Experimental context

GEANT4 simulation of optical modules
in neutrino telescopes

Neutrinos play important role in the multi-messenger astronomy,
therefore larges underwater and under-ice neutrinos telescopes have

been designed to allow the detection of high energy neutrinos.

The Earth serves as a filter tor muon atmospheric background and

the sea as target for the detection.

By electroweak interaction the neutrino produces a charged particle
(muon). At the TeV scale this charged particle produces Cherenkov
effect. The light is detected thanks to an array ot Optical Modules

(OM) based on photomultipliers tubes (PMT).

Mathematics calculations are
used for the exact geometry
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The ray-tracing simulation is based on
GEANT4, a C++ toolkit for simulating
the passage of particles through matter.
[t is based on a step by step Monte
Carlo: the photon is followed trom its
production to its detection in a defined
geometry (shape and material).

The first point is to have a well defined
detector structure (Gel, glass, supporting
frame...):

So it requires as input:

* A detailed knowledge of each Optical
Module (OM and DOM):

The materials properties
The precise geometry ot the detector
PMTs characterization (Hamamatsu
R7081-20 and R12199)

* From the manufacturer

» Experimentally deduced
The environment properties:

* Absorption length
» Scattering length
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for each component's size/position,
based on the Hamamatsu
specifications. Can easily reproduce a
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Plus a reliable thin layer optical model to describe the
photocathode efliciency as a function of angles and energies,
depending on:

The photocathode thickness

The particle/wave duality of the photon

The complex refractive index of the photocathode
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Water properties

To study the water properties the LED beacon emits regularly light
pulses. The arrival delay of the light to the OMs is due to the
scattering in the water.
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The comparison between
the simulation and the
calibration data allows
to evaluate it:
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