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The SNO
Detector

2 km to surface
O1'mto Sun

1000 tonnes D,O
in a12 m diameter

acrylic vessdl

1700 tonnes H,0O

~9500 PM Ts
with concentrators

5300 tonnes H,O




n Reactions in SNO

@ N 5 +d b o - D + e
-Good measurement of n_ energy spectrum

-Weak directional sensitivity g 1-1/3cos(q)
- n only.

(Nc) n, +dP p+n+n,

-Measure total 8B n flux from the sun.
- Equal cross section for all n types
-E;~6.3MeV (D,0) Es,=8.6MeV (%Cl)
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Sighals in SNO

Charged-current spectrum ismore
sensitive to shape distortions!

Charged-Current to Neutral Current ratio
Isadirect signaturefor oscillations
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Evidence for Neutrino Oscillations

CC _ n
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Sighals in SNO

U/Th in D0 and H.C
ES (BPSS)

CC (BPOB)

NC Dy0 (BP9E)
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(BP9S)
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SNO Calibrations

Electronics Calibration

Optical Calibration

Energy Calibration

Low Energy Backgrounds




bsand gs from decays in these
chains interfere with our
signals at low energies

And worse, gsover 2.2 MeV
caused+g® n+p

Design called for:

H,O <10 gm/gmU/Th
Acrylic < 10?2 gm/gm U/Th




SNO Water Assays

Radioactivity in H,O from Water Assays Radioactivity in D,O from Water Assays
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SNO Energy Calibrations

Narmalized Distributions

252Cf neutrons

*Cf Neutron Data
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Raw Nhit Spectrum

Raw Nhit Spectrum
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Instrumental Background Cuts

Frogression of Instrumental Cuts

Raw Nhit Spectrum

PMT Inst. Light Removed
And NECKs+0WLs Removed
And Fickup Remaved

Events per 2 hit bin

-

e

T40 B0 80 100 120 140 180 180 200
Nhits




How do we know this worked?
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Signal loss measured with Contamination measured
calibration sources with independent cuts
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Solar Neutrino Spectrum

NHIT Distributions for Raw and Filtered Data

Comparison of Data and Scaled S5M
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SNO cosqgg distribution

ES. strongly peaked

CC: 1-1/3cosq
Neutrons; isotropic
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Electron Angle with respect
to the direction from the Sun
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Extraction

cos@dseun




Sighal Extraction Results

SNO Livetime (0071 171999 o 28032007 )

240.9 live-days
between 11/99-1/01




Systematic Uncertainties

CC (%) ES (%)
Ener gy scale
Energy resolution
Ener gy scale non-linearity
Vertex accuracy
Vertex resolution
Angular resolution
High energy g
L ow ener gy background
Instrumental background
Trigge efficiency
LiveTime
Cut acceptance
Earth orbit eccentricity
170’ 180y
Experimental uncertainty
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SNO energy (CC) spectrum / 8B spectrum
No evidence for shape distortion
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(Adding syst. bin by bin in quadrature give c? of ~12 for 11 D.g)Z.F.)




Solar Neutrino Fluxes

> Absolute fluxes (x 10° cm= s1):

Super-K* FES(8B) =232+ 0.03 f8:8§

(stat) (sys.)
*S. Fukuda, et a., hep-ex/0103032




“Flux’’ Differences

e CCat SNO vs ESat SNO
P FES-F =0.64+040 b 16s effect

e CCat SNO vs ESat SK

«FES.FCC =057+ 0.17 b 3.35s effect
K SNO

The hypothesis that this s a downward
statistical fluctuation is ruled out at 99.96%
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¢(\Fm) (106 cm'zs'l)

F. VS. Fo
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SNO + Ga + C| + S-K

2v active oscillations
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tan®(g) = Cl+Ga+SK+SNO rates + CHOOZ

—- s -+ SK D—N energy spectra

Bahcall, Krastev and Smirnov hep-ph/0106258 A 1 10
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Krast d Smi hep-ph/0108177 L :
(S IASEER Fogli,Lis,Montanino,Palazzo hep-ph/0106247
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SNO Schedule

e Now- Summer 2002
Salt data
e SUMMer 2002- Autumn 2002

Pure D,O run
e January 2003 - 2005

Neutral Current detectors
e SumMmmer 2005

SN-2005A




Conclusions

© The SNO detector is working and taking
beautiful data.

© The CC rate measured in SNO is incompatible
with the Super-K ES rate.

© This is strong evidence (>99.8% c.l.) for the
appearance of mor t neutrinos from the Sun.

© Sterile and Just-So?2 oscillations are excluded
by these results at >99.8% c.|.

©




Outlook

© These results are just the first of what SNO
will produce.

© The conclusions listed on the preceeding
slide are systematics dominated. They will
be severely tested by nhew measurements:

© NC measurements in pure D,O
© Day/night in pure D,O

©

©

© hep n, M anti-n, seasonal variations, and
much more . . .

©




