INTRODUCTION TO ATLAS MU ON TR ‘ C K There are four types of technologies used:
e Monitored Drift Tubes (MDT);

ATLAS is a general purpose detector designed to record proton- RE C O I> l S' I ‘Rl l C' I 'IO ‘\ ‘ e Cathode Strips Chambers (CSC);
proton collisions from the Large Hadron Collider (LHC). The LHC e Resistive Plate Chambers (RPC);
consists of two 27km circumference rings, accelerating proton beams

e Thin Gap Chambers (TGC).
to a combined energy of 14 TeV. I ‘ \“ I HE A I LAS

The MDTs are the primary source of measurements and have a

With dimensions of 46m by 25m and weighing 7000 tons, ATLAS is E x PE RI ‘\ /I E ‘\ ‘ | I | precision of 80 um per tube. However, they only measure the
the largest particle physics detector ever built, yet must make position in the bending plane (n) and not the position along the wire

extremely precise measurements (from ~10um) very rapidly (there are Edward Moyse on behalf of the (the ¢ coordinate). In total, there are 339k tubes, spread over 1108
collisions every 25ns). It consists of several sub-systems: the Inner ATLAS Muon Reconstruction Group e

Detector, which measures the trajectories of charged particles near | |

the collision point; the Calorimeters, which measure the energies of 2007 IEEE Nuclear Science Symposium The CSCs are used in forward regions (2< |1 | <2.7) where their high
charged and neutral deposition; and the Muon Spectrometer, which and Medical Imaging Conference rate capability and time resolution is vital. 32 ghambers provide 30.7k
measures the trajectories of charged particles exiting the calorimeter. S S ' |

channels with a resolution of about 60 um in the bending (n) plane,
and 5 mm in the
transverse plane (¢).

In addition, there are two magnet systems: an inner magnet

producing a solenoidal field of 2T, and an outer magnet producing a
toroidal field of ~0.5T.
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The ATLAS collaboration itself is of impressive size: it is made up of

over 1900 scientists, from 164 universities/laboratories and 25
countries.

primarily for the trigger. V -
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The Muon Spectrometer forms the outer layer of ATLAS, and is o o Spcorometr B} showng o
designed to detect tracks in the region O< |n | < 2.7. It consists of a There are 560 RPC

. _ : and 2588 TGC chambers with 359k/318k channels
barrel section and two endcaps, all made up of three layers of B WO LR 2 ‘ esoectivel
chamlbers fitted around the toroidal magnets. P Y

Of = 1 cm eaCh ' The Muon Spectrometer Barrel, showing the three

proportional to the
MUON REC ON_ : | momentum of the muon. At
S TRU C TI O N 1 TeV the average sagitta is

about 500 um. The design

| resolution at this momentum is
The purpose of the Muon , 10% (50 pm)
Spectrometer is to measure the ‘ HITY.
IMEMENILIT EITe Pesiom @i MUens The situation is slightly different in
passing through its volume. i

. . e measurement is available inside the
The reconstruction of the muon trajectories is . .
. . . toroid. Instead a point-angle
performed in two consecutive steps. First, . .
. measurement is used to determine the

track segments are reconstructed locally in
e momentum.
Individual chamlbers, then track segments are

combined to form track candidates.
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line. The magnitude of
the sagitta is inversely O A et st E e

Inner Detector tracks are shown (in the centre) in red, whilst the reconstructed muon
track is orange. The segments used to create the muon track are shown in yellow
and are projected on to the ends of their respective muon chambers.

LOCAL TRACK SEGMEN'T LOBAL TRACK RECONSTRUCTION
RECONSTRUCTION

The MDT and CSC detectors provide 4 to 8  measurements per 18860 08

chamber. In the first stage of the pattern recognition, they are used

as independent tracking detectors to reconstruct the local trajectory

of muons. Within the chamber the trajectories of the muons can be
described by a straight line which simplifies the pattern recognition.
Track segments are formed from the MDT/CSC m measurements and

associated measurements from the RPC/TGC. 0E ) CrC

The locally reconstructed track segments are used as seeds for the global track
finding. Segments found in the outer chambers are combined with segments
from the inner layers of the spectrometer. A track fit is used to combine
segments into a track candidate. The procedure is repeated until the innermost
station of the spectrometer is reached and at this stage, the track candidate is
refitted (taking into account multiple scattering and energy loss) to obtain the final
parameters of the track in the Muon Spectrometer.
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Finally, the parameters of the muon at the collision point are obtained by
combining the Muon Spectrometer track with an associated Inner Detector track
and calorimeter measurements (again taking into account energy loss, etc.).

These reconstructed track segments measure the position of the

muon in the bending plane () with a precision of 40 um. In addition reconscton sagment Galow) the rack (orarge) and
. . . h e t d to create th red and . . . .
the MDT chambers measure the track angle in the bending plane with pu?p??ﬁi};ﬁ?i%%fl{ZEme%%Zfee‘gnzt?fﬁeﬁ?rom The software is modular, with several different approaches being developed for
. e s, whilst the purple are strips. ) )
a precision of about 0.3 mrad. o g each step of the reconstruction chain.

Group photo taken
/oy during the event

. celebrating the
completion of the
installation of all
sectors of the ATLAS
Big Wheel in the
cavern. [Sep. 2007]

An endcap wheel of the Muon Spectrometer in the ATLAS "Big Wheel" endcap muon MDT sector
cavern.
[October 2006]

Installation of a barrel chamber
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ATLAS is currently being commissioned: 98% of barrel stations are

18— The Muon Spectrometer is vital to the £ «
: - & Tota : : £ 4
Installed and the endcaps are also well advanced. 16 |- + Chamber resolution ATLAS physics program since the
14 e Chamber alignment ' : ’
muon track momentum resolution is |
As part of this process, there have been several periods of data- 12 Energy loss fluctuations dominated by the Muon Spectrometer -

taking and the full software chain has been used to reconstruct these _z
cosmic ray muons. The figure to the right shows a reconstructed '
muon track curving in the magnetic field of the barrel toroid.

at high momentum. ‘|

The track finding efficiency is about 3
90% for 5<p<20 GeV/c and >96% for -

10 102 o (e Pr>20 GeVi/c at a fake rate<0.5%.
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The recording of cosmic data will continue right up to first collisions
and will continue to be used to integrate and test ATLAS software.
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) N muon path Momentum resolution of the barrel Muon Momentum resolution as a function of
The Persint event display showing a recorded cosmic Spectrometer in stand-alone mode. IERSAERS MO METIUT

ray event. For clarity, only the active muon stations (and (ATLAS Muon Spectrometer TDR, CERN/
some of the toroidal magnets) are shown. LHCC 97-22)




