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THE LHCb PROJECT�Andreas Shopperon behalf of the LHCb CollaborationCERN, 1211 Geneva 23, Switzerland(Reeived April 18, 2001)The LHCb experiment at the Large Hadron Collider (LHC) at CERNis designed to study CP -violation and rare deays in the B-meson system.A general overview of the projet is given, inluding the physis motivation,the design of the detetor and the expeted LHCb performane.PACS numbers: 11.30.Er, 13.20.He, 13.25.Hw, 29.40.�n1. Physis motivationCP -violation is now well established in the neutral kaon system, but itsorigin is not yet understood. The Standard Model with three quark familiesan aommodate CP -violation through a omplex phase in the Cabibbo�Kobayashi�Maskawa (CKM) matrix. In the minimal Standard Model theCKM matrix is unitary. This property an be expressed geometrially bya set of triangles in the omplex plane of whih only two are non-degenerate.These triangles are shown in Fig. 1 in the Wolfenstein parameterization ofthe CKM matrix, developed up to the �fth power of the sine of the Cabibboangle �.Before the start of the LHC, many di�erent experiments, both at e+e�B-fatories as well as at hadron mahines, will perform measurements in theB-meson system that an be related to the angles and sides of the unitar-ity triangles. The length of the side opposite to the angle �, proportionalto jVubj, will be known from b ! u +W measurements, and the length ofthe side opposite to the angle , proportional to jVtdj, will be known fromB-mixing measurements, although both with some non-negligible hadroniunertainties. The third side of the �rst unitarity triangle of Fig. 1 hasa unit length normalized to jVbj. Thus the knowledge of jVbj, jVubj and� Presented at the Craow Epiphany Conferene on b Physis and CP Violation,Craow, Poland, January 5�7, 2001. (1769)
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|Vcb|Fig. 1. Unitarity triangles obtained with the Wolfenstein parameterization of theCKM matrix, developed up to the �fth power of the sine of the Cabibbo angle �.jVtdj allows for an indiret determination of the angles � and . In addi-tion, the angle � will also be diretly measured from the CP -asymmetry inB0d ! J= K0S deays, and sin(2�) will probably be known with a preisionbelow 0.05 by the time the LHC beomes operational. However, due to thelimited statistis together with theoretial unertainties for deay hannelslike B0d ! �+�� and B0d ! �+���0, the angle � = �� (� + ) will only beknown with a very limited preision. Neither a diret measurement of  anbe expeted, nor the determination of Æ that will require high statisti B0sdeays at hadron mahines.Although CP -violation will be established by the start of LHC, moree�ort will be required to over onstrain the unitarity triangles in order tofully investigate CP -violation and possibly reveal new physis beyond theStandard Model. The aim of the LHCb experiment is to measure preiselyCP -violation e�ets in both the B0d �B0d and the B0s �B0s systems, and todetermine the phases of the CKM elements that enter in the two unitaritytriangles in as many di�erent ways as possible.



The LHCb Projet 17712. The LHCb detetorThe priniple of the LHCb experiment is disussed in the Tehnial Pro-posal (TP) [1℄ that was approved by CERN in 1998. The experiment willpro�t from the very large b-quarks prodution ross setion in the 14 TeVproton�proton ollisions of 0.5mb, about 1% of the total visible ross se-tion in LHCb. In order to redue the number of multiple interations perbunh rossing, and to limit the radiation dose to the detetors, LHCb willrun at an average luminosity of 2� 1032m�2 s�1, whih is muh lower thanthe nominal luminosity of LHC at the ATLAS and CMS interation points.This value is expeted from the start-up of the aelerator and an be keptwith inreasing LHC luminosity by a loal de-tuning of the beams at theLHCb interation point.The requirements to the detetor are an e�ient trigger for manyB-deay topologies, an exellent partile identi�ation for ��K separationin a wide momentum range, a good deay-time resolution in partiular toresolve fast Bs osillations, and a good mass resolution to e�iently suppressbakground.

Fig. 2. Side view of the LHCb detetor.An overview of the LHCb detetor is shown in Fig. 2. The single-armforward geometry of the spetrometer with a maximum angular overage ofabout 15 to 300 mrad has been hosen to math the orrelated bb produtionwith predominantly low polar angles.



1772 A. ShopperA stand-alone reonstrution of seondary verties produed by B-mesondeays is performed by the Vertex Loator (VELO) [2℄ that surrounds theinteration point. It onsists of 25 r- and �-measuring stations that aremade from half irular 200�m silion sensors disposed orthogonally to thebeam. The sensors have an ative radius from 8 to 40mm. They will behosted in Roman pots inside the vauum tank and are retratable fromthe beams during injetion. The system will provide a 40�m resolution onthe reonstruted primary vertex along the beam axis. The proper timeresolution for B0s ! D�s �+ is estimated to be 43 fs, whih would allow tomeasure B0s osillations up to xs = 75 in one year of data taking witha signi�ane of better than 5�.The main traking system onsists of 11 stations (T1�T11) and a warmdipole magnet produing a vertial �eld with a bending power of 4Tm [3℄. Inview of the high partile density lose to the beam axis the stations are splitinto outer and inner subsystems at at radius of about 0.5m. The baselinetehnologies that are being investigated are drift hambers with straw-tubegeometry for the outer traker, and possibly a ombination of miro-patterngas hambers and silion detetor tehnologies for the inner part. Thissystem will form a magneti spetrometer with a momentum resolution of0:3% up to 200GeV/. An average mass resolution of 17MeV/2 is expetedfor B0d ! �+�� deays, and of 11MeV/2 for B0s ! D�s K deays.
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Fig. 3. Invariant mass spetrum for B0s ! D�s K deays before and after partileidenti�ation with the RICH detetors.Two RICH detetors [4℄ with omplementary but signi�antly overlap-ping momentum ranges have been designed, in order to obtain a �=K separa-tion in the range from approximately 1 to 100GeV. Partile identi�ation inthe high momentum region is important to suppress bakground in two-body



The LHCb Projet 1773B deays, whereas identi�ation of low momentum hadrons is needed forb-�avor tagging. The RICH1 detetor has aero-gel and C4F10 radiators,while RICH2 employs CF4. In both detetors the Cherenkov light is ob-served by pixel HPDs with single photoeletron sensitivity. The performaneof the RICH system is illustrated in Fig. 3, showing the invariant mass spe-trum for B0s ! D�s K deays before and after the partile identi�ation isapplied. It is learly seen that the RICH system e�iently rejets eventsfrom B0s ! D�s � deays that have similar topology to the B0s ! D�s Kdeays.In order to identify photons, eletrons, �0's and hadrons, the LHCbalorimeter system [5℄ onsists of three sub-detetor omponents, the sin-tillator-lead pre-shower (PS) detetor, the �shashlik�-type EletromagnetiCalorimeter (ECAL), and the sintillating tile Hadron Calorimeter (HCAL).All sub-detetors have a similar tehnology with sintillating tiles as ativematerial that are readout via wavelength-shifting �bers, and using lead orsteel plates as absorber material. Sine all sub-detetors have to provide in-formation to the L0 trigger, the optis are optimized for fast signal transmis-sion and are readout in one bunh rossing of 25 ns. The ECAL and HCALprovide an energy resolution of �E=E = 10%=pE � 1:5% (E in GeV) and�E=E = 80%=pE� 10% (E in GeV), respetively. A �0 mass resolution of6 MeV/2 is expeted for e.g. B0d ! �+ � deays.The muon system [6℄ is omposed of �ve stations that are sandwihedbetween iron �lters, exept for the �rst part where ECAL and HCAL playthe role of �lters. Resistive Plate Chambers (RPC) are planned for themoderate �ux regions while Multi Wire Proportional Chambers (MWPC)with anode and/or athode readout will be used for the high �ux regions.The system is optimized to trigger e�iently at L0 on muons from B-mesondeays suh as B0d ! J=	(�+��)K0S, B0s ! J=	(�+��)�, and B0s ! �+��.The trigger system is designed to be very �exible and robust, onsistingof four levels. The �rst level (L0) runs at 40MHz input rate using infor-mation of the alorimeter and muon systems to selet events with hadrons,leptons or photons with high transverse energy in the range of 1 to 3.5GeVdepending on the type of partile. A pile-up veto rejets events with mul-tiple interations in one bunh rossing. The seond trigger level (L1) runsat 1MHz input rate and uses information of the Vertex Loator to identifydisplaed verties, a signature of b-hadron deays. This requires stand-alonethree-dimensional pattern reognition to rejet minimum bias events thathave passed the L0 trigger. The other two trigger levels start with an inputrate of 40 KHz and further redue this rate to 200 Hz. Having aess tothe full event information the seondary verties an be further re�ned byadding momentum information from the traker (L2), and a omplete �nalstate reonstrution an be performed using the o�ine algorithms (L3).



1774 A. Shopper3. Expeted LHCb performaneFor many CP -violation studies it is essential to tag the �avor of aB hadron at prodution. LHCb onsiders to tag with leptons from b! l andwith harged kaons from b !  ! s deays. The expeted overall tagginge�ieny is 40% with a mistag rate of 30%.For most of the important deay hannels the dediated LHCb trig-ger has an overall e�ieny of about 30% for reonstruted and taggedevents. In the leptoni hannels for example, B0d ! J=	(e+e�)K0S andB0d ! J=	(�+��)K0S deays have e�ienies of 24% and 36%, respetively.For the hadroni deays of B0d ! �+�� we expet a total e�ieny of 30%.In order to over-onstrain the unitarity triangles and to reveal possiblenew physis beyond the Standard Model, LHCb will determine the angles�, � and , as well as Æ, in as many di�erent ways as possible. The physisperformanes are desribed in the Tehnial Proposal [1℄ and in a CERNYellow Report [7℄. In one year of nominal LHCb luminosity � 50 k usefulevents will be olleted in the B0d ! J=	K0S deay hannel, whih leads toa preision of 0.02 on the determination of sin(2�). Approximately 30 kevents are expeted in the B0s ! J=	� deay allowing a measurement of Æwithin 0:6Æ to 1:4Æ, depending on the value of Æ and of the strong interationphases. Again, depending on the entral value and the �nal state stronginterations, a preision of 4Æ to 19Æ per year of running is expeted on from B0d ! DK0� deays, and of 6Æ to 14Æ on  � 2Æ from B0s ! DSKdeays. Furthermore one expets an error of 2:5Æ to 5Æ on � from about1300 B0d ! �+ � events per year.Also part of the LHCb program is the study of rare B-deays suh asthe FCNC hannels B0s ! �+�� with an expeted 10 events per year andB0d ! K0� with 26 k events per year.4. ConlusionLHCb will take full pro�t from the very large b-quarks prodution rosssetion at LHC, from its start-up in 2006. With an e�ient trigger for manyB-deay topologies, an exellent partile identi�ation for ��K separationin a wide momentum range, a good deay-time resolution to resolve fast Bsosillations, and a good mass resolution for harged as well as neutral deaymodes, the LHCb experiment is well suited to examine the onsisteny ofthe CKM desription for CP -violation, and to searh for new physis.
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