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   Decay  τ
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   Detection τ
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ττ decays decays for m for m  νν measurement measurement

lhigh-multiplicity, high mass hadronic:
single ν & phase-space suppressed

l reject non-t  backgrounds: e+e-® e+e-,
e+e-® hadrons, e+e-® e+e- + hadrons

l reject t decay backgrounds: g
convers’ns, mid-ID π0® gg  from
hadronic interactions

l topology and experiment dependent
purities (80%-99%) and
efficiencies (0.5%- 50%)
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Measurement methodMeasurement method
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Fit methodFit method
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Event-by-event probability:
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No. of decays in fitsNo. of decays in fits

         (4s)ϒ            Z0

ARGUS CLEO ALEPH OPAL

Nττ
Year published

5

 (
3 4

1 2
1
)
0

99
− × 6

('98,
4 5 10

)0 '0
− ×

  
5

(1
0
)

2 1
998
× 5

('96,
  2 10

'98) 
×

  3 τπ ν±  2939  2514

03 τπ π ν± 16577
05 ( * )  τπ π ν±     20    36    55*    22
03 2 τπ π ν±    19



Neutrino 2000 J.M. Roney 9

CLEOCLEO 03   τπ π ν±
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CLEOCLEO 03  τπ π ν±
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CLEOCLEO 03  τπ π ν±
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OPALOPAL 3 2   ττ π π ν− − +→

2

22

5

0.5  qq and 0.1   cf  22 obs   
background events:

 backgroeffective
0.05  qq an

 decays in fit  

 sen

d 0.01  cf  5 obs 
u

 
nd

  
 eve

sitive i.e.: m 100MeV/c   

 

   
nts:

Dominant syste

non-Gaussian t

matics:

v

τ

τ

<

2

2

ails: 3.5MeV/c     

resolution funct'n:   0.5MeV/c   



Neutrino 2000 J.M. Roney 13

OPALOPAL 3 2 ττ π π ν− − +→
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ALEPHALEPH 2   ττ π π ν− − +→
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ALEPHALEPH
03 2 ( )   ττ π π π ν− − +→
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Spectral function modelsSpectral function models

Mh description is  model
dependent  (e.g. a1), effects
mitigated by high sensitivity
to Eh
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95% CL Limits (95% CL Limits (MeVMeV/c/c22))

         (4s)ϒ            Z0

ARGUS= CLEO ALEPH OPAL

  3 τπ ν±  25.7  35.3

03 τπ π ν±    28
05 (  *) τπ π ν±     31    33.9   23.1*  43.2

03 2 τπ π ν±    35.9

Combined     31 28&30  18.2  27.6
= ARGUS used the Mh spectrum only



Neutrino 2000 J.M. Roney 18

Cosmological limits
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Combining measurementsCombining measurements

Each experiment provides the likelihood
distributions which can be combined
The dominant systematic errors in each are
 uncorrelated
Combining systematics-corrected likelihoods
yields:
mντ<  15.5 MeV/c2 @95%CL 

long lifetime cosmological loophole is not closed 
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Combining measurementsCombining measurements
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Future prospectsFuture prospects
lBABAR and BELLE are now taking data

and each expect ~12/fb in 2000 and
~30/fb in 2001

lRepeat of CLEO 3π± π0 measurement
gives  7MeV/c2  limit from statistics
alone and 12MeV/c2

 with systematics,
assuming ρ(1700) parameters known

lTo get to 3MeV/c2 requires 300/fb
(~1x1034cm-2s-1 luminosity machine)
and smaller systematic errors
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SUMMARYSUMMARY

lDirect limit: mnt<18.2MeV/c2

@95%CL from ALEPH
lNew limit from CLEO mnt<28MeV/c2

with new higher statistics channel
lSome improvement in limit when

likelihoods combined, but loophole
remains

lReasonable prospects for reaching
3MeV/c2 at BABAR and BELLE


