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| reporttheresultsof thefirst searcHor Bs flavor oscillationsperformedat CDF Il. We analyzea
datasebf approximately355pb~ from proton—antiprotorzollisionsat /s = 1.96TeV collected
in 2002-2004with the CDF Il Detectorat the TevatronCollider. Samplesof both fully recon-
structed Bs — Ds11, andpartially reconstructed3s — Dgl v, decaysareemployed. A combination
of taggingalgorithmsis usedto determinethe flavor of the Bs mesonsat productiontime. We fit
the datausingan unbinnedlik elihoodtechniquewhich combinesmass properdecaytime, and
flavor tagginginformation of the Bs candidates.Informationaboutthe oscillationfrequeng of
thesystemAmy is obtainedby performinganamplitudescanof thedata,from which anexclusion
limit

Amg>7.9pst  (95%C.L.)
is achieved,with ameasuredgensitvity of 8.4ps™t. Improvementsurrentlyunderdevelopment,
togetherwith the increasingdatasamples,are expectedto enhancethe sensitvity beyond the
StandardModel favoredregion beforethe endof Runll.

Sincethe time the conferenceaook place,part of the herementionedmprovementgo the anal-
ysis have beenincorporatedwhich resultin the following updates:.combinedexclusionlimit of
Amg > 8.6pst, with ameasuredensitvity of 13.0ps™t; combinationwith previously available
measuremenigcreasesheworld exclusionlimit from 14.5ps™* to 16.6ps™* (95%C.L.) [1].
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The obsenation of flavor oscillationsin the Bs systemconstitutesa flagshipmeasuremenaf
theRunll CDF[2] physicsprogram.It would resultin stringentconstraintdo the CKM descrip-
tion of the StandardModel flavor sector The expectedlarge oscillation frequeng, Amg, given
by the massdifferenceof the heary andthe light Bs masseigenstatesiendersthis a challenging
measurementp dateonly anexclusionlimit hasbeenachiered,Ams > 14.5 ps~* (95%C.L.) [3].

At presentjarge amountsof Bs mesonsare producedonly at the p-p (,/5=1.96 TeV) Teva-
tron Collider at Fermilab, providing the CDF andthe D@ experimentswith uniquedatasamples
to exploit the Bs system,aswell asotherheary andexcited b-hadrons.In collectingthesesam-
ples, the trigger systemsplay crucial roles. At CDF, the Silicon Vertex Tracker (SVT) [4] en-
ables,for the first time at a hadroncollider, triggering on B-decayvertices. The datasamples
usedin this analysisarecollectedusingtwo trigger stratgies: (i) requirea leptonwith hightrans-
versemomentum(pr > 4 GeV) associateavith a displacedSVT-triggertrack (impactparameter
120um < dg < 1mm); or (ii) requiretwo displacedSVT-triggertracksforming a displacedvertex
(transersedecay-lengthL,, > 200um).

The Bs candidatesare reconstructedrom the aborve trigger samplesn two classeof final
states:partially-reconstrued semileptonicnodes,Bs — Dgl X, andfully-reconstructechadronic
modesBs — DsT1, respecirely. In bothcasesthe Ds mesonis reconstructeth thefollowing chan-
nels:Dg— @(KTK ™) T, Ds — K*(K* 1)K, andDs — rrrrrt. Figure(1-a)shavstheinvariantmass
distribution for the Bs — Dg(¢m) 1 channel We reconstructibout900hadronicand7700semilep-
tonic signalBs decayswith a signal-to-noiseatio S/B of approximatelyl.7 and1.9, respectiely.

Theanalysisof thedatais performedusinganunbinnedik elihoodfit andtechniqueshathave
beendevelopedin orderto maximizethe statisticalpower of the datasamplesFor eachcandidate,
theinputto thefit includes:mass properdecaytime, andflavor tagginginformationaboutthe Bg
candidatesThelikelihoodmodelfor the observed properdecaytime, t = L,yMg,/pr (Mg, being
thenominalBs mesonmass) of the signalcomponents givenby

P(t) ~ (1+D S AcosBmg)) € & ©G(t; 07) - £(t). )

Thefirst termin parenthesislescribegheflavor oscillations while the restof the expressiorchar
acterizeghe propertime distribution in the absensef flavor tagginginformation.

The descriptionof the obsened properdecaytime includesthe smearingeffect causedby
the detectorvertex resolution,througha Gaussiarresolutionfunction. The averageresolution,
0, is about115fs and 170fs for the hadronicand semileptonicnodes respectiely. Thetrigger
requirementandanalysisselectiorcriteriaimposeadditionalsculptingof thet distribution, which
is describedy afunction, &(t), derivedfrom Monte Carlo simulationof eachdecay

In the caseof the partially reconstructeanodesthe momentumof the candidatds underesti-
mated. This underestimatés correctedvia an averagek-factordistribution, F (k), obtainedfrom
Monte Carlo simulation,resultingin an additionalsmearingof t: [ 2?(kt)F (k)dk. The k-factor
distributions for the semileptonicnodesare characterizedy a mean(E) andanr.m.s. of about
0.83and0.12, respectrely.

The decisionof whetheror not a Bs candidatenasmixed (shavn by the signs* —* and* +°,
respectirely, in the expressiorabore) is madeby theflavor taggingalgorithms.Thedilution, D, is
relatedto the probability thatthe tagis correct,given by %. Theanalysisemplgys at presenta
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combinationof so-calledopposite-side taggers, whichidentify the Bs productionflavor by tagging
the flavor of the accompaning b-hadronwhich originatedfrom the samebb pair, throughidenti-

fication of specificdecayproducts:leptonsandjets. The leptontaggersexploit the semileptonic
transitionsb — 1-X, b — 17X (I = u, e); the dilution is parameterizeéh termsof leptonlikeli-

hood,and momentunrelative to the jet axis, ¥ (higherdilution expectedat higher pi® dueto

softerb — ¢ — | sequentiabackground).The jet chage taggersusea weightedsum of track
chagesin opposite-sidd-jets; threealgorithmsare used,which differ on the type of taggingjet

found: characterizedby an identified secondaryertes; containingdisplacedtracks;or that with

the highestpr. Taggersareranked in order of their averageexpecteddilutions; the decisionis

provided by the highestaveragedilution taggerwhichis availablefor agivenevent.

Theopposite-sideaggersaretunedon alarge inclusive sampleof semileptonid-decayspb-
tainedwith thelepton+ SVT triggermentionedabore. Thedilution D of eachtaggeris determined
for individual Bs candidatedbasedon the parameterizationachieved therein.In orderto take into
accountsamplecompositionand kinematicdifferenceshetweenthat sampleand the signal sam-
ples,a scalefactor & for the dilution is allowed for eachof the algorithms. The & factorsare
determined;for the semileptonicand hadronicmodes,from dilution and mixing fits performed
to reconstructed, g — DX andByg — J/@WK™*) /B, 4 — D decaysrespectiely. A tagging
methods figure of meritis eéD?, wherethe efficieng ¢ is given by the fraction of eventswhich
the algorithmtags. The combinedcalibrateds (D S)? for the semileptonicandhadronicmodesis
1.43+0.09%and1.124 0.18%, respectiely.

The analysisof Bs oscillationsis performedusingthe amplitudemethod[5]. A fit to theam-
plitude parameteA appearingn equation(1) is performedat eachvalueof the mixing frequeng
beingprobed.TheamplitudeA is expectedo be unit for thetruevalueof Ams, andzerootherwise.
A 95% C.L. exclusionis thusachieved at a frequeng valuefor which the amplitudeandits un-
certaintysatisfythe condition: A+ 1.645- ga < 1; the exclusionlimit is definedasthe Amg value
below which all frequenciessatisfythis condition. The analysisof the semileptonicnodespro-
videsanexclusionlimit of 7.7ps 1, while no significantlimit is achiezedwith thehadronicmodes
alone.Figure(1-b) shavs the combinedamplitudescanfor the hadronicandsemileptonianodes;
anexclusionlimit of 7.9ps 1 is achieed. The combinationof the presentCDF measurementith
previously availableresults[3] doesnot modify the existing limit.

The precisionon the amplitudemeasuremenat eachprobedvalue of Amg determineshe
sensitivity of the samplewhich is definedasthelargestfrequeng valuefor which 1.645- gp < 1
holds. The analysisis currently statisticsdominatedwith overall systematiccontritutionsto the
amplitudeuncertaintiesvhich are considerablysmaller asshawn in figure (1-b). The measured
sensitvities for the hadronic,semileptonic,and combinedanalysesare 0.4, 7.4, and 8.4 ps 1,
respectrely. From the combinedscanwith previous [3] measurementghe averagesensitvity
increase$rom 18.2 t0 18.6 ps—2.

Themeasuredmplitudestatisticaluncertaintyis described5] to goodapproximatiorusing

2 2 _
2 eD- S — (Ro?+1202) A2 5
% ~ % 5iB° ' @

uponaveragingover the B properdecaytime uncertaintiecomingfrom vertex, g;, andmomen-
tum, t gy, resolutionsSandB standfor the numberof reconstructedignalandbackgroundevents
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Figure 1: (a) Massdistributionfor Bs — Ds(¢m) T decay(left); (b) combinedamplitudescanfor Bs — Dglv
andBs — Dgrrdecayqright).

in the signalfitting region. For the fully reconstructeanodes,the momentumresolutionis neg-
ligible (k= 1); for the semileptonicmodesit is determinedrom the k-factor distribution F (k),
andcharacterizean averageby g, ~ 0.15. This resultsin an expectedincreaseof the measured
amplitudeuncertaintyin semileptoniaelative to hadronicmodeswhichis obseredin data,most
importantlyin theregion of largestprobedfrequencie®f thescan.

Equation(2) canbe usedto quantify the effect of expectedimprovements py re-scalingthe
measuredmplitudeuncertainties.Besidesthe increasingsize of our datasetsyariousadditional
improvementgo theanalysisarebeingpursued.Theinclusionof the same-side tagging technique,
whichis basedon flavor-chage correlationshetweerthe Bs mesonandparticlesproducedn frag-
mentationjs expectedo increasefew timesthetaggingpower. A moreaccurateleterminatiorof
thetrans\ersedecay-lengthwill reducetheamplitudeuncertaintiegspeciallyfor largerprobedfre-
gueng values.Otherimprovementsncludea morethoroughextractionof B signalsfrom existing
triggersamplesandpossiblyoptimizedtrigger stratgies.

To conclude CDF hasperformedits first searchfor Bg oscillationsin Runll, whichinvolved
theimplementationtesting,andapplicationof the developedanalysistechniquedo our datasam-
ples. Quantificationof improvementsdbeingpursuediemonstratethatsignificantincreases sen-
sitivity will be achiezed in a shortterm, and that either the exclusion or an obseration in the
StandardModel favoredregion is within reachat Runll.

| would like to thank the organizing team at LIP for a very enjoyable conference in Lisbon.
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