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Neutrino Oscillations

u Let us assume that neutrinos have
(different) massesAm?

u Let us assume that the masgenstateare
not identical to the weadigenstates

u If we consider 2 flavours the mixing Is
characterized by a single angl@nalogous

to the Cabibbo angle in case of quarks
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u Recall that: ()= ()&

u Consider 0 = 45°




Vacuum Osclillations yy

u In general this leads to the disappearance
the original neutrino flavour

m°L
P(v. ¢ v.)=1-sin“20sin*(1.27 = )

u With the corresponding appearance of the
“wrong” neutrino flavour
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V., have an extraiggram for scatteng from
electrons.

u givesv, an “effective mas” in matter.

u can lead to remant enharement of osdtions
the MSW effect
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MSW effects on surval probablities
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Global fit,8B Flux a free paramet
u Includes: 1075 ¢
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From Bahcall, Krastev, and Smirnov; hep-ph/0103179



Sterilev solutions

u Includes:

— Rates:
» Homestake
» SAGE
» GALLEX/GNO
» Super-K

— Super-K spectra
» day
» night
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u V oscillations are consistent with the data,
but are they the right explanation?

u Other models have been proposed - FCNC,
extra dimensions, violations of the EP,

neutrino decay, neutrino magnetic moments,
etc....

u What would be proof for oscillations?
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The SupeKamiokandeDetector

SUPERKARMEDEANDE  remists fo ooon Rey RESSA0H UHRERETY OF Tos D e



Super-K Elastic Scattering

Directly towards
the Sun

Solar Peak >5 MeV
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Smoking guns from solar? Pre-SNO s

u Theappearance of the wrong-flavor
neutrinosin the beam - not seen yet for
solar neutrinos

u A variation of theratewith L/E
—3Spectral distortions
—Seasonal variations

u Regeneration of neutrinos passing
through the Earth.
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Day/Night variation in Super-K
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SNO
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Surface: 2 km
' | Phototube Support
R tons o Structure (PSUP)

Acrylic Vessel & i o

1048 PMTs
6500 tons H,0
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‘ + [] v.only
-Good measurement of v, energy spectrum
-Weak directional sensitivity [1 1-1/3cos(0)
‘ 1 Equal cross section

for al v types

-Measuretotal 8B v flux from the sun.

-L ow Statistics
-Strong directional sensitivity

] Allv types but

enhanced sensitivity
tov,
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The Three Ph ases Neutron Detection M ethod

Captureon D
u Pure DO

— Good CC sensitivity n+d o t+y e~ (E,= 6.3 MeV)

u Added Salt in DO

— Enhanced NC sensitivity
n+3Cl - ®Cl+2y... - e (E; =8.6 MeV)

Event by event separation of CC and NC
u Neutral Current Detectors events

— 3He proportional counters the 3
D.0 n+°He - p +t
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The enemy.....

238J Decay Scheme
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Acrylic Vessel Assay
u Every piece sampled o |- %
and tested 0 AT, .
u Sample bonds tested '} . 5
u Direct Assay by N e B
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Instrumental Background Cuts

Frogression of Instrumental Cuts
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Solar Neutrino Spectrum

Ewvents

Comparison of Data and Scaled 55M
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NHIT Distributions for Raw and Filtered Data
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SNOcog0),,,distribution e
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Charged-Current to Neutral Current
ratio Isadirect signature

for oscillations

CC v

—_ e

NC v,+v, +v,

Ree/Re
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Smoking Guns in SNO - 2 "o

combined CC—shape and CC/NC tests, iso—o curves

2.2 Frr T T T
F - - w~ . Y ; | T
o - \ |I i
4 1 1
P 1 i | 1
2 - e \ h -
S | i 1 r !
A | i f il !
FETD w 1 ' ’ !
i .
. - r
18 y ) ) .
n e ..35 rl, _
- - ~
3 e f/ . £
18"~ .- - = .
L - - -
- -
-
...... . -
14 F777 - et s
-
- . 10
-

I ERTE _ . - -P.. "_
OB __—-- ~—"___.__.__..._. ---r(:x .___._.---:,' ;,,-..-_.
'"“:;,,F-*’-_ . ’rr”.___..--' ap f
0.4 L "'LHA._'!,**Ff.J_ e .’,'VA-_C 'y
0.2 -Ll l.l | 1aadt 'l-lr-l- N ;|I| |||-|'|rl-: ||--|'I'.|..|.| ..r'.'.f. ! I-'.'....

74 FH OTE YT OTHB OT4H B &1 BZ 83 B4

<T,> (MeV)

Bahcall etal., Phys. Rev. D 54, 5147 (1996)



Jorge GMorfin
CTEQ SS Q01

Smoking Guns in SNO - 3 "o

0.6 . 0.6
0.55 — — 055 -
os Tas} ot 1 osf cillation Just 5o ]
Wz ///J/g//// /4%////////» W 2 //{V/////
A5 F : Just So?
; 1 A | = . 5y .
—_ 04 F Sterile 4 o 0.4 -
2 i { VAC VAC 1= SMA {
—0.35 | LOW 3 035 [ LOW ]
¢ SMa ] : Sterile
08 _ 03fF | VAC
Measure 37 ] VAC
0.25 | ] 025
0.2 — — 0.2 —
: LMA Allowed 99.73% C. L. ] . LMA Allowed 99.73% C. L.
o1 5 Me¥ Threshold 015 8 MeV Threshold

CC/ES Could also show | <€ = Ve

significant effectss | ES Ve 70.14(v, +v,)




Jorge GMorfin
CTEQ SS Q01

Borexino S e

Borexino Design

ES in 300t superclean
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Under Construction,
data taking end 2001

Hall C layout
at the end of the project



Counts / keV / kt / day
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Signals and Backgrounds

Estimated background after statistical subtraction
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KamLAND e* spectrum with and without oscillations. sin226=0.7
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Conclusions

u Neutrino Oscillations very strongly
iIndicated.

u A real Solarv smoking gun from SNO
collaboration.

u We live In interesting times......



