
  

Two-photon physics @CLEO, 
retrospective

● CLEO overview 
–The salad days, 10' recap

● Two photon physics; reminder of general 
science 

● CLEO →X program results and 
reminiscence
–Thanks to everyone that I shamelessly 
pilfered slides from, esp. Dave Cassel, 
Sheldon Stone, Stan Brodsky
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 (CESR)

Ebeam = 1.5 – 5.6 GeV

Added 12 superconducting 
wigglers to CESR for low 

energy running.
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CLEO III
Y(4S)

Typical
Hadronic

Event

Average:
• 10 tracks
• 10 showers



Mass Levels, Schematically:
Upsilon and  provide sources of ggg and gg decays!
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reinvention



  

Energy  Sample Size 

Y(5S):  420 /pb 

Y(4S):  15.5 /fb 

Y(3S):  1.2 /fb  6M decays 

Y(2S):  1.2 /fb  9M decays 

Y(1S):  1.1 /fb  22M decays 

10.54 GeV: 2 /fb 

below Y(3S): 10.33 GeV  0.2 /fb 

below Y(2S):  10.00 GeV  0.4 /fb 

below Y(1S):  9.43 GeV  0.2 /fb 

Way below Y(1S):  6.9-8.4 GeV  17 /pb 

3.97-4.26 GeV 60 /pb  includes 13 /pb at 4.26GeV 

4.17 GeV  586 /pb 

psi(3770)  818 /pb 

psi(2S) about 27M decays 

3.673 GeV  21 /pb 

  

Useful for-fusion studies

Direct two-photon decays of 
c
, e.g.



  

CLEO author list: 
~100 – 200 authors



  

CLEO, 1973-2013, in excelsio dei

U(2S)→X; 
NOT CLEO!

SPIRES search...



  

Two-photon physics (not ee→!)
● Fundamental: probes directly EM couplings

– Ratio of X production in  collisions=>high “stickiness”

● N.B., goes both ways →X OR X→



  



  



  



  

No tag
Single tag
Double tag

=> access different regions of phase space/different 
partial waves

Physics accessed by CLEO in 2-photon 
collisions:

C=+ resonances
Photon-to-Meson Form Factors
Studies of glueball candidates



  



  F
x→2f

x
/Q2 at large mom transfer 



  



  



  



  



  


c
 meson in  collisions (2nd definitive)

Mass, total width and
Two-photon width



  

Obser-
vation 
of 

c
'



  



  



  

Or, from direct  production (CLEOc):



  



  

Things we didn't find (glueball 
candidates)

● LEP's c(1440) (KK)
● fJ(2220)→MM

–(BES J/ → fJ(2220))



  



  

Summary
● Despite the richness of the basic physics accessed, 

-physics has a Hennie Youngman complex (or 
Groucho Marx complex [or Rodney Dangerfield 
complex]) at B-factories.

● Nevertheless, two-photon couplings formed the 
basis of roughly one CLEO publication per year 
during the salad days.

● Still huge data samples waiting to be mined (esp. 
Belle-II!!)
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