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“Physics” or Knowledge of Nature

• Experimental Data
• Analysis
• Theory

( application)



Experimental Data
• Initial Conditions / Source / State

 Accelerator beam(s) (e, μ, p, A, A*, n, γ, ע, π, K, Σ, …) (P, E, X, t, … )
 Targets
 R/A source
 Polarization

• Result (“event”)
-- N of particles, P, E, X, PiD, t, …   ( K0  π0 ע + (ע +

• “Passive equipment”
-- magnets, E and B equipment, reflectors, crystal, collimator, …

• Detectors
-- to detect (measure) a particle interaction with the matter

• FEE, DAQ, Computing, Trigger, On-line, …



Particle has to interact to be detected

• Interactions: EM, Strong, Weak, …

• Detectors “perturb, disturb, destroy, …”, and “transfer the interaction 

result” to measurable value.

Any Detector should be:
-- studied (R&D, response simulation)

-- constructed ( “mass production” )

-- calibrated ( response, alignment )

-- controlled ( quality, cooling, aging, radiation damage, …)



Conventional Classification

• Vertex
• Tracking
• PiD
• Calorimeter

 Detector response simulation

 Experimental Set-Up; simulation and selection

 To-day and future experiments



The ALICE Heavy Ion Experiment



Tracking Detectors ( in a combination with Magnetic Field )

• As charged particles pass through a tracking detector, they deposit 
energy ( usual by ionization) which can be detected

 - positions in space of energy deposits in discrete detector   
elements (“hits”; 1d, 2d, 3d)

 - track finding
 - momentum reconstruction
 - points of origin (“vertex”) and initial directions

We will discuss different tracking detectors: 
hits precision, detector thickness, timing (rate), triggering and on-line,
radiation hardness, aging, “environment” sensitivity (t0, p, cost …)



Tracking Detectors 

• Gas Detectors
-- general gas properties
-- gas amplification and “signal”
-- MWPC, Drift Det, RPC, MicroPattern Det., …

• Solid state Detectors









Avalanche formation within
a few wire radii (~ 100 µm ) 
and within t < 1. ns!
Very short distance to drift.

But ions (from avalanche) have
to drift back to Cathode – long 
distance ( ~ 3 mm) and drift time
~ k*100 µs.



“Oscilloscope picture”





Space accuracy: 40 - 70 μm

“Chevron” and “floating strips” approaches



As a “future step” (e+e-LC): 
B=4. T,   σ=150 μm,  n=100
d(pt) / pt = 2 x 10-5 pt

3-D ( points in space) read-out;  Drift & Wires & Multi-Pads, Low-Mass  







But, “Sun has spots”

• in MWPC the position of the electrodes can be distorted by 
electrostatic and gravitational forces

• an entire sector of an MWPC is disabled when a wire breaks and 
short-cuts others

• a strong frame is needed in MWPC to maintain the tension forces of 
the wires

• the wire length is limited (L3 Muon Chambers)
• the possible distortion of the wire position limits the wire spacing to 

a minimum distance of 1 mm, this limits position resolution and time 
shaping. Moreover, as the ions are not removed quickly enough, the 
occurrence of space charge hampers full avalanche development at 
count rates above 102-103 counts/sec/mm2.  



GEM

Typical geometry:
5 µm Cu on 50 µm Kapton
70 µm holes at 140 mm pitch

F. Sauli, 
Nucl. Instrum. Methods A386(1997)531

Thin, metal-coated polymer foil with high 
density of holes: 

100÷200 µm



- multiplication and readout on separate electrodes
- electron charge collected on strips or pads: 2-D readout
- fast signal (no ion tail) 
- global signal detected on the lower GEM electrode (trigger)

Cartesian

Small angle

Pads

GEM DETECTOR:

A. Bressan et al, Nucl. Instr. and Meth. A425(1999)254



Cascaded GEMs permit to attain much larger gains 
before discharge

Double GEM

Triple GEM

MULTIPLE GEM 
STRUCTURES

C. Buttner et al, Nucl. Instr. and Meth. A 409(1998)79
S. Bachmann et al, Nucl. Instr. and Meth. A 443(1999)464



The total length of the detected signal corresponds to 
the electron drift time in the induction gap:

Full Width 20 ns
(for 2 mm gap)

Induced charge profile on 
strips
FWHM 600 µm

Good multi-track resolution

FAST ELECTRON SIGNAL (NO ION TAIL)



Why use a Solid State Detector?

• Physics requires 
– high rate capability

• rare processes imply huge event rates
– high efficiency and low dead time
– good signal./noise ratio
– good resolution
– electronics r/o
– high speed

Solid State Detectors became a central tool in Nuclear and High 
Energy Physics ( and a lot of applications ).  Intensive R&D 
activities mainly take place in Europe

Scintillator Detectors
- “Radiators” ( scintillators, UV-light (LeadGlass))
- Phototubes, Photodiods, HPD, ….

Si Detectors
- strip, pad, drift, CCD, APS, DEPFET, …
- NIM A521 (2003) 1-452,   NIM A541 (2005) 1-466.



Scintillation in Gas   Cherenkov and RICH Detectors



B-physics at LEP

• Detecting vertices ...



Silicon Properties

• Electron-hole production at  
few eV
– compare with 30eV in gas

• Density reduces deltas
– remember bubble chamber 

photos(!)
• ~100 e-h pairs/micron
• solid 

– easy to install close to 
interaction point





Silicon Drift
V          V-dV          V-2dV        V-3dV

n ~300 μm

Silicon Pixel







Detectors for neutral particles

• n, π0, ɣ, ע, … 
• “Calorimeter” (ECAL, HCAL)



Detectors for Particle Identification

• dE/dX ( energy loss in matter;  f(βɣ) )

• Cherenkov and RICH ( light when β > βc )

• TRD ( radiation is emitted when a particle moves across the 
interface of two media with different dielectric constants; f(ɣ))

• ToF ( path length, start-stop, β )

• ECAL, HCAL ( E  number of interactions  number of 
“secondary” particles )

• ϻ - detectors (additional material (absorber) to “stop” all 
particles ; Fe (B) )

• Secondary vertexes and mass decay 
particle reconstruction ( Λ p + π-)
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