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Charged particles: dE/dx



Plastic scintillator hodoscopeLarge NaI(Tl) detector

Scintillators

Measure:
passage (and energy deposit) 

of charged particles
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Example: the OPERA
neutrino detector 

at LNGS

Photographic emulsions

Measure:
integrated tracks of 

charged particles



Georges Charpak 
(1924-2010) 

Thousands of wires
Simple, cheap, 
limited resolution, 
can be triggered, fragile
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1992MWPC – Multi-Wire Proportional Chamber

Measure:
tracks of charged 
particles at given time



KLOE (Frascati)
BaBar (SLAC)

M.Sozzi - Fundamental Interactions - Università di Pisa

Drift chamber
Exploit the calibrated drift time 
to obtain a better position resolution

Measure: tracks of charged particles



Au+Au nuclei 
collision

(100 GeV+100 GeV)

Example: STAR experiment at Brookhaven 
National Laboratory (USA)
Diameter and length about 4m
138000 pads, read by digitizers 
to measure dE/dx and perform tracking 
70M volume elements
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Time projection chamber

Measure: tracks of 
charged particles



Wave fronts for v < c/n

Pavel A. Cherenkov 
(1904-1990) 
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Cerenkov effect
1958

Wave fronts for v = c/n

Wave fronts for v > c/n



Threshold Cerenkov detectors
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Cerenkov detectors

Measure:
velocity of 

charged
particle
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Ring-Imaging Cerenkov 
detectors (RICH)

Example: SuperKamiokande detector in Japan

Measure:
velocity and direction 
of charged particles



A: thin metal electrode (gold)
P: thin semiconducting p layer 
D: depletion layer (3-10 mm)
N: semiconducting n layer
B: thin metal electrode M.Sozzi - Fundamental Interactions - Università di Pisa

Semiconductor detectors

Measure: passage of 
charged particle with 
< O(100 μm) resolution



BaBar Silicon Vertex Tracker

CMS Silicon Vertex Tracker
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Microvertex detectors
Arrays of semiconductor strips or pixels
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Particle detectors



Bruno B. Rossi 
(1905-1993)
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Electromagnetic showers
Cascade process of Υ, e+, e–

inside (preferably large-Z) 
material
e+, e– can be measured 
collectively by previous methods

Measure: energy 
of electrons or photons

Longitudinal energy deposit



© Schultz
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Sampling calorimeters

Measure e+, e– at different 
depths of the shower
to estimate the total energy
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Particle identification (PID)

Or simultaneous measurement of two cinematic quantities among 
Energy, Momentum, Velocity → Mass



CMS
(CERN)

MEG
(PSI)

NA48
(CERN)

BaBar
(SLAC)
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Lepton accelerators

IntensityEnergyParticlesYearsLocationName

0.1 mA (150 kW)1.5 GeVe−1975-Mainz (D)MAMI

3 GeVe2011-Catalunya (E)ALBA

3.5 GeVe−1987-Bonn (D)ELSA

0.2 mA (1 MW)12 GeVe−1995-TJNAFCEBAF

50 GeVe+ e−1966-SLACSLAC Linac

Beam power(W) = 𝐸(eV) × 𝐼(A)

Beam power(W) = 1.6 × 𝐸(GeV) × 𝐼(10ଵ଴ sିଵ)
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Hadron accelerators
IntensityEnergyParticle

s
YearsLocationName

1.8∙107 pത0.1 MeVpത2016-CERNELENA

1∙1013 p/s (42 kW)26 GeVp1959-CERNPS

1.9∙1012 p/s (22 kW)76 GeVp1967-IHEPU-70

4∙1012 p/s (290 kW)450 GeVp,A1976-CERNSPS

1.9∙1013 p/s (380 kW)120 GeVP1995-FNALMI

2∙1013 p/s (3.2 MW)980 GeVp1983-2011FNALMain 
Ring+MI

7∙1013 p/s (370 kW)33 GeVp,A1960-BNLAGS

1∙1014 p/s (500 kW)30 GeVp2009-J-PARCMain Ring

1.2∙1015 p/s (180 kW)800 MeVP1984-RAL (UK)ISIS

1.4∙1016 p/s (1.3 
MW)

590 MeVp1974-PSIHIPA
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Particle colliders (1)
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Particle colliders (2)

M.Sozzi - Fundamental Interactions - Università di Pisa



Particle colliders (3)
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