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Abstract

After the successful completion of the short prototype string experiment
late in 1987, the DUMAND (Deep Underwater Muon and Neutrino Detector)
Collaboration began with the development and construction of DUMAND
Stage II. This detector system consists of nine so-called strings of 24 highly
sophisticated optical Cherenkov detector modules each. The strings will be
arranged in the form of a giant octagon, totalling 216 modules that will be
installed at a depth of nearly 5000 m in the Pacific ocean and operated as a
muon and neutrino telescope. The effective area is roughly 20,000 m? and the
expected angular resolution about 1°. The contained volume of the array is
1.8 - 10 m> and the neutrino point source sensitivity 4 + 7 - 1071° em=2s71
per year above 1 TeV.

In December 1993 the 35 km long 12-fiber electro-optical shore cable was
deployed together with the junction box, the sonar and video systems, and the
first of three completed strings. We discuss deployment, string installation and
initial operation. Due to problems, string 1 was recovered late in January for
inspection and repair. The cause for the difficulties is outlined and plans for
re-deployment of string 1 together with strings 2 and 3 are presented. Initial
results from data obtained in December 1993 confirm expected sensitivity and
noise rates.



1 Introduction

After the successful completion of the short prototype string experiment late in 1987
[1], the DUMAND? Collaboration began with the development and construction of
DUMAND Stage I1. This detector system is a giant three-dimensional array of 216
highly sophisticated optical Cherenkov detector modules [2], intended to be used as
a muon and neutrino telescope.

The array consists of nine so-called strings of 24 detector modules each. Eight
strings are located at the corners of an equilateral octagon, 40 m apart, with the
ninth string at the center. The basic sensors consist of 15-inch diameter photomul-
tiplier tubes. The array configuration is shown in figure 1. It will be located about
30 km west of Keahole Point, the most western tip of the Island of Hawaii, at a
depth of 4760 m. The array’s effective area is about 20,000 m?, its point source
sensitivity 4 +7-1071° v em~257! per year for muon neutrinos of energy > 1 TeV,
and its angular resolution is & 1°. More detailed descriptions of the array and its
capabilities are given elsewhere [3,4,5,6].

Phase I of this project, called the TRIAD detector [7], is now in the process
of being completed. This phase includes deployment, installation and taking into
operation of three out of the nine strings, and of a large multi-connector junction box
(figure 2), located in the center of the DUMAND site, for connecting the individual
strings. It also includes laying of a 12-fiber electro-optical cable from the junction
box to shore. This cable supplies power to the junction box and establishes multiple
high-speed two-way color multiplexed single mode command and data links between
the deep ocean laboratory and the shore station.

Various support systems such as a very high precision sonar, television cameras
with floodlights, etc., are either integrated with or suspended above the junction box.
These facilitate installation, recovery and re-installation after servicing of strings,
and help to guide a robot or manned submersible when connecting equipment to
the junction box. The precision sonar in conjunction with the 52 hydrophones
incorporated in the array also allows to locate the position of each module of the
array to within a few centimeters, to maintain the high angular resolution and
pointing accuracy.

In addition the array also has significant capability to detect cascades of particles,
as well as muons. If active galactic nuclei (AGNs) generate 7. at predicted levels
[8], then DUMAND II might be able to see such events from throughout a volume
as large as 0.2 km®. The hydrophones in the array may also permit hearing such
extraordinary events.

Other physics capabilities have been extensively discussed elsewhere [8,6]. These
include studies of neutrino oscillations, searches for various exotica (WIMPS, mo-
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nopoles, quark nuggets), and even mapping the earth core density [9].

2 Deployment of Phase I Equipment

In December 1993 the DUMAND collaboration has deployed during a major oceano-
graphic operation the basic infrastructure of its deep ocean laboratory at the DU-
MAND site. It consists of the junction box with 12 combined electro - optical
connectors, the 12-fiber electro - optical shore cable that links the connectors to
the shore station, and string 1, the center string of the octagonally shaped detector
matrix.

Since we had at that time no deep ocean submarine or remotely operated work
vehicle available, there was no point to deploy the remaining two strings to complete
Phase I, the TRIAD configuration of DUMAND II, as planned initially, because
strings two and three could not have been connected to the junction box and brought
into operation.

String 1 was mechanically attached to the junction box and electrically and op-
tically connected to the shore station through one of the junction box connectors.
The highly complex deployment procedure, which had to be conducted in one un-
interrupted operation, is illustrated in figure 3.

The string was deployed first and in an upside down configuration, beginning
with a sacrificial anchor, followed by the different modules and subsystems, the
junction box, and subsequently the cable laying procedure (c.f. fig. 3). The entire
operation took 32.5 hours until the 12-fiber electro - optical cable was on shore. The
junction box touched ground early in the morning of December 15.

During the lowering operation, string 1 was powered as soon as the ambient light
in the ocean reached a safe level for the phototubes (= 1 km depth). It was checked
continuously for proper operation through the full 35 km length of the shore cable
on board the ship, using the appropriate fiber for the color multiplexed two-way
data and command communication.

The two video cameras positioned near the bottom of the string, above the
junction box, were activated at the beginning of the deployment to get some views
from the shallow zone where adequate ambient lighting from the sun still persisted.
After shore termination of the cable further pictures of the junction box before and
after sacrificial anchor release were recorded.



3 Initial String Operation and Data Recording

Approximately one hour after touchdown of the junction box, during the cable laying
procedure, normal mode string operation was started, while the string was kept in
inclined position, as shown in figure 3.5, to avoid entanglement with the shore cable.
Vertical positioning of the string by remotely controlled release of the sacrificial
anchor was intended to be activated from the shore station, after completion of
cable laying.

The data were recorded using a very simplified data acquisition system on board
the ship that consisted essentially of a large high-speed buffer (5 Mbyte) which
recorded the string data that were transmitted at a rate of 625 Mbd. No extensive
data analysis or event reconstruction was possible during this time.

Whenever the buffer was full the memory was dumped onto a disk. The copying
procedure was very time consuming and dictated a duty factor for the real time data
acquisition of only about one percent whereas the shore station is capable to handle
up to 1 Gbd per string. A total of 3 Gigabyte of data, corresponding to about two
minutes of real time, were recorded over a period of about three hours during which
cable deployment progressed as scheduled.

About five hours after touchdown of the junction box, while deployment was
in progress, problems with the data and command link developed and eventually
control of string 1 was lost. After completion of the cable laying operation and pass-
ing the shore cable through the cable conduit that guides the cable safely through
the surf area and shore rocks into the shore station building, the junction box was
powered again. Unfortunately the string controller did not respond. However, the
television and sonar systems that have their independent and self contained control,
data handling and transmission system that is connected to a separate junction box
outlet responded properly and could be tested extensively.

After powering the floodlights that are mechanically coupled to the video cameras
a clear picture of the junction box appeared on the monitor, revealing that the
junction box is in fact properly positioned on the ocean floor. Pivoting the camera
showed the part of the lower portion of the string still in its inclined position.

Since string control was lost the sacrificial anchor could not be remotely released
and the string could not rise into vertical position. It was therefore necessary to wait
for the corrosion activated magnesium fuse to release the string from the anchor.
This occurred on December 20. Inspection with the video camera revealed that the
string was now in vertical position.

Subsequent electrical tests carried out from the shore station indicated that now
the power line was shorted to the ocean, putting the entire system out of service.
It was assumed that a full short circuit had occurred in the string controller as the
string moved into vertical position, suggesting sea water in the lower portion of the



controller housing, where the power handling system is located.

To disconnect the string controller electrically from the junction box, a well
defined current was applied to the shore cable to blow the 10 A fuse located in the
plug at the end of the umbilical cable that connects to the junction box. Care was
taken to save the 15 A fuse in the socket at the junction box, not to disable the
outlet. This operation was successful and the sonar and television systems were
operational again.

4 Preliminary Results

The data recorded during the short time of partial operation of the string at the
nominal depth of 4760 m are in the process of being analyzed. Most of the data
are of course just potassium 40 background light induced counts. However, a very
simple trigger had been applied to the raw data and simple fits were used to look
for muon trajectories. This work is still in progress. We only present the result of a
preliminary analysis of a rather remarkable event as an example.

In figure 4 we show the string configuration at the time of data taking. Figure 5
shows the timing chart (time over threshold) of the previously mentioned particular
event. Though it has not been fully analyzed, it appears to be a two - muon event,
possibly with a muon burst because of the large amplitudes (>100 times minimum
ionizing) in modules number 5, 6 and 7. Bioluminescence is totally excluded because
of the time structure and the confinement of the large brightness.

The connected asterisks in the chart indicate how a single muon trajectory would
look that intercepts the string at right angle between modules number 4 and 5. This
signature is typical for perpendicular tracks passing close to the string.

The event shown in figure 5 had been reconstructed and is illustrated in the form
of a timing plot in figure 6. The ordinate represents the Z-axis and shows the actual
vertical position of every module, indicated by a horizontal line and numbered from 1
(top module) to 24, along the axis. Solid horizontal lines identify the active modules,
dotted lines deactivated modules. The numbers within the figure represent the hits,
the ellipsis centered about some of the numbers the amplitude of the signal, if it is
large enough. The asterisks and stars represent the timing of the two reconstructed
muon tracks. The directional errors are large because of the small number of detector
modules that were active at the time of measurement.

Figure 7 shows a spatial plot of the string and the two reconstructed muon
trajectories.

Further information from the data tells us that the photomultiplier noise rate is
lower than anticipated (mean <60 kHz, and still quieting), that the bioluminescent
pulses (as expected) provide a dead time of =~ 1% per module, and that correlations
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of high light levels between modules are very small. The implication of the latter is
that the bioluminescence light pulses (x1 second duration) are small and localized.
Perhaps most important, the sensitivity of the array is close to predictions, based
upon the observed coincidence rate.

5 String Recovery and Problem Determination

On January 27, 1994 a team sailed to the DUMAND site on a small boat and
released string 1 by sonar control. 63 minutes later the string surfaced and was
recovered and brought to Honolulu. Since there was no possibility to unplug the
umbilical cable from the junction box in this operation, it had to be severed above
the latter, leaving the end exposed to the ocean. The connector with the remaining
loose section of cable and fiber will be removed by the robot when installing the
next string.

Upon opening of the string controller housing 4.5 liters of sea water were found
inside. This explained the short and its consequences. Considering that the string
controller was 45 days in the ocean at full depth yields a leak rate of about 1 mm?®

per second, or roughly one drop per minute. Previous pressure testing of the unit
at 10,000 lbs/sq.in. showed no leak.

Very careful inspection of the controller housing with its almost 60 optical and
electrical high pressure penetrators finally led to the discovery of a tiny but never-
theless disastrous leak. It could be located at one of the electrical penetrators, a
3-pin Crouse - Hindes rubber - titanium penetrator. Detailed investigation revealed
that the leak developed between the titanium mount and the rubber insulation. It
appeared that the two materials did not bond properly. It is likely that the leak
occurred when connecting and/or disconnecting receptacle and penetrator. Plans
to prevent repetition of this failure have been formulated - basically more extensive
pressure testing.

6 Concluding Remarks

The destroyed string controller is now in the process of being rebuilt. It will be
re-installed together with the two other strings in the near future. The DUMAND
Collaboration has learned a large number of important lessons from the December
1993 deployment, and look forward to a successful installation of the three strings
in the Fall of 1994.
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Figure 3: Illustrations of the different phases of the deployment procedure of
DUMAND string 1, junction box and shore cable from the research vessel Thomas
G. Thompson.
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Figure 7: Spatial plot of the same event shown in figures 5 and 6. Shown are
the two reconstructed muon tracks to the left of the string. The latter was inclined
at the time the data was taken; it lies in the X- Z-plane, pointing west (for details
see text and fig. 4) Full and open circles identify active and deactivated modules,
respectively. Dimensions are in meters.
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