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Elevator Pitch

* Neutrino mixing in vacuum is almost certain

* Neutrino mixing in matter is somewhat certain

» Smoking gun signatures are still needed

* As are precision mixing parameter measurements

* These are keys to understanding neutrino mass
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Neutrino Vacuum Mixing

(On the blackboard)
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Atmospheric Neutrino Results
: | S Super — Kamiokande :

| sin?26 = 1

dm® = 3x107 eV?

v, — Vv, preferred

3 :
o f

Soudan-2, MACRO, ...

Z
=
Q<
-

=

-
=]
L
%)

=
£
=

Z

K2K, MINOS, off-axis, JHF, ...

HK, UNO, ...

o)

[
o o= e oW R
T

12 |
1F
0.8 |
0.6 E
04
0.2 F
SR R ERTRTIN AR A 0:..‘|.‘.\H‘m.m...
-1 08 -06 -04 -02 0 -1 -08 -06 -04 -02 0
cosb cos0

John Beacom, The Ohio State University ICTP Summer School on Particle Physics, Trieste, Italy, June 2005

[

[

Flux(10" "em™s ™ sr

=




Solar Neutrinos
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Solar Nuclear Reactions

The pp Chain
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Solar Neutrino Fluxes
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The Solar Neutrino Problem

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

L & 102008 .03

0.55+0.08

71:; 7116

0.48+0.02

6i:0.23 0.35+0.02
Z 7
SAGE GALLEX
+
SuperkK Kamioka GNO
cl H,0

2H,0
Theory ™ "Be mm P~P. P€P Experiments g
°8 Wl CNO Uncertainties

John Beacom, The Ohio State University ICTP Summer School on Particle Physics, Trieste, Italy, June 2005



>~
-
o
4
O
>
Q)
\Vp)
0
@,
O
.n

Sudbury Neutr

June 2005

, Ttaly,

Trieste

.

ICTP Summer School on Particle Physics

The Ohio State University

.

John Beacom




B . J
wrf =} ) = iE P o
. , ‘EW% i e
ar —=% P -
" W - ‘...

imm— e TR

John Beacom, The Ohio State University ICTP Summer School on Particle Physics, Trieste, Italy, June 2005



SNO Detection Reactions

CC: ve+de
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SNO Flux Measurements
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Latest SNO Results
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Still NO evidence of:
spectral distortion or day-night effect!
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Super-K Solar Neutrinos — 825 days
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Super-Kamiokande Results

o . SK-1 1496day 5.0-20 MeV 22.5 kt

+ v+e —sv+e

® gttt measured e’ spectrum

expected e’ spectrum

Ratio =

(Micha_el Smy, SK)

=]

Py, + %(p\,u =0.34+:0.66 =0.45 | Perfect Agreement!
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MSW Effect
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Neutrino Matter Mixing
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Solar Neutrinos Don't Oscillate
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Reactor Neutrinos
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Vacuum Oscillation Probability
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KamLAND Neutrino Detection

—— reactor neutrinos
B geo neutrinos
= accidentals
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Tnverse Beta Cross Section
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Corrections of order 1/Mp
arevery important

Vogel and Beacom, PRD 60, 053003 (1999)

John Beacom, The Ohio State University ICTP Summer School on Particle Physics, Trieste, Italy, June 2005



KamLAND Oscillation Results
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Very different technique
No solar physics

No MSW effects

Vg, hot V,

No neutrino decay

No magnetic fields

No matter FCNC

ICTP Summer School on Particle Physics, Trieste, Italy, June 2005



Events / 0.425 MeV

(=]

80

60

40

New KamLAND Data

~~
a0
~—

T
—~

=2
v_

no-oscillation

[/ accidentals
S ®c(oun)®0
best-fit oscillation + BG
—e— KamLAND data

John Beacom, The Ohio State University

[ a)
10°* —
L
>
L
ol B
=
<] B
10 51 Solar
[ ....95%CL
[ - 99%CL
- —99.73%C.L.
B * solar best fit
Ll 1

KamLAND

- 95% C.L.

99% C.L.

- 99.73% C.L.
® KamLAND best fit

1077

1 10

tan> ©

Araki et al., PRL 94, 081801 (2005)

ICTP Summer School on Particle Physics, Trieste, Italy, June 2005




Neutrino Mixing

Normal Inverted
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Neutrino Mass Splittings

e AL Normal Hierarchy
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What About LSND?
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Conclusions

* The atmospheric neutrino problem was solved
by neutrino oscillations

* And the solar neutrino problem was solved by
neutrino oscillations

+ Ok, well, just almost sure...

» Essential fo complete the mixing parameter
measurements and to find the final answers on
the above claims (and LSND)!
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Further Reading

+ See yesterday's list

» Smirnov, all of his papers
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