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TopicsTopicsTopicsTopicsTopicsTopicsTopicsTopics

neutrino astronomy

multi-PMT modules

first measurementsfirst measurements
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Why Neutrinos?Why Neutrinos?Why Neutrinos?Why Neutrinos?Why Neutrinos?Why Neutrinos?Why Neutrinos?Why Neutrinos?

initial motivation: cosmic ray cosmic ray cosmic ray cosmic ray mystery

charged particles charged particles charged particles charged particles affected by magnetic fields (lose information 

about origin)

photonsphotonsphotonsphotons absorbed (by dense matter or extragalactic background 

light )

neutrinosneutrinosneutrinosneutrinos stay unaffected

point to direction of                                                                                

source

neutrinos

protons

photons
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Spiering / DESY

“new eyes” “new eyes” “new eyes” “new eyes” on the 

universe



Further Goals …Further Goals …Further Goals …Further Goals …Further Goals …Further Goals …Further Goals …Further Goals …

multi-messenger astrophysics (“new eyes”)

analysis of  gamma ray bursts

probing dark matter (WIMP annihilation)probing dark matter (WIMP annihilation)

mesurement of  neutrino background 

unknown neutrino sources

GoodGoodGoodGood reasons to study neutrinos!
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GoodGoodGoodGood reasons to study neutrinos!



Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino DetectionDetectionDetectionDetectionDetectionDetectionDetectionDetection

neutrino interactioninteractioninteractioninteraction in 

matter (charged or

neutral current)

secondarysecondarysecondarysecondary particlesparticlesparticlesparticles
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faster than local c

emission of CherenkovCherenkovCherenkovCherenkov

lightlightlightlight

detectiondetectiondetectiondetection by optical

modules
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reconstructionreconstructionreconstructionreconstruction of

trajectories and energies



IceCubeIceCubeIceCubeIceCubeIceCubeIceCubeIceCubeIceCube
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TopicsTopicsTopicsTopicsTopicsTopicsTopicsTopics

multi-PMT modules
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singlesinglesinglesinglesinglesinglesinglesingle vs. multivs. multivs. multivs. multivs. multivs. multivs. multivs. multi--------PMTPMTPMTPMTPMTPMTPMTPMT

Digital Optical 

Module 

(IceCube)

multi-PMT 

module

(KM3Net)
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13" sphere 17" sphere

1 × 10" PMT 31 × 3" PMTs



Advantages Advantages Advantages Advantages Advantages Advantages Advantages Advantages ofofofofofofofof MultiMultiMultiMultiMultiMultiMultiMulti--------PMT DesignPMT DesignPMT DesignPMT DesignPMT DesignPMT DesignPMT DesignPMT Design

increase of sensorsensorsensorsensor areaareaareaarea (about three times)

bigger angle of signal acceptanceacceptanceacceptanceacceptance (nearly 4 π)

improved determination of photonphotonphotonphoton numbernumbernumbernumber
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improved determination of photonphotonphotonphoton numbernumbernumbernumber

(from number of hit PMTs )

directiondirectiondirectiondirection sensitivity
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superior superior superior superior to single 

PMT modules



MultiMultiMultiMultiMultiMultiMultiMulti--------PMT PMT PMT PMT PMT PMT PMT PMT forforforforforforforfor IceCubeIceCubeIceCubeIceCubeIceCubeIceCubeIceCubeIceCube

expected energy limit of DeepCore: ~10 GeV

energy limit using multi-PMT modules: ~10 MeVMeVMeVMeV! 

multi-PMT modules designed and tested for KM3NeT

housed inside 17 17 17 17 inchinchinchinch glas sphere

maximum diameter of IceCube modules: 13 13 13 13 inchinchinchinch!

BUT…BUT…BUT…BUT…
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development and test of

newnewnewnew modulemodulemodulemodule layoutlayoutlayoutlayout



PossiblePossiblePossiblePossiblePossiblePossiblePossiblePossible New DesignNew DesignNew DesignNew DesignNew DesignNew DesignNew DesignNew Design

review of abandoned KM3NeT layout
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cylindricalcylindricalcylindricalcylindrical modules



TopicsTopicsTopicsTopicsTopicsTopicsTopicsTopics

first measurementsfirst measurements
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PhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliers
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test of PMT prototypes and analysis of
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test of PMT prototypes and analysis of

important characteristicscharacteristicscharacteristicscharacteristics



PhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliersPhotomultipliers
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test of PMT prototypes and analysis of
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first: amplificationamplificationamplificationamplification factorfactorfactorfactor of single

electron signal

test of PMT prototypes and analysis of

important characteristicscharacteristicscharacteristicscharacteristics



ExperimantalExperimantalExperimantalExperimantalExperimantalExperimantalExperimantalExperimantal Set Set Set Set Set Set Set Set UpUpUpUpUpUpUpUp
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ExperimantalExperimantalExperimantalExperimantalExperimantalExperimantalExperimantalExperimantal Set Set Set Set Set Set Set Set UpUpUpUpUpUpUpUp

mounting with 
pulsed LED

mounting with 

PMT
pulsed LED
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GainGainGainGainGainGainGainGain MeasurementMeasurementMeasurementMeasurementMeasurementMeasurementMeasurementMeasurement

“observation” of  pulsed LED (synchronised with LED frequency)

record of  voltage-time loop (waveform)

mostly noise, sometimes signal mostly noise, sometimes signal 
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GainGainGainGainGainGainGainGain MeasurementMeasurementMeasurementMeasurementMeasurementMeasurementMeasurementMeasurement

identify signal timerange

calculate current, integrate area

signal chargenoise charge

calculate current, integrate area
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derieve chargechargechargecharge distributiondistributiondistributiondistribution



First First First First First First First First ResultsResultsResultsResultsResultsResultsResultsResults

distribution of integrated charges

noise pedestal

single photoelectron 

signal
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First First First First First First First First ResultsResultsResultsResultsResultsResultsResultsResults

fit of distributions,  calculate real charge at last dynode

Q
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First First First First First First First First ResultsResultsResultsResultsResultsResultsResultsResults

single electron gain for different PMT voltages
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suitable suitable suitable suitable for use



Coming Coming Coming Coming Coming Coming Coming Coming SoonSoonSoonSoonSoonSoonSoonSoon ……………………

measurement of further characteristics

quantum efficiency

arrival time spread

…
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ThankThankThankThankThankThankThankThank youyouyouyouyouyouyouyou veryveryveryveryveryveryveryvery muchmuchmuchmuchmuchmuchmuchmuch forforforforforforforfor
youryouryouryouryouryouryouryour attentionattentionattentionattentionattentionattentionattentionattention!!!!!!!!


