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Objective: 
Design a particle detector that works 

as fast as possible 
 
 

Method: 
Maximize drift speed of ionized 

electrons 



Objective: 
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Maximize drift speed of ionized 

electrons 



What Gas to Use? 

Maximum attainable speed is 10 cm/microsec 
for Ar-88-CO2-2-CF4-10 and ~750 V/cm 

Zhao et al, Nucl. Inst. & Methods, 1993 



Refined Design Objectives: 

1. Drift field = 750 V/cm 

2. Wire Field = 254 KV/cm  



Asset: lots of simulated data for 
various chamber scales & voltages 



These data isolate the effect of two 
parameters (gap g and voltage v) 

on two outputs (drift field D and wire 
field W) 

 
If we consider the fields as functions 

of these parameters, we write 
 

W(g,v) and D(g,v) 



Analyzing our data, we find; 



We can use these derivatives and 
our data to construct Taylor 

polynomials TW(g,v) and TD(g,v) that 
approximate W and P. 

 
Solving the system for TW = 254,000 
and TD = 750 gives us a guess for 

the optimal gap and voltage. 



In Garfield, simulate a chamber with 
these new parameters g0 and v0 

 
Use the fields this chamber 

produces as new data to construct 
new, more accurate Taylor 

polynomials. 
 

Iterate until simulated fields are 
correct. 



Results: 

g = 0.593 cm 
 

v = -1680 V 



Impact Parameter = 0 cm 



Drift times < 80 ns 



Impact Parameter = .2 cm 



Drift times < 80 ns 



IP = .4 cm 



Drift times < 100 ns 



IP = g 



Drift times < 150 ns 



Conclusion: 
 

This optimized geometry results in a 
much faster detector. 

 
Low drift times are maintained even 

for large values of impact 
parameter. 


