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Fig. 1. First arrangement. S, source; C, counter? ‘r
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In order to reduce as far as possible the zero effect of the counters, these experi-
ments were carried out in Holborn Tube Station, at a depth of about 30 m.*
underground. At this depth the cosmic ray intensity is quite small.
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Figure i, The chlorine golar neutrioo experiment.
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Prefatory table of some important solar parameters.

..... Parameter Valge
Luminosity 3.86 X 10% erg sec™!
Mass {Mg) .99 x 10¥ g
Radius {Rg!} 6.96 X 10" cm

Moment of Inertia

Depth of conveclive zone
Age

Central density

Central iecmperature
Central hydrogen abundance
by mass

Effective {surface}
temperature

Primordial heliuvm abundance
by mass

Primordial ratio of heavy
elements to hydrogen mass
Neutrino flux from p-p
reaction

Neutrino flux from

®8 decay

Fraction of energy

from p-p chain

Fraction of energy

from CNO cycle

7.00 % 10% g em?
0.27 Ref{0.02Mg)

> 4.55 X 10%yr

156 g em™?
15.5%X10° K

0.355

5.78 X 10° K

0.25 +£0,01

0.0228

6.1 %10 cm=2sec!
5.6 X 10° cm =% sec™!

0.985
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Fig. 1. Some of the important solar variables and neutrino fluses plotted as a
function of the fractional distance #R, from the center, where R is the
radius of the sun. The remperarure T and density p are given relative to their
central values, T = 15.5 x 10° K and p5 = 156 g/lem?, respectively. The
fraction of the pp, "Be. and *B neutrine fluxes produced and of the mass
restding inside the indicated radial dimension are shown on the same plo.
Here M, is the mass within radivs » and M, is the solar mass. All the values
have been calculated on the standard model and are taken from table 7 of
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FIG. 1.
The inner detector contains 3000 tons ol water of which 2140
(ons are fiducial volume. £t is viewed by 948 20-in.-diameter
PMT's mounted on a 1-m grid on the inner surface. The outer
(veto) counter surrounds the inner detector and is viewed by
123 PMT’s. Dimensions in the figure are in millimeters.
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Timing differences across Cherenkov rings for tracks at two

different angles relative to a plane of PMTs in the IMB detector.
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rate is given in the last column. All event rates are in SNU,

Target p-p pep hep "Be 3! BN 150 7p Total
H 0.0 0.0 0.02 0.0 6.0 0.0 0.0 0.0 6.0
Li 0.0 9.2 0.06 4.5 22.5 2.6 128 0.1 51.8
3 0.0 0.2 0.03 1.1 6.1 0.1 0.3 0.003 7.9
0Ar 0.0 0.0 0.02 0.0 1.7 0.0 0.0 0.0 1.7
IGa  70.8 3.0 0.06 34.3 14,0 3.8 6.1 0.08 132

81p, 0.0 1.1 007"" 86 153 09 1.9 0.02 27.8
%Mo 00 0.0 0.08 0.0 17.3 0.0 0.0 0.0 174
i) ) 468 8.1 0.05 118 14.4 13.6 i8.5 0.2 639
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Schedule of Gallium Solar Neutrino Experiment Agreed to Sept. 1987
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Table 1. Comparison of paramelers beiween KAHIGKANDE 1 and SUPLR-KAHIOKANDE | 'g‘
ey
Parametars KAMIOKAHDE I SUPERKANMIOKANRDE
Tank 16mh x lém¢ 40mh % 38p4¢
Total mass 1000t 32000t
Fiduclal mass a80¢ 12000t
Humbar of PHTa 1000 11000
1 photosaneitive coverage 104 401
vhotoslectron ylald/Hev 8 5.8
Resolution for £H showar 0.04//E (E In GeVv} 0.03//E (E in GeV}
Anti-counter layer depth > In depth » n
PHT tine resolutlom at I photoalectron S.ns Jns
y'e ¢ decay detection eff, 700 3954
hoeurscy in vertex deterhinatien ta 1.5m ten
u/s separauon“" yes only for non- yeés up to -80\ overlapping rinqa“’}
o/u separation no overlapping rings partly yes for p ¢ {00 HeV/c
e/yY separatien no partly ye:‘ﬂ
J

{a} for 100 HeV/c electrons
{b) He'w Oor uy, Stry, & or a'
{¢)  under Yotafled study
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Properties of the SNO detector

Depth underground 073 m
Cosmic ray ritle 004"

Cavity dimensions 20 my diameter A
32 m high P"'{OI?.E‘;L“P LiER j
0,0 miass 1000 Lonnes :
H L0 mass 5200 lonnes
Energy resolution (7 MeV) 16%
Angular resolation {7 McV) 30°
Time resolution {per PMT) 7.7 ns
Spatial resalution 0.7 m

* god

CROSS-SECTIO
OF NEUTRINO DETECTOR

Figuret.1: Design of the Proposed Deteclor.
The diameter of the cytindrical rock cavity is 20 melres.
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6 Fig™4, The LVD detector. E ?ig. 1. Tracking planes of the LVD detector. ’
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Table § (¢ /
The main characteristics of LYD, <9 S-cm PM TUBE
Area 2332 m?
Geometrical acceptance ~ 7000 m? sr - —_—
Length 40 m 7 !
Height 132m / ‘
Width i2m
Volume of scintilfator 2280 m® 100 em
Mass of scintillator 1800 ¢
Mass of steet 1800t |
Numbser of tracking channels 100000 ,L’
Number of streamer tubes 20000 o0
Number of phototubes 6400 g0 em
Analog channels 12800 /
Tracking spatial resolution 4 mrad . l [
Energy resolution 20% i 150 ¢m |
Energy threshold ~ 3 MeV l

H

. T_CATLS

[ Fig, 3. The basic scintillator counter of the LVD. The LVD
8\ will have 1520 such counters,
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The LSD detector (fig. 81) consists of 90 tons of liquid scintillator (the
precursor of the LVD detector, fig. 69). It has an electron threshold of 6
MeV, but little angular information. Note that liquid scintillator is sensitive to
the y-rays from et annihilation via Compton scatter, while a water Cerenkov
detector is not. Hence the liquid scintillator detectors are especially sensitive
to low-energy v +p = n+et,

Fig.81. The 90-ton liquid scintillator detector (LSD) in the Moni Blanc Underground
Neutrino Observatory.37

The controversy is that the reported events fall into 2 groups 5 hours apart!

Fig. 82, Signals detected at 2:52:36 UT on 23 Feb. 1987. a the LSD detector;®” b the
Baksan detector.®®
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Table 2: Neutrino Data

Time {UT) February

Detector {threshold® fsize)

it of Events { E-rangefDuration)

23 2h 52m
“* 11 min

un

un

Mt. Blane (7 MeV/90 T)*
Kamioka (8 MeV /2,14 kT)
IMB (30 MeV/5 kT)
Baksan {11 MeV/130 Tt

5 (6-10 MeV /7 sec)
2 (7-12 MeV /10 sec)
none reported
none reporied

23 Th 35m (% min)
23 7h 35m

“y

wn

Kamioka (T MeV /90 T)
IMB {30 MeV/5 kT)
Baksan (11 MeV/130 T)*
Mt. Blanc (7 McV/90 T)

11 (7-35 McV/13 sec)
& (20-40 MeV /4 sec)

3{12-17 MeV /10 sec)
2 (7-9 MeV/13 sec)

suin of pulses

Homestake », (0.7 MeV /615 T)**

consistent with background

Optical
23 9h 25m lack of sighting m, 2 8 magnitude
23 10h 40m photograph m, = 6 magnitude
24 10h 53m discovery m, = 4.8 magnitude

*Threshold is when efficiency drops lo S 50% {sub-threshold eveuls are therefore possible).

*These detectors are liquid scintalators with HingnCn, thus have ~ 1.39 more free protons

than H;0 detectors of same mass.
**The Homestake detector is only sensilive 10 11.'s. 1t is made of C2Cl.
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