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1. Introduction
LHCb is one of the four major experiments in preparation at the LHC, along
with the two big general-purpose detectors, ATLAS and CMS, and the heavy ion
experiment ALICE. While ATLAS and CMS do plan to do some B physics, they
are designed for high-pT physics such as the Higgs search; LHCb is a dedicated B
physics experiment, optimized for the detailed study of b-hadron production and
decay.
At the LHC, the environment will be rather severe: bunches of protons will
collide at a centre-of-mass energy of 14 TeV, at a rate of 40 MHz (corresponding to
a bunch spacing of 25 ns). The inelastic cross-section is expected to be about 80 mb,
and at the high luminosity that the LHC is designed to achieve, beyond 10 33 cm−2
s−1 , this will correspond to many pp collisions in each bunch crossing, as can be
seen in figure 1a. Since LHCb intends to identify b-hadron decays from the vertex
structure of the event, looking for tracks that are offset from the primary vertex,
this is simpler in bunch crossings with few pp collisions. We therefore choose to run
at a nominal luminosity of 2 × 1032 cm−2 s−1 , for which the events are dominated by
single interactions. This lower luminosity also reduces the radiation dose received
by the detectors. It is possible to maintain our preferred luminosity even while
ATLAS and CMS run with higher luminosity, by locally defocussing the beams at
the LHCb intersection; the lower luminosity should also be available right from the
start of LHC operation.
The production of b hadrons at the LHC will be mostly in the forward direction
(along the beam axis), as illustrated in figure 1b from the PYTHIA Monte Carlo [1].
This can be understood as the production of the b and b̄ quarks in a pp collision
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Figure 1. (a) Probability of a given number of inelastic pp collisions per
bunch crossing, as a function of the luminosity; the different curves are marked
with the number of collisions that they represent, and the nominal LHCb
luminosity is indicated by the dashed line. (b) Production angle of the b and
b̄ hadrons at the LHC; the region covered by LHCb is shaded.

Figure 2. Schematic view of a typical event in LHCb.

occurs via the interaction of a parton from within each of the protons, and the
partons have a wide distribution in the fraction of the proton momentum that
they carry. The bb̄ pair that is produced at rest in the centre-of-mass frame of the
two partons is then boosted along the beam direction by the difference in their
momentum. This leads to the strongly peaked forward or backward production
visible in the figure. Note that there are no corresponding peaks in the corners of
the plot that would correspond to the b hadron going forward and the b̄ hadron
going backwards, or vice versa. LHCb can therefore be designed as a single arm
spectrometer covering the forward region, while maintaining good acceptance for
both b and b̄ hadrons. This is important as the b (or b̄) hadron provides information
about the production state of the other b hadron, essential for CP-violation studies.
A b-hadron event in LHCb is schematically shown in figure 2. The b and b̄ hadrons
are produced at the primary vertex, which corresponds to the position of the pp
interaction. A number of other tracks are also produced in the interaction, and
can be used to locate the primary vertex position. The b̄ hadron is in this example
a B 0 , which flies some distance before decaying to π + π − . For CP studies it is
important to measure the proper time of the B decay, given by t = mL/pc; here L
is the decay length, on average about 1 cm in LHCb, m is the meson mass, which is
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Figure 3. Layout of the LHCb spectrometer, seen from the side.

well known, and p is its momentum, which can be determined from the momenta
of its decay products (since the decay is fully reconstructed): they typically have
1–100 GeV/c in LHCb. Tagging of the production state of the B meson, whether
it was a B or B̄, can be achieved using the decay products of the accompanying b
hadron, for example from the charge of a lepton or kaon from its decay.
2. The LHCb detector
The LHCb experiment is shown in figure 3 [2]. It is a forward spectrometer, covering the angular region from 10 to 300 mrad relative to the beam axis. The inner
acceptance is defined by the conical beam pipe, which is made of beryllium to minimize the fraction of a radiation length that is seen by particles that traverse it.
Around the interaction region there is a silicon vertex detector, made up of disks
of silicon perpendicular to the beam axis, with microstrips arranged in an r–φ geometry, as shown in figure 4a. The detectors are placed as close as possible to
the beam axis (∼ 8 mm) by mounting them in a Roman-pot-style vacuum system,
shown in figure 4b: the silicon disks are made into two halves so that they can be
retracted during beam injection. They provide an impact parameter resolution of
about 30 µm.
Following the vertex detector there is a tracking system based around a large
dipole magnet, with a trigger tracker station (TT) in front of the magnet and
three tracking stations (T1–3) behind it. The latter stations are constructed from
straw tubes, with silicon microstrip detectors covering the region close to the beam
pipe, while the TT station is fully made of silicon. The tracking system gives a
momentum resolution of ∆p/p ∼ 0.4% and a mass resolution of about 14 MeV/c 2
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(for Bs0 → Ds− K + decays). The magnetic field will be regularly reversed to reduce
experimental systematic uncertainties.
There are two RICH detectors for charged hadron identification, one before and
one after the tracking system. The cross-section of the first, RICH-1 is shown in
figure 5a, and combines two Cherenkov radiators (aerogel and C4 F10 gas) in the
same device. The second RICH, for the identification of high momentum particles,
uses a CF4 gas radiator; between them they provide better than three standard
deviation separation between pion and kaons for tracks with momenta of about 3
to 80 GeV/c. This is achieved despite the busy environment that is expected, as
illustrated in figure 5b, where the tracks are shown in a typical event from the
full GEANT simulation of the detector [2]. The high track multiplicity leads to
overlapping of ring images on the RICH detector planes, as illustrated in figure 5c,
but pattern recognition techniques have been developed to handle this problem.
The photon detector for the RICH system was recently selected to be the HPD, a
newly developed detector that packs over a thousand pixels, each sensitive to single
photons, into a tube of 8 cm diameter [3]. The importance of particle identification
for LHCb is illustrated in figure 6, which shows the two-body invariant mass plot
before and after using the RICH information; the Bs0 → K + K − decays that are
being searched for in this example are much more cleanly identified when the RICH
is used.
Following RICH-2 in the LHCb spectrometer there is a calorimeter system, composed of electromagnetic and hadronic parts, which serves to identify electrons,
hadrons and neutrals, and is important in the first level of the trigger. Finally
there is a muon detector system, using five stations of MWPC detectors interleaved
with an iron filter. A three-dimensional layout of the spectrometer is shown in
figure 7, along with the current status in the experiment’s pit, where the dipole
magnet is being assembled. The subdetectors are also under construction, and the
experiment will be ready for first LHC beam in 2007.
The trigger of the experiment has to be selective, as the bb̄ cross-section is less
than one per cent of the total cross-section, and the b decays of interest typically

Figure 4. (a) Layout of the silicon wafers in the vertex detector; (b) vacuum
vessel with mechanism to retract the silicon from the beam.
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Figure 5. (a) Schematic layout of the RICH-1 detector; (b) typical event
in LHCb using the full GEANT simulation; (c) reconstructed ring images on
one of the RICH-1 photon detector planes.

Figure 6. Illustration of the particle identification performance: the K + K −
mass plot (a) without, and (b) with the use of the RICH detectors; contributions from the various two-body b-hadron decays are indicated.

have branching ratios of 10−4 or less. A multi-level trigger is used, based on the
selection of high transverse momentum (pT ) electrons, muons and hadrons at the
first level (using the calorimeter and muons systems) to bring the rate down to
1 MHz. The second level of the trigger studies the vertex structure of the event,
looking for tracks with large impact parameter and high pT , using the data from
the vertex detector and TT station. Finally the high level trigger has access to the
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Figure 7. (a) Three-dimensional drawing of the LHCb spectrometer, (b) the
current status in the experiment’s pit, showing the magnet under construction.

Figure 8. Trigger performance: (a) the trigger rate and (b) efficiency for
some selected channels, relative to the off-line selection, as a function of the
trigger level.

complete data from the event, to perform on-line selection of decays of interest,
reducing the output rate to about 200 Hz for writing to mass storage. As shown
in figure 8, this is achieved while maintaining efficiencies for signal decays in the
range 30–60% [4].
Compared to the B factories that are currently taking data, LHCb will have the
advantage of an enormous production rate, corresponding to about 10 12 bb̄ pairs
produced per year. After triggering and selection, this will lead to much higher
statistics in channels of interest than at the B factories. On the other hand, there
will be more background from non-b events, which makes the trigger a challenge,
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and due to the higher energy there are more tracks from the primary vertex which
makes tagging the events more difficult. We expect about 2,40,000 reconstructed
B 0 → J/ψ KS events per year, compared to the current B-factory samples of about
2000 events. The resulting precision on the CP asymmetry sin 2β will be about 0.02
from one year of LHCb, similar to the expected world average precision in 2007.
A second example is the decay B 0 → π + π − , for which we expect about 26,000
reconstructed events per year, compared to the 1000 or so that the B factories will
accumulate by 2007.
In addition, at LHCb all b-hadron species will be produced: B 0 , B + , Bs0 , Bc+ ,
Λb and other b baryons. I will therefore now concentrate on the physics of the
Bs0 meson, which is not studied by the B factories. The only competition before
the LHC is from the CDF and D0 experiments running at the Tevatron, but they
have lower statistics and poorer particle identification than LHCb. ATLAS and
CMS will concentrate mainly on lepton triggers, and will also have poor hadron
identification. The only direct competition to LHCb for most channels will come
from BTeV, an experiment with a similar layout and performance, which is planned
to run at the Tevatron from 2009 onwards.
3. Bs0 –B̄s0 oscillation
A neutral meson with flavour eigenstates B 0 (b̄q) and B̄ 0 (bq̄) has CP eigenstates
√
B1 = (B 0 + B̄ 0 )/ 2, CP(B1 ) = +B1
√
B2 = (B 0 − B̄ 0 )/ 2, CP(B2 ) = −B2 .
(1)
Neglecting CP violation, the mass eigenstates are equal to the CP eigenstates, and
the time development of the system is determined by the Schrödinger equation [5]
µ 0¶ µ
¶µ 0 ¶
d
i
B
B
i
=
M
−
Γ
.
(2)
B̄ 0
dt B̄ 0
2
This leads an initially pure B 0 state to decay as a B 0 or B̄ 0 at time t with probability
µ
¶
e−Γt e−∆Γt/2 + e+∆Γt/2
P(t) =
± cos ∆m t ,
(3)
2
2
where ∆m is the mass difference between B1 and B2 , and ∆Γ is their width difference. Hence one sees oscillatory behaviour, with frequency given by ∆m. This
probability is illustrated in figure 9a for ∆m = 10 ps−1 and no width difference
(shaded) or ∆Γ = 1 ps−1 (dashed).
In the standard model, such oscillation occurs via the ‘box’ diagram, such as that
shown in figure 9b. This process can be calculated, and gives a prediction for the
mass difference in the B 0 system, ∆md ∝ fB2 d BBd |Vtd |2 . This oscillation frequency
has been very precisely measured, ∆md = 0.502 ± 0.007 ps−1 [6]. Expressed as a
mass difference, this corresponds to 3.3 × 10−4 eV/c2 , i.e. a tiny value compared
to the B mass of about 5 GeV/c2 . Despite the precision of the measurement, the
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Figure 9. (a) Probability that a particle produced as B 0 decays as a B̄ 0 as
a function of proper time, illustrated for ∆m = 10 ps−1 . (b) Diagram of one
of the processes by which B 0 –B̄ 0 oscillation can occur in the standard model.

Figure 10. (a) Amplitude of oscillation as a function of test frequency, for
the world combination of Bs0 –B̄s0 oscillation measurements; the current limit
is indicated by the dashed line. (b) Simulated oscillation signal in LHCb,
including the effects of acceptance, resolution and mistagging, for two values
of ∆ms .

extraction of the CKM matrix element Vtd is limited by knowledge of the hadronic
terms fB2 d BBd that enter the expression for ∆md .
If the oscillation frequency could also be measured for Bs0 , then some of this
uncertainty would cancel in the ratio
∆ms
mBs |Vts |2 2
=
ξ ,
(4)
∆md
mBd |Vtd |2
p
p
where ξ = fBs BBs /fBd BBd is a term that quantifies SU (3) breaking, and has
a value of 1.15 ± 0.05+0.12
−0.00 from lattice QCD [7]. Feeding the latest numbers into
eq. (4) gives a value of about 30 for the ratio of the Bs0 and B 0 oscillation frequencies,
indicating that the Bs0 oscillation frequency is very fast. Despite heroic effort at
LEP and SLD, ∆ms has not yet been measured, and the status of the search is
1142
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illustrated in figure 10a. This shows the ‘amplitude’ plot for a combination of all
results, where a fit for Bs0 –B̄s0 oscillations has been made at each test frequency in
turn, keeping the amplitude of the oscillation as a free parameter. In the absence of
oscillations the amplitude should be compatible with zero, whereas a signal would
show up as a value of one. The combined plot shows an interesting feature at
∆ms ∼ 18 ps−1 , which may be the first indication of a signal, but which has a
significance of only about two standard deviations. The lower limit that can be set
is ∆ms > 14.4 ps−1 at 95% confidence level [6].
Concerning the possible width difference ∆Γ, for the B 0 system it is expected to
be very small, ∆Γ/Γ < 1%, but it could be as high as ∼ 10% for Bs0 . The latest
limit is ∆Γs /Γs < 0.29 at 95% confidence level [6].
If the experiments at the Tevatron which are currently taking data do not get
there first, then LHCb should certainly measure Bs0 –B̄s0 oscillations. The best
channel for LHCb to use is Bs0 → Ds− π + , for which we expect about 80,000 reconstructed signal events per year, with a signal-to-background ratio of about 3. Since
the decay will be fully reconstructed it has excellent momentum resolution, and
the decay length resolution is about 200 µm, leading to a resolution on the proper
time of the Bs0 decay of about 40 fs. The tagging of the production state of Bs0
is achieved with an efficiency of about 55% with a mistag rate of about 30% [2],
and with these performance figures the expected signal is shown in figure 10b for
two values of ∆ms , showing the clear oscillations. A measurement of the frequency
with five standard deviation significance can be made in one year for values of ∆m s
up to 68 ps−1 , far beyond the standard model expectation. Once an oscillation
signal has been seen, its frequency will be precisely measured, with a resolution
σ(∆ms ) ∼ 0.01 ps−1 .
4. CP violation
At the level of precision that will be probed by LHCb, there are two unitarity
relations of the CKM matrix that are of interest, as shown in figure 11. The first
(a) gives the familiar unitarity triangle, which defines the CP angles β (which has
now been measured by the B factories), γ and α = π − β − γ. The second relation
(b) is relevant for the Bs0 system, and differs at the per cent level. The phase of
Vts , labelled χ, is expected to be small in the standard model, ∼0.02.
A possible situation for the status of the unitarity triangle when LHCb starts to
take data in 2007 is shown in figure 12. Constraints on the apex of the triangle are
shown from determinations of |Vub |, ∆md and the CP asymmetry of B 0 → J/ψ KS ,
which may all be in perfect agreement. The key measurement that LHCb can add
is the measurement of the angle γ, which will test the consistency of the triangle.
First let us consider the channel Bs0 → J/ψ φ. This is the Bs0 counterpart of the
golden mode B 0 → J/ψ KS , with diagram shown in figure 13a. Its CP asymmetry
arises from the interference of the direct decay Bs0 → J/ψ φ and the decay via
mixing, Bs0 → B̄s0 → J/ψ φ, and therefore measures the phase of Bs0 –B̄s0 oscillations.
In the standard model the expected asymmetry is proportional to sin 2χ ∼ 0.04,
i.e. very small, and this is therefore a sensitive probe for new physics which could
give rise to a larger asymmetry.
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Figure 11. Two unitarity relations of the CKM matrix, relevant to LHCb.

Figure 12. Possible status of the unitarity triangle, at the time when LHCb
starts taking data: different constraints on the apex of the triangle are shown
as shaded bands.

Figure 13. (a) Diagram for the decay Bs0 → J/ψ φ; (b) definition of the
transversity angle θtr , the angle between planes defined by the J/ψ and φ
decay products.

In LHCb the decay is reconstructed with J/ψ → µ+ µ− or e+ e− , and φ → K + K − ,
and we expect to reconstruct about 1,20,000 signal events per year. The decay is
to two vector particles and will therefore be an admixture of CP-even and CP-odd
contributions, so an angular analysis of the decay products is required to separate
the different contributions. This is achieved using the transversity angle, illustrated
in figure 13b. The likelihood in the fit is then the sum of CP-odd and CP-even
terms with fractions Rodd and (1 − Rodd ) respectively
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Figure 14. Diagrams for the decay Bs0 → Ds± K ∓ : (a) Bs0 → Ds− K + ,
(b) Bs0 → Ds+ K − .

(1 + cos2 θtr )
.
2
One can then simultaneously fit sin 2χ, Rodd and ∆Γs /Γs . In one year of data,
we expect to achieve a precision of 0.06 on sin 2χ, and 0.02 on ∆Γ s /Γs , from this
channel alone.
For the measurement of γ, one of the cleanest channels is Bs0 → Ds± K ∓ , where the
CP asymmetry arises from the interference of two tree diagrams shown in figure 14,
via Bs0 mixing. The CP asymmetry measures γ − 2χ, where the contribution of γ
is from the phase of Vub , brought in by the b → u decay (b). The value of χ will
be determined using Bs0 → J/ψ φ decays as discussed above, so this channel allows
γ to be extracted, with little theoretical uncertainty. Reconstructing the D s− from
its decay to the K − K + π − final state, we expect to reconstruct 5400 signal events
per year.
The decay Bs0 → Ds− π + provides a background to this channel, since its branching
ratio is about a factor 12 higher. It is suppressed using the particle identification
capability of LHCb, by cutting on the difference in log-likelihood between the K
and π hypotheses in the RICH, as illustrated in figure 15a. The resulting mass
plot is shown in figure 15b, with a clean peak for the Bs0 → Ds± K ∓ decay, and a
remaining contamination from Ds− π + which is only at the 10% level. The Ds− π +
decays are not expected to have any CP asymmetry, and can therefore be used as
a control channel for this analysis, to measure the performance of the tagging, or
to investigate any possible production asymmetry between Bs0 and B̄s0 .
One needs to allow for a possible strong phase difference δ between the two
diagrams of figure 14. However, two time-dependent asymmetries are extracted,
from the Ds+ K − and Ds− K + decays, and their phases are δ−(γ−2χ) and δ+(γ−2χ)
respectively, so one can extract both δ and γ − 2χ. This is illustrated in figure 16,
where the two asymmetries are plotted for five years of simulated LHCb data. A
precision of σ(γ) ∼ 14◦ can be achieved in one year from this channel.
Another set of channels of interest for the study of γ is the two-body decays
B 0 → π + π − and Bs0 → K + K − . B 0 → π + π − was originally proposed for the
measurement of the angle α, but the clean extraction of α is compromised by
the influence of penguin diagrams that contribute to the decay, as illustrated in
figure 17. However, by comparing the corresponding Bs0 decay one can devise
additional constraints, and extract γ. Since the decays involve loops (in the penguin
diagrams) this measurement of γ is sensitive to new physics that might appear in
the loops. This is in contrast to the previous approach using Bs0 → Ds± K ∓ , and
so comparison of the values extracted will allow us to pinpoint any new physics
contribution.
L(t) = Rodd Lodd (t) (1 − cos2 θtr ) + (1 − Rodd ) Leven (t)
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Figure 15. Selection of Bs0 → Ds± K ∓ decays: (a) difference in log-likelihood
between the K and π hypotheses for the particle accompanying the Ds± ; (b)
invariant mass plot, with the selection window for the signal indicated.

Figure 16. Time-dependent CP asymmetry for (a) Ds− K + and (b) Ds+ K −
decays, for five years of simulated LHCb data, with ∆ms = 20 ps−1 .

For B 0 → π + π − and Bs0 → K + K − we measure the time-dependent CP asymmetries
ACP (t) = Adir cos(∆m t) + Amix sin(∆mt),
and can thus extract four asymmetry components
Adir (B 0 → π + π − ) = f1 (d, θ, γ),
Amix (B 0 → π + π − ) = f2 (d, θ, γ, β),
Adir (Bs0 → K + K − ) = f3 (d0 , θ0 , γ),
1146
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Figure 17. Diagrams for the B 0 → π + π − decay: (a) tree diagram (b) penguin diagram.

Amix (Bs0 → K + K − ) = f4 (d0 , θ0 , γ, χ).

(6)

Here fi are calculable functional dependencies, with parameters that describe the
ratio of penguin-to-tree amplitudes in the decay, along with the weak phases that we
wish to extract (γ, β and χ). The ratio of penguin-to-tree amplitudes is expressed
0
as deiθ for the B 0 → π + π − decay, and d0 eiθ for the Bs0 → K + K − decay. With the
assumption of U -spin flavour symmetry (under the interchange of d and s quarks),
one can set d = d0 and θ = θ 0 [8]. Taking β and χ from other channels studied by
LHCb, we are left with four measurements and three unknowns, and can therefore
solve for γ. The extra constraint can also be used to test the U -spin symmetry
hypothesis.
The result of a fit to simulated data is shown in figure 18a, where the preferred
regions for d versus γ are indicated as bands at 95% confidence level, for the two
decays separately. The result of the combined fit is indicated by the ellipses, that
cover 68% and 95% CL regions (for an input value of γ = 65◦ ). The projections
onto the d and γ axes are shown in (b) and (c), and indicate a ‘fake’ solution for
gamma at around 170◦ , but this solution disappears with more data. We expect to
reconstruct around 37,000 Bs0 → K + K − decays per year in LHCb, which will give
a precision of σ(γ) ∼ 5◦ in one year.
5. Rare decays
With its enormous production rate of b hadrons, LHCb is also well suited to the
study of rare decays. One important example is the decay Bs0 → µ+ µ− , a flavourchanging neutral current that is strongly suppressed in the standard model. It can
occur via the box diagram shown in figure 19a, but with a predicted branching
ratio that is as low as ∼ 4 × 10−9 . Contributions from new physics could increase
this branching ratio significantly, so it provides an excellent place to search for such
contributions. For example, within SUSY the branching ratio can be enhanced by
two orders of magnitude, for high values of the parameter tan β [9].
In LHCb we expect to reconstruct about 16 signal events per year, even if the
branching ratio has the standard model value. With a background of about 40
events per year (mostly from events in which both b and b̄ hadrons decay to give a
muon) this would lead to a signal with about four standard deviation significance
after three years of data taking. Here ATLAS and CMS are competitive, due to
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0
Figure 18. Fit to CP asymmetry in B(s)
→ h+ h− decays: (a) fit parameter
d versus γ, where the 95% CL regions from B 0 → π + π − and Bs0 → K + K −
decays are shown in red (dark) and blue (light shading) respectively, and the
ellipses show the combined 68% and 95% CL regions; the probability density
functions from the fit are shown in (b) for γ and (c) for d.

their higher luminosity; but LHCb will also study many other rare decays, including
B 0 → K ∗ γ, K ∗ µ+ µ− , etc.
Another important class of channels is the b → s penguin decays. One of the most
interesting results to have come from the B factories is for the decay B 0 → φ KS ,
which proceeds via the diagram shown in figure 19b. In the standard model it
is expected to have the same CP asymmetry as for B 0 → J/ψ KS , i.e. sin 2β, to
within a theoretical uncertainty of about 10%. This asymmetry has been measured
precisely by now, with a value of 0.736 ± 0.049 [6]. The asymmetry measured for
B 0 → φKS is 0.47 ± 0.43 ± 0.07 from BaBar [10], which is consistent with the
standard model expectation; but −0.96 ± 0.50+0.09
−0.11 from Belle [11], appears to be
inconsistent with the standard model.
LHCb expects to reconstruct about 1000 B 0 → φ KS events per year, and hence
should be able to clarify this situation. But in addition, if new physics is indeed
showing up in this channel, it is important to examine other b → s penguin decays,
such as Bs0 → φφ, K + K − and φγ. LHCb will also reconstruct large samples of
these modes.
6. Conclusions
The LHCb experiment is dedicated to the study of B physics, with a devoted
trigger, excellent vertex and momentum resolution, and particle identification.
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Figure 19. Diagrams for the decays: (a) Bs0 → µ+ µ− and (b) B 0 → φ KS .

Figure 20. (a) Possible situation for the unitarity triangle after one year of
LHCb data taking, showing a measured value of γ that is inconsistent with the
other constraints on the triangle within the standard model (see figure 12);
and (b) how new physics in B 0 –B̄ 0 mixing could give rise to this situation.

Construction of the detector is progressing well, and it will be ready for first LHC
beam in 2007.
LHCb will give unprecedented statistics for B decays, including access to the
Bs0 meson, unavailable to the B factories. If Bs0 –B̄s0 oscillations have not been
discovered before LHCb starts taking data, then they will be found quickly unless
the frequency is far beyond the standard model expectation: a significance greater
than five standard deviations will be achieved for ∆ms up to 68 ps−1 , in one year
of running. Once oscillations are discovered, the frequency will be measured very
precisely, with an uncertainty on ∆ms of ∼ 0.01 ps−1 .
Many measurements of CP asymmetries and rare decays will be performed, some
of which have been discussed here. In one year, the expected precision on the
CP angle β and its counterpart in the Bs0 system, χ, are σ(sin 2β) ∼ 0.02 and
σ(sin 2χ) ∼ 0.06. The CP angle γ will be determined using various techniques,
with differing sensitivity to new physics. A precision of σ(γ) ≤ 10◦ will be achieved
in one year. I hope that the situation after the first year of LHCb data taking will
look something like figure 20, where the value of γ measured by LHCb is inconsistent
with the value expected within the standard model, allowing us to investigate the
contribution of new physics.
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