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Introduction
Energy loss mechanisms
Scintillators and Lead Glass
Amplification using photomultiplier tubes

See Particle Data Group at http://pdg.lbl.gov/



What do we want to know? 

  Properties of all particles produced in the 
interaction of the photon beam and the target 
(Hydrogen) 

  For each particle 
  Determine what kind of particle it is (particle 

identification “pid”), i.e. determine the charge 
and mass M. 

  Determine its momentum p (magnitude and 
direction) 
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E =
√

P 2 + M2



Measures of thickness 
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Material Thickness 
(cm) 

Density  
(g/cm3) 

Thickness 
(g/cm2) 

Radiation 
Length    
(g/cm2) 

Thickness 
(rad. 

Lengths) 

Water 1 1 1 36.1 0.028 

Scintillator 1 1.03 1.03 43.9 0.023 

Carbon 1 2.2 2.2 42.7 0.052 

Aluminum 1 2.7 2.7 24.0 0.113 

Iron 1 7.9 7.9 13.8 0.572 

Lead 1 11.4 11.4 6.4 1.78 



Particle Spectrum 
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Particle Mass (GeV) Charge 

Proton 0.94 Positive 

Pion 0.14 Pos and neg 

Muon 0.11 negative 

Electron 0.0005 negative 

Photon 0 neutral 

Neutron 0.94 neutral 

In regard to how particles lose energy as they 
traverse material, there are four types of particles 

heavy 

light 



Energy loss mechanisms 

  Ionization Losses 
  All charged particles and energetic photons 

  Bremsstrahlung (radiation) 
  Electrons and photons 

  “Billiard ball” interactions with nuclei 
  Protons, neutrons, pions 5 
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Energy loss mechanisms 

  Cerenkov radiation 
  All charged particles traveling β > c/n 
  “Sonic boom” (shock wave) for light 
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Regions of energy loss 

7 Muon momentum
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Penetration of particles in various detectors 
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How do we measure these quantities? 

  Charged particles 
  Momentum and directions are determined by 

measuring the radius of curvature in a magnetic 
field 

  Neutral particles 
  Energy is measured in the calorimeters 
  Directions are determined by using the location 

of impact on the calorimeter and the target 
vertex. 
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P (GeV ) = 0.3B(T )R(m)



Required amplification and Nobels 

  Signal from a single electron or ion 

  So.... to have a mV signal, need a gain of 107 
  For charged particles, charge amplification 

occurs in wire chambers 
  For neutrals, sensitivity to generated light is 

achieved using photomultiplier tubes. 
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V ∼ 1.6× 10−19C

100ns
50Ω ∼ 10−10volts



GlueX detector 
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“typical” γp      2π+2π−π0 p 
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Plastic Scintillators (TOF, start counter) 
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FCAL Lead Glass block unit 
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  Photomultiplier tube and housing  
  Strap for mechanical support 
  Pb glass bar 4x4x45 cm3 



Homogeneous calorimeter (Fcal) 
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Sampling calorimeter (Bcal) 
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Electrons showering in mini-Bcal 
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Ee = 0.25 GeV Ee = 1.6 GeV 

Electrons incident at 20o 

The BCAL is a sampling calorimeter 



Detection of light  

  Light is produced by charged particles when 
they traverse scintillation materials and lose 
energy through ionization (TOF) 

  Light is produced by showering electrons 
when they lose energy in the Bcal scintillating 
fibers 

  Cerenkov light is generated by showering 
electrons in the Fcal lead glass detectors.  
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Photoelectric Effect 
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Albert Einstein received the Nobel Prize in 
1921"for his services to Theoretical Physics, 
and especially for his discovery of the law of 
the photoelectric effect”.



Photomultiplier tube, sensitive light meter  

20 

Photocathode

Electrodes

N Dynodes

Anode

56 AVP pmt

γ
e− 

Gain ~ VαN ~ 106 - 107



Single photoelectron signal 
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PMT single p.e. spectra (noise) 
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ADC (counts) ADC (counts) 



Signal for passing tracks 

23 



Energy deposited in scintillator 
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Minimum-ionizing peak 
pions, electrons 

Photons and “corner clippers” 



Effect of magnetic field on pmt 
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Hamamatsu S12045 arrays 
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4x4 array of 3x3 mm2 sensors 
Area = 12.7 x 12.7 mm2 

Insensitive to 
Magnetic Fields! 



SiPM (3x3 mm2) single p.e. spectra 

27 Elton Smith / Scintillation Detectors 

Dark Counts Filter=1% Filter=2% 

Filter=4% Filter=6% Pedestal 



Summary 

  We have explored how particles loose energy 
in matter 

  The energy deposited in matter is used to 
detect traversing particles and measure their 
properties 

  Scintillation counters and calorimeters 
convert deposited energy into light, which is 
detected and amplified using vacuum type and 
silicon type photomultipliers. 

28 



29 

Backup Slides 



dE/dx 
(Ionization)  
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Rule of thumb: 
   Energy loss ~  
        2MeV/g/cm2 



KLOE calorimeter 
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Multipixel Limited Geiger mode APD 
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• 20-100 µm G-APD pixel 

• Incident photon initiates avalanche 
• Quenched by resister  device reset 

• Sum the pixels –> photon counter 

Quenching 
Resister 

G-APD array Photosensitive surface 

RQ 

Insensitive to 
Magnetic Fields! 



“typical” γp      2π+2π- p 
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