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Motivation:
• The calibration program at SK is the natural starting place for 

developing the HK calibration program

• the physics topics and detectors are to first order the same

• to first approximation we should consider reproducing all the 
calibration capabilities that are present in SK

• The detectors/physics goals are not exactly the same

• opportunity for optimization in capability and efficiency

• The capability to deploy various sources (radioactive/optical) at 
various places in the detector is needed

• Enables PMT calibrations, water optical studies, reconstruction 
performance, etc.
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SK calibration portals

• Portals situated radially across the top 
of the detector

• Motorized spool precisely translates 
source vertically to any depth

• Dark environment provided by moveable 
tent positioned above the portal

Nucl. Instrum. Meth. A501(2003)418-462
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Detector Geometry

• 10 optically isolated detector 
modules must be individually 
calibrated

20 II EXPERIMENTAL SETUP OVERVIEW

FIG. 6. Cross section view of the Hyper-Kamiokande detector.

wall in the existing tunnels and sampled bore-hall cores are dominated by Hornblende Biotite

Gneiss and Migmatite in the state of sound, intact rock mass. This is desirable for constructing

such unprecedented large underground cavities. The site has a neighboring mountain, Maru-yama,

just 2.3 km away, whose collapsed peak enables us to easily dispose of more than one million m
3

of waste rock from the detector cavern excavation. The site also has the benefit – well-suited for

a water Cherenkov experiment – of abundant, naturally clean water located nearby. More than

13,000 m
3
/day (i.e., one million tons per ∼80 days) will be available. The Mozumi mine where

the Super-K detector is located is another candidate site for which less geological information is

available at this moment.

In the base design, the Hyper-K detector is composed of two separated caverns as shown in

Fig. 1, each having a egg-shape cross section 48 meters wide, 54 meters tall, and 250 meters long

as shown in Fig. 6, 7, and 8. These welded polyethylene tanks are filled up to a depth of 48 m

with ultra-pure water: the total water mass equals 0.99 million tons. The 5 mm thick polyethylene

sheet which forms the water barrier has been used in waste disposal sites, and based upon that

experience its expected lifetime is longer than 30 years. We expect a much longer lifetime than
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EXECUTIVE SUMMARY

FIG. 1. Schematic view of the Hyper-Kamiokande detector.

• Volumes under curved areas are difficult to access vertically

• From time/manpower and “dynamic range” considerations 
automation may be desirable
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SNO Manipulator
• Deployment system to position source in two 

planes of the detector

• Movement effected by tension in ropes

• fully automated and remotely controllable

• “Universal Interface” with glove box allows 
source interchange in light/air-tight environment

• Disclaimer:

• I am not a SNO collaborator nor have ever used this system

• SNO collaborators tell me that the system was use reliably and 
effectively throughout the experiment’s lifetime.

• “Umbilical cord” provides 
services such as optical fibers 
and power

• Electric touch plates deployed 
to calibrate position

F. Duncan Neutrino 2000, 
“The SNO Optical Calibration System”
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SNO(+) UI
• “Universal Interface”

• provides light/air tight portal into 
the detector

• glove box to interchange sources

• New UI for SNO+ 
at TRIUMF

thanks to R. Helmer (TRIUMF)
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Umbilical Cord
• watertight conduit for optical/

electrical services to the source

• as source moves:

• mechanical protection for 
optical fiber from bending/
stretching/crushing

• allows friction-free “slipping” 
between fiberssilicone tube

polyethylene tube

teflon tube

optical fibres

hook-up wires
thin coaxial wire

GE RTV-615 silicone compound

scale: 5mm

Fig. 4. Cross-sectional view of the laserball umbilical.

• Radioactivity cleanliness: suitable for deployment in SNO for periods of up
to several weeks at a time without introducing a significant 222Rn contami-
nation (emanation lower than 10 mBq, which correspond to 10% of the level
in the D2O);

• Impermeability to water to protect cable components and the source itself;
• High flexibility with a small bending radius, for use with the manipulator;
• Length of 30m, to reach the farthest available positions inside SNO;
• Neutral buoyancy in D2O with constant linear density over its length.

Cables with these specifications were not available commercially, so the exper-
tise to construct them was developed within the SNO Collaboration. A short
length of umbilical cable is shown in Figure 3, with its cross-sectional view
depicted in Figure 4.

An umbilical consists of a 30.5m long silicone tube with an outer diameter
(OD) of 12.7mm containing a smaller 6.35mm OD polyethylene tube [18]
helically wrapped with four thin Teflon-insulated hook-up wires and a thin
coaxial cable [19]. The four wires and the coaxial cable centre the polyethy-
lene tube inside the umbilical, and the helical wrapping permits longitudinal
tensile and compressive forces on the wires to be relieved locally as the um-
bilical goes over the pulleys of the manipulator system. Both of these e!ects
are important in reducing the minimum bending radius for use with the ma-
nipulator system with its 15.2 cm and 20.3 cm diameter pulleys. Additionally,
the central polyethylene tube provides mechanical support to the fibres, both
radially (against crushing) as well as longitudinally (against stretching).
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• Technical tour-de-force in order to pass elements through 30.5 
meter outer silicone tube before silicone compound sets (~hours).

• May be less complicated if manipulation of light source is not 
needed.
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KamLAND Manipulator

• Different concept using 
“pole” rotated/positioned 
by cables

Figure 1. Illustration of the calibration sys-

tem in the KamLAND detector: A radioac-

tive source was attached to one end of the

pole. It was positioned throughout the fidu-

cial volume by adjusting the orientation and

length of the pole. Additional
60

Co pin

sources, used for monitoring the pole posi-

tion, were located along the pole. Two ca-

bles and a spool system manipulated the pole

position and provided electrical connections

to instrumentation in the pole. Access to the

detector and manipulation of the system was

through a glovebox on top of the chimney.

(1)

(4)

(2) (3)

(5) (6)

Figure 2. A typical deployment sequence for off-axis

calibration: (1) During insertion into the detector, the

pole was vertically suspended from the far cable with

some slack in the near cable. (2) Once the pole was

inside the detector, the near cable was raised, which re-

moved the slack and pulled the pole off axis. (3) The far

cable was then lowered and the near cable was raised to

move the pole to the horizontal. (4) The near cable was

shortened to bring the pole above the horizontal. (5) The

far and near cables were raised simultaneously to bring

the source closer to the balloon. (6) To prepare the pole

for retraction, the near cable was lowered to return the

pole to vertical.

Fig. 2 illustrates a typical deployment sequence. Calibration at positions off the axis of sym-

metry of the detector (off-axis mode) required the deployment of the segmented calibration pole

with two control cables. During insertion and retraction of the system, the pole, attached to both

cables, was passed through the narrow access flange and chimney region. The pole was lowered

vertically with all weight borne by the cable that was attached furthest from the source-end (the

far cable). The calibration pole moved into off-axis position when slack was removed from the

cable attached near the source end (the near cable). The near and far cables are labeled in Fig. 3.

Adjustment of the relative lengths of the cables controlled the zenith angle of the calibration pole.

To expand the radial reach in the upper and lower regions of the detector, the entire configuration

was translated vertically. The azimuthal position was varied by rotating the entire glovebox, which

was mounted on a rotary stage, prior to the calibration deployment.

The calibration pole consisted of several 90 cm long hollow titanium pole segments to which

a radioactive calibration source was attached at one end. The number of segments suspended be-
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Figure 17. The reconstructed position of the radioactive sources in an azimuthal plane of the detector: The
colors correspond to the level of detected activity. The source positions traced the outline of the calibration
pole and indicated the location of the pivot block, thus providing confirmation of the system’s location.
The outer dotted line represented the balloon boundary. The inner dot-dashed line was the safety zone
which defined the minimum distance between the pole and the balloon. Similar plots were used during the
deployment to confirm the location of the system before moving to the next position. The progression from
left to right illustrates the sequence in which the pole was swept through a single azimuthal slice of the
detector.

out the accelerometers and the pressure transducer.
The original design had an acrylic body between a metal and nylon endcap, as shown in

Fig. 16. This was replaced with a stainless-steel body when the acrylic housing was found to
develop incipient cracks. The nylon endcap contained the electrical connections. The stainless-
steel endcap provided the channel for the locking pin and a Swagelok fitting for connection to a
helium leak detector.

In the end, the IUs were not used as a real-time position cross-check because electrical pickup
and noise made the 1-Wire communication protocol unreliable. Despite efforts to better isolate
the electronics, crosstalk from the motor power persisted. The pressure sensor data were analyzed
offline and found to agree with other measurements within 5 cm provided that the IU had suffi-
cient time to come into thermal equilibrium with the surrounding LS. In order to achieve better
performance, more care would need to be taken with the temperature compensation of the pressure
sensor and the heat conductivity between the thermometer and the pressure sensor. The accelerom-
eter data were also analyzed offline and found to agree with the expected angles within 10◦. In order
to achieve better performance with the accelerometers, more care is needed with the mounting and
calibration of these devices.

Data from the IUs taken during the off-axis deployments provide a detailed measurement of
the temperature profile in the detector’s LS volume, shown in Fig. 18. These data have become very
important recently for understanding the temperature layering of the detector. The stability of this
temperature gradient is critical to the success of the LS purification for KamLAND’s high-purity
phase.

3.2 Offline Position Determination

In a separate calculation from the one performed by the motion control system, the geometry of

– 20 –

B.E. Berger et al.
JINST 4 (2009) P04017
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Conclusions
• Calibration strategy may affect detector design/technology choices

• and vice versa (e.g. water circulation)

• A calibration manipulator system may be well-suited as a Canadian 
contribution to HK.

• Two generations designed/built for SNO/SNO+

• Control systems also within TRIUMF expertise.

• about the right “size” for Canadian contribution

• collaboration with other groups is desired/essential to explore 
possibilities and find the most effective solution

• solutions may not be exclusive 

• more than one solution may be desired to achieve goals
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