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P2 Overview 1



  

Kathrin GerzKathrin Imai P2 – Detector Development

P2 Detector radiation exposure 2

Particle type Hit rate [s ¹]⁻

Primary electrons, θ  [25°, 45°]∈ 7.10 · 10¹⁰

Primary electrons, θ  [25°, 45°]∈ 3.21 · 10¹⁰

Secondary electrons 1.33 · 10¹⁰

Electrons from background processes 4.05 · 10¹⁰

∑ electrons 1.57 · 10¹¹ 

35Mrad 
purely from electrons

!

Particle rates
onto detector
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Lichtenberg figures in insulating material Radiation induced damage of optical 
transmission in Cherenkov radiator

Possible radiation damage

CONCERNS

(M. Hoek)
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P2 Detector radiation hardness tests at MaMi 4

X1 beam dump

BEAM

Translation stage

Quartz sampleFluorescent
screen

Up to
100nA
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P2 Detector radiation hardness tests at MaMi 5

Suprasil 3A, Spectrosil 2000

Sample dimensions

Beam spot: - rastered over 1 cm x 1 cm areas
- visible on fluorescent screen

Monitor picture in MaMi control room: Beam 
spot on fluorescent screen in front of quartz 
samples

 ⊗  Beam direction
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P2 Detector radiation hardness tests at MaMi 6

Suprasil 3A, Spectrosil 2000

Sample dimensions

Beam spot: - rastered over 1 cm x 1 cm areas
- visible on fluorescent screen

Area Beam 
current [nA]

Time [s] P2 doses

1A 100 8300 10

3A 100 4150 5

3C 20 4150 1

1C 20 2075 1/2
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P2 Detector radiation hardness tests at MaMi 7

Suprasil 3ASpectrosil 2000

No visible damage or transmission losses...

Photograph of fused silica samples after irradiation
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We need transmission in UV region! 8

Calculated: Cherenkov production spectrum for electrons with β=1 for
- Spectrosil 2000
- Material with constant n=1.46

Simulated: - Cherenkov light spectrum at location of PMT cathode for quartz bar  
  with undamaged transmission spectrum 

Check for transmission damage in UV region!
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Transmission measurements after irradiation 9

Transmission measurements of samples in spectrophotometer
M

irror

M
irror

Monochromator

Integrating sphere
with light sensor
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Transmission after irradiation 10

Transmission measurements of samples in spectrophotometer

~210nm
~260nm

~610nm

Absorption bands as predicted by existing defect models
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Transmission losses 11

Transmission loss of samples in spectrophotometer

~210nm
~260nm

~610nm

L(λ)=
T before−T after

T before

Transmission loss relative to original transmission 
spectrum:
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Transmission losses 12

Transmission measurements of samples in spectrophotometer
(Zoom of previous plot)

~5% signal Cherenkov light loss per 1 cm between 200nm and 240nm 

1 P2 dose
Spectrosil
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Estimated Signal Loss 13

~5% signal Cherenkov light loss per 1 cm between 200nm and 400nm 

0.9522.5≈0.3

Quartz active area: 45 cm → average distance traveled by photon > 22.5cm 

70% signal loss
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Geant4-simulation with Optical Photon Processes 14

Cherenkov spectrum at PMT cathode from Simulation
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Geant4-Simulation with Optical Photon Processes – Signal Loss 15

Position scan: Comparison radiation damaged quartzes vs new quartzes

PMT

Wedged part 450mm Straight 200mm
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Bleaching with UV light 16

Attempt to “heal” the quartz samples: 26h in an ancient artificial sun

Transmission
damage reversed 

1 P2 dose

10 P2 doses5 P2 doses
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CONCLUSION 17

● Severe radiation damage expected
● Signal decrease and change in Q²-weighting due to transmission loss in UV region
● Need to find practical solution in order to not lose signal over experiment time 

● “Healing” with UV light seems promissing

A4 calorimeter during Cherenkov medium “healing” phase
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THANK YOU 
VERY MUCH
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