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~_ ATLAS Muon Spectrometer

@ stand-alone muon momentum measurement
in a toroidal air-core magnetic field of 0.3 - 1.2 T
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~_ ATLAS Muon Spectrometer

@ stand-alone muon momentum measurement
in a toroidal air-core magnetic field of 0.3 - 1.2 T
TRIGGER CHAMBERS:

Resistive Plate Chambers
Thin Gap Chambers

23m  Fast response to

muons (1-2 ns):

@ bunch crossing
identification

Rough position mea-
surement (1 cm):
@ region of interest
@ low-pr and
high-pr trigger
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~_ ATLAS Muon Spectrometer

@ stand-alone muon momentum measurement
in a toroidal air-core magnetic field of 0.3 - 1.2 T

PRECISION CHAMBERS:
Monitored Drift Tube Chambers
Cathode Strip Chambers

High position

resolution (40 um)

in the direction

of the track bending.
@ high mechanical

accuracy
@ high spatial resolu-
tion in single cells

CERSILD
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~_ ATLAS Muon Spectrometer

@ stand-alone muon momentum measurement
in a toroidal air-core magnetic field of 0.3 - 1.2 T
OPTICAL ALIGNMENT:

optical precision monitoring
of chamber positions

Measurement of the
displacements due
to the magnetic field
and temperature
changes.

@ optical sensors on
the lines-of-sight
connecting chambers
in all layers

@ track bending
corrections with
40 pm precision
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~_ Performance Goals

@ track bending measured in 3 stations with resolution of 40 um

@ high muon pr-resolution of 3-10% for pr = 6 — 1000 GeV
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@ stand-alone muon momentum measurement

@ operation under high photon background irradiation
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Production and
Quality Assurance
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~__Trigger Chamber

Production

Resistive Plate Chambers, RPC

@ 1116 chambers in the barrel region

@ gas gap between 2 resistive plates,

rectangular shape chambers

\ fonizing particle
HV

X-readout strips foam
i

gas volume

bakelite plates
—

Y-readout strips foam
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Thin Gap Chambers, TGC

@ 1578 chambers in the end-cap region

@ multiwire proportional chambers,
trapezoidal shape

cathode strip
Graphite layer /\r

A

1.8 mm
+HV
A . . . ._H_D_,\f
50 m anode wire 14 mmI
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. Trigger Chamber Production

Resistive Plate Chambers, RP .
C C Thin Gap Chambers, TGC
@ 1116 chamb in the b | i
chambers in the barrel region @ 1578 chambers in the end-cap region

@ 4 production sites, 50% produced ) )
P % P @ 3 production sites, 90% produced

completion expected in spring 2005
b b pring completion in July 2005
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~_ Trigger Chamber Quality Assurance

Each chamber tested for efficiency and noise with cosmic muon rays:

o efficiency map
for one TGC unit
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up to 8 RPC units
il unde
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@ average efficiency of 98% for RPC and 95% for TGC is achieved.

Additional tests of the long term stability and of the operation
under high irradiation rates show a reliable performance.
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~_ Precision Chamber

Production

Monitored Drift Tube Chambers
@ 1200 chambers covering 99.9%

of the total spectrometer area

@ layers of cylindrical drift tubes
with anode wires positioned in the

chamber with a 20 um precision
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Cathode Strip Chambers, CSC

@ 64 chambers in the two
innermost end-cap disks (regions

of highest background irradiation)
@ multiwire proportional chambers,

trapezoidal shape
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.. Precision Chamber Production N
Cathode Strip Chambers, CSC

@ 64 chambers in the two

Monitored Drift Tube Chambers

@ 1200 chambers covering 99.9% innermost end-cap disks (regions
of the total spectrometer area of highest background irradiation)
@ 13 production sites, 85% produced @ all chambers produced

MDT Chamber Production
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set of produced CSC chambers .

T
—&—Bare MDT

— Plan Bare MDT

= MDT with FC

1000 = Plan MDT with FC
- Integrated MDT

—— Plan Integrated MDT
—— Ready for Installation MS

=
38

No. Chambers
g

a
S

200

" I
_.-l"‘.‘. /g
nd

0!
Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06

DESIGN CTIC 8 y C TESTBEAM INTEGRATION AND INSTAL PHYSICS POTENTIAL



~_ MDT Chamber Assembly

ki cHamber;ssemny on the precision table

Micrometer precision
of the chamber positioning
and optical monitoring

of drift tube positions.

optical sensors for the
measurement of displacements
(10 pm precision)

o AEEN| I!Ill |

chamber storage hall
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~_ MDT Chamber Quality Assurance

Measurement of wire positions with an X-ray Tomograph at CERN
(for 10% of chambers from each production site):

N

Entries 79

RMS of 76/79 chambers = 18 um
including outliers = 25 pm

‘precision rolling cart ¢
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The response to muons (noise, efficiency, resolution) is measured
in each chamber at cosmic ray test benches.
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~__Alignment System

Based on the (light source / lens / CCD)-systems
positioned along the alignment lines of sight:

@ ~2500 sensors for alignment
of chambers within one layer
40% produced and calibrated

@ ~3000 sensors for alignment

@ ~128 sensors for alignment of chambers within and
between the three layers between the disks
production to start 2005 40% produced, 20% calibrated
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Performance Tests
with Muon Beams at CERN
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~_ Test with a 25 ns beam structure

@ TGC chambers tested together with the MDT chambers and their alignment

@ 25 ns beam intervals corresponding to the LHC bunch crossing intervals
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~ _ Performance under High ~-Irradiation

Test of the MDT-chamber response to muons
under influence of high background rates:

ATLAS 5x 10x
£100 rates ATLAS ATLAS super point
< <= 3 1L ® 4-6 hits per chamber
— S °n e 5-6 hits per chamber
5 a_‘:’ '\ . e 6 hits per chamber
5 8 ® 08 g
2 .0 .
g S .
g 60 506 \ N\ -
E c
2 ]
© 40 £ £ 0.4 -
ol requirement 5 M -
g 2 N -
20 02| § |
%) S -
s E .
0p % B e
A . L ‘ ‘ ‘ ‘ )
0 0 200 400 600 800 1000 0 100 200 300 400 500
background count rate / s™! cm™2 background count rate / kHz per tube

@ performance within the requirements even under
the high background rates
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Myon System Test

Full system test with one ATLAS end-cap and one barrel sector:
12 MDT chambers trigger system (RPC, TGC) alignment system

@ chamber installation with ATLAS like tools
@ performance of the data acquisition system
@ test of the barrel and the end-cap alignment system

PHYSICS POTENTIAL



~_ Alignment System Performance
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residual displacement / um

-100

@ absolute chamber positions
are calculated from the

reconstructed straight muon
{ tracks

@ optical alignment system
independently measures
the chambers movements

I
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The accuracy of the alignment system is better than 20 um.
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Chamber Integration and
Installation in ATLAS
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~_ Integration and Commissioning

@ chambers from different production sites are shipped to CERN
@ precision and trigger chambers are integrated into common assemblies

@ final commissioning (functionality) test before installation into ATLAS

RPC integration with MDT

The preparations are
starting to ramp up.
~20% chambers integrated

i T ]
b tﬁé
end-cap MDT preparation ¥
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~_ Installation into ATLAS
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~_ Installation into ATLAS

Today:
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~_ Installation into ATLAS

Today: .

DESIGN PRODUCTION AND QUALITY ASSURANCE TESTBEAM INTEGR ON ATION PHYSICS POTENTIAL



~_ Installation into ATLAS

Oct 2004 - Jul 2005:
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~_ Installation into ATLAS

Oct 2004 - Dez 2005:

DESIGN PRODUCTION AND QUALITY ASSURANCE TESTBEAM INTEGRATION AND INSTALLATION PHYSICS POTENTIAL



~_ Installation into ATLAS

Finished Feb 2007; first physics run Mid 2007.

Commissioning of the spectrometer with
cosmics muons during the whole
JRERSLNG installation period.
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Physics Potential

TESTBEAM / INTEGRATION AND INSTALLATION / PHYSICS POTENTIA



~_ Physics Spectra

@ precision tests of the Standard Model:
t— buv, W — pv, Z — pp

@ search for the Standard Model Higgs boson:
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H— WW™, H—2z ~Standard Model Higgs

@ search for the extensions
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Full detector simulation of the
signal and background processes
is performed.

41 invariant mass after

the trigger selection of muons:
signal is hidden

below the background of
qq,gg — Zbb — pubb

q4d,gg — tt — WbWh

3,88 — ZZ", Zv" — 4y

93,88 — ZZ¥) | Zv* — 2u27.
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- H—> 277" — utuutp at 30 fb!
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Signal significance:
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4p invariant mass after

the trigger selection of muons
and the selection cryteria
requiring:

- no jet around the muon
- m,+,- peaks around the Z-resonance
- common vertex of four muons

After 3 years of ATLAS
operation at a low luminosity,

the signal significance is 2 - 40.

Combination with decay channels
into electrons provides the 50 significance
needed for the discovery.
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~_ Summary

Production of the instrumentation for the ATLAS muon spectrometer
is well under way and soon to be finished.

Extensive quality assurance tests are performed for all components.
The results of the performance studies in the muon beam and under
high irradiation rates are within the designed goals.
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~_ Summary

Production of the instrumentation for the ATLAS muon spectrometer
is well under way and soon to be finished.

Extensive quality assurance tests are performed for all components.
The results of the performance studies in the muon beam and under
high irradiation rates are within the designed goals.

The accent is now put on the final commissioning of the chambers and
the preparation for the installation into ATLAS.
Installation into ATLAS starts within the next month.
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~_ Summary

Production of the instrumentation for the ATLAS muon spectrometer
is well under way and soon to be finished.

Extensive quality assurance tests are performed for all components.
The results of the performance studies in the muon beam and under
high irradiation rates are within the designed goals.

The accent is now put on the final commissioning of the chambers and
the preparation for the installation into ATLAS.
Installation into ATLAS starts within the next month.

During the installation, the spectrometer will be commissioned with
cosmic rays long before the first physics run.
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~_ Summary

Production of the instrumentation for the ATLAS muon spectrometer
is well under way and soon to be finished.

Extensive quality assurance tests are performed for all components.
The results of the performance studies in the muon beam and under
high irradiation rates are within the designed goals.

The accent is now put on the final commissioning of the chambers and
the preparation for the installation into ATLAS.
Installation into ATLAS starts within the next month.

During the installation, the spectrometer will be commissioned with
cosmic rays long before the first physics run.

Simulation of physics processes is important for a good understanding
of the detector performance and of the physics potential.
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