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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any watranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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1. Introduétion

Two experiments now in progress have reported measurements of the flux of high
energy neutrinos from the Sun. Since about 1970, Davis and his co-workers! have been
using a 37Cl-based detector to measure the 7Be and 8B solar neutrino flux and have found
it to be at least a factor of three lower than that predicted by the Standard Solar Model2

(SSM). The Kamiokande collaboration3 has been taking data since 1986 using a large
light-water Cerenkov detector and have confirmed that the flux is about two times lower

than predicted. Recent results from the SAGE4 and GALLEXS gallium-based detectors
show that there is also a deficit of the low energy pp solar neutrinos. These discrepancies
between experiment and theory could arise because of inadequacies in the theoretical
models of solar energy generation or because of previously unobserved properties of
neutrinos. The Sudbury Neutrino Observatory (SNO) will provide the information
necessary to decide which of these solutions to the “solar neutrino problem" is correct.

2. The SNO Detector

The Sudbury Neutrino Observatory will consist of a 1000 tonne heavy water (D20)
Cerenkov detector that is designed to measure the flux, energy spectrum, and direction of
neutrinos from the Sun and from such other sources as supernovae. It is presently under
construction in a very low background environment 2000 meters underground in the
Creighton mine near Sudbury, Ontario, Canada. This is an operating nickel mine owned
by INCO, Ltd. The D70 used in the detector will be on loan from Atomic Energy of
Canada Limited.

The basic measurements that will be made with the SNO detector are:
1) the flux and energy spectrum of electron-type neutrinos reaching the Earth, and
2) the total flux of all neutrino types above an energy of 2.2 MeV.
With these two measurements, it will be possible to :
1) determine if neutrino oscillations occur, and '
~2) independently test solar models by determining the production rate of high energy
electron-type neutrinos in the solar core.

The SNO detector utilizes three complementary neutrino interactions with the heavy
water.

1) The neutrino-electron elastic scattering (ES) reaction: vy +€ — vy +e€°.

The observed signal in the detector is the Cerenkov light produced by the recoiling electron.
This is the primary detection mechanism for light water detectors such as the Kamioka
detector. Itis sensitive to all neutrino types, but is dominated by the electron neutrino. The
recoiling electrons from the ES reaction are strongly forward peaked and give excellent
directional information. However, information about the energy spectrum of the neutrinos
is more difficult to extract because of averaging over the outgoing neutrinos.

2) The charged current (CC) reaction: Vo+d — p+p+e” (Q =-1.44 MeV). .

‘This reaction of the electron-type neutrino on the deuteron is unique to the SNO

detector. It has a relatively large cross section for 8B neutrinos and would produce about
10 events per day for one third of the SSM flux. This is greater than fifty times more

sensitive than existing solar neutrino experiments. The electron energy is E, = E,, - 1.44



MeV and the energy resolution is approximately 20%. This reaction gives good spectral

information on the 8B neutrinos and thus provides good sensitivity to the MSW effect.
This reaction will also identify electron neutrinos from the initial burst of a supernova.

3) The neutral current (NC) reaction: vx+d — vx'+p+n (Q=-2.2MeV).

This reaction can be observed by the detection of the gamma rays resulting from the
subsequent neutron capture or by a neutron detector array in the heavy water. This reaction
is sensitive to all types of neutrinos equally and would be used to measure the total flux of
neutrinos above the threshold energy of 2.2 MeV. The expected counting rate for the full

SSM is approximately 10 per day. This will give a direct measure of the total solar 8B
neutrino production independent of neutrino oscillation effects. It will also detect all types
of neutrinos from supernovae explosions.

The D70 target of the SNO detector will be contained in a transparent spherical acrylic
vessel with a diameter of 12 m and a wall thickness of 5 cm. Approximately 2.5 m outside
the acrylic vessel, there will be about 9600 photomultipliers (PMTs) with 20-cm diameters
uniformly arranged and held in place by a geodesic support structure. A reflector is
mounted in front of each PMT to increase the light collection to yield a total effective
photocathode coverage of approximately 60%. The PMT array is sensitive to Cerenkov
radiation produced by relativistic electrons and other particles in the central regions of the
detector. The acrylic vessel, PMTs, and the support structure are immersed in 7300 tonnes
of ultrapure HpO. This reduces the background in the heavy water from radioactive
impurities in the rock walls and in the detector components. The cavity which will house
the detector is barrel shaped with a diameter of 22 m and a height of 30 m. The excavation
of the cavity is expected to be completed early in 1993. The PMT support structure and
acrylic vessel will then be assembled and installed underground. The initial water fill is
scheduled to begin near the end of 1994, with a view toward completing commissioning
tests and starting to take data in 1995. The data taking sequence that will be used in the
experiment is still under discussion. It may begin with a H2O fill of the acrylic vessel
followed by a D20 fill. The NC measurement may then be made either by adding 2.5
tonnes of NaCl to the D70 (in order to raise the energy of the capture gamma rays) or

through the use of discrete neutron detectors (such as 3He counters) installed in the D20.
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