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Calibration and Optimization of Proportional Counter Modules 
Using Garfield 

K. Chung, J. A. Green, K. Borozdin, M. I. Brockwell', G. E. Hogan, M. F. Makela, F. G. Mariam, and C. L. Morris 

Subatomic Physics Group (P-25) 'Applied Engineering Technology-4 (AET-4) 

Los Alamos National Laboratory (LANL) 

Abstract : Prototypes ot rodiation detector arrays used for charged-panicle radiography require iniliol calibralion 10 correia Ie Ihe distribution of electron arrival lime to Ihe 
parlicle Irack localions. This step is crucial 10 obtaining Ihe spalial resolulion necessary 10 separale particle Iracks traversing the individual proporlional counlers in Ihe arrays. 
Our pasl attempls 10 use cosmic rays alone for Ihe initial calibralion have fallen shon of oblaining Ihe desired resalulion due 10 Ihe insufficienl cosmic ray flux 10 provide the 
necessary number of parlicle Iracks. A the orelical relalion belween electron drifl time and radial drifl dis lance is oblained wilh Garfield, a CERN gas deleclor simulation 
prog ram. [his relalion is Ihen used as an effective slarling poinl for Ihe inilial calibralion and results in 0 shorter calibralion period and improved spatial resolution o f Ihe 
delectors. 
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Abstract: Prototypes of radiation detector arrays used for charged-particle radiography require initial calibration to correlate the distribution of electron arrival time to the 
particle track locations. This step is crucial to obtaining the spatial resolution necessary to separate particle tracks traversing the individual proportional counters in the arrays. 
Our past attempts to use cosmic rays alone for the initial calibration have fallen short of obtaining the desired resolution due to the insufficient cosmic ray flux to provide the 
necessary number of particle tracks. A theoretical relation between electron drift time and radial drift distance is obtained with Garfield, a CERN gas de tector simulation 
program. This relation is then used as an effective starting point for the initial calibration and results in a shorter calibration period and improved spatial resolution of the 
detectors. 

What is Garfield? 

Platform-independent general e-/ion 
dynamics calculation 

Detector-specific e-field. transport 
(Magboltz) and ionization (Heed) 
calculation 

• Optimization of operating conditions 

• Gas mixtures 
• E-field 
• Drift time 
• Elementary signal processing 

• Magnetic field 
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Electro ns drifting in a propor-tional 
tube experience 5-6 orders o f 
magnitude in e-field strength. 

Electron drift litl~., i rlllll a fr.1.ck 

Green line c o nsists of electron clusters 
formed along the track of a 3 GeV 
muon. Blue lines are some of electrons 
drifting toward a nod e in the center. 
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Based on electron drift t ime obtained from 
Garfie ld, electron arrival time distribution is 
calculated. 

Crimp/solder 

seal 

Aluminum tube w ith welded end caps. Care is exercised to 
create airt;ght enclosure with robust wire support Ihat minimizes 
fie ld·distoriion . 

Radiographic concept 
Calibrated driH-lime conversion 

with cosmic-ray Trac k individual muons/electrons 
using Orifl-fi:J5'e detectors 

Time arrival distributio n of electrons. 
Because of near-light speed of muon, 
e lectrons created at the closest to anode 
w ire arrive first. 
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Energy lost by 3 GeV muons per 
c luster where at least I electron was 
c reated. 
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The most probable energy for a 
part ic le to lose when traveling 1 
cm. The p lot s exhibit Be'he-bloch 
behavio r 

1 EnCf'l)' lo,.~ per em 

:l.O ~ . r--_~ ___ -=\::"':""~c;;.-.;.:.":;o;::!.,--c..:'~;';":'''''~~_' -, 

:z f( 

.2 I ' 

& M 

~ ! .~ 1\ 

l 
\ 

Energy loss per c m by 3GeV muons 

to' 

p ' 

Energetic particles create clusters o f 
various numbers o f electrons along 
their tracks. 
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R(t) table is derived from SumPos/TD C 
Counts and baseline was subtracted. 

Calibrated drift-time measurement 

Track muons into and out of an 
object volume:- --

• Determine: 

• scattering angle of each 
muon 

• muon missing on bottom 
layer? ~ shadow! 

• f~~r~Yb~\fig~7~ee~~t~een 
measure areal ;rensity. 

Tracking concept 
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Since each tube 
gives R only 
multiple planes 
are reqUired to 
resolve 
ambiguities. 
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1. Filter the hits prior to tracking using the 
segment filter. 
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2. Initial g uess o f to (I",.dian - 500ns) . Same to 
applies for a ll hits in the event. 

3. Compute drift distance, R(',-to). lor each 
hil drift tube, 

4. Find the best-fit track 8. compute .. ; 
5. Vary to toward a low er trac k x? 

Mostly protons incoming (charged, strongly interac ting Recent application of proportional counter arrays in radiograp 
heavy particles . - 99%) 
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M os tly muons (cha ed, EM-interacting ~~y parti c les, 
- 70%) and electrons (charged, EM-interacting, light 
particles, -30%I.Neutrinos are weakly interacting and can 
be ignored. 
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Giant Muon Tracker Mini-Muon Tracker Carbon fiber proportiona l counter array 
used in pion-production experiment 


