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Noeter's Theorem, the Language of Quantum Field Theory,
 Conservation Laws and the Breaking of Global Symmetries
QED example shows how the invariance under local, i.e.
space-dependent rotation introduces new (gauge) field!
Global symmetries of the Lagrangian do NOT correspond
to new gauge fields, however, they still have conservation
laws associated with them. What if they are broken? 

Lepton number, lepton flavor numbers and baryon numbers are
conserved at low energies, these are accidental SM symmetries

Standard Model: B and L (but not B-L) are violated non-perturbatively
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Lepton flavor is violated at very high energies - neutrino
oscillations are living proof - so what do we search for in
our analysis?    What kind of New Physics?   Any model? 

We search for LFV processes that would occur at "intermediate"
energies, between 1 TeV and below GUT scale... LFV at such energies
is possible (anything is), e.g. in SUSY (even with conserved R-parity)
(LSP interpretation of Dark Matter is OK if L and B are conserved)

LFV Decays of τ lepton and Upsilon Mesons
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Effective Field Theory Approach
D.Black, T.Han, H.-J. He and M.Sher: PRD 66, 053002 (2002)



Before CLEO analysis no experimental information was available
that could be used to estimate this BSM  contribution  directly
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D.Black, T.Han, H.-J. He and M.Sher: PRD 66, 053002 (2002)
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Past: Upsilons, now: τ-charm factory 

Υ    μ τ,  τ    ν ν eτ e

Cornell Electron Storage Ring (CESR)
CESR Ring and CHESS Facility
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The D etector, Data Sample and CLEOns
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Analysis Algorithm and Selection Criteria
Exactly two charged tracks
Only one muon candidate (muon ID)
Only one electron candidate (E/|p|, dE/dx)

Using Y(4S) data for efficiency calibration
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Backgrounds arise from tau and muon pairs
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Most PDFs were measured from Y(4S) data
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Errors Parabolic                     Minos
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Likelihood =    57.5
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Function  1: Gaussian (sigma)
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4D Four-Components Fits to Y(1S) Data
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Signal (Υ(1S)) data
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Important (but sooo boring!) details of ML fitting

Relative resolution on beam energy-scaled momentum of signal muon candidate
Signal (Υ(1S)) data
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“Evolution” of the likelihood function as more effects are taken into account
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Using the data to calibrate the efficiency
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MINUIT χ2 Fit to Plot 1&0
Fitting mu efficiency versus time (dataset)
File: Generated internally 26-JAN-2006 13:16
Plot Area Total/Fit    8.8436 / 3.5223
Func Area Total/Fit    7.9251 / 3.0908

Fit Status  3
E.D.M. 3.036E-21

χ2=     1.2 for   4 -  1 d.o.f., C.L.= 75.0%
Errors Parabolic                     Minos
Function  1: Polynomial  of  Order 1
NORM  0.88057 ±  5.0000E-02 -  5.0000E-02 +  5.0000E-02
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Preliminary Results
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αN (effective coupling constant of LFV part of some BSM interaction)

Leading-order estimate, e.g. from Z.Silagadze (Phys. Scripta 64 (2001), 128)

No LFV discovered in decays of Upsilon Mesons

Exclusion Plots for Generic LFV BSM Physics
95% CL upper limits on Λ are shown for αN = 1
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Back to M.Sher‛s et al. effective theory approach

CLEO Y results: Λ > 1.3 TeV

BES(J/ψ) PLB 598(2004)172-177:
             Λ > 0.5 TeV

Notice that BES and
CLEO results are probing
different operators, so the
direct comparison between
the results would be unfair
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No Lepton Flavour Violation discovered in Upsilon Decays...
Though obtained another limit on the scale of BSM physics...

closer to understanding if Dark Matter is due to SUSY‛s  LSPs
No trip to Stockholm for anybody. The question is if we came any

We actually searched for Dark Matter particles pair production:

More Results, Some Musings and the Summary

Using only WMAP result on the relic density of the universe 

estimated
insignificant SM rate:  

Didn‛t find LFV, didn‛t find Dark Matter, (probably) have to look elsewhere...


