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OUTLINE

! Introduction
! Search for J/ψ → e μ
! R Measurement
! QCD tests
! Observation of

ψ″ → π+π- J/ψ
! Summary



World J/ψ and ψ(2S) Samples  (106)
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Search for J/ψψψψ →→→→ e μμμμ

Lepton number conserved in minimal SM.
Neutrino oscillations imply mixing and lepton flavor 
violation. (Super Kamiokande, SNO, KamLAND)
Lepton number conservation may be broken in grand 
unified, SUSY, and left-right symmetric models.
Important to test.
Use BES 58 M J/ψ events to search for lepton flavor 
violation in J/ψ → e μ.



Search for J/ψψψψ →→→→ e μμμμ

Initial selection:
2 charged tracks with 
opposite charge
No isolated photons
Good vertex
1.45 < P < 1.65 GeV/c
Θ12 > 178.5o

2.95 < M e μ< 3.25 GeV/c2 



Search for J/ψψψψ →→→→ e μμμμ
Lepton selection: Use BSC and μ system.
e’s 

• No μ hits
• E/p > 0.7

μ’s
E/p < 0.3
Good μ hits (< 1 
σ)

Layer 3



Search for J/ψψψψ →→→→ e μμμμ
Four candidates found:

Use Monte Carlo to determine geometric efficiencies.



Search for J/ψψψψ →→→→ e μμμμ
Use ee and μμ events to measure PID efficiency.
Use J/ψ→ρπ and K* K events to measure PID 

misidentification efficiencies.



Search for J/ψψψψ →→→→ e μμμμ
" Can not use data for e μ misidentification
" Monte Carlo estimates 7 e μ background events.
" Conservatively use only hadronic background.
" Obtain upper limit based on 4 events with 2.3 

background.

B(J/ψψψψ →→→→ e μμμμ) < 1.1 x 10-6 (90% CL)

Preliminary



R MeasurementR Measurement

Improved R values are very important:

! Needed for interpretation

of aμ= (g – 2)/2.

Much of the theoretical

uncertainty from

R - but mostly from

ECM < 2 GeV region.

M. Davier et al., hep-ph/0208177. 



R measurementR measurement
! Needed to improve precision of α(M2

Z):

"Uncertainties in α introduced when it is extrapolated 
to the Z-pole:

"Dominant uncertainty due to effects of vacuum 
polarization.

"Experimentally determined R values are used with 
dispersion relations to determine this.



R measurementR measurement
! The Higgs mass determined from radiative corrections 

in the SM is very sensitive to the uncertainty  in α(M2
Z).

B. Pietrzyk and H.

Burkhardt (1997).



BES R MeasurementBES R Measurement
Determination of R:

Runs

~1000 events per energy point



BES R-scan

Results published: J.Z. Bai et.al., Phys. Rev. Lett. 88, 
101802 (2002).
69 citations so far; tau mass paper - 93



R Below 10 GeV

Before BES R Scan After BES R Scan

BES reduces R errors from 15 – 20 % to an average of 
6% in the 2 – 5 GeV region.



Current Status
Burkhardt and Pietryzk have updated analysis

[Phys. Lett. B513, 46 (2001).]

Shifts Standard Model Higgs mass upward.



The SM Fit to mH
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Current Status
Experimental R-values below 5 GeV confirm QCD calculations

(M. Davier and A. Höcker, Phys. Lett. B419, (1998).



Current status
! Low energy R values ( < 10 GeV) including BES R

data and pQCD used to determine αs (MZ):
(J. H. Kühn and M. Steinhauser, Nucl. Phys. B619, 588, 2001).

αs (5 GeV) = 0.235 +0.047 
-0.047

αs (MZ) = 0.124 +0.011 
-0.014

agrees with other determinations, but errors 
larger.

! Precise BES data from the charm threshold region

Allows the determination of the MS quark mass:

Mc = 1.304(27) GeV

more accurate than other recent determinations.

Kühn wants 1% R measurements.  BESIII?



Inclusive Momentum Spectra and Charged Particle 
Multiplicities at √s ~ 2 to 5 GeV

Inclusive hadron production from e+ e- annihilations important to 
test QCD.
pQCD using the Modified Leading Logarithmic Approximation 
(MLLA) gives quantitative preditions.
Many experimental results at high energy; few at low energy.
Important to test pQCD at low energy.
Use R-scan data at ECM = 2.2, 2.6, 3.0, 3.2, 4.6 and 4.8 GeV to 
study:

Inclusive momentum spectrum, ξ
Multiplicity distribution
Second binomial moment, R2



Inclusive Momentum Spectra and Charged Particle 
Multiplicities at √s ~ 2 to 5 GeV

Use same hadron selection as in R-scan measurement.
Monte Carlo:

Specially developed LUARLW at 3 GeV and below.
JETSET with tuned parameters from 3 to 4 GeV.
JETSET with default parameters above 4 GeV.

2.2 GeV



Inclusive momentum spectrum

ξ = - ln(2p/√s)
QCD using MLLA:

KLPHD is overall normalization factor
fMLLA is a complex function of ξ
NC is a color factor
Nf is the number of active quarks

Only valid: 0 ≤ ξ ≤ ln(0.5 √s/Λeff)



Inclusive momentum spectrum

Peak position, ξ*, versus ECM
E2 = P2 + Q2

o

Q2
o = 0.27 GeV



Multiplicity



Second binomial moment, R2

R2 = <nch (nch -1)>/< nch >2

Measure of hadron-hadron
correlations.
Long standing discrepency
with NLO predictions.



ψ″ψ″ψ″ψ″ →→→→ ππππ+ππππ- J/ψψψψ
! ψ″ thought to decay entirely to D D-bar. (PDG)
! Lipkin: non D D-bar could be large.

H. J. Lipkin, Phys. Lett. B179 (1986) 278.

! ψ″ could decay to π+π- J/ψ.
! Kuang using Chen-Kuang potential model:

Γ(ψ″ → π+π- J/ψ) = 25 to 113 keV
Y. P. Kuang, Phys. Rev. D65, 09024 (2002).

! Look for ψ″ → π+π- J/ψ, J/ψ → l+ l- using BES 7.3 
pb-1 at 3.773 GeV.



ψ″ψ″ψ″ψ″ →→→→ ππππ+ππππ- J/ψψψψ

e+ e- →γ ψ',  ψ'→π+ π- J/ψ

ψ″→π+ π- J/ψ



ψ″ψ″ψ″ψ″ →→→→ ππππ+ππππ- J/ψψψψ

Branching ratio soon.

Very preliminary



Summary
! Searched for J/ψ → e μ:
B(J/ψ → e μ) < 1.1 x 10-6

(90% CL)

! BES has improved the 
precision of R measurements 
in the 2 – 5 GeV CM region: 
shifts SM prediction of Higgs 
mass up by 50%.

! R scan data also useful for 
testing QCD at low energy.

! Observe non D D-bar 
process ψ″ → π+π- J/ψ.


