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I reporttheresultsof thefirst searchfor Bs flavor oscillationsperformedatCDF II. We analyzea
datasetof approximately355pb

� 1 from proton–antiprotoncollisionsat
�

s � 1� 96TeV collected
in 2002-2004with the CDF II Detectorat the TevatronCollider. Samplesof both fully recon-
structed,Bs � Dsπ , andpartiallyreconstructed,Bs � Dslν, decaysareemployed.A combination
of taggingalgorithmsis usedto determinetheflavor of theBs mesonsat productiontime. We fit
the datausingan unbinnedlikelihoodtechniquewhich combinesmass,properdecaytime, and
flavor tagginginformationof the Bs candidates.Informationaboutthe oscillationfrequency of
thesystem∆ms is obtainedby performinganamplitudescanof thedata,from whichanexclusion
limit

∆ms � 7� 9ps
� 1 � 95%C� L �	�

is achieved,with ameasuredsensitivity of 8� 4ps
� 1. Improvementscurrentlyunderdevelopment,

togetherwith the increasingdatasamples,are expectedto enhancethe sensitivity beyond the
StandardModel favoredregionbeforetheendof RunII.

Sincethe time the conferencetook place,partof theherementionedimprovementsto the anal-
ysishave beenincorporated,which resultin thefollowing updates:combinedexclusionlimit of
∆ms � 8� 6ps

� 1, with ameasuredsensitivity of 13� 0ps
� 1 ; combinationwith previouslyavailable

measurementsincreasestheworld exclusionlimit from 14� 5ps
� 1 to 16� 6ps

� 1 (95%C� L � ) [1].
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First Bs mixing results at CDF II

Theobservation of flavor oscillationsin theBs systemconstitutesa flagshipmeasurementof
theRunII CDF [2] physicsprogram.It would resultin stringentconstraintsto theCKM descrip-
tion of the StandardModel flavor sector. The expectedlarge oscillation frequency, ∆ms, given
by the massdifferenceof the heavy andthe light Bs masseigenstates,rendersthis a challenging
measurement;to dateonly anexclusionlimit hasbeenachieved,∆ms � 14
 5 ps� 1 � 95%C
 L 
	� [3].

At present,large amountsof Bs mesonsareproducedonly at the p-p̄ ( � s=1
 96 TeV) Teva-
tron Collider at Fermilab,providing theCDF andthe DØ experimentswith uniquedatasamples
to exploit the Bs system,aswell asotherheavy 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 triggerstrategies: (i) requirea leptonwith high trans-
versemomentum(pT � 4 GeV) associatedwith a displacedSVT-triggertrack(impactparameter
120µm � d0 � 1mm); or (ii) requiretwo displacedSVT-triggertracksforming a displacedvertex
(transversedecay-lengthLxy � 200µm).

The Bs candidatesare reconstructedfrom the above trigger samplesin two classesof final
states:partially-reconstructed semileptonicmodes,Bs � DslX , andfully-reconstructedhadronic
modes,Bs � Dsπ, respectively. In bothcases,theDs mesonis reconstructedin thefollowing chan-
nels:Ds � φ � K � K ��� π, Ds � K

� � K � π ��� K, andDs � πππ. Figure(1-a)showstheinvariantmass
distribution for theBs � Ds

� φπ � π channel.Wereconstructabout900hadronicand7700semilep-
tonic signalBs decays,with asignal-to-noiseratio S � B of approximately1
 7 and1
 9, respectively.

Theanalysisof thedatais performedusinganunbinnedlikelihoodfit andtechniquesthathave
beendevelopedin orderto maximizethestatisticalpowerof thedatasamples.For eachcandidate,
the input to thefit includes:mass,properdecaytime, andflavor tagginginformationabouttheBs

candidates.Thelikelihoodmodelfor theobserved properdecaytime, t � Lxy MBs � pT (MBs being
thenominalBs mesonmass),of thesignalcomponentis givenby

� � t ��� � 1 � DSD Acos � ∆mst ��� e �
t

τBs � G � t;σl � � ε � t ��
 (1)

Thefirst termin parenthesisdescribestheflavor oscillations,while therestof theexpressionchar-
acterizesthepropertimedistribution in theabsenseof flavor tagginginformation.

The descriptionof the observed properdecaytime includesthe smearingeffect causedby
the detectorvertex resolution,througha Gaussianresolutionfunction. The averageresolution,
σl, is about115fs and170fs for thehadronicandsemileptonicmodes,respectively. The trigger
requirementsandanalysisselectioncriteriaimposeadditionalsculptingof thet distribution,which
is describedby a function,ε � t � , derivedfrom MonteCarlosimulationof eachdecay.

In thecaseof thepartially reconstructedmodesthemomentumof thecandidateis underesti-
mated. This underestimateis correctedvia an averagek-factordistribution, F � k � , obtainedfrom
Monte Carlo simulation,resultingin an additionalsmearingof t:

� � kt � F � k � dk. The k-factor
distributions for the semileptonicmodesarecharacterizedby a mean(k̄) andan r.m.s. of about
0
 83 and0
 12, respectively.

Thedecisionof whetheror not a Bs candidatehasmixed(shown by thesigns‘ ! ‘ and‘ " ‘,
respectively, in theexpressionabove) is madeby theflavor taggingalgorithms.Thedilution, D, is
relatedto theprobability that the tag is correct,given by 1� D

2 . Theanalysisemploys at presenta
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combinationof so-calledopposite-side taggers, which identify theBs productionflavor by tagging
theflavor of theaccompanying b-hadronwhich originatedfrom thesamebb̄ pair, throughidenti-
fication of specificdecayproducts:leptonsandjets. The leptontaggersexploit the semileptonic
transitionsb � l � X , b̄ � l � X (l � µ # e); the dilution is parameterizedin termsof leptonlikeli-
hood,andmomentumrelative to the jet axis, prel

T (higherdilution expectedat higher prel
T dueto

softerb � c � l � sequentialbackground).The jet charge taggersusea weightedsumof track
chargesin opposite-sideb-jets; threealgorithmsareused,which differ on the typeof taggingjet
found: characterizedby an identifiedsecondaryvertex; containingdisplacedtracks;or that with
the highestpT . Taggersare ranked in orderof their averageexpecteddilutions; the decisionis
providedby thehighestaveragedilution taggerwhich is availablefor agivenevent.

Theopposite-sidetaggersaretunedon a largeinclusive sampleof semileptonicb-decays,ob-
tainedwith thelepton+ SVT triggermentionedabove. Thedilution D of eachtaggeris determined
for individual Bs candidatesbasedon theparameterizationsachievedtherein.In orderto take into
accountsamplecompositionandkinematicdifferencesbetweenthat sampleandthe signalsam-
ples,a scalefactorSD for the dilution is allowed for eachof the algorithms. The SD factorsare
determined,for the semileptonicand hadronicmodes,from dilution and mixing fits performed
to reconstructedBu $ d � D % �'& lX andBu $ d � J � ψK % �(& � Bu $ d � Dπ decays,respectively. A tagging
method’s figure of merit is εD2, wherethe efficiency ε is given by the fraction of eventswhich
thealgorithmtags.Thecombinedcalibratedε � DSD � 2 for thesemileptonicandhadronicmodesis
1
 43 � 0
 09%and1
 12 � 0
 18%,respectively.

Theanalysisof Bs oscillationsis performedusingtheamplitudemethod[5]. A fit to theam-
plitudeparameterA appearingin equation(1) is performedat eachvalueof themixing frequency
beingprobed.TheamplitudeA is expectedto beunit for thetruevalueof ∆ms, andzerootherwise.
A 95% C
 L 
 exclusionis thusachieved at a frequency valuefor which the amplitudeandits un-
certaintysatisfythecondition: A " 1
 645� σA � 1; theexclusionlimit is definedasthe∆ms value
below which all frequenciessatisfythis condition. The analysisof the semileptonicmodespro-
videsanexclusionlimit of 7
 7ps� 1, while nosignificantlimit is achievedwith thehadronicmodes
alone.Figure(1-b) shows thecombinedamplitudescanfor thehadronicandsemileptonicmodes;
anexclusionlimit of 7
 9ps� 1 is achieved.Thecombinationof thepresentCDF measurementwith
previously availableresults[3] doesnotmodify theexisting limit.

The precisionon the amplitudemeasurementat eachprobedvalue of ∆ms determinesthe
sensitivity of thesample,which is definedasthelargestfrequency valuefor which 1
 645 � σA � 1
holds. The analysisis currentlystatisticsdominated,with overall systematiccontributionsto the
amplitudeuncertaintieswhich areconsiderablysmaller, asshown in figure (1-b). The measured
sensitivities for the hadronic,semileptonic,and combinedanalysesare 0
 4, 7
 4, and 8
 4 ps� 1,
respectively. From the combinedscanwith previous [3] measurements,the averagesensitivity
increasesfrom 18
 2 to 18
 6 ps� 1.

Themeasuredamplitudestatisticaluncertaintyis described[5] to goodapproximationusing

σ � 2
A � εD2

2
S2

S " B
e � � k̄2σ2

l � t2σ2
p � ∆m2

s (2)

uponaveragingover theBs properdecaytime uncertaintiescomingfrom vertex, σl, andmomen-
tum, t σp, resolutions;S andB standfor thenumberof reconstructedsignalandbackgroundevents
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Figure 1: (a)Massdistributionfor Bs � Ds
� φπ � π decay(left); (b) combinedamplitudescanfor Bs � Dslν

andBs � Dsπ decays(right).

in the signalfitting region. For the fully reconstructedmodes,the momentumresolutionis neg-
ligible (k A 1); for the semileptonicmodesit is determinedfrom the k-factordistribution F � k � ,
andcharacterizedon averageby σp � 0
 15. This resultsin anexpectedincreaseof themeasured
amplitudeuncertaintyin semileptonicrelative to hadronicmodes,which is observed in data,most
importantlyin theregionof largestprobedfrequenciesof thescan.

Equation(2) canbe usedto quantify theeffect of expectedimprovements,by re-scalingthe
measuredamplitudeuncertainties.Besidesthe increasingsizeof our datasets,variousadditional
improvementsto theanalysisarebeingpursued.Theinclusionof thesame-side tagging technique,
which is basedon flavor-chargecorrelationsbetweentheBs mesonandparticlesproducedin frag-
mentation,is expectedto increaseafew timesthetaggingpower. A moreaccuratedeterminationof
thetransversedecay-lengthwill reducetheamplitudeuncertaintiesespeciallyfor largerprobedfre-
quency values.Otherimprovementsincludeamorethoroughextractionof Bs signalsfrom existing
triggersamples,andpossiblyoptimizedtriggerstrategies.

To conclude,CDF hasperformedits first searchfor Bs oscillationsin RunII, which involved
theimplementation,testing,andapplicationof thedevelopedanalysistechniquesto our datasam-
ples.Quantificationof improvementsbeingpursueddemonstratesthatsignificantincreasesin sen-
sitivity will be achieved in a short term, and that either the exclusion or an observation in the
StandardModel favoredregion is within reachatRunII.

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