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Formulation of a problem

• JUNO reactor antineutrino experiment aims to determine the

neutrino mass hierarchy at (3− 4)σ.

• To achieve this goal JUNO has to reconstruct ν̄e energy with

accuracy better than 3%/
√
Evis/MeV.

• One of the ingredients of this unprecedented energy resolution is

high quantum efficiency PMT (Hamamatsu (Japan) and North

Vision (China)).

• The optical model is a very important ingredient in the program of

the energy reconstruction.
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New optical model. PMT scheme.
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New optical model. PDE.
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1. Collection efficiency

2. Non-absorption (optics)

3. photo-effect cross-section

4. Escape function
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Polarisation.
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s- and p-waves

s-wave

N⃗S⃗

p-wave

N⃗S⃗

• N⃗ is an optic ray

• S⃗ is a Poynting vector (describes the energy flow)
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Differential absorption function.
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Interference effect.

If there is no interference in a thin layer than absorption to a given z

should look like ordinary exponent
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p-wave polarisation
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p-wave polarisation
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Photo electron production and the direction of its propagation.

Eγ ≪ mec
2 Eγ ≫ mec

2

Photoelectric cross-section is σpe ∝ sin2θcos2ϕ

Our case is a low energy γ but E⃗

isn’t normal to optic ray N⃗
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Future plans.

• to evaluate the escape function with Geant4

• to submit a paper
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Conclusion.

• improved optical model:
• interference in thin photocathode

• first principles calculation

• s and p waves

• inrease in photodetection efficiency compared to naive

mode
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Backup
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Attempts to develop the PMT optical model.

• A - Absorption probability

γ −→ absorbed γ −→ produced p.e. −→ detected p.e.

• Pp.e. - Probability to produce

a photo-electron

• CE - Collection Efficiency

• QE - Quantum Efficiency

CE× Pp.e. × A = PDE

Both PDE and QE do depend on illumination.
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Attempts to develop the PMT optical model.
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Figure 1: Definition of solid angles.
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”New” optical model.

Let’s consider area dS
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”New” optical model.Comparison of two models.

Let’s name
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Differential absorption function.
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Interference effect.

Integral absorption of the photocathode layer.
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Interference effect.

Integral absorption of the photocathode layer.
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