
Optical detector module for the DUMAND 
underwater scheme with its upper glass 
pressure vessel removed and showing the 
coarse wire mesh of the magnetic screen. 

UNDERWATER 
The tide turns,... 

In the late 1970s, attempts to synthe
size quark and electroweak forces 
into one 'grand unified theory' pre
dicted that the proton might occa
sionally decay. To search for this 
instability, new experiments were 
built, notably the Irvine/Michigan/ 
Brookhaven (1MB) study in the US 
and the Kamiokande project in 
Japan. 

To search for proton decay, both 
these experiments used large tanks 
of water, where passing high energy 
particles produce characteristic 
Cherenkov radiation, picked up by 
arrays of photosensitive detectors. 

While no sign of proton decay was 
seen, it became clear that these 
huge detectors could also pick up 
other particles, their big moment of 
glory coming in 1987 when they 
recorded hits by neutrinos from 
outside the solar system - particles 
released by the 1987 supernova. 

However before grand unification 
had been seriously considered, the 
potential of water for catching extra
terrestrial neutrinos had been real
ized. The clearest known natural 
waters are in the deep oceans, and 
the idea was to suspend strings of 
photosensitive detectors in the sea. 

As well as catching neutrinos, such 
detectors could also solve one of the 
big open questions of astrophysics -
the origin of very high energy cosmic 
rays. The cosmic accelerators 
producing these cosmic rays can be 
localized only by electrically neutral 
particles like neutrinos or photons, 

Preparing to immerse components of the 
Baikal neutrino telescope from the thick winter 
ice layer. The glass spheres contain 37-cm 
diameter photomultipliers. 
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since charged particles get tangled 
up in galactic magnetic fields. Two 
sources of TeV gamma rays have 
been recently identified: the Crab 
pulsar and the active galaxy 
Markarian 421, giving hope that point 
sources might also be found with 
underwater neutrino detectors. 

Early to 'get off the ground' was 
DUMAND off Hawaii, where con
struction is now underway for nine 
strings, each about 350 metres long, 
containing 216 optical modules. 
The first strings are now being 
deployed using a submarine, and the 
full configuration should be in opera
tion next year. The neutrino target 
will be about 2 Megatons, with some 
20,000 square metres of active area 
to pick up muons released in neutrino 
hits. 

Since April a deep underwater 
Cherenkov detector has been operat

ing in the clear water of Lake Baikal, 
Russia. It consists of 36 optical 
modules in three vertical strings at 
1.1 km depth. The detector, chris
tened "NT-36", is the first step to
wards a neutrino telescope of 192 
modules ("NT-200"). 

NT-36 was deployed despite the 
many complications due to the 
economic plight in Russia. Its three 
strings are held by an umbrella-like 
frame, positioned in 1992 and which 
will eventually carry the full array with 
eight strings, each twice as long as 
the present ones. 

The array consists of 37-cm diam
eter photomultipliers produced in 
Novosibirsk. The devices, named 
QUASAR, have an excellent time 
resolution of 2 nsec. Time calibration 
uses two nitrogen lasers positioned 
several metres above the array. The 
basic telescope trigger is tailored to 

record relativistic muons. In addition, 
a special logic scans the data for 
patterns typical of slowly moving, 
'bright' particles such as magnetic 
monopoles or strange quark nuggets. 
The muon sensitivity of under

ground and underwater arrays 
depends on their effective area. 
For NT-36, this amounts to 270 
square metres for 1 TeV muons and 
to about 1000 square metres for 10 
TeV muons. The latter figure is just 
the effective area of the presently 
biggest underground neutrino tel
escope, the MACRO detector in the 
Gran Sasso Laboratory. 

Already 30 million muons have 
been recorded with this first multi-
string underwater detector. 
Their zenith angular distribution is 
satisfactorily described by the known 
parametrizations for muons gener
ated in the atmosphere a dozen 
kilometers above the array. However 
there remains a small number of 
events, about a tenthousanth of the 
total sample, corresponding to 
upward moving muons. These 
resemble neutrino events which are 
in fact a hundred times rarer. Suffi
cient reconstruction power to identify 
genuine neutrino events is expected 
with the 96-photomultiplier array 
which will be deployed next Spring. 
However a suppression factor of 10 4 

is considered encouraging for such a 
small test array. 

As well as allowing Baikal physicists 
to check the complete electronics 
system, NT-36 gives the first possibil
ity to check numerous simulations of 
underwater muon reconstruction and 
background rejection. 
The Baikal collaboration includes 

For the NESTOR underwater neutrino project, 
a Greek/Russian group surveyed the coastal 
waters off Pylos, Greece, in 1991, deploying a 
prototype umbrella-like phototube module. 
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several Russian institutes, notably 
the Moscow Institute of Nuclear 
Research and the universities of 
Moscow, Irkutsk and Tomsk, as well 
as DESY-lfH in Zeuthen, Germany, 
and KFKI Budapest. 

In neutrino studies, detector size is 
all important. The newest entry into 
the underwater field is NESTOR 
(November 1992, page 16), where a 
major array will be deployed by an 
international team (Athens/Moscow/ 
Florence) off historic Pylos, S-W 
Greece. 
They also plan an atmospheric 

neutrino oscillation experiment, and 
enjoy the fortunate geographic 
coincidence that CERN, the Italian 
Gran Sasso underground Laboratory 
and Pylos lie in a straight line! 
NESTOR's location on the other side 
of the globe to DUMAND will make 
for complementary sky coverage. 

With 1994 seeing deployment of 
detectors at all three sites, next year 
might turn out to be the turn of the 
tide for deep underwater neutrino 
detectors. 

Not strictly underwater is AMANDA, 
a project to locate detectors in the 
deep clear ice at the South Pole, 
where existing infrastructure can 
handle the drilling, although the 
diameter of the shafts might limit the 
size of the photomultipliers used. 

Surface arrays provide another 
route to water-based neutrino detec
tion, where a number of proposals 
are being groomed. 

The Baksan Gorge in the Caucasus moun
tains, Russia. On the right is the entrance to 
the four-kilometre tunnel leading to the Baksan 
Neutrino Observatory experimental area, 
thousands of metres under Mount Andyrchi. 

UNDERGROUND 

Cossetted deep underground, shel
tered from cosmic ray noise, has 
always been a favourite haunt of 
neutrino physicists. Already in the 
1930s, significant limits were ob
tained by taking a geiger counter 
down in Holborn 'tube' station, one of 
the deepest in London's underground 
system. 

Since then, neutrino physicists have 
popped up in many unlikely places -
gold mines, salt mines, and road 
tunnels deep under mountain chains. 
Two such locations - the 1MB (Irvine/ 
Michigan/Brookhaven) detector 600 
metres below ground in an Ohio salt 
mine, and the Kamiokande apparatus 
1000m underground 300 km west of 
Tokyo - picked up neutrinos on 23 
February 1987 from the famous 
1987A supernova. 

Purpose-built underground labora
tories have made life easier, notably 
the Italian Gran Sasso Laboratory 
near Rome, 1.4 kilometres below the 
surface, and the Russian Baksan 
Neutrino Observatory under Mount 
Andyrchi in the Caucasus range. 
Gran Sasso houses ICARUS (April, 
page 15), Gallex, Borexino, Macro 
and the LVD Large Volume Detector, 
while Baksan is the home of the 
SAGE gallium-based solar neutrino 
experiment. 

Elsewhere, important ongoing 
underground neutrino experiments 
include Soudan II in the US (April, 
page 16), the Canadian Sudbury 
Neutrino Observatory with its heavy 
water target (January 1990, page 
23), and Superkamiokande in Japan 
(May 1991, page 8). 
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