EXPERIMENTAL ASPECTS OF INCLUSIVE |Vcb| MEASUREMENTS

J. ALCARAZ

CIEMAT, Avda. Complutense, 28040-Madrid, Spain

We report on the experimental status of inclusive measurements of the B-hadron lifetime and the semileptonic branching ratio Br(b ! ℓνX). Lifetime analyses are based on the information provided by accurate silicon microvertex detectors. Semileptonic decay measurements require good lepton identification and rejection power for non-prompt decays. Potential weak points and discrepancies among experiments are discussed. Both experimental analyses can be combined to provide a precise determination of the jVcbj component of the Kobayashi-Maskawa matrix.

1 Introduction

The |Vcb| element of the Kobayashi-Maskawa matrix can be determined from the following expression in the context of HQET (Heavy Quark Effective Theory)^a:

Γ(B → X_clν) = G2_F m5_b 192 π3

|Vcb|2 Ftheo (1)

where G_F is the Fermi coupling constant, m_b is the b-quark mass and Ftheo is a factor that differs from 1 due to perturbative QCD, phase space and non-perturbative corrections. The experimental input is provided by the semileptonic partial width Γ(B → X_clν) = Br(b → ℓνX)/τ_b, where τ_b is the average B-hadron lifetime and Br(b → ℓνX) is the inclusive semileptonic branching ratio of the bquark. We will assume the contribution from b → ulν decays to be negligible 2. A simpler expression to use is:

|Vcb| 0.0398 = `_{Br(b → ℓνX)}

10.77%

1.6 ps τ_b ´ 1_{2 (2)}

The size of the theoretical uncertainties in the previous formula is controversial. We will assign a conservative theoretical error of Δ|Vcb|(theo) = ±0.0040, as suggested in Reference 1.

2 Measurements of τ_b

Measurements of the average B lifetime are based on the study of charged tracks coming from B weak decays. Lifetime analyses profit from the

aFor a more complete theoretical discussion on inclusive

jVcbj measurements, see Reference 1 and references therein.

Figure 1: Average B-hadron lifetime from CDF using J/ψ decays. The fraction of J/ψ decays coming from B quarks is also a free parameter in the fit.

high accuracy of current silicon microvertex detectors. Impact parameters (δ) and decay lengths (L) are measured with very small uncertainties (σ(δ) < 30 μm, σ(L) < 500 μm), to be compared to the typical values for weakly decaying B-hadrons (δ ∼ 200 μm, L ∼ 3 mm at LEP).

Using the impact parameter distribution 3^,4 leads to small b-fragmentation uncertainties since, in the relativistic limit, δ does not depend on the hadron boost, p_B/m_B . In most analyses of this kind a high-purity sample of tracks from weakly decaying B-hadrons is obtained by selecting high p, p_t leptons 3. The relevant systematic errors come from the limited knowledge of the semileptonic decay process.

Figure 2: Combination of LEP, SLD and CDF average Bhadron lifetimes by the LEP B Lifetime Working Group.

Measuring the decay length 5^,6^,7 has the main advantage of being more direct (L = p_B /m_B τ_b) and more sensitive (p_B is large). More or less sophisticated vertex algorithms have been developed by the different collaborations in order to optimize the resolution and the reliability. The distance between the primary and the secondary vertex is assigned to be the decay length, L. The main systematic error comes from the B-fragmentation assumptions entering the boost determination.

Figure 1 shows the distribution obtained by the CDF Collaboration from a collection of 62500 J/ψ decays, which is a preliminary value reported at this Conference 5. After few hundred microns, the b-component is dominant and presents a slope proportional to the value of τ_B . Let us note that these clean decays offer a competitive way for hadron colliders when compared to the hadronic samples at LEP and SLC. Another new preliminary measurement at the Conference has been presented by L3 6, using their new microvertex detector. Both new values are quoted in Figure 2.

The combination from all available inclusive B lifetime measurements has been performed by the LEP B Lifetime Working Group 8 (Figure 2). Uncertainties on fragmentation, decay modelling, branching fractions, lifetimes and charged multiplicities are considered as fully correlated among the different experiments. The current updated average is τ_B = 1.55 ± 0.02 ps. The final uncertainty is dominated by fragmentation and decay model effects.

3 Measurements of Br(b → ℓνX)

Measurements of the semileptonic branching fraction of B hadrons have been performed at the Υ(4S) 9^,10 and at LEP 11^,12^,13. These two centreof-mass regions provide two different physics environments:

• At the Υ(4S), B mesons are produced in pairs and almost at rest, leading to uncorrelated decay directions and to back-to-back particles coming from the same decay. A major feature is that production of B0s and Λb hadrons is not allowed kinematically. The background from the continuum is not negligible, but can be controlled.

• At the Z mass, B�, B0d, B0s and Λb decays are all accessible. They are produced also in pairs, but with a back-to-back configuration, due to the large boost. The missing energy can be large due to the presence of energetic neutrinos. Lifetime tags can also be applied to reduce the non-bb background. The understanding of the jet properties could be relevant, since lepton parameters are referred to it.

New measurements at the Υ(4S) rely on the integration of the leptonic spectrum over essentially the full momentum range. The recent CLEO measurement 10 follows an original analysis performed at ARGUS 9. The BB event is tagged by requiring the presence of a very energetic lepton. A second lepton in the event is used to analyse the momentum spectrum of the decay. Kinematic and charge correlations are used to disentangle the different contributions: non-back-to-back leptons use to come from different B decays and same-charge leptons use to come from cases in which one of the decays proceeds via b → c → l. Systematic uncertainties due to the modelling of the leptonic decay are extremely small (0.5% in the missing fraction for the CLEO measurement). Averaging ARGUS and CLEO analyses leads to Br(b → ℓνX) = (10.40±0.16(stat)±0.30(syst))%,

Figure 3: Fit to the total semileptonic branching fraction Br(b ! νX) performed by the L3 Collaboration. The relative proportion e : μ : τ is assumed to be 1 : 1 : 0.25.

where an absolute correlated systematic error of 0.10% has been assumed.

LEP measurements are based on studies of the momentum and transverse momentum distributions of leptons with respect to the closest jet. Events with two leptons are also used to decrease systematic uncertainties. Selected events are normalised in most analyses to the total number of hadronic decays, that is, there is an unavoidable interference with Rb ≡ Γb/Γhad assumptions. Typical parameters in the fit are Rb, Br(b → ℓνX), < x_E > (the average energy fraction carried by the B-hadron), χ (the average B0-B̄0 mixing parameter) and Br(b → c → ℓ). A common systematic uncertainty between LEP analyses is the modelling of the b-semileptonic decay, the lepton spectra at rest being simulated using CLEO measurements. Typical difficulties are the background processes (punch-through, decays, c → l, . . . ). A potential weak point is the absence of deep studies on QCD effects and jet properties of bb events at the Z. The understanding of the semileptonic decay process at LEP is not satisfactory yet, and some new approaches have been developed recently.

The ALEPH collaboration has a set of preliminary studies (up to three) 11 in which the bcomponent is enhanced by applying lifetime tags. The big uncertainty on the assumed Rb value is no longer present. The study that they choose to be

Figure 4: Br(b ! ℓνX) measurements at the Υ(4S) and at LEP. The average of LEP results takes into account the correlation with Rb measurements and the latest inputs agreed by the LEP HF Working Group.

combined with other LEP results uses single and opposite-side double-lepton fits. The single-lepton fit is most sensitive to the fragmentation parameter < x_E > and to Br(b → ℓνX) itself. Oppositeside leptons enter in the double-lepton fit to disentangle the mixing parameter χ (using charge correlations) and the b → c → ℓ component.

The L3 collaboration has published a new analysis 12 on a 2-jet hadronic sample. A consistent treatment of electrons, muons and neutrinos is performed. Neutrinos are taking into account by the missing energy measured in each hemisphere. Control subsamples are built using lifetime tags, high-p_t tags and light-quark tags (events containing particles with a very large momentum fraction of the beam energy). A measurement of the total semileptonic branching ratio Br(b → νX) = (23.08 ± 0.77(stat) ± 1.24(syst))% has been obtained for the first time (Figure 3). Some conclusions of the study are interesting. A rather hard fragmentation (< x_E >= 0.72 ± 0.02) was required in the simulation in order to get simultaneous agreement in the momentum distributions of muons, electrons and neutrinos. More-

Table 1: Average of inclusive jVcbj measurements. |Vcb| Υ(4S) 0.0391 ± 0.0007(exp) ± 0.0040(theo) LEP 0.0408 ± 0.0004(exp) ± 0.0040(theo) Average 0.0404 ± 0.0003(exp) ± 0.0040(theo)

over, differences in the measured value were observed when three-jet events were added to the initial two-jet sample, reflecting possible problems in the understanding of the jet properties.

Figure 4 shows all Br(b → ℓνX) measurements that have been included in the average. The average has been performed with the standard procedure described in Reference 14^b. A 2σ inconsistency between Υ(4S) and LEP is observed. The difference can be hardly attributed to a different hadron composition.

A first remark is that the average value does not follow directly from the Br(b → ℓνX) numbers, since all Heavy Flavour measurements 14 are used in the fit. For instance, the correlation with the Rb value is -12%, for a fitted value of Rb = 0.2175 ± 0.0011. A second remark is that no consistency is required among the fitted < x_E > values of the different experiments. A higher < x_E > parameter would result in a lower Br(b → ℓνX) number.

4 |Vcb| from inclusive measurements

We can summarise the present status in Table 1. Formula 2 has been applied and a value of τ_b = 1.60 ± 0.03 has been assumed to be the average lifetime of B0d and B� mesons 8 at the Υ(4S). There exist positive correlations between τ_b and Br(b → ℓνX) measurements (due to fragmentation effects) that decrease the experimental uncertainty. In order to be conservative, such effect will be neglected.

Measurements at the Υ(4S) and at LEP are found to be consistent within the theoretical uncertainty but experimentally inconsistent at the 2σ level. More experimental input is needed to understand the origin of the discrepancies. The final average is in agreement with |Vcb| values from

bThe official LEP Electroweak Group average for this Conference does not include the new L3 result, due to technical reasons. The average presented here takes it into account.

exclusive measurements reported at this Conference 15.

References

1. M. Neubert, CERN-TH/95-307.

2. CLEO Collaboration, J. Bartelt et al., Phys.

Rev. Lett. 71, 4111 (1993).

3. ALEPH Collaboration, D. Buskulic et al., Phys. Lett. B 369, 151 (1996) ;

L3 Collaboration, O. Adriani et al., Phys. Lett. B 317, 474 (1993) ;

OPAL Collaboration, P. D. Acton et al., Z. Phys. C 60, 217 (1993).

4. DELPHI Collaboration, P. Abreu et al., Z.

Phys. C 63, 3 (1994).

5. CDF Collaboration, Contribution to this Conference, http://www-cdf.fnal.gov.

6. L3 Collaboration, M. Acciarri et al., Contribution to this Conference, L3 Internal Note 1972.

7. ALEPH Collaboration, D. Buskulic et al., Phys. Lett. B 314, 459 (1993) ;

DELPHI Collaboration, P. Abreu et al., Phys. Lett. B 374, 195 (1996) ;

SLD Collaboration, K. Abe et al., Phys. Rev. Lett. 75, 3624 (1995).

8. L. Di Ciaccio et al., CERN-OPEN/96-007 ;

http://wwwcn.cern.ch/∼claires/lepblife.html. 9. ARGUS Collaboration, H. Albrecht et al., Phys. Lett. B 318, 397 (1993).

10. CLEO Collaboration, B. Barish et al., Phys.

Rev. Lett. 76, 1570 (1996).

11. ALEPH Collaboration, EPS-HEP-95, Brussels, Ref. EPS0404.

12. L3 Collaboration, M. Acciarri et al., Z. Phys.

C 71, 379 (1996).

13. ALEPH Collaboration, D. Buskulic et al., Z.

Phys. C 62, 179 (1994);

DELPHI Collaboration, P. Abreu et al., Z. Phys. C 66, 323 (1995);

L3 Collaboration, ICHEP-94, Glasgow, Ref. GLS0619, L3 Internal Note 1625; OPAL Collaboration, R. Akers et al., Z. Phys. C 60, 199 (1993).

14. The LEP Collaborations and the LEPEW Working Group, Nucl. Instrum. Methods A 378, 101 (1996), LEPEWWG/96-02, LEPHF/96-01;

http://www.cern.ch/LEPEWWG. 15. A. Wagner, Report at this Conference.