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In this article we present the physics programs for LHCb and for an e+e− high luminosity
asymmetric B factory. Using a few examples, we will show how the measurements which
can be performed will allow us to study, in a unique manner, the structure of the
New Physics beyond the Standard Model, if discovered at LHC with the general purpose
detectors ATLAS and CMS, and/or eventually to extend the domain of the New Physics
search to larger energy not accessible at LHC.
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r é s u m é

Dans cet article nous présentons le programme de physique de LHCb et celui d’une future
usine à B asymétriques e+e− à haute luminosité. En utilisant quelques exemples nous
montrerons comment les mesures qui seront effectuées permettront d’étudier la structure
de la nouvelle physique au delà du Modèle Standard si elle est mise en évidence par
les expériences ATLAS et CMS au LHC, et/ou d’étendre le domaine de la recherche de la
nouvelle physique à des énergies plus élevées et non accessibles au LHC.

© 2011 Published by Elsevier Masson SAS on behalf of Académie des sciences.

1. The LHCb experiment

1.1. Introduction

The LHCb experiment has been conceived to study CP violation and other rare phenomena in B hadron decays with very
high precision. It runs at the CERN Large Hadron Collider (LHC). The LHC is a two-ring-superconducting-hadron accelerator
and collider installed in the existing 27 km tunnel that was constructed for the CERN LEP machine. At the LHC, bunches of
protons collide every 25 ns in four interaction regions. The LHCb experiment is installed in one of these crossing-points. The
LHCb detector is a single-arm spectrometer with a forward angular coverage from approximately 10 mrad to 300 mrad. The
choice of the detector geometry is motivated by the fact that in proton–proton collisions at high energies both the b and
b̄ quarks are predominately produced in the same forward or backward cone. There is a planned upgrade [1] of the LHCb
detector which involves at least five years of operating at about 2 × 1033 cm−2 s−1. The aim is to collect a data sample of
∼ 100 fb−1, as well as to increase the trigger efficiency for hadronic decays by at least a factor of two.

In the following part, we will try to present some of the main physics expectations for the LHCb experiment, focusing on
the foreseen measurements which are specific to LHCb. This peculiarity could be due to the very large statistics which soon
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should be available or to the study of Bs mesons which are not produced at (super)B-factories. Some choices have thus
been made and one should keep in mind that a large part of LHCb physics could not be described here (e.g. charm physics).
Since LHCb is now taking data, a special care is given to present the current performance; however, one should keep in
mind that the current results are not yet the final ones and some improvements in yields or resolutions are expected.

1.2. Detector

The LHCb detector, which is primarily meant to measure CP violating and rare decays of hadrons containing b and
c quarks, is a single-arm magnetic dipole spectrometer with a polar angular coverage with respect to the beam line of
approximately 15 to 300 mrad in the horizontal bending plane, and 15 to 250 mrad in the vertical non-bending plane.
The detector is described in detail elsewhere [2]. Since the beginning of data taking (2009), all subdetectors are fully
operational and in a stable condition. The detector elements are placed along the beam line of the LHC starting with the
Vertex Locator, a silicon strip device that surrounds the proton–proton interaction region and is positioned 8 mm from
the beam during collisions. It provides precise locations for primary proton–proton interaction vertices, the locations of
decays of long lived hadrons, and contributes to the measurement of track momenta. Other detectors used to measure
track momenta comprise a large area silicon strip detector located before a 3.7 Tm dipole magnet, and a combination of
silicon strip detectors and straw drift chambers placed afterward. Two Ring Imaging Cherenkov (RICH) detectors are used
to identify charged hadrons. Further downstream an Electromagnetic Calorimeter (ECAL) is used for photon detection and
electron identification, followed by a Hadron Calorimeter (HCAL), and a system consisting of alternating layers of iron and
gaseous chambers that distinguishes muons from hadrons (MUON). The ECAL, MUON, and HCAL provide the capability of
first-level hardware triggering.

1.3. Operational considerations

Since March 2010, the LHCb experiment has been successfully taking data: at the end of 2010 an integrated luminosity
of about 35 pb−1 has been recorded with a data taking efficiency exceeding 90%. The year 2011 is also extremely successful:
about 750 pb−1 have already been registered and 1 fb−1 is expected for the end of the year. However, the running conditions
are not exactly those foreseen [3]: the centre of mass energy is equal to 7 TeV instead of 14 TeV, and LHCb routinely runs
at an instantaneous luminosity of 3.5 × 1032 cm−2 s−1 (more than 1.5 times the design value).

The consequence of the smaller centre of mass energy is mainly a reduced value for the bb̄ cross section by about a
factor 2. Some of the first LHCb results are related to this parameter of prime importance for the b-physics program of
LHCb: the bb̄ cross section has been measured both using B hadrons semi-leptonic decays and B → J/ψ X decays, getting,
respectively, 298 ± 15 ± 43 μbarn [4] and 295 ± 4 ± 48 μbarn [5] in 4π acceptance. These values are fully consistent with
the cross section of 500 μbarn at 14 TeV of energy in the centre of mass system used in [3]. As already stated, the beam
conditions were not those designed for LHCb, and this has some impact on the data taking. The number of proton bunches
in the LHC is lower than the design value, however, due to stronger focussing of the beams, an instantaneous luminosity
of 3.5 × 1032 cm−2 s−1 is obtained. This implies that the number of collisions per crossing is larger by a factor 2 to 3
than the LHCb design. These running conditions have several consequences on the data taking: the trigger, which is highly
configurable, evolved a lot to match the exponential increase of the LHC luminosity and the physics requirements in 2010.
In particular, the choice was made to preserve the muon triggers which are of prime importance for the first physics goals
of the LHCb experiment, while the hadronic and electromagnetic trigger thresholds had to be increased during the year in
order to cope with the operational conditions. In 2011, due to the higher number of proton bunches, the running conditions
were easier.

1.4. Search for the Bs → μ+μ− decay mode

The measurement of the Branching Ratio (BR) of this decay mode is a probe to the mass and couplings of a potential
physics beyond Standard Model (SM). Indeed, the BR for this decay is expected to be extremely small due to the helicity
and loop (Flavour-Changing Neutral Current) suppression. The SM prediction is (3.35 ± 0.32) × 10−9 [6]. Contributions from
new particles from Beyond Standard Model (BSM) models, such as, for example, supersymmetry, could enhance the BR up
to 100 times. The best limit before LHCb startup was achieved by the CDF experiment: BR < 4.3 × 10−8 at 95% CL [7]. The
LHCb experiment is well suited for studying this decay due to a high trigger efficiency, a good muon identification and an
excellent invariant mass resolution. The analysis [8] is based on two variables: the μ+μ− invariant mass and the output
of a multivariate analysis discriminant (Boosted Decision Tree) using geometrical and kinematical information of the decay
(impact parameter significance of the muons, Bs proper time, impact parameter of the Bs , distance of closest approach
between the two muons, muon isolation). The likelihood functions of these two variables are calibrated on real data using
control channels. The two-dimensional space defined by these variables is divided into bins. The distribution of the invariant
mass in the four Boosted Decision Tree (BDT) bins is shown in Fig. 1. The observed events are in good agreement not only
with background expectations but also with the presence of signal according to SM predictions. The compatibility of the
distribution of events in the invariant mass versus BDT plane with a given branching ratio hypothesis is evaluated using
the CLs method [9]. This provides two estimators: CLs is a measure of the compatibility of the observed distribution with
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Fig. 1. Bs → μ+μ−: distribution of selected dimuon events in the distribution of selected dimuon events in the invariant mass plane for the four BDT
bins. The black dots are data, the light blue histogram shows the contribution of the combinatorial background with its uncertainty (hatched area), the
green histogram shows the contribution of the B(s) → h+h− background and the red filled histogram shows the contribution of Bs → μ+μ− signal events
according to the SM rate. The uncertainty on data in the first BDT bin is smaller than the size of the dots.

Fig. 2. Bs → μ+μ−: expected distributions of possible values of CLs (dashed black line) under the hypothesis to observe background only (left) and under
the hypothesis to observe a combination of background and signal events according to the SM rate (right). On both graphs, the green areas cover the region
of ±1σ of compatible observations. The observed distributions of CLs as a function of the assumed branching ratio are shown as dotted blue lines. The
measured upper limits at 90% and 95% CL are also shown.

the signal hypothesis, while CLb is a measure of the compatibility with the background-only hypothesis. The distributions
of expected CLs values are shown as dashed (black) lines in Fig. 2 under the hypotheses to observe background events only
(left) or a combination of background plus SM events (right). The green shaded areas cover the region of ±1σ of compatible
observations. The observed CLs as a function of the assumed branching ratio is shown as dotted (blue) line. The obtained
limit is BR < 1.5 × 10−8 at 95% CL, which is still more than a factor 4 above the value predicted by the SM.

1.5. Study of the Bd → K �μ+μ− decay mode

Decays generated by the FCNC, such as B → K ∗μ+μ− are also very interesting to probe BSM physics. The diagrams
contributing to this decay mode are shown in Fig. 3. The Operator Product Expansion allows one to parameterise the
process in terms of an effective Hamiltonian:

Heff = −4G F√
2

V tb V ∗
ts

10∑[
Ci(μ)O i(μ) + C

′
i(μ)O

′
i(μ)

]
(1)
i=1
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Fig. 3. The Standard Model Feynman diagrams for the decay B → K ∗μ+μ− .

Fig. 4. AFB distribution as a function of the square of the μ+μ− invariant mass. The theory predictions are described from [14].

where Vtb and Vts are the numerically dominant CKM factors and, following the conventions of Ref. [10], primes (no primes)
denote right-handed (left-handed) contributions. The local operators O i(μ) describe the long range contributions to the
decay, while the Wilson coefficients Ci(μ) describe the short range contributions calculable perturbatively. The parameter
μ is the renormalisation scale where the two quantities are matched and typically this is O(mb). For the B → K ∗μ+μ−
decay mode the i = 7,9 and 10 operators are the dominating ones (the right-handed ones are heavily suppressed). Among
the observables which can be built, the Forward–Backward asymmetry AFB in the μ+μ− rest frame as a function of the
μ+μ− invariant mass is of interest, and in particular the invariant mass value, s0, where AFB crosses zero. The value s0
can be precisely predicted by the SM and BSM physics could give a sizeable deviation to this prediction. The position of
s0 depends on the values and signs of C7, C9 and C10. Some first measurements have been conducted at B factories and
Tevatron [11], but are statistically limited. LHCb is expected to collect 7200 events for 2 fb−1 with a background over signal
ratio around 0.2; to be compared with the 450 events expected from the Belle and BABAR experiments together. By fitting
a linear function to AFB around the zero crossing region, a precision on s0 of 0.46 GeV2 with 2 fb−1 of data and a bb̄ cross
section of 500 μbarn is foreseen [3]. In addition, with large statistics, using the whole set of angular observables, LHCb can
measure [12] the transversity amplitudes as a function of the dimuon mass [10]. The two crucial points for the study of the
angular distributions of the decay products of the B → K ∗μ+μ− decay mode are the understanding of the event acceptance
as a function of the whole set of angular variables and of their distributions for the background.

With 300 pb−1 of data, LHCb has already been able to measure the Forward–Backward asymmetry AFB as a function of
the square of the μ+μ− invariant mass with a better precision than the previous experiment (B factories and Tevatron) [13].
The AFB distribution is shown in Fig. 4 and, with the current level of statistics, there is a good agreement between theory
and experiment.

1.6. Study of the photon polarisation

The SM predicts a right-handed component in the photons generated by the b → sγ transitions suppressed by a term
O (ms/mb) due to the V –A coupling of the W boson. In several extensions of the SM, the photon can acquire an appreciable
right-handed component due to chirality flip in the transition [15] with a departure from the SM value of the branching
ratio. The measurement of the photon polarisation is thus a way to test the Lorentz structure of a potential contribution of
physics beyond the SM.
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Fig. 5. 2D likelihood confidence regions in the φs–�Γs plane for the Bs → J/ψφ analysis. The second solution at π–φs,−�Γs is unavoidable with this
decay mode and due to the structure of the equations describing the Bs and B̄ s time evolution. The black point corresponds to the theoretical predicted
SM value.

One experimental technique to probe the photon helicity is via mixing-induced CP asymmetries [16]. The combination of
the Belle and BABAR measurements of the time-dependent CP asymmetry using the B → (K 0

s π
0)γ decay mode [17] leads

to an uncertainty of ∼ 0.16 on the fraction of wrongly polarised photon. A similar study can be made using the Bs → φγ
decay mode. For the Bs system the decay width difference between the two weak eigenstates, �Γs , cannot be neglected in
the proper-time distribution. The time evolution of the Bs → φγ decay rare is given by:

dΓ (Bs → φγ )

dt
∝ e−Γst

(
cosh

�Γst

2
− sin 2Ψ cosφs sinh

�Γst

2

)
(2)

where tanΨ = | B̄s→φγR

B̄s→φγL
| is the ratio of the decay amplitudes and cosφs ∼ 1 in the SM. A signal sample of 11 000 events for

2 fb−1 and a bb̄ cross section of 500 μbarn with a background over signal ratio smaller than 0.9 at 90% CL is expected [3].

This should allow us to measure sin 2Ψ with a 20% statistical uncertainty and thus | B̄s→φγR

B̄s→φγL
| with a precision of the order

of 0.1. The crucial point of this analysis is to understand the proper-time acceptance.
Another decay mode which would allow us to test the photon helicity is the B → K ∗e+e− decay mode. Compared to the

B → K ∗μ+μ− decay mode, it has a much better sensitivity to the photon polarisation due to the small electron mass [18].
With a signal sample of about 200 events for an integrated luminosity of 2 fb−1, a bb̄ cross section of 500 μbarn and a
background over signal ratio of the order of 1, the expected statistical accuracy on the fraction of wrongly polarised photons
is of the order of 0.1 [19]. This analysis is limited by the statistics and will benefit from the LHCb upgrade.

1.7. Measurement of the φs angle using the Bs → J/ψφ decay mode

For a final state f equal to its CP conjugate ( f = f̄ ), a CP violating phase arises from the interference between Bs decay
to f either directly or via Bs–B̄s oscillations, producing a difference in the proper-time distributions of Bs mesons and B̄s

mesons. Within the SM this decay is dominated by b̄ → c̄cs̄ quark level transitions, neglecting QCD penguin contribution
the phase is: φs = −2βs , where βs = arg(−Vts V ∗

tb/V cs V ∗
cb). In the SM this mixing phase is very small: φs ∼ 0.04 but it can

receive sizeable new physics contributions through box diagrams. This measurement is thus a way to probe new physics
couplings. Even if conceptually this analysis is similar to the famous sin 2β measurement performed at B factories, it is
more challenging not only because of the fast Bs oscillation but also because the final state involves two vector mesons
and thus a full angular analysis has to be performed. The measurement of the φs angle requires then a time-dependent,
flavour-tagged, angular analysis of the decay rates. The result of this analysis is shown in Fig. 5 in the φs–�Γs plane. Another
way to perform this measurement is to use the Bs → J/ψ f0 decay mode, thus avoiding the angular analysis complication.
Using an integrated luminosity of 300 pb−1 of data, these two analyses have been performed [20] and φs is measured
with a precision better than that from the Tevatron [21]: φs = 0.03 ± 0.16 ± 0.07 rad. In all cases, even with an integrated
luminosity of 10 fb−1, the measurement should be still statistically limited and will thus benefit from the upgrade plans.

1.8. Measurement of the γ angle of the unitary triangle

The γ angle of the CKM matrix is the least well constrained of the angles of the unitarity triangle (see for example
Fig. 6). Many different channels can be used. They are not only different from an analysis point of view, but they also differ
from the type of diagrams involved: the decays due to tree diagrams can be seen as Standard Model candles, while those
where penguin diagrams play a role are, in principle, sensitive to new physics contributions. The decay Bs → D±

s K ∓ and its
charge conjugate can proceed through two tree-decay diagrams, the interference of which gives access to the phase γ if the
Bs mixing phase is determined otherwise (e.g. with the Bs → J/ψφ decay mode). Another large family of decays which will
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allow one to precisely measure γ is Bd → D K (�) . Finally, the family of decays which consists in a pair of charged hadrons
h+h− (h is a pion or a kaon) of both Bd and Bs mesons, have decay rates with non-negligible contributions from penguin
diagrams, making them sensitive to BSM physics. The dependence on γ comes from CP time-dependent measurements
from Bd → π+π− and Bs → K +K − which allow to extract γ relying on U-Spin symmetry [22]. For all those decays, the
key ingredients are the powerful particle identification from the RICH detectors and a very good mass resolution. One can
estimate that the LHCb achievable precision on γ will be of the order of 7 degrees with 2011 data. With the LHCb upgrade
and an integrated luminosity of 100 fb−1, one will be able to compare precisely the γ measurements obtained from pure
tree diagrams where no BSM physics contributions are expected and the one obtained from charmless B decays where
penguin diagrams play a role and thus new particles can contribute.

2. The future Super B factories

The current generation of asymmetric B factory experiments, BABAR at PEP-II and Belle at KEKB have shown that a
variety of measurements can be performed in a clean environment. In addition most of the golden modes (as described
in this issue by Adrian Bevan [23] and Antony Sanda [24]) are not limited by systematics, and thus the precision could be
improved if a large data sample is collected.

In this section we present the physics program of a next generation of asymmetric B factory collecting an integrated
luminosity of 50 to 100 ab−1. A reasonable benchmark for obtaining such a data sample is of the order of five years of
running. Meeting both constraints requires a collider luminosity of 1036 cm−2 s−1 or more, yielding 15 ab−1/year (a year is
supposed to effectively count 1.5 × 107 seconds). Reaching this luminosity with a collider design extrapolated from PEP-II
or KEKB, is difficult; beam currents and thus power consumption are very high, and the detector backgrounds difficult
to sustain. The low emittance crabbed waist design of SuperB provides a solution to the problem, allowing us to reach
the needed luminosity with beam currents and power consumption similar to those at PEP-II. Following the success of
the test of the crab waist concept at Frascati [25] two projects actually exist based on these new concepts: SuperB (to
be built in Italy near Frascati) and SuperKEKB (which will be based at KEK). The two projects have been recently ap-
proved and, for both projects, the construction will start current 2012. Six years will be then necessary to start the data
taking.

In the following we show the potentiality of the best possible future Super B factory (called SuperB in the following),
collecting 75 ab−1, with at least one longitudinal polarised beam and with the possibility of running at different threshold
energies and, in particular, at the charm threshold (the ψ(3770) resonance). The physics program for a high luminosity
Super B factory is described in detail in several publications (see for instance [26]).

Since SuperB will take data in the LHC era, it is reasonable to ask how the physics reach compares with the B physics
potential of the LHC experiments, most notably LHCb, which has been presented in the previous section. We dedicate a
section to this comparison.

2.1. The physics program

2.1.1. Future metrology of the CKM matrix
One lesson from the B factories is that precision is crucial for testing the SM in the flavour sector, performing redundant

measurements of the same underlying quantity. In Fig. 6 we show the regions on the ρ̄–η̄ plane selected by different
constraints assuming the current measurement precision (left), and that expected at SuperB (right). It is important to note
that for achieving that, several measurements have to be performed at the % level; among them we mention the three
Unitarity Triangle (UT) angles (α, β and γ ) and the elements |V ub| and |V cb| measured through semileptonic B decays.
For the latter it is of crucial importance to achieve the improvements of the Lattice calculations as described in (Damir
Bečirević and Vittorio Lubicz, this issue [27]). These measurements could allow tests of the consistency of the Standard
Model at a few per mille level. The inconsistency of the different constraints, such as that shown in Fig. 6 (right), will be a
clear indication of New Physics beyond the Standard Model.

2.1.2. The New Physics sensitive measurements in the B sector
In this section we highlight the golden channels for SuperB. In fact, at SuperB, a golden channel is any channel that

can be calculated in the Standard Model with a very small theoretical error. SuperB will be able to measure many rare
decay processes that are sensitive to different NP scenarios. An extensive discussion is given in [26]. It is worthwhile to
mention the measurements of the branching fractions of several rare decays as: Br(B → Xsγ ), Br(B → τν), Br(B → Xs��),
Br(B → Kνν̄), and of related direct and indirect CP asymmetries as ACP(B → Xsγ ), S K Sπ0γ and of the entire set of b → s
penguin-dominated non-leptonic modes.

It has to be noted that most of the golden channels are very challenging from an experimental point of view. One of
the main characteristics of the SuperB physics program is the possibility of performing inclusive measurements, which are
often better under control from theoretical point of view, in addition to exclusive ones; and in addition the possibility of
measuring channels with neutrinos, γ , KL , . . . in the final states.
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Fig. 6. Regions corresponding to 95% probability for ρ̄ and η̄ selected by different constraints, assuming present central values with present errors (left) or
the same central values with errors expected at SuperB (right).

Fig. 7. Exclusion regions in the m(H+)– tanβ plane arising from the combinations of the measurement of Br(B → τν) and Br(B → μν) using 2 ab−1 (left)
and 75 ab−1 (right). We assume that the result is consistent with the Standard Model.

In the following we discuss only two examples of the physics reach in two NP scenarios:

Charged Higgs in the high tan β scenario. The precise measurements of the branching fraction Br(B → �ν) where � = μ,τ is a
unique probe to constrain NP in the H+ high tanβ scenario (tanβ being the ratio of the VEVs of the two Higgs doublets).
Fig. 7 shows a comparison of the exclusion plot in the m(H+)–tanβ plane coming from a measurement of Br(B → τν) and
Br(B → μν) with different data samples, the presently available 2 ab−1 and 75 ab−1, assuming that the result is consistent
with the Standard Model.

It is clear that the presence of charged Higgs with mass beyond the TeV could be detected in scenario with high tanβ .

MSSM with generic squark mass matrices. We now discuss the impact of SuperB on the parameters of the Minimal Su-
persymmetric Standard Model (MSSM) with generic squark mass matrices parameterised using the mass insertion (MI)
approximation [28]. In this framework, the NP flavour-violating couplings are the complex MIs. For simplicity, we consider
only the dominant gluino contribution. The relevant parameters are therefore the gluino mass mg̃ , the average squark mass
mq̃ and the MIs (δd

i j)AB , where i, j = 1,2,3 are generation indices and A, B = L, R refer to the helicity of the SUSY partner
quarks.

In Fig. 8 we show an example in case of (δd
23)LL,LR obtained by requiring that the absolute value of the reconstructed

MI is more than 3σ away from zero. From these plots, one can see that SuperB could detect NP effects caused by SUSY
masses up to 10–15 TeV, corresponding to (δd

23)LL ∼ 1. Here the relevant constraints come from B(b → sγ ), ACP(b → sγ ),
B(b → s�+�−), ACP(b → s�+�−), �ms and As

SL (the two latter quantities are precisely measured at hadron colliders, Tevatron
and LHC).

2.1.3. NP sensitive measurements in the τ sector
Lepton Flavour Violation (LFV) in τ decay is one of the most theoretically and experimentally clean probes to search for

NP. This search at SuperB is complementary with the existing neutrino experiments aiming at measuring θ13 and the MEG
experiment at PSI searching for μ → eγ . With an integrated luminosity of 75 ab−1 SuperB can gain an order of magnitude
on several LFV in τ decays (see Table 1), exploring a significant portion of the parameter space of various NP scenarios.
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Fig. 8. Sensitivity region of SuperB in the plane mg̃ –(δd
23)LL (left) and mg̃ –(δd

23)LR (right). The region is obtained by requiring that the reconstructed MI is
3σ away from zero.

Table 1
The experimental sensitivities (in units of 10−10) expected for LFV searches in τ decay.

Final state μγ eγ 3μ 3e μη eη �K 0
S

Sensitivity /10−10 20 20 2 2 4 6 2

A longitudinally-polarised electron beam (at the level of about 85%) is the key to the study of the structure of lepton-
flavor-violating couplings in τ decay. Recent studies have shown that the polarisation gives new handles to discriminate
between signal and background and thus probably allow to push even further the SuperB sensitivity on LFV measurements.
Polarisation opens also the possibility to search for a τ EDM, or for CP violation in τ decay.

2.1.4. Charm physics
Charm physics could play an important role on the NP searches. In fact, among the up-type quarks, only charm allows

one to probe for FCNC and thus NP in oscillation phenomena and, in particular, those involving CP violation. It is a unique
opportunity since FCNC could be much less suppressed in the up-type than in the down-type quark sectors. It is important
to note that in the Standard Model direct CP violation in charm transitions only occur in Cabibbo-suppressed modes at an
observable level ∼ O (10−3) and time-dependent CP asymmetries could reach the 10−5 [10−4] level in Cabibbo-allowed
and once [doubly]-suppressed modes. The recent observation of D0 D̄0 oscillations, with xD , yD 	 0.005–0.01, has clearly
opened the space in which the observation of CP violation could be a manifestation of NP.

SuperB can perform studies on the charm sector in a comprehensive manner, with high luminosity data sample in the
Υ (4S) region and also at the ψ(3770) resonance, as the collider is designed to run at lower centre-of-mass energies, at
reduced luminosity. With very short low-energy runs, a data sample an order of magnitude greater than that of the final
BES-III sample can readily be obtained. Running at the charm threshold should allow one to precisely measure the D decay
form factor on semileptonic decays and the decay constant on the leptonic decay. These are important measurements which
have to be compared with Lattice QCD calculations. Dalitz analyses of D decays with high statistics could provide inputs to
the measurement of the UT angle γ . Finally, FCNC searches are better performed at the charm threshold.

2.1.5. Spectroscopy
The recent results from the B factories provide evidence for the renaissance of hadronic spectroscopy. B factories have

discovered new particles at a rate of more than one per year, including the results at lower Υ resonances. SuperB will
open a unique window on this physics because it allows a high statistics study in a clean e+e− environment ideal for the
complicated analyses necessary to pin down the nature of these new hadrons.

The studies of lower Υ resonances would allow tests of extensions of the Standard Model in a manner complementary to
the physics program of a classic B factory and to the LHC. Among the possibilities, we mention that to detect the presence
of a light pseudoscalar Higgs produced in the decay Υ (nS) → llγ (n = 1,2,3) as an intermediate state (in models like
NMSSM) [29].

In addition, the study of Υ (nS) → invisible decays allows independent constraints on models with light dark matter
(LDM) to be obtained [30].
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3. Comparison LHCb SuperB and conclusions

The most striking outcome of any comparison between SuperB and LHCb is that the strengths of the two experiments
are largely complementary. For example, the large boost of the B hadrons produced at LHCb allows time-dependent studies
of Bs mesons (see the discussion in Sections 1.6, 1.7). Many of the measurements that constitute the primary physics
motivation for SuperB cannot be performed in the hadronic environment: for example, modes with missing energy, such
as B+ → �+ν� and B+ → K +νν̄ , measurements of the CKM matrix elements |V cb| and |V ub|. Conversely, there are key
measurements, such as Bs → μ+μ− , Bs → Jψφ which are unique to the LHCb physics program. NP “discoveries” could
come from these measurements in the next two years or so. Where there is overlap in terms of NP reach the channels used
are also often complementary. SuperB uses for instance inclusive analyses of processes such as b → sγ and b → s�� whereas
LHCb can perform, earlier in time, similar measurements using exclusive channels. Another example is the measurement
of photon polarisation via mixing-induced CP violation in B0 → K 0

Sπ
0γ , which is precluded at LHCb due to the limited

capability for channels where the analysis requires that the B decay vertex be determined from a K 0
S meson. However,

measurements of photon polarisation are also accessible to LHCb via Bs → φγ and B → K ∗�+�− decay modes.
In the following years flavour physics in the quark sector will be dominated by the LHCb results. This program can be

continued running LHCb at higher luminosity improving the precision for some specific and important channels. An e+e−
B factory at very high luminosity is the next discovery machine, namely the machine needed to push much further the
experimental precision to search the new physics in this sector.
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