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R&D projects
• Goal: Design HK calib based on R&Ds and prototyping
• Calibration method, calibration sources, source deployment 

system, photo-sensor response measurement

• LED light source R&D
• Presentation by Niel M. (U. Liverpool)

• Calib source insertion system
• Presentation by A. Suzuki., T. Yano (Kobe U.)

• Photosensor Test Facility
• Presentation by Tom F. (UBC)

➜ Just started a collaborative work with Photosensor WG

• Compact neutron generator
• Roger W. (ICRR)

• No presentation this time (see his slides at 4th HK meeting).

• SNO+ detector and calibration
• Presentation by Szymon M. 2
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• Many types of calibration systems
• SK, SNO, Borexino, KamLAND, Daya Bay

• Compile the ideas of these systems
and design HK calibration system

• → Prototyping to asses the feasibility
• Automation, 3D scanning, scalability, etc

• As the first step, develop a simple semi-automated 
calib system (to be employed in SK)
• Remote control &

detector safety

• Repeatability/stability

• Operability

• See Atsumu-san’s talk

Comments on the nickel 
calibration in SK

8

The calibration method is established.

Useful for the initial calibration, (gain determination, QE 
measurement etc.), the position calibration, the long term 
stability of the water quality, and so on.

Need to develop a new equipment for introducing into the tank.

There are several manual works inside a dark room, now...

Dark room (by Obayashi-san)

Calib source insertion system
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Photosensor Testing Facility
• Study response & reflection of 

large photosensors in water
• e.g. dependence of light incident 

angle and position

• Photosensor Testing Facility at 
TRIUMF
• Mechanical and optical systems

in operation

• Control magnetic field (Helmholtz 
coils, shielding)

• Collaborative work with 
Photosensor WG
• Characterization of new sensors

• 8” HPD prototype in the facility

• See Tom’s talk for details 4

Mechanical system in operation at TRIUMF!

2 manipulator arms, each with!
light output (and small monitor PMT) 
to shine on the central PMT, !

and a small receiver PMT to measure 
reflected light!
!
5 motors each, x, y, z and θ, ϕ!
MIDAS control system and DAQ!
Sequence of positions to do scan!
Collision avoidance!
!
Repeatability to < 1 mm for !
position, velocity, and acceleration!
!
< 1 degree, will be tested!
!

Corina Nantais! 4!

Magnetic compensation for Earth and cyclotron!

Phidget (accelerometer and gaussmeter)!
on each gantry"
!

Coils have been connected to current 
source and individually tested!
!
Magnetic field scans, soon!
!
Optimal currents, to be determined!
!
!

Corina Nantais! 7!

(0,0,0)!

+x!+y!

+z!

Helmholtz coils!

2 layers!
of GIRON!

target <10 mG!

8” HPD in PTF
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Other on-going R&Ds
• LED light source R&D at UK
• Light source with lower cost & able to use for wide 

range of calibrations

• Develop a fast pulsed LED driver

• Test/measure LEDs characterization

• Compact neutron generator
• Neutrons are useful for water Č detector calibrations

• Potential replacement of “Nickel” source (Ni+Cf) and 
DT generator for energy and n-tagging calibrations

• Fission triggered nickel source
• Potential energy calibration source
• Has been developed & tested by Koshio-san

5

• Easy to deploy multiple positions

• Able to turn neutrons on/off

• n-tagging efficiency calibration

• Potential energy calib source and new “Nickel” 
source that can turn neutrons on/off
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Summary
• Several R&D and prototyping projects are in 

progress

• A special talk on SNO+ detector & calibrations
in this session

• Enjoy the calibration session!

6
Monday, July 21, 14



Neutristor : The Operating Principal  

Target Film: 
Ti • 3H  (2m) 

3.5 cm  

Source Film: 
Ti • 2H 

 Deuterium and Tritium thin films are deposited onto to the ion source and 
target elements 

 Applying O(300)V at the source gap causes breakdown and the formation of an 
arc. The arc heats the source film releasing deuterium into the vacuum and 
ionizing it at the same time 

 An accelerating voltage O(15)kV across the target is used to accelerate 2H+ (etc.) 
ions onto the target film to induce D-T fusion 

 An electrostatic lens is used to focus the ion flow to the target
7

Novel Surface Mounted Neutron Generator (Neutristor) 

 Juan Elizondo-Decanini at Sandia 
National Laboratiories in the U.S. has 
been developing a compact neutron 
source based on surface deposition and 
lithography 
 

 Original development motivation is for 
cancer therapy  
 Introduce 10B into cancer cell 
  n + 10B  4He + 7Li +   
  kills the cell  

 
 To prevent damage to healthy cells put 

the source as close as possible to taget  
 Goals: 

 Small  
 Inexepensive  
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Source insertion systems

8

6/6/2013 

Current Deployment Systems 

3 

Super-K Borexino SNO 

Cylindrical and 
Symmentric 
 
1D calibration 
System (manual) 
 
Volume Calibrated: 
~ 50k m3 

Spherically 
Symmentric  
 
2D calibration 
System (manual) 
 
Volume Calibrated: 
~ 1k m3 

Spherically 
Symmentric  
 
3D calibration 
System (manual) 
 
Volume Calibrated: 
~ 0.3k m3 

Super-K
Comments on the nickel 

calibration in SK
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The calibration method is established.

Useful for the initial calibration, (gain determination, QE 
measurement etc.), the position calibration, the long term 
stability of the water quality, and so on.

Need to develop a new equipment for introducing into the tank.

There are several manual works inside a dark room, now...

Dark room (by Obayashi-san)

Borexino

  

Figure 6. CCD image of the Borexino inner detector showing the insertion arm during an internal calibration.
The diffuser for the location of the source is visible in red close to the center of the detector. To take this
picture lights were turned on for illustration purposes. During normal calibration activities they would be
off.

operations, photos are only taken when the DAQ has been stopped (but with the PMT high voltage
still on).

A total of eight 50 W quartz-halogen lights, split into two independently wired banks, are
installed in each camera housing to illuminate the detector for vessel monitoring. As a safety
precaution, the lights are enabled with a key switch; the switch also disables the PMT high voltage.
This interlock method ensures that the PMTs will never be exposed to the intense halogen light
while the high voltage is on. The camera control box also contains a timer circuit which shuts the
lights off after two seconds to prevent excessive heating of the housing.

The source location system must comply with the stringent radiopurity requirements of the
Borexino apparatus. In particular, since the system components are installed on the SSS, we have
ensured that their activity is low in comparison with the other sources of external background
located at the same radial distance, like the PMTs, the light concentrators and the SSS itself. The
238U and 232Th concentration in the location system was measured to be negligible in comparison
with that of the PMTs [14]. The contamination of 40K was found to be higher than in the PMTs by
about 85%. This was considered acceptable, since it accounts for a relatively small fraction (9%)
of the total external background rate in Borexino.

Image Reconstruction Triangulation of the diffuser is achieved by projecting a ray in space from
each camera to the diffuser, and then finding the intersection of the seven rays. In order to find a ray

– 9 –

Figure 2. Schematic view of the source deployment system: the main figure shows the glovebox and Inner
Vessel, together with the pipe connecting them. The inset to the right shows a zoomed view of the glovebox.
In order to reach the desired location, the hinge is positioned and the system is lowered vertically into the
detector. In the next step, the tether tube (red line) is withdrawn until the hinge bends to the chosen angle.
To establish the azimuthal position in f the rods are simply rotated ±180� – procedural limitations prohibit
rotation by more than 180� in either direction. To retract the source, the procedure is reversed.

Hardware Each of the insertion rods (3.8 cm⇥100 cm) is equipped with special couplers at both
ends. The rods also contain a ballast wire which is sized to make the rods almost neutrally buoyant
when immersed in the Borexino scintillator. A hinge in the lever arm prevents any motion over
90�, and can be used in place of any normal rod in order to facilitate longer lever arms. Figure 3

– 5 –
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Fig. 1. Overview of the SNO calibration source deployment system. The laserball
and its associated umbilical cable are also shown.

pulse, equivalent to a ratio of multi- to single-photon hits of ⇠ 2.5%, in order
to maximize the timing measurement precision.

While the OCA uses data taken at many laserball positions, the PCA is done
with the laserball only at the centre of the detector and at 505 nm only. The
choice of this wavelength for the PCA is done for several reasons:

• minimum e�ects from scattering (Rayleigh scattering coe�cient is about
1.8 ⇥ 10�5 cm�1 at 505 nm);

• reduced time-delayed fluorescence in the optical fibres (low level below
400 nm, reaching 13 ± 4% at 337 nm [3], below detection above 400 nm);

3

Figure 30: Left: Schematic of the SNO rope-based source deployment system. The source is manipulated by a set
of ropes to position the source within a plane. The SNO system included two rope systems in order to position the
source in two orthogonal planes within the detector. Right: The universal interface (UI) through which the source is
introduced into the detector volume. The UI includes a glove box to attach and detach the source and is stored in the
vertical tube above the glove box when not deployed. The mechanical system (gear boxes and motors) that manipulate
the ropes, as well as the “umbilical” that connects directly to the source, are housed above the detector as well.

each detector (SNO had two) to e↵ect motion in multiple plains, or a more elaborate rope system that allows
a larger range of motion with a single system. In principle, there should be enough time to conceptually
design a new system that fits the particular needs of HK, to prototype it on a small scale (possible using
full-sized mechanical components with scaled-down ropes), and to demonstrate its accuracy and robustness.

KamLAND Style

Simplicity of the calibration source deployment system for the Hyper-K design is one of the highest priorities
due to the extent at which the campaigns will be performed. As a result we would also like to propose a
solution where no source exchange would be required in the optical configuration. An additional system will
be necessary for the use of a neutron gun generator or a Nickel source.

9 Calib source positioning system

9.1 System design (Red LED + camera)

The source location system consists of seven consumer grade digital cameras, six of which are on orthogonal
axes. Camera 7 was installed close to the top of the detector in order to monitor for trapped gas bubbles
during filling. The true location of a source can be determined in the following way: a laser-illuminated
di↵user ball, attached close to the source, is flashed while the CCD cameras take pictures simultaneously. It
is worth noticing that the color of the laser was selected intentionally, red light is visible in the spectrum of
the cameras, but it is not harmful to the PMTs.

In such a configuration, it was safe to leave the high-voltage turned on while the pictures were taken. An
example is given in Figure 34. The position of the di↵user and of the source is determined via triangulation
of all pictures. Although finding a point in three dimensions requires only two cameras, all seven are used
to check for self-consistency and to increase the resolution of the system.
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Fig. 1. Overview of the SNO calibration source deployment system. The laserball
and its associated umbilical cable are also shown.

pulse, equivalent to a ratio of multi- to single-photon hits of ⇠ 2.5%, in order
to maximize the timing measurement precision.

While the OCA uses data taken at many laserball positions, the PCA is done
with the laserball only at the centre of the detector and at 505 nm only. The
choice of this wavelength for the PCA is done for several reasons:

• minimum e�ects from scattering (Rayleigh scattering coe�cient is about
1.8 ⇥ 10�5 cm�1 at 505 nm);

• reduced time-delayed fluorescence in the optical fibres (low level below
400 nm, reaching 13 ± 4% at 337 nm [3], below detection above 400 nm);
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Figure 30: Left: Schematic of the SNO rope-based source deployment system. The source is manipulated by a set
of ropes to position the source within a plane. The SNO system included two rope systems in order to position the
source in two orthogonal planes within the detector. Right: The universal interface (UI) through which the source is
introduced into the detector volume. The UI includes a glove box to attach and detach the source and is stored in the
vertical tube above the glove box when not deployed. The mechanical system (gear boxes and motors) that manipulate
the ropes, as well as the “umbilical” that connects directly to the source, are housed above the detector as well.

each detector (SNO had two) to e↵ect motion in multiple plains, or a more elaborate rope system that allows
a larger range of motion with a single system. In principle, there should be enough time to conceptually
design a new system that fits the particular needs of HK, to prototype it on a small scale (possible using
full-sized mechanical components with scaled-down ropes), and to demonstrate its accuracy and robustness.

KamLAND Style

Simplicity of the calibration source deployment system for the Hyper-K design is one of the highest priorities
due to the extent at which the campaigns will be performed. As a result we would also like to propose a
solution where no source exchange would be required in the optical configuration. An additional system will
be necessary for the use of a neutron gun generator or a Nickel source.

9 Calib source positioning system

9.1 System design (Red LED + camera)

The source location system consists of seven consumer grade digital cameras, six of which are on orthogonal
axes. Camera 7 was installed close to the top of the detector in order to monitor for trapped gas bubbles
during filling. The true location of a source can be determined in the following way: a laser-illuminated
di↵user ball, attached close to the source, is flashed while the CCD cameras take pictures simultaneously. It
is worth noticing that the color of the laser was selected intentionally, red light is visible in the spectrum of
the cameras, but it is not harmful to the PMTs.

In such a configuration, it was safe to leave the high-voltage turned on while the pictures were taken. An
example is given in Figure 34. The position of the di↵user and of the source is determined via triangulation
of all pictures. Although finding a point in three dimensions requires only two cameras, all seven are used
to check for self-consistency and to increase the resolution of the system.
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Daya Bay

• Many types of calibration systems
• SK, SNO, Borexino, Daya Bay, etc

• Compile the ideas and design HK calibration system

One wire move along 
z-axis, manual 

operation

Rod move 3D, fully 
manual operation

Two wires control 
source position, 

move in 2D plane

One wire move 
along z-axis, fully 

automated, handle
3 calib sources

No single system fully satisfies the HK requirements
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