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This note presents an update of the B 0 → J/ψ(µµ)K 0 S (π + π -) analysis in order to obtain the LHCb sensitivity to sin(2β). We present two selection criteria, one considering only lifetime unbiased cuts and another which includes lifetime biased cuts to reduce further the background contamination. For an integrated luminosity of 2 fb -1 and after L0 trigger, we estimate a yield of 193k events for the B 0 → J/ψ(µµ)K 0 S channel with the lifetime unbiased selection criteria, with a total background to signal ratio of 3.43. For the lifetime biased selection, the signal yield is 208k events and the background to signal ratio is to 0.63. The statistical sensitivity on sin(2β) is found to be 0.023 and 0.020 for the unbiased and biased selections, respectively.

Introduction

.

Safely neglecting the contribution coming from the penguin topology with internal u quark, we see that no direct CP violation is expected for this decay mode in the Standard Model (SM), A dir CP = 0. Consequently the time-dependent CP asymmetry is due entirely to mixing-induced CP-violation contributions, A mix CP . Considering also that ∆Γ ≈ 0 for the B 0 system, this asymmetry is predicted to be described by a simple expression [START_REF] Bigi | CP Violation[END_REF][START_REF] Ball | [END_REF]:

A J/ψK 0 S ≡ Γ(B d (t) → J/ψK 0 S ) -Γ(B d (t) → J/ψK 0 S ) Γ(B d (t) → J/ψK 0 S ) + Γ(B d (t) → J/ψK 0 S ) = sin(∆m B d t)A mix CP , (1) 
where ∆m

B d = m B 0 H -m B 0
L is the mass difference of the two B 0 mass eigenstates and A mix CP = sin(2β) in the SM. This decay mode is also experimentally clean, with relatively low background. Currently, the sensitivity reached by the B-factories are at the level of 4% (see the latest results from Babar [START_REF] Albert | [END_REF] and Belle [4]). The current world-averaged result [START_REF]Heavy Flavor Averaging Group, Unitarity Triangle Working Group, Latest Update[END_REF] is sin(2β) = 0.673 ± 0.023 .

(

A mandatory step in extracting sin(2β) is to tag the initial B 0 flavour. A careful study of the tagging efficiency, ε tag , and the wrong tag fraction (mistag), ω, is necessary since the measured asymmetry is diluted due to the mistag:

A meas J/ψK 0 S = (1 -2ω) sin(∆m B d t) sin(2β) . (3) 
The extraction of ω is obtained through a control channel -a decay to a self-tagged flavour-specific final state. The natural control channel for B 0 → J/ψK 0 S is B 0 → J/ψK * 0 , with K * 0 → K + π -, where the charge of the kaon indicates the flavour of the B 0 at the decay time.

In this note, we present an update of the study of the B 0 → J/ψ(µµ)K 0 S decay mode aiming to determine the LHCb sensitivity to sin(2β). We describe reconstruction and selection in Section 2. In Section 3 we present event yields and background estimations. In Section 4 we discuss the B 0 tagging performance for B 0 → J/ψ(µµ)K 0 S . In Section 5, we present the result for the LHCb sensitivity to sin(2β) for an integrated luminosity of 2 fb -1 . Finally, summary and conclusions are presented in Section 6.

Reconstruction and selection

All the sensitivities studies in LHCb are performed by analyzing a large sample of simulated minimum-bias proton-proton interactions at √ s = 14 TeV, including pile-up, generated using PYTHIA [6]. The generated particles are tracked through the detector material and surrounding environment using GEANT 4 [7] where the geometry and material of the LHCb detector is described, using the Gauss 1 LHCb package. The present study uses the so-called Data Challenge 2006 (DC06) data, and the LHCb standard digitization, reconstruction and analysis software, respectively Boole, Brunel and DaVinci2 . The specific channels are obtained by filtering the minimum bias data-set requiring that the final products of the b-meson lie within the LHCb detector acceptance. The samples used in this analysis are B 0 → J/ψ(µµ)K 0 S , which is the signal channel used to infer the sensitivity to sin(2β), inclusive bb events (accepted within a 400mrad cone), samples of inclusive X b → J/ψ(µµ)X (with X b = B 0 , B + , B 0 s , Λ b ), events containing a prompt J/ψ(µµ) as well as minimum bias events to study the background contamination.

For the J/ψ reconstruction only "long" tracks are used, i.e. tracks that cross the full tracking system, whereas for the K 0 S selection, due to the long lifetime, "downstream" tracks are also considered. These are tracks which leave hits in the TT and the tracking stations only, i.e. none in the VELO. For details on the LHCb tracking reconstruction and performance see [START_REF] Nobrega | Reoptimized LHCb Detector, Design and Performance[END_REF].

The particle identification in LHCb is also described in detail in [START_REF] Nobrega | Reoptimized LHCb Detector, Design and Performance[END_REF]. Basically each detector provides a likelihood for a particle hypothesis and, for each track, the difference in log-likelihood between two hypothesis a and b (∆ ln L ab ) is determined.

The selection criteria have been chosen in order to maximize the signal yield keeping the background to a reasonable level. Here we present two sets of selection criteria, according to the use -or not -of cuts that affect the proper time distribution. What we call lifetime unbiased selection has higher B/S, but mainly from prompt J/ψ, thus with low proper-time. The lifetime biased selection has very low total B/S but needs an acceptance correction, which in general needs to be extracted from simulated events.

2.1 J/ψ → µ + µ -Selection Good candidates for J/ψ → µ + µ -were selected requiring a minimum transverse momentum of both muons, good muon tracks and reconstructed J/ψ vertex. Besides, a J/ψ mass window cut is applied; events are required to be within 3σ of the nominal J/ψ mass. In Table 1 the selection cuts for J/ψ → µ + µ -are displayed. Further cuts which differ for B 0 → J/ψ(µµ)K 0 S lifetime unbiased and biased selection are discussed later.

K

0 S → π + π -Selection
The K 0 S → π + π -decays are reconstructed according to two categories, depending on the types of tracks: LL category, with two long tracks and DD category, with two downstream tracks to take into account the long lived K 0 S mesons which are about 2/3 of the selected

Variable Cut Value p T (µ 1 , µ 2 ) [ GeV/c ] > 0.5 χ 2 /ndof µ tracks < 5.0 χ 2 /ndof(J/ψ) < 6.0 ∆M (J/ψ) [ MeV/c 2 ] < 41.1 Table 1: Cuts applied to select J/ψ → µ + µ -candidates.
sample. Each pair of oppositely-charged pions is fitted to a common vertex. Good K 0 S candidates are selected following the criteria shown in Table 2, which are based on pion quality, K 0 S vertex quality and K 0 S mass window cuts (3σ around the nominal mass). Also, given the long life of K 0 S , a cut on impact parameter significance IP/σ of the pions with respect to the primary vertex (PV) is also applied. At this point, an efficiency of 9.08% is achieved with respect to generated and reconstructed events.

Variable Cut Value -DD Cut Value -LL p(π 1 , π 2 ) [ GeV/c ] > 2.0 2.0 χ 2 /ndof π tracks < 20.0 10.0 χ 2 /ndof(K 0 S ) < 20.0 10.0 IP/σ (π -P V ) > 2.0 3.0 ∆M (K 0 S ) [ MeV/c 2 ] < 29.7 12.3 Table 2: Cuts applied to select K 0 S → π + π -candidates. 2.3 B 0 → J/ψ(µµ)K 0 S Selection
In order to select the B 0 → J/ψ(µµ)K 0 S candidates, the same discriminant variables are used for the two K 0 S categories, but the values of the cuts differ between the two and are shown in Table 3, and discussed below. Two sets of cuts are proposed: the first, using variables that should not introduce any bias to the lifetime distribution and the second, which uses the more effective cuts to reduce the background.

In Table 3, IPCHI2 is the impact parameter χ 2 of the B 0 candidate with respect the primary vertex (PV), χ 2 /ndof(B) measures the quality of the B 0 vertex, DIRA is the cosine of the angle between momentum of the B 0 and the direction of flight from the best PV to the decay vertex, and FDPV is the flight distance of the B 0 with respect to the PV. A J/ψK 0 S mass cut of 60 MeV/c 2 around B 0 mass is also applied These selection criteria are the result of an optimization for which the purpose was to achieve a very low minimum bias acceptance rate and also to minimize the bb inclusive retention, while keeping a good total signal efficiency.

When running these selections on 5.17M minimum bias L0 stripped events, no event is selected in a ±300 MeV/c 2 mass region, corresponding to a rate smaller than 0.42 Hz ( 90% CL) at nominal luminosity (2 × 10 32 cm -2 s -1 ). 4: Number of L0 triggered and selected events of B 0 → J/ψ(µµ)K 0 S for the lifetime unbiased and biased selections, from a total of 1316142 generated events within the geometrical acceptance.

Unbiased

Biased Variable DD LL DD LL DLL(µ -π) for µ > -5 -5 -5 -5 DLL(K -π) for µ < 2 2 - - p T (J/ψ) [ GeV/c ] > 1.0 1.0 - - p T (K S ) [ GeV/c ] > 1.0 1.0 - - IPCHI2 (B-PV) < 25.0 25.0 25.0 25.0 (z K 0 S -z J/ψ )/σ z > 0.0 0.0 - 10.0 χ 2 /
2.4 B 0 → J/ψ(µµ)K 0 S Selected Sample

In Table 4 we show, for both lifetime unbiased and biased selections, the number of selected events for LL and DD K 0 S categories separetely and the number of total selected events, all after L0 trigger, which has an efficiency of 94%. The total efficiency is ε tot = ε geom ×ε sel/gen where sel is the number of selected events (including L0 trigger), gen is the corresponding number of generated events (gen = 1316142) and ε geom is the geometric acceptance of the event generation. These efficiencies are displayed in Table 5.

The B 0 mass distribution is fitted to a double Gaussian, as shown in Figure 2. It has core and tail resolutions of 13.6 MeV/c 2 and 22.2 MeV/c 2 , respectively, with 54% of the events falling into the core. A 2 MeV/c 2 bias in the B 0 mass with respect to the generated value (5279 MeV) is due to photon production not taken into account in the reconstruction. The proper time distribution is shown in Figure 3 exponential fit gives τ B = 1.526 ± 0.005 ps. Fitting separetely for DD and LL K 0 S types, the values change to τ B (DD) = 1.536 ± 0.007 ps and τ B (LL) = 1.48 ± 0.01 ps. For the unbiased selection we find no appreciable dependence of the proper time distribution on the cuts. The proper time resolution is given in Figure 4; it has core and tail resolutions of 35 ps and 77 ps, respectively, with 75% of the events falling into the core. For the lifetime biased selection, we have to take into account the proper time acceptance function, obtained by the ratio between the proper time distribution after full selection and the one we obtain after reconstruction, with very loose cuts which presents no lifetime bias effect. In Figure 5 we show this distribution. It is fitted to the empirical function acc

(t) = b(1 -e at ), (4) 
where b reflects an arbitrary scale and a gives the slope of the acceptance function and it is found to be a = -5.94 ± 0.07 ps Table 6: Number of L0 triggered and selected events of inclusive bb for the lifetime unbiased and biased selections, from the 25.23M generated events within the geometrical acceptance.

bb inclusive sample

One of the background sources analysed is a set of 25.23M events of inclusive bb sample.

To increase the statistical power of this sample, a 300 MeV/c 2 window around the nominal B 0 mass is used to estimate the background. Assuming that this combinatoric background follows a uniform distribution throughout this wider window we can estimate the number of events in the narrower 60 MeV/c 2 window.

Even with this procedure, the number of events is very low after the final B 0 cuts, as we shall see later, so for the purpose of extracting the lifetime parameter out of this sample, we applied only the J/ψ and K 0 S selection criteria. Since the prompt J/ψ will be considered separately, we have discarded from this sample the events where the J/ψ comes from the primary vertex.

The proper time distribution of this sample is shown in Fig. 6 and a double exponential is fitted to it. The fit parameters obtained are τ 1 = 1.50 ± 0.12 ps and τ 2 = 0.07 ± 0.02 ps for the long and short lifetime respectively, with 80% of the events falling into the long lifetime component. The large peak at very short lifetime was investigated and found to be mainly due to ghosts (particles with no MC true particle associated to it) and the rest are events where one of the final state particles come from the primary vertex.

The mass distribution is shown in Fig. 7, also fitted to an exponential. After the full B 0 → J/ψ(µµ)K 0 S selection criteria described previously, we obtain the results shown in Table 6. 

Sample

Selection

ε sel/gen ε geom ε tot inclusive bb Unbiased (9.5 ± 1.9) × 10 -7 0.437 ± 0.001 (4.16 ± 0.85) × 10 -7 Biased (8.3 ± 1.8) × 10 -7 0.437 ± 0.001 (3.64 ± 0.79) × 10 -7
Table 7: Efficiencies for inclusive bb for lifetime unbiased and biased selections, evaluated in a 300 MeV/c 2 window, after L0 trigger requirements.

A closer look at the 24 events that survive the unbiased and the biased selections is presented in Appendix A.

To obtain the total efficiency, shown in Table 7, again we use ε tot = ε geom × ε sel/gen .

X b → J/ψX samples

To cross check the inclusive bb yield, we performed the analysis on some X b → J/ψX available samples, which are listed in Table 8, together with the number of generated and surviving events after each selection. The total efficiency is computed using ε geom = 0.2048 and their values for each sample is shown in the last column of the same table. It should be mentioned that the true B 0 → J/ψ(µµ)K 0 S events are removed from the B d → J/ψX sample.

Since we have more events surviving the final B d selection in the four samples than in the inclusive bb, we take the background shape of the proper time distribution of their combination, which has been obtained by summing each normalized histogram weighted by the expected final yields, as described later in Sect. 3 (see Table 11). For the lifetime unbiased selection, a double exponential is fitted to the proper time, with the parameters being τ 1 = 0.35 ± 0.04 ps and τ 2 = 1.6 ± 0.2 ps for the short and long lifetime respectively with 70% of the events in the short one. The plot is shown in Figure 8 

Prompt J/ψ samples

An important source of background for the lifetime unbiased selection are events where the J/ψ comes from the primary vertex, the prompt J/ψ. This set of events is obtained from the inclusive J/ψ sample by excluding true X b → J/ψX events during analysis. reduce the statistical uncertainty on the number of selected events, the same procedure of considering events in an enlarged mass window of ±300 MeV/c 2 is used for selection on these samples. Applying the selection criteria on 2498579 generated inclusive J/ψ events, we obtain the results shown in Table 9. The efficiencies calculated as described in the bb section, are shown in Table 10.

The prompt J/ψ proper time for the unbiased and biased selections are shown in Figs. 9. Since the J/ψ decays promptly, its proper time distribution comes from time resolution only; for the lifetime unbiased selection it is fitted to a double Gaussian; for the lifetime biased selection it is fitted empirically to a double Gaussian (with common mean fixed to zero) times a Landau function. The mass distribution prompt J/ψ events after the lifetime unbiased selection is shown in Fig. 10 

Event yield and background estimation

The annual signal event yield is computed as

S = L int × σ bb × 2 × f B × BR vis × ε tot , (5) 
for a nominal annual integrated luminosity of L int = 2 fb -1 (10 7 s at 2 × 10 32 cm -2 s -1 ) and a bb production cross section of σ bb = 500 µb. The probability for a b-quark to hadronize into a hadron is assumed to be f B = 0.405 for B 0 and the factor 2 takes into account the production of both b-and b-hadrons. The visible branching ratio BR vis is the product of all branching ratios involved in the b-hadron of interest. In the case of B 0 → J/ψ(µµ)K 0 S , the visible branching ratio BR vis is (1.787 ± 0.068) × 10 -5 [10]. The total efficiency obtained for signal events, according to the previous section, is 1.35 ± 0.03 % for the lifetime unbiased selection and 1.46 ± 0.03 % for the lifetime biased selection. The estimated annual yields, calculated after L0 trigger, are 193k and 208k for the lifetime unbiased and biased selections respectively.

In order to estimate the B/S ratio, calculated after L0 trigger, two samples have been used, the inclusive bb and prompt J/ψ → µ + µ -, described in the previous section. The yields for these two sources are obtained from the total efficiencies shown in Tables 7 and10 . For bb the yield for 2fb -1 is given by:

B bb = L int × σ bb × window factor × ε tot (6) 
where window factor = 0.2 is to rescale the mass window to 60 MeV/c 2 and σ bb = 500µb. The yield after L0 trigger is then 82K for the unbiased selection and 72K for the biased selection. This results in a B/S of 0.42 ± 0.09 and 0.36 ± 0.08 for the unbiased and biased selection, respectively. If we consider only the events that falls into the inclusive bb background category (13 for the unbiased and 11 for the biased), the B/S turns into 0.23± 0.06 and 0.18±0.05. This result can be compared with the B/S obtained from the dedicated X b → J/ψX samples. The yield is obtained with the same expression for the signal (equation 5) where

Sample BR vis

Selection B/S B u → J/ψX 6.29×10 -5 Unbiased (7.25 ± 0.37) × 10 Table 12: Tagging efficiencies, HLT efficiencies and final yields for 2 fb -1 . The HLT efficiencies for the background are taken as being the same as for the signal.

BR vis for each channel is given in Table 11 and the efficiencies are taken from Table 8.

Combining the B/S from each one of these channels (also shown in Table 11), we obtain a B/S of 0.172 for the unbiased selection and 0.229 for the biased one, compatible with the result from the inclusive bb sample. For prompt J/ψ, the yield is obtained by

B J/ψ prompt = L int × σ J/ψ × BR vis × window factor × ε tot (7) 
where σ J/ψ = 266 µb, BR vis = 0.0593 and the window factor = 0.2. The B/S for prompt J/ψ, after L0 trigger, is then 3.01 ± 0.38 and 0.27 ± 0.11 for the unbiased and biased selection, respectively. For the sin(2β) sensitivity estimate, the high level trigger (HLT) and tagging efficiencies as well as the mistag rate should be taken into account. The tagging performance is discussed in the next section. The high level trigger is divided in two levels and the efficiencies are presented separately for HLT1 and HLT2. For the unbiased lifetime selection, only the unbiased di-muon HLT1 is considered in order to keep avoiding any lifetime bias effect, while for the biased selection the global HLT1 can be used. We show tagging efficiencies together with yields after HLT and tagging in Table 12 for both unbiased and biased selections. It should be emphasized that the details and indeed overall strategy for the HLT are still under development, and hence the performance is expected to evolve with time.

Tagging

The flavour tagging algorithms described in [START_REF] Calvi | Flavour Tagging Algorithms and Performances in LHCb[END_REF] have been used in this analysis. The tagging efficiencies are directly measured on the signal and background event samples and the same procedure will also be used when analysing real data.

The mistag rate for the signal B 0 → J/ψ(µµ)K 0 S events can not be measured directly on data, but must be taken from measurements performed on other channels, with flavour specific final states. Tagging performance, however, is not completely independent of the signal channel since trigger and event selection can affect the opposite b hadron kinematic distributions (see [START_REF] Calvi | Flavour Tagging Algorithms and Performances in LHCb[END_REF] for a full discussion). As a consequence, the most suited control channels for B 0 → J/ψ(µµ)K 0 S are the B + → J/ψ(µµ)K + and B 0 → J/ψ(µµ)K * 0 channels. Having all a J/ψ(µµ) particle, they will be triggered in the same way, using the di-muon lines, and they can also share the same selection criteria, for what concerns the J/ψ(µµ) part. As a result, we expect similar tagging performances on the three channels. This is shown in Table 13 for the B 0 → J/ψ(µµ)K 0 S and the B 0 → J/ψ(µµ)K * 0 channels (we refer to [START_REF] Calvi | Calibration of Flavour Tagging with B + → J/ψK + and B 0 → J/ψK * 0 control channels at LHCb[END_REF] for a similar table for B + → J/ψ(µµ)K + events and for additional details on the table contents.) The unbiased-lifetime selection described in [START_REF] Calvi | Lifetime Unbiased Selection of B 0 s → J/ψφ and related control channels: B 0 → J/ψK * and B + → J/ψ K +[END_REF] has been used for the control channels. The mistag values in these tables are calculated by comparing the tagging results with the b-flavour determined from Monte Carlo truth. Events are required to pass the L0 trigger and only reconstructed signal events with tracks matching to the generated Monte Carlo ones are used. The first part of the tables contains the performance of each tagger alone. The second part of the tables show the combined performances which are obtained by sorting all events into five exclusive samples of increasing tagging purity and summing over these samples. The average performance reported in the tables are calculated on all events, not sorted into samples.

The mode B + → J/ψ(µµ)K + will be mainly used to calibrate in data the flavour tagging performance, while we plan to use the B 0 → J/ψ(µµ)K * 0 channel to measure the mistag rate in data from a fit to flavour oscillation as a function of proper time. The full procedure is described in detail in [START_REF] Calvi | Calibration of Flavour Tagging with B + → J/ψK + and B 0 → J/ψK * 0 control channels at LHCb[END_REF]. The numbers in the tables show that there is indeed a good general agreement in the tagging performance among control channels and CP channel, when one consider the contribution of the opposite side (OS) taggers. A small difference between the signal and the control channel appears in the value of the mistag rate for the opposite side pion tag. This is related to the dependence of the same side pion tag mistag on the B transverse momentum (see [START_REF] Calvi | Calibration of Flavour Tagging with B + → J/ψK + and B 0 → J/ψK * 0 control channels at LHCb[END_REF]), and to the softer p T spectrum for selected B 0 → J/ψK 0 S events. A correction can be introduced in the future to take this effect into account.

The true value of the combined mistag rate ω = 0.359 will be used in the following toy studies performed to estimate the sensitivity to sin 2β. The use of a combined mistag value and a fit to a single sample instead of a simultaneous fit to the 5 tagging categories (defined in [START_REF] Calvi | Calibration of Flavour Tagging with B + → J/ψK + and B 0 → J/ψK * 0 control channels at LHCb[END_REF]) show identical results.

5 Sensitivity to sin(2β)

sin 2β from DC06 signal events

The full Monte Carlo (DC06) used for this analysis has been generated with CP Violation effects included, according to the expected Standard Model asymmetry in Eq. 1. A value 13: Flavour tagging performance for B 0 → J/ψK 0 S events (upper) and B 0 → J/ψK * 0 events (lower), after lifetime-unbiased selections and Level-0 trigger requirements. Effective tagging efficiency, tagging efficiency and mistag rate are shown for individual taggers and for their combination. The mistag rate is calculated using the MC truth information. Average: result from the global tagging decision for all events together. Combined: results after splitting into 5 tagging categories. In the last two lines of the tables opposite side (OS) taggers only are used. Uncertainties are statistical. of sin 2β = 0.7 was assigned. As a cross check, sin 2β was measured in our Monte Carlo sample, using only signal events, passing the lifetime unbiased selection. The sample of data corresponds to a statistic of about 0.88 fb -1 . The fit was performed both using the average value of the mistag and by fitting according to the five tagging categories, as in Table 13. The fit with the average (true) mistag value of ω = 0.381 returned sin 2β = 0.641 ± 0.033. The CP asymmetry as a function of proper time and the corresponding fit are shown in Fig. 11. The combined fit of the five samples according to the tagging categories returned sin 2β = 0.636 ± 0.028.

B 0 → J/ψ(µµ)K 0 S ε tag (1 -2ω) 2 % ε tag % ω % µ 0.

Sensitivity of sin 2β for 2fb -1 from Toy MC studies

To assess the statistical sensitivity of sin(2β) from B 0 → J/ψK 0 S corresponding to 2 fb -1 , a toy Monte Carlo study is performed using the RooFit toolkit [START_REF] Verkerke | [END_REF] by including yields and models for signal and backgrounds as obtained from fully simulated and reconstructed events, described in the previous sections. We present results for models based on both lifetime unbiased and biased selection criteria.

The complete PDF is a sum of the combined mass and proper time PDF's for signal, long lifetime (bb-inclusive) and prompt J/ψ components.

The signal mass is described by a double Gaussian function, according to the fitted distribution found in Fig. 2. For simplicity, we use here a common mean (m B = 5277 MeV/c 2 ). The signal proper time PDF is given by

Γ(t) ∝ e -t/τ sig [1 + q(1 -2ω sig ) sin 2β sin(∆m B d t)] . (8) 
In the expression above, q is the flavour of the B 0 , determined from the tagging algorithm, and is q = 1 (q = -1) for B 0 (B 0 ) events, ω sig is the mistag fraction, ∆m B d = 0.507 ps -1 , and τ sig is the B 0 proper time. For the lifetime biased selection the above function is multiplied by the acceptance function (Eq. 4, Fig. 5). The total background PDF is the sum of a prompt and a non prompt (LLived) components. The mass distribution is described in both cases by an exponential (see Figs. 7 and10). For the lifetime unbiased model, the proper time distribution is a double Gaussian for the prompt (Fig. 9(a)) and a double exponential (Fig. 8(a)) for the LLived one. The proper time resolution model for both signal and LLived components is the same double Gaussian as for the prompt component, since it is from the latter that the resolution can be extracted directly. This is also well justified by noticing that the signal and prompt J/ψ proper time resolutions are very similar (see Figs. 4 and9(a)). Furthermore, we have checked that if we use for generation the corresponding signal and prompt proper time double Gaussian parameters but fit with a common double Gaussian, the difference in all other fitting parameters are negligible.

For the lifetime biased model, the proper time functions obtained by the fitted distributions shown in Fig. 8(b) (long lifetime background) and Fig. 9(b) are used for the LLived and prompt components, respectively, and the proper time resolution model is a double Gaussian with fixed parameters.

For generation of the toy samples, we assume 2 fb -1 yields after full trigger and tagging, as presented in Table 12. The mass range used for generation was ±150 MeV/c 2 around the B 0 mass thus yields for backgrounds were rescaled by a factor of 2.5. An extended unbinned maximum Likelihood fit formalism is used.

For the lifetime unbiased model, an example of a single generation and fit result is presented in Table 14. Generated and fitted PDF distributions for mass and time are shown respectively in Figs. 12 and13. The resulting asymmetry distribution and fit is shown in Fig. 14. The error on sin 2β is found to be 0.023. This result is confirmed by a full study with 809 toy samples, as shown in Fig. 15. For the biased selection, the results for a single toy are displayed in Table 15. Generated and fitted PDF distributions for mass and time are shown respectively in Figs. 16 and the resulting asymmetry distribution and fit is shown in Fig. 17. From a study with 600 toy samples, the error on sin 2β is found to be 0.020 for the lifetime biased selection, see Fig. 18.

Fixed parameters

Parameter

We observe that the two selections return significantly different sensitivities on sin 2β, with the 2 fb -1 statistical uncertainty being 0.023 and 0.020 for the lifetime unbiased and biased respectively. This difference is mainly due to the expected number of signal events of the two selections.

A further study has been performed. The DC06 MC sample of inclusive bb (long life background) used in this note gives an uncertainty for the B/S ratio of the order of 20%. We have performed toy MC studies where the total B/S was set to zero and to 3 times its estimated value. This study provides some extreme boundaries for the effect of the level of background to the sin 2β error. Results for the sin 2β error are summarized in Table 16 for the three hypotheses: B/S = 0; expected B/S; 3×B/S. No biases are seen for the sin 2β mean value.

Some systematic studies for sin 2β

To estimate the level of systematic uncertainties in the sin 2β measurement for 2fb -1 data, some studies have been performed and are described here, both for the lifetime unbiased and biased selections. In all cases, the systematic errors found come from toy MC studies with many hundreds of samples. We address possible systematic effects due to uncertainties on the mistag rate and lifetime acceptance correction.

Uncertainty on mistag rate, ω

As we have shown in Section 4, the combined values obtained for ω in B 0 → J/ψK 0 S and B 0 → J/ψK * 0 channels agree well, their difference being ω KS -ω K * = (0.55 ± 0.39) × 10 -2 . The relative statistical error for ω from B 0 → J/ψK * 0 for 2 fb -1 is estimated to be 0.3%, with a negligible systematic error due to the background. Thus a relative uncertainty on the value for ω is expected to be below 1%.

We have performed toy MC studies by introducing a bias on the value of ω. Samples were generated using the central value ω = 0.359 while were fitted assuming the ±1% variation, ω lower = 0.355 and ω higher = 0.363. The study was performed for both lifetime unbiased and biased selections. The results are displayed in Table 17. We see that sin 2β is biased by almost 1σ (statistical) due to an 1% relative uncertainty on the mistag.

Indeed we can estimate the resulting bias on sin 2β due to a bias in the mistag,

ω = ω + ∆ω: bias(sin 2β) = 1 - 1 -2ω 1 -2ω = 2∆ω 1 -2ω . (9) 
For ω = 0.36 with a relative bias of 1%, a 2.6% bias on sin 2β results from the expression above, which agrees with the 1σ statistical error (for 2 fb -1 ) we found. In Fig. 19 we show the resulting bias on sin 2β for relative variations of 1%, 0.5% and 0.1% on the mistag rate.

Differences between flavour tagging performance for b and b mesons are not addressed here. They can arise from production or detection asymmetries. Detection asymmetries are a consequence, for example, of the different interaction cross section for positive and negative kaons and possible charge asymmetries in the tracking. The observed difference in the mistag rate for b and b in the Monte Carlo data is not significant with the available a (ps 

Summary and conclusions

In this note, we have presented an update of the B 0 → J/ψ(µµ)K 0 S analysis. The channel B 0 → J/ψ(µµ)K 0 S is the gold-plated mode for the extraction of sin(2β). Using DC06 samples, for a lifetime unbiased selection we have estimated an annual yield of 193k B 0 → J/ψ(µµ)K 0 S events after L0 trigger, with a background to signal ratio B/S=0.42 for bb inclusive events, and B/S=3.01 for prompt J/ψ. For a lifetime biased selection, the yield goes to 208k and B/S goes down to 0.36 and 0.27 for bb inclusive and prompt J/ψ, respectively.

To assess the sensitivity on sin(2β) we have generated toy Monte Carlo events using the expected yields after triggers and tagging for signal and background, lifetime information, and mistag rate as inputs. We estimate that after 2 fb -1 of data taking, the statistical LHCb sensitivity to sin(2β) is 0.023 for a lifetime unbiased selection, and can be improved down to 0.020 with a lifetime biased selection. We have performed some systematic studies by including variations on the mistag rate and on the acceptance function. The latter did not shown any significant impact. The mistag rate, as expected, gives a significant effect, a 1% relative mismatch between true and measured mistag rate introduce a systematic error of the order of 1σ for 2fb -1 of data.

• From PV -The candidate particle has at least one final state daughter which comes directly from the primary vertex or a short lived resonance, and the event is not a pileup.

• All from same PV -The candidate particle's final state daughters all come from the same PV, or from short lived resonances from the same PV.

• From different PV -Pileup -Any reconstructed decay in which the final-state particles come from more than one primary vertex.

• bb -Any background which does not fit into any of the previous categories, but in which, at least one of the final state particles has a mother with bottom content.

Table 19 shows the details of the composition of these events according to this classification, and in case they are from bb , the detailed decay tree is shown. In Table 20 the equivalent for the 21 events surviving the biased selection is shown. 

Figure 1 :

 1 Figure 1: Tree (left) and penguin (right) diagrams for B 0 → J/ψK 0 S decay.

Figure 3 :

 3 Figure 3: Proper time distribution for signal events, for the lifetime unbiased selection.

Figure 5 :

 5 Figure 5: Proper time acceptance distribution for lifetime biased selection.

Figure 8 :

 8 Figure 8: Proper time distribution for the combination of B u → J/ψX, B d → J/ψX, B s → J/ψX and Λ b → J/ψX samples after the full B d selection. (a) Lifetime unbiased selection (b) Lifetime biased selection.

Figure 9 :Figure 10 :

 910 Figure 9: Proper time distribution for prompt J/ψ for the lifetime unbiased (a) and biased (b) selections.

Figure 11 :

 11 Figure 11: Measured CP asymmetry as a function of proper time for Monte Carlo (DC06) signal events, corresponding to an integrated luminosity of about 0.88 fb -1 .

Figure 12 :

 12 Figure 12: Generated and fitted distribution for J/ψK 0 S mass according to the lifetime unbiased model. Distributions for small and large proper times are also shown.

Figure 13 :

 13 Figure 13: Generated and fitted distribution for J/ψK 0 S proper time according to the lifetime unbiased model. Distribution for high mass sideband is also shown.

Figure 14 :

 14 Figure 14: Generated and fitted distribution for J/ψK 0 S proper time asymmetry according to the lifetime unbiased model.

Figure 15 :

 15 Figure 15: (a) Distribution for the fitted value of sin 2β from toy samples according to the lifetime unbiased model; (b) Distribution of sin 2β error; (c) Distribution of sin 2β pull.

Figure 16 :Figure 17 :

 1617 Figure 16: Generated and fitted distribution for J/ψK 0 S (a) proper time and (b) mass according to the lifetime biased model.

Figure 18 :

 18 Figure 18: (a) Distribution for the fitted value of sin 2β from toy samples according to the lifetime biased model; (b) Distribution of sin 2β error; (c) Distribution of sin 2β pull.

  ψ → µ + µ -from B 7 DD true K 0 S → π + π -from PV true µ from B 1 LL ,1 DD true K 0 S → π + π -from PV true J/ψ → µ + µ -from B 1 LL true π from ω(782) from B true J/ψ → µ + µ -from Λ b 1 DD true K 0 S → π + π -from PV true µ from Λ b 1 DD true K 0 S → π + π -from PV true µ from Λ b 1 DD true K 0 S → π + π -from PVTable 19: Composition of background events passing the unbiased B 0 → J/ψ(µµ)K 0 S selection in an enlarged mass window of an inclusive bb sample. ψ → µ + µ -from B 6 LL, 5 DD true K 0 S → π + π -from PV Table 20: Composition of background events passing the biased B 0 → J/ψ(µµ)K 0 S selection in an enlarged mass window of an inclusive bb sample.

Table 5 :

 5 Efficiencies for signal for lifetime unbiased and biased selections after L0 trigger requirements.

5613 ] 2 Mass [MeV/c 5200 5220 5240 5260 5280 5300 5320 5340 ) 2 Events/(2.00 MeV/c 0 500 1000 1500 2000 2500 3000 3500 4000 4500 / ndf 2 χ 90.81 / 55 nEvts

  

	2 χ	/ ndf	90.81 / 55
	nEvts BMass1 Sigma1 BMass2 Sigma2 Fraction BMass1 Sigma1 BMass2 Sigma2 Fraction	294 0.1 ± ± 5278 8.602e+04 0.3 ± 13.6 0.3 ± 5275 0.43 ± 22.24 0.0359 ± ± 8.602e+04 0.1 ± 5278 0.3 ± 13.6 0.3 ± 5275 0.43 ± 22.24 0.294 0.0359 ± 0.5613
	S after the lifetime unbiased selection Figure 2: Invariant mass distribution for B 0 → J/ψ(µµ)K 0 cuts.

/

ndf 2 χ 170.5 / 98 norm 26.4 ± 5384 tau 0.005 ± 1.526 Propertime [ps] 0 1 2 3 4 5 6 7 8 9 10 Events/(0.10 ps) 0 1000 2000 3000 4000 5000 / ndf 2 χ 170.5 / 98 norm 26.4 ± 5384 tau 0.005 ± 1.526

  

Events/(0.02 ps) 0 2000 4000 6000 8000 10000 12000 14000 / ndf 2 χ 329.5 / 44 nEvts

  -1 .Figure 4: Proper time resolution of signal events, for the lifetime unbiased selection.

						χ	2	/ ndf		329.5 / 44
						nEvts		663 663	± ±	2.3 2.3
						Mean1 Mean1	-0.006401 -0.006401	± ±	0.000690 0.000690
						Sigma1 Sigma1	0.0767 0.0767	± ±	0.0012 0.0012
						Mean2 Mean2	0.000638 0.000638	± ±	0.000184 0.000184
						Sigma2 Sigma2	0.03459 0.03459	± ±	0.00031 0.00031
						Fraction Fraction	0.2458 0.2458	± ±	0.0107 0.0107
	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4
									Propertime [ps]
	Sample	Selection sel. LL sel. DD sel. TOTAL
	inclusive bb Unbiased		6			18	24
		Biased		9			12	21

Table 8 :

 8 Number of generated and selected events of X b → J/ψX for the lifetime unbiased and biased selections, after L0 trigger requirements. lifetime biased selection, a good description of the distribution is obtaining by fitting it to a double exponential (with free parameters) times the acceptance function obtained for signal events (Eq. 4), with parameter a fixed 3 . The fitted distribution and fit parameters are shown in Figure8(b).

	Events/(0.1 ps) 10						/ ndf const 2 χ tau1 tau2 fraction / ndf 2 χ const tau1 tau2 fraction	41.59 / 59 0.71 ± 15.03 0.0416 ± 0.3572 0.249 ± 1.582 0.0668 ± 0.6985 41.59 / 59 0.71 ± 15.03 0.0416 ± 0.3572 0.249 ± 1.582 0.0668 ± 0.6985	10 Events/(0.1 ps)						/ ndf const 2 χ tau1 tau2 fraction / ndf 2 χ const tau1 tau2 fraction	477.5 / 96 1.8 ± 22.3 0.0917 ± 0.4532 0.54 ± 1.57 0.1430 ± 0.7712 477.5 / 96 1.8 ± 22.3 0.0917 ± 0.4532 0.54 ± 1.57 0.1430 ± 0.7712
	∝										∝									
	1										1									
	-1 10										-1 10									
	-2 10										-2 10									
	0	1	2	3	4	5	6	7	8	9 10	0	1	2	3	4	5	6	7	8	9 10
								Propertime (ps)								Propertime (ps)

Table 9 :

 9 Number of L0 triggered and selected events of prompt J/ψ for the lifetime unbiased and biased selections, from the 2.50M generated events within the geometrical acceptance.

	To

Table 10 :

 10 Efficiencies for prompt J/ψ for lifetime unbiased and biased selections, evaluated in a 300 MeV/c 2 window, after L0 trigger requirements.

Events/(0.02 ps) -2 10 -1 10 1 10 2 10 / ndf 2 χ 9.344 / 10

  and fitted to a single exponential.

	Events/(0.02 ps)	350 400 300						/ ndf nEvts 2 χ Mean1 Sigma1 / ndf 2 χ nEvts Sigma1 Mean1	23.46 / 22 0.40 ± 16.27 0.0001723 ± 0.00056 ± 0.03283 0.0003441 23.46 / 22 0.40 ± 16.27 0.00056 ± 0.03283 0.0001723 ± 0.0003441					/ ndf Const 2 χ MostProb Spread Const MostProb Spread Gauss Width Gauss Width	9.344 / 10 44.9 ± 326.8 0.0042 ± 0.0609 0.00252 ± 0.02241 44.9 ± 326.8 0.0042 ± 0.0609 0.00252 ± 0.02241 0.0389 ± 0.2563 0.0389 ± 0.2563
		250						Mean2 Mean2	0.008717 0.008717	± ±	0.004485 0.004485				
		200						Sigma2 Sigma2		0.0969 0.0969	± ±	0.0058 0.0058				
								Fraction Fraction		0.8532 0.8532	± ±	0.0076 0.0076				
		150																
		100																
		50																
		0	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	Propertime [ps] 0.3 0.4	0	0.2	0.4	0.6	0.8	1	1.2	1.4	Proper time [ps] 1.6 1.8 2

Table 11 :

 11 -3 Biased (11.86 ± 0.48) × 10 -3 B d → J/ψX 3.14×10 -4 Unbiased (70.7 ± 2.9) × 10 -3 B/S ratio for each X b → J/ψX samples.

		Biased B s → J/ψX 4.67×10 -4 Unbiased Biased Λ b → J/ψX 2.30×10 -5 Unbiased Biased Unbiased X b → J/ψX Total Biased	(89.2 ± 3.3) × 10 -3 (67.8 ± 7.5) × 10 -3 (100.7 ± 8.9) × 10 -3 (26.8 ± 2.6) × 10 -3 (27.0 ± 2.5) × 10 -3 0.172± 0.008 0.229± 0.010	
			Unbiased Selection			Biased Selection	
	Sample	Tagg. Eff. HLT1 HLT2 Yield Tagg. Eff. HLT1 HLT2 Yield
	Signal	52%	78.2% 95%	75k	52%	90.8% 95%	94k
	Inclusive bb	67%	78.2% 95%	41k	67%	90.8% 95%	41k
	Prompt J/ψ	26%	78.2% 95% 112k	25%	90.8% 95%	12k

Table 14 :

 14 Input parameters for the sin 2β fit and results of a single toy, according to the unbiased model.

		Initial value		
	∆m d ( ps -1 )	0.507		
	ω tag	0.359		
		Free parameters	
	Parameter	Initial value	Fitted value	Glob. corr.
	N events signal N events Prompt N events LLived 1 N events LLived 2 M B ( MeV/c 2 ) σ sig mass1 ( MeV/c 2 ) σ sig mass2 ( MeV/c 2 )	75881 1.1305 × 10 5 1.1310 × 10 5 ± 273 75884 ± 386 12166 12070 ± 289 28386 28206 ± 278 5277.0 5277.0 ±0.1 14 14.9 ± 0.4 22 25.0±1.6	0.56 0.57 0.92 0.83 0.13 0.97 0.98
	frac sig mass1 mass slope Prompt ( MeV/c 2 ) -1 mass slope LLived 1( MeV/c 2 ) -1 mass slope LLived 2( MeV/c 2 ) -1 background τ LL1 (ps) background τ LL2 (ps) time resol. σ t1 (ps)	0.57 -1.0 • 10 -3 (-0.98 ± 0.02) • 10 -3 0.52 ±0.10 -1.4 • 10 -3 (-1.35 ± 0.11) • 10 -3 -1.4 • 10 -3 (-1.34 ± 0.07) • 10 -3 1.581 1.576 ± 0.022 0.357 0.353 ± 0.004 0.037 0.0368±0.0002	0.99 0.44 0.68 0.62 0.81 0.81 0.84
	time resol. σ t2 (ps)	0.090	0.0885±0.0011	0.89
	frac Pr time	0.80	0.794±0.005	0.89
	τ sig (ps)	1.536	1.533±0.007	0.33
	sin 2β	0.700	0.694±0.023	0.06

Table 15 :

 15 Input parameters for the sin 2β fit and results of a single toy, according to the lifetime biased model.

	Fixed parameters		
	Parameter	Initial value		
	∆m d ( ps -1 )	0.507		
	signal time resolution σ sig t1 (ps) signal time resolution σ sig t2 (ps) fraction of Gauss1 in time res. f sig time	0.037 0.090 0.80		
	ω tag	0.359		
	Free parameters		
	Parameter	Initial value	Fitted value	Glob. corr.
	N events signal N events Prompt N events LLived 1 N events LLived 2 M B ( MeV/c 2 ) σ sig mass1 ( MeV/c 2 ) σ sig mass2 ( MeV/c 2 )	93800 30000 23587 79413 5277.0 13.6 22.2	93748 ± 1447 31474 ± 751 23511 ± 712 78414 ± 1175 5277.0 ±0.1 13.3 ± 0.2 21.5±0.2	0.99 0.94 0.88 0.88 0.13 0.82 0.70
	frac sig mass1 mass slope Prompt ( MeV/c 2 ) -1 mass slope LLived ( MeV/c 2 ) -1 background τ LL1 (ps) background τ LL2 (ps) σ Pr gauss (ps) σ Pr landau (ps) mean Pr landau (ps) τ sig (ps)	0.56 -0.8 • 10 -3 (-0.83 ± 0.09) • 10 -3 0.52 ±0.02 -1.4 • 10 -3 (-1.36 ± 0.04) • 10 -3 1.570 1.572 ± 0.019 0.453 0.455 ± 0.004 0.256 0.364 ± 0.037 2.24 • 10 -2 (2.24 ± 0.02) • 10 -2 6.09 • 10 -2 (6.09 ± 0.04) • 10 -2 1.536 1.532±0.006	0.89 0.35 0.43 0.65 0.68 0.85 0.79 0.80 0.29
	sin 2β	0.700	0.713±0.020	0.06

.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 Events / ( 0.002 ) 0 5 10 15 20 25 30 35

  

	fitted__sin2b 65.76 / 97 601 0.7007 0.02039 Constant Entries Mean RMS / ndf 2 χ 1.17 ± 23.51 Mean 0.0008 ± 0.7007 Sigma 0.0006 ± 0.0204 sin(2 β ) Entries 601 Mean 0.7007 0.6 0fitted__sin2b RMS 0.02039 / ndf 2 χ 65.76 / 97 Constant 1.17 ± 23.51 Mean 0.0008 ± 0.7007 Sigma 0.0006 ± 0.0204	hsin2berr 0.0193 0.0194 0.0195 0.0196 0.0197 0.0198 0.0199 0.02 0.0201 Entries 601 Mean 0.01967 0 5 10 15 20 25 40 hsin2berr Entries 601 Mean 0.01967 RMS 0.0001226 / ndf 2 χ 109.5 / 69 Constant 2.12 ± 32.08 Mean 0.00000 ± 0.01966 Sigma 2.493e-06 ± 5.454e-05 30 35 RMS 0.0001226 / ndf 2 χ 109.5 / 69 Constant 2.12 ± 32.08 Mean 0.00000 ± 0.01966 Sigma 2.493e-06 ± 5.454e-05	-4 0 5 10 15 20 25 30 45 40 35	-3	-2	-1	0	1	hsin2bpull 3 hsin2bpull 27.04 / 34 601 0.04017 601 0.04017 1.041 1.041 27.04 / 34 Constant Entries Mean 2 Entries Mean RMS / ndf 2 χ RMS / ndf 2 χ 1.9 ± 35.9 Mean 0.04402 ± 0.03328 Constant 1.9 ± 35.9 Mean 0.04402 ± 0.03328 Sigma 0.034 ± 1.027 Sigma 0.034 ± 1.027	4

Table 16 :

 16 Dependence of sin 2β and its error on the level of B/S for the long life background. The errors on these values are of the order of 10 -4 or less.

	Lifetime Unbiased	Lifetime Biased
	B/S	sin 2β error	B/S	sin 2β error
	0	0.021	0	0.018
	0.42	0.023	0.36	0.020
	3 × 0.42	0.025	3 × 0.36	0.022

Table 18 :

 18 Results for sin 2β mean, error and pull by changing the slope of the acceptance function for the generated toy samples for the biased lifetime model. Assuming 2 fb -1 of data.

	-1 )	sin 2β	sin 2β error sin 2β pull
	-4.5 -9.0	0.701 ± 0.001 0.700 ± 0.002	0.0194 0.0200	0.05 ± 0.06 0.05 ± 0.06

Gauss v25r8, http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/gauss.

Boole v12r10 (http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/boole), Brunel v31 (http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/brunel), DaVinci v21r0 (http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/davinci).

The fit does not improve by letting a free: it returns a compatible value with a high error.
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Figure 19: Bias on sin 2β due to a bias on the mistag. The three curves are for relative variations of 1%, 0.5% and 0.1% on the mistag rate, respectively. sample sizes [START_REF] Calvi | Calibration of Flavour Tagging with B + → J/ψK + and B 0 → J/ψK * 0 control channels at LHCb[END_REF], at this level they would be below the statistical error on the mistag rate for 2 fb -1 . However, the mistag rates will be measured separately on b and b events in the data in the flavour-specific control channels, and the two different values can be explicitly introduced in the CP fit.

Uncertainty due to the propertime acceptance correction

• Lifetime unbiased selection

As the name implies, this selection is based on a set of cuts which do not introduce any significative bias in the propertime distribution.We have performed tests where a weak linear dependence of the acceptance on the propertime was introduced in the toy generated samples, while the fitting function included (as in our standard lifetime unbiased study) any acceptance correction. The included acceptance was a linear function acc = -0.001t + 0.07 (ps) and the result from 893 toy MC samples has shown no effect on the mean value of the distribution for sin 2β (sin 2β = 0.7003 ± 0.0008), with pull 0.01 ± 0.03. Nevertheless, the measured lifetime is affected, with a pull of -5.13 ± 0.03.

• Lifetime biased selection

We have varied the slope of the acceptance function for generating the toy MC samples while fitting with the function given in Fig. 5. The slope has been varied to a = -4.5 ps -1 and a = -9.0 ps -1 . In both cases, we found no significative variation in the sin 2β value or error. Results are presented in Table 18.

A Composition of the inclusive bb sample.

A closer look at the 24 events that survive the unbiased selection, shows that most of them are a combination of a true J/ψ → µ + µ -originating from a B meson, and a true K 0 S coming from elsewhere. In LHCb there is a standard way of categorizing the background [START_REF] Gligorov | Reconstruction of Channel B 0 → D + πand Background Classification at LHCb" LHCb-2007-044[END_REF] and the ones that are present in this analysis are:

• Reflection -This background is caused by the misidentification of a final state particle. In this case, a kaon is misidentified as a pion.

• Low mass background -A fragment of a decay occurring in the event is incorrectly identified as a signal decay. One example here would be a true J/ψ from a B + .

• Ghost -At least one of the final state particles does not have an associated MC Particle.