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Abstract

The CMS muon spectrometer, designed to trigger, identify, reconstruct and measure muons with high
efficiency and accuracy, is equipped with Drift Tube chambers (DT) in the barrel region. The DT
system has been fully commissioned using cosmic muons with and without magnetic field, and during
months of cosmic data taking has provided millions of triggers to the rest of the CMS detector. This
contribution will describe the challenges in the operation of the DT system, including calibration
procedures, monitoring and reconstruction performance, and the result of the analysis of the collected
cosmic data.
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Abstract

The CMS muon spectrometer, designed to trigger, idenéfgpnstruct and measure muons with higiiceency and accuracy, is
equipped with Drift Tube chambers (DT) in the barrel regidihe DT system has been fully commissioned using cosmic muons
with and without magnetic field, and during months of cosna@tadaking has provided millions of triggers to the rest ef @MS
detector. This contribution describes the challengeseérofieration of the DT system, including reconstructiongrentince, and

the result of the analysis of the collected cosmic data.
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1. Design of the CM S Drift Tube System.

The CMS detector is described in [1]. Its design is based on
a large super-conducting solenoid providing an intens&T3.
magnetic field which allows independent muon tracking iesid
and outside the coil. The inner tracking system is based on
a silicon tracker while the muon spectrometer is hosted én th
iron return yoke of the solenoid.

High pr muons will provide a clear signature for many inter-
esting signals at the LHC. The muon spectrometer is thexefor
required to provide a robust and reliable trigger and anrateu
momentum measurement event without the contribution of th(I?—‘igure 1: Schematic view of a DT chamber of the type used in tise dind
central tracker. second measurement stations. The two resistive plate chawibéms muon

To cope with these requirements the muon spectrometer [2}ation are also shown.
is composed of three fierent subsystems, all of them used both
for tracking and for triggering. In the barrah( < 1.2) where

the track occupancy and the residual magnetic field are lowjonal field shaping is obtained with two insulated stripptiet

drift tube detectors (DT) are installed. In the endcapscmlﬂh a positive voltage, glued on the the planes in corresporedehc

strip chambers (CSC) are employed covering the region up tthe wire. Typical operational voltages ar8600 V,+1800 V

Inl < 2.4. Both in the barrel and in the endcapg < 21) @  and -1200 V for the wires, the strips and the cathodes, respec

third system, composed by resistive plate chambers (RBC), tively. The gas is a 859%45% mixture of AfCO,, which pro-

present. vides good quenching properties and a saturated drift igloc
The drift tube system is composed by four stations of chamof about 5.4 crfus.

bers at diterent radii, named MB1, MB2, MB3 and MB4, with  The multilayer structure of the DT chambers allows to:

a segmentation which follows that of the iron yoke, conssti

of five wheels along the z axis, each divided into 12 azimuthal ® réconstruct track segments in each chamber improving the
sectors. resolution w.r.t. single cell;

Fixation RAIL

Each chamber (Fig. 1) is composed byguperlayers: 2 of

' k - e minimize the &ect of softs-rays and neutron background;
them measuring the bending coordinate) and one measur-

ing the angle of the track with respect to the beam line)( ¢ self-trigger in the chamber exploiting a generalization of
Each superlayer is composed of 4 staggered layers of daralle  the mean-timer technique.
drift cells.

The cell has a size of 42 13 mn? with a 50um diameter
stainless steel anode wire at the centre. The distance titie
from the wire is given by the drift time of electrons produced The commissioning activity started in 2005, in parallelrwit
in the ionization; to improve the distance-time lineardgldi-  the installation of the detector, and mainly consisted adhb-

2. Commissioning of the System.
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quisition of cosmic ray data. The first phase was dedicated taoise rate higher than 500 Hz with a discrimination thregiodl
the test of the standalone components of the DT system whil&0 mV. The measured celtfeciency is on average higher than
starting with the Magnet Test & Cosmic Challenge in 2006 var-98% for all the chambers.
ious integration tests with the other CMS subsystems hase be The cosmic data have also been used to assess the per-
carried out. formance of the muon reconstruction and identification algo
In particular, the understanding of the magnetic field is estithms, commissioning the whole software apparatus fonenl
sential to fully exploit the tracking capabilities of theash-  (High Level Trigger) and filine reconstruction. The first recon-
bers. For this reason, in summer 2008, about three weeks sfruction step is the local reconstruction of track segsatthe
cosmic data-taking where devoted to a test of the whole CM%evel of single chambers, starting from the one-dimengibitsa
with the full magnetic field, collecting about 300 million$ o in the cells, solving the left-right ambiguity of a single/éa by
events mostly triggered by the DT system. The high field ismeans of pattern recognition. The resolution on the pasitfo
fundamental for the momentum resolution of the spectrometethe single hit is about 200m while the resolution on the seg-
but it also defines the environment in which the detector-operment position and angle in the beding plane@age- 70um and
ates. In the barrel region most of the flux is contained withinoy ~ 0.5 mrad respectively. The cosmics data show already a
the iron plates of the yoke. The region where the DT chambersatisfactory agreement between data and MC for the deiseript
are placed should ideally be field-free. However, in the ironof these resolutions.
gaps and at the end of the coil the residual magnetic fieldis fa The products of the local reconstruction are than used to per
from being negligible. There are spatially limited regiovi'ere ~ form the muon track fit in the spectrometer only (Standalone
the field in the radial direction can reach 0.8 T and is chamgin reconstruction) and using the tracker information (Gloteal
moving along the wires. Theffect of this component on the construction). The contribution of the muon spectrometer t
drift-velocity was measured using cosmics and was obsdoved the Global momentum resolution becomes important above
be of the order of 2% for tracks ortogonal to the cell plane, a200 GeV thanks to the larger lever arm with respect to therinne
shown in Fig. 2. tracker; the design resolution for 1 TeV muons globally reco
structed is around 5%.
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Figure 2: Measured drift velocity for vertical tracks as adtion of the position

alongr-¢ wires for the first 3 measurement stations of the the most externa [
wheels. The fect of the residuaB, component of the magnectic field is visible ¥
in the first (most internal) station. ’

The commissioning has also been a test for the alignment

r res: mic muon tracks hav n rmi . . - -
P oc_edu es C.OS ¢ muon tracks have been used to dete E%ure 3: Event display of a cosmic muon bending in the CMS magfietd
the internal allgnment parameters of the chambers as well E{§.8 T). The DT segments are visible in red while the blue liogesponds to

their relative positions and their position with respectilte  the reconstructed Global muon track with an estimgtedf 12.6 GeV (Run
tracker. 60296, event 369553).

3. Performance.

The overall performance of the DT system during the com-References
miSSioning d-ata-taking has been eXtremer satisfactoﬂye T ] R. Adolphietal. [CMS Collaboration];The CMSexperiment at the CERN
number of disconnected .and dgad channe!s was found to b LHC,JINST 3@008) S08004. '
below 0.1%, a value which fulfils the quality requirements. [2] The CMS Collaboration, The Muon Project, Technical DesReport,
Also the number of noisy channels is well within the require- CERNLHCC 97-32, (1997).
ments: less than 30 cells out of almost 170000 show a random
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