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Standard Model's Accidental Symmetries
Conservation of lepton and baryon numbers

Neutrino oscillations and see-saw mechanism

Lepton number violation and baryogenesis

LFV and new higher-order gauge symmetries
Higgs, SUSY, Dark Matter and possible LFV

Breaking of global symmetries
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The D etector, Data Sample and CLEOns
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Accidental Symmetries of the SM and LFV
Lepton number, lepton flavor numbers and baryon numbers
are conserved at low energies, however, the absence of 
LFV terms in the SM Lagrangian is accidental, not by design!

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? 

These quantum numbers are violated non-perturbatively - 
   this is necessary for baryogenesis (via leptogenesis).

We search for LFV processes that would occur at "intermediate"
energies, i.e. between 1 TeV and below GUT scale... LFV at such
energies is possible, e.g. in SUSY with broken R-parity...

Not favored by LSP interpretation of Dark Matter... :)
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LFV Decays of τ lepton and Upsilon Mesons
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Unitarity arguments

SUSY

Leptoquarks

Additional vector bosons and CP-odd Higgs(es)

If we assume B(τ -> μμμ) < 10    then-7

B(Y(nS) -> μτ) < 10
-3

model-independent: < 3x10
-5

GUT LQ or Z'/TC2 < 1.3x10
-8

SUSY < 2.2x10
-9
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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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Muons with Hard Bremsstrahlung + Matching
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Significant correlations are
present between E/|p| and y.
This is now incorporated in
our 4D fits. dE/dx correlation
with y is insignificantly small.
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Most PDFs were measured from Y(4S) data
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 1 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 19-SEP-2005 21:12
Plot Area Total/Fit    1763.0 / 1599.0
Func Area Total/Fit    1618.2 / 1599.0

Fit Status  3
E.D.M. 6.790E-08

Likelihood =    64.5
χ2=    63.8 for  72 -  1 d.o.f., C.L.= 71.6%
Errors Parabolic                     Minos
Function  1: x for ττ
A   385.07 ±   9.630 -   9.548 +   9.712
B∗  0.97100 ±   0.000 -   0.000 +   0.000
ALPHA∗   0.0000 ±   0.000 -   0.000 +   0.000
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 2 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 19-SEP-2005 21:14
Plot Area Total/Fit    1599.0 / 1599.0
Func Area Total/Fit    1598.9 / 1598.9

Fit Status  3
E.D.M. 1.216E-05

Likelihood =    89.7
χ2=    91.2 for  75 -  3 d.o.f., C.L.=  6.2%
Errors Parabolic                     Minos
Function  1: Chebyshev Polynomial of Order 2
NORM   2051.9 ±   58.20 -   57.45 +   58.97
CHEB01 -0.58446 ±  3.8604E-02 -  3.8193E-02 +  3.9009E-02
CHEB02 -0.11689 ±  4.1710E-02 -  4.1917E-02 +  4.1485E-02
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 2 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 19-SEP-2005 21:23
Plot Area Total/Fit    1558.0 / 1514.0
Func Area Total/Fit    1556.3 / 1513.9

Fit Status  3
E.D.M. 1.755E-06

Likelihood =    57.5
χ2=    58.8 for  50 -  3 d.o.f., C.L.= 11.7%
Errors Parabolic                     Minos
Function  1: Gaussian (sigma)
AREA   1562.3 ±   40.73 -   40.38 +   41.09
MEAN -3.66864E-02 ±  3.0013E-02 -  3.0335E-02 +  2.9735E-02
SIGMA   1.0379 ±  2.5009E-02 -  2.4352E-02 +  2.5711E-02
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 2 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 20-SEP-2005 07:17
Plot Area Total/Fit    1599.0 / 1599.0
Func Area Total/Fit    1599.0 / 1599.0

Fit Status  3
E.D.M. 6.561E-08

Likelihood =    93.7
χ2=    85.0 for 100 -  5 d.o.f., C.L.= 75.9%
Errors Parabolic                     Minos
Function  1: CB line shape
NORM   1414.8 ±   42.99 -   42.42 +   43.08
MEAN  0.99142 ±  6.4835E-04 -  6.5192E-04 +  6.4572E-04
SIGMA  1.80197E-02 ±  5.9889E-04 -  5.8831E-04 +  6.0939E-04
ALPHA∗   1.0000 ±   0.000 -   0.000 +   0.000
BETA∗   9.0000 ±   0.000 -   0.000 +   0.000
Function  2: Chebyshev Polynomial of Order 1
NORM   747.79 ±   96.43 -   94.16 +   99.03
CHEB01 -3.82168E-02 ±  0.1528 -  0.1497 +  0.1545
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 1 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 22-SEP-2005 00:07
Plot Area Total/Fit    872.00 / 775.00
Func Area Total/Fit    803.04 / 774.92

Fit Status  3
E.D.M. 6.308E-06

Likelihood =    54.6
χ2=    53.4 for  48 -  3 d.o.f., C.L.= 18.3%
Errors Parabolic                     Minos
Function  1: CB line shape
A   807.55 ±   29.32 -   28.91 +   29.73
MEAN  0.99791 ±  4.2125E-04 -  4.2472E-04 +  4.1632E-04
SIGMA  8.92489E-03 ±  3.6010E-04 -  3.4680E-04 +  3.7364E-04
ALPHA∗  0.84247 ±   0.000 -   0.000 +   0.000
BETA∗   8.8026 ±   0.000 -   0.000 +   0.000
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MINUIT Likelihood Fit to Plot 1&1
y versus x. 2 axis
File: **ntuples_data/skim_data_5-14_tau.hbook 21-SEP-2005 13:28
Plot Area Total/Fit    775.00 / 768.00
Func Area Total/Fit    772.94 / 767.92

Fit Status  3
E.D.M. 2.105E-06

Likelihood =    26.2
χ2=    26.1 for  40 -  3 d.o.f., C.L.= 91.1%
Errors Parabolic                     Minos
Function  1: Gaussian (sigma)
AREA   814.31 ±   30.74 -   30.24 +   31.26
MEAN  -2.4182 ±  4.2526E-02 -  4.3618E-02 +  4.1652E-02
SIGMA  0.96624 ±  3.8235E-02 -  3.6414E-02 +  4.0293E-02

x for tau pairs y for signal, tau
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dE/dx for electrons
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An Example of Toy MC Fit with All Components

Toy MC Events Generated (all merged together for the 4D fit with four components) and Obtained from the Fit:
ττ

μμ(γ) with hard radiation

μμ(γ) with decay to e
LFV signal
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Fits to merged toy MC
samples consistently
predict meaningful 
distributions of 
estimators
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4D Four-Components Fits to Calibration Data
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4D Four-Components Fits to Y(1S) Data
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Uncertainties in Selection Criteria
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CLEO III Y(4S) (and continuum) data sample id

0.0

0.5

1.0

1.5

2.0
σ 

(n
b)

 =
 N

 e
ve

nt
s 

/ i
nt

eg
ra

te
d 

e+ e-  L
 / 

ef
f. 

fo
r τ

 p
ai

rs

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
POLY01∗   0.0000 ±   0.000 -   0.000 +   0.000
OFFSET∗   5.0000 ±   0.000 -   0.000 +   0.000
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Preliminary Results
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αN (effective coupling constant of LFV interaction)

BSM exclusion plot obtained from Y(1S) data
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BSM exclusion plot obtained from Y(2S) data
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BSM exclusion plot obtained from Y(3S) data
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Leading-order estimate from Z.Silagadze (Phys. Scripta 64 (2001), 128):

The End: No LFV discovered in decays of Upsilon Mesons

SUSY LSP still qualifies as a candidate for Dark Matter :)

Exclusion Plots for Generic LFV BSM Physics

Y(1s) Y(2s) Y(3s)


