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OVERVIEW 

SIGNAL CREATION 

ELECTRONICS PULSE 

COUNTING & STATISTICS 

PARTICLE IDENTIFICATION 

TRACKING 

CONTINUOUS SYMMETRIES - CONSERVATION LAWS OF ñMOTIONò 
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SIGNAL CREATION 

resistor R U 

I 

capacitor C 

U 

Q 

capacitor 

voltage 

generator 

ionising 

particle measure electric current I or voltage U 

via electric charges 
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SCINTILLATORS produce ñCHARGE  LIGHT  CHARGEò 

ionisation caused by  

charged particles or light 

excitation and delayed light emission 

usually in the UV range 

 

anorganic      NaI(Tl), CSI, BaF2, é 

inorganic        doped Ăplasticsñ 

 

 

 

UV light is converted to charge 

at a photo cathode and  

multiplied by a multi stage 

photo Ămultiplierñ 

Ý 
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measuring gas:  e.g., Ar, Xe, é 

to control avalanche: add quench gases, e.g. CO2, CH4, C2H6 

multiplication   avalanche 

gain   105 - 106 

wire chambers tutorial: 

F. Sauli, CERN yellow report   99-07 

electron multiplication  

around anode (fast) 

 

drift  of ions (slow) 

typical ion drift  velocity:  

 1  -  10 cm/(µsÖkV) 

Ar    CH 4 

CHARGE MULTIPLICATION 
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ELECTRONICS PULSE I 

10 ns 
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ELECTRONICS PULSE II  -  ENERGY 

10 ns 

 Integral   ́ deposited charge   ́ deposited energy 

   digitization by ADC 
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ELECTRONICS PULSE  - TIME 

10 ns 

 

 trigger level of discriminator - analogue  digital pulse 
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COUNTING & STATISTICS 

signal 

response on non-paralyzing device 

response on paralyzing device 

time 

dead time t 

time 

dead time t 

time 

╡ ╡Ͻ▄╡ϽⱲ 

╡
╡ᴂ

╡ϽⱲ
 

R:   true event rate 

Ró: measured event rate 
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problems 

- beam contamination 

- scattered pions 

PARTICLE IDENTIFICATION I 

particle identification by  

energy loss (DE) 

220 MeV/c beam (+) 

 

 

26 MeV   protons 

120 MeV pions 

S1        S2 

carbon  

degrader 

D2 

target 

Ⱬ ▀ᴼ▬ ▬ 

DE 

E 

21.7.1977 
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particle identification by  

time-of-flight (TOF) 
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PARTICLE IDENTIFICATION II 

3He target 

ADC value  ́Tkin  
T

O
F

 

 Ⱬ ╗▄O ▀▪ ▬▪▪ 

T3: time "zero" 

range telescope 
= 

scintillator/degrader stack 

to stop beam particles 

in the target 

p beam 
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neutron identification by  

VETO & time-of-flight (TOF) 

PARTICLE IDENTIFICATION III 

ADC value not  ́Tkin 
T

O
F

 

Ⱬ ╗▄O ▀▪ ▬▪▪ 

3He target 

T3: time "zero" 

p beam 
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PARTICLE IDENTIFICATION IV 

particle identification by  

transition radiation  

2012 Review of Particle Physics (Particle Data Group),  

J. Beringer et al., Phys. Rev. D86, 010001 (2012) 

transition radiation detector (TRD) 

  

about 1% probability per boundary crossing 

  many layers 

  

Usually gas X-ray detectors  

like cylindrical proportional chambers  

(straw tube) filled with a gas mixture  

(80% xenon, 20% CO2)  

to minimize the energy loss  

of the charged particles. 
_____________________________ 

from 

http://pamela.physik.uni-siegen.de/pamela/bitmaps/ 

One straw tube  

module  

The mass model  

of the TRD  

One radiator layer  

- threshold detectors 

- particle discrimination e.g., e/p  separation  1 ï 100 GeV 


