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John and I have nothing in common!

We share an appreciation for null experiments.





Unreadable!!  
Why did you show that slide 
of your SLAC experiment?
It was so out of focus you 

couldn’t  read it!



Positive evidence for 
free quarks from 
Stanford

Fairbank et al.







Search for narrow sum energy lines in electron positron pair 
emission from heavy ion collisions near the Coulomb barrier. I. 
Ahmad et al. Phys.Rev.Lett.75:2658-2661,1995

Evidence against a 17-keV neutrino from S-35 beta decay.
J.L. Mortara, I. Ahmad, K.P. Coulter, S.J. Freedman, B.K. 
Fujikawa, J.P. Greene, J.P. Schiffer, W.H. Trzaska, A.R. Zeuli
Phys.Rev.Lett.70:394-397,1993

Determination of the 8B neutrino spectrum. W.T. Winter et al. 
Phys.Rev.Lett.91:252501,2003

β+ Decay Partial Half-Life of 54Mn and Cosmic Ray Chronometry
A. H. Wuosmaa et al  Phys. Rev. Lett. 80, 2085–2088 (1998)

Collaborations with John

















Vertical scale! Vertical scale!
What is the vertical scale on 

that graph?









The massive neutrino would “violate 
every theoretical prejudice we have in 
particle physics, astrophysics, and 
cosmology,” says Michael Turner, a 
University of Chicago expert on 
cosmology.

“It’s a true surprise.  If it’s true, then it’s 
pointing us in a different direction than 
previous physics suggests.” adds John 
Bahcall of the Institute for Advanced 
Study at Princeton.























Don’t do it.
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Essentials of Neutrino Oscillations
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Observing the oscillations in the neutrino rest frame



The Standard Model of Quarks and Leptons



The Standard Model of Quarks and Leptons
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Measuring the rest: θ13,δCP

Method 1: Accelerator Experiments

Method 2: Reactor Neutrino Oscillation Experiment

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.
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• appearance experiment νμ → νe
• measurement of νμ → νe and νμ → νe yields θ13,δCP
• baseline O(100 -1000 km), matter effects present

• disappearance experiment νe → νe
• look for rate deviations from 1/r2 and spectral distortions
• observation of oscillation signature with 2 or multiple detectors
• baseline O(1 km), no matter effects 
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Precision reactor oscillation experiment
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2.01.51.00.50.0
Sum Energy for the Two Electrons (MeV)

 Two Neutrino Spectrum
 Zero Neutrino Spectrum

1% resolution
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Claimed Observation of 0νββ in 76Ge

5 detectors  of overall 10.96 kg enriched to 86%. 
Most sensitive to date.

T1/2 = (0.67 - 4.45) x 1025 years (99.73% C.L.)

Majorana ν Mass

<mββ>  = (0.1 - 0.9) eV (99.73% C.L.)

<mββ> best = 0.45 eV

Heidelberg-Moscow 
Experiment

Pulse-shape 
selection 

Klapdor et al., Phys. Lett B 586 (2004)56.66 kg-yr



Candidate Experiments
sin22 13 
Experiment Nucleus Detector 

NEMO III  100Mo et al 10 kg of enrich. Isotopes -tracking 
Cuoricino 130Te + etc. 40 kg of TeO2 bolometers (nat) 
CUORE 130Te + etc. 750 kg of TeO2 bolometers (nat) 
EXO 136Xe 200kg - 1 t  Xe TPC 
GERDA 76Ge 30 Š 40 kg Š 1t Ge diodes in LN 
Majorana 76Ge 180 kg - 1t Ge diodes 
MOON 100Mo nat.Mo sheets in plastic sc. 
DCBA 150Nd 20 kg Nd-tracking 
CAMEO 116Cd 1 t CdWO4  in  liquid scintillator 
COBRA 116Cd , 130Te 10 kg of CdTe semiconductors 
Candles 48Ca Tons of CaF2 in liquid scintillators 
GSO 116Cd 2 t Gd2SiO5:Ce scintill.in liquid sc. 
Xe 136Xe 1.56 Xenon in liquid scintillator. 
Xmass 136Xe 1 t of liquid Xe 

 

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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APS Neutrino Study 2004
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Solar Neutrino
Exotic to Established



APS Multidivisional Neutrino Study



I am not very 
unhappy about this!

I wonder if John liked my talk.
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