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Abstract. Looking for deviationsfrom theStandardModel in measurementsfrom theflavor sector
can be a powerful probefor the indicationsof new physics.In this proceedingwe discussthe
potentialof lifetime measurements,CPasymmetrymeasurementsandsearchesfor raredecaysof B
hadronsasprobesfor new physicsandpresentresultsfrom theTevatronexperiments.
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INTRODUCTION

Traditionally searchesfor particlespredictedby extensionsof or alternatives to the
StandardModel(SM) have beenperformedby looking for direct productionof the
particles.The simplestexampleof a direct searchis particleanti-particleannihilation
leadingto theproductionof singleor pairsof new particles.However, anotherway to
searchfor the evidenceof new particlesis to look at the decaypropertiesof hadrons.
In this scenariothenew physicsparticlesoccurvirtually in thedecaydiagramsandcan
leadto branchingratiosor decaydistributionsnot predictedby theSM. Thebestplace
to look for non SM effectsis in decaysthat arelow probability. For instance,in weak
decaysB hadrondecaysthatcanonly occurvia loopdiagramsthepredictedcontribution
from theSM canbeonorderthecontributionsfrom new physicsmodels.

Searchingfor theseraredecaysor smalldeviationsfrom theSM distributionsrequired
largestatistics.TheTevatronexperiments,CDFandD0,areacquiringverylargesamples
of B decaysusingdedicatedtriggers.Promisingareasfor lookingfor new physicseffects
include examining B lifetimes, measuringdirect charge parity(CP)asymmetriesand
searchingfor very raredecays.

In the following sectionswe will briefly commenton theTevatrondetectorsandthe
propertiesthat make themwell suitedfor the indirect searchesdiscussedabove. Then
wewill review currentandin progressmeasurementsof interest.

THE CDF AND D0 DETECTORS

TheCDF andD0 detectorsaretypical high energy physicsmultipurposedevices.They
consistinnerandoutertrackersimmersedin a magneticfield anddesignedfor preces-
sion interactionor decayvertex finding andhigh efficiency track finding; calorimeter
systemsfor measuringtheenergy of electromagneticandhadronicparticles;andmuon
chambers.The CDF trackingdetectorhasa large radiuswhich allows for high preci-
sionmeasurementsof themassof B hadronswhile theD0 detectoris lower radiusbut
hasefficient track finding to higherpseudorapiditywhich is well matchedto the large



coverageof its muonchambers.TheCDFdetectorcollectsinterestingphysicseventsby
selectingpossibleB eventsbasedon finding muonsanddisplacedtracks.D0 primarily
reliesonit’ s largemuoncoveragethoughthey areupgradingtheir triggerto alsoinclude
lifetime information.

NEW PHYSICS IN ∆ΓB0
S

Particle-antiparticleoscillationoccursin the B0
s mesonsystemresultingin two eigen-

stateswith definite massesand widths. Also in the SM the CP eigenstatesof the B0
s

mesonareexpectedto benearlyidenticalto themasseigenstates.Thismakesit possible
to directlymeasurethedecaywidth difference,∆Γ

B0
s
, by measuringthelifetime of states

with known CPcontent.In theSM themassdifference,∆ms, which canbemeasuredin
a B0

s oscillationanalysis,is relatedto ∆Γ
B0

s
by a simpleratio [1]. WhereobservingBs

oscillationsmaybechallengingattheTevatronfor higheroscillationfrequencies,a∆ΓBs
measurementwouldbefeasible.In new physicsmodels∆ΓBs

is relatedto theSM value

by theexpression∆ΓBs
� ∆Γ

�
CP conserving �

Bs
cos � φ � SM ��� φ

�
New physics ��� . In this expression

theSM phaseis expectedto bezeroandnew physicscontributionswould reduce∆ΓBs
from theSM expectation.

Thereare several interestingways to probe∆Γ
B0

s
. Examplesof suchanalysisare:

measuringthe CP eigenstatelifetimes by disentanglingthe eigenstatesusing angular
informationin B0

s � J 	 ψφ decays;measuringthe lifetime in modesthatareexpected
to be primarily oneeigenstatesuchasthe decayB0

s � KK which is 97% CP even;or
consideringa decayssuchasB0

s � DsDs which is expectedto accountfor mostof the
decaywidth andlifetime difference.

The ∆Γ
B0

s
analysisusing B0

s � J 	 ψφ hasbeenperformedby both CDF and D0.
TheCDF analysisis performedin the transversityanglebasis[2], which definesthree
decayamplitudescorrespondingto linearcombinationsof the two eigenstates[3]. The
D0 analysisis similar except in that they integratesover two of the threetransversity
angles[4]. The CDF andD0 experimentsextract valuesof ∆Γ

B0
s

� 00
 65� 0 � 25
 0 � 33 � 0 
 01

and∆Γ
B0

s

� 00
 21� 0 � 33
 0 � 45 respectively. The measuredvaluesof ∆Γ
B0

s
areplottedrelative

to theSM valueandworld averageconstraintsin Figure1. Both valuesarehigh,which
wouldnotbeexpectedin new physicsscenarios,but arecompatiblewith eachotherand
theSM expectations.

Measurementsof thelifetime in B0
s � KK decaysor thelifetime anddecaybranching

fractionin B0
s � DsDs havenot beenperformedyet.However, theCDF experimenthas

observedthedecayB0
s � KK [5] aswell asthefirst B decayto two charmedhadronsat

aprotonanti-protoncolliderB0 � DsD � [6] andis workingonextendingtheseanalysis.

NEW PHYSICS IN CP ASYMMETRIES

Many modelsof new physicspredictenhancementsof theCPasymmetries� ACP
� of B

decays[7]. At hadroncollidersthemostpromisingmeasurementsareof direct ACP or
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FIGURE 1. ∆Γ
B0

s
vs. B0

s . Also plottedis the standardmodelspredictedrangefor ∆Γ
B0

s
andthe range

allowedby theworld averagelifetime results.

differencesin thetime integrateddecayrateof theCPeigenstates.Thesemeasurements
aresimplestwhenthedecaysof theeigenstatesareflavor specific(whentheeigenstate
canbe identifiedby thedecayproducts).Examplesof flavor specificdecaysareB � �
J 	 ψK � or B0 � π � K



vs. B̄0 � π 
 K � . Another possibility is to look at angular

informationin decayssuchasB0
s � φφ .

The CDF experimenthasrecentlyperformedCP asymmetrymeasurementsin the
B � � J 	 ψK � [8] andB0 � π � K



[5] modes.Themeasuredasymmetries,ACP � B � �

J 	 ψK � � ��� 0 
 07 � 0 
 17� 0 � 03
 0 � 02 andACP � B0 � π � K

 � ��� 0 
 04 � 0 
 08 � 0 
 006,areof

comparableaccuracy to world averagemeasurements.
In themodeB0

s � φφ CDF haspublishedanobservation[8] basedon 12 eventswith
1 
 98 � 0 
 62 backgroundandpreliminarily found that 44 eventsarepresentin the data
setup to August2004.This larger amountof eventsapproachesthenumbernecessary
to performanACP.

NEW PHYSICS IN RARE DECAYS

Searchingfor raredecayscangive oneof the leastambiguoussignalsfor new physics.
For instance,the decaysB0

s � µ � µ 
 and B0
d � µ � µ 
 are highly suppressedin the

SM with expectedbranchingratiosof BR � B0
s � µ � µ 
 � � 3 
 5 � 10


 9 andBR � B0
d �

µ � µ 
 � � 1 
 0 � 10

 10. However, it hasbeennoted[9] thatthedecayB0

s � µ � µ 
 canbe
enhancedby up to 3 ordersof magnitudein supersymetricextensionsto theSM(SUSY)
making it observableat the Tevatron.An observation of this decaywould be a clear
indicationof new physics.In addition,theenhancementof this decayis proportionalto
tan6β 	 m4

A andanobservationwould give interestinginformationon thetanβ , theratio
of thevacuumexpectationvaluesof theSUSYHiggs’ andthemassof thepseudoscaler
Higgs[10].



The D0 and CDF collaborationhave recently put limits on theseprocesses.The
D0 experimentexpected4.3 eventsand observed 4 and setsa limit of of BR � B0

s �
µ � µ 
 � � 3 
 7 � 10


 9 at 95%confidencelevel(CL) [11]. TheCDF experimentexpects
1.47 evensandobservesnoneandsetslimits of BR � B0

s � µ � µ 
 � � 2 
 0 � 10

 9 and

BR � B0
s � µ � µ 
 � � 4 
 9 � 10


 10 at 95% CL [12]. Thesemeasurementsare twice as
sensitiveaspreviouspublishedmeasurements[13]. In addition,CDF andD0 they have
recentlyproducedacombinedlimit of BR � B0

s � µ � µ 
 � � 1 
 6 � 10

 9 at 95%CL [14].

This combinedlimit startsto severelyconstrainthephasespaceof SUSYvariantssuch
asSO(10)gaugeunificationmodels[15].

CONCLUSION

Indirect searchesfor the evidenceof new physicsin the flavor sectoris a promising
avenueof investigation.The Tevatron experiments,CDF and D0, have performeda
numberof new measurementsusing the large samplesof B hadrondecaysthey have
collected.No evidenceof new physicsis yet seenand limits are set on variousnew
physicsscenarios.
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