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The central detector of the axial field spectrometer (AFS) is a cylindrical drift chamber using a "bicycle-wheel" geometry. Its 
design has been optimized for jet-like events with high track densities. This is accomplished through a high degree of azimuthal 
segmentation (4 ° sectors) with up to 42 space points per track, using measurements of drift time and charge division. Particle 
identification in the non-relativistic region is obtained by (d E/d x) sampling. The detector is operated in an inhomogeneous magnetic 
field at event rates of typically 5 × 105 collisions per second. Results will be presented on the detector performance after one year of 
operation at the ISR. 

1. Introduction 

The axial field spectrometer (AFS) at the CERN ISR 
was designed to study events characterized by large 
transverse momenta. It required a low mass vertex de- 
tector providing good momentum resolution in a 
solenoidal magnetic field of 0.5T, powerful pattern 
recognition for high event rates and particle densities 
and particle identification in the non-relativistic region 
[11. 

2. Chamber design and operation 

A cylindrical drift chamber with 4 ° azimuthal seg- 
mentation was constructed [2], combining drift time 
measurement for the azimuthal coordinate with charge 
division read-out for the coordinate along the wires 
(fig. 1). The chamber is 1.4m long and extends from a 
radius of 0.2m to 0.8 m. Each 4 ° sector contains 42 
resistive sense wires (30 #m diameter, 8 mm spacing), 
arranged radially into three crowns. The sense wires are 
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staggered by ±0.4 mm to resolve the left-right ambigu- 
ity. Sector boundaries consist of grids of 100 jam wires. 
Particle identification in the non-relativistic region is 
obtained from multiple ionization sampling ( d E / d x ) .  
The drift chamber was built in two half-cylinders to 
permit rapid retraction from the magnet. The outer 
section of the chamber experiences magnetic field inho- 
mogeneities of more than 30%, due to the open, magnet 
structure. 

The chamber is operated with an argon/ethane mix- 
ture (50/50 vol.%) at atmospheric pressure. A gas 
amplification of ( 3 - 6 ) ×  104 is chosen as compromise 
between acceptable chamber lifetime and d E / d x  reso- 
lution on the one side and good space resolution on the 
other. 
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Fig. 2. dE/dx: truncted mean vs. momentum. Clear ~r/k/p 
separation is achieved in the non-relativistic region. 

3. Performance 

3.1. Drift time measurements 

The CERN DTR units are used for drift time digiti- 
zation, contributing o = 60 #m to the space resolution. 
For  all tracks, visible radially over > 50 cm, we obtain a 
point resolution with fwhm/2.35 = 200 /xm, averaged 
over the full azimuth and all points with valid z infor- 
mation. The residue distribution which is well ap- 
proximated by a Gaussian in the central part, contains, 
however, stronger tails. Near the sense wires and the 
sector boundaries the resolution is worse, in between 
these zones it is better. 

Corrections are applied for electrostatic wire deflec- 
tions, magnetic field inhomogeneities, drift velocity vari- 
ations and also for the time slewing and crosstalk ( - 4  
to -6%).  A substantial improvement was gained by the 
introduction of the last two corrections: a general time 
slewing term, similar for all wires, and an additional 
crosstalk term only for the "far wires". These wires, 
because of staggering, receive their avalanche signal 
only some 16 ns after the crosstalk signal from the 
adjacent wires and, therefore, experience additional time 
slewing. 

3.2. Charge division 

As expected, a strong correlation is observed be- 
tween the resolution from charge division and pulse 
height (PH): fwhm ( c m ) = A  + B.noise/PH. For a gas 
amplification of 5 X 10 4, the average resolution for all 
reconstructed tracks is fwhm/2.35 = 1.4 cm, i.e. 1% of 
the wire length. 

3.3. Particle identification by dE/dx  

Averaging over all tracks containing > 30 time digiti- 
zations and z-measurements, we obtain for the trun- 

cated mean of the 60% lowest pulse heights: 
fwhm/mean = 24%, a value very close to that predicted 
by Monte Carlo estimation. As fig. 2 shows, protons 
may be identified up to 1.0 GeV/c ,  pions and kaons up 
to 0.6 GeV/c.  For high particle densities, the superior 
granularity of this system offers a substantial advantage 
over a standard time-of-flight system. As an illustration 
of the performance in complex events, the preliminary 
spectrum of the total charged tranverse energy E T is 
shown in fig. 3, for pp and aa collisions. It was obtained 
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Fig. 3. Total charged transverse energy (ET) spectrum, ob- 
tained from momentum measurement and particle identifica- 
tion by dE/dx  in the drift chamber. Curve from Monte Carlo 
fit. based on inclusive spectra and multiplicity distributions. 
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Fig. 4. High multiplicity event with 45 tracks reconstructed. Minimal calorimeter trigger on an aa interraction at ,/( = 126 GeV. 

with minimum bias trigger and uses only particle identi- 
fication in the drift chamber, assuming the pion mass, 
whenever no identification is obtained. A simple Monte 
Carlo fit is added, based on measured multiplicity dis- 
tributions and inclusive spectra, which well reproduce 
data from other experiments. 

3.4. Diverse  

The track reconstruction efficiency of the analysis 
program is greater than 95%, even at high multiplicities 
(Nch >20) .  An example of an event containing 45 re- 
constructed tracks from an a a  collision is shown in 
fig. 4. Data  from cosmic rays are being actively studied 
for surveying purposes and for obtaining better knowl- 
edge of systematic errors, e.g. for momentum measure- 

ments. 
In parallel, a laser beam was set up to produce 

ionization tracks in one sector of the drift chamber, 
with magnet on and off conditions. The preliminary 
results are very encouraging. Clean tracks were observed 
all through the sector, although the beam had to cross 
field shaping wires. A fit to 40 cm of the track (28 wires) 
gave or~, -~ 100/~m (from drift time) and o Z < 1 cm (from 
charge division). This includes Or, = 60 /~m from the 
electronics and indicates that the wire positions and 

electronic delays are well known. The inner track seg- 
ment  was excluded from the fit, as the laser beam 
crossed the sense wire plane and produced disturbing 
pulses on the potential wires. The pulse height distri- 
bution showed a f w h m / m e a n < 2 5 %  for single wires, 
including fluctuations in the laser intensity. 

The advantages of the laser beam for calibration and 
monitoring are: no magnetic deflection, no production 
of 3 electrons, narrow amplitude spectrum and precise 
and reproducible localization in space and time [3]. 
Some calibration errors - not recognized before - be- 
come obvious from the first few events. From a detailed 
study of these measurements we expect a .substantial 
improvement of the detector performance through bet- 
ter knowledge of various parameters as drift velocity 
and drift angle variations, time slewing and other sys- 

tematic effects. 
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