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Different Realizations of Ionization Trackers

MWPC

Time Projection 
Chamber

Jet Chamber

Drift Chamber
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Drift Chamber Cell

potential shaping wires
sense wire

• Carefully shape potential (field lines)
• Optimize drift time – space relation
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Left-Right Ambiguity Resolution

2 anode wires staggered anode wires

ghost track

inclined anode plane

good for high magnetic field
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Jet Chamber

annihilation at 30 GeVe e+ −



Lorentz Angle – Drift Chamber in Magnetic Field

• Drifting electron will see
Electric Field
Magnetic Field

E
B
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due to collisions with gas 
molecules

( ) ( )mv q E v B mA t= + × +

• Assume over time

,E B =
acceleration

stochastic
retardation

constant     Dv

( )0D D
qE qBv v
m m

A t 
= = + × − 

 


( ) DvA t
τ

→ mean time between collisions

D
D

v qB qEv
m mτ

 
− × = 
 

solution:

( ) 2 2
2 2 21D

E B BE Bv E
B B

µ ωτ ω τ
ω τ

 ×
= + +  +  

 

(1) (3) (2)

q
m
τµ =

qB
m

ω =

electron mobility

cyclotron frequency



Lorentz Angle – Drift Chamber in Magnetic Field

• Drift velocity has three components

solution:
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tan Dv B
E

α =



0 1kV 2kV 3kV

1kV 2kV 3kV

•
BV

0BV =

α

equipotential

sense wires
field wires

next cell

tan Dv B
E

α =

Compensate for Lorentz angle by
tilting electric field in drift cells
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Structure of ZEUS DC

• Total wire tension 12 tons
• 4608 W sense wires (30 micron)
• 19584 CuBe field wires

• 120 micron space resolution
• 2.5mm 2 track resolution
• 500 ns max drift time
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Tilted E Field – R-L ambiguity resolution

real track segments
reflected ghost segments
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Spatial Resolution

• Small number of 
primary electrons 
reach sense wire

• Statistics

• Variation in drift time – space 
relation

• Smearing
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Stereo Wires – 3-d Reconstruction

stereo wires

stereo cameras – 3-d pictures

paraxial wires

r,x

r’,x’

r,x

r’,x’
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 Layers of Detector Systems around Collision Point
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Square Drift Cells - ARGUS

• Precision
• High Density of Information
• Pattern recognition complex R-L ambiguity resolved by 

trying all possible combinations

isochrones
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ARGUS Events
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dE/dx Particle Identification



BaBar Drift Chamber

constructed at TRIUMF



Belle II
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Time Projection Chamber
• Only two drift cells
• parallel to      , so no Lorentz angleE B

• measure z,θ from drift time

• measure r,Φ from pads and 
wires on endplates

, 180r φσ µ

200zσ µ

• Good pattern recognition and precision 
in medium multiplicity environment

space charge limitation
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wire – drift time

pad – position on the wire
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Diffusion in TPC

transverse diffusion

Diffusion limits spatial  resolution

2
3 D

L u
v

σ λ=

drift length

mean electron velocity

mean free path

Why does diffusion not ruin resolution?
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Diffusion in TPC

Compare this to previous plot with B=0

reduces diffusion if0B ≠ 0E B× =

particles drift along 
tight helices

transverse diffusion reduced by

2 2

1 ;
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ATLAS Tracker

0
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ATLAS Straw Tracker

Straws

Radiator

Radiator
Straws

straw
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Straw tracker test beam module
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Assembly of straw tracker





Inner Detector (ID)
The Inner Detector (ID) comprises 
four sub-systems:

•Pixels (0.8 108 channels)

•Silicon Tracker (SCT)
(6 106 channels)

•Transition Radiation Tracker (TRT)
(4 105 channels)

•Common ID items
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