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The SNO Detector

A 2039 m to surface
1011 m to Sun

Vectran
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» Location: 6800 ft. level of INCO’s Creighton mine near
Sudbury, ON, Canada (~70 muons / day)

* SNO Detector: 9438, ard T 91outwarg HAMamatsu 8" PMTs
+ concentrators = 64% coverage @



SNO M easurements
Charged Current Reaction (D,0):

‘ N+td® p+p+e  Ejes=1.4MeV | (onlyny)

* N, energy spectrum (distortion P MSW effect)
« Some directional sensitivity (1 - 1/3 cos q)

Neutral Current Reaction (D,0):

‘ n+d® n +p+n E;.=22MeV (ALL ntypes)

« Total solar B neutrino flux (active neutrinos)

Ratio = CC = (ng) flux
NC  (ng + ngit ng) flux

Elastic Scattering Reaction (D,0O,H,0):

‘ n+e ®n +e Eies = 0 MeV (mostly ng)

* Low counting rate
 Directional sensitivity (very forward peaked)

Ratio = CC = (ng) flux
ES  0.86 ng + 0.14(n+ ny) flux




SNO Physics Goals
Main Physics Goals:

« Solar Neutrinos
e Search for Flavour Change (n oscillations):
« Distortion of the 8B Neutrino Energy Spectrum
» Total 8B Neutrino Flux
e Time Dependence

« Supernova Neutrinos (See Poster)
 Cosmic Ray Muons (See Poster)

 Atmospheric Neutrinos (See Poster)

» Search for Non-Electron Type Neutrinos from the Sun
® unique signature: anti-n,+d® n+n+e’



SNO Experimental Plan

Three Phases (About 1 year Each):
Phase 1: Pure D,O
- Good sengitivity for CC, lower for ES, NC

Phase 2: Added Salt
- Enhanced sensitivity for NC

Phase 3: *He detectorsin Pure D,O
- Independent sensitivity for NC

Neutron Detection MethodsIn 3 Phases:

1. Neutron capture on deuterium in pure D,O:

n+d® t+g...® e (E;=6.3 MeV)

-capture efficiency, &, o = 24%

2. Neutron capture on C| using Salt in D,0:

n+3Cl® 3Cl+Sg... ® e (Eg,= 8.6 MeV)

- capture efficiency, e, = 83%

3. Neutron capture on He using proportional counters:

n+3He® p +t

-capture efficiency, ey-p = 45%



Counts Reconstructed in 0,0 per year per hit PMT

-
=
LA

-
=
2

-
=

U/Th in D0 and H,O

CC (BPOR)
NG D.0 {BP9B)

40 &0 B0 100 120 140 180

Number of hit PMTs

~9NHIT/MeV



1Wd 1Y Jad Jpak Jad of] W pajoru}suoday SJUnog

a0 20 100 120 140 160
Numiber of hit PMTs

40

20



Detector Performance

From May to November 1999:

* Improve light sensitivity by 25% and reduce trigger
threshold to about 2 MeV.

 Install Neck Phototubes to cut instrumental light.

 Reduce Radon below target levels.

PHASE 1 Begins: November, 1999

Detector parameters frozen, start of production
neutrino data.

Detector Performance Since Nov. 1999

» Average channel thresholds < 0.3 p.e.
 PMT noise rates ~500 Hz; typical noise PMT/event ~2
» Overall trigger rate (all trigger types) ~ 15 Hz

« >08.5% of all PMT channels fully operational



CC Analysis For Solar Neutrinos:
Note:
e CC Cross Section Uncertainty ~ 6%. (Also CC/ES).
e CC/NC Cross Section Uncertainty ~ 2%.

Systematic Uncertainties For CC:

Objectives For Systematics in Phase 1.:

e Energy Calibration (Objective < 1 %)

(Example: D Flux/Flux ~3 D E/E at E = 7.5 MeV)
 Fiducial volume (<1 % for D R/R)

e Background From Instrumental Light (Objective < 1 %)

» Radioactive Background (Objective < 1 %)



SNQO Detector Calibrations

Electronics Calibrations (charge slopes,time slopes):

e Charge pulser: >600000 constants; very stable

Optical Calibrations (reflectivity,absorption,timing):

e Laser source: photons of 337-700 nm, 0-45 Hz,
variable intensity, variable position, into 4p

Energy Calibrations (PMTs/MeV scale, resolution):

« 16N source: [1%0(n,p)'®N*] b-tagged 6.1 MeV gamma
source, energy calibration near analysis
threshold, gain, angular response

Future:

« pT source: [*H(p,g)*He] 19.8 MeV gamma source, high
energy effects (multi-photoelectron, charge
response)

* Triggered U, Th sources: Low energy gammas (2.6, 2.4 MeV)

« 8Li source: electron energy spectrum similar to 8B

Neutron Detection Efficiency (NC measurement):

e 252Cf source: fission neutron source
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Frogression of Instrumental Cuts
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A fraction of the data isbeing analyzed to study instrumental cuts.
Theremainder hasbeen retained for a future comparison.
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Signal Loss from "N
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Evants per 2 hit bin
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Counts
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Comparisen of Data and Scaled 55M
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CONCLUSIONS

The SNO Detector is Meeting Stringent Objectives
For:

- Energy Calibration and Resolution.
- Stability
- Instrumental Backgrounds

- Radioactive Backgrounds

e Preliminary Analysis of Data:

- Based on Energy, Direction and Location, the
data in the region of interest appear to be
dominated by 8B solar neutrinos detected via the
CC and ES reactions, with very little background.

 This implies that:

- Phase 1 measurements will provide an accurate
measurement of the electron neutrino flux via the
Charged Current reaction, after completion of the
planned measurements of experimental systematic

effects
o



RADIOACTIVE BACKGROUNDS
Contributions To Cerenkov Light
« Low Energy Gammas, Betas (Mainly U, Th Chains)
- Radioassay (Rn gas, Ra absorbers)
- Assay by Cerenkov Light ( <5 MeV)
- Pattern recognition discriminates U, Th
- Rates consistent with radioassays
Large uncertainties at present. Future:Triggered sources
 External High Energy Gammas

- Extrapolate from rates in light water

Preliminary < few percent of CC in heavy water.

Contributions to NC Background (Neutrons)

e Photodisintegration of Deuteron (Threshold 2.2
MeV)

-Gammas: Th Chain (2.6 MeV), U Chain (2.4 MeV)
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Radioactivity in D,O from Water Assays
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Angular Resolution Tested with N Source

Points= Data, Line = Monte Carlo
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