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The goal of this summary is to give a brief overview of the prospects in the near future (~5
years for discovering New Physics (NP) in heavy flavour decays using indirect methods. For the
next few years, at least, flavour physics will be dominated by the LHC. Already it is possible
to give reliable predictions of the reach of the LHC flavour physics programme, thanks to the
excellent start-up of the machine and the good performance demonstrated by the detectors [1, 2,
3, 4]. Large samples of high quality data are being accumulated at the LHC. These samples will
substantially increase the sensitivity of indirect searches for NP in processes mediated by loop
diagrams. Moreover, besides providing a further increase of accuracy in already well measured
parameters, a new class of observables should soon become accessible. These observables will
allow very stringent tests of the Standard Model (SM) to be performed separately in box diagrams
and in penguin diagrams, involving quarks of all three generations. These tests require thorough
exploration of both the beauty and the charm sector.

A search strategy is being developed on an illustrative set of "key measurements" sensitive to
the phases and couplings of NP and even to their helicity structure. The main objectives addressed
by flavour physics experiments include:

e A measurement of the By mixing phase, ¢s, in BY — J/w(uu)¢ (KK) decays;

o A measurement of the Unitarity Triangle (UT) angle ¥ in the processes mediated by tree
diagrams using both time-integrated and time-dependent CP-violation measurements. These
include studies of decays of the type BY — DK™, Bg — DK, Bg — D™ xand B — DK,

e A measurement of the UT angle 7y in loop mediated processes. The BS_S — h™h™ family of
decays, where h stands for a pion or kaon, has decay rates with sizable contribution from
penguin diagrams, making them sensitive to NP effects in penguin loops;

A search for the super-rare B — u*u~ decay;

A test of the V — A helicity structure of the weak interaction in loop mediated 32 —KOutu~
decays;

A search for CP-violating asymmetries in charm decays.

1. Performance of the LHC detectors validated with data

The key features of detector performance relevant to heavy flavour physics are excellent vertex
and impact parameter resolution, high track reconstruction and particle identification efficiency,
superior mass resolution, proper time resolution and flavour tagging, and a flexible trigger which
effectively selects particles produced in the decays of heavy flavours.

Vertexing and tracking

The large Impact Parameter (IP) of the track with respect to the interaction vertex is a dis-
tinctive feature to identify heavy flavour particle decays. Amongst the LHC detectors, the best IP
resolution has been achieved by LHCb [4] as shown in Figure 1 (left). The resolution of 14 um
in the highest P, bin agrees very well with the Monte Carlo expectation. Closely related to the IP
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Figure 1: The left hand histogram shows the LHCb primary vertex resolution in the X- and Y projections
versus the number of tracks originated from the vertex. The right hand histogram shows the LHCb 1Py
resolution as a function of 1/P, .
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Figure 2: The left hand plot shows the two-dimensional distribution of the ATLAS primary vertex resolution
in the X-Y transversal plane. The right hand histogram shows the CMS primary vertex resolution in the X
projection versus the number of tracks originated from the vertex.

resolution is the vertex resolution which is a quantity crucial for the proper time reconstruction and
for separating vertices from multiple interactions. Vertex resolutions have been measured by ran-
domly splitting all reconstructed tracks into two subsets and by reconstructing vertices from each
of the subsets. For a typical pp vertex producing 25 tracks the LHCb resolution has been found to
be 15 um in transverse plane, as shown in Figure 1 (right), and 75 yum along the beam line [4]. The
primary vertex resolutions achieved by ATLAS [2] and CMS [3] are shown in Figure 2 (left) and
(right) correspondingly. For primary vertices reconstructed from more than 10 tracks with average
P, > 1.2 GeV the resolution is close to 20um in transverse plane as demonstrated by CMS.
Recent progress in the spectrometer alignment and calibration of the momentum resolution is
reflected in the improved agreement between data and Monte Carlo for the invariant mass resolution
measured for selected benchmark decays. Various B hadron species, as reconstructed by LHCb in
J/wX final states [5, 6] are shown in Figure 3. The signal-to-background ratio is comparable to
similar signals seen at the B-factories in the e™ e~ environment. The invariant mass resolution for
the golden By — J/y¢ decay is as good as 7 MeV/c?. Somewhat worse invariant mass resolutions
of 26 MeV/c? [7] and 16 MeV/c? [8] have been demonstrated by the ATLAS and CMS detectors
respectively, as shown in Figure 4. As expected, in the relatively low momentum region of the J/y
decay products in ATLAS and CMS compared to LHCb multiple scattering dominates the invariant
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mass resolution leading to a modest degradation.
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Figure 3: The LHCb J/yX invariant mass distributions in the By ; region for the J/y¢, J/wK* and J/yK ™"

final states.
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Figure 5: The histogram shows the LHCb RICH n/K separation performance as a function of the track
momentum for data (left) and Monte Carlo (right).

Excellent identification of leptons and hadrons is fundamental for the reconstruction of heavy
flavour decays. The LHCb RICH detectors provide unique capability to separate between protons,
kaons and pions in the momentum range from 2 up to 100 GeV/c. The performance of pion and

proton identification has been studied using the daughter particles of reconstructed Ks mesons and

A baryons. For kaons, the reconstructed ¢ — KTK~ and D” — K7 decays have been used.

In the former case, identifying only a single track using RICH information, and leaving the

other unbiased, yields a sufficiently pure sample that can be used to measure the kaon identification
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Figure 6: LHCb invariant mass spectra for B — Kz~ (top, left), B — n+n~ (top, right), By — K~
(bottom, left, green line), and By — KK~ (bottom, right).
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Figure 7: The left hand histogram shows the CMS K — u misidentification probability as a function of the
K momentum. The right hand histogram shows the LHCb K*°y invariant mass distribution in the B; mass
region.

efficiency. In the latter, the kinematics of the D* — D7 decay allows pure samples to be isolated
without recourse the PID information. The K /7 separation performance currently achieved [4] (see
Figure 5 (left)) is in good agreement with the Monte Carlo expectation shown in Figure 5 (right).
The best performance is achieved in the momentum range from 5 to 70 GeV/c where most hadrons
from b decays are produced. The LHCb RICH enables clean reconstruction of various hadronic
B(,) and Dy decays as illustrated in Figure 6 for the B — K*n~, B’ — w*7n~, B —» n*K~ and
B? — K*K~ final states [9].

All LHC detectors have demonstrated excellent muon, electron and photon identification capa-
bilities. Muons are identified with close to 100% efficiency and with a misidentification rate below
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the 1% level, saturated by the K decays in flight. CMS has excellent matching capability between
the track segments measured by the tracking stations inside the solenoid and the muon chambers,
which lie in the region of the return field. This feature allows the K — u misidentification rate to be
as low as ~0.2% [3], as shown in Figure 7 (left).

Electron and photon identification is mainly based on the balance of the energy deposited in the
calorimeter system and the track momentum, and the matching between the corrected barycenter
position of the calorimeter cluster and the extrapolated track impact point. The electromagnetic
calorimeters of the LHC detectors have been calibrated to ~2% accuracy and enable an important
extensions to the heavy flavour physics programme. As an example, Figure 7 (right) shows the
signal for radiative B — K*7 decays as reconstructed in LHCb, with the invariant mass resolution
consistent with the Monte Carlo expectation [10].

Proper time resolution and flavour tagging

Excellent proper-time resolution is critical to the time-dependent measurements in the By — B;
meson system in order to be able to resolve its very fast oscillations. The proper decay time
resolution leads to a dilution of the oscillation amplitude and consequently worsens the sensitivity.
LHCb has measured its proper time resolution to be ~50 fs [6] (see Figure 8 (left)) using a large
data sample of the J/y — utu~ decays accumulated with the life time unbiased trigger. For
comparison the CDF proper time resolution is a factor of 2 worse. Neither ATLAS nor CMS
reported a measurement of the proper time resolution at this conference.

The flavour tagging performance of LHCb has been optimised using various flavour specific
channels such as B® — D**u~v, B* — J/wK* and B — J/yK*?. The tagging power of the
opposite side tagging was measured to be 2.2+ 0.5% [5].

The tagging performance of LHCb has been validated by the world’s best measurement of the
By — By oscillation frequency in the By — Dy channel, Amg = 17.63 +0.11 4 0.04 ps [5]. The
mixing asymmetry for By signal candidates as a function of proper time modulo 27t/Amy is shown
in Figure 8 (right).
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Figure 8: The left hand histogram shows the LHCb proper time distribution for the B; — J/y¢ decay. The
right hand histogram shows the mixing asymmetry for B, signal candidates as a function of proper time
modulo ﬁ, as measured by LHCb.
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2. Production of heavy flavours

Charm and bottom quarks are produced in copious amounts at hadron colliders, in particular at
the LHC, which is the world’s most intense source of charm and beauty hadrons. The measurement
of beauty and charm production cross setions at /s=7 TeV in the LHC detectors acceptance is of
direct importance in ascertaining the sensitivities for the fundamental parameters of heavy flavour
physics programme. Furthermore, knowledge of the double-differential cross sections as a function
of Pr and pseudo rapidity 1 has its own interest in order to test theoretical models. The LHCb
acceptance in the (1, P,) plane nicely complements that of ATLAS and CMS, which cover a central
region of |n| < 2.5 and rely on high P, lepton triggers.

The b production cross section has been measured by various methods [11, 12, 13, 14] such
as using samples tagged by a displaced J/y vertex (ATLAS, CMS, LHCb), semileptonic B de-
cays to final states containing muons (CMS), reconstructed D meson and muon (LHCb) and fully
reconstructed J/yX final states (CMS). All measurements are compatible and reasonably well de-
scribed by theoretical models. CMS recently reported the first measurement of BB angular correla-
tions [12]. Substantial enhancement of the cross section at small opening angles has been observed
as shown in Figure 9 (left).

Knowledge of the fractions of the different B species produced in pp collisions at the LHC is
required for various heavy flavour physics analyses. One important example is the determination
of the BR(B; — uu), which is very sensitive to NP, where knowledge of the relative proportions
of By and B™ mesons is required to normalise the B, results to the well known branching ratio
B" — J/wK*. LHCD has measured the fraction of By produced as compared to B, to be f;/f; =
0.25340.017%% +0.017%* £0.020""¢°" using hadronic and semileptonic B decays [13]. The LHCb
measurement agrees well with the values determined earlier at LEP and at the Tevatron. LHCb
also reported signals indicating significant B, production [15] which looks promising for future B,
studies.

The open charm production cross sections for D*, D, Dy mesons at the LHC have been mea-
sured by ALICE [1], ATLAS [16] and LHCb [17]. LHCb also reported the first evidence for a D°
production asymmetry. The charm cross-section has been found to be a factor ~ 20 higher than the
beauty cross section. In general data agree with theoretical predictions within large theoretical un-
certainties, as shown in Figure 9 (right) for the D" production cross section measured by ATLAS.

The total accuracy of the current heavy flavour production measurements is dominated by the
systematic error on the luminosity measurement and the track reconstruction efficiency. Thanks
to the recent progress in the luminosity estimate at the LHC (currently the luminosity is known
to ~ 3.5% accuracy) and a better understanding of the tracking algorithms one would expect a
substantial improvement of the experimental accuracy with the analysis of larger data samples
available now. This will provide an important testing ground for QCD calculation of both the
absolute value and shape of the differential cross-section.

The mechanism of direct onia production in hadron collisions, including a feed-down from
the decay of heavier prompt c¢ states, is still not well understood. Extensive studies of J/y,Y
and other quarkonia states have started by all LHC experiments in pp and heavy ion collisions.
Measurements from different experiments [18, 19, 20, 21] agree well and cover the whole range
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Figure 9: The left hand histogram shows the CMS measurement of the BB cross section relative to the
PYTHIA prediction as function of the azimuthal angle between two B hadrons. The right hand histogram
shows the ATLAS measurement of the D™ cross section as function of the DT pseudo rapidity.

of rapidity as shown in Figure 10 (left). Already now, assuming a certain quarkonia polarisation,
experimental data are more precise than theoretical predictions. Polarisation measurements, ex-
pected soon, will provide another powerful discriminant between models. LHCb also presented
the first observation of double J/y production [18] at the LHC. Figure 10 (right) shows the mea-
sured cross-section as function of the invariant mass of the J/y — J/y system. Larger samples are
needed to make a useful comparison with theoretical predictions [22].
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Figure 10: The left hand histogram shows the differential cross section as function of rapidity integrated
over P, as measured by CMS and LHCb. The right hand histogram shows the differential cross section for
J/y pairs as function of the invariant mass of the J/wJ/y system as measured by LHCb. The shaded area
corresponds to the prediction by the model described in [22].

3. Current sensitivity to NP effects and prospects for the next few years

3.1 Measurements sensitive to NP phases
New phases in box diagrams

The most promising way to search for new phases introduced by NP to box diagrams is in
the precision measurement of the By mixing phase ¢s. Within the SM this CP violating phase is
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predicted very accurately and expected to be very small: ¢5¥ = —2f;. Indirect determination gives
2Bs = (0.0363 £0.0017) rad [23]. Until now measurements reported by CDF and DO [24] have
had low sensitivity to this observable mainly because of the lack of statistics. LHCb has presented
new constraints on ¢ from a tagged time-dependent angular analysis of By — J/y¢ decays using
37 pb~! of integrated luminosity [6]. This LHCb measurement is less precise than the Tevatron
ones because of the very low amount of integrated luminosity delivered in 2010. There are clear
prospects to reach a sensitivity of ~ 0.1 rad with the 1 fb~! of integrated luminosity expected by
the end of 2011. The sensitivity can be further improved through inclusion of CP-eigenstate modes
such as By — J/y f(980).

Alternatively NP contributions to box diagrams can be searched for by making a consistency
test of the main Unitarity Triangle (UT). This test, well advanced by the BaBar and BELLE exper-
iments, requires the measurement of all UT elements meaning that the exercise is more involved
and less straightforward to interpret. Currently the precision of the UT elements is limited for two
non-trivial sides, on account of the uncertainties of the lattice QCD inputs, and by experimental
errors for the three angles.

Thanks to the B factories the angle B has been measured to a precision better than ~ 1°, f =
(21.440.8)° [25]. This average includes the recent world ’ s most precise BELLE measurement,
sin2f3 = 0.668 £0.023£0.013, in B decays to the J/ WK, J /WK, w(2S)K? and x.1K? final states.
The corresponding decay time asymmetries are shown in Figure 11. The BELLE measurement is
based on the analysis of the whole available data sample of 770x 10°BB pairs with improved track
finding algorithm.
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Figure 11: The plot shows decay time asymmetries for B;(B;) decays to the J/wKs, J /WK, y(2S)Ks and
X1 Ks final states, as measured by BELLE.

The accuracy of the other two angles, o and 7, is currently rather modest, in particular for 7,
where the limited statistics leads to a ~ 20° uncertainty [26].

Two of the five UT elements, the side opposite to the angle 8 and the angle ¥ can be extracted
from the measurement of reactions explicitly described by tree diagrams, which are insensitive
to NP. In contrast, the other two elements, the angle 3 and the side opposite to the angle 7y, can
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potentially receive virtual contributions from NP to box diagrams. Currently there are discrepancies
observed in some measurements of UT elements at the level of a few sigma [26]. Improving the
precision is important to clarify if these tensions are genuine indications of NP.

Due to the specific shape of the UT, with the angle ¢ being close to 90°, possible contributions
from NP are mainly constrained by the comparison of the angles with the opposite sides, namely
Vup| Vil - Ag of today both tests

. . |V(b| ’ ‘Vrs‘
suffer from rather limited accuracy.

B with the side proportional to or ¥ with the side proportional to

For the first pair of elements, the determination of the side is limited by ~ 10% accuracy
of the |V,;| extraction methods [27] while for the second pair the statistical error of the angle y
measurement is by far the limiting factor. Indeed, the CKMFitter prediction extracted from direct
measurements, Y = (711%%)0 [26], is significantly less accurate than the value arising from the
global SM constraint: y = (67.9i§:§)° [23]. This SM constraint is mainly based on the measure-
ment of the processes mediated by box diagrams, such as the angle 3, which gives the phase of the
B, oscillation, and the side opposite to the angle 7y, which is proportional to the ratio of the B; to
B; oscillation frequencies.

Two main strategies of the angle Y measurement involve the time-independent CPV analysis
of BY — DYK* and B® — DK*? decays and the time-dependent CPV measurement of By — DK+
decays. The current status of Y measurements using the former strategy at B-factories and CDF
has been summarised in [25, 28]. The accuracy of all the measurements is statistically dominated
reaching for the most sensitive GGSZ method a statistical precision of ~ 15°.

The time-dependent CPV analysis of By — D;K ™ decays is only applicable for experiments at
hadron colliders, in particular at LHCb, which has excellent prospects to improve the precision of
the time-independent measurements as well. LHCb observes clean signals in a variety of B — DX
final states [29] shown in Figure 12, with yields a factor of 25 to 40 higher than corresponding
yields in CDF normalised to 1 fb~!, depending on the B decay channel. The combined LHCb
sensitivity of the ¥ measurement in the 2011-2012 LHC physics run is estimated to be ~ 5°.
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Figure 12: The plot shows the LHCb invariant mass spectra for B¥ — D*(KTK~ )+, Bt — D (ntn~)n™
and BY — D°(xtK~)x*, as measured by LHCb.

New phases in penguin diagrams

Testing for the presence of NP phases in penguin diagrams with comparable precision to box
diagrams is more challenging. The most theoretically clean measurement requires a CPV time-
dependent analysis of gluonic penguins e.g. By — @@ where the SM predicts an extremely small
value of the CPV phase qb‘? ¢ [30]. Alternatively, a significant departure of sin2f3 K measured in

10
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B — ¢K; decays from the already accurate value of sin 2[31/ VK

would be a clear signal of a non-
zero NP phase as well. Both measurements require very large data samples and most probably will
have to wait for the LHCb upgrade and Super-B factories start-up.

CDF has attempted to search for the presence of NP in its sample of reconstructed By — ¢ ¢
decays (shown in Figure 13) using true CPV observables. These are experimentally accessible
through the asymmetry of the functions of helicity amplitudes proportional to the interference be-
tween CP-odd and CP-even amplitudes [31]: .7, for transverse-longitudinal mixture and .o7, for the
transverse-transverse term. Both signal asymmetries are found to be compatible with zero within
rather large uncertainties dominated by statistical errors, although the agreement for 7, shows
a tension that approaches 26 : o7, = (—0.7 £ 6.4 + 1.89")% and o, = (—12.0 £ 6.4 +
1.6”%)% [32]. The method established by CDF needs neither tagging nor time-dependent analysis
and offers an attractive opportunity to search for NP contribution to the penguin diagram with a
much reduced data sample compared to that required for a time-dependent analysis.
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Figure 13: The plot shows the invariant mass of the ¢ ¢ final state in the By region, as measured by CDF.

A contribution of NP to the penguin diagrams can also be probed through the combined mea-
surement of time-dependent CP asymmetries in B; — 777~ and By — K"K~ decays [33]. This
measurement is sensitive to the UT angle y under the assumption of invariance of the strong inter-
action dynamics under the exchange of d < s quarks (so called U-spin symmetry) in two decay
modes. A significant deviation from the value of y determined in the tree mediated topologies
would signal the presence of a NP phase in penguin loops. LHCb observes clean B, — 777~ and
Bs; — KK~ signals as shown in Figure 6 with yields a factor of ~7 exceeding those reported by
CDF per 1 fb~! and very little cross-feed background from other two-body B decays on account
of the hadron identification provided by the RICH system.

As a first step towards time-dependent CPV studies in the charmless two-body decays, LHCb
has looked for direct CPV in flavour specific final states using 37 pb~! of data accumulated in 2010.
Direct Acp asymmetries have been extensively studied by the B factories and Tevatron. While CPV
is well established in B — K* 7~ decays, < Acp >= —0.098"001%, the corresponding measure-
ment in B; — 77K~ by CDF, based on 1 fb~! is less accurate, Acp(B; — 77K ~) =0.39+0.15+
0.08. LHCb has reported preliminary measurements for both asymmetries [9], as illustrated in Fig-
ure 14, Acp(Bg — K™~ ) = —0.074+0.033+0.008 and Acp(B; — 77K~ ) =0.15+0.19 +0.02.
LHCDb has also demonstrated excellent prospects for the direct CPV observation in A, baryons [9].
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Figure 14: Top plots show the K™~ (left) and K~ ™ (right) invariant mass spectra in the B, ¢ region, as
measured by LHCb. Bottom plots show the 77K~ (left) and 7~ K (right) invariant mass spectra, magnified
in order to focus on the two By signal peaks.

3.2 CPV measurements in the charm sector

Thanks to the experimental evidence for non-zero D°D° mixing [34], charm physics has re-
ceived new attention as a powerful tool in searches for NP, in particular using CPV measurements
in D mixing. This necessitates a determination of the mixing parameters x and y with improved
precision since all CPV effects in mixing are governed by these parameters. Moreover, so far no
single measurement has established mixing at the 5¢ significance level. Mixing induced CPV
asymmetries are negligible in the SM but can be enhanced in many NP models. A search for di-
rect CPV in singly Cabibbo suppressed decays with significant contribution from gluonic penguin
diagrams is another intriguing possibility to identify NP effects [35]. However a contribution from
the SM accessible to experiments can not be totally excluded in this case.

CDF presented the world’s most precise measurement of the time-integrated CPV asymmetry
in the D* — 7~ and D° — K*K~ decays based on 6 fb~! of data [36]:

(D° — hth™) —T(D° — hth™)

Acp = _
LPTID = hth ) +T(D° = hth)’

where /1 stands for both 7 and K. The measured asymmetries, Acp(D? — 7t 7~) = (+0.22 +

0.2440.11)% and Acp(D° — K*K~) = (—0.2440.2240.10)% show no evidence for CPV, which

is consistent with the SM at this level of experimental sensitivity.

. . . (D' =K mt
LHCb has demonstrated its potential for the time-dependent measurement of ycp = W -
_ t(D’—K*K")—1t(D"—KTK") L . .
1 and Ar = =K K ) e(D—K7K")’ which is the most sensitive way to search for CPV in charm

mixing [37]. Using as a control channel the sample of Cabibbo favoured D® — K~ 7" decays the
lifetimes of D° — K~ 7" and D° — K7~ were combined in the observable

(D - K" )—1(D° — K xt)

AK?T — _
' 7D - K+a)+1(D0 - K-n-)’
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which is expected to be zero. The sensitivity obtained in this control measurement, and consistency
of the result with zero, provides confidence that the accuracy in ycp and particularly in Ar will be
significantly improved with 1 fb~! of data collected in 2011.

LHCb also has performed a search for direct CPV through the measurement of AAcp =
Acp(KYK™) —Acp(n* ™) [37] using for flavour tagging the D° mesons produced in D** — DOz *
decays. Mixing-induced CPV asymmetries, as well as production and tracking asymmetries, are
expected to cancel out in AAcp enabling a very clean measurement of direct CPV. Using 37 pb~!
of data LHCb has measured AAcp to be (—0.28 £0.70% +0.25")%. Again, a significant im-
provement in sensitivity is expected in 2011.

3.3 Search for NP in rare decays

Rare loop-induced B decays offer a set of experimental observables sensitive to the masses
and couplings of NP. The strongest constraints on supersymmetric Higgs bosons come not from
direct searches, but from limits on, and measurements of, the rates of suppressed heavy flavour
decays, such as By — uu~, b — syand B~ — 7 v. These observables will continue to have great
importance in the era of the LHC. The current experimental sensitivity is limited by the statistics
of the available data sample leaving enough room for sizable effects caused by NP contribution.

Assuming a generic coupling the inclusive measurement of BR(b — s7) indirectly constraints
the scale of NP masses to A > 103 TeV [38]. NP models with specific couplings can be effectively
tested using exclusive rare B decays. One of the most sensitive examples is given by the super-rare
By — utu~ decay. In the SM this helicity suppressed decay has a branching ratio of BR(B; —
putp—)=(3.2 :l:O 2) x 1077 . In the MSSM with an extended Higgs sector BR(By — utu™)
is proportional to * E and may s1gniﬁcantly exceed the SM prediction for large values of the tan 8
parameter.

The best current limit from CDF, BR(B; — utu~) < 4.3 x 1078 at 95% CL [40], is based
on the analysis of 3.7 fb~! of data and still is an order of magnitude higher than the SM predic-
tion. CDF estimated the sensitivity expected with the new improved analysis of the twice larger
data sample of 7 fb~!. Increased acceptance of the muon reconstruction along with better signal
efficiency and background prediction should allow to reach an upper limit of 2x 1078 at 95% CL.

RN LLAIRAL ' LHCh ' ]
LHCb proj. from 37 ph=! |
B, mass region 3 &= TTey

W o5% C.L. excl.
W90 % C.T. eseel.

B(BY— whp~) [10-]

lany prediction s r—" =

1 +——
nn 07 04 0 OB 10 17 14 18 1R Pd

Mint 00 (MeV/c?)

Integrated luminosity [fb—1 ]
Figure 15: The left hand plot shows the two dimensional distribution of the Geometrical Likelihood versus

the ™y~ invariant mass, as measured by LHCb. The right hand plot shows the LHCb exclusion limit for
BR(B; — 1" 1™) as a function of the integrated luminosity.
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LHCb reported a search for By — u+u~ decays with a data sample of 37 pb~! [10]. The
analysis has been performed in bins of the u*u~ invariant mass and a Geometrical Likelihood
GL, which combines information related to event topology and kinematics. The GL distribution
is flat for signal events and falls exponentially for background events. As seen in Figure 15 (left)
LHCDb observes no events in the signal region for the most sensitive GL bins leading to an upper
limit BR(B; — u* =) < 5.6 x 1078 at 95% CL. The LHCb prospects to exclude a By — u* ™
signal down to a certain branching ratio are shown in Figure 15 (right) as a function of accumulated
integrated luminosity.

;{; T T T 7
< 4 LHCb E
c>n Preliminary b
= 1 =7 TeV Data =
@ T T T T T T ] P L~ 38 pb' ]
< 15 ! ! S o Ny s, =23%6 3
F pd 4 COF - -~ s .
na i 1 2

F b 3 & S .
0.5F Lo 3 @ E
0§ i = L E
: Iy 2! E 5 - ST H LT L

050 | iy bt . 11 ANAI e

B R S S B T/ T R P T o 5200 5400 5600
2 4 6 8 10 12 14 16 18 20

o [GeVPic!) My, (MeV / ¢?)

Figure 16: The left hand plot summarises the measurements of the forward-backward asymmetry in
By — K*utu~ decays by BABAR, BELLE and CDF. The right hand histogram shows the signal for
By — K*utu~ decays, as measured by LHCb.

Several strategies have been proposed to search for NP effects in the processes mediated by ra-
diative and electroweak penguin diagrams through the measurement of the helicity structure of the
inherent amplitudes [42]. Owing to the V — A structure of the W-boson coupling, the photon pro-
duced in b — sy transitions is predominantly left-handed up to corrections of order ,’:17;, which arise
from a chirality flip. The decay B; — K*®u*u~ proceeds via a combination of the electroweak
penguin and box diagrams. The FCNC describing this b — s transition contains a right-handed
component that is well calculable in the SM but can be affected by NP contributions resulting in
modified angular distributions. As an example, the forward-backward asymmetry, A"8(g?> = mﬁ #),
is particularly sensitive to NP contributions at its zero-point, sg, since the dominant theoretical
uncertainty from hadronic form-factors cancels out at leading order.

First measurements of the forward-backward asymmetry, shown in Figure 16 (left), have been
made by the B-factories and CDF [41], with results providing an intriguing hint of a deviation from
the SM prediction. A clean signal for B; — K*u™u~ decay reconstructed at LHCb [10] with a
data sample of 36 pb~! is shown in Figure 16 (right). LHCb should be able to clarify the existing

AFB

situation and provide an accurate measurement of zero crossing point with the ~1 fb~! data

sample expected in 2011.

4. Conclusion

The impressive start-up of the LHC experiments certainly allows flavour physics to access a
new level of quality. The data sample of ~40 pb~! accumulated in 2010 by the LHC detectors was
sufficient to measure c-, b- and onia production cross sections and observe significant signal peaks

14



Outlook Andrey Golutvin

in a large fraction of the key decay modes of the flavour physics programme. The event yields
and detector resolutions are similar to those expected from simulation, showing that the trigger
and tracking are performing as expected. The background level is satisfactory in all cases. CDF
and DO nonetheless remain at the forefront of flavour physics by taking advantage of their fully
understood detectors and analysis techniques. The update of many Tevatron analyses with the full
available data sample is expected in the near future. New exciting results have been reported by the
B-factories in the sector of heavy flavour spectroscopy.

The current LHC plan foresees a two-year physics run at the centre-of-mass energy of ~7 TeV
in order to collect a data sample of ~5 fb~! data for ATLAS and CMS, and ~2 fb~! data for LHCb.
LHCDb will certainly reach a new level of sensitivity in the flavour physics "golden" measurements
of the By mixing phase and BR(B; — ™ 11™), as well as the angular analysis of the By — K*utu~
decays, opening exciting prospects for discoveries. ATLAS and CMS will provide competitive re-
sults for BR(B; — pu*u ™) taking advantage of their larger data samples. High class measurements
for the study of CP violation in the charm sector give another promising possibility to discover NP
effects.

In summary, high precision tests of the SM are guaranteed already in 2011-2012. This may
lead to either a discovery of NP effects or will put strong constraints on the NP models. Further
exploration of flavour physics in the more distant future requires the upgrade of the LHCb experi-
ment [43] at CERN and construction of the SuperKEKB [44] in Japan, and SuperB [45] in Italy.
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