
Different Reactions in SNO

Charged-Current (CC)         νe only

νe + d → e- + p + p

Elastic Scattering (ES)         νx, but enhanced for νesince σ(νe) ≈ 7 σ(νµτ)

 νx+ e- → νx + e-

Neutral-Current (NC)            all  νx

νx+ d → νx+ n + p



SNO Run Sequence
I. Pure D2O CC, ES

some NC
n+d “ t+ γ ... (Eγ= 6.25 MeV, εn~24%)

II. D2O+NaCl CC, ES 
(added salt) enhanced NC 

n+35Cl “ 36Cl+ ∑γ
(E ∑ γ= 8.6 MeV, εn~45% above threshold)

III. D2O+NCDs Concurrent CC, NC, ES
(3He proportional counters) n+3He “ p+t

 “ event by event separation (εn~37%) 



Energy Spectrum
Teff≥6.75 MeV and Rfit≤550 cm
derived from fit without constraint on 8B shape

Solar Angle Distribution
Teff≥6.75 MeV and Rfit≤550 cm

CC Spectrum Normalized to Predicted
8B Spectrum
Teff≥6.75 MeV and Rfit≤550 cm
With correlated systematic errors

First Solar Neutrino Results from SNO



New Solar Neutrino Results from SNO

Fluxes from fit:



Flavour Composition of 8B Flux

φSNO
CC = 1.76 ± 0.06 ± 0.09

φSNO
ES = 2.39 ± 0.24 ± 0.12

φSK
ES = 2.32 ± 0.09

φSNO
NC = 5.09 ± 0.44 ± 0.45

         Evidence for appearance of e   at significance of 5.6

                  ( All previous evidence for disappearance e  ? )

φe    = 1.76 ± 0.05 ± 0.09

φµ,τ = 3.41 ± 0.45 ± 0.46



SNO Day-Night Effect

Signal         Day-Night Asymmetry (%)

CC                   + 14.0 ± 6.3 ± 1.4
ES                    − 17.4 ± 19.5 ± 2.3
NC                   − 20.4 ± 16.9 ± 2.4

Supports MSW LMA oscillation solution



day

night

Allowed Oscillation Solutions



Effect of SNO Data on Allowed
Oscillations



Atmospheric neutrinos
p

e

L= down10-30 km

L=up to 13000 km

= ~  2  at low energy, higher at high energies (less µ decay )

Neutrino oscillations :

1

error in absolute flux ~20%, but ν µ / νe ratio~5%
e e

Ratio :

e ee e data MC

- measured ~ 0.6 by IMB and Kamiokande

R =



Zenith angle distribution(1D)

For E > a few GeV,
Upward / downward = 1  (within a few %)

Up/Down asymmetry for neutrino oscillations

E =0.5GeV E =3GeV E =20GeV

Vary oscillation length L
by varying zenith angle Θ



Contained events

Interaction in the rock

Upward through-going muons

      Contained events

through-going
muons

Upward stopping muons

Event Types in Super-Kamiokande

Stopping

muons



SK Multi-ring event analysis

No oscillation
Best fit ( m2=2.0x10-3eV2, sin22 =1.00)

Sub-GeV multi-ring -like sample

Zenith angle distributions

Multi-GeV   multi-ring -like sample

0.6 GeV < E < 1.33 GeV

E > 1.33 GeV

cos

cos



Upward through-going muons

No oscillation:
2(shape)=18.7 / 10 d.o.f.

   (prob.=0.044)

Osc. best fit
( m2=5.2x10-3eV2,sin22 =0.86)

Upward stopping muons

No oscillation:
(Bartol, GRV94)

Oscillation ( m2=3.2x10-3eV2,sin22 =1.00)

R = 0. . .09

<< 1 clear oscillations

1416 events / 1268 days

 345 events / 1247 days

SK Data



Super-K Allowed Region
 (Global fit all event types)

79.3 kt . yrs

Within physical region;
  2 minimum = 157.5/170 dof
at sin22  = 1.0, m2 = 2.5 10-3 eV2

With unphysical region;
  2 minimumu = 157.4/170 dof
at sin22  = 1.01, m2 = 2.5 10-3 eV2



No Oscillations but Neutrino Decay?

Fit with neutrino decay χ2 = 221/153 dof
                    oscillations    = 147/153 clearly favoured

( Also sterile neutrinos disfavoured by π0 data )



Super-Kamiokande Damaged 2001
80% of photomultipliers broken, will be repaired by Nov 2002



SNO Atmospheric Neutrino Analysis

So far only preliminary, no conclusion …..



K2K



K2K Event

• No pre-activity in 30µsec

• p.e. in 300ns window > 200

• OD Nhit in largetst cluster<10

• Deposite Energy > 30MeV

• Fiducial cut (distance from wall>2m)

K2K event selection at SK



K2K Data



K2K Observed vs Expected

K2K consistent with Super-Kamiokande



Reactor and Accelerator Experiments

Allowed region
from LSND

Excluded region
from Karmen


