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B Lifetimes and Flavour Tagging at CDF Run IISin�ead M. FarringtonOn behalf of the CDF CollaborationUniversity of Glasgow,Glasgow G12 8QQ, United KingdomRe
eived: date / Revised version: dateAbstra
t. Data samples of �140pb�1 gathered with CDF Run II's displa
ed vertex trigger and J=	 triggerhave led to measurements of B hadron lifetimes in ex
lusive and semileptoni
 modes whi
h are presentedhere. Also dis
ussed are evaluations of 
avour tagging te
hniques in Run II data.PACS. 13.30.-a , 14.40.Nd.1 Introdu
tionpp 
ollisions produ
e a wide spe
trum of B hadrons in a
hallenging environment. CDF Run II has spe
ialised trig-gers for the 
olle
tion of B events, in parti
ular a displa
edvertex trigger. Individual data samples of about 140pb�1have been 
olle
ted to date. This surpasses the CDF RunI integrated luminosity and has already led to a

uratelifetime measurements of B hadrons in J=	 and semilep-toni
 
hannels whi
h are presented here. Also presentedare preliminary 
avour tagging studies whi
h utilise highstatisti
s semileptoni
 samples.2 B TriggersThe 
olle
tion of B mesons at CDF Run II bene�ts greatlyfrom the Sili
on Vertex Trigger (SVT) [1℄ whi
h allowstriggering on a tra
k's impa
t parameter at Level 2. SVTrequirements are that a tra
k must have pT > 2GeV=
and impa
t parameter > 120�m. This ability is 
urrentlyutilised in two types of trigger at CDF. Firstly, a trig-ger requiring one SVT tra
k and a lepton (� or e) withpT > 4GeV=
 provides samples ri
h in the semileptoni
de
ays of B hadrons. This sample is used for very a

u-rate lifetime measurements and 
avour tagging studies.With the displa
ed trigger, the semileptoni
 B yields arethree times those of Run I. In a se
ond trigger implemen-tation, two tra
ks are required to pass the SVT, resultingin samples whi
h are ri
h in hadroni
 de
ays of bottomand 
harm hadrons [2℄. Both samples will be used for aB0s mixing measurement. In addition to these two noveltriggers, CDF Run II also has an improved dimuon (J=	)trigger, in whi
h the pT of ea
h � must be > 1:5GeV=
,whi
h gathers J=	 de
ay modes of B hadrons at low trans-verse momentum. In fa
t, CDF now gathers J=	's withpT � 0GeV=
 allowing the J=	 
ross se
tion to be mea-sured down to pT = 0 [3℄.

3 B LifetimesA

ording to the spe
tator model, all B hadrons haveequal lifetimes but experiment proves otherwise. The 
ur-rent best theoreti
al model for lifetime predi
tions is HQETwhi
h still has dis
repan
ies with the observed lifetimes.Therefore one of the prime motivations for measuring Bhadron lifetimes is to give an a

urate referen
e for the-oreti
al predi
tions of the pattern of B hadron lifetimes.Measurement of lifetimes at this point in Run II also servesas a 
he
k of the dete
tor and triggers, and in the 
ase ofB0s begins the path to measuring ��s=�s and �ms.The lifetime analyses presented here fall into two 
at-egories: ex
lusive and semileptoni
. The former are of thetype B ! J=	X. The J=	 trigger provides us with 
leanfully re
onstru
table B's whose lifetimes are unbiased bythe trigger. The latter 
ome from the lepton plus SVT trig-ger and are of the type B ! `�D. These also give 
leansignals but in this 
ase the de
ay is only partially re
on-stru
ted, owing to the �, and the lifetime is biased. MonteCarlo information is used to deal with these 
ompli
a-tions. In both ex
lusive and semileptoni
 lifetime analysesthe ideology is to re
onstru
t the de
ay length by vertex-ing de
ay produ
ts to 
al
ulate the B transverse de
aylength, Lxy, and measuring their transverse momentum,pT. The lifetime is then 
� = Lxym(B)pT .3.1 Ex
lusive LifetimesThe �t methodology for ex
lusive B de
ays is a simul-taneous unbinned maximum likelihood �t to the 
andi-date B hadron mass and lifetime distributions. The �t tothe mass distribution is used to determine the fra
tion ofba
kground in the signal region. The mass peak is mod-elled as a Gaussian and the ba
kground as a �rst orderpolynomial. Figure 1 shows the B0s invariant mass distri-bution in the de
ay B0s ! J=	�. The �t to the lifetime
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Fig. 1. Invariant mass of B0s meson in the de
ay B0s !J=	�.
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Fig. 2. Lifetime �t to B0s !J=	� de
ays' lifetime distribution.Table 1. CDF Run II preliminary B hadron lifetimes in ex-
lusive 
hannels. The �rst error is statisti
al and the se
ond issystemati
. The integrated luminosity is � 138pb�1.CDF Run II PreliminaryB+ ! J=	K+ 1.63�0.05�0.04 psB0d ! J=	K0� 1.51�0.06�0.02 psB0s ! J=	� 1.33�0.14�0.02 ps�b ! J=	� 1.25�0.26�0.10 psdistribution is shown in �gure 2. The signal 
omponent isan exponential de
ay 
onvoluted with a Gaussian whosewidth is de�ned by the error on the de
ay vertex multi-plied by a s
ale fa
tor, whi
h is allowed to 
oat in the �t.The ba
kground parameterisation is a Æ fun
tion to modelthe prompt 
omponent, one negative exponential and twopositive exponential 
omponents. The lifetime results forB+, B0d, B0s and �b are shown in table 1. This is the �rstmeasurement of the �b lifetime in a fully re
onstru
tedde
ay. Sin
e this is a statisti
ally limited sample, mu
h ofthe �b analysis was optimised using B0d ! J=	K0s .3.2 Semileptoni
 LifetimesAs dis
ussed in se
tion 2, a lepton plus SVT tra
k trig-ger has been implemented su

essfully for the �rst timegiving CDF the 
apability to a

umulate samples whi
h

)2) (GeV/cπφM(
1.80 1.85 1.90 1.95 2.00 2.05

2
E

ve
n

ts
 p

er
 5

 M
eV

/c

0

20

40

60

80

100

120

140

160

-1
CDF Run II Preliminary 70pb

52±Yield: 534

±
s Dν l → s

0B

±D ±
sDFig. 3. Invariant mass of D�s meson in the de
ay D�s ! ��.Also visible is the Cabibbo suppressed D� ! ��are ri
h in B hadron semileptoni
 de
ays, B ! `�D. Tomeasure lifetimes in the semileptoni
 
hannels, the stan-dard methodology [4℄ is followed. The D meson is re
on-stru
ted and required to be in proximity to the lepton,by means of a 
one (�R = p��2 +��2) 
ut. The in-variant mass distribution of the D�s ! �� whi
h pass theproximity and vertexing requirements is shown in �gure3. From su
h plots, signal and sideband regions are de-�ned. Then, sin
e the B is not fully re
onstru
ted owingto the �, the �
 fa
tor is extra
ted from Monte Carlo, andthe lifetime formula given earlier be
omes 
� = Lxym(B)pt(B) =Lxym(B)pt(`D) K where K is the 
orre
tion fa
tor: K = pt(`D)pt(B) .There is, however, one signi�
ant 
ompli
ation to thisusual methodology. The displa
ed vertex trigger intro-du
es a bias to the lifetime. To 
orre
t for this, MonteCarlo emulations of the trigger are deployed to model thelifetime bias whi
h is fa
tored into the �t fun
tion. The�t methodology is an unbinned maximum likelihood �tto the B lifetime distribution. The signal is �t with anexponential de
ay 
onvoluted with a Gaussian resolutionfun
tion, the K fa
tor distribution, P(K), and the lifetimebias fun
tion � in the following form :Fsig = N K
� exp��Kt� � �(Kt)
G(t; s�) 
 P (K)The ba
kground is parameterised by a Æ fun
tion and pos-itive exponential whi
h are 
onvoluted with a Gaussianresolution with width equal to the error on the displa
edvertex multiplied by a s
ale fa
tor. Unlike the ex
lusivelifetime Gaussian width, here the s
ale fa
tor is deter-mined separately in a 
ontrol sample whi
h does not havea lifetime bias. Figure 4 shows the lifetime �t for the �bbaryon. At present the 
ontrol sample lifetime measure-ments (B+;B0d) show a dis
repan
y with the world aver-age. Work is ongoing with 
ross 
he
ks and further studiesof the trigger bias, semileptoni
 de
ay kinemati
s and pos-sible 
ontamination from 
ombinations of real D's withreal or fake leptons. The statisti
al errors evaluated for140pb�1 are shown in table 2.
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Fig. 4. Lifetime �t to �b ! `��
 de
ays' lifetime distribution.Table 2. CDF Run II B semileptoni
 lifetime statisti
al errorproje
tions based on an integrated luminosity of 140 pb�1.Lifetime statisti
al error proje
tionsB+ ! `�D0 �0.04 psB0d ! `�D(�)� �0.06 psB0s ! `�D�s �0.07 ps�b ! `��
 �0.09 ps4 Flavour Tagging StudiesCDF Run II will have the ability to measure B0d mixingand B0s mixing if it o

urs at the value predi
ted by theStandard Model. For this purpose, a battery of 
avour tag-ging te
hniques is being developed. These 
an be dividedinto \same side" (K/� tag) and \opposite side" (soft lep-ton, opposite side K, jet 
harge) tags. Two of these haveso far been evaluated using Run II data.The same side � tag has been evaluated in sampleswhere a B+ meson, whi
h 
annot mix, is re
onstru
ted. A� is sought 
lose to the B+ and the power of its 
harge totag the B 
avour at produ
tion is evaluated. The time de-pendent raw asymmetry, (NR(t)�NW(t))=(NR(t)+NW(t)),has been measured in samples of B+ ! `+�D0 and B+ !J=	K+ de
ays. The raw asymmetry in the former is 0.165�0.013 and in the latter is 0.209�0.039. The errors arestatisti
al only. A version of this tag, seeking a K ratherthan �, will be applied to B0s events.The lepton plus SVT tra
k trigger provides a highstatisti
s sample of semileptoni
 b and 
 de
ays whi
his ideal for optimising opposite side tags. The sign of thetrigger lepton gives an estimate of the 
avour of one B inthe event allowing the power of a tag to be optimised andmeasured on the other B. The bottom 
omponent 
an beisolated by a mass 
ut on the invariant mass of the leptonand SVT tra
k and by subtra
ting the prompt ba
kgroundusing the signed impa
t parameter of the SVT tra
k. Theresult is that in a sample of 60pb�1, of order 150k semilep-toni
 B de
ays are isolated, whi
h is suÆ
ient to allow thesample to be subdivided into several 
ategories, as will bedis
ussed later for the soft muon tag. The unbiased opti-misation and evaluation of dilutions in the large generi


semileptoni
 samples 
an then be 
ross-
he
ked with par-tially re
onstru
ted de
ays, B0;+d;u ! `+D+;0 and, if theresults are 
onsistent, this gives 
redibility to the deter-mination of dilution in B0s ! `��D+s .This methodology has been applied to the soft muontag whi
h involves identifying a muon on the opposite sidefrom the trigger lepton and SVT tra
k. Its 
harge tags the
avour of the B on the opposite side and so the eÆ
ien
yand dilution of the tag 
an be measured. �D2 is found tobe 0.660�0.093%. This 
an be 
ompared with the Run Iresult �D2=0.584�0.082%. Owing to the large statisti
savailable, the parameterisation of the dilution 
an be de-termined as a fun
tion of variables su
h as the transversemomentum of the tag muon with respe
t to the oppositejet, prelT , as shown in �gure 5. The parameterisation hasalso been examined as a fun
tion of the muon subsystemin whi
h the muon was dete
ted.
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Fig. 5. Dilution as a fun
tion of prelT of the tag muon withrespe
t to the opposite side jet. The data points with prelT < 0
orrespond to tra
ks not asso
iated with a jet.5 SummaryLifetime measurements have been made in the 
lean B!J=	X 
hannels with the results shown in table 1. In addi-tion, a lepton plus displa
ed vertex trigger has been imple-mented at CDF for the �rst time. The lifetime measure-ments from this sample are ongoing and they will givethe world best statisti
al a

ura
y for the B0s and �b life-times. A pro
edure has been established for 
avour tag-ging in Run II and two taggers have been optimised andevaluated in an unbiased way. These measurements pavethe way for a determination of ��s=�s and the �rst stepstowards observing B0s mixing have taken pla
e.Referen
es1. CDF Collaboration (W. Ashmanskas et. al.), Nu
l. Inst.Meth. A447, (2000) 218-2222. S. D'Auria, these pro
eedings3. T. Shears, these pro
eedings4. CDF Collaboration (F. Abe et. al.), Phys. Rev.D59, (1999)032004


