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Abstract. TheCLEO-candBESIII detectoratthe CESRandBEPCacceleratorgespectiely, will

collectin the nearterm large datasetsof e"e~ — cC eventsin the enegy range,/s = 3—5GeV.
Thesedatasetswill correspondo a hugefractionalincreaseover the size of currentones.The
physicsgoalsanduniqueadvantage®f runningat charmthresholdproductionarediscussed.

Charm Threshold Running

Over the next 3-5 years,the CLEO-c (CESR)andBESIII (BEPC)experimentswill
accumulatdarge statistics([ Ldt > 1fb~!) of ete~ — cC eventsproducedin charm
thresholdreactionsin the enegy range./s = 3— 5GeV. Runningat charmthreshold
productionhasdistinct advantagesover continuumee~ — cc productionat colliders
runningat /s = Y(4S) . For example thechagedandneutralmultiplicitiesin W(3770)
eventsareonly 5.0 and 2.4, respectiely, reducingcombinatoricsand leadingto high
detectiorefficienciesandlow systematierrors.Additionally, charmeventsatthreshold
arepureDD, includingthe W(4140) decayingnto DD*, DsDs andDsDs". No additional
particlesfrom fragmentatiorareproduced.

Low multiplicity eventsandpureDD statesgcoupledwith therelatively high branch-
ing fractionstypical of D decayspermitthe efficientimplementationof “double tag”
studieswhereoneD is fully reconstructecndthe otheris studiedin a biasfree fash-
ion. This permitsthe determinatiorof absolutebranchingfractionswith very low back-
grounds.The quantumcoherenceof the DD statesproducedin (3770 — DD and
W(4140 — yDD decaygermitrelatively simpletechniques[Lfor measurind®D mix-
ing parametersnddirectCP violation.

Thisreportsummarizegstimate®f thephysicsreachof theexisting CLEO-cdetector
basedn extensve montecarlosimulation.Similar physicstopicscanalsobeaddressed
by the soon-to-be-upgradeBIESIII detector

Absolute Branching Fractions

The combinationof pure DD(DsDs) at /s = W(3770 (/s = 4140MeV), typical
charmbranchingfractionsof (1 — 15)%, and a high reconstructiorefficiengy for D-
mesonsJeadto a high net D-mesontaggingefficiengy of ~ 15% for CLEO-c. Key
selectioncriteriafor D candidatesncludeconstrainton the enegy differencebetween
the D candidateandthe beamenepy, the beamconstrainednassof the D candidate,
andpatrticleidentificationcuts.



TABLE 1. Branchingfraction precisionof key D decay
modesprojectedfor 3fb~1 of CLEO-c data comparedto

PDG2003values.
Mode Vs (GeV) (%)PDG (%)CLEO—C
DY —» K~ 3770 2.4% 0.6%
Dt - K-mtmt 3770 6.8% 0.7%
Ds— omt 4140 25% 1.9%

TABLE 2. Charm decay constantprecision expected with
3fb~! of CLEO-cdatacomparedo PDG 2002values.

of

DecayConstant Mode(GeV) (5 )ppg (?)CLEO_C
fo, DI — pv 16% 1.9%
fo. D —»1v 17% 1.7%
f5 D* — puv  Upperlimit 2.3%

Thetechniqueor tagginga singleD candidatecanclearly be extendedto the second
D-mesoncandidaten e"e~ — cc thresholdproductioneventsby essentiallyapplying
the single-tagtechniquetwice. Using a modified versionof a techniquedevelopedat
MARK IlI[2], CLEO-c can then preciselymeasureabsolutehadroniccharm meson
branchingfractionsusing double-tagevents.Table 1 compareghe branchingfraction
precisionfor somekey D decaymodesanticipatedwith 3fb~! of CLEO-cdataandthe
correspondindg®DG 2003values.

Leptonic and Semileptonic Decays

Precisionmeasurementsf leptonic and semileptonicdecaysin the charm sector
are vital for determiningCKM matrix elementsthat describethe mixing of flavors
andgenerationsnducedby the weak interaction.The lowestorder expressionfor the
leptonicbranchingfractionof a D-mesonis givenby[3]

#(Dq— V) = memlz(1 n: fDq‘ch‘ZTDq 1)
q
WherefDq is the parametethatencapsulatethe strongphysicsof the processand |Vg|
is the CKM matrix parameterthat encapsulatethe weak physicsand quantifiesthe
amplitudefor quark mixing. Measurementsf leptonic branchingfractionscanthen
be usedto extract f, and,with additionalsemileptonicneasurementsycq|. Table 2
compareswith PDG 2002va|uesthe expectedprecisionfor D-mesondecayconstants

with 3fb~1 of dataandassuming generatiorunitarity.
The differentialsemileptonicdecayrate for a D-mesonto a pseudoscalal is given

by[4]



TABLE 3. Expectedprecisionin thebranch-
ing fraction & for importantsemileptoniade-
cayswith CLEO-c and the comparisonwith

PDG2003values.
Mode (%)PDG (%)CLEO—C
DO —» K-etv 5% 0.4%
D% — ety 16% 1.0%
Dt — rfetv 48% 2.0%
Ds — @etv 25% 3.1%

TABLE 4. Expectedprecisionin
Veq matrix elementswith CLEO-c
and the comparisonto PDG 2002
values.

o CLEO-c PDG2002

v 16% 7%
‘5\)’—;5 1.7% 11%
dr(D—Plv) G?
AP = 24;3 Veg PRI f(0F) 12, (2)

wheretheform factor f (g) encapsulatethe strongphysics Form factormeasurements
area key meando testtheory's descriptionof heary quarkdecaysPrecisionmeasure-
mentsin inclusive semileptonicdecayscan strenuouslytestheary quarkeffective the-
ory (HQET)[5] while exclusive decaysarearigoroustestbedor Lattice QCD (LQCD)
calculations[§. Table3 shavsthe expectedprecisionin branchingfraction % for some
importantsemileptoniadecayswith CLEO-cfor anintegratediuminosity of 3fb~* and
thecomparisorwith PDG 2003values.

The absolutebranchingfraction for a semilptonicD decayto a pseudoscalatanbe
combinedwith ameasuremerdf theD lifetime 1y to yield thetotal decaywidth:

#(D° — Plv)

r(D—Plv) = -
D

= chcha (3)

with Beq given by theory Using egs.1, 2 and 3 and combining measurementgom

leptonicand semileptonicdecaysmale it possibleto measurecharmdecaysconstants
directly, without the assumptionof 3-generatiorunitarity, and to then determinethe

CKM matrix elementsV,| and |Vcs|, alsowithout the unitarity assumptionTable 4

shaws the expectedprecisionin V_, and Vs for CLEO-c with 3fb~! of integrated
luminosity.



QCD Probes

BESIII and CLEO-c will probethe low-enegy nonperturbatie structureof QCD
with new precision.QCD predictsthe existenceof boundhadronicstatesin the mass
range~ (1.5— 2.5) GeV/c? in which gluonsareboth constituentsandthe sourceof the
bindingforce.Bothfully gluonic“glueballs”andquark-gluorihybrids” arenovel forms
of matterwhoseexistencehasyet to be unambiguouslydemonstratedTheir detection
andstudywill beamajorfocusof J/W running.With anexpectedCESRIuminosity of
& =2x10%cn?/sect at/s= J/W, CLEO-cexpectsto collect1 x 10° J/W events.
BESIII shouldcollectevenmore.

Radiatve J/W decaysare a fruitful ernvironmentto searchfor glue rich hadronic
matter[] andCLEO-c,for example,will collectroughly 60 million J/W — yX decays
with its projectedl fb—! of integrateduminosityfrom J/W running.With this projected
datasetandif the branchingfraction measurementBom BES[§ areindeedcorrect
for the putative glueballcandidatef;(2220), thenCLEO-cwill seemary thousand®f
eventsin a variety of exclusive f;(2220 decaymodesJ/¥ — yf,(2220), f;(2220 —
i, KK, pp. Firmly establishingr detunkingtheexistenceof the (2220 isaCLEO-c
andBESIII priority.

Theinclusive photonspectrunfrom radiatve J/¥ decayss alsoa powerful means
to searchfor new glue-richhadronicstatesDueto its nearlyhermeticstructure(93% of
4m), the CLEO-cdetectoris highly efficient at rejectingeventsof thetypeJ/W — X
whereoneof the photonsfrom the r° getslost. With its projecteddatasetof 10° J/W
events,CLEO-cshouldbeableto detectary narrav resonancem radiatve J/W decays
with abranchingfractionof ¢(10~4) or larger.
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