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ABSTRACT

Somerecentresultsfrom the FermiNationalAcceleratorLaboratory(Fer
milab) fixedtargetexperimentFOCUSarepresentedin particularwe dis-
cussa studyof thedecayD? — K*7~ andits implicationsfor mixing, a
searchfor direct CP violation andsomenen measurementsf charmpar
ticle lifetimes.
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Fig. 1. Feynmandiagramsof the DCSandmixing processefor D° — K7~

1 Introduction

Precisemeasurementsf charmedparticledecayschallengeexisting theoreticaimeth-

odsof calculatingthe dynamicsof heary quarkdecays.Additionally mixing andCP

violation areexpectedto be smallin this sectormakingit anideal placeto searchfor

non-StandardModel physics. FOCUSIs a photoproductionexperimentwhich took

dataduring the 1996-1997fixed target run at Fermilab Bremsstrahlungf electrons
andpositronswith an endpointenegy of approximately300 GeV producesa photon
beam.Thesebeamphotonsnteractin asegmentederyllium-oxidetamgetandproduce
charmedpatrticles. The averagephotonenegy for eventswhich satisfy our trigger is

~ 180GeV. FOCUSusesan upgradedrersionof the E687 spectrometewhich is de-

scribedin detail elsavhere! Chageddecayproductsaremomentumanalyzedoy two

oppositelypolarizeddipole magnetsTrackingis performedby a systenmof siliconver

tex detectorsn thetargetregion andby multiwire proportionalchamberslowvnstream
of the interaction. Particle identificationis performedby three thresholdCerenlov

countersiwo electromagneticalorimetersan hadroniccalorimetey andby a system
of muondetectors.

2 Thedecay D' - K*n~

ThedecayD® — K*7~ (throughouthis articlethe chage conjugatemodeis implied

unlessotherwiseindicated)may occur eitherasa doubly CabibbosuppressedDCS)

decayor throughmixing of the D° into a D° followed by the CabibboFavored (CF)

decayD® — K*tr~. Thereforethe wrong-sign(WS) decayrate Ry, s canhave con-

tributionsfrom both DCS andfrom mixing. The time-dependentatefor WS decays
relative to the CF processs:
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Fig. 2. RSandWS signalsfor thedecayD? — K*7~

4
wheret is in units of the D° lifetime andwe have usedthe strongphase(d) rotated
cornventionof CLEC? wherey’ = y cos d—z sin 6 andz/ = z cos §+ysind. z = Am/T
andy = ATI'/2T" aretheusualmixing parametersUsing Monte Carlo (MC) generated
sampleof D — K*+7~ decays(with aninput lifetime of 413fs for the D°%), we can
calculatethe expectednumberof WS eventsby re-weightingeachacceptedVC event
with aweightgivenby:

Niata 12+ yr?
W, = 2t (RDC’S + v/ Rpcsylt + Mt?) ; (2)

12 12
R(t) = lRDcs + v/ Rpcsyrt + Mﬁ et (1)

Nyc 4
wheret; is the generategropertime for event:, and Ny, (N c) is the numberof
acceptedRSeventsin thedata(MC).SummingEquation2 overall acceptedC events
anddividing by Ny,;, we obtain:

x? + yr?
Rws = Rpcs + \/Rpesy(t) + %@2)- (3)

The averagest) and(¢?) areobtainedfrom the generatedifetime of the accepted
MC events. We find () = 1.578 4 0.008 and (t*) = 3.61 + 0.03 wherethe erroris
a systematiambtainedby comparingthe reconstructed/C averagedo thoseobtained
in the data. We now have an expressionfor Ry s, which is the quantitywe measure
experimentallyin termsof Rpcs andthe mixing parameters’ andyr.
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Fig. 3. Rpcs vS. y!. Contoursareplottedfor two valuesof z/ which coverthe 95%CL
of the CLEO.II.V result.

We identify right sign (RS)andWS decaydy “tagging” the soft pionin thedecay
D*t — D°(— K« ") ™. In Figure2 we shav thesignalsobtained. The WS signalis
obtainedby fitting the D° yield in binsof the D*+ — D° masgdifferenceandthefit is a
sumof a backgrounccontribution anda scaledsignalshapefrom the RS.We measure
Ry s = (0.404 + 0.085 £ 0.025) % with aWSyyield of 149 + 31 events.

In Figure3 we useour measuredaluefor Ry s to plot Rpcs asafunctionof yr.
The CLEO.II.V andFOCUS resultsarealsoincludedfor comparisorpurposes.The
FOCUSresultcomesfrom a measurementf y usingthe lifetime differencebetween
CPevenandCPmixedfinal statesThe CLEO.I.V resultcomedrom adirectmeasure-
mentof Rpcg. Onecanonly comparethe FOCUSYy valueto the othersby assuming
thatthe strongphase) = 0.

If charmmixing is sufficiently smallthenEquation3 tells usthat Ry s ~ Rpcs.
In Tablel we list the existing measurementsf this branchingratio underthe assump-
tion of no mixing or CP violation. Our analysisof the decayD? — K*7~ hasbeen
publishedn Reference.

y




Tablel. Measurementsf Rpcs assumingio charmmixing or CP violation.

Experiment Rpcs(%) Events
CLEC 0.77 £ 0.25 + 0.25 19.1
E79T 0.6810:33 +0.07 34
Aleph? 1.77108 +0.31 21.3
CLEO.II.V? 0.33215:052 + 0.040 44.8
This Study 0.404 4 0.085 + 0.025 149

3 Search for Direct CP violation in the decays Dt —
K57T+ and Dt — K5K+

CPis violatedwhenthe decayrateof a particlediffersfrom thatof its CP conjugate’.
In the Kobayashi-Maskaa ansatzthis arisesdue to the non-vanishingphasein the
Cabibbo-Kobayashi-Maskaamatrixwhenthedecayamplitudehascontributionsfrom
atleasttwo quarkdiagramswith differing weakphasesin additionfinal stateinterac-
tions(FSI) mustprovide astrongphaseshift. In theStandardModel directCPviolation
in the charmmesonsystemis predictedto occurat the level of 1072 or below.!® The
mechanisnusuallyconsidereds theinterferenceof thetreeandpenguinamplitudesn
singly-Cabibbasuppresse(SCS)decaysin thedecayDt — Kqnt, (Thechagecon-
jugatestateis implied unlessstatedotherwise) the Cabibbofavored (CF) anddoubly-
Cabibbosuppresse(DCS)amplitudescontribute coherentlywith, perhapsa different
weak phase. In additionthe isospincontentof the DCS amplitudediffers from that
of the CF casesowe canexpecta non-trivial strongphaseshift. Severalauthorshave
commentedn the effect of K° mixing onthe CP asymmetnyfor this decaymodeand
the possibility of usingit to searchfor new physics!!:'2

Differencesn theweaktwo-bodynon-leptoniddecayamplitudef charmednesons
arealmostcertainlydueto FSI. Theseeffectstendto be large in the charmedsystem
makingit anideallaboratoryfor their study!? Theisospinamplitudesandphaseshifts
inD - KK, D — KrmandD — 7 decayscanbe extractedfrom measurements
of the branchingfractions!* For examplethe magnitudeof the 1=3/2 amplitudecanbe
obtaineddirectly from the D* — K%z partialwidth.!?

Previous studiesof Dt — Kq¢rt andDT™ — Kg¢K* have concentratedn mea-
suringrelative branchingratios!®'” FOCUShasmadethefirst measuremendf the CP
asymmetryfor thesedecays.



Table 2. Yields and relative efficienciesfor Dt — Kg¢r*™, Dt — Kg¢K* and
DT — K-rntxt. Efficienoy numbersare quotedrelative to the averageof the
DT - K—ntxt and D~ — K+tn~n~ efficiencies.We generated very large Monte
Carlosampleto renderthe statisticalerroron the efficienciesnegligible.

DecayMode DT — Kgrt cuts Dt — KqK™ cuts
Yield Eff. Yield Eff.
Dt — Kgn* 5080+110 0.58 4487+ 96 0.51
D™ — Kgn~ 55184110 0.56 47704+ 96 0.50
DT — KK - - 495+ 38 0.26
D™ —» KgK~ - - 454+ 42 0.25
Dt — K—rntnt 84750+512 1.01 84750+ 512 1.01
D™ — Ktg~n~ 91520+508 0.99 91520+ 508 0.99

To correctfor productioninducedasymmetriesve make a doubleratio usinga CF
decaywhereno CPviolationis expectedo occur We measure

n(DY) —n(D7)

n(DY) —n (D)’ )

Acp =
where(for example)

N(Dt — Kgrt
n (D7) = N(l()+ ;)Kf;wl) ®)
i.e. theratio of theyieldsin eachdecaymodecorrectedor efficiency andacceptance.
This lastquantityis equivelantto therelative branchingratio for thedecayin question.
Theinvariantmasssignalsfor thedecaysD™ — Kg¢nt andDt — KKt canbe
seenin Figures4 and5. Thereconstructiorefficiencies,relative to thatof the Dt —
K 7nt7 normalizingmodearelisted,togethemith theyields,in Table2.
In Table3 we presenpurrelative branchingratio measurement@ndcompareghem
to the currentworld average.Finally in Table4 we shov our Acp measurementir
the Dt — K¢t andDt — KK+ decaymodes.Thiswork hasnow beenpublished

in referencd18].




Fig.4. Dt — Kgr* andD~ — Kgm~ signals.
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Table3. Relatve branchingratio results. Thefirst erroris statisticalandthe seconds
systematicWe accounfor thedecaychainK® — Kg — 77~ by multiplying our K g
numbersy afactorof 2.91assuminghat I'(D* — K%+) = 2 x (D — Kgnt)

: we thenquotetheseresultsin termsof K°.

Measurement Result PD G Average?
FSR0,F
F;g%% (30.60 == 0.46 + 0.32)% (32.0 + 4.0)%
+ 3 KOK+
e (6.04 & 0.35 + 0.30)% (7.7 +2.2)%

+ KO+
% (19.96 & 1.19 4 0.96)%

(26.3 £ 3.5)%




Fig.5. D" — KsK+ andD~ — KgK~ signals.
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Table4. CP asymmetrymeasurementsThe first erroris statisticalandthe seconds

systematic.

Measurement Result
Acp(Ksnt)wrt. DY — K-ntrt (-1.6 +£1.5+0.9)%
Acp(KsKt)w.rt. DY — K-ntrt (+6.9 6.0 £ 1.5)%

ACP(K5K+) w.rt. Dt — K57T+ (+71 + 6.1+ 12)%




4 Charm Lifetimes

Precisemeasurementsf thelifetimes of charmednesonsaandbaryonsprovide anim-
portanttestof our theoreticalunderstandingf the dynamicsof heary quarks. Heavy
Quark Effective theory relies on expansionsin the heary quark mass,extensionsto
the charmsectormay be complicatedoy the lower massof the charmquark. Lifetime
differenceshetweenmesonsandbaryonsin the beautysectortendto be significantly
scaleddown relative to thoseof charm.Thusit hasbeensaidthat“the decayof charm
hadronsactasnatures microscopento thedecayof beautyhadrons™?

Historically, FOCUSis the only collaborationto have measuredll of the weakly
decayingcharmparticle lifetimes. Our excellentlifetime resolution(on the order of
30fsfor somedecays)andhigh statisticsensurethatour nev measurementsill once
againdominatethe world average.Only with the adventof high statisticscharmanal-
ysesfrom theete™ factorieswill more precisemeasurementise forthcoming. In that
eventour precisionmeasurementwith tightly controlledsystematicshouldsene as
abenchmarkby which to evaluateandcontrol systematieffectsuniqueto the collider
regime.

Currentlywe have publishedresultsfor the =} andarein the procesf finalizing
the AS,DT,D° D} =2 andQ? lifetime analyses.

41 E7 Lifetime

We have measuredhe =7 lifetime using five differentdecaymodeswhich occurin
eightdistincttopologies.In Figure 6 we shaw the signaldistributionsandthelifetime
fit is shavn in Figure7. Our analysisvasbasedn ayield of 532.4 + 30.4 events.We
measuredalifetime of 439+ 22+ 9 fs wherethefirst erroris statisticalandtheseconds
systematicln Figure8 we comparehisresultto previousexperimentaimeasurements.
Theimprovementover previousresultsis obvious asis the factthatthe world average
for the 2} lifetime will increase. Several authors”?* predictthat7(Z}) > 7(A})
wheretheinequalityrepresents factorof aboutl.3. Usingthe A lifetime averageof
PDG, CLEO and SELEX»?%%5 (0.1916 + 0.0054 ps)andthe =7 lifetime reportedin
this paperoneobtainsaratior(=})/7(A}) = 2.29 + 0.14, which differssignificantly
from the prediction.Thiswork is now publishedn referencg26].
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Fig. 6. Signalsfor thefive differentdecaymodesusedin our determinatiorof the =
lifetime. Thebottomright plot is the sumof all the modes.
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42 A} Lifetime

We have alsomeasuredhe lifetime of the A} from the decaymodeA} — pK 7.
Wereconstructe8034 + 122 eventsanddeterminedhelifetime to be204.6 £ 3.4 +2.5
fs. This resulthasbeensubmittedfor publication?”

We areanalysingtwo decaymodesfor the Z2 which occurin five separatdopolo-
gies.In Figurel1thesignalsusedin our preliminarydeterminatiorof this lifetime are
plotted.Using137 4 18.8 eventswe measurehelifetime to be 10973° fs.

In additionto theseanalysesve arealsoworking on the lifetime measurement®r
the DY, DT andQ?.

5 Summary

We have presentedsomerecentresultsfrom FOCUSon mixing, direct CP violation
limits andcharmlifetimes. Many of theseanalysesresoonto be,or have alreadybeen
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published.In additionwe areworking on awide variety of othertopicssuchasDalitz
analyses,DD production,semileptonicbranchingratios and form factors,five-body
hadronicdecaysandthe spectroscop of excitedcharmmesons.
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