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Outline

• Status of Calibration WG

• Overview of current design of HK calibration

• Plan for prototyping and R&D

• List of talks in the calibration session
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Status of HK Calib WG
• We collected ideas for HK calibrations and wrote 

up a document ‘Conceptual Design’ of HK calib
• Available for HK WGs:

http://www-sk.icrr.u-tokyo.ac.jp/indico/categoryDisplay.py?categId=69

• Note: this is for HK WGs. Not for public.

• This document compiles ideas for HK calibs, including 
items specific for HK and improvement from SK

• Planning to do R&Ds and prototyping to test the 
ideas for calib system (hardware)

• Establish “real” design for HK calibrations based 
on inputs from Physics WGs and results of R&Ds 
prototyping.
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Outline of the document
• Inner detector calibration
• Photo-sensor calibration
• Water property calibration

• “Higher level” calibration
• Energy calibration, etc

• Outer detector calibration

• Calibration-source deployment system
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Many of them were already discussed in the previous 
HK meetings. 

This talk flashes the contents of the document.
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Goal of HK calibration
• Need to set goals to design the HK calibrations.

• Physics sensitivity studies are in progress, and 
requirements from physics to HK calibration are 
not clear yet.

• We assume/set the goals for now:
• HK will explore all physics topics that SK has 

done so far

• HK needs to be calibrated to achieve SK 
(SK-II) level detector performance
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Photo-sensor calibration
• Strategy to calibrate ~99k photo-sensors

with three steps:
• Pre-calibration
• A fraction of photo-sensors (~5% of all photo-

sensors) will be calibrated prior to the installation.

• Post-installation calibration
• Gain tuning, photo-detection efficiency, timing, ...

• Calibrate photo-sensors in-situ after installation 
referencing to the pre-calibrated photo-sensors. 

• Detector monitoring
• Monitor the stability of detector continuously

for lifetime of the experiment.

• Characterization of photo-sensor
• Ex-situ measurements (at a lab)
• QE, angular dependence of photo-sensor response

• See Hiro-san’s talk for details 6

Segmentation wall

: ‘pre-calibrated PMT’
  location
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Water property & reflectivity
• Water property
• Scattering, attenuation, absorption

• The same idea as SK: use several
wavelengths of light

• Calibration/measurement in each
compartment

• Reflectivity of detector material
• PMT glass, black sheet, tyvek

• Ex-situ measurements would help
for better understanding

• Additional in-situ measurement after
installed
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  The absorption and scattering of Cherenkov light in the Monte‐Carlo 
is important for any analysis at Super‐Kamiokande 

  Objective is to measure the probability of scattering and absorption 

  Light injectors fire during 
normal data‐taking 

  Light injector data is used 
to tune MC 

  Functions of Probability 
against Wavelength are 
found 

  There are 8 Light Injectors 
in total (Blue cones) 

  The 2nd top light injector 
is used in this analysis 

  ~1800 events / LI /day 
of ~500 p.e. 3ns pulses 

05/12/2009  Thomas 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 2 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Figure 10: Left: One of several laser injection portals in the SK detector. Right: Schematic for the water quality
measurement at SK. See text for explanation.

overall measurement scheme is depicted on the right of Figure 10. Laser light from either a pulsed diode
laser source or a N2 dye laser is injected via an optical fiber at the top of the detector. The PMTs on
the barrel section of the detector are divided into five regions (B1-B5) based on their vertical position.
Light arriving at these PMTs must undergo a scattering or reflection process with contributions from each
process giving rise to a distinct arrival time signature as shown in Figure 11. Symmetric scattering can occur
anywhere along the initial downward path of the light, giving rise to a large range of path lengths to the
barrel PMTs. As a result, the timing distribution for these photons shown in red is broad and relatively
featureless. Due to the restricted angular distribution of the asymmetric scattering, photons arriving at the
PMTs from a single asymmetric scattering event are restricted to have originated in a limited region along
the original trajectory. This results in a similarly restricted time window in which the photons will arrive,
as shown in blue. Photons may also reach the bottom of the detector and reflect back into the barrel PMTs;
the pathelength of such photons is well-defined, resulting in the peak around 750 ns. Finally, the absorption
manifests itself as an overall suppression that increases with increasing pathlength, or equivalently arrival
time.

The absorption, symmetric scattering and asymmetric scattering coe�cients (corresponding to the inverse
of the scattering or absorption length) are extracted by fitting the arrival time distribution with equivalent
Monte Carlo simulated distributions by varying the coe�cients in the simulation. By repeating this process
at each wavelength, the wavelength-dependence of these coe�cients can be determined and parameterized
to give a complete model for the water optical processes as shown on the right in Figure 11.

The reflection o↵ the black sheet which covers the bulk of the inner surface of SK was measured directly
by inserting a sample of the sheet into SK and directing a collimated laser beam at the sample at various
incidence angles and wavelengths. The rate of reflected light was measured by the SK PMTs, and the
reflectivity parameters in the Monte Carlo simulation tuned to bring the simulated reflection into agreement
with the measurements both as a function of wavelength and incident angle. Following the tuning of the
black sheet reflectivity in the simulation, the reflectivity of the PMT surfaces is determined by fitting the
laser timing data in the region corresponding to the reflection peak, using the complex refractive index
parameters as free parameters.

3.7.2 Optical measurements at SNO

The optical environment at SNO was somewhat more complicated than at SK due to the presence of two
water volumes (inner heavy water (D2O) and outer light water H2O) separated by an acrylic vessel, and
the presence of “light collectors” surrounding each PMTs, which direct light towards the PMT via specular
reflection o↵ an aluminized cone to enhance light detection e�ciency. While these particular complications
are not expected to be present at HK, the hardware and analysis techniques could be applicable towards
analyzing position-dependent water optics parameters.
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for water calib
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“Higher level” calibration
• Energy calibration, for example.

• Need to design the calibrations for
each targeted physics topics
• Man-made (low energy) and natural

calibration sources (high energy)
• Especially low energy calibration since

there is no natural source

• Considering the calibration sources used
in SK for HK calibration
• LINAC, DT generator,  “Nickel” source

• Possible new calibration sources
• ‘Fission-triggered’ Nickel source, 16N, etc

• See Szymon and Koshio-san’s talk for details

• Revisit the calib sources consideration
based on Physics WGs inputs
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Figure 8: The location of “standard PMTs” inside the SK inner detector (left). The red

points indicate the locations of the standard PMTs. These PMTs served as references for

other PMTs belonging to the same group with similar geometrical relationship to the light

source (right).
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Figure 5: Schematic view of the PMTs’ grouping scheme in SK.

3.3.2 Charge (pC) to photoelectron (p.e.) conversion

After all PMTs’ HV tuned, we need to evaluate a conversion factor which is a calibration constant to convert
the charge in pico-Coulomb (pC) to number of photo-electrons. This conversion factor can be obtained by
measuring 1 p.e. distribution by deploying a weak (1 p.e. level) light source. The light source can be “Nickel
source” that is a californium source surrounded with nickel and emits gamma rays of about 9 MeV from
Ni(n, �)Ni reaction. Figure 6 shows the nickel source and 1 p.e. distribution in SK (SK-III).

Charge to p.e. conversion
• Conversion factor from charge (pC) to photo-

electron (p.e.) can be obtained by measuring 
1 p.e. distribution

• Deploy “Nickel source” to obtain 1 p.e. level light
• Nickel source ≡ nickel-californium source,

Ni(n,γ)Ni, Eγ~9MeV
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Figure 13: The 1 p.e. distributions in pC unit by nickel source data in SK-III. Both figures

are same, but di�erent scale. The black line in the left figure shows the data with normal

PMT gain, the green line shows the data with double gain and half threshold, and the red

line is linear extrapolation.

3.1.7. Charge linearity364

The integrated charge linearity of the electronics is presented in this section.365

The one for the QTC chip which is used in the QBEE was within 1% by the366

measurement during its development. As shown in the Table 2, the QTC chip367

has a wide dynamic range and three levels of charge readout. The linearity of368

the QBEE modules for these entire ranges was checked after installation into369

SK.370

The schematic view of data taking is shown in Figure 15. We prepared eight371

20-inch PMTs as monitors. They were connected to a CAMAC ADC (LeCroy372

2249W) whose performance was well known. At first, the charge linearity of373

monitor 20-inch PMTs was measured using this system, and was less than 1%.374

In order to survey a wide dynamic range, the light source was set in an o↵-center375

position, and we selected these monitor 20-inch PMTs near the light source and376

applied four di↵erent gains to them. These monitor PMTs were used for an377

estimation of the expected charge for other PMTs from di↵erent light intensities.378

The measurements with 30 di↵erent light amount sets were done, and the charge379
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Figure 6: “Nickel source” used in SK (left and middle figures) and 1 p.e. distribution of SK (right).

It should be noted that the SK 1 p.e. distribution in Fig. 6 was obtained by accumulating over all PMTs
since SK could not measure 1 p.e. peak for all PMT channels. From the accumulated 1 p.e. distribution,
the “global” conversion factor is evaluated, that is commonly used in all PMTs. In order to take the PMT-
by-PMT variation into account, SK performed a separate measurement (see Ref. [1] for details). If HK uses
the same type of PMT as SK, we may need to follow the same manner.

3.4 Photo-detection e�ciency

The photo-detection e�ciency is defined by quantum e�ciency times collection e�ciency of PMT. This
information would be one of important parameters in detector simulation.

It will be hard to measure the photo-detection e�ciency directly in-situ. However we can measure relative
e�ciency PMT-by-PMT. The “absolute” e�ciency may be measured at a test-stand prior to the installation
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Figure 19: Comparison of absolute energy scale checks from SK-I to SK-III from [10].

4.2.2 Toward Hyper-K

Possible improvement of the energy scale calibration for Hyper-K (HK) is discussed here. We assume that
we should at least achieve the SK detector level (1%) and that there is no major concern for the HK detector
design which makes the energy scale error significantly larger.

As seen in Sec. 3.2.1, the current energy scale error in SK-IV comes from the unknown momentum
dependence of the absolute scale, especially as seen in the sub-GeV stopping muon sample. The muon
momentum of the sub-GeV sample is below about 500 MeV/c where the Cherenkov angle significantly
depends on the momentum. Each sub-sample of the sub-GeV sample is defined by using the reconstructed
Cherenkov angle. The Cherenkov angle reconstruction depends on the charge profile shape which is especially
a↵ected by the tuning of the scattering parameters in SKDETSIM. Actually, a di↵erence in charge profiles
between data and MC is observed in both stopping muon and decay electron samples for a given corrected
charge. If we were to take into account this di↵erence, the absolute scale error could be reduced. Therefore,
better understanding of the water quality is important.

Any improvement of the momentum reconstruction, such as the expected charge calculation, time varia-
tion correction, etc. would reduce the energy scale error.

4.3 Vertex Calibration and Ring Separation

From the experiences in previous water cherenkov detectors, SK and 1KT, the uncertainties in the fiducial
volume and ring separation, including e/⇡0 separation, are major sources of detector systematics.

4.3.1 Fiducial volume and vertex calibration

To calibrate the fiducial volume, cosmic-ray muons can be used. One idea is to deploy a system, called
“Muon Tube,” that had been employed in K2K-1TK detector calibration. The system is quite simple and
consists of PBD tube and two set of plastic scintillation counters. The scintillation counters place at both
ends of the tube to make a closed tube, meaning that water does not come into the tube. The tube inserted
into the detector fiducial volume. A cosmic-ray muon gets into the tube passing through the scintillation
counter at the one end of the tube, and the muon flies straight through the tube and exit directly into the
detector fiducial volume by generating a hit in the scitillation counter at the other end.

This system allows us to trigger the events, that muon flies straight through the tube, by scintillation
counters and calibrate the fiducial volume by changing the position of muon exiting from the tube.
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Calib-source deployment system
• Automated / remote-controlled calib system
• Need to calibrate 10 compartments

• Handle multiple calib sources & switch the sources 
w/o turning off photo-sensor HV

• Ability to deploy the calib sources at 
sophisticated location in the detector volume
• Cover asymmetric detector geometry (unlike SK)

• Used for photo-sensor calibration and ‘higher level’ 
calibration

• A couple of ideas (SNO, Borexino, KamLAND, Daya Bay style)

• → need to test with prototyping

• A system to measure the calib-source position

• See Szymon’s talk for details
9
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Outer detector calib
• The same ideas as SK: calibrate photo-sensors 

using light sources, cosmic-rays, and dark noise

• Inter-calibration between ID and OD for timing

• New ideas and possible improvement from SK

• See Shige-san’s talk for details
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● each fibers are equipped with a light 
diffusing tip (a blob of epoxy mixed 
with TiO2)

● fiber lengths: 72 m for wall and top, 
110m for bottom 

● wall fibers are ~2.5m away from OD 
PMTs, but top and bottom ones are 
~1.6m away

‒ due to space limitation caused by 
support structure

  SK OD calibration fibers
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Items for R&Ds & prototype
• Photo-sensor characterization underwater
• Will collaborate with Photo-sensor WG

• → See Hiro-san’s talk

• Calibration source deployment system
• Includes a system to measure the calib-source position
• red light + underwater camera

• → See Szymon’s talk

• New calibration sources
• “New” compared to SK calibration
• ex. fission-triggered ‘Nickel’ source, neutron generator, etc

• → See Koshio-san’s talk
11

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 m3

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 m3/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

5

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

4Thursday, August 23, 2012
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Designing HK calib
• To design the HK calib, many items needs to be 

determined:
• Calibration sources (man-made, natural sources)

• Method to deploy the calibration sources

• Precision (goal of the calibration)

• SK calibration methods/techniques should work 
in HK, but making a simple copy of SK calib may 
be difficult (ex. LINAC), and may need/want 
something new calibration for HK physics goals 

• ➜ Collaboration with Physics WGs are 
indispensable.

12
Saturday, June 22, 13



Summary
• Conceptual Design Document (v1) on HK calib 

available for HK WGs.
• Feedback are very welcome

• R&Ds and prototyping are being planned

• Will establish HK calibrations based on inputs 
from Physics WGs, Photo-sensor WG, and the 
results of R&Ds

• ➜ Collaboration with Physics WGs and Photo-
sensor WG are indispensable.

• Talks in the calibration session:
• Outer Detector calibration [S. Matsuno]

• PMT testing facility [H. A. Tanaka]

• Source deployment system [S. Manecki]

• New calibration sources [Y. Koshio]
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