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Neutrino Mass and Mixing
Two Generation Model
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Length & Energy Scales

Eyv=1MeV, Am2 =1 eV2, — L = 1.24 meters

(Pe = minimm)
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Super — Kamiokande
Atmospheric Neutrino Oscillations

Cosmic ray (proton)

E, ~05-5GeV
L down ~ 100 km
Lyp ~ 10,000 km

\Cosmjc ray (proton)



Super-Kamiokande
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Super-K Atmospheric v Results
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Super-K Atmospheric v Results
Neutrino Oscillation Interpretation
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Super-K Atmospheric v Results

Oscillation to v, disfavored
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New analysis results of atmospheric neutrinos

in Super-Kamiokande (2003)

*Neutrino flux (hep-ph/0203272)
(Honda 1995(1D) Honda 2001(3D))

*Neutrino interaction model

(several improvements, agree better with

K2K near-detector data)

*Improved detector simulation

*Improved event
reconstruction
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Allowed region in Super-Kamiokande
atmospheric v data (2003)

+ L (complete SK-I data-set)
Assuming v, — v_oscillation
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Solar Neutrino Enerqgy Spectrum

Neutrino Flux

| SuperK, SNO

Gallium | Chlorine

1012 . . __

5 Bahcall

: PP\ 1%
101 |
10° F

; +10%
108

"Be "Be
107 f
108 r
108 !-
104 r i
1[;; /
10¢ r

1 i i 1 L

10 0.1 0.3 1 : s

Neutrino Energy (MeV)



More missing neutrinos...

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Neutrino Oscillations?

Rorbit
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Matter Enhanced Oscillation (MSW)

Mikheyev, Smirnov, Wolfenstein
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Neutrino Oscillations in the Sun
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Solar Neutrino Results

MSW only
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Solar Neutrino Results
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1000 tonnes D,0O

Support Structure
for 9500 PMTs,
60% coverage

1700 tonnes Inner

Sudbury Neutrino Observatory
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V Reactions in SNO

. vV +d=p+p+e

-Gives v, energy spectrum well
-Weak direction sensitivity « 1-1/3cos(d)
- v only.

-Measure total B v flux from the sun.
- Equal cross section for all v types

L My, te = v, te

-Low Statistics

-Mainly sensitive to v, . some
-sensitivity to v and v_

-Strong direction sensitivity

Neutrino Reactlons on Deuterlum
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Total spectrum (NC + CC + ES)
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Neutrino Flavor Composition of B Flux

Fluxes
(10° cm™? s7")
V. 1.76(11)

Vit 3.41(66)
Vierg:  9.09(64)

llllllllllllllllllle'

‘ﬁ-
™
*a

'\'*.
T
-
-

Y,
[
L]

"
"a
L3
‘.
‘h
-

an
b
-

.
-
‘h

.:::.D




2 2

we————————— ] [T T T
[ﬂf?m +0.06
Y1 -0389% (99°%cCL)
v Jsno
%m"
5
p°° 11
(W] -0.33:34  (99% CL)
SNO
o Solar Only Solar+KL rate Solar+KL spect.

DU1GZDSD4DEG50TGBDQ 1 04 IZIE I'_'I.S 1]4 I]SUE l}? DB CIQ 101 02 03 04 05 06 07 08 08

g’

[gﬂ-

de Holanda & Smirnov, hep-ph/0205241, hep-ph/0212270

(Assume CPT)

16°%

1



Advantages of NaCl for Neutron Detection

« Higher capture cross section

* Higher energy release
« Many gammas

Everts/ day
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Neutron Capture Efficiency in SNO
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Cherenkov light and 4,

Hollow cone of
emitted photons

Charged particle,
v > c/n

e Energy &
Direction
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Use of ,, to distinguish neutrons and e-
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B, Distributions for SNO Salt Data

Data from July 26,
2001 1o Oct. 10, 2002
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SNO Results: "Salt” phase
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Global Analysis with SNO
"Salt” phase
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Results from
Solar and Atmospheric Neutrino
Experiments

e v’s transform flavor

* Atmospheric v data explained extremely well by oscillations

» looks like primarily v, to v, conversion

» mixing angle 0,, Is very large, possibly maximal
» Am? ~ 2 x 103 eV?

e Solar v, change primarily to other active v’s
» If oscillations, mixing angle 6,, Is large but not maximal

> if oscillations, Am? ~ 7 x 10 eV/?
» matter predicted to play a role in transformation




Maki - Nakagawa - Sakata Matrix
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