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Abstract. TheCLEO-candBESIII detectorsattheCESRandBEPCaccelerators,respectively, will
collect in the nearterm large datasetsof e

�
e ��� cc̄ eventsin the energy range

�
s � 3 � 5GeV.

Thesedatasetswill correspondto a hugefractional increaseover the size of currentones.The
physicsgoalsanduniqueadvantagesof runningat charmthresholdproductionarediscussed.

Charm Threshold Running

Over the next 3-5 years,the CLEO-c (CESR)andBESIII (BEPC)experimentswill
accumulatelarge statistics( � Ldt � 1fb 	 1) of e 
 e 	�� cc̄ eventsproducedin charm
thresholdreactionsin the energy range 
 s � 3 � 5GeV. Runningat charmthreshold
productionhasdistinct advantagesover continuume 
 e 	�� cc̄ productionat colliders
runningat 
 s � ϒ � 4S � . For example,thechargedandneutralmultiplicities in Ψ � 3770�
eventsareonly 5.0 and2.4, respectively, reducingcombinatoricsand leadingto high
detectionefficienciesandlow systematicerrors.Additionally, charmeventsat threshold
arepureDD̄, includingtheΨ � 4140� decayinginto DD̄ � , DsD̄s andDsD̄s � . No additional
particlesfrom fragmentationareproduced.

Low multiplicity eventsandpureDD̄ states,coupledwith therelatively high branch-
ing fractionstypical of D decays,permit the efficient implementationof “double tag”
studieswhereoneD is fully reconstructedandthe otheris studiedin a biasfree fash-
ion. Thispermitsthedeterminationof absolutebranchingfractionswith very low back-
grounds.The quantumcoherenceof the DD̄ statesproducedin Ψ � 3770� � DD̄ and
Ψ � 4140� � γDD̄ decayspermitrelatively simpletechniques[1] for measuringDD̄ mix-
ing parametersanddirectCP violation.

Thisreportsummarizesestimatesof thephysicsreachof theexistingCLEO-cdetector
basedonextensivemontecarlosimulation.Similarphysicstopicscanalsobeaddressed
by thesoon-to-be-upgradedBESIII detector.

Absolute Branching Fractions

The combinationof pure DD̄ � DsD̄s � at 
 s � Ψ � 3770� ( 
 s � 4140MeV � , typical
charmbranchingfractionsof � 1 � 15� %, and a high reconstructionefficiency for D-
mesons,lead to a high net D-mesontaggingefficiency of � 15% for CLEO-c. Key
selectioncriteriafor D candidatesincludeconstraintson theenergy differencebetween
the D candidateandthe beamenergy, the beamconstrainedmassof the D candidate,
andparticleidentificationcuts.



TABLE 1. Branchingfraction precisionof key D decay
modesprojectedfor 3 f b � 1 of CLEO-c data comparedto
PDG2003values.

Mode
�

s (GeV) � δBr
Br � PDG � δBr

Br � CLEO � c
D0 � K � π � 3770 2 � 4% 0.6%
D
� � K � π � π � 3770 6 � 8% 0.7%

Ds � φπ 4140 25% 1.9%

TABLE 2. Charm decay constantprecision expected with
3 f b � 1 of CLEO-cdatacomparedto PDG2002values.

DecayConstant Mode(GeV) � δ f
f � PDG � δ f

f � CLEO � c
fDs

D
�
s � µν 16% 1.9%

fDs
D
�
s � τν 17% 1.7%

fD D
� � µν Upperlimit 2.3%

Thetechniquefor tagginga singleD candidatecanclearlybeextendedto thesecond
D-mesoncandidatein e 
 e 	�� cc̄ thresholdproductioneventsby essentiallyapplying
the single-tagtechniquetwice. Using a modifiedversionof a techniquedevelopedat
MARK III[2 ], CLEO-c can then preciselymeasureabsolutehadroniccharmmeson
branchingfractionsusingdouble-tagevents.Table1 comparesthe branchingfraction
precisionfor somekey D decaymodesanticipatedwith 3fb 	 1 of CLEO-cdataandthe
correspondingPDG2003values.

Leptonic and Semileptonic Decays

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

� � Dq � lν ��� G2
F

8π
mDq

m2
l � 1 � m2

l

m2
Dq

� f 2
Dq �Vcq � 2τDq � (1)

where fDq
is theparameterthatencapsulatesthestrongphysicsof theprocessand �Vcq �

is the CKM matrix parameterthat encapsulatesthe weak physicsand quantifiesthe
amplitudefor quark mixing. Measurementsof leptonic branchingfractionscan then
be usedto extract fDq

and,with additionalsemileptonicmeasurements,�Vcq � . Table2
compareswith PDG 2002valuesthe expectedprecisionfor D-mesondecayconstants
with 3fb 	 1 of dataandassuming3 generationunitarity.

Thedifferentialsemileptonicdecayratefor a D-mesonto a pseudoscalarP is given
by[4]



TABLE 3. Expectedprecisionin thebranch-
ing fraction � for importantsemileptonicde-
cayswith CLEO-c and the comparisonwith
PDG2003values.

Mode � δ �� � PDG � δ �� � CLEO � c
D0 � K � e � ν 5% 0.4%
D0 � π � e � ν 16% 1.0%
D
� � π0e

�
ν 48% 2.0%

Ds � φe
�

ν 25% 3.1%

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

δV
V CLEO-c PDG2002

δVcd
Vcd

1 � 6% 7%

δVcs
Vcs

1.7% 11%

dΓ � D � Plν �
dq2 � G2

F

24π3 �Vcq � 2p3
P � f � q2 � � 2 � (2)

wheretheform factor f � q2 � encapsulatesthestrongphysics.Formfactormeasurements
area key meansto testtheory’s descriptionof heavy quarkdecays.Precisionmeasure-
mentsin inclusive semileptonicdecayscanstrenuouslytestheavy quarkeffective the-
ory (HQET)[5] while exclusivedecaysarea rigoroustestbedfor LatticeQCD (LQCD)
calculations[6]. Table3 shows theexpectedprecisionin branchingfraction

�
for some

importantsemileptonicdecayswith CLEO-cfor an integratedluminosityof 3fb 	 1 and
thecomparisonwith PDG2003values.

Theabsolutebranchingfraction for a semilptonicD decayto a pseudoscalarcanbe
combinedwith a measurementof theD lifetime τD to yield thetotal decaywidth:

Γ � D � Plν ���
� � D0 � Plν �

τD
� βcqVcq � (3)

with βcq given by theory. Using eqs.1, 2 and 3 and combiningmeasurementsfrom
leptonicandsemileptonicdecaysmake it possibleto measurecharmdecaysconstants
directly, without the assumptionof 3-generationunitarity, and to then determinethe
CKM matrix elements�Vcd � and �Vcs � , also without the unitarity assumption.Table 4
shows the expectedprecision in Vcd and Vcs for CLEO-c with 3fb 	 1 of integrated
luminosity.



QCD Probes

BESIII and CLEO-c will probe the low-energy nonperturbative structureof QCD
with new precision.QCD predictsthe existenceof boundhadronicstatesin the mass
range� � 1 ! 5 � 2 ! 5� GeV" c2 in which gluonsarebothconstituentsandthesourceof the
bindingforce.Bothfully gluonic“glueballs”andquark-gluon“hybrids” arenovel forms
of matterwhoseexistencehasyet to be unambiguouslydemonstrated.Their detection
andstudywill bea majorfocusof J " Ψ running.With anexpectedCESRluminosityof# � 2 $ 1032cm2 " sec	 1 at 
 s � J " Ψ, CLEO-cexpectsto collect1 $ 109 J " Ψ events.
BESIII shouldcollectevenmore.

Radiative J " Ψ decaysare a fruitful environment to searchfor glue rich hadronic
matter[7] andCLEO-c,for example,will collect roughly60 million J " Ψ � γX decays
with its projected1fb 	 1 of integratedluminosityfrom J " Ψ running.With thisprojected
dataset and if the branchingfraction measurementsfrom BES[8] are indeedcorrect
for theputative glueballcandidatefJ � 2220� , thenCLEO-cwill seemany thousandsof
eventsin a varietyof exclusive fJ � 2220� decaymodes,J " Ψ � γ fJ � 2220� � fJ � 2220� �
ππ � KK � pp̄. Firmly establishingor debunkingtheexistenceof the fJ � 2220� is aCLEO-c
andBESIII priority.

The inclusive photonspectrumfrom radiative J " Ψ decaysis alsoa powerful means
to searchfor new glue-richhadronicstates.Dueto its nearlyhermeticstructure(93%of
4π), theCLEO-cdetectoris highly efficient at rejectingeventsof thetypeJ " Ψ � π0X
whereoneof thephotonsfrom theπ0 getslost. With its projecteddatasetof 109 J " Ψ
events,CLEO-cshouldbeableto detectany narrow resonancesin radiativeJ " Ψ decays
with abranchingfractionof %&� 10	 4 � or larger.

ACKNOWLEDGMENTS

Theauthorwouldliketo thanktheconferenceorganizersfor theinvitationandapleasant
environment,and the U.S. Departmentof Energy for its supportundercontractDE-
FG03-95ER40908.

REFERENCES

1. M. Gronauet al, hep-ph/0103110.
2. MARK III Collaboration,R.M. Baltrusaitiset al, Phys.Rev. Lett. 56, 89 (1988).
3. J.L.Rosner, Phys.Rev. D 42, 3732(1990).
4. B.Grinsteinet al, Phys.Rev. Lett. 56, 298(1986);F.J.GilmanandR.L. Singleton,PhysRev. D 41,

142(1990);K. Hagiwaraet al, Nucl. PhysB 327 569(1989).
5. I.I. Bigi et al, Ann. Rev. Nucl. Part.Sci.47, 591(1997)andreferencestherein.
6. CornellWorkshopon High-PrecisionLatticeQCD,January2001.
7. T. Appelquistet al, Phys.Rev. Lett. 34, 365(1975);M.S.Chanowitz, Phys.Rev. D 12, 918(1975).
8. BESCollaboration,J.Z.Bai et al, Phys.Rev. Lett. 76, 3502(1996).


