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Abstract. Lookingfor deviationsfrom the StandardVodelin measurementsom theflavor sector
can be a powerful probefor the indicationsof new physics.In this proceedingwe discussthe
potentialof lifetime measurement§;Pasymmetrymeasurementsndsearchesor raredecayof B

hadronsasprobesfor new physicsandpresentesultsfrom the Tevatronexperiments.
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INTRODUCTION

Traditionally searchedor particlespredictedby extensionsof or alternatvesto the
StandardModel(SM) have beenperformedby looking for direct productionof the
particles.The simplestexampleof a direct searchis particle anti-particleannihilation
leadingto the productionof singleor pairsof new particles.However, anotherway to
searchfor the evidenceof new particlesis to look at the decaypropertiesof hadrons.
In this scenariahe new physicsparticlesoccurvirtually in the decaydiagramsandcan
leadto branchingratiosor decaydistributionsnot predictedby the SM. The bestplace
to look for non SM effectsis in decaysthatarelow probability. For instancejn weak
decay® hadrondecayghatcanonly occurvialoop diagramghepredictedcontribution
from the SM canbe on orderthe contributionsfrom new physicsmodels.

Searchindor theseraredecaysor smalldeviationsfrom the SM distributionsrequired
largestatistics The TevatronexperimentsCDFandDO, areacquiringverylargesamples
of B decaysusingdedicatedriggers.Promisingareador looking for new physicseffects
include examining B lifetimes, measuringdirect chage parity(CP) asymmetriesand
searchindor veryraredecays.

In the following sectionswe will briefly commenton the Tevatrondetectorsandthe
propertiesthat make themwell suitedfor the indirect searchesliscussedbove. Then
we will review currentandin progressneasurementsf interest.

THE CDF AND DODETECTORS

The CDF andDO detectorsaretypical high enegy physicsmultipurposedevices. They
consistinnerandoutertrackersimmersedn a magneticfield anddesignedor preces-
sion interactionor decayvertex finding and high efficiengy track finding; calorimeter
systemdor measuringhe enegy of electromagnetiandhadronicparticles;andmuon
chambersThe CDF tracking detectorhasa large radiuswhich allows for high preci-
sionmeasurementsf the massof B hadronswhile the DO detectoris lower radiusbut
hasefficient track finding to higherpseudorapiditywhich is well matchedto the large



coverageof its muonchambersThe CDF detectorcollectsinterestingohysicseventsby
selectingpossibleB eventsbasedon finding muonsanddisplacedracks.DO primarily
reliesonit’ slargemuoncoveragethoughthey areupgradingheirtriggerto alsoinclude
lifetime information.

NEW PHYSICSIN Al',
S

Particle-antiparticleoscillation occursin the B mesonsystemresultingin two eigen-
stateswith definite massesand widths. Also in the SM the CP eigenstatesf the B

mesonrareexpectedo benearlyidenticalto themasseigenstateslhis makesit possible
to directly measurehedecaywidth differenceArBo, by measuringhelifetime of states

with known CP content.In the SM the massdlfferenceAms, which canbe measuredn
a BY oscillationanalysis,is relatedto Al 5, by asimpleratio [1]. WhereobservingBs

oscnlatlonsmaybechalIenglngattheTevatronfor h|gherOSC|IIannfrequenmesaAFB
measuremenwould befeasible.In new physicsmodelsAl'y is relatedto the SM value

by the expressiomAl ;= AF(CP consenving) cog(¢p(SM) - (p<NaN PYSICs)) | this expression

the SM phases expectedto be zeroandnew physicscontritutionswould reduceArl g
from the SM expectation.
There are several interestingways to probe AFBO Examplesof suchanalysisare:

measuringthe CP eigenstatdifetimes by dlsentangllnghe eigenstatesising angular
informationin B2 — J/@¢ decaysmeasuringhe lifetime in modesthat are expected
to be primarily one eigenstatesuchasthe decayB? — KK which is 97% CP even; or
consideringa decayssuchas B0 — DsDs which is expectedto accountfor mostof the
decaywidth andlifetime difference.

The Al';, analysisusing BY — J/Wwe hasbeenperformedby both CDF and DO.

The CDF anaIyS|S|s performedin the trans\ersity anglebasis[2], which definesthree
decayamplitudescorrespondingo linear combinationf the two eigenstate§3]. The
DO analysisis similar exceptin thatthey integratesover two of the threetrans\ersity

angles[4]. The CDF and DO experimentsextract valuesof Al go = 00. 65925+0.01
andAr g, = 00. 217033 respectiely. The measuredzaluesof AT, areplottedrelative

to the SM valueandworld averageconstraintsn Figurel. Both valuesarehlgh which
would notbeexpectedn new physicsscenariosbut arecompatiblewith eachotherand
the SM expectations.

Measurementsf thelifetime in B — KK decaysor thelifetime anddecaybranching
fractionin B — DS,Ds have not beenperformedyet However, the CDF experimenthas
observsdthedecayBs — KK [5] aswell asthefirst B decayto two charmecdhadronsat
aprotonanti-protoncollider B — DsD* [6] andis working on extendingtheseanalysis.

NEW PHYSICSIN CP ASYMMETRIES

Many modelsof new physicspredictenhancementsf the CP asymmetriegA-p) of B
decayd7]. At hadroncollidersthe mostpromisingmeasurementare of direct A, or
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FIGURE 1. Al vs. BJ. Also plottedis the standardnodelspredictedrangefor Al , andtherange
S S
allowedby theworld averagdifetime results.

differencesn thetime integrateddecayrateof the CP eigenstatesT hesemeasurements
aresimplestwhenthe decaysof the eigenstateareflavor specific(wherthe eigenstate
canbeidentifiedby the decayproducts) Examplesof flavor specificdecaysareB™ —
J/WK* or B - mtK~ vs. B — m K. Another possibility is to look at angular
informationin decayssuchasB2 — @g.

The CDF experimenthasrecently performedCP asymmetrymeasurements the
B+ — J/YK™* [8] andB® — K~ [5] modesThemeasuredisymmetriesA-p (BT —
J/WKT) = —-0.07+0.177353 and Acp(B? — K ™) = —0.044 0.08- 0.006, are of
comparableccurag to world averagemeasurements.

In themodeB? — @@ CDF haspublishedan obsenation[§ basedon 12 eventswith
1.98+ 0.62 backgroundand preliminarily found that 44 eventsare presentin the data
setup to August2004.This larger amountof eventsapproacheshe numbernecessary
to performanAxp.

NEW PHYSICSIN RARE DECAYS

Searchindor raredecayscangive oneof the leastambiguoussignalsfor new physics.
For instance,the decaysBY — utu—and Bg — putu~are highly suppressedn the
SM with expectedbranchingratios of BR(BY — u*p~) = 3.5x 10-° andBR(B§ —

putu~) =1.0x 1071° However, it hasbeennoted[9] thatthedecayB? — ut u~canbe
enhancedby up to 3 ordersof magnituden supersymetriextensiongo the SM(SUSY)
making it obsenable at the Tevatron. An obsenation of this decaywould be a clear
indicationof new physics.In addition,the enhancementf this decayis proportionalto
tanGB/mi andanobsenationwould give interestinginformationon thetanf, theratio
of thevacuumexpectationvaluesof the SUSY Higgs’ andthe massof the pseudoscaler
Higgs[10].



The DO and CDF collaborationhave recently put limits on theseprocessesThe
DO experimentexpected4.3 eventsand obsened 4 and setsa limit of of BR(B2 —
utu—) =3.7x 102 at 95% confidencedevel(CL) [11]. The CDF experimentexpects
1.47 evensand obseres noneand setslimits of BR(B — utu~) = 2.0x 10° and
BR(B? — utu~) = 4.9x 10719 at 95% CL [12]. Thesemeasurementare twice as
sensitve asprevious publishedmeasuremen{d.3]. In addition,CDF andDO they have
recentlyproducecda combinedimit of BR(BS — utu~) = 1.6 x 102 at 95%CL [14].
This combinedimit startsto severely constrainthe phasespaceof SUSY variantssuch
asSO(10)gaugeunificationmodels[15].

CONCLUSION

Indirect searchedor the evidenceof new physicsin the flavor sectoris a promising
avenueof investigation.The Tevatron experiments,CDF and DO, have performeda
numberof nev measurementasingthe large samplesof B hadrondecaysthey have
collected.No evidenceof new physicsis yet seenand limits are seton variousnew
physicsscenarios.
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