
Thanks to many for slides. esp: SK, 

SNO, Kamland, Minos, and APS 
neutrino study





Neutrino puzzles

• Do they have mass ? Why so small ?

• If they have mass what implications on left-
right properties ?

• Can they turn into each other ?

• What implications for the structure of the 
universe ?

• What is the relationship to quarks ?



Current picture of masses from oscillations puzzling.





Why Lepton number may not be 
conserved

Following Commins+Bucksbaum
Or look at Boris Kayser’s lectures



From APS neutrino study
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Important only if electron neutrinos in the mix



2-neutrino picture
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Key new evidence

• Super KamiokaNDE (SK): observe 
atmospheric neutrinos.

• Sudbury Neutrino Observatory (SNO): 
observed solar neutrinos.

• KEK to SK  accelerator beam

• KAMLAND  reactor experiment

Apologies to many other pioneering experiments



SuperKamiokaNDE





Atm. neutrinos 2:1 mu:e type

Gauss: Flux inside spherical shell isotropic



SuperK result



1 kT
D2O

Heavy Water

Located in a deep mine ~ 6000 mwe
because solar nu < 14 MeV













Measurements
not yet precise

Not known
Has CP phase

Don’t know sign

0.0025 

0.00008 



New Age of 
Accelerator Neutrinos
• For more precise experiments need pure 

beams of muon type neutrinos (or anti-
neutrinos)

• Better controlled characteristics: energy, 
spectrum, backgrounds, pulsed.

• High energy (>1 GeV) to provide events 
with long muons. Better resolution. 

• Generally called Long Baseline Experiments.



99% pure muon type

100% pure electron anti-nu

100% pure electron nu

Mix of muon and electron



How to make an accelerator neutrino beam ?



First  LBL exp.  with 
positive result



(Fermilab) Main Injector Neutrino Oscillation 
(MINOS) about to start running.





Minos 
detector: 

Iron/
scintillator 

5kT

Fully operational 
in Soudan mine 

at 2341 ft
730 km from 

FNAL



MINOS Physics Plots





Measurement of theta_13 in Minos
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Ultimate Ambitions !
• Must see multiple nodes in 

a spectrum for precise 
measurements

• Need E: 1-6 GeV

• Need ~2000 km

• Need intense beam. 

• Need very large detector.

• PRD 68 (2003)012002





3-generation oscillations













Need 2500 kT*MW(proton beam)*5e7 sec for 20 deg. measurement of 
CP phase independent of theta13 or L





Henderson
~2700km



















Deep Underground 
Laboratory Initiative

• New discussion started when Homestake 
gold mine (site of Davis Clorine experiment) 
closed.

• National Science Foundation has initiated a 
series of solicitations.

• S1 - focusses on science first. Identify all 
science (physics, geology, biology) and 
infrastructure needs.                                 
http://neutrino.lbl.gov/DUSELS-1

• S2 - decide on a suitable site.



One candidate for DUSEL

True scale is of mine is very large







Henderson mine





UNO schematic

Not the University of New Orleans



Homestake 500 kT 
Each tank 100 kT 

50 m hi X 50 m dia

Build 10 tanks 
in 10 years











Conclusions
• Neutrino physics entering new phase.

• We can now ask deep questions: 

• Mass: are neutrinos own anti-particles ?
Do neutrinos violate CP conservation ? 
Relationship of quarks and neutrinos ?

• New facilities of intense beams and large 
detectors are needed: APS neutrino study.


