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Energy calibration
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Track range of high energy stopping muon (10~1 Gev/c)

Cherenkov angle of low energy stopping muon 
(500~200MeV/c)

Invariant mass of π0’s produced by atmospheric 
neutrino interactions (~130 MeV/c)

Momentum of decay electron (~50 MeV/c)

LINAC and DT (4~20MeV)
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Requirement for calibration 
from astro-physics

The fiducial volume uncertainty will be important for all the 
measurements.

- Timing calibration is crucial.

- Reconstructed vertex calibration at the several position around the 
fiducial edge should be performed.

Important observation for HK solar neutrino will be day-night 
asymmetry.

- Position dependence of the water quality, especially top-bottom 
asymmetry, should be monitored.

Precise energy calibration will be lower priority in the case of 20% 
photo-coverage since the energy spectrum measurement in solar 
neutrinos, e.g. up-turn to the vacuum oscillation region, is quite difficult.
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Timing calibration
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From the SK experience
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Vertex calibration

5

From the SK experience
For estimation of the fiducial volume uncertainty, 
a calibration around the fiducial edge is important.
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Calibration at fiducial edge



Vertex calibration
Water Cherenkov detector : Arrival timing has dispersion
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Water quality

From the  SK experience

thermometers with 0.0001 deg C precision are placed at eight positions in both118

the ID and OD. Because of the water inlet pipe setting, there is always a con-119

vection zone below z=-12 m that results in uniform temperature. Above that120

point, the water temperature gradually rises due to the water flow, resulting in121

a 0.3 degree difference between the top and the convection zone. This variation122

in temperature results in a 5% difference in the water transparency between the123

top and the bottom of the detector as discussed in Section 3.2.1.124
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Figure 4: Diagram of the water circulation system in SK-IV. Note the flow of water from the

bottom of the tank to the top inside the inner detector.

3. Inner Detector Calibration125

3.1. PMT calibrations126

3.1.1. Introduction127

In order to provide background for this section, a brief description of the128

PMT calibration is presented here. The 20-inch diameter PMTs developed by129

Hamamatsu Photonics K.K. (R3600-05(A)) [8] are used in the inner detector.130
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Water quality
Long term stability check is also important

9Figure 15: The positions of the 8 laser light injectors in the SK tank. “Top
old” refers to the original SK-I light injector which is still used.

The laser light introduce to the SK tank via optical fibers, and ended to
the light injectors (LI). Figure 17 shows the design of the LI. The LI used in
Super Kamiokande-I was named as “Oldtop” LI, the new injector installed
at the top as “Newtop” LI, and other LIs were named as “B1”, “B2”, “B3”,
“B4”, “B5” and “Bottom” LI according to their positions. Figure 18 shows
the diagram of the whole light scattering measurement system used in Super
Kamiokande-II. To input laser beam to different seven fibers connected to
different seven positions in the tank, one laser beam source is moved by step
motor in optical SW depicted in Figure 18. The step motor is controlled by
software through serial communication (RS-232). Figure 20 shows the inside
of the optical SW. In the upgraded system of SK-II, each laser fires every
1 sec during normal data taking. This is more frequent than 6 sec of SK-I
because we should get the enough statistics of each injector.

This system is controlled by a computer, named “sukcal” in the central
HUT as shown in Figure 18. The sukcal machine determine the laser and
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 stability during routine operation well within 1%  
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Figure 88: Time variation of the Water Parameters using the SKIV MC.
All parameters were varied and the minimum χ2 parameters were plotted
in the vertical lines day by day. The lines show the Inverse Water Trans-
parency [m−1], broken into its components by the color. The components are
blue for absorption, red for asymmetric scattering, and black for symmetric
scattering. The main varying component is absorption.
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Energy calibration
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From the SK experience
LINAC : monochromatic 

electron beam
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Idea for HK
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(1) Same as SK, LINAC and DT in every position

- Need if the solar neutrino spectrum is a target. (seems to 
be very hard.)

(2) Combination of several tools.

- Compare LINAC and DT in 40% coverage segmentation 
(if exist) or SK, and only DT in every position.

(3) Higher energy calibration is preferable for SN neutrinos

- Development new sources, e.g. pT generator (19.8MeV γ)



Directional calibration

12

From the SK experience

beam energy = 16.301 MeV

angular distribution for each linac energy x = -1237 y=-70.7 z=1228
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