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Exotics_agenda.txt
The Glueball and Hybrid session has the following agenda lined up

Current Status of Glueballs  (expt)       C. Meyer        20 min + 10 min
Current Status of Glueballs  (lattice)    C. Morningstar  20 min + 10 min
Current Status of Light Hybrids           P. Eugenio      20 min + 10 min
Exclusive and Inclusive Radiative J/Psi   E. von Toerne   30 min + 10 min

Discussion Topics:

Two-Photon Couplings
Flavor-tagging J/Psi Decays




NonSMCharm_agenda.txt
 -------------------------------------------------------------------------
    PROVISIONAL PROGRAM:
      SUBGROUP ON CP VIOLATION IN CHARM DECAYS, RARE DECAYS, AND MIXING
    Sunday, May 6, 2001

   Introduction: (Artuso/Rosner)                         1:30 - 1:50
   Mixing: Some tests that we can perform (Rosner)       1:50 - 2:10
   Mixing: What do we expect now? (x/y) (Petrov)         2:10 - 2:30
   Mixing: experimental perspective (David Asner)        2:30 - 2:50
   Discussion of mixing goals                            2:50 - 3:00

         Break                                           3:00 - 3:30

  Rare decays: (Will Johns)                              3:30 - 3:50
  CP Violation: (Daniele Pedrini)                        3:50 - 4:10
  The competition (b-factories): (Bruce Yabsley)         4:10 - 4:30
  Discussion of goals in CP violation and rare decays    4:30 - 5:00

 -------------------------------------------------------------------------
 SOME QUESTIONS THAT WE HOPE TO ADDRESS:

         What are the Standard Model predictions and how dependent are
         they on long-distance physics and uncertain matrix elements?

         What are the predictions in beyond-standard models such as
         SUSY and theories with isoscalar charge -1/3 quarks?

         Where do we stand now, and how much progress is likely
         at a tau/charm factory such as CLEO-C?

         What deviations from CKM unitarity (particularly those that might
         show up in Vcd and Vcs) are likely in beyond-standard models?
         Are they accessible at CLEO-C?

         Can we learn anything about non-standard physics from detailed
         studies of effects like final-state phases?

         Does the D_s have any advantages for non-standard physics?

         Do charmed baryons have any advantages for non-standard physics?
 --------------------------------------------------------------------------




Onia_agenda.txt
Onia Session Speakers
Sunday, 6 May 2001

2:00 - 3:30

Kam Seth - kseth@nwu.edu 
Charmonium physics
30'
Nadia Pastrone - pastrone@fnal.gov
Physics potential from psi� running
20'

Discussion 

3:30-4:00 - Break

4:00-5:30

Rich Galik - rsg1@cornell.edu (on behalf of Jon Rosner)
Discovery potential for eta_b  in Upsilon(nS) decays
5'

Eric Swanson - swansone+@pitt.edu
Upsilon decays  to exotica
15'

Discussion   

Ted Barnes - barnes@bethe.phy.ornl.gov
Two-photon physics with 3 < Ecm < 5
20'

Rich Galik - rsg1@cornell.edu (on behalf of Rupak Mahapatra)
Potential for eta_c and eta_c^� in CLEOII/III two-photon events
10'

Discussion




R_agenda.txt
R measurement breakout session

Co-Chairs 
Simon Eidelman, Nowosibirsk
Fred Harris,    Hawaii

Presentations
Fred Harris, Hawaii              Experience of R Measurements at BES
Eckhard von Toerne, Ohio-State   R Measurements at Tau-Charm Energies 
Guido Montagna, Pavia            Precise Predictions for Luminosity at
                                 Flavor Factories
G. Rodrigo, Karlsruhe            R Measurements Using Radiative Return
                                 Events
Brian Heltsley                   Luminosity Measurement

Discussion topics:
* Extrapolation of systematic errors for CLEO-c
* Luminosity measurements and detector upgrade for CLEO-c
* Radiative corrections
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      Accommodation


      

    

		
    
    We have reserved a number of rooms at the Ramada Inn in Ithaca,
    NY for workshop participants for the nights of Friday May
    4th, Saturday May 5th, and Sunday May
    6th, 2001.

    

Please contact the hotel directly in advance to make your
    reservation.  In order to receive the negotiated room rate, please
    mention the phrase Charm Factory Workshop when making your
    reservation.  A credit card is needed to guarantee your booking.
    To avoid cancellation charges, individual reservations must be
    cancelled 72 hours prior to the date of arrival.  The rate per
    night is US$89 + 11% tax for a single or double room.
    
    

Please note that, although the Ramada Inn does have a
    conference center, the workshop will not take place there.

    

There will be a bus available to transport workshop
    participants between the hotel and the Cornell University campus.

    


    		Ramada Inn

          2310 North Triphammer Rd.

          Ithaca, NY 14850 USA

          Telephone (607) 257-3100 or (800) 272-6232

          Fax (607) 257-4425

	  Map and Reservation Info

      




    


    		Note:

		
    
    Hotel rate and room availability are only guaranteed until April
    6th, 2001.
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                   Workshop on Prospects for CESR/CLEO 

                           at  Ecm = 3 - 5 GeV








                 Tau Lepton Physics Working Group Session 

                          Sunday, May 13, 2001  

                 121 Rockefeller Hall, Cornell University 








Tentative Agenda:







  9:00 -  Introduction: datasets, run plans, etc    - Jon Urheim     (10 min)
       -  Discussion                                - All            (10 min)


          Measurements at Tau Threshold:

  9:20 -  Tau Mass Measurement                      - Jon Urheim     (15 min)
       -  Cross Section Calculations                - Toni Pich      ( 5 min)
       -  Accelerator Issues at Threshold           - Dave Rice      (10 min)
       -  Tau Mass Discussion                       - All            (10 min)

 10:00 -  Other Threshold Measurements              - TBA            (10 min)
       -  Discussion                                - All            (10 min) 


 10:30 -  Coffee


          Precision Measurements in the Charm Region:

 11:00 -  Branching Fractions & Lepton Universality - Brian Helstley (20 min)
       -  Discussion                                - All            (15 min)

 11:35 -  Michel Parameters                         - Achim Stahl    (10 min)
       -  Measuring eta, xi, delta                  - Jon Urheim     ( 5 min)
       -  Discussion                                - All            ( 5 min)

 11:55 -  Spin Correlations and CP Violation        - Alan Weinstein (20 min)
       -  Discussion                                - All            (15 min)


 12:30    Lunch
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[bookmark: Program Committee]Scientific Program Committee






		Persis Drell, Cornell University



		Richard Galik, Cornell University



		Marina Artuso, Syracuse University



		Ian Shipsey, Purdue University



		Michael Chanowitz, Lawrence Berkeley National Laboratory



		Peter Lepage, Cornell University



		Jon Rosner, University of Chicago



		Alex Dzierba, Indiana University



		Daniele Pedrini, INFN Milano



		Zhenguo Zhao, IHEP Beijing



		Nathan Isgur, Thomas Jefferson National Accelerator Facility



		Eric Swanson, University of Pittsburgh



		Frank Close, Rutherford Appleton Laboratory



		Rosanna Cester, INFN Torino



		Aida el Khadra, University of Illinois at Urbana-Champaign



		Walter Toki, Colorado State University



		Sergio Ratti, INFN Pavia



		Jim Napolitano, Rensselaer Polytechnic Institute



		Antonio Pich, University of Valencia



		Bill Dunwoodie, Stanford Linear Accelerator Center
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      Computing Facilities


      

    

		

Cornell's Laboratory of Nuclear Studies is providing 
three rooms with computing facilities for use while you attend the 

 Workshop on Prospects for CLEO/CESR with 3 < Ecm < 5 GeV 





The Floyd R. Newman Laboratory of Nuclear Studies is located just
to the east of Clark Hall, north of Savage and Kinzelberg Halls.
See this 

map.
We expect the lower entrance to Newman Lab will be open from 
7:00 AM through 5:00 PM on Saturday, 8:00 AM through 6:00 PM on Sunday, and
only for normal business hours, 8:00 AM through 4:30 PM, on Monday.
This entrance is at the loading dock across the street from Clark Hall.




In Newman Lab room 223 we are providing several PCs and Macintosh systems
plus connections for one or two wired (10Mbit ethernet) laptops.
The room also has a black-and-white printer. 



In Newman Lab room 305, adjacent to room 311, we are providing several PCs.




In Newman Lab room 311 we have connections for laptops, both wired
(10 Mbit) and wireless (802.11b). This room also has a 
black-and-white printer, but no preinstalled PCs or Macs. 



If you are presenting a talk at the workshop, please consult with
your assigned Scientific Secretary for any additional facilities you may need.
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Cornell's Laboratory of Nuclear Studies is providing 
two rooms with computing facilities for use while you attend the 

 Workshop on Prospects for CLEO/CESR with 3 < Ecm < 5 GeV.




Cornell's Laboratory of Nuclear Studies is providing 
three rooms with computing facilities for use while you attend the 

 Workshop on Prospects for CLEO/CESR with 3 < Ecm < 5 GeV 





The Floyd R. Newman Laboratory of Nuclear Studies is located just
to the east of Clark Hall, north of Savage and Kinzelberg Halls.
See this 

map.
We expect the lower entrance to Newman Lab will be open from 
7:00 AM through 5:00 PM on Saturday, 8:00 AM through 6:00 PM on Sunday, and
only for normal business hours, 8:00 AM through 4:30 PM, on Monday.
This entrance is at the loading dock across the street from Clark Hall.




In Newman Lab room 223 we are providing several PCs and Macintosh systems
plus connections for one or two wired (10Mbit ethernet) laptops.
The room also has a black-and-white printer. 



In Newman Lab room 305, adjacent to room 311, we are providing several PCs.




In Newman Lab room 311 we have connections for laptops, both wired
(10 Mbit) and wireless (802.11b). This room also has a 
black-and-white printer, but no preinstalled PCs or Macs. 



If you are presenting a talk at the workshop, please consult with
your assigned Scientific Secretary for any additional facilities you may need.
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Introduction  

Alex R. Dzierba

Indiana University

Spokesman 

Hall D Collaboration         

Searching for Gluonic Excitation

and the JLab 12 GeV Upgrade



The Hall D Project



Change “linearly polarized photons” to “with the energy-upgraded CEBAF”

JLab









Flux Tubes and

Confinement

Color Field: Because of self interaction, confining flux tubes form between static  color charges

Notion of flux tubes comes about from model-independent

general considerations.  Idea originated with Nambu in the ‘70s 













Normal Mesons

Normal mesons occur when the

flux tube is in its ground state

Spin/angular momentum configurations

& radial excitations generate our known

spectrum of light quark mesons 



Nonets characterized by given JPC

Not allowed: exotic

combinations:

JPC = 0--   0+-  1-+  2+- …

q













q

q













q













Lattice QCD

Flux tubes realized

Confinement arises from flux tubes and their excitation leads to a new

spectrum of mesons

r/fm

Vo( r) [GeV]

From G. Bali

Hybrid mesons



Normal mesons





1 GeV mass difference (p/r)





linear potential

0.4

0.8

1.2

1.6

1.0

2.0

0.0





Note that at small r the potential looks like Coulomb

Pi/r only a prediction for coulomb  -  in the picture the r is 1.2 fermi









Excited Flux Tubes

How do we look for gluonic

degrees of freedom in spectroscopy?

Exotic mesons are not generated when S=0

JPC = 0-+  0+-  1+-   1-+  2-+   2+-

exotic







q













q

First excited state of flux tube 

has J=1 and

when combined with S=1 for quarks

generate:



Last sentence - exotic mesons red









Mass (GeV)

Each box corresponds

to 4 nonets (2 for L=0)

Radial 

excitations

 (L = qq angular momentum)

Meson Map

qq Mesons 
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0 + +

exotic

nonets







Glueballs

Hybrids









Ordering of the hybrids is a QN ordering

Note vertical labels









E852 Results

At 18 GeV/c



to partial wave analysis



suggests

dominates



















Results of Partial Wave Analysis

Benchmark

resonances



















An Exotic Signal in E852

Exotic

Signal



Leakage

From

Non-exotic Wave

due to imperfectly 

understood acceptance



Correlation of

Phase 

&

Intensity

















Why Photoproduction ?

Exotic hybrids suppressed

Quark spins anti-aligned

Extensive search but

little evidence.



beam

q













q

before

q













q

after

q













q

after

q













q

before



beam

Production of exotic

hybrids favored.

Almost no data available



Quark spins already aligned















Compare p and p Data 

BNL

@ 18 GeV

Compare statistics and shapes

ca. 1998

28

4

Events/50  MeV/c2

SLAC

@ 19 GeV

SLAC

1.0

2.5

2.0

1.5

ca. 1993



mid-80’s and 1995 (E852) - leave publication dates

GeV/c^2











What is Needed?

		  PWA requires that the entire event be identified - all particles



      detected, measured and identified.

    The detector should be hermetic for neutral and charged particles, 

    with excellent resolution and particle ID capability.

		  The beam energy should be sufficiently high to produce mesons in the



      desired mass range with excellent acceptance.

    Too high an energy will introduce backgrounds, reduce cross-sections

    of interest and make it difficult to achieve above experimental goals.

		  PWA also requires high statistics and linearly polarized photons.



   Linear polarization will be discussed.  At 108 photons/sec and a 

   30-cm LH2 target a 1 µb cross section will yield 600M events/yr.

   We want sensitivity to sub-nanobarn production cross-sections.





2nd bullet - too many sufficients









Linear Polarization

Linear polarization is:

		  Essential to isolate the production mechanism (M) if X is known

		  A JPC filter if M is known (via a kinematic cut)



Related to the fact that states of linear polarization are eigenstates of

parity.  States of circular polarization are not.











g

M

X

N

N



Remove checkmarks

Work with Adam on re-word









Optimal Photon Energy

Figure of merit based on:



		Beam flux and polarization

		Production yields

		Separation of meson/baryon production



Optimum photon energy

is  about 9 GeV



“Staying below 10 GeV”









flux

photon energy (GeV)

12 GeV electrons

Coherent 

Bremsstrahlung

This technique provides requisite energy, flux and polarization

electrons in

photons out

spectrometer

diamond

crystal





collimated



Incoherent &

coherent spectrum







tagged

with 0.1% resolution 

40%

polarization

in peak





40 % polarization - truncate 1t 11.5 GeV - 

Note the discussion about upper energy









Hall D at Jlab

Construction start - 2004

Physics - 2008

$35M

$50M

$15M

$12M

$12M

Strongly Recommended

Build it Soon !

NSAC - March 2001









JLab Facility

Hall D will be

located here







Detector

Lead Glass

Detector

Solenoid

Electron Beam from CEBAF

Coherent Bremsstrahlung

Photon Beam



Tracking

Target

Cerenkov

Counter

Time of

Flight

Barrel

Calorimeter

Note that tagger is

80 m upstream of

detector

dustbunny.physics.indiana.edu/HallD

Pg 47 - ref 71

yellow book

Event rate to processor farm:

10 kHz and later 180 kHz corresponding

to  data rates of 50 and 900 Mbytes/sec

respectively





Space between 180 and kk

Cosmetics on tagger









Solenoid & Lead Glass Array

At SLAC

Now at JLab

At LANL













Cut-away of Radphi Detector

located in Hall B

Rare Radiative Decays

of the f meson

Events/10 MeV

Phi decays

Phi experiment

data from Summer, 2000













Acceptance

Acceptance in

Decay Angles

Gottfried-Jackson frame:

In the rest frame of X

the decay angles are

theta, phi

assuming 9 GeV

photon beam

Mass [X] = 1.4 GeV

Mass [X] = 1.7 GeV

Mass [X] = 2.0 GeV

Acceptance is high and uniform



8 - > 9 GeV









Finding the Exotic Wave

Double-blind M. C. exercise

An exotic wave (JPC = 1-+) was generated at level of 2.5 % with 7 other waves. Events were smeared, accepted, passed to PWA fitter.

Statistics shown here correspond

to a few days of running.

Mass

Input:  1600 MeV

Width

Input: 170 MeV

Output: 1598 +/- 3 MeV

Output:  173 +/- 11 MeV















Review

Executive Summary Highlights:

		   The experimental program proposed in the Hall D Project is well-suited for definitive searches of exotic states that are required according to our current understanding of QCD



		   JLab is uniquely suited to carry out this program of searching for exotic states



		   The basic approach advocated by the Hall D Collaboration is sound



David Cassel	Cornell   (chair)

Frank Close	Rutherford

John Domingo	JLab

Bill Dunwoodie	SLAC

Don Geesaman	Argonne

David Hitlin	Caltech

Martin Olsson	Wisconsin

Glenn Young	ORNL

The Committee



Move to just after the “what is needed?” slide









Collaboration

US Experimental Groups

A. Dzierba (Spokesperson) - IU

C. Meyer (Deputy  Spokesperson) - CMU

E.  Smith (JLab Hall D Group  Leader)

L. Dennis (FSU)		R. Jones (U Conn)

J. Kellie (Glasgow)		A. Klein (ODU)

G. Lolos (Regina) (chair)		A. Szczepaniak (IU)

Collaboration Board

University of Glasgow



Institute for HEP - Protvino



Moscow State University



Budker Institute - Novosibirsk



University of Regina

CSSM & University of Adelaide



Carleton University



Carnegie Mellon University



Insitute of Nuclear Physics - Cracow



Hampton University



Indiana University



Los Alamos



North Carolina Central University



University of Pittsburgh



University of Tennessee/Oak Ridge

Other 

Experimental Groups

Theory Group

90 collaborators

25 institutions

Carnegie Mellon University

Catholic University of  America

Christopher Newport University

University of Connecticut

Florida International University

Florida State University

Indiana University

Jefferson Lab

Los Alamos National Lab

Norfolk State University

Old Dominion University

Ohio University

University of Pittsburgh

Renssalaer Polytechnic Institute













Conclusion

In the last decade we have seen much theoretical progress in LGT 

Low energy data on gluonic excitations are needed to understand the nature of confinement in QCD. 

Recent data in  hand provide hints of these excitations - but a detailed map of the hybrid spectrum is essential. 

Photoproduction promises to be rich in hybrids - starting with those possessing exotic quantum numbers and little or no data exist.

The energy-upgraded JLab will provide photon beams of the needed flux,  duty factor, polarization along with a state-of-the-art detector to collect high-quality data of unprecedented statistics and precision.

If exotic hybrids are there - we will find them.

















Current Evidence 



Glueballs

Hybrids

Overpopulation of the

scalar nonet and LGT

predictions suggest that

the f0(1500) is a glueball

See results  from

Crystal Barrel

JPC = 1-+ states reported



1(1400) 



1(1600) 

by BNL E852 &

others

Complication is

mixing with conventional qq

states

Not without

controversy

Have gluonic excitations been observed ?



Add Crystal Barrel and VES for hybrids









Crystal Barrel

Result 

Evidence 

for fo(1500)

-

Scalar

Glueball

m2(p0 p0)   [GeV2]















Leave out detector pictures - blow up Dalitz plot









UNKNOWN-0.unknown
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CESR Charm Factory Working Group


CLEO Weekend 1/20-21/2001





J. Codner, G. Dugan, R. Ehrlich, Z. Greenwald, Y. He, Y. Li, V. Mejidzade, 

A. Mikhailichenko, N. Mistry, E. Nordberg, D. Rice, D. Rubin, D. Sagan, E. Smith, 

S. Temnykh, M. Tigner, Z. Greenwald


 


Wiggler Magnet Prototype Task Force:


N. Mistry coordinator







		Super-ferric Magnet

		Cryostat

		Central vacuum chamber

		Cryogen delivery

		Power supply/quench protection

		Drafting/Modeling/Integration






 

Task force meets every 1-2 weeks + many smaller meetings


 



This task force is proceeding at a high priority on the following projects: 







		Comprehensive design sufficient to determine manufacturing schedule for 16-20 wigglers in the next month

		Small 3-pole wiggler test in next 2 months

		Complete detailed design and construct a full size wiggler and cryostat prototype before end of year






 


 


Recent Work:


Wiggler design:

Coil package and iron shape have been optimized


0.6 mm wire ordered — sufficient for prototype magnet


A top-bottom cold mass enclosure design simplifies assembly of cryostat/magnet/vacuum chamber.


Wiggler pole spacing increased for conservative cryo design


Nonlinear effects of wiggler being added to accelerator models


Removal of magnets option  [image: ]


Bath vs conduction cooling being evaluated.



Vacuum chamber:

Extruded Cu chamber being machined to determine safe wall thickness.


FE analysis of temperature and stresses from x-ray beam hitting inside of chamber suggest may not be intractable . [image: ]



Cryostat & Cryogen distribution

Prelim analysis of cryostat and transfer line heat leaks done








		200-300W refrigerator required for central cooling

		Local cryo-coolers also an option





Meeting with Cryo- Technologies management








		Confirmed our design was on track

		Made useful suggestions

		Will provide budgetary cost & delivery






 


Clustering of wigglers:

Remove arc (chevron) dipole Þ
 7 m of space available


This was done in April, 1983 to create space for horizontal separators.


Choose dipole between B12 and B18 to optimize optics and space available.


3 wigglers in each of L1, L5 + 4 for each dipole removed gives 14 wigglers in Southern 1/3 of ring.


LHe transfer lines 800 m ®
 300 m


Estimate of effort to reconfigure CESR dipoles:








		12-14 weeks of effort of 3-4 techs + supervision

		4-6 of these weeks non-down time work.

		»
 $50k materials cost





Optics likely easier


 



Optics:

Basic lattice design with 16 distributed wigglers done which meet basic optics requirements (b
*, emittance, aperture)


Dynamic aperture poor — continued work required  [image: ]








		Problem appears to be half in IR, half in wiggler effects

		Several options available for improvements





IR configuration, clustering of wigglers





Beam stability:

5.3 GeV data scaled to 1.5 GeV


Changes in RF voltage


Damping from wigglers mitigates usual complications at lower energies.



Luminosity:

As previously stated, 3x1032 at 1.885 GeV beam energy is our best guess at this time.


Because the wigglers dominate the radiation, damping rates, emittances etc. scale as g
1, we will use Lµ
 g
2.  


From 12/00 running 1E32 Pk Lum gives 0.13 fb-1/month


These assumptions w/  7 month/yr*  HEP give the following:



		
Energy

		
/fb

		
pk lum (¸
1032)

		
Lum/

Month

		
Months

		
Years



		
4.1

		
2

		
3.55

		
0.46

		
4.3

		
0.62



		
3.77

		
4

		
3.0

		
0.39

		
10.3

		
1.5



		
3.1

		
1

		
2.0

		
0.26

		
3.8

		
0.55










Schedule:

We have made the following estimates at this time:








		Refrigerator delivery: 14-18 months

		Installation of cryo line: 6 months / 800 m

		Rearrangement of chevron mangets: 1-1/2 month shop work  followed by 2-1/2 months down

		Specification of cryostats & cryogen delivery

system: 3-4 months





Estimates still needed:








		Iron delivery and machining

		Wire delivery

		Magnet construction & test (at LNS?)

		Cryostat delivery & test

		Vacuum component delivery

		Cryostat & vacuum component installation time





We will try to have these estimates by Mid-February


Our best guess at this time is first HEP at low energy in December, 2002.
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CLEO-C Talks, CLEO Collaboration
Meeting, January 2001

 



Persis Drell - The Physics Case for CLEO-C



PDF Document


800x600
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1024x768
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Dave Rice - Accelerator
Design Task Force Report
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Marina Artuso - Plans for the Future
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Future plans


1/22/01
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Tau-Charm Task Force Report:

The Case for CLEO-C

January 19/20, 2001

Persis S. Drell







Proposal: Modify CESR for High L @ 3-4 GeV

		Currently:





		CLEO-C:

		1/3 year for CHESS (to be negotiated)

		1 day/wk for maintenance and MS









		For machine details see talk by D. Rice









-Artuso CBX 00-55













Tau-Charm Task Force

		Early Goals of Task Force:

		What is the Physics Reach of the CLEO-C Program?

		Data Samples

		107 Y’’/fb-1

		5*105 DsDs/ fb-1

		2*109 J/Y/ fb-1

		Much of ground work laid out in CBX 00-55



		What can the competition do?

		Data Samples in 2004

		BaBar/Belle ~200-400 fb-1 

		~5*108 cc and tt pairs

		BESII 

		50*106 J/Y

		



Artuso and Shipsey









		Task Force Members and Workers: 

		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne

		Tools Developed for our Studies

		Geant CLEO II.V

		TRKSIM III

		Extrapolate from CLEO analyses to asses BaBar reach

		Extrapolate from BES/MKIII

		A note on extrapolating to 400fb-1

		Factor of ~100 is a huge extrapolation

		CLEO/BaBar analyses have significant backgrounds

		Analyses rapidly become systematics limited

		Many systematics improve with more data but some will plateau.

		Range of values encompasses optimism/pessimism of task force.











Physics Program Part 1

Weak Interaction Physics

		Charm and Tau

		Mixing

		S.L. Decays

		Precision Absolute Br

		Needed for precision B physics

		Needed for decay constants

		Precision Decay Constants fD,fDs

		Information on meson wf

		Tests of lattice QCD

		Tau Mass

		Searches for new physics

		CP Violation in D decay

		Non-SM two body tau decays



Probe essential nature of weak decays

Enabling measurements for tests of weak decays

Look for the

unexpected









		Charm Decay Constants: eg D(s)->mn



		Take advantage of threshold running

		Tag Ds, D+ by full reconstruction of one meson

		Look for single track from other meson, no unmatched clusters

		Negligible background!

		Precision limited by statistics ~1%

		



D->mn

-Artuso, Benslama, Viehhauser, Cassel









		The Competition: Scale from CLEO

		B(Ds -> mn)   (CLNS 97/1526)

		Search for Ds* -> Ds g, Ds -> mn

		Directly detect g, m, Use hermeticity of detector to reconstruct n  

		Backgrounds are LARGE!

		Precision limited by systematics of background determination



Excess of m over e fakes

Background measured with electrons

CLEO signal 4.8fb-1









		Semileptonic Decays: eg. D->pln



		Take advantage of threshold running

		Reconstruct D on one side in Kp, Kpp0,…

		Negligible background!

		Precision limited by

		Statistics ~1%; Systematics of e ~1%

		Get form factor slope to ~3%



		







-Lee & Shipsey

















		The Competition: Scale from CLEO

		PRD 52, 2656 (1995)

		Search for D*+ -> D0 p+, D0 -> pln

		Fit dm vs m(pl)

		Extrapolating to 400fb-1:

		Precision limited by systematics of background determination.















		



CLEO signal 3.0fb-1















		Other analyses:

		B(Lc->pKp)

		Yelton

		CP Violation in D Decays

		Artuso

		Rare D Decays	

		Selen

		B(D+->Kpp), B(Ds->fp)

		Artuso, Viehhauser, Cassel

		 t, nt mass

		Urheim, Perl

		Non-SM 2-body t decays

		Urheim, Perl











Summary of Reach





Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.





Charm


			


						CLEO-C									BaBar									Current			Marina


						2fb-1			4fb-1						200fb-1			400fb-1


			fD			2.00%									9-12%									NA


			stat			2.00%			1.40%						11.00%			8.00%


			syst			0.50%			0.50%						4.00%			3.00%


			Br			0.75%			0.75%						2.50%			2.50%


			Br(D+ -> Kpp)			1.50%									4-5%									7.00%


			stat			0.30%			0.20%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			fDs			1.5-2%									4-5%									14.00%			8.00%


			stat			1.10%			0.80%						1.00%			1.00%									1.00%


			syst			0.50%			0.50%						4.00%			3.00%									6.00%


			Br			1.50%			1.00%						2.50%			2.00%									5.00%


			Br(Ds -> fp)			2-3%									4-5%									25.00%


			stat			2.50%			1.80%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			Rmix			0.01									0.01									0.03


			R			4.20									NA									4.60





&C&"Comic Sans MS,Bold"&18Summary of Reach&"Geneva,Regular"&9
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Talk version


			


									CLEO-C						BaBar						Current


									2-4fb-1						400 fb-1


			fD						1.5-2%						NA??						NA


			fDs						<1%						5-10%						14.00%


			Br(D+ -> Kpp)						1.50%						3-5%						7.00%


			Br(Ds -> fp)						2-3%						5-10%						25.00%


			Br(D->pln)						1.40%						3.00%						18.00%


			Br(Lc -> pKp)						6.00%						5-15%						26.00%


			A(CP)						~1%						~1%						3-9%


			R(mix)						0.01						0.01						0.03


			mt						0.1 MeV												0.3 MeV
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Summary of CLEO-C Reach on Weak Interaction Physics

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants

		Enabling measurements for precision tests of weak interactions at B factories

		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		CLEO-C measurements are significantly cleaner and background free

		Qualitative and quantitative improvement over what B-factories can do.









Physics Program Part 2

Tests of QCD

		Tests of QCD in non-perturbative regime

		Different from what we are used to! 

		Unambiguous predictions of QCD:

		Glueballs G=|gg>

		Hybrids H=|Gqq>

		Essential verification of QCD to find evidence of these states

		Essential test of Lattice QCD to calculate their spectra

		Goal of CLEO-C QCD Program:

		Determine composition for variety of exotica in 1.5-2.5 GeV mass range

		Spectrum of exotica is to QCD what H-atom spectrum is to QED!





		QCD: unambiguous predictions of hadrons with explicit gluonic degrees of freedom.

		CLEOIII/CLEO-C unique tool for addressing this physics as will show

		Goal of program: Determine wave functions for variety of exotica

		Determine QN

		Determine if states glue, quark, hybrid or mix of all of the above

		Testing theory by uncovering spectrum of stationary states











3-Part Strategy to Attack this physics

		Strategy Part 1: 1fb-1 on J/Y

		Search for states in glue rich environment

		Many options

		None as clean as radiative Y decays







		B( J/Y -> g X) ~ 6%

		Copious source of color singlet gg pairs

		JPC=0++,0-+,2++

		PWA to get QN of states

		Hermetic detector important for PWA

		Look at different decays modes

		See if has a place in quark multiplet

		If see state in J/Y -> g X, how do you know it is a glue ball?



c

c















		Strategy Part 2: Current Data!

		Anti-search in glue-poor environment

		Eg. e+e- -> e+e-gg -> e+e-X

		Compare: gg -> G vs. gg -> M











		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!







M

vs.

G











		Strategy Part 3: 1fb-1 on U(1S)

		Compare G(J/Y -> gX) and G(U(1S) ->gX)

		The U(1S) is also glue rich but…

















		No PWA at U(1S)!

		Can confirm existence of states

		Probe details of wave functions

		Measure wf at different x

		Test conclusions drawn from J/Y & gg data











Current Status

		Experimental

		Far from clear!

		List of “glue ball” suspects

		 h(1400) region

		 f0(1500)

		 fJ(1710)

		 x(2220)

		The situation is complicated and experimental results are contradictory

		Sorting it out will be challenging!

		Looks messy now due to insufficient statistics

		Theoretical 

		Lattice: Believable and somewhat precise

		Models needed for Br 

		









The vanishing x(2220)

??

??







The Competition

		To first order…there is none!

		To second order:

		BEPCII  L~5x1030 

		LI Weiguo, 1999 











		BES runs 5 months/yr for HEP

		BEPCIII upgrade to L~5x1031 in 2005?

		Hall-D TJNAL

		After 2005(?) + ~50M$

		 gp to produce states with exotic QN

		Focus on JPC=0+-,0-+,1+-,1-+,...









Summary of CLEO-C Reach in Non-Perturbative QCD

		Data Samples:









		Unique capability to address this physics

		Unique contribution to field

		1-stop shopping

		Physics less familiar to some of us than weak decays

		Opportunity to learn something new

		Fully exploits Detector/DAQ/Software upgrades!!
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		Significant/Unique reach in weak physics

		Precision measurements of decay constants and absolute Br
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 Tau-Charm Task Force Report:The Case for CLEO-C

 
 





January 19/20, 2001










Persis S. Drell
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 Proposal: Modify CESR for High L @ 3-4 GeV

 
 





		Currently:














		














		














		CLEO-C:












		1/3 year for CHESS (to be negotiated)


		1 day/wk for maintenance and MS


		


		


		


		


		For machine details see talk by D. Rice


		


		


		










-Artuso CBX 00-55
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 Tau-Charm Task Force

 
 





		Early Goals of Task Force:












		What is the Physics Reach of the CLEO-C Program?






		Data Samples






		107 Yíí/fb-1


		5*105 DsDs/ fb-1


		2*109 J/Y/ fb-1




		Much of ground work laid out in CBX 00-55






		




		What can the competition do?






		Data Samples in 2004






		BaBar/Belle ~200-400 fb-1 






		~5*108 cc and tt pairs




		BESII 






		50*106 J/Y




		










Artuso and Shipsey
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 PPT Slide

 
 





		Task Force Members and Workers: 












		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne


		Tools Developed for our Studies






		Geant CLEO II.V


		TRKSIM III


		Extrapolate from CLEO analyses to asses BaBar reach


		Extrapolate from BES/MKIII








		A note on extrapolating to 400fb-1












		Factor of ~100 is a huge extrapolation






		CLEO/BaBar analyses have significant backgrounds


		Analyses rapidly become systematics limited






		Many systematics improve with more data but some will plateau.




		Range of values encompasses optimism/pessimism of task force.
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 Physics Program Part 1Weak Interaction Physics

 
 





		Charm and Tau












		Mixing


		S.L. Decays


		Precision Absolute Br






		Needed for precision B physics


		Needed for decay constants




		Precision Decay Constants fD,fDs






		Information on meson wf


		Tests of lattice QCD




		Tau Mass


		Searches for new physics






		CP Violation in D decay


		Non-SM two body tau decays









Probe essential nature of weak decays







Enabling measurements for tests of weak decays







Look for the




unexpected





 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persis_1024x768/tsld006.htm


 PPT Slide

 
 





		Charm Decay Constants: eg D(s)->mn














		












		Take advantage of threshold running






		Tag Ds, D+ by full reconstruction of one meson


		Look for single track from other meson, no unmatched clusters


		Negligible background!




		Precision limited by statistics ~1%


		










D->mn







-Artuso, Benslama, Viehhauser, Cassel





 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persis_1024x768/tsld007.htm


 PPT Slide

 
 





		The Competition: Scale from CLEO












		B(Ds -> mn)   (CLNS 97/1526)






		Search for Ds* -> Ds g, Ds -> mn






		Directly detect g, m, Use hermeticity of detector to reconstruct n  


		Backgrounds are LARGE!




		Precision limited by systematics of background determination










Excess of m over e fakes







Background measured with electrons







CLEO signal 4.8fb-1
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 PPT Slide

 
 





		Semileptonic Decays: eg. D->pln














		












		Take advantage of threshold running






		Reconstruct D on one side in Kp, Kpp0,Ö


		Negligible background!




		Precision limited by






		Statistics ~1%; Systematics of e ~1%


		Get form factor slope to ~3%


		




		
























-Lee & Shipsey
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 PPT Slide

 
 





		The Competition: Scale from CLEO












		PRD 52, 2656 (1995)






		Search for D*+ -> D0 p+, D0 -> pln


		Fit dm vs m(pl)




		Extrapolating to 400fb-1:






		Precision limited by systematics of background determination.








		














		














		














		














		














		














		












		










CLEO signal 3.0fb-1
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 PPT Slide

 
 





		Other analyses:












		B(Lc->pKp)






		Yelton




		CP Violation in D Decays






		Artuso




		Rare D Decays	






		Selen




		B(D+->Kpp), B(Ds->fp)






		Artuso, Viehhauser, Cassel




		 t, nt mass






		Urheim, Perl




		Non-SM 2-body t decays






		Urheim, Perl
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 Summary of Reach

 
 



Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.
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 Summary of CLEO-C Reach on Weak Interaction Physics

 
 





		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants












		Enabling measurements for precision tests of weak interactions at B factories








		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C












		








		CLEO-C measurements are significantly cleaner and background free












		Qualitative and quantitative improvement over what B-factories can do.
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 Physics Program Part 2Tests of QCD

 
 





		Tests of QCD in non-perturbative regime












		Different from what we are used to! 








		Unambiguous predictions of QCD:












		Glueballs G=|gg>


		Hybrids H=|Gqq>






		Essential verification of QCD to find evidence of these states


		Essential test of Lattice QCD to calculate their spectra








		Goal of CLEO-C QCD Program:












		Determine composition for variety of exotica in 1.5-2.5 GeV mass range








		Spectrum of exotica is to QCD what H-atom spectrum is to QED!
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 3-Part Strategy to Attack this physics

 
 





		Strategy Part 1: 1fb-1 on J/Y












		Search for states in glue rich environment






		Many options


		None as clean as radiative Y decays


		


		


		


		B( J/Y -> g X) ~ 6%






		Copious source of color singlet gg pairs


		JPC=0++,0-+,2++




		PWA to get QN of states






		Hermetic detector important for PWA




		Look at different decays modes


		See if has a place in quark multiplet


		If see state in J/Y -> g X, how do you know it is a glue ball?










c







c
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 PPT Slide

 
 





		








		Strategy Part 2: Current Data!












		Anti-search in glue-poor environment






		Eg. e+e- -> e+e-gg -> e+e-X




		Compare: gg -> G vs. gg -> M


		


		


		


		


		


		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!
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 PPT Slide

 
 





		Strategy Part 3: 1fb-1 on U(1S)












		Compare G(J/Y -> gX) and G(U(1S) ->gX)


		The U(1S) is also glue rich butÖ


		


		


		


		


		


		


		


		


		No PWA at U(1S)!






		Can confirm existence of states


		Probe details of wave functions






		Measure wf at different x




		Test conclusions drawn from J/Y & gg data
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 Current Status

 
 





		Experimental












		Far from clear!


		List of ìglue ballî suspects






		 h(1400) region


		 f0(1500)


		 fJ(1710)


		 x(2220)




		The situation is complicated and experimental results are contradictory


		Sorting it out will be challenging!






		Looks messy now due to insufficient statistics








		Theoretical 












		Lattice: Believable and somewhat precise


		Models needed for Br 
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 PPT Slide

 
 



The vanishing x(2220)







??







??
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 The Competition

 
 





		To first orderÖthere is none!














		To second order:












		BEPCII  L~5x1030 






		LI Weiguo, 1999 


		


		


		


		


		


		BES runs 5 months/yr for HEP




		BEPCIII upgrade to L~5x1031 in 2005?


		Hall-D TJNAL






		After 2005(?) + ~50M$


		 gp to produce states with exotic QN


		Focus on JPC=0+-,0-+,1+-,1-+,...
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 Summary of CLEO-C Reach in Non-Perturbative QCD

 
 





		Data Samples:














		














		














		














		












		Unique capability to address this physics






		Unique contribution to field


		1-stop shopping




		Physics less familiar to some of us than weak decays






		Opportunity to learn something new




		Fully exploits Detector/DAQ/Software upgrades!!
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 Summary of CLEO-C Program

 
 





		Significant/Unique reach in weak physics












		Precision measurements of decay constants and absolute Br


		Searches for new physics


		Competes favorably with B-factories






		Measurements both qualitatively and quantitatively better


		








		Significant/Unique reach in QCD












		20 times worldís data sample


		Single experiment: 3-prong attack


		Clean up problems that have been outstanding in low energy QCD for almost 20 years


		








 

		 Previous slide 				 Back to first slide 		 View graphic version 














docs/01Jan20/persis_800x600/activem.gif


docs/01Jan20/persis_800x600/activep.gif


docs/01Jan20/persis_800x600/CLEO-C-CLEO


Tau-Charm Task Force Report:

The Case for CLEO-C

January 19/20, 2001

Persis S. Drell







Proposal: Modify CESR for High L @ 3-4 GeV

		Currently:





		CLEO-C:

		1/3 year for CHESS (to be negotiated)

		1 day/wk for maintenance and MS









		For machine details see talk by D. Rice









-Artuso CBX 00-55













Tau-Charm Task Force

		Early Goals of Task Force:

		What is the Physics Reach of the CLEO-C Program?

		Data Samples

		107 Y’’/fb-1

		5*105 DsDs/ fb-1

		2*109 J/Y/ fb-1

		Much of ground work laid out in CBX 00-55



		What can the competition do?

		Data Samples in 2004

		BaBar/Belle ~200-400 fb-1 

		~5*108 cc and tt pairs

		BESII 

		50*106 J/Y

		



Artuso and Shipsey









		Task Force Members and Workers: 

		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne

		Tools Developed for our Studies

		Geant CLEO II.V

		TRKSIM III

		Extrapolate from CLEO analyses to asses BaBar reach

		Extrapolate from BES/MKIII

		A note on extrapolating to 400fb-1

		Factor of ~100 is a huge extrapolation

		CLEO/BaBar analyses have significant backgrounds

		Analyses rapidly become systematics limited

		Many systematics improve with more data but some will plateau.

		Range of values encompasses optimism/pessimism of task force.











Physics Program Part 1

Weak Interaction Physics

		Charm and Tau

		Mixing

		S.L. Decays

		Precision Absolute Br

		Needed for precision B physics

		Needed for decay constants

		Precision Decay Constants fD,fDs

		Information on meson wf

		Tests of lattice QCD

		Tau Mass

		Searches for new physics

		CP Violation in D decay

		Non-SM two body tau decays



Probe essential nature of weak decays

Enabling measurements for tests of weak decays

Look for the

unexpected









		Charm Decay Constants: eg D(s)->mn



		Take advantage of threshold running

		Tag Ds, D+ by full reconstruction of one meson

		Look for single track from other meson, no unmatched clusters

		Negligible background!

		Precision limited by statistics ~1%

		



D->mn

-Artuso, Benslama, Viehhauser, Cassel









		The Competition: Scale from CLEO

		B(Ds -> mn)   (CLNS 97/1526)

		Search for Ds* -> Ds g, Ds -> mn

		Directly detect g, m, Use hermeticity of detector to reconstruct n  

		Backgrounds are LARGE!

		Precision limited by systematics of background determination



Excess of m over e fakes

Background measured with electrons

CLEO signal 4.8fb-1









		Semileptonic Decays: eg. D->pln



		Take advantage of threshold running

		Reconstruct D on one side in Kp, Kpp0,…

		Negligible background!

		Precision limited by

		Statistics ~1%; Systematics of e ~1%

		Get form factor slope to ~3%



		







-Lee & Shipsey

















		The Competition: Scale from CLEO

		PRD 52, 2656 (1995)

		Search for D*+ -> D0 p+, D0 -> pln

		Fit dm vs m(pl)

		Extrapolating to 400fb-1:

		Precision limited by systematics of background determination.















		



CLEO signal 3.0fb-1















		Other analyses:

		B(Lc->pKp)

		Yelton

		CP Violation in D Decays

		Artuso

		Rare D Decays	

		Selen

		B(D+->Kpp), B(Ds->fp)

		Artuso, Viehhauser, Cassel

		 t, nt mass

		Urheim, Perl

		Non-SM 2-body t decays

		Urheim, Perl











Summary of Reach





Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.





Charm


			


						CLEO-C									BaBar									Current			Marina


						2fb-1			4fb-1						200fb-1			400fb-1


			fD			2.00%									9-12%									NA


			stat			2.00%			1.40%						11.00%			8.00%


			syst			0.50%			0.50%						4.00%			3.00%


			Br			0.75%			0.75%						2.50%			2.50%


			Br(D+ -> Kpp)			1.50%									4-5%									7.00%


			stat			0.30%			0.20%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			fDs			1.5-2%									4-5%									14.00%			8.00%


			stat			1.10%			0.80%						1.00%			1.00%									1.00%


			syst			0.50%			0.50%						4.00%			3.00%									6.00%


			Br			1.50%			1.00%						2.50%			2.00%									5.00%


			Br(Ds -> fp)			2-3%									4-5%									25.00%


			stat			2.50%			1.80%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			Rmix			0.01									0.01									0.03


			R			4.20									NA									4.60
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									CLEO-C						BaBar						Current


									2-4fb-1						400 fb-1


			fD						1.5-2%						NA??						NA


			fDs						<1%						5-10%						14.00%


			Br(D+ -> Kpp)						1.50%						3-5%						7.00%


			Br(Ds -> fp)						2-3%						5-10%						25.00%


			Br(D->pln)						1.40%						3.00%						18.00%


			Br(Lc -> pKp)						6.00%						5-15%						26.00%


			A(CP)						~1%						~1%						3-9%


			R(mix)						0.01						0.01						0.03


			mt						0.1 MeV												0.3 MeV
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Summary of CLEO-C Reach on Weak Interaction Physics

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants

		Enabling measurements for precision tests of weak interactions at B factories

		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		CLEO-C measurements are significantly cleaner and background free

		Qualitative and quantitative improvement over what B-factories can do.









Physics Program Part 2

Tests of QCD

		Tests of QCD in non-perturbative regime

		Different from what we are used to! 

		Unambiguous predictions of QCD:

		Glueballs G=|gg>

		Hybrids H=|Gqq>

		Essential verification of QCD to find evidence of these states

		Essential test of Lattice QCD to calculate their spectra

		Goal of CLEO-C QCD Program:

		Determine composition for variety of exotica in 1.5-2.5 GeV mass range

		Spectrum of exotica is to QCD what H-atom spectrum is to QED!





		QCD: unambiguous predictions of hadrons with explicit gluonic degrees of freedom.

		CLEOIII/CLEO-C unique tool for addressing this physics as will show

		Goal of program: Determine wave functions for variety of exotica

		Determine QN

		Determine if states glue, quark, hybrid or mix of all of the above

		Testing theory by uncovering spectrum of stationary states











3-Part Strategy to Attack this physics

		Strategy Part 1: 1fb-1 on J/Y

		Search for states in glue rich environment

		Many options

		None as clean as radiative Y decays







		B( J/Y -> g X) ~ 6%

		Copious source of color singlet gg pairs

		JPC=0++,0-+,2++

		PWA to get QN of states

		Hermetic detector important for PWA

		Look at different decays modes

		See if has a place in quark multiplet

		If see state in J/Y -> g X, how do you know it is a glue ball?



c

c















		Strategy Part 2: Current Data!

		Anti-search in glue-poor environment

		Eg. e+e- -> e+e-gg -> e+e-X

		Compare: gg -> G vs. gg -> M











		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!







M

vs.

G











		Strategy Part 3: 1fb-1 on U(1S)

		Compare G(J/Y -> gX) and G(U(1S) ->gX)

		The U(1S) is also glue rich but…

















		No PWA at U(1S)!

		Can confirm existence of states

		Probe details of wave functions

		Measure wf at different x

		Test conclusions drawn from J/Y & gg data











Current Status

		Experimental

		Far from clear!

		List of “glue ball” suspects

		 h(1400) region

		 f0(1500)

		 fJ(1710)

		 x(2220)

		The situation is complicated and experimental results are contradictory

		Sorting it out will be challenging!

		Looks messy now due to insufficient statistics

		Theoretical 

		Lattice: Believable and somewhat precise

		Models needed for Br 

		









The vanishing x(2220)

??

??







The Competition

		To first order…there is none!

		To second order:

		BEPCII  L~5x1030 

		LI Weiguo, 1999 











		BES runs 5 months/yr for HEP

		BEPCIII upgrade to L~5x1031 in 2005?

		Hall-D TJNAL

		After 2005(?) + ~50M$

		 gp to produce states with exotic QN

		Focus on JPC=0+-,0-+,1+-,1-+,...









Summary of CLEO-C Reach in Non-Perturbative QCD

		Data Samples:









		Unique capability to address this physics

		Unique contribution to field

		1-stop shopping

		Physics less familiar to some of us than weak decays

		Opportunity to learn something new

		Fully exploits Detector/DAQ/Software upgrades!!







Sheet1


						Now/Planned			CLEO-C


			J/Y			20-50 Million			>1 Billion


			U(1S)			79 pb-1			1 fb-1


			gg			15 fb-1			~10 fb-1












Summary of CLEO-C Program

		Significant/Unique reach in weak physics

		Precision measurements of decay constants and absolute Br

		Searches for new physics

		Competes favorably with B-factories

		Measurements both qualitatively and quantitatively better



		Significant/Unique reach in QCD

		20 times world’s data sample

		Single experiment: 3-prong attack

		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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 Tau-Charm Task Force Report:The Case for CLEO-C

 
 





January 19/20, 2001










Persis S. Drell
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 Proposal: Modify CESR for High L @ 3-4 GeV

 
 





		Currently:














		














		














		CLEO-C:












		1/3 year for CHESS (to be negotiated)


		1 day/wk for maintenance and MS


		


		


		


		


		For machine details see talk by D. Rice


		


		


		










-Artuso CBX 00-55
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 Tau-Charm Task Force

 
 





		Early Goals of Task Force:












		What is the Physics Reach of the CLEO-C Program?






		Data Samples






		107 Yíí/fb-1


		5*105 DsDs/ fb-1


		2*109 J/Y/ fb-1




		Much of ground work laid out in CBX 00-55






		




		What can the competition do?






		Data Samples in 2004






		BaBar/Belle ~200-400 fb-1 






		~5*108 cc and tt pairs




		BESII 






		50*106 J/Y




		










Artuso and Shipsey
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 PPT Slide

 
 





		Task Force Members and Workers: 












		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne


		Tools Developed for our Studies






		Geant CLEO II.V


		TRKSIM III


		Extrapolate from CLEO analyses to asses BaBar reach


		Extrapolate from BES/MKIII








		A note on extrapolating to 400fb-1












		Factor of ~100 is a huge extrapolation






		CLEO/BaBar analyses have significant backgrounds


		Analyses rapidly become systematics limited






		Many systematics improve with more data but some will plateau.




		Range of values encompasses optimism/pessimism of task force.








		














 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persis_800x600/tsld005.htm


 Physics Program Part 1Weak Interaction Physics

 
 





		Charm and Tau












		Mixing


		S.L. Decays


		Precision Absolute Br






		Needed for precision B physics


		Needed for decay constants




		Precision Decay Constants fD,fDs






		Information on meson wf


		Tests of lattice QCD




		Tau Mass


		Searches for new physics






		CP Violation in D decay


		Non-SM two body tau decays









Probe essential nature of weak decays







Enabling measurements for tests of weak decays







Look for the




unexpected
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 PPT Slide

 
 





		Charm Decay Constants: eg D(s)->mn














		












		Take advantage of threshold running






		Tag Ds, D+ by full reconstruction of one meson


		Look for single track from other meson, no unmatched clusters


		Negligible background!




		Precision limited by statistics ~1%


		










D->mn







-Artuso, Benslama, Viehhauser, Cassel
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 PPT Slide

 
 





		The Competition: Scale from CLEO












		B(Ds -> mn)   (CLNS 97/1526)






		Search for Ds* -> Ds g, Ds -> mn






		Directly detect g, m, Use hermeticity of detector to reconstruct n  


		Backgrounds are LARGE!




		Precision limited by systematics of background determination










Excess of m over e fakes







Background measured with electrons







CLEO signal 4.8fb-1
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 PPT Slide

 
 





		Semileptonic Decays: eg. D->pln














		












		Take advantage of threshold running






		Reconstruct D on one side in Kp, Kpp0,Ö


		Negligible background!




		Precision limited by






		Statistics ~1%; Systematics of e ~1%


		Get form factor slope to ~3%


		




		
























-Lee & Shipsey
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 PPT Slide

 
 





		The Competition: Scale from CLEO












		PRD 52, 2656 (1995)






		Search for D*+ -> D0 p+, D0 -> pln


		Fit dm vs m(pl)




		Extrapolating to 400fb-1:






		Precision limited by systematics of background determination.








		














		














		














		














		














		














		












		










CLEO signal 3.0fb-1
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 PPT Slide

 
 





		Other analyses:












		B(Lc->pKp)






		Yelton




		CP Violation in D Decays






		Artuso




		Rare D Decays	






		Selen




		B(D+->Kpp), B(Ds->fp)






		Artuso, Viehhauser, Cassel




		 t, nt mass






		Urheim, Perl




		Non-SM 2-body t decays






		Urheim, Perl
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 Summary of Reach

 
 



Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.
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 Summary of CLEO-C Reach on Weak Interaction Physics

 
 





		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants












		Enabling measurements for precision tests of weak interactions at B factories








		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C












		








		CLEO-C measurements are significantly cleaner and background free












		Qualitative and quantitative improvement over what B-factories can do.
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 Physics Program Part 2Tests of QCD

 
 





		Tests of QCD in non-perturbative regime












		Different from what we are used to! 








		Unambiguous predictions of QCD:












		Glueballs G=|gg>


		Hybrids H=|Gqq>






		Essential verification of QCD to find evidence of these states


		Essential test of Lattice QCD to calculate their spectra








		Goal of CLEO-C QCD Program:












		Determine composition for variety of exotica in 1.5-2.5 GeV mass range








		Spectrum of exotica is to QCD what H-atom spectrum is to QED!
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 3-Part Strategy to Attack this physics

 
 





		Strategy Part 1: 1fb-1 on J/Y












		Search for states in glue rich environment






		Many options


		None as clean as radiative Y decays


		


		


		


		B( J/Y -> g X) ~ 6%






		Copious source of color singlet gg pairs


		JPC=0++,0-+,2++




		PWA to get QN of states






		Hermetic detector important for PWA




		Look at different decays modes


		See if has a place in quark multiplet


		If see state in J/Y -> g X, how do you know it is a glue ball?










c







c
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 PPT Slide

 
 





		








		Strategy Part 2: Current Data!












		Anti-search in glue-poor environment






		Eg. e+e- -> e+e-gg -> e+e-X




		Compare: gg -> G vs. gg -> M


		


		


		


		


		


		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!
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 PPT Slide

 
 





		Strategy Part 3: 1fb-1 on U(1S)












		Compare G(J/Y -> gX) and G(U(1S) ->gX)


		The U(1S) is also glue rich butÖ


		


		


		


		


		


		


		


		


		No PWA at U(1S)!






		Can confirm existence of states


		Probe details of wave functions






		Measure wf at different x




		Test conclusions drawn from J/Y & gg data
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 Current Status

 
 





		Experimental












		Far from clear!


		List of ìglue ballî suspects






		 h(1400) region


		 f0(1500)


		 fJ(1710)


		 x(2220)




		The situation is complicated and experimental results are contradictory


		Sorting it out will be challenging!






		Looks messy now due to insufficient statistics








		Theoretical 












		Lattice: Believable and somewhat precise


		Models needed for Br 






		








 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persis_800x600/tsld018.htm


 PPT Slide

 
 



The vanishing x(2220)







??







??





 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persis_800x600/tsld019.htm


 The Competition

 
 





		To first orderÖthere is none!














		To second order:












		BEPCII  L~5x1030 






		LI Weiguo, 1999 


		


		


		


		


		


		BES runs 5 months/yr for HEP




		BEPCIII upgrade to L~5x1031 in 2005?


		Hall-D TJNAL






		After 2005(?) + ~50M$


		 gp to produce states with exotic QN


		Focus on JPC=0+-,0-+,1+-,1-+,...
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 Summary of CLEO-C Reach in Non-Perturbative QCD

 
 





		Data Samples:














		














		














		














		












		Unique capability to address this physics






		Unique contribution to field


		1-stop shopping




		Physics less familiar to some of us than weak decays






		Opportunity to learn something new




		Fully exploits Detector/DAQ/Software upgrades!!
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 Summary of CLEO-C Program

 
 





		Significant/Unique reach in weak physics












		Precision measurements of decay constants and absolute Br


		Searches for new physics


		Competes favorably with B-factories






		Measurements both qualitatively and quantitatively better


		








		Significant/Unique reach in QCD












		20 times worldís data sample


		Single experiment: 3-prong attack


		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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Tau-Charm Task Force
Report:


The Case for CLEO-C


January 19/20, 2001
Persis S. Drell
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Proposal: Modify CESR for
High L @ 3-4 GeV


• Currently:


• CLEO-C:
– 1/3 year for CHESS (to be negotiated)
– 1 day/wk for maintenance and MS


– For machine details see talk by D. Rice


L Ldt pb day= ∗ ≥ −∫1 10 5033; /1


L Ldt pb day= − ∗ ≥ − −∫1 4 10 5 2032; /1


Ldt fb yr= − −∫ 1 4 1/


-Artuso CBX 00-55
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Tau-Charm Task Force


• Early Goals of Task Force:
– What is the Physics Reach of the CLEO-


C Program?
• Data Samples


– 107 Ψ’’/fb-1


– 5*105 DsDs/ fb-1


– 2*109 J/Ψ/ fb-1


• Much of ground work laid out in CBX 00-
55


– What can the competition do?
• Data Samples in 2004


– BaBar/Belle ~200-400 fb-1


» ~5*108 cc and ττ pairs
– BESII


» 50*106 J/Ψ


Artuso and Shipsey
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• Task Force Members and Workers:
– Artuso, Shipsey, Cassel, Urheim, Selen, Bigi,


Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-
Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser,
Yelton, Alexander, Thaler, Benslama, Peddlar,
Ehrlich, Eckhard vonToerne


– Tools Developed for our Studies
• Geant CLEO II.V
• TRKSIM III
• Extrapolate from CLEO analyses to asses BaBar reach
• Extrapolate from BES/MKIII


• A note on extrapolating to 400fb-1


– Factor of ~100 is a huge extrapolation
• CLEO/BaBar analyses have significant


backgrounds
• Analyses rapidly become systematics


limited
– Many systematics improve with more data


but some will plateau.
• Range of values encompasses


optimism/pessimism of task force.
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Physics Program Part 1


Weak Interaction Physics


• Charm and Tau
– Mixing
– S.L. Decays
– Precision Absolute Br


• Needed for precision B physics
• Needed for decay constants


– Precision Decay Constants fD,fDs


• Information on meson wf
• Tests of lattice QCD


– Tau Mass
– Searches for new physics


• CP Violation in D decay
• Non-SM two body tau decays


Probe essential
nature of weak
decays


Enabling
measurements
for tests of
weak decays


Look for the
unexpected
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• Charm Decay Constants: eg D(s)->µν


– Take advantage of threshold running
• Tag Ds, D+ by full reconstruction of one


meson
• Look for single track from other meson,


no unmatched clusters
• Negligible background!


– Precision limited by statistics ~1%


D->µν


-Artuso, Benslama, Viehhauser, Cassel
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• The Competition: Scale from CLEO
– B(Ds -> µν)   (CLNS 97/1526)


• Search for Ds* -> Ds γ, Ds -> µν
– Directly detect γ, µ, Use hermeticity of


detector to reconstruct ν
– Backgrounds are LARGE!


• Precision limited by systematics of
background determination


Excess of µ over e fakes Background measured with electrons


CLEO signal 4.8fb-1
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• Semileptonic Decays: eg. D->πlν


– Take advantage of threshold running
• Reconstruct D on one side in Κπ, Κππ0,…
• Negligible background!


– Precision limited by
• Statistics ~1%; Systematics of ε ~1%
• Get form factor slope to ~3%


222 )2( observedobservedbeam PEEMM −−=


νπ +−→ eD0


ν+−→ eKD0


-Lee & Shipsey
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• The Competition: Scale from CLEO
– PRD 52, 2656 (1995)


• Search for D*+ -> D0 π+, D0 -> πlν
• Fit δm vs m(πl)


– Extrapolating to 400fb-1:
• Precision limited by systematics of


background determination.


νπ +−→ eD0 ν+−→ eKD0


CLEO signal 3.0fb-1







2/22/01 10


• Other analyses:
– B(Λc->pΚπ)


– Yelton


– CP Violation in D Decays
– Artuso


– Rare D Decays
– Selen


– B(D+->Κππ), B(Ds->φπ)
– Artuso, Viehhauser, Cassel


–  τ, ντ mass
– Urheim, Perl


– Non-SM 2-body τ decays
– Urheim, Perl
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Summary of Reach


CLEO-C BaBar Current
2-4fb-1 400 fb-1


fD 1.5-2% NA?? NA
fDs <1% 5-10% 17.00%


Br(D+ -> Κππ) 1.50% 3-5% 7.00%
Br(Ds -> φπ) 2-3% 5-10% 25.00%
Br(D->πlν) 1.40% 3.00% 18.00%
Br(Λc -> pΚπ) 6.00% 5-15% 26.00%


A(CP) ~1% ~1% 3-9%
x'(mix) 0.01 0.01 0.03


mτ 0.1 MeV 0.3 MeV


Range of values encompasses
very optimistic assumptions
about how systematic errors
will improve with more data and
the assumption that BaBar will
not do much better than
current CLEO systematics.
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Summary of CLEO-C Reach
on Weak Interaction Physics


• CLEO-C can make substantial improvements
on BaBar/Belle in measurements of charm
absolute Br and decay constants
– Enabling measurements for precision tests of


weak interactions at B factories


• There are a variety of searches for new
physics (CP violation in D decay, 2 body tau
decays) that are unique to CLEO-C


• CLEO-C measurements are significantly
cleaner and background free
– Qualitative and quantitative improvement


over what B-factories can do.
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Physics Program Part 2


Tests of QCD


• Tests of QCD in non-perturbative
regime
– Different from what we are used to!


• Unambiguous predictions of QCD:
– Glueballs G=|gg>
– Hybrids H=|gqq>


• Essential verification of QCD to find
evidence of these states


• Essential test of Lattice QCD to calculate
their spectra


• Goal of CLEO-C QCD Program:
– Determine composition for variety of


exotica in 1.5-2.5 GeV mass range


• Spectrum of exotica is to QCD what
H-atom spectrum is to QED!
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3-Part Strategy to Attack
this physics


• Strategy Part 1: 1fb-1 on J/Ψ
– Search for states in glue rich


environment
• Many options
• None as clean as radiative Ψ decays


• B( J/Ψ -> γ X) ~ 6%
– Copious source of color singlet gg pairs
– JPC=0++,0-+,2++


– PWA to get QN of states
• Hermetic detector important for PWA


– Look at different decays modes
– See if has a place in quark multiplet
– If see state in J/Ψ -> γ X, how do you


know it is a glue ball?


c


c
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• Strategy Part 2: Current Data!
– Anti-search in glue-poor environment


• Eg. e+e- -> e+e-γγ -> e+e-X


– Compare: γγ -> G vs. γγ -> M


– Candidate states rich in glue seen at Ψ
should not be copiously produced in γγ
collisions!


M vs. G
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• Strategy Part 3: 1fb-1 on Υ(1S)
– Compare Γ(J/Ψ -> γX) and Γ(Υ(1S) ->γX)
– The Υ(1S) is also glue rich but…


– No PWA at Υ(1S)!
• Can confirm existence of states
• Probe details of wave functions


– Measure wf at different x


• Test conclusions drawn from J/Ψ & γγ
data


Γ Ψ
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Current Status


• Experimental
– Far from clear!
– List of “glue ball” suspects


•  η(1400) region
•  f0(1500)
•  fJ(1710)
•  ξ(2220)


– The situation is complicated and
experimental results are contradictory


– Sorting it out will be challenging!
• Looks messy now due to insufficient


statistics


• Theoretical
– Lattice: Believable and somewhat precise
– Models needed for Br
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The Competition


• To first order…there is none!
• To second order:


– BEPC  L~5x1030


• LI Weiguo, 1999


• BES runs 5 months/yr for HEP


– BEPCII upgrade to L~5x1031 in 2005?
– Hall-D TJNAL


• After 2005(?) + ~50M$
•  γp to produce states with exotic QN
• Focus on JPC=0+-,1+-,...
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Summary of CLEO-C Reach in
Non-Perturbative QCD


• Data Samples:


– Unique capability to address this physics
• Unique contribution to field
• 1-stop shopping


– Physics less familiar to some of us than
weak decays


• Opportunity to learn something new


– Fully exploits Detector/DAQ/Software
upgrades!!


Now/Planned CLEO-C
J/Ψ 20-50 Million >1 Billion
Υ(1S) 79 pb-1 1 fb-1


γγ 15 fb-1 ~10 fb-1







2/22/01 21


Summary of CLEO-C Program


• Significant/Unique reach in weak
physics
– Precision measurements of decay


constants and absolute Br
– Searches for new physics
– Competes favorably with B-factories


• Measurements both qualitatively and
quantitatively better


• Significant/Unique reach in QCD
– 20 times world’s data sample
– Single experiment: 3-prong attack
– Clean up problems that have been


outstanding in low energy QCD for
almost 20 years
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Tau-Charm Task Force Report:

The Case for CLEO-C

January 19/20, 2001

Persis S. Drell







Proposal: Modify CESR for High L @ 3-4 GeV

		Currently:





		CLEO-C:

		1/3 year for CHESS (to be negotiated)

		1 day/wk for maintenance and MS









		For machine details see talk by D. Rice









-Artuso CBX 00-55













Tau-Charm Task Force

		Early Goals of Task Force:

		What is the Physics Reach of the CLEO-C Program?

		Data Samples

		107 Y’’/fb-1

		5*105 DsDs/ fb-1

		2*109 J/Y/ fb-1

		Much of ground work laid out in CBX 00-55



		What can the competition do?

		Data Samples in 2004

		BaBar/Belle ~200-400 fb-1 

		~5*108 cc and tt pairs

		BESII 

		50*106 J/Y

		



Artuso and Shipsey









		Task Force Members and Workers: 

		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne

		Tools Developed for our Studies

		Geant CLEO II.V

		TRKSIM III

		Extrapolate from CLEO analyses to asses BaBar reach

		Extrapolate from BES/MKIII

		A note on extrapolating to 400fb-1

		Factor of ~100 is a huge extrapolation

		CLEO/BaBar analyses have significant backgrounds

		Analyses rapidly become systematics limited

		Many systematics improve with more data but some will plateau.

		Range of values encompasses optimism/pessimism of task force.











Physics Program Part 1

Weak Interaction Physics

		Charm and Tau

		Mixing

		S.L. Decays

		Precision Absolute Br

		Needed for precision B physics

		Needed for decay constants

		Precision Decay Constants fD,fDs

		Information on meson wf

		Tests of lattice QCD

		Tau Mass

		Searches for new physics

		CP Violation in D decay

		Non-SM two body tau decays



Probe essential nature of weak decays

Enabling measurements for tests of weak decays

Look for the

unexpected









		Charm Decay Constants: eg D(s)->mn



		Take advantage of threshold running

		Tag Ds, D+ by full reconstruction of one meson

		Look for single track from other meson, no unmatched clusters

		Negligible background!

		Precision limited by statistics ~1%

		



D->mn

-Artuso, Benslama, Viehhauser, Cassel









		The Competition: Scale from CLEO

		B(Ds -> mn)   (CLNS 97/1526)

		Search for Ds* -> Ds g, Ds -> mn

		Directly detect g, m, Use hermeticity of detector to reconstruct n  

		Backgrounds are LARGE!

		Precision limited by systematics of background determination



Excess of m over e fakes

Background measured with electrons

CLEO signal 4.8fb-1









		Semileptonic Decays: eg. D->pln



		Take advantage of threshold running

		Reconstruct D on one side in Kp, Kpp0,…

		Negligible background!

		Precision limited by

		Statistics ~1%; Systematics of e ~1%

		Get form factor slope to ~3%



		







-Lee & Shipsey

















		The Competition: Scale from CLEO

		PRD 52, 2656 (1995)

		Search for D*+ -> D0 p+, D0 -> pln

		Fit dm vs m(pl)

		Extrapolating to 400fb-1:

		Precision limited by systematics of background determination.















		



CLEO signal 3.0fb-1















		Other analyses:

		B(Lc->pKp)

		Yelton

		CP Violation in D Decays

		Artuso

		Rare D Decays	

		Selen

		B(D+->Kpp), B(Ds->fp)

		Artuso, Viehhauser, Cassel

		 t, nt mass

		Urheim, Perl

		Non-SM 2-body t decays

		Urheim, Perl











Summary of Reach





Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.





Charm


			


						CLEO-C									BaBar									Current			Marina


						2fb-1			4fb-1						200fb-1			400fb-1


			fD			2.00%									9-12%									NA


			stat			2.00%			1.40%						11.00%			8.00%


			syst			0.50%			0.50%						4.00%			3.00%


			Br			0.75%			0.75%						2.50%			2.50%


			Br(D+ -> Kpp)			1.50%									4-5%									7.00%


			stat			0.30%			0.20%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			fDs			1.5-2%									4-5%									14.00%			8.00%


			stat			1.10%			0.80%						1.00%			1.00%									1.00%


			syst			0.50%			0.50%						4.00%			3.00%									6.00%


			Br			1.50%			1.00%						2.50%			2.00%									5.00%


			Br(Ds -> fp)			2-3%									4-5%									25.00%


			stat			2.50%			1.80%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			Rmix			0.01									0.01									0.03


			R			4.20									NA									4.60
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Talk version


			


									CLEO-C						BaBar						Current


									2-4fb-1						400 fb-1


			fD						1.5-2%						NA??						NA


			fDs						<1%						5-10%						17.00%


			Br(D+ -> Kpp)						1.50%						3-5%						7.00%


			Br(Ds -> fp)						2-3%						5-10%						25.00%


			Br(D->pln)						1.40%						3.00%						18.00%


			Br(Lc -> pKp)						6.00%						5-15%						26.00%


			A(CP)						~1%						~1%						3-9%


			x'(mix)						0.01						0.01						0.03


			mt						0.1 MeV												0.3 MeV
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Summary of CLEO-C Reach on Weak Interaction Physics

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants

		Enabling measurements for precision tests of weak interactions at B factories

		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		CLEO-C measurements are significantly cleaner and background free

		Qualitative and quantitative improvement over what B-factories can do.









Physics Program Part 2

Tests of QCD

		Tests of QCD in non-perturbative regime

		Different from what we are used to! 

		Unambiguous predictions of QCD:

		Glueballs G=|gg>

		Hybrids H=|gqq>

		Essential verification of QCD to find evidence of these states

		Essential test of Lattice QCD to calculate their spectra

		Goal of CLEO-C QCD Program:

		Determine composition for variety of exotica in 1.5-2.5 GeV mass range

		Spectrum of exotica is to QCD what H-atom spectrum is to QED!





		QCD: unambiguous predictions of hadrons with explicit gluonic degrees of freedom.

		CLEOIII/CLEO-C unique tool for addressing this physics as will show

		Goal of program: Determine wave functions for variety of exotica

		Determine QN

		Determine if states glue, quark, hybrid or mix of all of the above

		Testing theory by uncovering spectrum of stationary states











3-Part Strategy to Attack this physics

		Strategy Part 1: 1fb-1 on J/Y

		Search for states in glue rich environment

		Many options

		None as clean as radiative Y decays







		B( J/Y -> g X) ~ 6%

		Copious source of color singlet gg pairs

		JPC=0++,0-+,2++

		PWA to get QN of states

		Hermetic detector important for PWA

		Look at different decays modes

		See if has a place in quark multiplet

		If see state in J/Y -> g X, how do you know it is a glue ball?



c

c















		Strategy Part 2: Current Data!

		Anti-search in glue-poor environment

		Eg. e+e- -> e+e-gg -> e+e-X

		Compare: gg -> G vs. gg -> M











		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!







M

vs.

G











		Strategy Part 3: 1fb-1 on U(1S)

		Compare G(J/Y -> gX) and G(U(1S) ->gX)

		The U(1S) is also glue rich but…

















		No PWA at U(1S)!

		Can confirm existence of states

		Probe details of wave functions

		Measure wf at different x

		Test conclusions drawn from J/Y & gg data











Current Status

		Experimental

		Far from clear!

		List of “glue ball” suspects

		 h(1400) region

		 f0(1500)

		 fJ(1710)

		 x(2220)

		The situation is complicated and experimental results are contradictory

		Sorting it out will be challenging!

		Looks messy now due to insufficient statistics

		Theoretical 

		Lattice: Believable and somewhat precise

		Models needed for Br 

		









The vanishing x(2220)

??

??







The Competition

		To first order…there is none!

		To second order:

		BEPC  L~5x1030 

		LI Weiguo, 1999 











		BES runs 5 months/yr for HEP

		BEPCII upgrade to L~5x1031 in 2005?

		Hall-D TJNAL

		After 2005(?) + ~50M$

		 gp to produce states with exotic QN

		Focus on JPC=0+-,1+-,...









Summary of CLEO-C Reach in Non-Perturbative QCD

		Data Samples:









		Unique capability to address this physics

		Unique contribution to field

		1-stop shopping

		Physics less familiar to some of us than weak decays

		Opportunity to learn something new

		Fully exploits Detector/DAQ/Software upgrades!!







Sheet1


						Now/Planned			CLEO-C


			J/Y			20-50 Million			>1 Billion


			U(1S)			79 pb-1			1 fb-1


			gg			15 fb-1			~10 fb-1












Summary of CLEO-C Program

		Significant/Unique reach in weak physics

		Precision measurements of decay constants and absolute Br

		Searches for new physics

		Competes favorably with B-factories

		Measurements both qualitatively and quantitatively better



		Significant/Unique reach in QCD

		20 times world’s data sample

		Single experiment: 3-prong attack

		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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 Proposal: Modify CESR for High L @ 3-4 GeV

 
 

		Currently:







		







		







		CLEO-C:



		1/3 year for CHESS (to be negotiated)


		1 day/wk for maintenance and MS


		


		


		


		


		For machine details see talk by D. Rice


		


		


		














-Artuso CBX 00-55
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 Tau-Charm Task Force

 
 

		Early Goals of Task Force:



		What is the Physics Reach of the CLEO-C Program?
		Data Samples
		107 Y’’/fb-1


		5*105 DsDs/ fb-1


		2*109 J/Y/ fb-1






		Much of ground work laid out in CBX 00-55
		






		What can the competition do?
		Data Samples in 2004
		BaBar/Belle ~200-400 fb-1 
		~5*108 cc and tt pairs






		BESII 
		50*106 J/Y






		


























Artuso and Shipsey
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 PPT Slide

 
 

		Task Force Members and Workers: 



		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne


		Tools Developed for our Studies
		Geant CLEO II.V


		TRKSIM III


		Extrapolate from CLEO analyses to asses BaBar reach


		Extrapolate from BES/MKIII












		A note on extrapolating to 400fb-1



		Factor of ~100 is a huge extrapolation
		CLEO/BaBar analyses have significant backgrounds


		Analyses rapidly become systematics limited
		Many systematics improve with more data but some will plateau.






		Range of values encompasses optimism/pessimism of task force.
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 PPT Slide

 
 

		The Competition: Scale from CLEO



		B(Ds -> mn)   (CLNS 97/1526)
		Search for Ds* -> Ds g, Ds -> mn
		Directly detect g, m, Use hermeticity of detector to reconstruct n  


		Backgrounds are LARGE!






		Precision limited by systematics of background determination


















Excess of m over e fakes





Background measured with electrons





CLEO signal 4.8fb-1
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 Physics Program Part 1Weak Interaction Physics

 
 

		Charm and Tau



		Mixing


		S.L. Decays


		Precision Absolute Br
		Needed for precision B physics


		Needed for decay constants






		Precision Decay Constants fD,fDs
		Information on meson wf


		Tests of lattice QCD






		Tau Mass


		Searches for new physics
		CP Violation in D decay


		Non-SM two body tau decays

















Probe essential nature of weak decays





Enabling measurements for tests of weak decays





Look for the



unexpected
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 PPT Slide

 
 

		Charm Decay Constants: eg D(s)->mn







		



		Take advantage of threshold running
		Tag Ds, D+ by full reconstruction of one meson


		Look for single track from other meson, no unmatched clusters


		Negligible background!






		Precision limited by statistics ~1%


		














D->mn





-Artuso, Benslama, Viehhauser, Cassel
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 PPT Slide

 
 

		Semileptonic Decays: eg. D->pln







		



		Take advantage of threshold running
		Reconstruct D on one side in Kp, Kpp0,…


		Negligible background!






		Precision limited by
		Statistics ~1%; Systematics of e ~1%


		Get form factor slope to ~3%


		






		





















-Lee & Shipsey
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 PPT Slide

 
 

		The Competition: Scale from CLEO



		PRD 52, 2656 (1995)
		Search for D*+ -> D0 p+, D0 -> pln


		Fit dm vs m(pl)






		Extrapolating to 400fb-1:
		Precision limited by systematics of background determination.












		







		







		







		







		







		







		



		














CLEO signal 3.0fb-1
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 PPT Slide

 
 

		Other analyses:



		B(Lc->pKp)
		Yelton






		CP Violation in D Decays
		Artuso






		Rare D Decays	
		Selen






		B(D+->Kpp), B(Ds->fp)
		Artuso, Viehhauser, Cassel






		 t, nt mass
		Urheim, Perl






		Non-SM 2-body t decays
		Urheim, Perl
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 Summary of Reach

 
 




Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.
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 Summary of CLEO-C Reach on Weak Interaction Physics

 
 

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants



		Enabling measurements for precision tests of weak interactions at B factories








		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		








		CLEO-C measurements are significantly cleaner and background free



		Qualitative and quantitative improvement over what B-factories can do.
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 Physics Program Part 2Tests of QCD

 
 

		Tests of QCD in non-perturbative regime



		Different from what we are used to! 








		Unambiguous predictions of QCD:



		Glueballs G=|gg>


		Hybrids H=|gqq>
		Essential verification of QCD to find evidence of these states


		Essential test of Lattice QCD to calculate their spectra












		Goal of CLEO-C QCD Program:



		Determine composition for variety of exotica in 1.5-2.5 GeV mass range








		Spectrum of exotica is to QCD what H-atom spectrum is to QED!
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 3-Part Strategy to Attack this physics

 
 

		Strategy Part 1: 1fb-1 on J/Y



		Search for states in glue rich environment
		Many options


		None as clean as radiative Y decays


		


		


		


		B( J/Y -> g X) ~ 6%
		Copious source of color singlet gg pairs


		JPC=0++,0-+,2++






		PWA to get QN of states
		Hermetic detector important for PWA






		Look at different decays modes


		See if has a place in quark multiplet


		If see state in J/Y -> g X, how do you know it is a glue ball?


















c





c
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 PPT Slide

 
 

		




		Strategy Part 2: Current Data!



		Anti-search in glue-poor environment
		Eg. e+e- -> e+e-gg -> e+e-X






		Compare: gg -> G vs. gg -> M


		


		


		


		


		


		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!
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 PPT Slide

 
 

		Strategy Part 3: 1fb-1 on U(1S)



		Compare G(J/Y -> gX) and G(U(1S) ->gX)


		The U(1S) is also glue rich but…


		


		


		


		


		


		


		


		


		No PWA at U(1S)!
		Can confirm existence of states


		Probe details of wave functions
		Measure wf at different x






		Test conclusions drawn from J/Y & gg data
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 Current Status

 
 

		Experimental



		Far from clear!


		List of “glue ball” suspects
		 h(1400) region


		 f0(1500)


		 fJ(1710)


		 x(2220)






		The situation is complicated and experimental results are contradictory


		Sorting it out will be challenging!
		Looks messy now due to insufficient statistics












		Theoretical 



		Lattice: Believable and somewhat precise


		Models needed for Br 
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 PPT Slide

 
 




The vanishing x(2220)





??





??
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 The Competition

 
 

		To first order…there is none!







		To second order:



		BEPC  L~5x1030 
		LI Weiguo, 1999 


		


		


		


		


		


		BES runs 5 months/yr for HEP






		BEPCII upgrade to L~5x1031 in 2005?


		Hall-D TJNAL
		After 2005(?) + ~50M$


		 gp to produce states with exotic QN


		Focus on JPC=0+-,1+-,...
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 Summary of CLEO-C Reach in Non-Perturbative QCD

 
 

		Data Samples:







		







		







		







		



		Unique capability to address this physics
		Unique contribution to field


		1-stop shopping






		Physics less familiar to some of us than weak decays
		Opportunity to learn something new






		Fully exploits Detector/DAQ/Software upgrades!!











 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persisnew_1024x768/CLEO-C-CLEO/sld021.htm



		
         [image: First]
         [image: Previous]
         [image: ]
         [image: ]
         [image: ]
         [image: Index]
         [image: Home]
         [image: Text]
     

		
         [image: ]
     




Slide 21 of 21






docs/01Jan20/persisnew_1024x768/CLEO-C-CLEO/activem.gif


docs/01Jan20/persisnew_1024x768/CLEO-C-CLEO/img021.gif


docs/01Jan20/persisnew_1024x768/CLEO-C-CLEO/tsld021.htm


 Summary of CLEO-C Program

 
 

		Significant/Unique reach in weak physics



		Precision measurements of decay constants and absolute Br


		Searches for new physics


		Competes favorably with B-factories
		Measurements both qualitatively and quantitatively better


		












		Significant/Unique reach in QCD



		20 times world’s data sample


		Single experiment: 3-prong attack


		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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Tau-Charm Task Force Report:

The Case for CLEO-C

January 19/20, 2001

Persis S. Drell







Proposal: Modify CESR for High L @ 3-4 GeV

		Currently:





		CLEO-C:

		1/3 year for CHESS (to be negotiated)

		1 day/wk for maintenance and MS









		For machine details see talk by D. Rice









-Artuso CBX 00-55













Tau-Charm Task Force

		Early Goals of Task Force:

		What is the Physics Reach of the CLEO-C Program?

		Data Samples

		107 Y’’/fb-1

		5*105 DsDs/ fb-1

		2*109 J/Y/ fb-1

		Much of ground work laid out in CBX 00-55



		What can the competition do?

		Data Samples in 2004

		BaBar/Belle ~200-400 fb-1 

		~5*108 cc and tt pairs

		BESII 

		50*106 J/Y

		



Artuso and Shipsey









		Task Force Members and Workers: 

		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne

		Tools Developed for our Studies

		Geant CLEO II.V

		TRKSIM III

		Extrapolate from CLEO analyses to asses BaBar reach

		Extrapolate from BES/MKIII

		A note on extrapolating to 400fb-1

		Factor of ~100 is a huge extrapolation

		CLEO/BaBar analyses have significant backgrounds

		Analyses rapidly become systematics limited

		Many systematics improve with more data but some will plateau.

		Range of values encompasses optimism/pessimism of task force.











Physics Program Part 1

Weak Interaction Physics

		Charm and Tau

		Mixing

		S.L. Decays

		Precision Absolute Br

		Needed for precision B physics

		Needed for decay constants

		Precision Decay Constants fD,fDs

		Information on meson wf

		Tests of lattice QCD

		Tau Mass

		Searches for new physics

		CP Violation in D decay

		Non-SM two body tau decays



Probe essential nature of weak decays

Enabling measurements for tests of weak decays

Look for the

unexpected









		Charm Decay Constants: eg D(s)->mn



		Take advantage of threshold running

		Tag Ds, D+ by full reconstruction of one meson

		Look for single track from other meson, no unmatched clusters

		Negligible background!

		Precision limited by statistics ~1%

		



D->mn

-Artuso, Benslama, Viehhauser, Cassel









		The Competition: Scale from CLEO

		B(Ds -> mn)   (CLNS 97/1526)

		Search for Ds* -> Ds g, Ds -> mn

		Directly detect g, m, Use hermeticity of detector to reconstruct n  

		Backgrounds are LARGE!

		Precision limited by systematics of background determination



Excess of m over e fakes

Background measured with electrons

CLEO signal 4.8fb-1









		Semileptonic Decays: eg. D->pln



		Take advantage of threshold running

		Reconstruct D on one side in Kp, Kpp0,…

		Negligible background!

		Precision limited by

		Statistics ~1%; Systematics of e ~1%

		Get form factor slope to ~3%



		







-Lee & Shipsey

















		The Competition: Scale from CLEO

		PRD 52, 2656 (1995)

		Search for D*+ -> D0 p+, D0 -> pln

		Fit dm vs m(pl)

		Extrapolating to 400fb-1:

		Precision limited by systematics of background determination.















		



CLEO signal 3.0fb-1















		Other analyses:

		B(Lc->pKp)

		Yelton

		CP Violation in D Decays

		Artuso

		Rare D Decays	

		Selen

		B(D+->Kpp), B(Ds->fp)

		Artuso, Viehhauser, Cassel

		 t, nt mass

		Urheim, Perl

		Non-SM 2-body t decays

		Urheim, Perl











Summary of Reach





Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.





Charm


			


						CLEO-C									BaBar									Current			Marina


						2fb-1			4fb-1						200fb-1			400fb-1


			fD			2.00%									9-12%									NA


			stat			2.00%			1.40%						11.00%			8.00%


			syst			0.50%			0.50%						4.00%			3.00%


			Br			0.75%			0.75%						2.50%			2.50%


			Br(D+ -> Kpp)			1.50%									4-5%									7.00%


			stat			0.30%			0.20%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			fDs			1.5-2%									4-5%									14.00%			8.00%


			stat			1.10%			0.80%						1.00%			1.00%									1.00%


			syst			0.50%			0.50%						4.00%			3.00%									6.00%


			Br			1.50%			1.00%						2.50%			2.00%									5.00%


			Br(Ds -> fp)			2-3%									4-5%									25.00%


			stat			2.50%			1.80%						3.00%			2.50%


			syst			1.50%			1.50%						3.00%			3.00%


			Rmix			0.01									0.01									0.03


			R			4.20									NA									4.60
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									2-4fb-1						400 fb-1
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Summary of CLEO-C Reach on Weak Interaction Physics

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants

		Enabling measurements for precision tests of weak interactions at B factories

		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		CLEO-C measurements are significantly cleaner and background free

		Qualitative and quantitative improvement over what B-factories can do.









Physics Program Part 2

Tests of QCD

		Tests of QCD in non-perturbative regime

		Different from what we are used to! 

		Unambiguous predictions of QCD:

		Glueballs G=|gg>

		Hybrids H=|gqq>

		Essential verification of QCD to find evidence of these states

		Essential test of Lattice QCD to calculate their spectra

		Goal of CLEO-C QCD Program:

		Determine composition for variety of exotica in 1.5-2.5 GeV mass range

		Spectrum of exotica is to QCD what H-atom spectrum is to QED!





		QCD: unambiguous predictions of hadrons with explicit gluonic degrees of freedom.

		CLEOIII/CLEO-C unique tool for addressing this physics as will show

		Goal of program: Determine wave functions for variety of exotica

		Determine QN

		Determine if states glue, quark, hybrid or mix of all of the above

		Testing theory by uncovering spectrum of stationary states











3-Part Strategy to Attack this physics

		Strategy Part 1: 1fb-1 on J/Y

		Search for states in glue rich environment

		Many options

		None as clean as radiative Y decays







		B( J/Y -> g X) ~ 6%

		Copious source of color singlet gg pairs

		JPC=0++,0-+,2++

		PWA to get QN of states

		Hermetic detector important for PWA

		Look at different decays modes

		See if has a place in quark multiplet

		If see state in J/Y -> g X, how do you know it is a glue ball?



c

c















		Strategy Part 2: Current Data!

		Anti-search in glue-poor environment

		Eg. e+e- -> e+e-gg -> e+e-X

		Compare: gg -> G vs. gg -> M











		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!







M

vs.

G











		Strategy Part 3: 1fb-1 on U(1S)

		Compare G(J/Y -> gX) and G(U(1S) ->gX)

		The U(1S) is also glue rich but…

















		No PWA at U(1S)!

		Can confirm existence of states

		Probe details of wave functions

		Measure wf at different x

		Test conclusions drawn from J/Y & gg data











Current Status

		Experimental

		Far from clear!

		List of “glue ball” suspects

		 h(1400) region

		 f0(1500)

		 fJ(1710)

		 x(2220)

		The situation is complicated and experimental results are contradictory

		Sorting it out will be challenging!

		Looks messy now due to insufficient statistics

		Theoretical 

		Lattice: Believable and somewhat precise

		Models needed for Br 

		









The vanishing x(2220)

??

??







The Competition

		To first order…there is none!

		To second order:

		BEPC  L~5x1030 

		LI Weiguo, 1999 











		BES runs 5 months/yr for HEP

		BEPCII upgrade to L~5x1031 in 2005?

		Hall-D TJNAL

		After 2005(?) + ~50M$

		 gp to produce states with exotic QN

		Focus on JPC=0+-,1+-,...









Summary of CLEO-C Reach in Non-Perturbative QCD

		Data Samples:









		Unique capability to address this physics

		Unique contribution to field

		1-stop shopping

		Physics less familiar to some of us than weak decays

		Opportunity to learn something new

		Fully exploits Detector/DAQ/Software upgrades!!







Sheet1


						Now/Planned			CLEO-C


			J/Y			20-50 Million			>1 Billion


			U(1S)			79 pb-1			1 fb-1


			gg			15 fb-1			~10 fb-1












Summary of CLEO-C Program

		Significant/Unique reach in weak physics

		Precision measurements of decay constants and absolute Br

		Searches for new physics

		Competes favorably with B-factories

		Measurements both qualitatively and quantitatively better



		Significant/Unique reach in QCD

		20 times world’s data sample

		Single experiment: 3-prong attack

		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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 Tau-Charm Task Force Report:The Case for CLEO-C

 
 



January 19/20, 2001





Persis S. Drell
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 Proposal: Modify CESR for High L @ 3-4 GeV

 
 

		Currently:







		







		







		CLEO-C:



		1/3 year for CHESS (to be negotiated)


		1 day/wk for maintenance and MS


		


		


		


		


		For machine details see talk by D. Rice


		


		


		














-Artuso CBX 00-55
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 Tau-Charm Task Force

 
 

		Early Goals of Task Force:



		What is the Physics Reach of the CLEO-C Program?
		Data Samples
		107 Y’’/fb-1


		5*105 DsDs/ fb-1


		2*109 J/Y/ fb-1






		Much of ground work laid out in CBX 00-55
		






		What can the competition do?
		Data Samples in 2004
		BaBar/Belle ~200-400 fb-1 
		~5*108 cc and tt pairs






		BESII 
		50*106 J/Y






		


























Artuso and Shipsey
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 PPT Slide

 
 

		Task Force Members and Workers: 



		Artuso, Shipsey, Cassel, Urheim, Selen, Bigi, Neubert, Petrov, Besson, Nelson, Gladding, Rice, El-Khadra, Kass, Dytman, Duboscq, Lee, Viehhauser, Yelton, Alexander, Thaler, Benslama, Peddlar, Ehrlich, Eckhard vonToerne


		Tools Developed for our Studies
		Geant CLEO II.V


		TRKSIM III


		Extrapolate from CLEO analyses to asses BaBar reach


		Extrapolate from BES/MKIII












		A note on extrapolating to 400fb-1



		Factor of ~100 is a huge extrapolation
		CLEO/BaBar analyses have significant backgrounds


		Analyses rapidly become systematics limited
		Many systematics improve with more data but some will plateau.






		Range of values encompasses optimism/pessimism of task force.
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 PPT Slide

 
 

		The Competition: Scale from CLEO



		B(Ds -> mn)   (CLNS 97/1526)
		Search for Ds* -> Ds g, Ds -> mn
		Directly detect g, m, Use hermeticity of detector to reconstruct n  


		Backgrounds are LARGE!






		Precision limited by systematics of background determination


















Excess of m over e fakes





Background measured with electrons





CLEO signal 4.8fb-1


 

		 Previous slide 		 Next slide 		 Back to first slide 		 View graphic version 














docs/01Jan20/persisnew_800x600/CLEO-C-CLEO/img005.gif


docs/01Jan20/persisnew_800x600/CLEO-C-CLEO/tsld005.htm


 Physics Program Part 1Weak Interaction Physics

 
 

		Charm and Tau



		Mixing


		S.L. Decays


		Precision Absolute Br
		Needed for precision B physics


		Needed for decay constants






		Precision Decay Constants fD,fDs
		Information on meson wf


		Tests of lattice QCD






		Tau Mass


		Searches for new physics
		CP Violation in D decay


		Non-SM two body tau decays

















Probe essential nature of weak decays





Enabling measurements for tests of weak decays





Look for the



unexpected
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 PPT Slide

 
 

		Charm Decay Constants: eg D(s)->mn







		



		Take advantage of threshold running
		Tag Ds, D+ by full reconstruction of one meson


		Look for single track from other meson, no unmatched clusters


		Negligible background!






		Precision limited by statistics ~1%


		














D->mn





-Artuso, Benslama, Viehhauser, Cassel
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 PPT Slide

 
 

		Semileptonic Decays: eg. D->pln







		



		Take advantage of threshold running
		Reconstruct D on one side in Kp, Kpp0,…


		Negligible background!






		Precision limited by
		Statistics ~1%; Systematics of e ~1%


		Get form factor slope to ~3%


		






		





















-Lee & Shipsey
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 PPT Slide

 
 

		The Competition: Scale from CLEO



		PRD 52, 2656 (1995)
		Search for D*+ -> D0 p+, D0 -> pln


		Fit dm vs m(pl)






		Extrapolating to 400fb-1:
		Precision limited by systematics of background determination.












		







		







		







		







		







		







		



		














CLEO signal 3.0fb-1
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 PPT Slide

 
 

		Other analyses:



		B(Lc->pKp)
		Yelton






		CP Violation in D Decays
		Artuso






		Rare D Decays	
		Selen






		B(D+->Kpp), B(Ds->fp)
		Artuso, Viehhauser, Cassel






		 t, nt mass
		Urheim, Perl






		Non-SM 2-body t decays
		Urheim, Perl
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 Summary of Reach

 
 




Range of values encompasses very optimistic assumptions about how systematic errors will improve with more data and the assumption that BaBar will not do much better than current CLEO systematics.
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 Summary of CLEO-C Reach on Weak Interaction Physics

 
 

		CLEO-C can make substantial improvements on BaBar/Belle in measurements of charm absolute Br and decay constants



		Enabling measurements for precision tests of weak interactions at B factories








		There are a variety of searches for new physics (CP violation in D decay, 2 body tau decays) that are unique to CLEO-C



		








		CLEO-C measurements are significantly cleaner and background free



		Qualitative and quantitative improvement over what B-factories can do.
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 Physics Program Part 2Tests of QCD

 
 

		Tests of QCD in non-perturbative regime



		Different from what we are used to! 








		Unambiguous predictions of QCD:



		Glueballs G=|gg>


		Hybrids H=|gqq>
		Essential verification of QCD to find evidence of these states


		Essential test of Lattice QCD to calculate their spectra












		Goal of CLEO-C QCD Program:



		Determine composition for variety of exotica in 1.5-2.5 GeV mass range








		Spectrum of exotica is to QCD what H-atom spectrum is to QED!
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 3-Part Strategy to Attack this physics

 
 

		Strategy Part 1: 1fb-1 on J/Y



		Search for states in glue rich environment
		Many options


		None as clean as radiative Y decays


		


		


		


		B( J/Y -> g X) ~ 6%
		Copious source of color singlet gg pairs


		JPC=0++,0-+,2++






		PWA to get QN of states
		Hermetic detector important for PWA






		Look at different decays modes


		See if has a place in quark multiplet


		If see state in J/Y -> g X, how do you know it is a glue ball?


















c





c
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 PPT Slide

 
 

		




		Strategy Part 2: Current Data!



		Anti-search in glue-poor environment
		Eg. e+e- -> e+e-gg -> e+e-X






		Compare: gg -> G vs. gg -> M


		


		


		


		


		


		Candidate states rich in glue seen at Y should not be copiously produced in gg collisions!
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 PPT Slide

 
 

		Strategy Part 3: 1fb-1 on U(1S)



		Compare G(J/Y -> gX) and G(U(1S) ->gX)


		The U(1S) is also glue rich but…


		


		


		


		


		


		


		


		


		No PWA at U(1S)!
		Can confirm existence of states


		Probe details of wave functions
		Measure wf at different x






		Test conclusions drawn from J/Y & gg data
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 Current Status

 
 

		Experimental



		Far from clear!


		List of “glue ball” suspects
		 h(1400) region


		 f0(1500)


		 fJ(1710)


		 x(2220)






		The situation is complicated and experimental results are contradictory


		Sorting it out will be challenging!
		Looks messy now due to insufficient statistics












		Theoretical 



		Lattice: Believable and somewhat precise


		Models needed for Br 
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 PPT Slide

 
 




The vanishing x(2220)





??





??
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 The Competition

 
 

		To first order…there is none!







		To second order:



		BEPC  L~5x1030 
		LI Weiguo, 1999 


		


		


		


		


		


		BES runs 5 months/yr for HEP






		BEPCII upgrade to L~5x1031 in 2005?


		Hall-D TJNAL
		After 2005(?) + ~50M$


		 gp to produce states with exotic QN


		Focus on JPC=0+-,1+-,...
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 Summary of CLEO-C Reach in Non-Perturbative QCD

 
 

		Data Samples:







		







		







		







		



		Unique capability to address this physics
		Unique contribution to field


		1-stop shopping






		Physics less familiar to some of us than weak decays
		Opportunity to learn something new






		Fully exploits Detector/DAQ/Software upgrades!!
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 Summary of CLEO-C Program

 
 

		Significant/Unique reach in weak physics



		Precision measurements of decay constants and absolute Br


		Searches for new physics


		Competes favorably with B-factories
		Measurements both qualitatively and quantitatively better


		












		Significant/Unique reach in QCD



		20 times world’s data sample


		Single experiment: 3-prong attack


		Clean up problems that have been outstanding in low energy QCD for almost 20 years
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CESR will be modified to provide high luminosity colliding beams 
over the (beam) energy range from 1.5 to 5.6 GeV/c in order to 
maximize the contribution of CLEO-III and CESR to HEP. 


 


Foundations of the project: 


 


April, 2000 Assessment of energy dependence of critical parameters  


Oct., 2000 Formation of CESR Charm working group  


Jan., 2001 Formation of wiggler prototype task force  


 


 


Energies (Ebeam) of interest : 


 J/ψ :  1.55 GeV 


 Charm threshold (ψ ’’) :  1.885 GeV 


 Above DS-Dsthreshold: 2.1-2.5 GeV 


 Υ states: 4.7-5.6 GeV 
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CESR-c Accelerator Physics Issues 


Performance Factors: 


Radiation damping time 


Beam emittance 


Beam-beam space charge (ξ) 


Parasitic crossings 


Solenoid compensation 


Experiment background 


Magnet non-linearities 


Wiggler non-linearities 


Touschek scattering 


Residual gas scattering 


Vacuum pumping (DIP’s) 


Coupled bunch instabilities 


Bunch lengthening 


Injection 


Injector 


 


Normal scaling of parameters with energy for storage rings  
(bend radiation dominated) 


Damping time: 
3−∝ γτ  


Synchrotron radiation power: 4γ∝RP  


Horizontal Emittance: 3


2


X
X Q


γε ∝  


Horizontal B-B parameter: 3


3


γγε
ξ Xb


X


b
X


Qnn ∝∝  


Energy spread: γσ ∝
0E
E
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Luminosity  (Flat beams) 


L  ∝ *
0


y


yEI


β


ξ


 


In addition to E0 term, both I and ξy can be limited by radiation 
effects: 


Ø Another power of E0 is hidden in ξy 
Ø World experience suggests ξy ∝ E0


N [0<N<1] 
Ø Lower horizontal emittance potentially limits I via ξx 


Ø Injection repetition interval ∝ τx 


Without artificial radiation aids, L ∝ E0
4 


 


Solution: 


Enhance radiation using “wiggler” magnets 


  
Magnetic field as function distance along beam path 
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Wiggler radiation dominated storage ring scaling  


 


1. Scaling with wiggler field and length 


Damping time:  2


1


WW BL
∝τ  


Horizontal Emittance:   WX B∝ε HW 


Energy spread:  W
E B


E
∝


0


σ
 


 


2. Scaling with energy 


Damping time:  1−∝ γτ  


Synchrotron radiation power:  2γ∝RP  


Horizontal Emittance:  γε ∝X HW 


Horizontal B-B parameter:  2γγε
ξ b


X


b
X


nn ∝∝  


Energy spread:  γσ ∝
0E
E


 







5/5/2001 CESR-c p. 5 


 Comparison of beam parameters at 5.3 and 1.5<Eo<2.5 GeV 
 HEP 11/00 Charm 1 Psi Charm 2
Beam Energy [GeV] 5.30 1.89 1.55 2.50
Luminosity [10^33/cm^2/sec] 1.23 0.30 0.15 0.50
Xi/beta* (1+r) [/m] 2.97 4.04 3.53 4.04
nb (number of bunches) 45 45 45 45
r (aspect ratio) 0.009 0.010 0.009 0.010
N[x10^11] (e/bunch) 1.28 0.65 0.45 0.81
I (mA/bunch) 8.04 4.06 2.82 5.10
Itot [Amps] (current / beam) 0.36 0.18 0.13 0.23
Xiv (vert. tune shift parameter) 0.053 0.040 0.035 0.040
Xih (horiz. tune shift parameter) 0.0261 0.0355 0.0284 0.0343
2*pi*R [m](circumference) 768.43 768.43 768.43 768.43
rho(arc)[m] 87.89 87.89 87.89 87.89
rho(hb)[m] 31.65 31.65 31.65 31.65
sigma*h[mm] 0.45 0.44 0.45 0.43
sigma*v[µm] 4.15 4.45 4.19 4.26
beta*h[m] 0.96 0.87 0.87 0.87
beta*v[cm] 1.80 1.00 1.00 1.00
theta(c) [mr] (crossing half-angle) 2.30 3.50 3.50 3.50
sig(l)[cm](bunch length) 1.80 1.00 0.97 1.05
e(h)[x10 -̂7m](emittance) 2.10 2.19 2.31 2.15
emittance coupling (?) 0.0045 0.0091 0.0076 0.0084
alpha(p)[10 -̂2] (mom. comp.) 1.15 1.11 1.11 1.11
Qs (synchrotron tune) 0.054 0.110 0.105 0.104
Qh (betatron tune) 10.53 10.52 10.52 10.52
sigE/E[10 -̂4] (energy spread) 6.96 8.11 7.46 8.04
tau x,y [ms](damping time) 22.82 55.25 69.38 52.19
Uo[MeV] (s.r. loss/turn) 1.19 0.18 0.11 0.104
Vc[MV](accel cavity voltage) 6.68 10.00 7.50 52.19
k[V/pc] (loss parameter) 6.68 8.00 8.00 8.00
Phom[kW](per beam) 8.00 15.04 7.28 23.77
Pbeam [MW] (both beams) 59.15 0.09 0.04 0.16
nc(number of cells/ring) 4.00 5.00 5.00 5.00
Nk(number of 0.6 MW klystrons) 2.00 1.00 1.00 1.00
Prf[MW] (available rf power) 1.20 0.60 0.60 0.60
lambda rf[cm](rf wavelength) 60.00 60.00 60.00 60.00
Wiggler peak field [T] 1.2 2.10 2.10 1.75
Wiggler length total [m] 4.7 18.20 18.20 18.20
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Wiggler Design  


We have examined available magnet technologies – 
Ø Normal conducting copper/iron 
Similar sized magnets require ∼ 300 kW/wiggler 


Ø Permanent magnet (NdFeB) 
Fields limited to 1.2-1.3 T in 5 cm gap  


Ø Superconducting technology only viable option for high (2T) 
fields over 5 cm beam aperture. 


 


Many short “available” spaces have been identified around tunnel. 


Decision made to build small, “modular” wiggler units, all identical  
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Location of wigglers: 


1. Distribute around tunnel in available short spaces 


2. Make more space in South 1/3 of tunnel and cluster wigglers 
between L1 and L5. 
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Hardware required for low energy operation 


Wigglers (control damping, emittance) 
Ø 18 m of 2.1 Tesla wigglers will be constructed and installed in 


CESR. 
Ø Associated vacuum components (transition pieces, pumps, 


bellows) will be required also. 
Ø Removing two CESR arc dipoles and modifying adjacent dipoles 


will provide space for compact placement of wiggler modules.  


RF Cavities 
Ø 2 additional cavities have been on order as part of the CESR 


3.5 upgrade and will be installed in 2002.  The first cavity was 
received for preliminary tests in March. 


Ø Because of the lower radiation losses at 1.9 GeV, even with 
wigglers, half of the cavities may be excited by the beam, 
simplifying phase control systems and saving power. 


Superconducting IR quadrupoles 
Ø Superconducting IR quadrupoles with integral skew quad and 


dipole steering corrector magnets will be installed in the 
interaction region this summer.   


Ø These have been planned as part of the CESR 3 upgrade.  
Ø They will enable CESR to operate below 4.7 GeV beam energy, 


the present lower limit imposed by strong permanent magnet IR 
quads. 
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Optics issues 


Wiggler effects 


90% of radiation is in wigglers → emittance depends only on HW  


Wigglers exhibit strong vertical focusing – even in perfect wiggler 


Ø Each wiggler shifts QV by about 0.1 integer ! 25


2


103.7 γ
β


−


><
≈∆


x
BL


Q WYW
Y  


Linear optics design is intimately coupled to wigglers ! 


Ø Strong vertical octupole will require consideration in design 
Ø Transverse field fall off, combined with wiggling trajectory, 


introduces additional quadrupole and non linear terms in both 
planes.  


Ø Wiggling beam trajectory lengthens orbit slightly. 


A detailed wiggler model which includes systematic non-linearities has 
been incorporated in BMAD optics analysis/design software and we are 
carrying out an integrated optics desigh which includes all wiggler 
properties. 


Magnet field quality 


CESR arc magnets  
Ø fields have been measured at 2 GeV excitation 


→ all CESR magnet fields satisfactory for low energy operation. 


IR Quads 
Ø Measured multipoles modeled in 2 GeV optics and found OK 


Solenoid compensation 


CLEO solenoid field will be lowered to 1.0 Tesla,  
Ø Coupling is still stronger by factor 5.3/1.9 *1.0/1.5 = 1.86 
Ø IR beam diagnostics are being upgraded to provide effective 


measurements and adjustment during operation. 
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Beam lifetime from Touschek and Beam Gas scattering 
 


 
Touschek lifetime vs. energy; curves labeled by momentum aperture 


 


 
Beam-gas lifetime (hour-ntorr at room temperature) vs. energy; 


 curves labeled by scattering process 


 







5/5/2001 CESR-c p. 12 


Vacuum System 
Distributed Ion Pumps in arc 


DIP’s operate using dipole B field 


Pumping stops around 600 Gauss (714 Gauss at 1.9 GeV) 
Measured 8 l/s/m at 700 Gauss, 10-100 ntorr 


Will wall pumping be adequate? 
Ø Conduct test with DIP’s off in vacuum test sector. 
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Vacuum System - Summary 


 
Ø Extrapolate to 2 GeV operation – average pressure in arcs will 


remain below 1 ntorr at 1.9 GeV, 200 mA/beam with 0 DIP 
pumping speed if the chamber wall has been conditioned. 


 
Ø We must plan on running at 5 GeV after any vacuum 


intervention, and possibly after some period (to be determined) 
of low energy running to scrub the vacuum chamber walls. 


 
Ø 5.3 GeV running for CHESS will take place periodically. 


 


 


Experiment Background 
 


Ø Synchrotron radiation background non-existent – critical energy 
few 100 eV.  


Ø Beam-gas scattered background fully evaluated with code proven 
in CESR operation at 5.3 GeV and is comparable to 5.3 GeV 
levels.  


Ø First results from Touschek scattering background indicate 
levels will be reasonable. 
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Luminosity 


Use Luminosity engineering equation: 


L =2.17 x 1032 (1+r) *
0


y


yEI


β


ξ


 


Energy dependent phenomena will influence the achievable current per 
beam, I, and vertical beam-beam space charge parameter, ξy. 


By restoring horizontal emittance and modest damping we will recover 
from most of the conventional energy dependent effects. 


Reducing βy
* (1.8→1.0 cm) will give another factor ~2 


Using transverse damping times of 50 msec both computer simulation 
and comparison with world experience of ξy vs damping suggest 
luminosity ~ 3 x 1032 is reasonable for a well tuned machine. 


Results from strong-strong b-b simulation (no adjustable param!) 
Table: Luminosity predicted by beam-beam simulation. 


E (GeV) Qs Ib (mA) Calc. L (cm–2 s–1) Calculated ξv 
5.30 0.056 7.68 1.33 × 1033 0.060 
5.3 (Meas) 0.056 8 1.23 x 1033


 0.055 
2.50 0.104 5.10 4.45 × 1032 0.036 
1.89 0.110 4.06 4.13 × 1032 0.055 
1.55 0.105 2.82 1.46 × 1032 0.034 
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Beam-beam effects (cont.) 
 
 
 
 
Calculated luminosity at  
5.3 GeV from the beam-
beam simulation.  
Full scale 1.5E33 
 
 
 


 


 


 
 
 
 
Calculated luminosity at  
1.89 GeV from the beam-
beam simulation.   
Full scale 4.5E32 
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However, optics errors and other real-life phenomena can limit 
luminosity. 


Parasitic crossing beam-beam effects 
Ø Most effects scale as  n0.5→1 x  ib x γ--1 x  b-2 
Ø Bunch current roughly ½ so pc effects about 40% stronger at 


1.9 GeV with nominal currents. 
Ø Many of the parasitic crossing effects can be compensated by 


fast feedback on orbits and betatron tunes. 


Solenoid coupling 
Ø While the CLEO solenoid field will be reduced from 1.5 to 1.0 T 


at 1.9 GeV, the angle through which the beam is rotated will be 
greater than at 5.3 Gev. 


Ø Improved coupling compensation in new IR quadrupoles and 
upgraded instrumentation will improve the accuracy of coupling 
correction. 


CESR has done as well or better than other colliders in measurement 
and correction of coupling and pc effects, routinely running with a beam 
aspect ratio at the interaction point of 0.01 


Luminosity outlook: 


We will keep reasonably large errors on our luminosity estimate until we 
have had the opportunity to make measurements later this year. 


Estimated peak luminosity: 


1.9 GeV: 1-4 x 1032cm-2-sec-1 


1.55 GeV:  L1.9 GeV ÷ 1.5 


2.5  GeV:  L1.9 GeV x 1.5 
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Injection 
Injector – 


The Linac and Synchrotron have been recently operated at 1.5 GeV 
with both positrons and electrons. 


We will be able to provide a charge per pulse comparable to operation 
at 5.3 GeV. 


 


Injection – 


(the process of transferring beam from the synchrotron and 
accumulating in the storage ring) 


Ø similar to 5.3 GeV operation 
Ø Longer damping time may reduce repetition rate  


(60 Hz → 30 or 20 Hz) 


A test of the transfer process will be performed this month.
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CESR-c Summary 


 


We have not found any compelling reason why CESR cannot operate 
effectively over the 1.5-5.6 GeV energy range. 


 


Wiggler non-linearities, IR optics and pc b-b interactions are primary 
accelerator physics concerns and will determine where we will be in the 
estimated luminosity range. 


 


Our target is HEP operation at 1.9 GeV by early 2003. 
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Overview: Opportunities in Charm Hadron Decay

Sheldon Stone,

Syracuse University



yDoDo, DoK-p+



K-

K+

p+





p-

K-

K+







Unique Opportunities at Charm Thresholds





		Unique event properties

		Only DD not DDx produced

		Can get DoDo, D+D-,  DsDs ,  LcLc

		Probably other charmed baryons as well (not yet measured)

		Large cross sections 



s(DoDo) =    5.8 nb

s(D+D-) =    4.2 nb

s(Ds Ds) =    0.5 nb

R (units of s(m+m-))



+ 

-

+

-

+

-

s(m+m-)= 5.4 nb at 4 GeV







Kinematical Niceties

		Ease of B measurements using "double tags"

		BA = # of A/# of D's

		# of D's is well determined; continuum data not needed

		Backgrounds are miniscule

		Possible because

		relatively large B (many %),

		multiplicities typically small 



    <ncharged> = ~2.5, <npo> ~ 1.2,

		high luminosity





		System is over constrained if 



all particles are observed:

Spi  3, Etot  1, mD=mD 1







Leptonics & Semileptonics

		Ease of leptonic & semileptonic decays using double tags & MM2 technique 





   We know ED=Ebeam, pD = - pD

		Search for peak near MM2=0

		Since resolution ~ Mpo, reject extra particles with calorimeter & tracking 









2











CLEO III Detector

		CLEO III Detector exists. Exquisite charged particle tracking, EM calorimetry and particle id via RICH



¼ section







RICH Hadron Identification





CLEO III Data

CLEO III Full GEANT

e+e- y DoDo, Do  K-p+

eK =98%, fake p=0.2%







Large Reconstructable Event Rates

		Typical charged particle efficiencies ~80%

		Typical po efficiencies ~60%

		Recall low average multiplicities



Reconstructed Events/fb-1        Main Modes              

#(Do) =  1,800,000       K-p+, K-p+ po, K-p+ p+ p- 

#(D+) =     800,000       K-p+ p+, K-p+ p+ po 

#(Ds) =       94,000       fp+, K*op+, h()p+(r+)

#(Lc) =       40,000       pK-p+ 

+

+







Physics Topics – Overview 

		CKM Matrix elements

		Tests of Theoretical Models necessary to interpret critical CKM data

		Tests of theories used to interpret B decay data

		Engineering measurements: e. g. absolute B's

		Beyond SM possibilities (Mostly Mats)









CKM Matrix

		CKM matrix elements 









		Does the standard model explain quark mixing?

		Must determine magnitude of each matrix element as well as its phase 

		Charm decays can be used to determine directly Vcd & Vcs, indirectly Vub and contribute to Vcb



1-l2/2              l       Al3(r-ih)

     -l               -l2/2         Al2

Al3(1-r-ih)    - Al2           1

VCKM =





weak eigenstates                      mass eigenstates








 EMBED Word.Picture.8  




_977293206.unknown









CKM Status

		Current measurements

		Vcd = .224±.016, from nN, & nN

		Vcs= .97±0.11, from W decay

		Vub = ??  ~.003±.001

		Vcb = (41.7±1.3±2.3)x10-3, from BD*l n

		B mixing measurement needs theoretical calculation of BBfB.





Artists view of current constraints

±1s bands, not precise



		When Bs mixing is measured 



still need to check BBfB/ BBsfBs

2

2

2







Leptonic Decays: D   l +n 

    Introduction: Pseudoscalar decay constants

    Q and q  can annihilate

    probability is  to wave function overlap

    Example p-:  

In general for all pseudoscalars:

_









Importance of Measuring fD+ and fD

		We can compare theoretical calculations of fD to our measurements and gain confidence in theory to predict fB

		fB is necessary to translate measurement of 



    Bo-Bo mixing into value for |Vtd|. 

		If we B++ was measured, then we would have a measurement of the product of |Vub| fB. Knowing fB gives Vub

		Similarly, can check fDs/fD to learn about fBs/fB 



_

+

s







Expected B for P++decays

		We know:



fp = 131.73±0.15 MeV

fK= 160.6±1.3 MeV

fD+ < 290 MeV @ 90%

               c.l. (Mark III)

		The Ds has the largest



    B, the µ+ rate is ~0.5%

		fDs Measured by several groups, best CLEO







+







Summary of fDs measurements & world average

		BES in 22 pb-1 at 4.03 GeV  found 3 events

		We could run at 4.14 GeV (higher s); with 150x L, more e, project ~800 events,  ~2% error on fDs

		At y get fD+ with 1-2% error

		There are also two measurements from LEP using Dswith large errors



  fDs Values from Ds









Technique at CLEO-c

		Fully reconstruct one D

		Seek events with only one additional charged track and no additional photons

		Compute MM2

		If close to zero then almost certainly we have a m+n decay. 

		No need to identify muon-helps systematic error

		Can identify electrons to check background level

		Expect resolution of ~Mpo

		If  MM2> 0, candidate for t+n 

		Non SM physics can break m-t universality 



    G(t+n)/G(m+n)  expectations (see Hewett)

2







Semileptonic Decays: formalism

		Best way to determine magnitudes of CKM elements, in principle is to use semileptonic decays



		Kinematics: 

		Matrix element in terms of form-factors (for DPseudoscalar l+ n 





		For l = e, contribution of f-(q2)0, only way to get information on f- is to use l = m, for D decays













Uses of Semileptonic Decay

		RICH can provide p/m separation to ~500 MeV

		Decay rate:





		Test of models in D decays: predictions of shapes of form factors (for DVector l+n there are 3 form-factors) 





		To find Vcs & Vcd Need models for ff at one fixed 



    q2 point

yDoDo+D+D-Xen

         From DELCO









Current Status of D semileptonic decays

		Value of |Vcs| f+(0) measured for DKln: 0.79±0.01±0.04 (CLEO)

		Shape of f+(q2), given by f+(0)/(1-q2/mp) 



   measured for DKln: mp=2.00±0.12±0.18 GeV

2

		For DK*ln,  ratios of form factors at q2=0 : Not good accuracy or agreement among experiments

		Dpln & Drln: rates to ~20% accuracy









Goals in Semileptonic Decays

Measure much better DKln 

Vcd use Dp(r)ln

Vcs use DK(K*)ln measuring ff shapes to distinguish among models & test lattice QCD predictions

Better in ratio Vcd/Vcs

Vcd & Vcs with precise unquenched lattice predictions, + Vcb would provide an important unitarity check

Vub use Drln to get form-factor for Brln, at same v•v point using HQET







Hadronic Decays

		Precision measurements of Absolute Branching Ratios

		Current Status 



+

		Particle		Mode		PDG (%)		Error(%)

		Do		K-p+		3.83±0.09		  2.3

		D+		K-p+ p+		  9.0±0.6		  6.7

		Ds		fp+		  3.6±0.9		 25

		Lc		pK-p+		9.7>B>3.0		@90% c.l

		J/y		m+m-		5.88 ±0.10		  1.7





































Measurement of Do K-p+

		Method: Detect D*+p+Do, when 



   Do K-p+ and 

   Do  anything.

		Problem: Systematic error due to background extrapolation



a is  between

thrust axis

& slow p+

(4 of 8 

intervals shown)

		        B (%)		Error(%)		Source

		3.820.070.12		    3.6		CLEO

		3.820.090.12		    3.8		ALEPH

		    3.830.09		    2.3		PDG































D+K-p+p+

		Method (CLEO): Use D*+p+Do & poD+, assuming ratio of decay widths is given by isospin symmetry (can never be more accurate than Do K-p+)

		Method (MKIII): yD+D- full reconstruction, limited by size of data sample



From 9.6 pb-1 & detector

far inferior to CLEO III

		        B (%)		Error(%)		Source

		9.30.60.8		    10.8		CLEO

		9.11.30.4		    14.9		MKIII

		    9.10.7		      7.7		PDG































Obtainable Precision in

 Do & D+ branching ratios

		Mark III: 9.6 pb-1, inferior detector (g’s, PID), Precision statistics limited, small systematic errors

		We will have:

		300x more integrated L

		higher single D reconstruction e, due to higher g efficiencies & resolution

		PID to handle backgrounds

		D+K-p+p+  14% statistical error, project < 1% statistical error! Systematic error at the 1% level

		Do K-p+ is even better









D+fp+

		Method: Reconstruct 







		Observe signal both with & without explict Ds or Do reconstruction

		Measure B(Dsfp+)/B(DoK-p+)



s

S all bkgrds

Fake D

D*+

Ds

*-

		        B (%)		Error(%)		Source

		3.590.770.48		    25.3		CLEO

		    3.60.9		    25.0		PDG

































LcpK-p+

		Lower limit: Measure p and L yield in B decays and assume all such production is due to 



                        . Find B=(4.14±0.91)%

		Upper limit: Measure LcL l n, and assume that L saturates the rate (no S, for example).



   Find B=(7.7±1.5)%

		Conclude: 9.7% > B > 3.0% @ 90% c. l.



+









J/y  m+m-

		Systematic error is the limitation. Completely correlated between the two BES measurements, yet PDG averages?

		Currently, best way to determine b yields at hadron colliders 



		        B (%)		Error(%)		Source

		5.840.060.10		    2.0		BES

		    6.080.33		    5.4		BES

		    5.880.10		    1.7		PDG































Importance of Precise Absolute Charm B's: |Vcb|

		Best way to measure |Vcb| is to use BD*l n

		Real Theory-HQET gives relevant form-factor and method to extract corrections & estimate their errors

		Method using inclusive semileptonic decays assumes "duality." Error due to this assumption is unknown 

		Current errors using exclusive decay (CLEO)

		Statistical: 4.3%, Systematic: 4.5%, Theory: 4.5%



Decrease:                                                 

   with more data       better B's, e          Lattice QCD

                             (Do B error is 2.3%) (unquenched)







Using Lb to find 

 |Vub/Vcb| & |Vcb|

		Use of the decay Lb Lcl-n, would provide an important systematic check for the |Vcb| & |Vub/Vcb| determinations

		For  |Vub/Vcb| this requires

		Measure 



		Precise determination of the absolute Lc branching ratio 

		For |Vcb| this requires in addition

		Knowledge of the Lb production cross-section











Understanding Two-body Hadronic B Decays

		HQET Spin Symmetry test:





                                      , since D*+p+Do is most

                                        useful mode, this compares Do/D+ absolute rates

		Compare BoD(*)+h- and B+D(*)oh- rates to extract color suppressed amplitudes

		Test factorization with BoDDs, requires absolute Ds branching ratio                                        











Charm Content in B Decay

		Important for understanding relation between semileptonic B  and amount of charm produced in



		QCD prediction should               be reliable,  but



(Neubert & Sachrajda, Nucl Phys B483, 339 1997) 



















Effects on Z bb and 

Z cc (Rb & Rc)

		Important to ascertain precision electroweak effects. Example, Dunietz et al. hep=ph/9606327 



     “Discrepanices between SM predictions and measurements of Rc & Rb are investigated. We show that there exisits a discrepancy in two complementary determinations of B(BDX). Reducing BKp  B(DoK-p+) by 15% removes the discrepancy. Since BKp calibrates most charm hadron yields, the reduced value also eliminates the discrepancy between predicted and mesured values of Rc and mitigates a problem in semileptonic B decays… This means that the charm tagging efficiency in Zcc has been underestimated. As a consequence Rb would need to be revised downward.









Needs at Hadron Colliders

		Eventually need to be able to understand Higgs  bb and cc. Modeling of these decays requires knowledge of absolute (and relative) branching ratios

		Such “engineering tables” are crucial toward understanding hadronic b and c “backgrounds” at hadron colliders









Conclusions

		CLEO-c results crucial to deciphering overall picture of heavy quark decays

		Precise measurements of fDs & fD+ allows confirmation of models needed for fBs & fB

		Vub, Vcb, Vcd & Vcs are strongly impacted 

		Vub from form-factor measurements of Drln, also  from Lc absolute B via Lbpln/LbLcln

		Vcb from absolute Do B

		Vcs and Vcd from charm semileptonic measurements

		Absolute B necessary for precision measurements at higher energy machines
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Overview: Opportunities in
Charm Hadron Decay


Sheldon Stone,
Syracuse University


ψ′′→DoDo, Do→K-π+


K-


K+


π+


π−


K-


K+
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Unique Opportunities at
Charm Thresholds


u Unique event properties
u Only DD not DDx


produced
u Can get DoDo, D+D-,


DsDs
 ,  ΛcΛc


u Probably other charmed
baryons as well (not yet
measured)


u Large cross sections
 σ(DoDo) =    5.8 nb
 σ(D+D-) =    4.2 nb
 σ(Ds Ds) =    0.5 nb


R (units of σ(µ+µ−))


+ 
-+ -


+ -
σ(µ+µ−)= 5.4 nb at 4 GeV
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Kinematical Niceties


u Ease of B measurements
using "double tags"
u BA = # of A/# of D's
u # of D's is well determined;


continuum data not needed
u Backgrounds are miniscule


u Possible because
u relatively large B (many %),
u multiplicities typically small
    <ncharged> = ~2.5, <nπo> ~ 1.2,
u high luminosity


•System is over constrained if 
all particles are observed:
Σpi ⇒ 3, Etot ⇒ 1, mD=mD ⇒1
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Leptonics & Semileptonics


uEase of leptonic & semileptonic decays
using double tags & MM2 technique


   We know ED=Ebeam, pD = - pD


uSearch for peak near MM2=0
uSince resolution ~ Mπo, reject extra


particles with calorimeter & tracking


2 2 2MM ( ) ( )D hadrons D hadronsE E E p p p= − − − − −l l
r r r


→ →


2
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CLEO III Detector


uCLEO III Detector
exists. Exquisite
charged particle
tracking, EM
calorimetry and
particle id via
RICH


¼ section
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RICH Hadron Identification


CLEO III Data CLEO III Full GEANT
e+e-→ ψ′′→ DoDo, Do → K-π+


εK =98%, fake π=0.2%
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Large Reconstructable
Event Rates


u Typical charged particle efficiencies ~80%
u Typical πo efficiencies ~60%
u Recall low average multiplicities
Reconstructed Events/fb-1        Main Modes
 #(Do) =  1,800,000       K-π+, K-π+ πo, K-π+ π+ π-


 #(D+) =     800,000       K-π+ π+, K-π+ π+ πo


 #(Ds) =       94,000       φπ+, K*oπ+, η(′)π+(ρ+)
 #(Λc) =       40,000       pK-π++


+
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Physics Topics – Overview


u CKM Matrix elements
u Tests of Theoretical Models necessary to


interpret critical CKM data
u Tests of theories used to interpret B decay


data
u Engineering measurements: e. g. absolute B's
u Beyond SM possibilities (Mostly Mats)
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CKM Matrix


u CKM matrix elements


u Does the standard model explain quark mixing?
u Must determine magnitude of each matrix element as


well as its phase
u Charm decays can be used to determine directly Vcd &


Vcs, indirectly Vub and contribute to Vcb


1-λ2/2              λ       Aλ3(ρ-iη)


     -λ               -λ2/2         Aλ2


Aλ3(1-ρ-iη)    - Aλ2           1
VCKM =


↑ ↑
weak eigenstates                      mass eigenstates
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CKM Status


u Current measurements
u Vcd = .224±.016, from νΝ, &


νΝ
u Vcs= .97±0.11, from W decay
u Vub = ??  ~.003±.001
u Vcb = (41.7±1.3±2.3)x10-3,


from B→D*λ ν


u B mixing measurement
needs theoretical calculation
of BBfB.


Artists view of current constraints
±1σ bands, not precise


uWhen Bs mixing is measured 
still need to check BBfB/ BBsfBs


2 2


2







11


Leptonic Decays: D →  l 
+ν


    Introduction: Pseudoscalar decay constants
    Q and q  can annihilate
    probability is ∝ to wave function overlap
    Example π-:


22
+ 2 2 2


2
21


(P ) 1 | |
8 F P P Q


P
q


m
G m M Vf


M
ν


π
+  


Γ → = − 
 


l
ll


In general for all pseudoscalars:


_







12


Importance of Measuring
fD+ and fD


u We can compare theoretical calculations of fD
to our measurements and gain confidence in
theory to predict fB


u fB is necessary to translate measurement of
    Bo-Bo mixing into value for |Vtd|.
u If we B+→l+ν was measured, then we would


have a measurement of the product of |Vub| fB.
Knowing fB gives Vub


u Similarly, can check fDs/fD to learn about fBs/fB


_


+
s
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Expected B for
P+→l+ν decays


u We know:
fπ = 131.73±0.15 MeV
fK= 160.6±1.3 MeV
fD+ < 290 MeV @ 90%
               c.l. (Mark III)
u The Ds has the largest


    B, the µ+ν rate is ~0.5%
u fDs Measured by several


groups, best CLEO


+
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Summary of fDs measurements &
world average


uBES in 22 pb-1 at 4.03
GeV  found 3 events
uWe could run at 4.14 GeV
(higher σ); with 150x L,
more ε, project ~800
events, ⇒ ~2% error on fDs
uAt ψ′′ get fD+ with 1-2%
error
uThere are also two
measurements from LEP
using Ds→τ+ν with large
errors


  fDs Values from Ds→µυ
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Technique at CLEO-c


u Fully reconstruct one D
u Seek events with only one additional charged track and


no additional photons
u Compute MM2


u If close to zero then almost certainly we have a µ+ν decay.
u No need to identify muon-helps systematic error
u Can identify electrons to check background level
u Expect resolution of ~Mπo


u If  MM2> 0, candidate for τ+ν
u Non SM physics can break µ−τ universality
    Γ(τ+ν)/Γ(µ+ν) ≠ expectations (see Hewett)


2
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Semileptonic Decays:
formalism


u Best way to determine
magnitudes of CKM
elements, in principle is to
use semileptonic decays


u Kinematics:
u Matrix element in terms of form-factors (for


D→Pseudoscalar λ+ ν


u For λ = e, contribution of f−(q2)→0, only way to get
information on f− is to use λ = µ, for D decays


( )22 2 2 2D hadron D P P Dq p p m m E mµ µ= − = + −


2 2( ) ( ) ( )( ) ( )( )P D D P D PP P J D P f q P P f q P Pµ µ µ+ −= + + −
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Uses of Semileptonic Decay


u RICH can provide π/µ
separation to ~500 MeV


u Decay rate:


u Test of models in D decays:
predictions of shapes of form
factors (for D→Vector λ+ν
there are 3 form-factors)


( )
2


3


2
3


2
2 24


( )cq PV P
f


D P
dq


q
d ν


π +


Γ →
=


l


uTo find Vcs & Vcd Need models for ff at one fixed 
    q2 point


ψ′′→DoDo+D+D-→Xeν
         From DELCO
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Current Status of D
semileptonic decays


u Value of |Vcs| f+(0) measured for D→Kλν:
0.79±0.01±0.04 (CLEO)


u Shape of f+(q2), given by f+(0)/(1-q2/mp)
   measured for D→Kλν: mp=2.00±0.12±0.18 GeV


2


uFor D→K*λν,  ratios of form
factors at q2=0 : Not good
accuracy or agreement among
experiments
uD→πλν & D→ρλν: rates to
~20% accuracy
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Goals in Semileptonic
Decays


u Measure much better D→Kλν
u Vcd use D→π(ρ)λν
u Vcs use D→K(K*)λν measuring ff shapes to


distinguish among models & test lattice QCD
predictions


u Better in ratio Vcd/Vcs
u Vcd & Vcs with precise unquenched lattice predictions,


+ Vcb would provide an important unitarity check
u Vub use D→ρλν to get form-factor for B→ρλν, at


same v•v point using HQET
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Hadronic Decays


u Precision measurements of Absolute Branching
Ratios


u Current Status


  1.7


@90% c.l
 25
  6.7
  2.3
Error(%)


5.88 ±0.10µ+µ−J/ψ
9.7>B>3.0pK-π+Λc


  3.6±0.9φπ+Ds


  9.0±0.6K-π+ π+D+


3.83±0.09K-π+Do


PDG (%)ModeParticle


+
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Measurement of Do→ K-π+


u Method: Detect
D*+→π+Do, when


   Do →K-π+ and
   Do → anything.


u Problem: Systematic
error due to background
extrapolation


PDG    2.3    3.83±0.09
ALEPH    3.83.82±0.09±0.12
CLEO    3.63.82±0.07±0.12
SourceError(%)        B (%)


α is Ρ
between
thrust axis
& slow π+


(4 of 8
intervals
shown)
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D+→Κ-π+π+


u Method (CLEO): Use D*+→π+Do & πoD+,
assuming ratio of decay widths is given by
isospin symmetry (can never be more accurate
than Do →K-π+)


u Method (MKIII): ψ′′→D+D- full reconstruction,
limited by size of data sample


PDG      7.7    9.1±0.7
MKIII    14.99.1±1.3±0.4
CLEO    10.89.3±0.6±0.8
SourceError(%)        B (%)


From 9.6 pb-1 & detector
far inferior to CLEO III
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Obtainable Precision in
 Do & D+ branching ratios


u Mark III: 9.6 pb-1, inferior detector (γ’s, PID), Precision
statistics limited, small systematic errors


u We will have:
u 300x more integrated L
u higher single D reconstruction ε, due to higher γ efficiencies &


resolution
u PID to handle backgrounds


u D+→Κ-π+π+  14% statistical error, project < 1%
statistical error! Systematic error at the 1% level


u Do→ K-π+ is even better
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D+→φπ+


u Method: Reconstruct


u Observe signal both with & without
explict Ds or Do reconstruction


u Measure B(Ds→φπ+)/B(Do→K-π+)


PDG    25.0    3.6±0.9
CLEO    25.33.59±0.77±0.48
SourceError(%)        B (%)


s


*+ * *
s s s


*+ o


B D D , D ?D or


D Dπ


− − −


+


→ →


→


Σ all bkgrds


Fake D


D*+


Ds
*-
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Λc→pK-π+


u Lower limit: Measure p and Λ yield in B decays
and assume all such production is due to


                        . Find B=(4.14±0.91)%
u Upper limit: Measure Λc→Λ λ ν, and assume


that Λ saturates the rate (no Σ, for example).
   Find B=(7.7±1.5)%


u Conclude: 9.7% > B > 3.0% @ 90% c. l.


+


+
cB NX→ Λ
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J/ψ → µ+µ−


u Systematic error is the limitation. Completely
correlated between the two BES measurements,
yet PDG averages?


u Currently, best way to determine b yields at
hadron colliders


PDG    1.7    5.88±0.10
BES    5.4    6.08±0.33
BES    2.05.84±0.06±0.10
SourceError(%)        B (%)
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Importance of Precise
Absolute Charm B's: |Vcb|


u Best way to measure |Vcb| is to use B→D*λ ν
u Real Theory-HQET gives relevant form-factor and


method to extract corrections & estimate their errors
u Method using inclusive semileptonic decays


assumes "duality." Error due to this assumption is
unknown


u Current errors using exclusive decay (CLEO)
u Statistical: 4.3%, Systematic: 4.5%, Theory: 4.5%
Decrease: ↑                         ↑                       ↑
   with more data       better B's, ε          Lattice QCD
                             (Do B error is 2.3%) (unquenched)
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Using Λb to find
 |Vub/Vcb| & |Vcb|


u Use of the decay Λb→ Λcλ
-ν, would provide an


important systematic check for the |Vcb| &
|Vub/Vcb| determinations


u For  |Vub/Vcb| this requires
u Measure


u Precise determination of the absolute Λc branching
ratio


u For |Vcb| this requires in addition
u Knowledge of the Λb production cross-section


( )
( )


-
b


-
b c


p ν


ν


Γ Λ →


Γ Λ →Λ


l


l
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Understanding Two-body
Hadronic B Decays


u HQET Spin Symmetry test:


                                      , since D*+→π+Do is most
                                        useful mode, this


compares Do/D+ absolute rates
u Compare Bo→D(*)+h- and B+→D(*)oh- rates to


extract color suppressed amplitudes
u Test factorization with Bo→DDs, requires


absolute Ds branching ratio


( )
( )


*+o


o +B


DB
1


D


h


h


−


−


Γ →
=


Γ →
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Charm Content in B Decay


u Important for understanding relation between
semileptonic B  and amount of charm produced
in


b →bb


-b c +cud+ccsυ→ l
uQCD prediction should
be reliable,  but
(Neubert & Sachrajda, Nucl
Phys B483, 339 1997)
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Effects on Z →bb and
Z →cc (Rb & Rc)


u Important to ascertain precision electroweak effects.
Example, Dunietz et al. hep=ph/9606327


     “Discrepanices between SM predictions and measurements of
Rc & Rb are investigated. We show that there exisits a
discrepancy in two complementary determinations of
B(B→DX). Reducing BKπ ≡ B(Do→K-π+) by 15% removes the
discrepancy. Since BKπ calibrates most charm hadron yields,
the reduced value also eliminates the discrepancy between
predicted and mesured values of Rc and mitigates a problem in
semileptonic B decays… This means that the charm tagging
efficiency in Z→cc has been underestimated. As a consequence
Rb would need to be revised downward.


b
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Needs at Hadron Colliders


u Eventually need to be able to understand Higgs
→ bb and cc. Modeling of these decays requires
knowledge of absolute (and relative) branching
ratios


u Such “engineering tables” are crucial toward
understanding hadronic b and c “backgrounds”
at hadron colliders
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Conclusions


u CLEO-c results crucial to deciphering overall
picture of heavy quark decays
u Precise measurements of fDs & fD+ allows


confirmation of models needed for fBs & fB


u Vub, Vcb, Vcd & Vcs are strongly impacted
u Vub from form-factor measurements of D→ρlν, also


from Λc absolute B via Λb→plν/Λb→Λclν
u Vcb from absolute Do B
u Vcs and Vcd from charm semileptonic measurements


u Absolute B necessary for precision
measurements at higher energy machines
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Some more history

		Growth of the CLEO collaboration

		320 Papers published or submitted (161 PRL, 120 PRD, 36 PLB, 3 NIM)



Authors

Papers







1.5 T now,... 1.0T later

93% of 4p

sp/p = 0.35% @1GeV

dE/dx: 5.7% p @minI

93% of 4p

sE/E = 2% @1GeV

         = 4% @100MeV

83% of 4p

87% Kaon ID with 

0.2% p fake @0.9GeV

85% of 4p

For p>1 GeV

Trigger: Tracks & Showers

Pipelined

Latency = 2.5ms

Data Acquisition:

Event size = 25kB

Thruput < 6MB/s









A typical hadronic event in CLEOIII.











Tracking







Drift

Chamber

Constructn

Photo

Album









Drift Chamber Hit Resolution









D0 -> K-p+

Ks -> p-p+

s = 5.5 MeV

s = 3.1 MeV

Mass Resolution







Inner Tracking (2< r < 12cm)

		Now: 4 Layer Silicon Detector

		 Double sided wafers, 

		 125000 channels

		 1.6% X0 thickness

		 early radiation damage



		Proposed: 6 layer drift chamber

		 all stereo ( 10-150  tilt)

		 300 channels: smaller evt size

		 1.1% inner wall + 0.1% gas

		 improves sp/p  (less material)

		 worsens dz0  (stereo)

		 preserves mass resolution

		 no effect on pattern rec.

		 build from spare parts









Particle Identification: (1) dE/dx

		 Measure pulse height, correct for path length (+…), calibrate ==> dE/dx









Particle Identification: (2) RICH

K/p

g

g

“Fast” readout - 

charge induced on

 pads

LiF radiator

N2 expansion

gap

CaF2

windows

Methane-TEA

MWPC

		 Ring Imaging Cerenkov Detector



LiF radiators, 

CaF2 windows

TEA: VUV photons 

(135-165 nm)







RICH Resolution and Performance

D->Kp without & with RICH cuts.

80% eff, 8:1 bkg  suppression

Kaon-Pion Separation 

(Chisq Difference)







Particle ID Separation versus momentum







CsI Calorimeter

		 7800 xtals

		 Improved e.c.

		 photon det.

		 electron ID

		 Trigger

		 Luminosity

		 p0, h 

		 missing E

		









Calorimeter Performance







CLEOIII - Trigger

Hadronic



Bhabha



mu-pair



Random



Backup/Calibration

3 or more Axial Tracks and 

1 or more CB Lo Showers

Barrel: CB Hi Old = 3 (Back to back) 

Endcap: CE Hi Old >1 (Opposite ends)

Back to back (1 vs. 5/24) Stereo Tracks

(inward projection)

1 Hz   (1 kHz prescaled down)

2 or more Axial Tracks, prescaled by 6

Hadrons

1 vs. 3 taus 

Bhabhas

Gamma-Gammas

Mu-pairs

1 vs. 1 taus (?)

radiative mu-pairs

radiative bhabhas 

Total Trigger Rate in current running conditions (~1x1033):

~100Hz







Data Acquisition

CLEO III

Design

CLEO III

Achieved

CLEO-c

at J/y

Max. Readout Rate



Avg. Readout Time



Avg. Event Size



Data xfer Bandwidth



Level 3 throughput

1000 Hz



20-25 ms



25-40 KB



4 MB/s



1000 Hz

150 Hz



30 ms



25KB



6 MB/s



130 Hz

250 Hz



< 30 ms



< 25 KB



6.3 MB/s



(250 Hz)

Comments: 

		 Prescale Bhabhas (sculpt in cosq)

		 lower multiplicity, vertex drift chamber  smaller event size 

		 Background much lower at low energy

		 y(3770) less demanding than J/y 

		 Slow control unaffected 









Summary

		 CLEO III was built for 

		 excellent tracking resolution

		 excellent photon resolution

		 maximum hermeticity

		 excellent particle identification

		 flexible triggering

		 high throughput DAQ



		 The demands of doing physics in the 3-5 GeV range are easily met by the existing detector.



		 The CLEO Collaboration has a history of diverse interests spread over b physics, charm, tau, resonance and QCD studies







UNKNOWN-0.unknown
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1.5 T now,... 1.0T later


93% of 4π
σp/p = 0.35%


@1GeV
dE/dx: 5.7% π @minI


93% of 4π
σE/E = 2% @1GeV


         = 4% @100MeV


83% of 4π
87% Kaon ID with


0.2% π fake @0.9GeV


85% of 4π
For p>1 GeV


Trigger: Tracks & Showers
Pipelined
Latency = 2.5µs


Data Acquisition:
Event size = 25kB
Thruput < 6MB/s







A typical
hadronic
event in
CLEOIII.







Tracking







Drift
Chamber
Constructn
Photo
Album







Drift Chamber Hit Resolution







D0 -> K-π+ Ks -> π-π+


σ = 5.5 MeV σ = 3.1 MeV


Mass Resolution







Inner Tracking (2< r < 12cm)
•Now: 4 Layer Silicon Detector


• Double sided wafers, 
• 125000 channels
• 1.6% X0 thickness
• early radiation damage


•Proposed: 6 layer drift chamber
• all stereo ( 10-150  tilt)
• 300 channels: smaller evt size
• 1.1% inner wall + 0.1% gas
• improves σp/p  (less material)
• worsens δz0  (stereo)
• preserves mass resolution
• no effect on pattern rec.
• build from spare parts







Particle Identification: (1) dE/dx
• Measure pulse height, correct for path length (+…), calibrate ==> dE/dx


Title: /disk2/briere/track3/pass2/cleoc_c3_bands2.eps 
Creator: HIGZ Version 1.23/09 
Preview: This EPS picture was not saved with a preview (TIFF or PICT) included in it 
Comment: This EPS picture will print to a postscript printer but not to other types of 
printers 


Title: /disk2/briere/track3/pass2/cleoc_c3_pik_sep.eps 
Creator: HIGZ Version 1.23/09 
Preview: This EPS picture was not saved with a preview (TIFF or PICT) included in it 
Comment: This EPS picture will print to a postscript printer but not to other types of 
printers 







Particle Identification: (2) RICH


K/π


γ


γ
“Fast” readout - 
charge induced on
 pads


LiF radiator


N2 expansion
gap


CaF2
windows


Methane-TEA
MWPC


• Ring Imaging Cerenkov Detector


LiF radiators, 
CaF2 windows


TEA: VUV photons 
(135-165 nm)







RICH Resolution and Performance


D->Kπ without & with RICH cuts.
80% eff, 8:1 bkg  suppression


Kaon-Pion Separation
(Chisq Difference)







Particle ID Separation versus momentum







CsI Calorimeter


• 7800 xtals
• Improved e.c.
• photon det.
• electron ID
• Trigger
• Luminosity
• π0, η 
• missing E







Calorimeter Performance







CLEOIII - Trigger
Hadronic


Bhabha


mu-pair


Random


Backup/Calibration


3 or more Axial Tracks and
1 or more CB Lo Showers


Barrel: CB Hi Old = 3 (Back to back) 
Endcap: CE Hi Old >1 (Opposite ends)


Back to back (1 vs. 5/24) Stereo Tracks
(inward projection)


1 Hz   (1 kHz prescaled down)


2 or more Axial Tracks, prescaled by 6


Hadrons
1 vs. 3 taus


Bhabhas
Gamma-Gammas


Mu-pairs
1 vs. 1 taus (?)
radiative mu-pairs
radiative bhabhas


Total Trigger Rate
in current running
conditions
(~1x1033):
~100Hz







Data Acquisition


CLEO III
Design


CLEO III
Achieved


CLEO-c
at J/ψ


Max. Readout Rate


Avg. Readout Time


Avg. Event Size


Data xfer Bandwidth


Level 3 throughput


1000 Hz


20-25 µs


25-40 KB


4 MB/s


1000 Hz


150 Hz


30 µs


25KB


6 MB/s


130 Hz


250 Hz


< 30 µs


< 25 KB


6.3 MB/s


(250 Hz)


Comments: 
• Prescale Bhabhas (sculpt in cosθ)
• lower multiplicity, vertex drift chamber Õ smaller event size 
• Background much lower at low energy
• ψ(3770) less demanding than J/ψ 
• Slow control unaffected 







Summary
• CLEO III was built for


• excellent tracking resolution
• excellent photon resolution
• maximum hermeticity
• excellent particle identification
• flexible triggering
• high throughput DAQ


• The demands of doing physics in the 3-5 GeV range
are easily met by the existing detector.


• The CLEO Collaboration has a history of diverse
interests spread over b physics, charm, tau,
resonance and QCD studies







docs/Shipsey.pdf


Semileptonic  Decays
with CLEO-C


     Outline
o  Semileptonic Decays
o Goals Vcs Vcd, rigorous
test of theory, input for Vub
o  Analysis technique
o  D→πeυ,D →Keυ
o   vector transitions
o   Vcs Vcd
o   inclusive decays
o    conclusion


Ian Shipsey
CLEO-C taskforce
May 6 2001


Thanks to Jik Lee,
Victor Pavlunin,
Jim Alexander.
John Rosner, Adam Falk
Zoltan Ligeti, Michael Luke,
Matthias Neubert, Focus







l Semileptonic decays are an excellent laboratory in which to study weak
physics and  QCD  physics


l Advantages compared to leptonic decays: large BR, clean signature, rate
and shape information


l Determine CKM matrix elements Vcd and Vcs: (1)need absolute
branching ratios (tagging provides this), (2) lifetimes (3)theoretical rate


l In charm semileptonic decays, as Vcs &Vcd is known from three
generation unitarity the  hadronic current can be measured and
compared to theory.  A measurement of the form factor f+ in all D/D+/Ds


     pseudoscalar final states, and A1,V,A2 in vector final states will provide a
stringent challenge to theory that will lead to a reliable extraction of Vcs
&Vcd, cross checks : leptonic decays and onia support leptonic Vcs &Vcd


CLEO-c  semileptonic decay goals


Weak physics Hadronic physics
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     Form factors in charm SL decay are related to those in B decay by Heavy
Quark Symmetry and so aid the determination of Vub


l Simplest case


l at same pion energy


l form factor ratio is equal by HQS, corrections to this are 1/m
l but little is known about heavy to light transitions need q2 dependence in


both B and D decay to assess the size of the of 1/m corrections to each
l Can use D→πlν D→klν form factor ratio to estimate SU(3) correction


B


D


π/ρ


π/ρ lν


lv


HQS


Charm Semileptonic Decays
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Status of Charm Semileptonic decays


 







Analysis TechniqueHadronic Tags


 


beamEDEE −=∆ )(


222 )()( DpEDM beam−=


PID







Tagging Modes


 


Simulate 0.1 – 1.0 fb-1   D+ D- and D0 D0  and samples
& 1.0fb-1  at 4130
Simulate uds continuum and for 4130 D*D as well (bkgds found
to be negligible )







Semileptonic Decay Reconstruction


 


l Identify electron plus hadronic tracks ( muons not used)
l Kinematics at threshold cleanly separates signal from background


(TRKSIM)
Using all tags D0 tags expect ~105,000 signal events/3 fb-1


0.3% stat error ~1% sys error from efficiency and fakes


+−→ πKD0


all other tags


missmiss PEU
PID


onlydxdEpEEID


−=


+ )//(


1.0 fb-1







Cabibbo suppressed Semileptonic Decay


 


l Kinematics at threshold cleanly separates signal from background


(TRKSIM)
Using all tags D0 tags expect ~15,600 signal events/3 fb-1


0.8% stat error ~1% sys error from efficiency and fakes


νπ +−→ eD0


ν+−→ eKD0


+−→ πKD0 all other tags


1.0 fb-1







U vs Missing Mass


 


U


MM2


Generator level







U vs Missing Mass


 


U


MM2







D+ →ρ- e+ ν &  D+ →K*0 e+ ν


 0.1 fb-1


0.1 fb-1Yet to be observed







4130: Ds
+ →ϕ e+ν & Ds


+ →K*0 e+ν


 1.0 fb-1 1.0 fb-1







# Events with Signal and Tag


 







CLEO-C impact on dB/B


 


now After CLEO-c







Direction and momentum of signal D
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Form Factors: q2


Generated distribution


Reconstructed 
tagged 
distribution
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l Next step is estimate the form factors
l CLEO II’s D→klν


Form Factors


Fit for α,


integrate, Vcs 
From 3 generation unitarity
Measure Br, PDG lifetime gives


206.004.029.0 −±±= GeVα


04.001.077.0)0( ±±=+f
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Form Factor Slopes


Used ISGW (because it was available) 
Form Factor slope  precision is a measure of how well
shape can be determined 


2


)0()( 2 qefqf α
++ =


%3=
α
δα


0.1 fb-1 







Form Factor Slopes


Used ISGW (because it was available) 
Form Factor slope  precision is a measure of how well
shape can be determined 


2


)0()( 2 qefqf α
++ =


%1=
α
δα


1.0 fb-1


CLEO-C







Calibration of the Lattice


 


compare to lattice prediction 
ex: hep-ph/0101023 El-Khadra
Note: lattice error large ~15%
on normalization but in future
few % predicted


Can test shape 
Using Vcd from unitarity,
Can test normalization
calibration good to ~1%


CLEO-C







Pseudoscalar to Vector transitions


 







Resolution in kinematic quantities


 


10 GeV3.770


Threshold running: 
improved resolution
translates into 
reduced errors
on form factors, by as much 
as a factor 2-3 based on CLEO
Study of Λc →Λeν


Gain depends strongly on
Value of form factor ratio
   


CLEO-C CLEO







D→K*0eν form factor determination


 


0.25 fb-1


E791 3000 events S/B ~5/1


Current FOCUS 50K e+µ
Events S/B~ 8/1


CLEO-C 24K event
S/B~15/1
~comparable stat power


           #D→πlυ  S/B
FOCUS    5K    S/B=?
CLEO-c  15K    B~0


)(%11)(%6
2


2 stat
r
r


stat
r
r


V


V ==
δδ


CLEO-C


CLEO-c has advantage for Cabibbo suppressed modes π/ρeν







l Using theory to provide absolute normalization of form factor we
have:


Vcs, Vcd
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%1/%7.0/ == εδετδτ DDwith


υπ +−→ eD
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0







l Two approaches like initial states form factors differ only by SU(3)
 breaking, no lifetime dependence, some cancellation of efficiency
systematics


Second approach use identical final states example:


|Vcd|/|Vcs|


FOCUS dR/R ~ 2%
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    HQE predicts the near equality of the semileptonic widths of  D+, D0 and Ds
but large 1/mc corrections and duality violations are a concern to many


l Current data : the semileptonic width of all D mesons and Λc are
consistent with being equal:


l Threshold is the best place to measure inclusive semileptonic branching
ratios


Inclusive Decays and HQE


 Hadronic
tag


e+


X30
 improvement


Such precision may be sufficient to determine if the 1/mc expansion
works in inclusive decays







l If precision data still shows  equality of
widths,inclusive lepton spectra provide
another handle


l #3 advantges compared to branching ratios:
l Spectra are independent of hadronic width
l Spectra have rate and shape information
l Non-perturbative effect may be enhanced in


endpoint region
l Look for differences in:
l (D+→Xeν /D0 →Xeν) and Ds →Xeν :Mx, q2,


p(e)
l Provides useful checks of theraticl


understanding of D decay.
l Also compare exclusive and inclusive


determinations of Vcs and Vcd ( can only be
done at CLEO-C)


Inclusive Decays and HQE


 


* Sensitivity: 3% difference 
    in rate per 100 0.1 GeV
 * Bigi” 10% rate measurement in
    endpoint is significant :
   CLEO-C sensitivity  few %







Combining Leptonic and Semileptonics


 
%7.1


%3.2


%6.1


%6.2


0


0


=→


=→


=→


=→


+−


+


+−


cd


cd


cs


cd


cs


cs


cs


cs
S


V
V


eD


V
V


D


V
V


eKD


V
V


D


δνπ


δ
µυ


δ
ν


δ
µυ


%3.1


%4.1


=


=


cs


cd


cs


cs


V
V


V
V


δ


δ


Combined


PDG:


%7


)%6(%15


=


=


cs


cd


cs


cs


V
V


LEPatdecayW
V
V


δ


δ







l Charm semileptonic decays are a wonderful laboratory
for weak physics and QCD physics


l CLEO-C will be the first experiment able to measure the
full set of charm semileptonic decays both absolute Brs
& form factors


l Decisive test of theory
l Input for Vub
l ~ Order of magnitude improvement in Vcs and Vcd


Summary
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Beyond SM Physics at  

a CLEO Charm Factory

(some food for thought)

Mats Selen, UIUC, May/5/2001

		Data Assumptions

		Tagging

		Rare decays

		D mixing

		CP violation

		Off The Wall









Data Assumptions

		Assume we will accumulate 3 fb-1 on the ”(3770)

		10 nb signal, 12 nb “other hadronic”:

		About 3x107 DD pairs



		Assume BaBar & Belle will (each) have 400 fb-1 on the (4S)

		1.3 nb signal, 3 nb “other hadronic”

		About 5x108 cc pairs each



		Our competition will have ~17 times more charm 

on ~33 times more “other hadronic” background.











Big Advantage: Tagging:

		Suppose efficiency x BR (all tags) = 10% (more on this..)

		Will have ~ 106 each tagged D0 and D+ per 1 fb-1

		Limits of order 10-6 possible from 3 fb-1 data (still pretty good)



e+

e-

K+

p-

e+

e-

Two important benefits:

		Flavor ID 

		Unambiguous Reconstruction













Example Study: D0  p0 e+e-

		In 32290 generic D0 decays:

		1098 D0  K-p+  tags (eB=3.4%)

		1543 D0  K-p+ p0 tags (eB=4.8%)



Tag using:

D0  K-p+      	(B = 3.83%)

D0  K-p+p0  	(B = 13.9%)

With just these two modes, eBtag=8.2%

Working Group: What is the tradeoff: efficiency vs cleanliness 

(DC=1 Weak Neutral Current)

Rare Decays





















e+

e-

K+





p-





p0

e+

e-







epee x eBtag= 1.5%

Tagged events

~ 500 evt

No

tag

…if we don’t properly

    exclude tagged tracks



Ability to get rid of this 

stuff is a key

advantage!















Suppose  epee.eBtag= 1.5 %

Suppose we have 3 fb-1 (~1.5x107 D0D0 pairs)

Suppose we see 0 events



90% CL upper limit is ~5 x 10-6



About a factor of 100 improvement over PDG

in most cases.

Most modes studied were in 

the 10-6  10-5 range

Its hard to imagine BaBar/Belle would not be in the same ballpark,

although based on simple scaling I think we have the edge in

clean modes where they are background limited.  See Excel Table

See Bruce Yabsley’s talk in 

beyond SM working group







Simple spreadsheet

analysis tool available for working group.

CLEO-c

B-fact



For example…







Some interesting examples:

1) B(D0  gg)	- SM small: ~10-8  (Singer et. al.  hep-ph/0104236)

		                           	- good hunting for physics beyond SM.

		                       		- no present limit, CLEO-c sensitivity ~ 10-6



2) G(D0  rg)	/ G(D0  wg)  (Fajfer et. al.  hep-ph/0006054)

- Individual BR’s small: ~10-6  

		 Long distance effects cancel in ratio.



- Ratio should be ~1 (30% deviation means new physics)

See Will Johns’

talk in beyond SM 

working group

rg

CLEO-II

wg

CLEO-II





Presently:

90% CL Upper 

Limits < 2.4x10-4

For both modes









Mixing Phenomenology:



x = DM/G (virtual)





d = dR–dW  (important to measure)



r = A /A



D0





D0

K-p+



DCS

CF

In hadronic decays:



MIX



y = DG/2G (real)

D0



D0





K-

K+

D0









W

W

D0

















		 Lots of data

		 Time evolution handle



Pro



D0-D0 Mixing: At the Y(4S)





		 Ultimately limited by 

   Backgrounds & Systematics



Con

CLEO K3p analysis

CLEO K*ln analysis











Experimental Situation (May/2001)

x

0

0.1

0.2

0

-0.1

0.1

y















		 No Time evolution handle:

   D0’s produced ~at rest













		 Can’t measure DG directly using

   lifetime differences.



Con



D0-D0 Mixing: At the ”(3770)



























e+

e-



p-



K+



K+





p-



		 Tagging !



  - Flavor known

  - All tracks accounted for

 

		 Quantum Correlations

  - opens up new avenues of

     search: 



Pro













See hep-ph/0103110

Gronau, Grossman & Rosner

(and also working group tomorrow)

Looks slightly

different for C +

initial states like

DDg





















e+

e-



p-



K+



K+





p-

		 The D0 and D0 are produced coherently in a JPC = 1--  state.



(assumes CP conserved)

		 Time integrated decay rate to final state f1,f2:











Interesting Case 1:

Ratio of Rates:



















p+



K-



K-





p+



















p-



K+



K-





p+

Useful for probing x & y









Interesting Case 2:

Asymmetry = 

CP+ eigenstate

There are several other interesting cases to study:

See Jon Rosner’s & Alexey Petrof’s talks in 

beyond SM working group

CP+ eigenstate



















p-



K+



K+





K-



















p-



K+



KS





r0

CP- eigenstate





















p-



K+



K+





K-



















p-



K+



KS





r0

CP- eigenstate



Useful for probing r & d

= 2 r cos d













Another Example:  D0 K0p+p- Dalitz Plot Analysis 

to extract mixing parameters:

…along with other good stuff: other K*’s, K2, r, w, f0, f2…











u



u









c

d



d

s

d



u

K0

D0

p+

p-



K*-



CF:    D0  K*- p+ 

Mix or DCS:    D0  K*+ p- 

Fit for these in Dalitz

plot…













In CLEO II.V:

Sensitivity to x & y

will be about 3%

See David Asner’s talk in 

beyond SM working group

See “wrong sign”

decays at 5s level.



















Yet another Example:  D0 p+p-p0 Dalitz Plot Analysis:

D0  K0 p0 

d

u

K0

p0

D0

D0



Also accessible from the D0         Interference !









D0  p- r+ 





c

u



u



d

d



u

D0

r+

p-







D0  r- p+ 





c

u



u



d

d



u

D0

p+

r-





c

d





u



u





D0  p0 r0 



d



u

r0

p0



c

s





u



u

















At CLEO-c we will have 5-10x more events with no background 

CLEO-II.V  D0 p+p-p0 Dalitz Plot Analysis (preliminary):



MD*-MD



r+



r-



r0



KS









Direct CP violation:

Need two paths from

initial D to final state f. 



D

f





D

f









Compare D  f  to  D  f 









Direct CP violation:

Good News: We know large strong phase differences 

(d1- d2) are not uncommon in charm decays!

This is an important ingredient.

Good/Bad News: Expect small weak phase differences

in Standard Model.  SM  ACP may be as big as 10-3 

for some decay modes

Definitely a hunting ground for new physics.

Find:







At the ”(3770) 

e+e-  ”  D0D0

JPC = 1--

i.e. CP+

Suppose both D0’s decay to CP eigestates f1 and f2:  

These can NOT have the same CP :





Observing this is 

evidence of CP



























e+

e-



p-



p+



K+





K-

CP(f1 f2) = CP(f1) CP(f2) (-1)l = CP-



+



- (since l = 1) 







CP violation in Dalitz Plots: 

Example Search: D0  K- p+ p0 







Q: Are structural differences that 

     integrate to zero interesting?

Fit D0 and D0 Dalitz Plots separately and look for asymmetries:



Find ACP  = 0.031  0.086



D0 - D0 “Difference” Plot



Better sensitivity to new physics expected 

in CS modes. Some are under investigation:  

D0  K-K+ p0 and D0  p- p+ p0

This will be easier to do at a charm factory

than at Y(4S) due to backgrounds. 

 

See Daniele Pedrini’s

talk in beyond SM 

working group







General Observation

High statistics background free Dalitz

Plot analyses will be a great place to look

for interesting physics at CLEO-c

Not only “Beyond SM”, also QCD etc..







If time, end with something just for fun:

Sensitivity to Large Extra Dimensions: 

From Bijnens & Maul hep-ph/0006042

If there are n large extra dimensions the decay J/  g + (h,f) may be 

sensitive to the compactification scale MS: 













































g





J/





h,f

Look for



graviton or dilaton (undetected)

photon

q

q



Rn ~ MP2MS-(n+2)

The size R of the extra dimension is given by

where MP is the 4-dimensional Planck scale. 







If  BR( J/  g + (h,f) ) < 10-5 

we can set these lower bounds

on MS (as a function of n).

Predicted photon spectrum















There is lots of interesting physics

“Beyond the Standard Model” that

will be explored with CLEO-c



Find out more at tomorrows working group:
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