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Abstract

Understanding the optical properties of various components in water Cherenkov (WC) neutrino experiments is essential for accurate detector characterization, which is critical for precise measurements. Of particular
importance is the characterization of surface reflectivity within the Cherenkov volume. We present a methodology for surface reflectivity characterization using a goniometer setup, addressing the challenges
associated with measurements in the air and water (or other optical media. Additionally, we discuss the broader implications of Bidirectional Reflectance Distribution Function (BRDF) measurements using a
goniometer, including their industrial applications.

Motivation

The next generation of neutrino experiments geared

towards precise neutrino measurements demands

strong constraints on detector systematic errors. The

’inner black lining’ or ’black sheet’ of the Water

Cherenkov Test Experiment (WCTE) detector should

have an overall low total reflectivity. Further, the re-

flectivity should be ideally diffused without the pres-

ence of prominent specular components. This is im-

portant to absorb stray photons and minimize the

overall background, ensuring that only the direct

Cherenkov light is detected by the photomultiplier

tubes (PMTs). Leading to a better signal-to-noise ratio

thereby improving the precision of particle identifica-

tion and energy reconstruction. With that goal, at the

IBS, we performed detailed total reflectivity measure-

ments using an integrating sphere & specular compo-

nent investigation using a goniometer.

The methodology

We use an integrating sphere as a primary tool to es-

timate the absolute reflectance, and a water-proof 2-

dimensional goniometer for BRDF measurement.

Challeges & Mitigation

Major challenge has been designing a watertight op-

tical coupling without losing collimation substantially,

several iterations tried.

Results & Outlook

The total reflectivity of a ’comparison mode’ is sim-

ply the ratio of the mean of pulse area for the sam-

ple (black) and the reference standard (white) The

reflectance of the black reference standard shows

20 % higher value than the known value (4.4%),

probably due to remaining halo component. The

overall reflectivity for PVC shows around 5 % in air

and lesser in water The reflectivity values in the

water are consistently lower than the correspond-

ing values in the air. The results shown here are

preliminary and the measurements need to be re-

peated several times to quantify the statistical and

the systematic error.

Industrial Applications

Applications of Extracted BRDF include

Surface Characterization : analyzing material

reflectance properties for coatings, optics, and

photonic.

Rendering and Visualization: BRDF models for

realistic rendering in computer graphics.

Optical Design: Input for ray-tracing simulations in

optical systems.
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