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B PHYSICS IN CDF�I. Fiorifor the CDF CollaborationINFN-Pisa, via F. Buonarroti 2, 56127 Pisa, Italye-mail: irene.fiori�pi.infn.it(Reeived May 5, 2003)The upgraded CDF detetor is now olleting data with the aim ofintegrating 2 fb�1 by year 2005. The pursued B physis program is veryappealing. CDF will provide measurements of various CP violating and Bmixing parameters whih both omplement and extend B-fatories mea-surements. In addition there is a variety of spetrosopy measurementson Bs and heavier B hadrons whih are urrently aessible only at theTevatron. In this talk we give a desription of the new CDF tools availablefor B physis, we disuss the preliminary results obtained with the �rst70 pb�1 of data, and we highlight Run II B physis prospets.PACS numbers: 14.65.Fy, 14.40.Nd, 13.25.Hw, 14.20.Mr1. IntrodutionCDF is a full purpose detetor at the Tevatron p�p ollider at Fermilab.The data olleted during Tevatron Run I (110 pb�1 at ps = 1:8 TeV) inthe years 1992�96 produed many important results in the B physis �eld,among whih the �rst sin(2�) measurement [1℄, B0d � �B0d mixing [4℄ andthe B observation [5℄. The Tevatron aelerator omplex has now beenrenovated to reah an higher luminosity and a slightly higher enter of massenergy (1.96 TeV). CDF has been onsequently upgraded and sine Marh2001 is bak in operation for the so alled Run II.The renovated aelerator omplex has a new injetion stage (Main In-jetor) for a more e�ient p and �p prodution and transfer to the Tevatronring. The inter-bunh spaing has been redued from 3500 to 396 ns, andthe number of ounter-rotating bunhes has been inreased from 6 � 6 to� Presented at the Craow Epiphany Conferene on Heavy Flavors, Craow, Poland,January 3�6, 2003. (4381)



4382 I. Fiori36� 36 aiming for an instantaneous peak luminosity of 5� 8� 1031m�2s�1and 1:0 � 1:6 average number of ollisions per bunh rossing. A reylerring for improved antiprotons prodution is being ommissioned, it shouldbe operational in 2004 and further inrease the instantaneous luminosity to10�20 � 1031m�2s�1.The Tevatron instantaneous peak luminosity (urrently 4�1031m�2s�1)is still below planned values, however it has inreased steadily and we ex-pet further improvements soon. At the time of writing these proeedingsCDF on-tape luminosity amounts to 130 pb�1 of whih 70 pb�1 have beenanalyzed for the results shown herein. The plan is to reah 300 pb�1 byOtober 2003. Long term run plans onsist of olleting 1� 2 fb�1 by 2005(Run IIa), and subsequently (Run IIb) additional 5 � 10 fb�1 by 2008 orbefore starting of LHC.Studying B physis at hadron olliders suh as the Tevatron, has withrespet to B-fatories, the great advantage that all B speies are produed(Bd, Bu, Bs, B, �b, and heavier hadrons) and with a onsiderably higherross setion (� 100 �b ompared to few nb). The hallenge is to disentanglethe interesting events from the one thousand larger bakground of inelastip�p ollisions (�inelasti(�pp) ' 50 mb).Using Run I data the CDF experiment has shown that exlusive B han-nels an be suessfully seleted and reonstruted in the harsh hadron en-vironment. The new CDF detetor has been made even more powerful inthis respet thanks also to a more preise and extended traking system,the additional apability of triggering on displaed verties, and inreasedpartile identi�ation apabilities.The CDF II B physis potential is great, giving aess to a variety ofB measurements, suh as CP violation and mixing in both the B0d and B0ssetors, preise measurements of B hadron masses, lifetimes and branhingratios. Overall the Tevatron data will help onstraining the Standard Modeland possibly provide evidene for new physis.2. The upgraded CDF detetorThe CDF II detetor [6℄ is shown in �gure 1. Very little has been inher-ited from Run I: the entral alorimeter, part of the muon detetors, andthe 1.4 T solenoid. The muon system has been extended to fully over downto 1.5 pseudo-rapidity. The old plug and forward alorimeters have beenreplaed with a faster and �ner segmented sintillator tile-�ber alorimeter.Cerenkov ounters at small angles provide a preise luminosity monitor.Proeeding toward the interation point, just internally to the solenoid,there is a ompletely new time of �ight detetor (TOF) with 100 ps designtime resolution for 2.0 sigma kaon-pion separation of traks below 1.6 GeV/.
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4384 I. FioriInitial performane is already lose to design [7℄. A large radius (r = 1:4m) drift hamber (COT) follows, for preise 3D-traking and momentummeasurement above 400 MeV/ in the entral volume (j�j � 1). It alsoprovides dE=dx information useful for partile identi�ation. Between 30and 3 m from the beam line SVX-II and ISL detetors together onsistof 6�7 (depending on �) layers of double sided silion strips, they providevery preise standalone 3D-traking down to 2.0 pseudo-rapidities. Finally,one additional layer of radiation-hard silion detetor (Layer00, still beingommissioned) wraps around the beam pipe (r = 1:5 m) and an furtherimprove vertexing of low momentum traks.A ompletely new 3-level trigger system ful�lls the hallenging task ofreduing the 5 MHz p�p interation rate down to 50 Hz suitable for disk/tapestorage. Fast traking is now available at level 1 thanks to the XFT proessorwhih reonstruts COT traks (Pt � 1.5 GeV/) in the plane transverse tothe beam line. At level 2 the SVT proessor assoiates XFT traks with hitsin the silion detetors providing very preise reonstrution of traks withtransverse momentum above 2 GeV/.The trigger system is performing well, dead time is usually well below10%. XFT trak resolution (�Pt=P 2t = 1.65% GeV�1, �� = 5 mrad) is evenbetter than design. SVT is performing within spei�ations [8℄ with a trakimpat parameter1 resolution less than 50�m (whih inludes a � 30�mtransverse beam size). 3. Trigger strategiesIn Run I CDF B physis relied on lepton-based triggers of whih themain two were: a di-muon trigger requiring two oppositely harged muonswith Pt above 2 GeV/, for olleting J= inlusive samples; a single high-Pt lepton trigger (e or � above 8 GeV/) designed, in the �rst plae, fortop quark physis, this trigger olleted samples enrihed with B harmedsemi-leptoni deays.The di-muon trigger is now enhaned beause of the redued and moree�etive Pt threshold (now 1.5 GeV/, thanks to XFT) and the inreaseddetetor aeptane for leptons. A large lean J= ! �+�� sample (550Ksignal events in 72 pb�1) has been olleted and used for preise trak mo-mentum alibration and preliminary B lifetime measurements. A di-eletrontrigger has been added to ollet J= ! e+e�.Lepton based triggers however su�er of low branhing ratio and not fullyreonstruted �nal states due to the presene of an undeteted neutrino.CDF II B physis program relies mostly on a ompletely new kind of trig-ger based on the seletion of displaed traks, i :e: traks with large impat1 Impat parameter is the minimum transverse distane from the primary interationvertex to the extrapolated trak.



B Physis in CDF 4385parameter with respet to the beam line. This new trigger is made possi-ble by the very preise on-line trak reonstrution provided by the SVT.It exploits the fat that at the Tevatron B hadrons usually travel a dis-tane Lxy � 500 �m before deaying, therefore seondary verties are sig-ni�antly displaed and traks have large impat parameter (d0) typiallyabove 100�m.We urrently have two implementations of displaed trak triggers. Oneis the lepton + displaed trak trigger. It requires one muon or eletron(Pt � 4 GeV/) and one displaed trak (d0 � 100 �m, Pt � 2 GeV/).The olleted sample is enrihed in semi-leptoni B deays. Its primaryappliation is to provide an unbiased large statistis sample for B �avourtaggers optimisation and B lifetimes measurements in semi-leptoni deaymodes. The other one is the so alled hadroni trigger. It requires basiallytwo oppositely harged traks with d0 � 100 �m and Pt � 2 GeV/. It isdesigned to e�iently selet fully hadroni B deays either in two hargedhadrons (as B0d ! �+��(K+��), B0s ! K+K�(K��+), �0b ! p��(pK�))or multibody deays (as B0s ! D�s �+(D�s �+���+)) plus a lot of promptharm deays2. 4. Hadroni trigger performaneThe hadroni trigger data sample is extremely rih in harmed mesonsdeays, in fat D0 ! K+�� deays are reonstruted on-line and used tomonitor the trigger performane (�gure 2).Using the �rst 10 pb�1 of data we measured the relative branhing fra-tions of Cabibbo-suppressed deays D0 ! K+K�(�+��):BR(D0 ! KK)=BR(D0 ! K�) = 11:17 � 0:48(stat)� 0:98(syst)% ;BR(D0 ! ��)=BR(D0 ! K�) = 3:37 � 0:20(stat)� 0:16(syst)% :The preision of these measurements is already ompetitive with CLEO IIresults [9℄ obtained with a similar tehnique at the � (4S) with � 10 fb�1integrated luminosity.With the same sample we have also performed a measurement of the massdi�erene between D+s and D+ mesons reonstruted in their �� deay mode(�gure 3):mD+s �mD+ = 99:41 � 0:38(stat) � 0:21(syst) MeV=2whih agrees with world average (99:2� 0:5 MeV/2) and has a omparableunertainty. This measurement, besides being the �rst CDF II publishedresult [11℄, is an important benhmark in understanding our ability to setthe mass sale.2 Throughout this paper for all the deays also the harge onjugate is implied.
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B Physis in CDF 4387A relevant fration of these harmed mesons reonstruted in hadronitrigger data is atually from B hadrons. We have measured this frationseparately for D0, D+, D�+ and D+s using the impat parameter of thereonstruted D meson to disriminate between prompt and harm mesonsfrom B. The B fration ranges from 11% to 35% depending on the D �avour(�gure 4).
 Impact Parameter [cm]0D

-0.04 -0.02 0 0.02 0.04

mµ
E

ve
nt

 N
um

./1
0 

1

10

10
2

10
3 +π- K→0D

0Inclusive D

0 D→B

Red Line: Contribution from B

CDF RunII Preliminary

 Impact Parameter [cm]+D
-0.04 -0.02 0 0.02 0.04

mµ
E

ve
nt

 N
um

./1
0 

1

10

10
2

10
3

+π+π- K→+D

+Inclusive D

+ D→B

Red Line: Contribution from B

CDF RunII Preliminary

 Impact Parameter [cm]0D
-0.04 -0.02 0 0.02 0.04

mµ
E

ve
nt

 N
um

./1
0 

1

10

10
2

10
3

+π0 D→*+D
+π- K→0D

0Inclusive D

*+ D→B

Red Line: Contribution from B

CDF RunII Preliminary

 Impact Parameter [cm]s
+D

-0.04 -0.02 0 0.02 0.04

mµ
E

ve
nt

 N
um

./2
0 

1

10

10
2

+πφ →s
+D

+K
-

 K→φ

s
+Inclusive D

s
+ D→B

Red Line: Contribution from B

CDF RunII Preliminary

Fig. 4. Impat parameter of D mesons reonstruted in 10 pb�1 of hadroni triggerdata. Prompt D traks point bak to primary vertex and their impat parameteris null within resolution, on the ontrary seondary D traks are signi�antly dis-plaed. The �t produes the inlusive fration of D mesons from B deays:16:4�0:7% forD0 ! K�, 11:3�0:5% forD+ ! K��, 11:4�1:4% forD�+ ! D0�,34:8� 2:8 % for Ds ! ��.
5. Preliminary results and prospetsIn the following we brie�y summarise the main B physis topis withinthe CDF reah using the �rst 2 fb�1 of data [12℄, and we report on the very�rst steps toward the new measurements.



4388 I. Fiori5.1. B massesWe have preliminary results on masses of B mesons of all �avours re-onstruted in exlusive J= hannels (�gure 6). As a prerequisite to thismeasurement the trak momentum sale was preisely set (�gure 5) usingthe inlusive J= sample and further heked on other known signals as D0and � whih over the mass range of interest.
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Fig. 6. Mass distribution of B0s ! J= � (�! K+K�) andidates.5.2. B lifetimesA lifetime measurement is essentially a measurement of the distanebetween the deay vertex and the primary vertex (Lxy) orreted by theLorentz boost of the deaying B hadron: �=Lxy/(�), �=Pt(B)=M(B).Therefore, a preise seondary vertex reonstrution is ruial. This wasmade possible already in CDF I by the previous silion vertex detetor(SVX-I). CDF I performed a full set of preise lifetime measurements, inpartiular CDF has made the only existing measurement of B meson life-time (0:46� 0:17 ps) and the most aurate single experiment measurementof Bs (1:36� 0:10 ps) and �b (1:32� 0:17 ps) lifetimes. In Run II we expeta fator of 50 larger statistis (2 fb�1, wider silion and lepton overage,e�etive hadroni triggers) and ompetitive lifetime measurements (�(�) �0.01 ps) espeially for heavy states: Bs, B, �b.Preliminary B mesons lifetime measurements in J= exlusive deaymodes, based on 72 pb�1 of data are listed in Table II. Although statistisis still limited, systematis are already well under ontrol. Figure 7 showsthe lifetime �t for our B0s ! J= � andidates.



4390 I. Fiori TABLE IIPreliminary B lifetimes, with 72 pb�1. The �rst quoted error is statistial, seondis systemati. �(ps) (�CDF � �PDG) (ps) �CDF/�PDGB+ (! J= K+) 1.57�0.07�0.02 �1:4 4.1B0 (! J= K�0) 1.42�0.09�0.02 �1:3 5.7Bs (! J= �) 1.26�0.20�0.02 �1:0 3.5
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Fig. 7. Proper deay length distribution with �t results overlaid for B0s ! J= �(�! K+K�). 5.3. B0s � �B0s mixingTevatron experiments are in the unique position of performing the �rstobservation and measurement of B0s �avour osillations. This measurementis very important beause, ombined with existing measurements of B0d os-illations, allows to determine the length of one side of the unitarity triangle.CDF will reonstrut B0s mesons in fully hadroni deay modes: B0s !D�s �+(D�s �+���+), Ds ! ���(K�0K�)(K0sK�). Assuming BR(Bs !Ds�) = 0:3% and BR(Bs ! Ds3�) = 0:8%, we expet � 20,000 reon-struted Bs in 2 fb�1. The measurement onsists in ounting the number of



B Physis in CDF 4391Bs whih deayed unhanged and those who hanged �avour (mixed) beforedeaying, at di�erent time steps:Amix(t) = (Nunmixed(t)�Nmixed(t))(Nunmixed(t) +Nmixed(t)) / os(�mst) ; (1)where �ms is the mass di�erene between the two mass eigenstates. B0sosillations are known to be very fast (the urrent ombined world averagelimit is �ms � 14:9 ps�1 at 95% C.L. that orresponds to an osillationperiod � � 400 fs) and so a preise measurement of the B0s proper deay timeis ruial. The planned CDF measurement relies on the good proper timeresolution provided by the SVX-II detetor: 60 fs, whih an further improveto 45 fs with the use of Layer00. In addition, the new TOF detetor allowsto implement new �avour tagging3 tehniques based on the identi�ation ofkaons from the Bs or opposite B hadron deays [7℄. With the addition ofthese kaon b-taggers the e�etiveness of identifying the prodution �avourof Bs mesons should inrease from 5.7% (as it would be using only Run Itehniques) to 11.3%.Putting all together, and assuming a onservative signal to noise ratioS=B = 2/1, we should be able to over abundantly the urrent SM allowedrange for the xs mixing parameter (xs � �ms�(Bs), 20 < xs < 35) thusproviding either a preise measurement or, more exitingly, evidene for newphysis.In 65 pb�1 of hadroni trigger data we have observed 40 B0s ! Ds�andidates as well as 430 B0d ! D��+ (�gure 8). We are urrently pursuingthe measurement of their branhing ratio.5.4. B in two harged hadrons, measurement of angle Hadroni two body deays B0d ! �+��(K+��), and B0s ! K+K�(K��+) look promising. Although the branhing frations are very small,CDF has already reonstruted about 300 of B0 ! h+h� deays in 65 pb�1of hadroni trigger data (�gure 9).The hallenge now is to disentangle the four hannel ontributions underthe mass peak. A strategy to statistially separate these ontributions usingkinematis properties and dE=dx partile identi�ation is giving promisingresults.Using this sizable sample we an soon perform interesting measure-ments: suh as the relative branhing frations B0d ! ��/K+�� and B0s !3 Flavour tagging onsists in determining whether a neutral B meson (namely B0d orB0s) was a partile or an antipartile at the time of prodution. Knowing this isessential to determine whether or not the B mixed before deaying (see also Ref. [2℄).
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Fig. 9. B0 ! h+h� signal reonstruted from the hadroni trigger data. The peakis the superposition of the four deay modes B0 ! �� : B0 ! K� : Bs ! KK :Bs ! K� � 1 : 4 : 2 : 0.5.KK/K��+, and the diret CP-asymmetry in the deays B0d ! K� (self-tagging) and B0d ! ��.A simultaneous measurement of time dependent CP-asymmetries ofB0d !�� and B0s ! KK deays will eventually allow to perform the �rst mea-surement of the unitarity triangle's angle  ( � O(70Æ)). The B0d ! ��asymmetry is parametrized as:ACP(t) = AdirCP os(�mdt) +AmixCP sin(�mdt) : (2)A similar formula holds for B0s ! KK. The �rst term is due to the interfer-ene of the omparable [10℄ penguin and tree deay amplitudes, the seondterm arises from interferene of deays with and without mixing. AssumingU-spin symmetry (invariane in d $ s quark exhange) the four asymme-tries AdirCP and AmixCP an be expressed as funtions of , � and the penguin



4394 I. Fioriover tree omplex amplitude ratio. Using other measurements to onstrain�, this method, proposed by Fleisher [13℄, allows to extrat angle  withfour-fold ambiguity in a way that is unique to Tevatron experiments whihalone have aess to B0s ! KK CP-asymmetry. Given the expeted samplesize of � 10,000 events in 2 fb�1 we foresee to measure  with an aurayof 10Æ(stat) plus 3Æ(syst).5.5. Measurement of sin(2�) [2℄Unitary triangle's angle � is measured with a two-fold ambiguity by theasymmetry between the deay of B0d and �B0d to the same CP-eigenstateJ= K0s :ACP(t) = NB0!J= K0s �N �B0!J= K0sNB0!J= K0s +N �B0!J= K0s / sin(2�) sin(�mdt) : (3)This time dependent measurement was performed in Run I using � 400B0 ! J= K0s events, and later re�ned adding 60 B0 !  (2S)K0s events [1℄:sin(2�)=0.91�0.32(stat)�0.18(syst). Run II expetation is to ollet 20Kevents in 2 fb�1 and re�ne this measurement down to 0.05 statistis uner-tainty. Although B-fatories are already measuring sin(2�) at this level ofpreision [3℄, it is important to have a CDF measurement to be used in on-juntion with others whih su�er of ommon systematis (see for exampleangle  measurement desribed above).5.6. Measurements with B0s ! J= �B0s ! J= � events are interesting beause they are a sensible probe fornew physis. Figure 6 shows the �rst 76�11 events reonstruted in 72 pb�1of di-muon trigger data (�! KK). Few thousand are expeted in 2 fb�1.CP-asymmetry in this hannel measures the CKM matrix phase angle�s whih is expeted to be very small in the SM (sin(2�s) � 0:03). CDF IIsensitivity with 2 fb�1 is poor (�(sin(2�s)) � 0:1). However observing anon-zero asymmetry would be an unambiguous signal for new physis.The same sample an also be used to measure the lifetime di�erenebetween the two Bs mass eigenstates, ��s = BHs � BLs (urrent LEP limit:��s/�s < 0:31). CDF expeted unertainty with 2 fb�1, �(��/� ) � 0:05(assuming a 0.7 CP-even fration [14℄), would be enough to probe the SMexpeted range (0:05 < ��/� < 0:20).5.7. Heavy B hadrons spetrosopyMany properties of the heavier B hadrons suh as Bs, B and �b are yeteither unmeasured or poorly measured. During Run I the B meson was �rst



B Physis in CDF 4395observed at CDF using the semi-leptoni hannels [5℄ B+ ! J= e+(�+) �(� 20 events). �0b baryons were reonstruted in J= (�0b ! J= �0) andsemi-leptoni (�0b ! �+ l� ��) hannels [15℄.In Run II we will have aess also to new deay modes: exlusive B+ !J= �+, or the more abundant fully hadroni modes as B ! Bs� and�0b ! �+ ��(� ! pK�), �0b ! pD0��. These hannels will provide newmeasurements of masses, lifetimes and branhing ratios. In partiular thetwo body, self-tagging, deay modes �0b ! pK�(p��) are e�iently olletedby the hadroni trigger and are espeially interesting for searhing for CP-asymmetries [16℄. 6. ConlusionsThe CDF detetor is bak in operation. Its B physis potential is greatthanks to the enhaned traking and partile ID apabilities, and the inno-vative seondary vertex trigger. In partiular CDF has unique apabilitiesfor Bs and heavier hadrons.Although understanding the detetor is a ontinuous proess, CDF isperforming well and the �rst 70 pb�1 of analysed data already show inter-esting results.We expet soon preliminary results from B0d ! �� and B0s ! KK,along with preise measurements of masses, lifetimes and branhing ratios forCharms and Beauties. With 1�2 fb�1 we plan to have preise measurementsof Bs mixing, diret and mixing CP-asymmetries in two body deays alongwith a measurement of angle  at 10Æ. We also foresee a quite interestingharm physis program [17℄ (we expet O(107) fully reonstruted harmdeays in 2 fb�1) with measurements of CP-asymmetries and mixing in theD-setor, and searhes for rare deays. Data taking will then ontinue withthe �nal goal of reahing 10 fb�1 of data before starting of LHC.In onlusion, for years to ome the Tevatron will remain a unique plaeof interesting B physis measurements omplementing and extending physisprograms at B-fatories. REFERENCES[1℄ F. Abe et al. (the CDF Coll.), Phys. Rev. Lett. 81, 5513 (1998); T. A�olderet al. (the CDF Coll.), Phys. Rev. D61, 072005 (2000);http://www-df.fnal.gov/physis/new/bottom/sin2beta/sin2beta.html[2℄ S. Tkazyk (for the CDF Coll.), At. Phys. Pol. B 32, 1747 (2001).[3℄ B. Aubert et al. (the BABAR Coll.), Phys. Rev. Lett. 89, 201802 (2002).
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