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• Reconstruct charged particle momentum (i.e., )


• Identify a reconstructed particle (i.e., )


• Bonus: Reconstruct decay vertex if 

⃗p

m

γcτ ≥ nσd

Example: You want to study charm quark production so you need to reconstruct 


 ( ) mesons (m=1.864 GeV) through their decays to .D0 cū K−π+

What do you need to do this? We have:                                                     


   with  


Hence you have to: 

MD0 = (EK + Eπ)2 − ( ⃗pK + ⃗pπ)2 E = ⃗p ⋅ ⃗p + m2



Credit: E. Garutti



Everything in HEP Starts with Rutherford
Rutherford-Geiger tube (1908)







The Multiwire Proportional Chamber



Add “field-shaping” wires to keep 
equipotential lines linear over a larger 
region.

Some regions in MWPC there is no or 
very low field.

Drift Chamber

Allows for improved spatial resolution 
by measuring ionization drift time.
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Fermilab E691
Tagged Photon Spectrometer



Fermilab E691 - Tagged Photon Spectrometer (1985-86)



Sense wires are 25 micron gold plated tungsten
Field wires are 127 micron Be Cu



One issue that complicates standard 
wire chambers - what if a wire breaks?


One solution: straw tube trackers



Each straw is made up of 2 layers  of 50 micron 
kapton plus 20 micron Al coating for 120 micron 
wall thickness. The inner diameter is 7.5 mm. 
The wires are 50 micron copper-beryllium. The 
gas is 80:20 Argon:Carbon Dioxide. HV was 
around 2 kV 



10,944 straws in 48 sectors with each sector 
consisting of 3 layers of straws



ATLAS Transition Radiation Tracker

Credit: E. Garutti
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CLEO at CESR



51 layers of cells with 3 field wires for each 
sense wire - for a total of  36,240 field 
wires and 12240 sense wires.      
Sequential layers are offset by 1/2 a cell to 
resolve left-right ambiguity.                 
Sense wires are 20 micron gold plated 
tungsten while field wires are 110 micron 
gold plated aluminum.





The Time Projection Chamber To get the third dimension 
using standard DCs would 
require using many of them 
to get decent z resolution.


Solution: measure drift time 
to a 2D analysis plane 
incorporating wires and 
pads 





ALEPH at LEP









ALPHA Antihydrogen Trapping Experiments @ CERN AD



The antiproton in the antihydrogen 
annihilates with a nucleon (proton or 
neutron) in the trap wall producing 
charged and neutral pions.

For example : p̄n → π+π−π−π0

Unfortunately there’s lots of material 
between annihilation point and first 
potential tracking layer — multiple 
scattering dominates position resolution. 


Limited to ~3 mm in z (up/down) direction



Solution: use a wire chamber. Choice for ALPHA-g — radial TPC



The radial Time Projection Chamber (rTPC)

• 2.3 m long, 20 cm inner diameter, 40 cm outer diameter


• 256 wires, 18,432 pads


• Resolutions:

∙ ∼ 5 mm in z
∙ ∼ 9 mm in r

∙ ∼ 18∘ in azimuth



Reconstructed event in ALPHA

Reconstructed vertex position 
for antiprotons trapped at 
selected electrodes



Liquid Argon TPC



Credit: PDG review











Particle ID via dE/dx



Good for differentiating pion, 
kaon, and proton tracks in the 
~100 MeV to ~800 MeV 
momentum range

PEP-4



Conclusions Wire chambers have have been a critical component 
of particle physics experiments for over 50 years    
(or I guess ~120 years if you count the Rutherford-
Geiger tube) and continue to be used in experiments 
exploring a wide range of physics topics — from the 
Higgs to neutrinos to dark matter.


While silicon detectors offer much greater 
spacepoint precision, wire chambers continue to be 
useful due to their durability, efficiency, and low 
cost/volume. 


The capability to sample a track many times along 
its path allows, in conjunction with a magnetic field, 
measurements of charged particle momenta. Track 
segments from wire chambers are also utilized to 
augment decay vertex reconstruction.


Who knows but maybe wire chambers will be 
around for another 50 years! 


 




