precision1e2°, where the precision is limited only
by statistics, not by systematics or by theoretical errdy. contrast, the determination of the
elementgV,,;| and|V,,| will be limited by theory, but the large data sample of a SFH aliow
many of the theoretical errors to be much improved. Withcpaited improvements in lattice
QCD calculations, the precision oW,;| and|V,;| can be driven down to the percent level. These
measurements could allow tests of the consistency of thedStd Model at a few per mille level
and provide the NP phenomenological analyses with a datation of the CKM matrix at the
percent level.

In Table 1 we give indicative estimates of the precision aneof the most important observables
that can be achieved by a SFF with integrated luminosiy0e¥5 ab~!. Here we have not attempted to
comment on the whole range of measurements that can bemeddry such a machine, but instead focus
on channels with the greatest phenomenological impact.ntewe details, including a wide range of
additional measurements, we guide the reader to the rgip2s1—6], where also all original references
are given.

Table 1: Expected sensitivity that can be achieved on some of the musirtant observables, by a SFF with
integrated luminosity 050—75 ab™!. The range of values given allow for possible variation ia tibtal integrated
luminosity, in the accelerator and detector design, andhiitihg systematic effects. For further details, refer
to [2, 6].

Observable Super Flavour Factory sensitivity
sin(283) (J/¢ K°) 0.005-0.012
v (B — D® K ™) 1-2°

a (B — o, pp, pr) 1-2°
|Vs| (exclusive) 3-5%
|Vius| (inclusive) 2—6%

7 1.7-3.4%
7 0.7-1.7%
S(pKY) 0.02-0.03
S(n'K°) 0.01-0.02
S(KIKIKY) 0.02-0.04
D 1-3°
B(B — Tv) 3—4%
B(B — uv) 5—6%
B(B — Dtv) 2-2.5%
B(B — py)/B(B — K*v) 3—4%
Acp(b— sv) 0.004-0.005
Acp(b — (S + d)y) 0.01
S(K970) 0.02-0.03
S(p"y) 0.08-0.12
AFB(B — X 0107) s 4-6%
B(B — Kvir) 16-20%
B(T — py) 2-8 x 1077
B(t — ppup) 0.2-1 x 107
B(t — un) 0.4—4 x 1079




The most important measurements within the CKM metrology are the angles of the Unitarity Tri-
angle, the angl@ (also known ag,), measured using mixing-induc&dP violation in B® — .J /v K°,
the anglex (¢2), measured using rates and asymmetrieB in> 77 1, pr andpp, and the angle (¢3),
measured using rates and asymmetrie8in- D®*) K*) decays, using final states accessible to both
DY and DY. Moreover, a SFF will improve our knowledge of the lengthstef sides of the Unitarity
Triangle. In particular, the CKM matrix elemefit,;| will be precisely measured through both inclusive
and exclusive semileptonic— u decays.

Among the measurements sensitive for New Physics, there are the mixing-inducedP violation pa-
rameters in charmless hadrorcdecays dominated by tthe— s penguin transitionS (¢ K°), S(n K°)
and S(K3K2KY). Within the Standard Model these give the same valuerd®3) that is determined
in BY — J/vy K° decays, up to a level of theoretical uncertainty that isvestied to be~ 2-5% within
factorization. (The theoretical error in these and othedaspsuch a® — Kg7’, can be also bounded
with data-driven methods [7]. Presently these give largeettainties but will become more precise as
more data is available.) Many extensions of the StandardeMsult in deviations from this predic-
tion. Another distinctive probe of new sources(d@® violation is¢p, the CP violating phase in neutral
D meson mixing, which is negligible in the SM and can be prégiseeasured using, for example,
D — K%7*tr~ decays. Furthermore, branching fractions for leptonic semiileptonicB decays are
sensitive to charged Higgs exchange. In particular thesgesare sensitive to new physics, even in
the unfavourable minimal flavour violation scenario, wittagge ratio of the Higgs vacuum expectation
values,tan 3. Measurements of rare radiative and electroweak pengoitepses are well-known to be
particularly sensitive to new physics: The ratio of branghiractionsB(B — pv)/B(B — K*v) de-
pends on the ratio of CKM matrix parametevs,;/V;s|, with additional input from lattice QCD. Within
the Standard Model this result must be consistent with caimés from the Unitarity Triangle fits. The
inclusiveCP asymmetriesA¢p(b — sv) or Acp(b — (s+d)v) are predicted in the Standard Model to
be small or exactly zero respectively with well understduoebtetical uncertainties. The mixing-induced
CP asymmetry in radiativé — s transitions, measured for example thrOL@ﬂngOy), is sensitive to
the emitted photon polarization. Within the SM the photostisngly polarized, and the mixing-induced
asymmetry small, but new right-handed currents can brdalptediction even without the introduction
of any newCP violating phase. SimilarlyS(p%y) probes radiativé — d transitions. The dilepton
invariant mass squaredat which the forward-backward asymmetry in the distribouted B — X ¢T¢~
decays is zero (denoted®(B — X, ¢+¢7) sg), for which the theoretical uncertainty of the Standard
Model prediction is small, is sensitive to NP in electrowgegaguin operators; finally, the branching
fraction for the rare electroweak penguin deday— Kvv is an important probe for NP even if this
appears only well above the electroweak scale. A SFF alswalfor the measurement of branching
ratios of lepton flavour violating decays, such as — pv, 7 — pup andr — un. Within the Stan-
dard Model, these are negligibly small, but many models of pleysics create observable lepton flavour
violation signatures.

For some of the entries of Table 1 some additional commeantsairder:

— With such large data samples as will be accumulated by atB&Encertainty on several measure-
ments will be dominated by systematic errors. Estimatirgullimate precision therefore requires
some knowledge of how these systematic uncertainties camdreved. One such important chan-
nel is the mixing-induced’P asymmetry inB° — J/¢ K", which measuresin(2/3) in the SM.
The systematic uncertainties in the curréhfactory analyses are around2%, coming mainly
from uncertainties in the vertex detector alignment andrbspot position. Another example is
direct CP asymmetry, both in exclusive and inclusive modes. Measenesrwith precision better
than1% require knowledge of detector asymmetries at the same I®eduction of these errors
will be highly challenging, but there is some hope that inwproent by a factor of about two may

INotice that this method for extracting alpha is insensitiveNP in QCD penguins. However it could be affected by
isospin-breaking NP contributions.



be possible.

— The precision that can be achieved|bfy,| depends on improvements in the theoretical treatment.
The most notable effect is for the exclusive channels, whestaction of the error on form factors
calculated in lattice QCD is extremely important.

— The sensitivities for some measurements depend on hadpanameters that are not yet well
known. For example, fopp to be measured at least one of th€—D° mixing parameters:p
andyp must be nonzero. The first evidence for charm mixing has tgcbaen reported [8, 9],
but large ranges for the obtained parameters are still aiowDur estimate of the sensitivity is
obtained by extrapolating results from the — Kg¢n ™7~ time-dependent analysis [10], which
currently appears to be the single most sensitive chanittebugh better constraints can certainly
be obtained by combining information from multiple decaysdes.

— The specific details of the accelerator and detector camafligin are important considerations for
some measurements. For studies of mixing-inducedasymmetry that obtain thB decay ver-
tex position from a reconstructelf) meson (such a8 — KYK2K? and B® — K97%) the
geometry of the vertex detector plays an important role tebgtrecision is achieved for a larger
vertex detector. Similarly, several channels with missngrgy (such a® — 7v,, B — D7u,
and B — Kwvv) make full use of the constraints availableft4S) — BB decays by fully re-
constructing oneé3 meson to know the kinematics of the other. Such measureraenttependent
on the background condition and the hermeticity of the detedndeed, it is obvious that the
sensitivity for all measurements depends strongly on thectter performance, and improvements
in, eg., vertexing and patrticle identification capability will bé great benefit to separate signal
from background.

— The sensitivity to very rare processes, such as the legeauit violating decay — uy depends
strongly on how effectively the background may be reducetianother possible improvements
to the analysis techniques used.

The sensitivities of these measurements to New Physics effects may be shown by a few examples:
In Figure 1 we show a simulation of the time-dependent asymynre B° — ¢K°, compared to that for
B — J/v K. The events are generated using the current central valties measurements. With the
precision of a SFF and the present central values, the glifter between the two data sets is larger than
the theoretical expectation, showing evidence of NP doutions.

In Figure 2 we show how lepton flavour violation in the decay> vy may be discovered at a SFF.
The simulation corresponds to a branching fractiol86f — ;) = 10~8, which is within the range
predicted by many new physics models. The signal is cledr$eorable, and well within the reach of a
SFF. The simulation includes the effects of irreduciblekgacund from initial state radiation photons,
though improvements in the detector and in the analysis mag to better control of this limitation.
Other lepton flavour violating decay modes, such-as uup do not suffer from this background, and
have correspondingly cleaner experimental signatures.

The differences between the SFF physics programme and diabe currentB factories are
striking. At a SFF measurements of known rare processesasich- sy or CP violation in hadronic
b — s penguin transitions such @’ — ¢K? will be advanced to unprecedented precision. Channels
which are just being observed in the existing data, sucB%s- py, Bt — rtv, andB — D™ v
will become precision measurements at a SFF. Furthermetailetl studies of decay distributions and
asymmetries that cannot be performed with the presenstitati will enable the sensitivity to NP to
be significantly improved. Another salient example lieslii-D° oscillations: the current evidence
for charm mixing, which cannot be interpreted in terms of Nelysics, opens the door for precise
measurements of th@P violating phase in charm mixing, which is known to be zeroha Standard
Model with negligible uncertainty.
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Fig. 1: Simulation of new physics effects iB® — ¢K°, as could be observed by a SFF. The open circles show
simulatedB® — J/v K° events, the filled circles show simulat&d — ¢K° events. Both have curves showing
fit results superimposed. From [6].
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Fig. 2. Monte Carlo simulation of the appearancerof— uv at a SFF. A clear peak in they invariant mass
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an order of magnitude below the current upper limit. Withab™! of data the significance of such a decay is
expected to exce€ib.



In addition, these measurements will be accompanied byatramiscoveries of new modes and
processes. These will include decays suctBas» Kwvw, which is the signature of the theoretically
clean quark level proceds— svi. The high statistics and clean environment of a SFF allowtHer
accompanyingB meson to be fully reconstructed in a hadronic decay mode;hwthien in turn allows
a one-charged prong rare decay to be isolated. Another égasng™ — n+¢*¢~, the most accessible
b — d¢T¢~ process. These decays are the next level beyord s¢™¢~ decays, which were first
observed in the3 factory era. Such significant advances will result in a girphenomenological impact
of the Super Flavour Factory physics programme.

Comparison with LHCb: Since a SFF will take data in the LHC era, it is reasonable kchasv
the physics reach compares with tBephysics potential of the LHC experiments, most notably LHCb
By 2014, the LHCb experiment is expected to have accumulkiet —! of data frompp collisions at
a luminosity of~ 2 x 1032 cm~2s7!. In the following we assume the most recent estimates of LHCb
sensitivity with that data set [11]. Note that LHCb is plamian upgrade where they would run at 10
times the initial design luminosity and record a data saroplbout100 fb~* [12].

The most striking outcome of any comparison between SFF &lhlis that the strengths of the
two experiments are largely complementary. For exampéelatge boost of thé hadrons produced at
LHCb allows studies of the oscillations &f; mesons while many of the measurements that constitute
the primary physics motivation for a SFF cannot be perforinethe hadronic environment, including
rare decay modes with missing energy suckBas— (v, and BT — K*vi. Measurements of the
CKM matrix elementgV,;| and|V,| and inclusive analyses of processes such as s+ also benefit
greatly from the SFF environment. At LHCb the reconstructaificiencies are reduced for channels
containing several neutral particles and for studies where3 decay vertex must be determined from
aKg meson. Consequently, a SFF has unique potential to medmuphbdton polarization via mixing-
inducedCP violation in B — K27%. Similarly, a SFF is well placed to study possible NP efféats
hadronich — s penguin decays as it can measure preciselgh@symmetries in manﬁg decay modes
including ¢ K°, ' K°, KYK2KY or K27, While LHCb will have limited capability for these channels
it can achieve complementary measurements using decaysnsadh as3? — ¢y and BY — ¢¢ for
radiative and hadronie — s transitions respectively.

Where there is overlap, the strength of the SFF programnts ability to use multiple approaches
to reach the objective becomes apparent. For example, LH{Clbevable to measure: to about5°
precision using3 — pm, but would not be able to access the full information inttieandpp channels,
which is necessary to drive the uncertainty down toltH level of a SFF. Similarly, LHCb can certainly
measurein(23) through mixing-inducedP violation in B — .J /4 K? decay to high accuracy (about
0.01), but will have less sensitivity to make the compleragnteasurementg.(., in .J /v 7 and Dh°)
that help to ensure that the theoretical uncertainty is uodetrol. LHCb plans to measure the angle
with a precision of2-3°. A SFF is likely to be able to improve this precision to abdut LHCb can
make a precise measurement of the zero of the forward-badkagymmetry in3° — K*9u*,~, but
a SFF can also measure the inclusive chahnel s¢*¢~, which is theoretically a significantly cleaner
observable [13].

The broad program of a SFF thus provides a very comprehessiva® measurements, extending
what will already have been achieved by LHCb at that time.s Vil be of great importance for the
study of flavour physics in the LHC era and beyond.
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3 Phenomenological | mpact

The power of a SFF to observe NP and to determine the CKM paeasnprecisely is manifold. In
the following, we present a few highlights of the phenomegial impact (for more detailed analyses
see [1,2,4-6)).

Precise Determination of CKM Parametersin the SVi: Most of the measurements described in the
previous section can be used to select a region imtiglane as shown in Figure 3. The corresponding
numerical results are given in Table 2. The results inditi@ea precision of a fraction of a percent can
be reached, significantly improving the current situatemg providing a generic test of the presence of
NP at that level of precision. Note that in the right plot offtie 3 - where the expected precision offered
by a SFF is used - the validity of the SM is assumed, so the ctililfgg of all constraints is put in by
hand. In contrast, in Figure 4 we assume that all results ttelkeentral values of their current world
averages with the expected precision of a SFF. In this chsdihts of discrepancies present in today’s
data have evolved into fully fledged NP discoveries.

Table 2: Uncertainties of the CKM parameters obtained from the Steshodel fit using the experimental and
theoretical information available today (left) and at thee of a SFF (right). The precision corresponds to the
plots in Figures 3 and 4.

Parameter SM Fittoday SM Fitata SFF

? 0.163 = 0.028 £0.0028
7 0.344 £ 0.016  £0.0024
a () 92.7 £ 4.2 +0.45
3(°) 22.2 4+ 0.9 +0.17
7 (9) 64.6 = 4.2 +0.38

Of course, many of the measurements used for the SM detdramiraf p—7; can be affected by
the presence of NP. Thus, unambiguous NP searches requéteranthation ofs and7 in the presence
of arbitrary NP contributions, which can be done usikg' = 2 processes.

10
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straints, assuming todays central values with the precisi@a SFF. Note for example that the band corresponding
to they measurement does not pass through the intersection ofaghstraints.

New Physicsin Modelswith Minimal Flavour Violation: The basic assumption of Minimal Flavour
Violation (MFV) [14-16] is that NP does not introduce new sms of flavour and’P violation. Hence
the only flavour-violating couplings are the SM Yukawa caogsd. One can assume that the top Yukawa
coupling is dominant in the simplest case with one Higgs tudnd - with some exceptions - also
in the case with two Higgs doublets with sme&dhn 3; this means that all NP effects amount to a real
contribution added to the SM loop function generated byusirtop exchange. In particular, in the
AB = 2 amplitude, MFV NP may be parameterized as

S()((ﬂt) — So(xt) + 55()

where the functiorb (z;) represents the top contribution in the box diagramsdiyds the NP contribu-
tion. Therefore, in this class of MFV models, the NP contiitnu to all AF" = 2 processes is universal,
and the effective Hamiltonian retains the SM structure.

Following Ref. [16], this value can be converted into a NHescging

2
8Sy = 4a (%) , (1)

whereAq = Y; sin? Oy My /o ~ 2.4 TeV is the SM scaley; is the top Yukawa coupling) is the NP
scale and: is an unknown (but real) Wilson coefficient 6¥(1).

The UT analysis can constrain the value of the NP parandéigtogether withp and7. In the
absence of a NP signalSy is distributed around zero. From this distribution, we cltam a lower
bound on the NP scalé.

For a one-Higgs-doublet model (1HDM) or a two-Higgs-dotbt@del (2HDM) in the lowtan 8
regime, the combination of measurements at a SFF and thewexbfattice results give

A>14TeV @ 95% CL (2)

These bounds are a factor of three larger than those awiladihy [18]. This means that even in
the “worst case” scenaria,e., in models with MFV at smaltan G, the sensitivity of flavour-violating

11
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processes to NP is strong enough to allow for the study of éivedir-violating couplings of new particles
with masses up t600 GeV. This conversion to a NP scale in the MFV case deservégefuexplanation.
Consider that the SM reference scale corresponds to vivii&xchange in the loops. As MFV has
the same flavour violating couplings as the SM, the MFV-NResisasimply translated to a new virtual
particle mass ad /Ay x My . It must be noted, however, that as soon as one consideestlarg, or
relaxes the MFV assumption in this kind of analysis, the Niests raised by at least a factor of three,
covering the whole range of masses accessible at the LH@ctiife RGE-enhanced contribution of the
scalar operators (absent or subleading in the stnall5 MFV case) typically sets bounds an order of
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magnitude stronger than those on the SM current-currermatipecorrespondingly increasing the lower
bound on the NP scale. This is the case, for instance, in thetdeMinimal Flavour Models (NMFV)
discussed in Ref. [19] as described in the analysis of Réf. [2

The largetan § scenario offers additional opportunities to reveal NP Hyagreing flavour-violating
couplings inAB = 1 processes with virtual Higgs exchange. This can be the cadedays such as
B — fv or B — D7r whose branching ratios are strongly affected by a charggddor large values
of tan 8. In Figure 5 we show the region excluded in th&;+—tan 3 plane by the measurement of
B(B — (v) with the precision expected at the end of the curi@iitactories and at a SFF, assuming the
central value given by the SM. Itis apparent that a SFF pusteelewer bound o/ g+, corresponding,
for example, tatan 5 ~ 50 from the hundreds of GeV region up to about 2 TeV, both in th®RHI
and in the MSSM. Another interesting possibility is to tegitbn flavour universality by measuring the
ratio R%/T = B(B — uv)/B(B — 7v), which could have & (10%) deviation from its SM value at
largetan 3 [21, 22], whereas the relative error on the individual brang fraction measurements at a
SFF is expected to b&% or less. In Figure 6 we show the region excluded initig+—tan 3 plane by
the measurement &(B — D/v) at a SFF, assuming the central value given by the SM.

MSSM with Generic Squark Mass Matrices. There is also an impressive impact of a SFF on the
parameters of the MSSM with generic squark mass matricemrderized using the mass insertion
(MI) approximation [23]. In this framework, the NP flavouielating couplings are the complex Mis.
For simplicity, we consider only the dominant gluino colition. The relevant parameters are therefore
the gluino massn;, the average squark mass; and the Mls(éfj)AB, wherei,j = 1,2,3 are the
generation indices and, B = L, R are the labels referring to the helicity of the SUSY partneargs.

For example, the parameters relevanbte- s transitions are the two SUSY masses and the four Mls
(533)LL,LR7RL,RR. In order to simplify the analysis, we consider the contiiiu of one MI at a time.
This is justified to some extent by the hierarchy of the prebennds on the Mis. In addition, barring
accidental cancellations, the contributions from two oreniglls would produce larger NP effects and
therefore make the detection of NP easier, while simultasiganaking the phenomenological analysis
more involved [24, 25]. The analysis presented here is basegksults and techniques developed in
Refs. [26—28]. The aim of this analysis is twofold. On the tiaad, we want to show the bounds on
the MSSM parameter space as they would appear at a SFF. §putipiose, we first simulate the signals
produced by the MSSM for a given value of one MI. We then chexk vell we are able to determine
this value using the constraints coming from a SFF. In paleic we examine the ranges of masses and
Mis for which clear NP evidence, given by a non-vanishingigaidf the extracted Ml, can be obtained. In
Figure 7 we show for some of the different Mls, the observati&gion in the planm§—|5d| obtained by
requiring that the absolute value of the reconstructed Niase tharBo away from zero. For simplicity
we have takemn; ~ mg. From these plots, one can see that a SFF could detect NRsedtaesed by
SUSY masses up t)—15 TeV corresponding t()é‘li3723)LL ~ 1. Even larger scales could be reached by
LR Mils. However overly large LR Mls are known to produce chamayed colour-breaking minima in the
MSSM potential [29], which can be avoided by imposing therlsushown in the LR plots of Figure 7.
These bounds decreaseldsn; and increase linearly wittan 3. Taking them into account, we can see
that still LR MlIs are sensitive to gluino masses uptd0 TeV for tan § between 5 and 60. The plots
of Figure 7 show the values of the MI that can be reconstruit&USY masses are belovTeV. In

the cases considered we i), = 2-5 x 1072, (6%)Lr = 2-15 x 1073, (0%3) ., = 2-5 x 107!
and(5§3)LR = 5-10 x 1073. These value are typically one order of magnitude smalkem the present
upper bounds on the Mis [30].

Figure 8 shows a simulation of how well the the mass insest{iMis), related to the off-diagonal
entries of the squark mass matrices, could be reconstratteadSFF. Figure 8 displays the allowed
region in the plan®e(3¢;) 4 p—Im(6%) 4 with a value of(6¢;) 4 5 allowed from the present upper bound,
mg = 1 TeV and using the SFF measurements as constraints. Thameleonstraints come from
B(b — sv), Acp(b — sv), B(b — stt4™), Acp(b — stt4~), Amp, and A; . It is apparent the
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respectively).

key role of Acp(b — s7) together with the branching ratios bf— sy andb — s¢™¢~. The zero of
the forward-backward asymmetry in— s¢*¢~, missing in the present analysis, is expected to give
an additional strong constraint, further improving theeatty excellent extraction Qﬁg%) Lr Shown in
Figure 8.

Lepton Flavour Violation in 7 Decays. The search for Flavour Changing Neutral Current (FCNC)
transitions of charged leptons is one of the most promisiingctions to search for physics beyond
the SM. In the last few years neutrino physics has providemimiriguous indications about the non-
conservation of lepton flavour, we therefore expect thiszphgenon to occur also in the charged lepton
sector. FCNC transitions of charged leptons could occul lstond any realistic experimental reso-
lution if the light neutrino mass matrixi{,)) were the only source of Lepton Flavour Violation (LFV).
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However, in many realistic extensions of the SM this is net ¢tase. In particular, the overall size of
m,, IS naturally explained by a strong suppression associattdtketbreaking of the total Lepton Number
(LN), which is not directly related to the size of LFV intetans.

Rare FCNC decays of thelepton are particularly interesting since the LFV soureeslving the
third generation are naturally the largest. In particus@arches of — u at the10~2 level or below
are extremely interesting even taking into account thegmtestringent bounds gm — e~. We illustrate
this with one example where the comparison of possible b®ondor evidences for) — uy, u — ey
and other LFV rare decays provides a unique tool to identigyrtature of the NP model.

In Figure 9, we show the prediction f&(r — pvy) within a SUSY SO(10) framework for the
accessible LHC SUSY parameter spaddg/, < 1.5 TeV, mo < 5 TeV andtan 3 = 40 [31]. Note that
the scenarios where the source of LFV violation is governeddutrino mass matriX,, = Upyns and
whereY,, = Vokw can be distinguished by the measuremertsaf — 1) at a SFF.

Little Higgs Models: These models address the tension between the naturalribssetéctroweak
scale and the precision electroweak measurements showiegidence for new physics up fto— 10
TeV. The Littlest Higgs model [32] is based orb&/ (5)/SO(5) non-linear sigma model. It is strongly
constrained by the electroweak precision data due to énesd-tontributions of the new particles.

Implementing an additional discrete symmetry, so-callguhiity [33], constrains the new parti-
cles to contribute at the loop-level only and allows for a NRls around00 GeV. It also calls for
additional (mirror) fermions providing an interesting ftav phenomenology.

The high sensitivity forr decays serves as an important tool to test the littlest Higodel with
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Table 3: Upper bounds on some LFV decay branching ratios in the LHTehaith a new physics scalg =
500 GeV, after imposing constraints - — e~ v, u~ — e ete”, 77 — p~ % andr~ — e~ 70,

\ Decay | Upper bound
T — ey 1-107%
e T 2-1078

T —eete 2.1078
T T 3.1078

T-parity (LHT), in particular to distinguish it from the M3%[34]. Upper bounds on some lepton flavour
violating decay branching ratios are given in Table 3.

By comparison with Table 1, these are seen to be well withenrdach of a SFF. However, the
large LFV branching ratios are not a specific feature of thd lbdt a general property of many new
physics models including the MSSM. Nevertheless, as Taldlearly shows, specific correlations are
very suitable to distinguish between the LHT and the MSSMe different ratios are a consequence of
the fact that in the MSSM the dipole operator plays the ctuola in those observables while in the LHT
the Z° penguin and the box diagram contributions are dominant. geliern is still valid when there is
a significant Higgs contribution in the MSSM, as can be re&drom Table 4.

Comparison of different SUSY Breaking Scenarios: In SUSY models the squark and slepton mass
matrices are determined by various SUSY breaking parametad hence a SFF has the potential to
study SUSY breaking scenarios through quark and leptonutasignals. This will be particularly im-
portant when SUSY particles are found at the LHC, becauseutanff-diagonal terms in these mass
matrices could carry information on the origin of SUSY briegkand interactions at high energy scales
such as the GUT and the seesaw neutrino scales. Combinedh&itBUSY mass spectrum obtained
at energy frontier experiments, it may be possible to glahif whole structure of SUSY breaking. In
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Table 4: Comparison of various ratios of branching ratios in the LH@d®&l and in the MSSM without and with
significant Higgs contributions.

Ratio LHT MSSM (dipole)] MSSM (Higgs
Blu——ecter) 04-25 ~6-1073 ~6-1073
B(u=—e +v)
Bt~ —e ete) _ ~1.10-2 1.10-2
et 0.4-2.3 1-10 1-10
Blr_—ppnpn”) 0.4-2.3 ~2.1073 ~1-1071
B(r——u=v)

order to illustrate the potential of a SFF to explore the SUfB&aking sector, three SUSY models are
considered and various flavour signals are compared. Thesg)ahe minimal supergravity model
(MSUGRA), (i) a SU(5) SUSY GUT model with right-handed neutrings;) the MSSM with U(2)
flavour symmetry [35]. In mSUGRA, the SUSY breaking termsassumed to be flavour-blind at the
GUT scale. The SU(5) SUSY GUT with right-handed neutrincs weell-motivated SUSY model which
can accommodate the gauge coupling unification and thewseasahanism for neutrino mass gener-
ation. There is interesting interplay between the quarklaptbn sectors in this model. Since quarks
and leptons are unified in the same GUT multiplets, quark €lavoixing can be a source of flavour
mixings in the slepton sector that induce LFV in the charggxdn processes. Furthermore, the neutrino
Yukawa coupling constants introduce new flavour mixings #na not related to the CKM matrix. Due
to the SU(5) GUT multiplet structure sizable flavour mixirenooccur in the right-handed sdown sector
as well as the left-handed slepton sector, and contribsitiorvarious LFV and quark FCNC processes
become large. When we require that the neutrino Yukawa @mypgbnstants only induce flavour mix-
ing in the 2-3 generation, then the constraint from the» ey process is somewhat relaxed (so-called
non-degenerate case). Finally, in the MSSM with U(2) flavwgmmetry, the first two generations of
quarks and squarks are assigned as doublets with respéet sarhe U(2) flavour group, whereas those
in the third generation are singlets. Therefore this moxigleens the suppression of the FCNC processes
between the first two generations, but it still provideslsig&ontributions fob — s transition processes.

Flavour signals in thé — s sector are shown in Figure 10 for these three SUSY breakiag sc
narios. Scatter plots of the time-dependent asymmet® ef K27+ and the difference between the
time-dependent asymmetries Bf — ¢K? and B — J/¢ K2 modes are presented as a function of
the gluino mass. Various phenomenological constrainte as3(b — sv), the rate ofB, mixing, and
neutron and atomic electic dipole moments are taken intowatcas well as SUSY and Higgs particle
search limits from LEP and TEVATRON experiments. For the SWUSBJT case, the branching ratios of
muon and tau LFV processes are also calculated and useditthiégnallowed parameter space. Sizable
deviations can be seen for SU(5) SUSY GUT and U(2) flavour sgtnntases even if the gluino mass is
1 TeV. The deviation is large enough to be identified at SFRH@rother hand, the deviations are much
smaller for the mSUGRA case.

The correlation betweei(m — pv) andB(u — e) is shown in Figure 11 for the non-degenerate
SU(5) SUSY GUT case. In this case, both processes can reagmcupper bounds. It is thus possible
that improvements in the — ey search at the MEG experiment and in the— u~y search at a SFF
lead to discoveries of muon and tau LFV processes, respéctiMotice that the Majorana mass scale
that roughly corresponds to the heaviest Majorana neutriass is taken to b&/p = 4 x 10 GeV
in these figures. When the Majorana mass scale is lower, flasignals become smaller because the
size of the neutrino Yukawa coupling constant is propottidn /My and LFV branching ratios scale
with Mfz. This means that a SFF can cover some part of the parametse gpanr — pu if the
Majorana scale is larger tha®'3 GeV. The pattern of LFV signals also depends on the choice of
SUSY breaking scenarios. If we take the degenerate caseesf Heavy Majorana masses in a SU(5)
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Fig. 10: Time-dependent asymmetry 8f — K 7%y and the difference between the time-dependent asymmetries
of B — ¢K%andB — J/v KY modes for three SUSY breaking scenarios: mSUGRA(left) 538USY GUT

with right-handed neutrinos in non-degenerate case (mjddhd MSSM with U(2) flavour symmetry (right). The
expected SFF sensitivities are also shown.

SUSY GUT,B(n — e7y) can be close to the present experimental bound while bragathtios of tau
LFV processes are generally less tHam®. The LFV branching ratios for both muon and tau LFV
processes are negligible for the mMSUGRA case. In MSSM with) flavour symmetry, LFV signals
depend on how the flavour symmetry is implemented in the tepaztor so that there is a large model
dependence.

4 Summary

In conclusion, the physics case of a Super Flavour Factdigatimg an integrated luminosity G0—75
ab~! is well established. Many NP sensitive measurements im@liZ and D mesons and leptons,
unique to a Super Flavour Factory, can be performed withliextesensitivity to new particles with
masses up te- 100 (or even~ 1000) TeV. The possibility to operate at tH&(5S) resonance makes
measurements witl3, mesons also accessible, and options to run in the tau-chHaeshbld region
and possibly with one or two polarized beams further broadhe physics reach. Flavour- antP-
violating couplings of new particles accessible at the LH{D be measured in most scenarios, even
in the unfavourable cases assuming minimal flavour vialatitbgether with the LHC, a Super Flavour
Factory could be soon starting the project of reconstrgdtie NP Lagrangian. Admittedly, this daunting
task would be difficult and take many years, but it providegxatiting objective for accelerator-based
particle physics in the next decade and beyond.
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