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We reportthe obsenation of the bottom, doubly-strangebaryonQ throughthe decaychain
Q, = J/YQ~,whered/y — utu=, Q- - AK~, andA - pm, using4.2fb—1 of datafrom
pp collisionsat /s = 1.96 TeV, andrecordedwith the Collider Detectorat Fermilab A signal
is obsened whoseprobability of arising from a backgroundfluctuationis 4.0 x 10-8, or 5.5
Gaussiarstandarddeviations. The Q" massis measuredo be 60544 + 6.8(stat) + 0.9(syst)
MeV/c?. The lifetime of the Q; baryonis measuredo be 1.13533(stat) £ 0.02(syst) ps. In
addition, for the =, baryonwe measurea massof 57909 + 2.6(stat) + 0.8(syst) MeV/c? and
a lifetime of 1.5679-3/(stat) + 0.02(syst) ps. Under the assumptiorthat the =, and Q, are
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producedwith similar kinematicdistributionsto the A baryon, we find G(Rg)ﬂ(ﬁgw/w/\) =
o(Qy) B(Q, =I/PQ7)

0.167*563¢(stat)  0.012(syst) and = - S F o = 0045 0017(stat) & 0.004(syst) for
baryonsproducedwith transersemomentummin therangeof 6 — 20 GeV/c.
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1. Introduction

In this paper we reportthe obseration of a heary baryonandthe measurementf its mass,
lifetime, and relative productionrate comparedo the /\g production[1]. The decayproperties
of this stateare consistentwith the weak decayof a b-baryon. We interpretour result as the
obserationof the Q, baryon(|ssb)).

This Q. obseration is madein pp collisionsat a centerof massenegy of 1.96 TeV using
theCollider Detectorat Fermilab(CDF 1), throughthedecaychainQ_ — J/¢Q~, wherel /iy —
putu—, Q- — AK—, andA — pmr. Chage conjugatemodesare includedimplicitly. Mass,
lifetime, andproductionratemeasurementrealsoreportedfor the =, , throughthe similar decay
chain=, — J/y=", whereJ/y — p*u~, == - Am, andA — prr. Theproductionratesof
boththe =, and Q; are measuredvith respecto the A9, which is obsered throughthe decay
chainA — J/@A, whered /i — pu*u~, andA — prr. Thesemeasurementrebasednadata
samplecorrespondingo anintegratediuminosity of 4.2fb 1.

The stratgy of the analysispresentedhereis to demonstratéhe reconstructiorandproperty
measurementsf the =, andQ, asnaturalextensionsof measurementhatcanbe madeon better
knowvn b—hadronstatesobtainedn the samedata.All measurementsiadehereareperformedon
theB® — J/WK*(892°, K*(892° — K+ final state to provide a large samplefor comparison
to other measurementsThe decaymodesB® — J/@K?, K2 — mt m~ andA? arealsousedas
referenceprocesses.

2. Particle Reconstruction M ethods

The analysispresentechereis basedon eventsrecordedwith a trigger thatis dedicatecto
the collectionof a J/¢ — u*™u~ sample. The analysisof the databegins with a selectionof
well-measured /¢ — u* u~ candidatesThis datasampleprovidesapproximately?2.9 x 107 J/
candidatesmeasureavith anaveragemassresolutionof ~ 20 MeV/c?.

The reconstructiorof K, K*(892°, andA candidatesisesall trackswith pr > 0.4 GeV/c
thatarenotassociatevith muonsin theJ/y reconstructionCandidateselectiorfor theseneutral
statess baseduponthe masscalculatedfor eachoppositelychagedtrack pair, which is required
to fall within 430,420, and+9 MeV/c? of thenominalmassfor the K*(892)°, K, andA, respec-
tively. Backgroundso the K andA arereducedoy requiringthe flight distanceof the K andA
with respecto theprimaryvertex to begreatethan1.0cm. Approximately3.6 x 10° A candidates
arefoundwith with pr(A) > 2.0 GeVrc.

For eventsthatcontaina A candidatetheremainingtracksareassignedhepion or kaonmass,
andA i~ or AK~ combinationsreidentifiedthatareconsistentvith thedecayprocess ™ — A
or Q™ — AK™. pr(K™) > 1.0 GeV( is requiredfor our Q~ sample which reduceghe combina-
torial backgroundy 60%,while reducingthe Q~ signalpredictedoy our Monte Carlosimulation
by 25%. In addition,theflight distanceof the A candidatesvith respecto thereconstructedecay
vertex of the=—(Q~), andtheflight distancerom the primaryvertex of the=~ andQ~ candidates
is requiredto exceedl.0cm. Kinematicreflectionsareremoved from the Q— sampleby requiring
thatthe combinationsonsistentvith == decaywhenthe candidateK ~ trackis assignedhemass
of therr~. Any ambiguitiesfor the propertrackassignmentef the hadronsareresohed examining
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the P(x?) of the vertex fits. Approximately41000=" and3500Q~ candidatesrefoundin this
datasample.A T or AK~ combinationswithin +£9 and+8 MeV/c? of the nominal=~ andQ~
massesireselectedor b-hadronreconstruction.

Thereconstructiorof b-hadroncandidatesisesthe samemethodfor eachof the statesecon-
structedfor this analysis. The K and hyperoncandidatesire combinedwith the /¢ candidates
by fitting thefull four-trackor five-trackstatewith constraintsappropriatdor eachdecaytopology
andintermediatehadronstate. Specifically the u* u~ massis constrainedo the nominal J/y
mass[2], andthe neutralK or hyperoncandidates constrainedo originatefrom the J/ decay
vertex. In addition,thefits thatincludethe chagedhyperonsconstrainthe A candidateracksto
thenominal\ masq2], andthe=~ andQ~ candidateso their respectre nominalmasse$2]. For
ourfinal samplep-hadroncandidatesrerequiredio have pr > 6.0GeV/c andtheneutralK or hy-
peronto have pr > 2.0 GeV/c. The promptly-producedombinatorialbackgrounds suppressed
by rejectingcandidatesvith low properdecaytime, and spuriouscombinationsare rejectedby
placingarequiremenbn thefinal stateimpactwith respecto thebeamline.
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Figure 1: Theinvariantmassdistributionsof (a) J/ @ =" and(b) J/@ Q~ combinationgor candidatesvith
ct > 100um. The projectionsof the unbinnedmassdfit areindicatedby the dashechistograms.

3. Observation of the Decay Q) — J/Q~

The J/@Q~ massdistribution with ¢t > 100um is shavn in Fig. 1b. The significanceof
the structureseenin the J/¢ Q~ massdistribution is evaluatedwith a simultaneoudit to mass
andlifetime informationwhich is maximizedfor two differentconditions.The first maximization
allows all parameterso vary in thefit. The secondcalculationfixesthe signalfractionto 0.0. The
value of —2In.% obtainedfor the null hypothesiss higherthanthe value obtainedfor the fully
varying calculationby 37.3 units. We interpretthis asequialentto a x2 with three degreesof
freedomwhich hasa probabilityof occurrencef 4.0 x 10-8, or a5.50 fluctuation.Consequently
we interpretthe J/@ Q~ massdistributions shavn in Fig. 1b to be the obseration of a weakly
decayingresonancewith a width consistentith the detectorresolution.We treatthis resonance
asobsenration of the Q" baryonthroughthe decayproces), — J/y Q™.

4. =, and Q. Property Measurements

To reducethebackgroundo b-hadronsgdueto promptproductionact > 100um requirement
is placedon all candidatedor inclusionin the massmeasurementsl he massdistributionsof the
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candidatesreshovn in Fig. 1, alongwith projectionsof thefit function. Theresultsof thisfit are
listedin Tablel. Systematiaincertaintiedor the = andQ,” massesrelargely driven by our B?
massmeasurementgndareestimatedo be 0.8 and0.9 MeV/c?, respeciiely.

Thelifetime of b-hadronds measuredn this analysisby a techniquethatis insensitve to the
detailedlifetime characteristic®f the background.This allows a lifetime calculationto be per
formedon arelatively smallsample sincealarge numberof eventsis notneededor abackground
modelto be developed. The dataarebinnedin ct, andthe numberof signalcandidatesn eachct
bin is comparedo the valuethatis expectedfor a particlewith a givenlifetime andmeasurement
resolution.Theestimate®f the systematiaincertaintiesreobtainedrom thethe B® lifetime mea-
surementsTheresultsof thefits for the lifetimes of the baryonsandreferencesamplesarelisted
in Tablel.

A furthergoal of this analysisis to measurethe productionratesof the =, andQ,, relatve
to the moreplentiful A?, wherewe measureatiosof crosssectiontimesbranchingfractions. The
acceptanceandefficienciesof the threebaryonsstatesare obtainedasa function of pr from the
simulationof thedetector We usethe obsered py distribution of /\g productionto obtainthetotal
efficiengy for the =, andQ,; states.Theyields of the baryonsareobtainedfrom the lifetime fits,
andarelistedin Table1, alongwith our measurementsf the relatve productionratesfor the =/
andQ, .

Table 1: Propertiebtainedfor b-hadrons.

Resonance Candidates Mass(MeV/c?) ct (um) WM
B(J/@K*(892°) 17520£305  52792+0.2 453+6 -
BO(J/WKY) 9424+ 167 52802+0.2 448+7 -
NS 1934+ 93 56203+ 0.5 472+ 17 -
= 6672*  57909+2.6+08 46875:+0.06 0.1677533/+0.012
Q 1648 60544+ 6.8+0.9 340"153+0.04 0.045'5317+0.004

5. Conclusions

In conclusionwe have useddatacollectedwith the CDF Il detectoratthe Tevatronto obsere
asignalof 161’?1 Q, candidateswith asignificanceequialentto 5.50 whencombiningbothmass
andlifetime information. The mass lifetime andrelatve productionratesof the Q. and=, are
measuredvith the bestlevel of precisionthathasbeenobtained.
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