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OVERVIEW 

SIGNAL CREATION 

ELECTRONICS PULSE 

COUNTING & STATISTICS 

PARTICLE IDENTIFICATION 

TRACKING 

CONTINUOUS SYMMETRIES - CONSERVATION LAWS OF “MOTION” 
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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 “CHARGE  LIGHT  CHARGE” 

ionisation caused by  

charged particles or light 

excitation and delayed light emission 

usually in the UV range 

 

anorganic      NaI(Tl), CSI, BaF2, … 

inorganic        doped „plastics“ 

 

 

 

UV light is converted to charge 

at a photo cathode and  

multiplied by a multi stage 

photo „multiplier“ 
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measuring gas:  e.g., Ar, Xe, … 

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/(µskV) 

Ar    CH4 

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 

𝑹′ = 𝑹 ∙ 𝒆−𝑹∙𝝉 

𝑹 =
𝑹′

𝟏 − 𝑹 ∙ 𝝉
 

R:   true event rate 

R‘: 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 

𝝅
+
𝒅 → 𝒑 𝒑 

DE 

E 

21.7.1977 
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particle identification by  

time-of-flight (TOF) 

T

m
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v
2
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PARTICLE IDENTIFICATION II 

3He target 

ADC value  Tkin  
T

O
F

 

 𝝅
− 𝟑𝑯𝒆 → 𝒅𝒏 + 𝒑𝒏𝒏 

T3: time "zero" 

range telescope 
= 

scintillator/degrader stack 

to stop beam particles 

in the target 

p beam 



Folie 12 

neutron identification by  

VETO & time-of-flight (TOF) 

PARTICLE IDENTIFICATION III 

ADC value not  Tkin 
T

O
F

 

𝝅
− 𝟑𝑯𝒆 → 𝒅𝒏 + 𝒑𝒏𝒏 

3He target 

T3: time "zero" 

p beam 

T

m
t

v
2

m
T

2







Δ
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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 – 100 GeV 

http://pamela.physik.uni-siegen.de/pamela/bitmaps/trd_vib_004.jpg
http://pamela.physik.uni-siegen.de/pamela/bitmaps/radiatori_002.jpg
http://pamela.physik.uni-siegen.de/pamela/bitmaps/trd_vib_001.jpg
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      sampling calorimeter 

=                    

segmentation in depth 

CALORIMETRY = measure total energy 

electromagnetic shower short & concentrated 𝒅𝑬
𝒅𝒙 = − 𝑬

𝑿𝟎
  

hadronic shower   large & fluctuations longitudinal 𝝀 = 𝑨
𝑵𝑨∙𝝈𝒂𝒃𝒔
  

      transversal fluctuating 

resolution   𝝈 𝑬 ∝ 𝒇𝒆𝒘 %
𝑬

   

PbWO4 MC sim el.mag. shower 
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     example: p-3He  pnn or dn 

3He vesssel 

pion beam 

 

beam defining counters 

mainly p carbon reactions 

protons 

deuterons 

MWPC 1 

MWPC 2 

target 

beam defining  

counters 

good                   bad        event 

TRACKING   -   CUT ON FIDUCIAL VOLUME 
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Ileft           Iright 

"simple" mechanics 

10 MHz rate  

inside magnetic field 

ZEUS  - DESY wedge 

Type-2 module (520 ‘straws’) 

ATLAS at the LHC 

individual counters, timing 20 ns 

HV: coat, ground: sense wire (~ kV) 

typical size: length 1 - 2 m, f mm - cm 

resistive read out 

z 
Dz < 1 mm 

Monte Carlo 

simulation 

gas filling 

e.g., Ar/C2H6 

wall: aluminised mylar foils 

anode wire: f  20 µm 

TRACKING DEVICES I   -   STRAW TUBES 
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many wires:  MWPC = multiwire proportional chamber 

                      position resolution   wire distance typically 2 mm 

• (x,y) - coordinate per pair of frames 

 

• trajectory from MWPC stacks 

field configuration 

TRACKING DEVICES II   -   WIRE CHAMBERS 
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time  position 

external time reference,  

e.g., plastic scintillator 

trick: choose field configuration,  

which keeps the nonlinearity of  

time-to-position relation small  
position resolution 

20 µm 

TRACKING DEVICES III   -   DRIFT CHAMBERS a 
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The wires are arranged in layers that 

pass through the cylinder at three 

different angles. The set of wires that 

give a signal can be used to allow 

computer reconstruction of the paths (or 

tracks) of all the charged particles 

through the chamber. 

The "drift" in the name of this chamber refers to the time it takes electrons to drift to the 

nearest sense wire from the place where the high-energy particle ionized an atom. Any three 

sense wires are only nearby in one place so a set of "hits" on these three fix a particle track in 

this region. By measuring the drift time, the location of the original track can be determined 

much more precisely than the actual spacing between the wires. 

improved position resolution by nearest 3 wires method 

inclined wires 

TRACKING DEVICES III   -   DRIFT CHAMBERS b 
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properties: 

•full 3-dimensional detector 

•constant drift velocity due to the collisions  

 in the gas mixture (typical  a few cm/µs).  

•low occupancy even for high background (high rates) 

•large dE/dx due to large gas thickness (particle identification) 

motivation:  avoid to pile-up many MWPC planes (typical gas thickness of 1 cm)   
David Nygren, 1974  

STAR TPC - RHIC, Brookhaven 

TRACKING DEVICES IV   -   TIME PROJECTION CHAMBER 

principle:   electrons produced follow the constant electric field lines to a single MPWC plane  

                  located at one end of the volume ( x-y coordinates on this plane) 

                  Third coordinate, z, from the drift time of the electrons to the anode plane 
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•  Pixel Size  

•  Occupancy 

•  Charge Sharing 

•  S/N 

•  ExB Drift 

•  Radiation Damage 

 

  LHC - 1014 /cm2/yr 

& Trigger 

track cluster 

single track 

vertex resolution 

(20-30) mm at IP 

charge sharing 

charge center of gravity  high position resolution 

TRACKING DEVICES V   -   PIXEL TRACKER 
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+  

+  

charged  

particle 

principle 

 

 pn diode  

 

as almost all  

semiconductor detectors 

miniaturisation 

Readout Chip 

Sensor 

arrays of soldering dots 

typical x-y (front-back) 

arrangements 

 

200 µm strips 

layer thickness 300 µm 

TRACKING DEVICES VI   -   SILICON MICRO-STRIP DETECTORS a 
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CMS - LHC scheme 

silicon µ-strip module 

semiconductor telescope 

65/300/300/5500 µm thick  

double-sided Si-strip detectors 

ANKE - COSY 

•inner tracker 

•vertex detection 

•recoils  

•polarisation (left-right asymmetry) 

TRACKING DEVICES VI   -   SILICON MICRO-STRIP DETECTORS b 
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CONTINUOUS SYMMETRIES - CONSERVATION LAWS OF “MOTION” 

SYMMETRY     2-2 scattering       decay  1  2 + 3 + 4 

 

total energy     

TIME 

momentum   

TRANSLATION 

angular momentum 

ROTATION 

 

examples         elastic scattering          b - decay 

           p + p  p + p                           

 

reactions 

eepn ν 

'
4

'
321 EEEE 

'
4

'
321 pppp




'
4

'
3

'
21 EEEE 

'
4

'
3

'
21 pppp




43342112 SSLSSL


 4324)23(231 SSSLLS
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3-particle decay of particle  A  1 + 2 + 3  in its rest frame     without polarisation 

final state     9 degrees of freedom 

   - 4  energy-momentum conservation 

                                - 2 isotropy in space of e.g. particle 1 (2 angles) 

                                - 1 isotropy of azimuthal angle f12  

321 p,p,p


if masses known  =  particles identified 

 

experiment kinematically complete 

 

by measuring at rest - 2 independent variables 

e.g.  T1,T2 

        T1,12 

 

in flight - 5 independent variables 

e.g.  T1, T2, 1, 2, 13 

   

                    already onefold overdetermined 21 p,p


KINEMATICS EXAMPLE :  A  1 + 2 + 3 


