
ASYMMETRIC B FACTORIESFERNANDO MART��NEZ-VIDALIN2P3-CNRS/Universit�es Paris 6 & 7, FranceE-mail: martinef@SLAC.Stanford.EDUAfter more than a decade of preparation, a new race of experiments known asAsymmetric B Factories, were commissioned in early 1999 and started operationbefore the fall of the year. Asymmetric B Factories are expected to largely improveour knowledge of one of the currently most exciting mysteries in Particle Physicswith major consequences on Cosmology: the origin and nature of CP violation.The Physics motivation and the basics of those experiments, as well as the initialperformances and early results are reported in this talk.1 IntroductionAccording to the Big Bang theory, matter and antimatter existed in equalamounts when the Universe was a fraction of nanosecond old. Almost all theseparticles and antiparticles quickly disappeared in a blaze of mutual annihila-tion. Only about one in about one billion particles survived. The rest endedup as photons in the cosmic background radiation. Why did the matter notannihilate completely with antimatter inmediately after its creation? Couldbe an equal matter and antimatter scapes from the blaze. Astrophysicistshave searched for antimatter galaxies and even larger structures by lookingfor the violent matter annihilation activity that would occur at their bound-aries. But no such structures have been identi�ed so far, up to extremelylarge scales of billions of light years. Therefore we seem to live in an Universelargely dominated by matter. These facts lead us one of the most excitingmysteries of the Universe: the matter/antimatter asymmetry.According to our model of fundamental interactions, the combined oper-ations of C (charge conjugation) and P (parity) take matter into anti-matter1. CP violating processes could then provide an absolute distinction betweenmatter and antimatter. In 1964, Cronin et al. at Brookheaven discovereda tiny but non-zero violation of the CP symmetry in the K0 �K0 system 2.In 1967, Andrei Sakharov conceived a mechanism by which a tiny excess ofmatter over antimatter could arise in the early Universe 3. In his idea, CPviolation, as well as the baryon number violation and C violation in an ex-panding Universe (with deviations from thermal equilibrium), is an essentialingredient to generate the Baryon Asymmetry of the Universe (BAU). It wasthought that BAU could only be generated at the scale of the Grand Uni-�cation 4. However, in 1985 it was realized that the electroweak transition



5 could have dramatic consequences on any baryon asymmetry generated athigher temperature, and could be at the origin of the observed number ofbaryon to photon ratio 6 (nb=n � 10�9 � 10�10). The possibility to gener-ate CP violation at the electroweak scale makes the study of the StandardModel (SM) \scenario" 7 (for which we have de�nite predictions) extremelyexciting. However, it seems very di�cult to produce large enough BAU atthe electroweak scale 8, at least in the minimal SM with one scalar Higgsdoublet. Therefore, one is tempted to predict other sources of CP violation atlarger scales and thus a comprehensive study of this phenomenon is of crucialimportance.Almost 40 years after the observation of CP violation in the neutral kaonsystem, the understanding of this e�ect has made big progress, and it has beenobserved in several decays 9, but all of them involve K0 particles. Thereforethere is no evidence so far that this phenomenon is indeed a fundamentalproperty of the weak interactions: CP violation is today one of the leastconstrained subjects in High Energy Physics.The existence of the third generation of fermions was originally predictedto accommodate CP violation into the SM via a non-trivial phase of thequark mixing matrix 10. The coupling between up- and down- type quarks isdescribed by the CKM matrix:VCKM = 0@Vud Vus VubVcd Vcs VcbVtd Vts Vtb 1A (1)Unitarity implies that the matrix can be described using four independent pa-rameters: the convenient Wolfenstein parameterization 11 involves expandingin terms of � = sin �C = 0:2205� 0:0018 12:VCKM = 0@ 1� �2=2 � A�3(�� i�)�� 1� �2=2 A�2A�3(1� �� i�) Vts 1 1A+O(�4) (2)A = 0:80 � 0:04 12 can be determined from the measurement of j Vcb j insemileptonic decays 12, leaving two parameters to be determined: � and �;the latter describes the imaginary part of the matrix, and � 6= 0 correspondsto the existence of CP violation. One of the unitarity conditions is particularlyinteresting: VudV �ub+VcdV �cb+VtdV �tb = 0, which corresponds to a triangle (withsides of similar length, � A�3) relationship in the (�; �) plane, illustrated inFig. 1 (after normalization by �Vcb). Constraints on the triangle's apex canbe found from a �t to data for j Vub=Vcb j,



�2 + �2 / �b!u`�� (3)which measures the length of one of the sides, and j Vtd j extracted from thefrequency for B0d �B0d oscillations, �md,(1� �)2 + �2 / �md ; (4)which measures the length of another side. The main source of uncertaintyon the extraction of j Vtd j from B0B0 oscillations is due to the rather largetheoretical uncertainties on QCD matrix element calculations 13. Reducingthis uncertainty is possible by measuring �ms (actually imposing limits) fromB0s �B0s oscillations, and applying constraints on the ratio j Vtd j = j Vts j 14.The third side of the triangle is unity by construction. The kaon CP violationparameter �K 9 also provides a hyperbolic constraint on the apex, assumingthat observed CP violation in the neutral kaon system is due to the SM.Nevertheless, quantitative tests of the SM using kaons are limited due to thepresence of large hadronic e�ects, very di�cult to predict. The angles of thetriangle, argVtd = �� = tan�1 �1� � ; argVub = � = tan�1 �� ; (5)are directly related to CP asymmetries in B decays, so their measurementwould allow a stringent test of the SM. Our current knowledge of the triangleis rather poor 12.Regardless any particular model, CP violating e�ects in B decays can begenerated by three di�erent possible mechanisms and might be observed bystudying two generic classes of �nal states:� Flavor speci�c �nal states. Any �nal state which enables to determineunambiguously the nature (B0 orB0) of its mother meson is called avourspeci�c. The simplest examples are the semileptonic decays, for whichthe rule �B = �Q insures that the lepton charge gives the signature ofthe avor of the B. Assuming that the avor is known at t = 0, thereexist two possibilities:{ the �nal state f can only be produced by the avor of the initialB. This requires the observation of a di�erence between the decayrates of matter and antimatter, i.e. �(i ! f) 6= �(�i ! �f). Theinteraction responsible of the desintegration of the B meson is at
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Figure 1. The unitarity triangle. Some B decay modes which allow to measure the sidesand the angles are also shown.the origin of CP violation. This is called Direct CP Violation.Note that both neutral and charged mesons could be used.In general, decay amplitudes can be factorized into its magnitudeand their weak and strong phases, A =j A j ei�W ei�S . UnderCP transformation only the weak phases are modi�ed, A =j A je�i�W ei�S . As decay rates are proportional to the total amplitudesquared, processes involving at least two decay amplitudes may re-sult into CP violating e�ects. The following conditions have to besatis�ed: i) the magnitudes of the amplitudes should be of the sameorder; ii) the amplitudes must have di�erent weak and strong phases.The expected asymmetries might be large (with large uncertainties)but the branching ratios of the interesting modes are small (� 10�5).About 109 � 1010 B mesons could be necessary to be sensitive toany asymmetry. In addition, these asymmetries are hard to in-terpret in terms of the angles of the Unitarity Triangle, given thedi�culty to estimate with reasonable con�dence the amplitudes andthe strong phases (mainly due to the presence of penguin diagrams).An exhaustive list of potential modes can be found in 15. The in-terpretation of CP violating e�ects in terms of the angles of theUnitarity Triangle may be better achieved by studying the decaysB� ! D0( �D0)K(�)� and B0 ! D0( �D0)K�0, K�0 ! K+�+ 15;16,which would allow to measure .{ the �nal state f cannot be produced by the avour of the initial B.
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Mixing DecayFigure 3. Interplay between direct decay and mixing in CP violation.is a CP eigenstate, CP j fCP i = �CP j fCP i, where �CP is the CP parityof the �nal state (�CP = �1). Therefore in this case there will be aninterference between direct decay and B0B0 mixing, as shown in Fig. 3.The time-dependent asymmetry (7), now to a CP eigenstate (f ! fCP ),reads As(t) = �CP sin 2(�M + �D) sin�mdt (8)where �D is the decay phase coming from the desintegration process.Equation (8) assumes that direct CP violation does not occur, otherwisea more complicated expression would be derived. This situation is calledCP Violation from the interplay between decay and mixing.This is the most promising source of measurable CP violation and it isexpected to be the major result of the Asymmetric B Factories. Color-suppressed modes (b ! c�cs, see Fig. 4), like B0 ! Charmonium+K0S(K0L) and the corresponding modes with K�, where the K� decaysinto a CP eigenstate, K� ! K0S�0(K0L�0) are, from both the theoreticaland experimental point of views, the suitable modes for that purpose.For these modes �D = arg(VcsV �cb) � 0 and �M = �, with negligibletheoretical uncertainty 15. They have reasonable branching ratios and inprinciple, controllable backgrounds (specially the so-called \gold-plated"mode, B0 ! J=	K0S). A summary of some of the most promising �-nal states which can be used for observing time-dependent CP violationasymmetries can be found in table 1 (taken from 15).2 Experimental ConsiderationsThe primary goal of the Physics program at the Asymmetric B Factories willbe the systematic study of CP asymmetries in the B0 decays, providing re-dundant measurements of the sides and angles of the Unitarity Triangle. The



Figure 4. Feynman diagrams responsible for the color suppressed CP modes, B0 ! J=	K0Sand B0 ! J=	K0L.Table 1. Examples of some promising B0(B0) decays which can be used for observingtime-dependent CP violation asymmetries. V and P denotes, respectively, Vector andPseudoscalar.Modes Class 1 Class 2 Class 3 Measured Penguin(V-P) (P-P) (V-V) angle contributionb! c�cs J= K0S , J= K0L J= K�0 sin 2� negligible (2S)K0S ,  (2S)K0L (K0S�0)�c1K0Sb! c�cd D�+D� D+D� D�+D�� sin 2� smallD0 �D0b! u�ud �+�� �+�� �+�� sin 2� possible�0�0, a+1 �� (< 20%)measurement of time-dependent CP violating asymmetries (due to interplayof decay and mixing) plays one of the central roles and it imposes stringentconditions on both, the machines and the detectors. It requires the reconstruc-tion of exclusive �nal states which can be produced in B0 and B0 decays. Ingeneral, the branching ratios of such modes are small (10�4�10�5), thereforeit is necessary the production of large amounts of B0 mesons (� 108) as wellas to have a very large trigger and reconstruction e�ciencies, including �nalstates with �0's and 's, keeping backgrounds low.The number of produced B0 mesons depends on the b�b cross-section andthe luminosity. However, one needs to consider also the cleanliness of theenvironment in which the B mesons are produced. In other words, whatare the reconstruction and tagging e�ciencies and what is the signal over



background ratio? One of the most appropriate choices seems to be a \factorymode" of the e+e� colliders at the � (4S) energy (10.6 GeV). There are manyadvantages in this choice:� although not huge, the b�b cross-section is acceptable, �(e+e� ! � (4S)!b�b) � 1:05 nb;� the � (4S) resonance (JPC = 1��) decays into a pair of BB mesons,� 50% B+B�, � 50% B0B0;� it is the cleanest source of BB pairs:{ no other particle is produced, allowing to get a good tagging e�-ciency (see later);{ event multiplicity is small, � 10 charged tracks and � 10 photonsare produced in average, and the tracks/clusters are spread overthe full solid angle. Therefore the reconstruction e�ciency is large(included �0's and 's) with rather small background contribution,mainly due to continuum events;{ o�-resonance peak running (about 40 MeV below the peak) allowsbackground subtraction using data;� stringent kinematic constraints can be applied. For instance, the mea-surement of the B mass can be improved in about one order of magnitudeby using the energy of the beam as energy of the B;� coherent BB production. Since the � (4S) decays exclusively into a BBpair, the BB system is in a coherent (antisymmetric) quantum state,j B(t1)B(t2)i� j B(t1)B(t2)ip2 (9)and must be considered as a whole instead of the individual B mesons.The system will evolve coherently until one of them decays. It is only atthat time (reference time, t0) that the nature of the second meson (B0 orB0) will be de�ned: the avor of the second B0 will be opposite to that ofthe �rst B0 and the time of the second B0 (t1) can be measured relativeto the �rst one, �t = t1 � t0. This is the well known EPR paradox 17,applied to the � (4S) system (illustrated in Fig. 5).



Figure 5. EPR paradox in the � (4S) system: even though both B0's mix, when we measure(tag) the avor of one of the B0's, then it is de�ned the avor of the other which has tobe its CP conjugate at that time. Then we can measure the decay time of the other B0relative to the time that the �rst one was tagged.The main limitation is coming from the achievable luminosity of the col-lider. In this area there is a clear advantage for the hadronic collisions 18.Integrated luminosities between 30 and 100 fb�1/year and several years ofoperation will be required. This will be achieved only with peak luminositieslarger than 1033 cm�2s�1.The measurement of time-dependent CP violating asymmetries (due tointerplay of decay and mixing) imposes also an additional, serious constraintto the � (4S) experiments. The reference time, t0, is not the � (4S) decay,but the time at which one of the B's is identi�ed. The consequence is thatsince the terms with sin�md�t can have positive and negative values, thesin�md�t term vanishes when integrating over time, i.e. no CP violatinge�ect involving interplay between decay and mixing can be observed. It istherefore mandatory to measure �t, which can be extracted by measuringthe relative ight distance of the B mesons, �L = �c�t, where � is theB meson velocity. However, at the � (4S) energy, B mesons are producedalmost at rest (pB � 300 MeV=c) in center-of-mass frame and the averagedistance between both B decay vertices is only about 50 �m, which is of thesame order than the resolution achievable with present technologies, makingdi�cult to measure any time-dependent mixing. However, if the collider isasymmetric, then the system is Lorentz boosted along the direction of thehigh energy beam and then the time measurement can be performed through



Figure 6. A schematic view of the event topology at Asymmetric B Factories.a �z position measurement. These asymmetric energies give rise to the eventtopology sketched in Fig. 6.The distance �z can be written in terms of t0 and t1,�z = �c� t1 � t0� + �CMc� cos ��B t1 + t0� : (10)In this equation, � is the boost of the � (4S), c� is the average ight distanceof a B meson and �CM is its velocity in the � (4S) frame (�CM � 0:07). ��Bis the angle at which the B meson is produced in the � (4S) rest frame withrespect to the beam direction. For most studies, the second term in (10) canbe safely neglected. The minimal value of the boost � obviously depends onthe experimental resolution on �z. Assuming �(�z) � 110 �m, it is suitablea mean �z = �c� value of � 250 �m, which requires a boost of � � 0:56.All studies have shown that the CP asymmetry can safely be observed withthe high energy beam in the range between 8 and 9 GeV19.3 The machines: PEP-II at SLAC and KEK-B at KEKMany proposed feasibility studies of such a machine were carried out in severallaboratories. Only two of them have been constructed at Stanford LinearAccelator Center (SLAC) in California (USA) and at KEK in Japan. Thesecolliders (PEP-II at SLAC and KEK-B at KEK) have two rings (2.2 Kmand 3.0 Km circumference, respectively) with collision at a single point (see



Figure 7. Sketch of the main rings of the PEP-II (left) and KEK-B (right) B Factories.Fig. 7). The high luminosity is achiveved through high currents and strongfocusing.Both machines had a very remarkable success in all the di�erent stages ofthe project, in spite of the very agressive schedules, being always on or aheadschedule. Tables 2 and 3 summarize some of the most relevant design andachieved performances of these two machines. As as reference, here a some ofthe milestones of the PEP-II project:� May '97: starts commissioning of the HER (High Energy Ring);� July '98: LER (Low Energy Ring) installation completed. HER runningwith 1222 bunches and with a current 759 mA/bunch;� February '99: LER current 1171 mA (world record);� March '99: commissioning was put on hold to install the detector(BABAR). By this point, PEP-II has already achieved a luminosity of5:2� 1032 cm�2s�1 with 786 bunches.� May '99: First collisions recorded with BABAR. PEP-II achieved theworld record luminosity of 1:4 � 1034 cm�2s�1. Fig. 8 shows the inte-grated and daily luminosity history of PEP-II and the BABAR experiment.The inactive period near October '99 was a planned shutdown to installsome remainder components of the detector. There was an inactive pe-riod starting in November '99 until the end of the year due to a PEP-IIvacuum leak. Finally, PEP-II delivered 2 fb�1on-resonance data, of wich1.7 fb�1were recorded by BABAR.



Figure 8. Daily (left) and integrated (right) luminosity history of PEP-II and the BABARexperiment.Apart from the luminosity, the main di�culty of B Factories is to keep thebackground accelerator at a level manageable by the detectors and physics.The \acceptable" level of background is determined primarily by the radia-tion hardness of silicon detectors and electromagnetic calorimeters, and byrequiring a tolerable drift chamber currents. The trigger rate, the occupancyof other subdetectors, the stress of the pattern recognition algorithms andthe saturation of storage capacities can also constitute occasional limitations.Therefore, it is mandatory a careful monitoring, analysis and simulation of thebackground sources and their impact. Only in this way e�ective remediationof their e�ects can be found to insure the safety, data quality and the usefullifetime of the experiment.The primary causes of accelerator-induced backgrounds are:� synchroton radiation generated in the bending magnets and �nal focusingquadrupoles in the incoming HER and LER beam lines. These magnetsalso impose strong mechanical constraints to the detector. As an example,in BABAR permanent magnets reach into the region j z j= 21 cm 20.� two-beam backgrounds from three sources: enhanced beam-gas interac-



Table 2. Design and achived performances (December 1999) of the PEP-II Asymmetric BFactory at SLAC..Parameter HER e� LER e+(design/achieved)Beam Energy (GeV) 9.0/9.0 3.1/3.1Boost (�) 0.56Current/bunch (mA) 0.6/0.6 1.3/1.3# bunches 1658/829 1658/829Total current (A) 0.75/0.55 2.1/1.7Bunch spacing (m) 1.26�z (cm) 1.0 1.15�x at IP (�m) 220/200�y at IP (�m) 6.6/6.3Lifetime 4h@1A/ 4h@2A/8h@0.5A 2.7h@0.8A1/2 crossing angle (mrad) 0 (head-on)Peak luminosity (cm�2s�1) 3� 1033/1:4 � 1033Recorded luminosity 2 fb�1Table 3. Design and achived performances (December 1999) of the KEK-B Asymmetric BFactory at KEK..Parameter HER e� LER e+(design/achieved)Beam Energy (GeV) 8.0/8.5 3.5/4.0Boost (�) 0.425Current/bunch (mA) 0.22/4 0.52/2.3# bunches 5000/800 5000/1024Total current (A) 1.10/0.51 2.6/0.53�z (cm) 0.40/0.56 0.40/0.56�x at IP (�m) 77/170�y at IP (�m) 1.9/2Lifetime 4.2h@0.27A 1.7h@0.43A1/2 crossing angle (mr) 11Peak luminosity (cm�2s�1) 1� 1034/5:9 � 1032Recorded luminosity 300 pb�1tions due to low-energy interaction point synchroton radiation impingingonto the incoming beam pipe; photons and low energy e� from radiativeBhabha scatering hitting nearby vacuum components; tails generated by



the beam-beam interaction and/or by the electron-cloud-induced blowupof the low energy beam.� the interaction of beam particles with residual gas around the rings(beam-gas), which constitutes the primary source of radiation damage,and that with the largest impact on operational e�ciency.� optics mis-tuning and injection losses.Reduction of these sources involve a strict program of local lead shielding,masking, collimators, vacuum pumping, real-time radiation monitoring andbeam dump hardware interlock systems.4 The detectors: The Beauty and The BeastBased on the physics motivations of section 1 and the experimental consider-ations described in section 2, the general requirements of the detectors are:� exclusive B meson reconstruction of low branching ratio modes, withpotentially high backgrounds (accelerator-induced and physics) demand:{ excellent momentum (� 0:5%) and energy resolution;{ good acceptance in forward direction;{ track reconstruction down to 50 MeV=c in transverse momentum;{ pion/kaon separation up to 4 GeV=c (this is required to separateB ! ��; K�; KK decays);{ detection of �0's and 's (20 MeV=c2-5 GeV=c2);{ lepton identi�cation;{ K0L detection capability;� B avor tagging heavily relies on lepton and kaon identi�cation:{ lepton identi�cation down to 500 MeV=c;{ kaon identi�cation below 2 GeV=c;� a resolution on �z about 110 �m is needed, therefore high precisionvertexing should be possible. Given the low momentum range of thetracks, errors will be dominated by multiple scattering. It is thereforenecessary to minimize the amount of material in front of the �rst detectorlayer.



Figure 9. The BABAR Detector at the SLAC B Factory: 1.Silicon Vertex Tracker, 2.DriftChamber, 3.Particle Identi�cation Subsystem (DIRC - Detector of Internally ReectedCherenkov Light), 4.Electromagnetic Calorimeter, 5.Magnet, 6.Instrumented Flux Return.With these requirements, the design of the B Factory detectors, BABAR20at PEP-II and BELLE21 at KEK-B, used quite conventional techniques, alreadyin operation in other (older) facilities. They use a silicon vertex detector, atracker which can be made of silicon detector and/or drift chambers, a particleidenti�cation system based on dE=dx, time-of-ight or Cherenkov counters orimaging devices and electromagnetic calorimetry using crystals. Fig. 9 and 10show a schematic view of the BABAR and BELLE detector components. Table 4give a snapshot of the di�erent components. As it can be seen, both detectorsare very similar in the chosen technologies. The most remarkable di�erenceconcerns the particle identi�cation system.The vertex detector information dominates the measurement of the trackdirection and impact parameters, both along and perpendicular to the beamdirection. The BABAR Silicon Vertex Tracker (SVT) consists of �ve layers oftwo-sided silicon strip detectors, meanwhile the BELLE Silicon Vertex Device(SVD) has only three layers. Both detectors use radiation-hard technologies.The smaller size of the BELLE SVD detector is compensated with a largerCentral Drift Chamber (CDC), with internal and external radius of 8 and 87



Figure 10. Schematic view of the BELLE Detector at the KEK-B B Factory. The di�erentsubsystems are also indicated.cm respectively, and 50 layers. The BABARDrift CHamber (DCH) contains 40layers, and extends from 22.5 to 80 cm. Proper alignment data for all siliconwafers as well as the relative alignment between silicon and drift chamberare crucial inputs to achive the required vertex resolution. Silicon detectorsconstitute the main tracking system for low momentum tracks (p? < 100MeV=c), as it is the case of low-momentum pions from D�+ ! D0�+ decays.The spatial resolution achieved so far in the BABAR SVT innermost layer, asdetermined from the �rst months of data, is shown in Fig. 11 (left). It isclose to the expectation from Monte Carlo simulation. Fig. 11 (right) showsthe accumulated dose in the BABAR SVT: it can be seen that it has beenmaintained well below budget. Less chance had the BELLE SVD detectorwhich had to be replaced by a new one after a few weeks of operation. Thedrift chambers provide the resolution for the measurement of the momentumof the tracks. The pulse height information provided by the drift chambersare also used to measure the mean ionization loss (dE=dx).



Table 4. Summary table of the BABAR and BELLE subsystems.Subsystem BABAR BELLESilicon Detector SVT SVD5 double sided radiation 3 double sided layershard layersDrift chamber DCH CDC22.5-80 cm, 40 layers 8-87 cm, 50 layers (18 stereo)(axial/stereo)Particle ID DIRC ToF+ACCDetector of Internally 4 cm-thick scintillators,Reected Cherenkov light 128 � segmentation144 quartz bars 960+228 silica aerogel cellsElectromagnetic EMC CsIcalorimeter 5760+820 CsI(Tl) crystals in 6624+1152+960 CsI(Tl)barrel and forward endcap crystals 30 cm longSuperconducting coil 1.5 T 1.5 T�/K0L detector IFR KLM19 RPC layers, 65 cm iron 14 layers RPC superlayerin barrel, 18 RPC layers, 60 and 4.7 ironcm iron in endcaps2 double-layer RPC insidethe coilThe superconducting magnet coils provide a �eld of 1.5T inside the track-ing volume. Together with the spacial resolution, this allows a momentumaccuracy about 0.3% for high-momentum tracks. The full tracking system,combining silicon and drift chambers, provides very good pattern recognitioncapability for charged tracks, even at periods with high machine backgrounds.Fig. 12 shows the BABAR impact parameter resolution, in the transverse andlongitudinal planes, as a function of transverse momentum as measured withmultihadron events. The asymptotic value at high momentum is about 40�m, consistent with dimuon measurement at high momentum. A good indi-cator of the integrated tracking performace comes from mass resolutions. ForD0 ! K��+ the mass resolution measured by BELLE is 6:9 � 0:6 MeV=c2,meanwhile it is 7:9� 0:4 MeV=c2 for BABAR without �nal calibrations. TheK0S ! �+�� mass distribution as measured by the BELLE detector is shownin Fig. 13 for two di�erent momentum intervals, 0.5 GeV=c< P < 1.5 GeV=cand P > 1.5 GeV=c; the mass resolutions are, respectively, 4:3� 0:1 MeV=c2and 5:4 � 0:3 MeV=c2. The corresponding resolution measured by BABAR is5:4� 0:5 MeV=c2 averaged over all momentum range.There are two important benchmarks of performace for the particle identi-�cation system. As indicated above, one is the ability to separate B0 ! �+��
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σd0

pt(GeV)

σ d0
(c

m
)

BABAR

µ+µ-

0

0.01

0.02

0.03

0.04

1 2 3

σZ

pt(GeV)

σ Z
(c

m
)

BABAR

0

0.01

0.02

0.03

0.04

1 2 3Figure 12. Impact parameter resolution as a function of transverse momentum in BABAR.from B0 ! K+�� and the other is the performace of charged kaon tagging.In the case of BABAR this is resolved in the barrel region using a DIRC (Dec-tection of Internally Reected Cherenkov light) system, a new sort of ring



Figure 13. Mass distribution for K0S ! �+�� in BELLE for two momentum regions: (top)0.5 GeV=c< P < 1.5 GeV=c, and (bottom) P > 1.5 GeV=c.imaging Cherenkov detector. This constitutes one of the main di�erenceswith respect to BELLE where the problem is resolved with more conventionaltechniques by combining a time-of-ight system and threshold aerogel coun-ters. The BABAR DIRC radiator consists of 156 quartz bars of 4.7m lengtharranged in a 12-sided polygon around the drift chamber. As shown in Fig.14, a charged track traversing the thin quartz bars produces Cherenkov lightwhich is emitted at Cherenkov angle with respect to the particle direction.Part of this light hits the bar walls beyond the angle of total reection, andis multiply reected, until it reaches the back end, where it is transmitted viathe stando� box {a puri�ed water-�lled tank{ to an array of 10572 PMTs.The directions of the reected part of the Cherenkov cone form two conic sec-tions in the detector plane, which de�ne the Cherenkov angle and thereby thevelocity of the charged particle. The most important challenge of this detectoris that the surface polish of the quartz bars has to be within 5-10 angstromsRMS. This caused about one year delay in the completion of the detector:the detector was �nally completed during the shutdown in mid-October. Aresolution on the Cherenkov angle, �C , of about 2 mrad is required for �=K



Figure 14. Schematic view of the DIRC principle of operation.separation in the above mentioned modes. With the current data the mea-sured resolution is 3:0 mrad. The goal for the coming months will be to reachthe required resolution. Very signi�cant improvements which will allow toreach the design resolution are expected with better alignments, calibrationsand tuning of the detector.The photon energy region of interest for B physics ranges from about 20MeV to 4 GeV in laboratory frame. The B mass resolution for modes suchas �0�0 or �� is dominated by the photon energy resolution. The optimumcalorimeter design to achieve good resolution over this wide range is a struc-ture of Tl-doped CsI crystals. BABAR and BELLE both use this technology fortheir electromagnetic calorimeter. These subsystems are also used for electronidenti�cation. Fig. 15 shows the invariant mass of all combinations of neutralclusters (photon candidates) for BABAR and BELLE data. The measured �0mass resolutions are, respectively, 6.9 MeV=c2 and 5.4 MeV=c2.Outside the magnet there are �nally the �=K0L subsystems which primarygoal is to reduce the lower momentum limit for cleanly identify muons. Thisincreases the e�ciency for tagging the avor of B mesons substantially, and italso increases the size of the lepton sample for studies of semileptonic decays.The iron gaps of these detectors are instrumented with resistive plate cham-bers (RPC). In addition to its primary goal to identify muons, these systemscan identify K0L mesons to measure their angle with good precision to detectB0 ! J= K0L decays.
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Figure 15. Reconstructed �0 !  mass for (left) BABAR and (right) BELLE. BABAR(BABAR) selection requires a minimum  energy of 100 MeV (50) and a minium �0 en-ergy of 500 MeV (500).Table 5 compares some of the most relevant performace parameters forBABAR and BELLE. It can be seen that they have similar performances, whichis certainly not surprising given that they use similar technologies. It can besafely anticipated that important improvements are expected in the comingmonths thans to a better detector understanding which will reect in bet-ter calibrations, alignments and agreement between data and Monte Carlosimulations. The coming improvements in the reconstruction software willsigni�cantly contribute.5 Preparation for CP PhysicsThe analysis of the collected data by BABAR and BELLE is still in an earlystage. After the �rst collisions, most of the activity has been centered intuning-up the accelerators, detectors, reconstruction and physics tools.One of the �rst results from the experiments has been the cross-sectiondetermination. The ratio between the number of multihadron events andBhabha events, r = Nhadronic=NBhabha, as a function of the center-of-massenergy, is shown in Fig. 16 using BABAR data. The peak position is usedduring these �rst stages of the experiments to set the absolute scale of theaccelerator, requiring the �tted mass to be 10.580 GeV.



Table 5. Summary of the BABAR and BELLE detector performaces..BABAR BELLE�hit(DCH)=125 �m average for Bhabha �hit(CDC)=149 �m average for Bhabha(exceeds speci�cations of 140 �m)�(dE=dx) = 7% for Bhabha �(dE=dx) = 9% for pions, 7% for Bhabha�(�C ) = 3:0 mrad for Bhabha �(ToF)=100 ps for dimuons(2.0 mrad speci�cations)�z(SVT)=19 �m for cosmics �z(SVT)=45 �m for cosmicsabove p sin �5=2=2 GeV=c�E=E = 1%E(GeV)�1=4 + 1:2% at � = 90o �E=E = 2% for e+e� ! dp?=p? = 0:30%� p? for p? > 1 GeV=c dp?=p? = 0:25%� p? + 0:39%�(�0) � 5:7% �(�0) � 4%�(mK0S ) � 1:0% �(mK0S ) � 0:9%�(mD0 ) � 0:4% �(mD0 ) � 0:4%

Figure 16. The ratio of multihadron to Bhabha candidates selected from samples recordedat di�erent center-of-mass energies in BABAR. The curve shows the best �t to the data. Themultihadron selection enhances the contribution of � (4S) decays over continuum hadronicevents. A similar distribution with similar precision has been obtained by the BELLE exper-iment.The preparation for CP violation studies is now focusing on the \golden-plated" mode, B0 ! J=	K0S. Besides the theoretical cleanliness of this mode,it has many experimental advantages: i) it has a clean signature with verylow background, ii) it has low multiplicity with no neutrals (although the



Figure 17. Mass distribution for J= ! e+e� in BABAR (left) and J= ! �+�� in BELLE(right). The low mass tail in the case of J= ! e+e� is due to bremsstrahlung.K0S ! �0�0 could be also used) so it has a good reconstruction e�ciency;iii) is has a relatively large rate, BR � 3:7 � 10�5. As it has been alreadydescribed in previous sections, three essential ingredients are necessary todisplay a time dependent asymmetry:� reconstruction of the �nal state;� identify the avor of the B meson at t = 0;� measuring its decay time from its decay ight length.J= candidates are formed by combining e+e� and �+�� pairs com-ing from a common vertex. Electrons are identi�ed requiring shower shapeto be consistent with expectations and the ratio of energy measured in thecalorimeter to the measured track momentum close to unity. Muons are iden-ti�ed by requiring minimum ionizing tracks within the calorimeter and hits inthe �=K0L detectors. The mass distributions for e+e� and �+�� as obtainedby BABAR and BELLE respectively are shown in Fig. 17. The resolution forboth cases is about 16 MeV=c2. Signi�cant improvements are expected frombetter alignments and from the use of bremsstrahlung recovery algorithms (inthe case of the e+e� channel).B0 ! J=	K0S decays are found by selecting events with a J=	 candidateand combining it with a K0S candidate which form a B0 with the expected
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5.2 5.225 5.25 5.275 5.3Figure 18. �E vs mB distributions for the B0 ! J=	K0S decay mode from 620 pb�1 ofBABAR data (left) and 125 pb�1 of BELLE data.mass. Mass constrained J=	 andK0S candidates are constrained to come fromthe same vertex. Two selection variables are used:� �E = EcmB � Ecmbeam, the di�erence between the energy of the recon-structed B meson and the beam energy in the center-of-mass frame;� mB = p(Ecmbeam)2 � (pcmB )2, the mass of the B meson calculated usingthe beam energy and the momentum of the B. This variable, known asbeam-energy substituted mass, improves in about one order of magnitudethe B mass resolution.Fig. 18 shows the distribution of events in the �E � mB plane for BABARand BELLE. From about 620 pb�1 BABAR observes a total of 12 events in thesignal box, with an estimated background of 1.4. With 125 pb�1, BELLE has2 candidates. In both cases yields agree with expectations.A similar analysis can be performed using B+ ! J=	K+ decays. Thisdecay mode provides an important control sample since it is very similar toB0 ! J=	K0S, but it is much more abundant (BR � 1:2 � 10�4) and withno expected CP asymmetry. The equivalent two dimensional distributions forthis mode are shown in Fig. 19. In this case, BABAR has 32 candidates with4.9 expected background, meanwhile BELLE observes 7 events. Again, yieldsagree with expectations.Tagging the initial avor of a B meson can be performed exploiting thecorrelation between the avor and the charge of the decay products. Tagging
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5.2 5.225 5.25 5.275 5.3Figure 19. �E vs mB distributions for the B0 ! J=	K0S decay mode from 620 pb�1 ofBABAR data (left) and 125 pb�1 of BELLE data.mainly relies on leptons and kaons. However, some additional information canstill be extracted from other decay products, such as soft leptons from charmsemileptonic decays and soft pions from D� decays. The use of multivariatemethods such Neural Networks can help when combining all the information.The e�ective avor tagging e�ciency is given byQ =Pi �i(1�2wi)2 where thesum is over tagging categories, each characterized by a tagging e�ciency �i anda probability to mis-identify the B avor, wi. Q is related to the statisticalsigni�cance of the CP asymmetry measurement (1=�2stat � NBTAGQ). AtAsymmetric B Factories, Q values about 35% are expected 15. This has tobe compared to values about � 10% at hadronic machines 18.Leptonic tagging is based on the charge of the lepton produced from thedecay b ! l�c, as can be seen from Fig. 20(left)a) and c). The semileptonicbranching ratio is about 20%, therefore these decays are a good tagging tool.Backgrounds (wrong tagging) are mainly due to fake lepton identi�cation andcascade leptons, as shown in Fig. (left)b). Cascade lepton contribution canbe strongly reduced by removing low momentum leptons.Kaon tagging is based on the direct cascade b ! c ! s shown in Fig.20(right). Here the charge of the s(�s) quark is the same as the charge ofthe b(�b) quark, and therefore if the s quark produces a charged kaon, itscharge should have the same sign as the charge of the initial b(�b) quark.Unfortunately there are other sources to produce s(�s) quarks in B decays andsome of them lead to incorrect tagging. In Fig. 20 the wrong sign s quark
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uFigure 20. The di�erent sources of production of leptons (left) and s quarks (right) from bquark decays.has been encircled. These contributions represent about 10% to 15% of bdecays. In order to identify such decays, it is useful to observe all the chargedand neutral kaons in the event. This can only be e�ective if the detectoracceptance is very good and if the particle identi�cation is very good. BABARand BELLE detectors have been designed to ful�ll with these requirements.Flavour speci�c B0 decays, like B0 ! D���+ and B0 ! D��`+�, will beused to calibrate the avor tagging purity (mistag rate, w) to be used in theCP asymmetry measurement. Fig. 21 shows the B0 ! D��e+� signal fromBABAR (similar results has been recently reported by BELLE). In Fig. 21(left),the horizontal axis is the missing mass due to the neutrino, and the verticalaxis is the D� �D0 mass di�erence. The right part of the same �gure showsthe projection on the vertical axis for the the missing mass signal region.Once a B meson has been reconstructed and its initial avor is tagged,the next step is to measure the distance �z between the reconstructed Band the vertex of the tagging B. The main advantage of the asymmetric BFactories is that only the B mesons are produced (absence of fragmentationproducts) and stringent constraints can be applied from the knowledge of theIP region and � (4S) four-momentum. The main problem to overcome is thesmall boost of the B mesons (which will reect in a small average decay lengthhdi and therefore small �d=hdi) and the low energy of their decay products,therefore it is mandatory to minimize the amount of material in front of the�rst detector layer. The estimated �z resolution from BABAR and BELLEis � 110 �m, and it can be parameterized by a narrow (� 80 �m) and awider (� 200 �m) Gaussian. By comparison, the vertex resolution of the fullyreconstructed B0 ! J=	K0S decay is � 40 �m.



Figure 21. (Left) D� �D0 mass di�erence vs missing mass for B0 ! D��e+� candidatesin BABAR. (Right) Projection on the D� �D0 mass axis for signal events in missing mass.6 Summary and prospectsAsymmetric B Factories at SLAC (USA) and KEK (Japan) are embarked onan exciting program to study CP violation. The �rst physics quality dataare already on tape. Accelerators are operating well and delivering collid-ing beams with tolerable background levels. CP Violation in the B sectorwill make a de�nite test of the Standard Model. The B meson systems areparticularly suited for such studies since theoretical uncertainties in SM pre-dictions can be well understood in some decay modes. Hadronic e�ects areeither not present or can be measured experimentally. The \golden-plated"mode, B0 ! J= K0S is a such decay mode. With these measurements coming,one can then overconstrain the Unitarity Triangle and, who knows, perhapsunearth the largely searched inconsistency in the Standard Model.The performance of the detectors has been studied in the early data andfound to be close, and in some cases exceeding, the design goals. Signalsin the B0 ! J= K0S and other key channels have been con�rmed at theexpected rates and resolutions. Studies of vertex resolution are found in rea-sonable agreement with simulation. The performance of the avor tagging isbeing studied using avor speci�c B0 decays. By unavoidable personal bias,many of the examples provided in this talk have been based on the BABARexperiment. However, it has been shown the similarities in the design andearly performances of BELLE. During the �rst months of data taking bothexperiments many problems but fortunately the hard work of engineers andphysicists allowed to overcome them.The short term goal of the BABAR and BELLE Collaborations is to accu-
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