Available online at www.sciencedirect.com

science @horneer:

Nuclear Instruments and Methods in Physics Research A 556 (2006) 66—79

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
RESEARCH

Section A

www.elsevier.com/locate/nima
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Abstract

Straw drift chambers are used for the Large Area Tracking (LAT) of the Common Muon and Proton Apparatus for Structure and
Spectroscopy (COMPASS) at CERN. An active area of 130 m? in total is covered by 12440 straw tubes, which are arranged in 15 double
layers. The design has been optimized with respect to spatial resolution, rate capability, low material budget and compactness of the
detectors. Mechanical and electrical design considerations of the chambers are discussed as well as new production techniques. The
mechanical precision of the chambers has been determined using a CCD X-ray scanning apparatus. Results about the performance

during data taking in COMPASS are described.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The Common Muon and Proton Apparatus for Struc-
ture and Spectroscopy (COMPASS) [1] is a large aperture,
high rate spectrometer, set up at the CERN Super Proton
Synchotron SPS to study the spin structure of nucleons
using a polarized muon beam, interacting in a polarized
target. In particular, the process of photon gluon fusion
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into a charm-anticharm quark pair, which fragments to
D+ D mesons, is used to measure the contribution of
gluons to the nucleon spin. Moreover, hadron beams are
used to study the production of charmed baryons, of
“exotic”” hadrons (hybrids and glueballs) and to measure
the polarizability of hadrons.

The setup of COMPASS, as it was in 2004, is shown in
Fig. 1. The detection of particles over a large acceptance
and a large momentum range requires the use of a two-
stage spectrometer. The 15 double layers of large area
straw drift chambers, which are described here, are used for
tracking and momentum determination of charged parti-
cles produced at large scattering angles (15-200 mrad). The
chambers are grouped together in five modules. Each
module contains three double layers with vertical, hor-
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izontal and inclined straw tubes and measures one space
point. The inclined double layers are rotated by 10° with
respect to the vertical ones. The chambers with vertical and
inclined straws are of the same type (called type X), while
the chambers with horizontal straws have a slightly
different geometry (type Y). The exact dimensions of both
types are given in Table 1.

In the following, the detailed dimensions refer to the type
X chambers with vertical wires, which measure horizontal
coordinates. A schematic view of a double layer is shown in
Fig. 2. Each chamber consists of two layers of thin-film
drift tubes (straws) of a length of 3202mm which are
mounted into an Al-frame. The area, covered by each
double layer, is about 9m? The straws of one layer are
glued together to one plane. Every plane is divided into
three sections. The central part (section B, see Fig. 2), being
closer to the beam axis, is exposed to higher rates. This part
is made of 254 straws with 6.144 mm outer diameter while
the outer two parts (section A and C) have 96 straws each
with 9.654 mm outer diameter. The chosen diameters are a
compromise between minimizing the number of channels
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Fig. 1. The COMPASS two stage spectrometer. The straw chambers are
placed directly behind the first spectrometer magnet SM1 (ST03), behind
the Rich detector (ST04) and behind the second spectrometer magnet SM2
(ST05, ST06). The shown setup, which was used during the years
2002-2004, differs from the originally planned, where all chambers were to
be positioned directly behind SM1.

Table 1
Sizes and number of straws of the different double layers

and production cost while keeping the occupancy in each
tube below 2% at maximum beam rates. The intensities,
required at COMPASS, are 2 x 10° muons and up to
4 x 107 hadrons per 5.1 s spill for muon and hadron beams,
respectively. A fast counting gas has to be used (Ar/CO,/
CF,, 74:6:20).

The anode wires of the drift tubes are centered in the
straws by two end-plugs and four small plastic pieces
(spacers). The diameter of these gold-plated tungsten wires
is 30 um. The straws are supplied with the counting gas
through the end-plugs and a gas-manifold, which is
integrated into the Al-frame construction.

A thickness of only 40 mm along the beam direction was
allowed for one double layer, so that three modules,
containing 15 double layers in total, would fit in a volume
with a length of less than 1 m between the first spectrometer
magnet SM1 and the RICH detector of COMPASS. Thus,
a large acceptance at a tolerable transverse size for the first
stage of the spectrometer could be achieved by minimizing
the thickness of the detectors.

The amount of material in the active part of the detector
was optimized with respect to scattering and secondary
interactions. The central part of the detector has a
rectangular hole of about 20 x 10 cm? for the beam.

The required spatial resolution per double layer is
200 um at a detection efficiency larger than 99%. The
internal mechanical precision of each double layer has been
required to be (or to be known) better than 100 pm.
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Fig. 2. Schematic view of a chamber (type X).

Type Sensitive area Length of straws Number of straws with different outer Number of readout ~ Overall dimensions
(mm x mm) (mm) diameter channels (mm x mm)
6.144 mm 9.654 mm
X 2802 x 3232 3202 380 384 892 4117 x 3570
1523 128
Y 3254 x 2427 3652 320 256 704 4567 x 3160
1752 128

The inclined layers are from type X too, but are rotated by 10°.
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