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Overview

* | ENA photo sensor requirements
* Important PMT characteristics
 PMT characterisation

» Alternative photo sensors
e Summary




LENA Design
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PMT requirements

« Sensor performance

 Photo detection efficiency

and spectral response
Detector performance

Spatial resolution
« Afterpulses Tracking

. Dynamic Range Energy resol_utlon
j> Time resolution
S Energy threshold
e Environmental properties Particle dlscrlr_nlnatlon
'Event topologies

« Time jitter

« Radiopurity
« Pressure resistance
 Design

* Optical coverage BhySICS Brogiamine
e Granularity



PMT properties

« Photo detection efficiency

« Quantum efficiency of photocathode
« Photo electron collection efficiency
» Backscattering losses

 Spectral response

« Should match spectrum of scintillation light
« Bialkali photocathode best choice
e Peak senitivity at 430 nm

FENA Benchmaeikevalle: 20 % at 420 Am



PMT properties

e Optical coverage

e Light concentrator to increase area
- Influence on energy+time+spatial resolution

FENABERchAmaREValte: 50:%
* Granularity

 Number of photosensors
- Increasing spatial resolution for increasing granularity

algr grartlerity vs cosi ogilrizaior)



PMT properties

Time jitter
- time and position resolution
FENAS=IEWNS

Pulse shape

e Rise and fall times of the spe voltage pulses

- tracking and position reconstruction
Dynamic Range
e Low-E: 1 p.e. per sensor
 High-E: 100s of p.e. per sensor
NA: spe — 0.3 ge/crr)?

Afterpulses (<5%)

il
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e Might fake double peak coincidences (e.g. proton decay)



PMT properties

« Galin, single electron resolution
e Large peak-to-valley ratio
- LENAC geaucig-velllay =2
e Dark count (<15 Hz gm)

« Might cause random coincidences
- position and energy resolution, energy threshold

* Environmental properties

« Radioactive purity 238 content <3-108 g/g
e Pressure resistance: up to 13 per 232Th content <1-10% g/g

» Long-term reliability: 30 yrs natk content  <2-10° g/g



PMT
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PMT characterisation at TUM

Light sources:

* Pulsed ps diode laser:
Edinburgh Instruments EPL-405-mod,
403nm, pulse width 48ps, 2 kHz-2
MHz

* Fast LED driven by avalanche diode:
430nm, time jitter (FWHM) <=1ns

PMTs from Hamamatsu and ETEL
FADC readout

Planned
- Wiston cones

* At ifle frlofferlt £l

coriclusive dacision ggssigle:

e 10 PV Tslseries neecded

- SiPMs * Sirntlatior io caigrfrine llis =
irnoliceiions geiier

- Fiber to scan
photcathode
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Pressure encapsulation

 PMTs have to withstand up to 11
bar (+ shock wave)
— encapsulation

 Calculations with SolidWorks:
 Finite elements calculation
e different encapsulation shapes for
different PMT types

— Steel thickness >0.5 mm
- Acrylic glass: >3-4 mm




Other photosensors

e Quasar (Baikal): solid scintillator block + PMT
+ small jitter even for large photocathodes, excellent energy resolution

- price
- Hybrid-Gas Photomultiplier: photocathode in vacuum + THGEM

- SIPM: array of small APDs
+ excellent TTS (FWHM< 0.5ns), excellent energy resolution
- Immense cost/area; huge dark count (100kHz- Mhz), cooling needed

. Qupid/ Hybrid Photo-Detector: photocathode + APD

- Microchannel Plate (MCP): photocathode + thin etched channels

In all cases
- further investigation and characterisation needed

- price reduction
- reliabilty
— PMTs still favoured solution




Conclusions

« PMT considered most feasible candidate at the
moment

* Approximate limits on photosensor properties
known - do simulations to refine values

 tested promising PMT (test SiIPMs and Hybrid
Phototubes in future)

» development of pressure-withstanding optical
modules for PMTs

* Development of Winston cones
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