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Outline

● Scintillators: various types
● Photomultipliers



  

Signal generation following energy deposition

Matter

Radiation

Radiation-matter
Interaction:
Particle deposits
energy in
detector’s
sensitive volume

… now what?



  

Manual readout of scintillation



  

A less damaging method

Scintillator

Photomultiplier

Signal!    Processing...



  

Scintillators



  

Scintillator Characteristics

● Scintillation efficiency: conversion of kinetic energy into
photons

● Linearity of response 
● Transparency to scintillation photons
● Luminescence decay time
● Coupling to photodetector
● Cost, size, other physical characteristics



  



  

Scintillator Categories

Crystal

Plastic

Liquid

Gas

Noble
Elements

He, Ne, Ar, Xe

Organics

Anthracene
Stilbene
Other pi-
systems

Inorganic

NaI, CsI, BGO...



  

Fluorescence basics

|0>

|1>

|2>

Excitation

De-excitation:
Fluorescence

Useful scintillators
emit at lower
energies than
they absorb



  

Organic Scintillators

● Anthracene: the prototype

● C
14

H
10

● Polycyclic aromatic hydrocarbon



  

Luminescence from π-bonded molecules

Reineke & Baldo Sci Rep 4 3797 (2014)



  

Light output
● Characterized by L

0
: photons

emitted per MeV deposited
energy, typically ~104 MeV-1 for
common materials

● Organic scintillators have non-
linear response at high energy
density dE/dx due to self-
quenching and radiation damage

● Non-linearity characterized by k
B,
 

Birks’ formula, k
B
~103 g/cm2MeV



  

Organic crystal scintillators

Anthracene crystals



  

Liquid and plastic organic scintillators 

Scale  Scale  Scale



  

Typical plastic scintillator setup

Total internal reflection
Critical angle sin-1(n)



  

Light guides

Adiabatic Fishtail



  

Inorganic Scintillators

● Single crystal or polycrystaline
● Slower decay times than organics, but brighter
● Some exotic ($$$) crystals are both bright and fast



  

Excitons and doping

Exciton Doping



  



  

Crystals are small: direct mounting



  

Positron Emission Tomography



  

What is a photomultiplier tube, and how
does it work?



  

The photoelectric effect

● hv > W



  

Cathode materials

● Metal is reflective!
● Alkali semiconductors have small W

~2 eV
● Cs-I, Cs-Te UV or “solar blind”
● Sb-Cs or “bialkali”  Sb-Rb-Cs/Sb-K-Cs
● Bialkali used most with NaI(Tl) in

scintillation counters
● InGaAs and other semiconductor

crystals used for IR



  

Response curves for photocathodes

Sb-Cs

Sb-I

Bi-Alk



  

Quantum efficiency



  

The vacuum photodiode



  

Electron multiplication - gain

Dynode



  

Finally, the photomultiplier!



  



  

Different geometries for different applications

Reflection type Transmission type



  



  

Building a scintillation counter

● Scintillator material
● Geometry
● Wavelength shifter?
● Light guide?

● Window material?
● Photocathode
● Electron optics
● Dynode material, geometry
● Electronics...

● What aspects of scintillators and photomultipliers are important
to consider when designing / evaluating a detector system?



  

Cherenkov radiation detectors

Super-KamiokaNDE



  

Cherenkov Neutrino Detectors e.g. IceCube
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