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Neutrino Flux

The Solar Neutrino Paradigm
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The Sudbury Neutrino
Observatory
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Solar Neutrino Reactions

Charged Current Reaction (D,0):

‘ V.+d - p+p+e”

= v, flux and energy spectrum
= Some directional sensitivity (1 - 1/3COS8,)

Neutral Current Reaction (D,0):

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

E

thres

= 1.4 MeV

v.+d ->v, +p+n

=

hres

= 2.2 MeV

e Total active neutrino flux

vV, +te s v +e”

E

thres

=0 MeV

= Directional sensitivity (forward peaked)

(Onlyv,)

(All v types)

(Mostly V)
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Signal Extraction in the Pure-D20 Phase of SNO
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SNO Collaboration, Phys. Rev. Lett. 89, 011301 (2002)
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Results for Solar Neutrino Fluxes

In units of 10° neutrinos cm2 s!

e SNO = 1.76 £ 0.06 £ 0.09 = 1.75+ 0.11
SN0 = 5.09 + 0.44 + 0.46 = 5.09 + 0.64
SN0 =2.3940.24 +0.12 =239+ 0.27
e SK =235+ oi)z + 0;36 =2.35+0.07

Stat.  Sys.
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OO Jdgg™>>M = 0.347 £ 0.022
Ops™®  /dgp>M =0.465 £ 0.014
OO [dgp>SM = 1.008 £ 0.127
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SNO Collaboration, Phys. Rev. Lett 87, 071301 (2001)
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Flavor Content Analysis
of the 8B Solar Neutrino Flux
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SNO Systematic Uncertainties

Source CC Uncert. NC Uncert. ¢,; Uncert.
{percent) (percent) (percent)
Energy scale t -4.2,4+4.3 -6.2,4+6.1 -10.4,410.3
Energy resolution § -0.9,4-0.0 -0.0,4+4.4 -0.0,+6.8
Energy non-linearity { +0.1 +0.4 +0.6
Vertex resolution f +0.0 +0.1 +0.2
Vertex accuracy -2.8,42.9 +1.8 +1.4
Angular resolution -0.2,40.2 -0.3,40.3 -0.3,40.3
Internal source pd +0.0 -1.5,41.6 -2.0,42.2
External source pd +0.1 -1.0,4+1.0 +1.4
D2 O Cherenkov T -0.1,40.2 -2.6,+1.2 -3.7,+1.7
H>O Cherenkov +0.0 -0.2,40.4 -0.2,40.6
AV Cherenkov +0.0 -0.2,40.2 -0.3,4-0.3
PMT Cherenkov t +0.1 -2.1,4+1.6 -3.0,+2.2
Neutron capture +0.0 -4.0,+3.6 -5.8,45.2
Cut acceptance -0.2,40.4 -0.2,+0.4 -0.2,+0.4
Experimental uncertainty -5.2,15.2 -8.5,+49.1 -13.2,+14.1
Cross section [7] +1.8 +1.3 +1.4
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SNO’s Energy Response

Energy Response at the Center of the Detector
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Reconstruction of BLi calibration data 12/99 Runs; D20 zaxis scan (x=y=0); Nhit>45

£ Nhit>45 0 ——mF————— : ———
%soa =
® N16 Data
3 o5 - A Ni6 MC J
400 - ® AV Neck
200 | E 20 i i\ 7
I E i. %
= = — ’ ; . * T
| = L] 7 N
° R éégénggf}—EQi —
[ &
—200 | :
| 510t .
—400 | s .
f .| Position Resolution
—=g00 ;
-\||||‘|||‘||||\||||\|‘||\|\
—B600 —400 =200 [ 200 400 600 0 1 | I 1 I L
xfit (em} -800 -600 -400 -200 0 200 400 600 800
Source Z Position (em)
Angular Resolution using N16
016 — X ®
Angular Resolution
014 ¢
012 _ o NT16 Run 104580
.
L 2% — o1 e N16 MC at center +
.06 _— ‘
| . 4
4 '.“--‘_ldauu.ulw [ FRPRPR B
Andrew Hime -1 075 05 -0.25 L] 0.25 03 0.78 1

Physics Division, LANL " dfit100CM



-a) “°Th | ® Inssitu
A MnOx <& HTIO !

3
E

Lo il
A

l& L Goal: <3.7x10™
il

SNO
Backgrounds

H.
=

Lol

Concentration (g Th/g D,0)
]
bt
.
—
i
e e Ty
e i

. YT TTTTI IYTTY TRTTI FTTI FOOY. FITE TR T L I ]
1b) Py ® In-situ I

. /A Rn Assay -
10" % . __
14 g

Goal: < 4.5x10

L | I.Il!IIJ

I %Iﬁ x

I

[uahd RNERAARERARIRLE LSRR ARARR ARRARANRT A RARTANTENE ANRT | C

0 100 200 300 400 .
Andrew Hime . SDG Wﬂl gh th
Physics Division, LANL Days Since November 2, 1999 Average

3

S

[ 1 lIIIIII
-
il

Concentration (g U/g D,0)

3
G

II'HiI




-10

-11

-12

Interpretation of flavor transformation as the

Life After SNO

SNO Collaboration, Phys. Rev. Lett. 89, 011302 (2002)
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Active Neutrino Oscillation Parameters

J.N. Bahcall, M.C. Gonzalez-Garcia, and C. Pena-Garay hep-ph/0212147 v1
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=» LMA remains the only viable
solution for solar neutrino flavor
transformation.

= Am? will improve with precision
in KamLAND and D/N-asymmetry
in SNO.

=>» Precision in tan’3 will improve
with precision in CC/NC in SNO.

> Dy ™ul = (1.00 + 0.06) Dy SSM



Predictions for SNO |

P.C. de Holanda and A.Yu. Smirnov
hep-ph/0212270 v2
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Total 8B Flux & Sterile Neutrino Admixtures
J.N. Bahcall, M.C. Gonzalez-Garcia, and C. Pena-Garay hep-ph/0212147 v1
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Data/BP2001 (°B only)

8B Energy Spectrum

PRL 87, 071301 (2001)
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Day/Night Asymmetry

SNO Collaboration, Phys. Rev. Lett. 89, 011302 (2002)
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SNO with Dissolved Salt SNO with Neutral Current Detectors (NCDs)
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