
θin(°) θout(°) reflection(%)
30 30 5.94±0.107
45 45 7.58±0.102
60 60 9.22±0.100

• diffuse reflection（incident angle : 45°）
θin(°) θout(°) reflection(%)
45 0 0.62±0.02
45 15 0.64±0.02
45 30 0.51±0.02

θout

definition ofθ

θin

Result
• specular reflection 

thickness(um) transmittance
25 3.95 ×10-2
50 1.03×10-3
75 6.47×10-5
100 1.14×10-6

• transmittance

Transmittance
laser:450 mW,405 nm

ND filter
blacksheet integral sphere

fiber

PMT

＊The optical stand is placed in cardboard and 
covered with a black sheet to shield it from light.

PMT

ND filter

laser

integrating sphere

fiber
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Reflection 
black sheet
or mirror

integral
sphere

PMT

laser

black sheet

＊ Rotary table

ND filter

＊how to fixed blacksheet

alminium board

＊optical table

polarizer

PMT

integrating
sphere

black sheet
or mirror

laser
ND filter

fiber

polarizer

4

reflection : how to measure
• The measurement method 

was the same as the 
transmittance measurement.

• The specular reflection 
reflection was measured by 
changing the incident angle 
to 30 °, 45 °, and 60 °.

• The incident angle was fixed 
at 45 °, and the integrating 
sphere was moved to 
measure diffuse reflection.

polarizer

PMT

integrating
sphere

black sheet
or mirror

laser
ND filter

fiber

*optical stand

Move the integrating sphere
and measure diffuse reflection

Fixed incident
angle at 45 °

*measurement of diffuse reflection 5

What to measure

• Measured blacksheets transmittance 
of multiple 
thickness(25um,50um,75um,100um).

• Measure the diffuse reflection and 
specular reflection by changing the 
incident angle
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Conclusion
• Transmittance

From experiment result , to satisfy request value(<10-4) , 
we should adapt more than 100 um blacksheet.

• Reflection
In this set up, we can realize below 0.1 % error experiment.
→Experiment error is enough to confirm request value(<5%)
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Next step
• Measure transmittance and reflection in water

Optical properties of light shielding sheets for the Hyper-Kamiokande detector 
M1 shiba hayato

Purpose
• The gap between PMT is covered with a

black sheet to suppress light reflection 
inside the inner water tank and light leakage 
to the outside.

• To select blacksheet used in HK
→to set up  optical stand to measure  

transmittance and reflection of blacksheet

*Required value from HK Technical report is 
• transmittance<10-4
• refleciotn<5 % 2

blacksheet

*inner wall


