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                             Abstract 
 

The ATLAS Muon Spectrometer is an essential part of 
the ATLAS Detector at the LHC. It is used both for 
triggering and for momentum measurements of the muons. 
The Greek contribution to the construction and 
commissioning of the Muon Spectrometer is reviewed. In 
addition, the physics studies, leading to lepton final states, 
performed by the Greek groups are summarized.  

 

 I. INTRODUCTION 

The ATLAS Detector [1] is a large (length 55m, width 
32m, height 35m) general purpose detector,  installed at the 
Point-1 of the Large Hadron Collider (LHC) at CERN and 
waiting for particle collisions.  

The outermost part of the ATLAS detector, the Muon 
Spectrometer (MS), is designed to perform efficient and 
accurate stand-alone muon identification and momentum 
measurement inside the toroidal field created by powerful 
toroid magnets. In addition, the MS performs the triggering 
of the muons. For these purposes the MS consists of muon 
chambers of four different types/technologies: Monitored 
Drift Tubes (MDT’s) and Cathode Strip Chambers (CSC’s) 
for precision tracking and Resistive Plate Chambers (RPC’s) 
plus Thin Gap Chambers TGC’s) for triggering.  

The momentum measurement should have a resolution of 
~10% at pT= 1 TeV/c.  For optimum resolution over all the 
momentum range, the MS and the Inner Detector (ID) 
measurements should be combined. As shown in figure 1, in 
the low energy regime the accuracy of the ID dominates the 
muon momentum estimation, while at higher momenta the 
MS resolution dominates. The crossover point spans from pT 
= 80 GeV/c in the barrel to pT = 20 GeV/c in the forward 
region.  

 

Figure 1: The resolution of the muon momentum measurement from 
the MS, the ID and their combination, averaged over the 

pseudorapidity, as a function of  pT [2]. 
 

In order to achieve the momentum resolution goals 
stated above, the sagitta of the high momentum muon tracks 
(~1TeV/c) should be measured with an accuracy of 50μm, 
which means that the Precision Muon chamber alignment 
and position should be determined with a comparable 
accuracy. Sophisticated alignment systems for both the 
Barrel and the End-Caps have been built for this purpose [3]. 
Besides the placement and the continuous monitoring, the 
construction of the chambers had to meet very tight precision 
specifications. 
Three Greek Universities have undertaken the task of 
buildιing about 10% of the MDT’s within the very strict 
construction specifications [4]. These chambers were the BIS 
(Barrel Inner Small) 112 chambers (figure 2), consisting of 
29000 drift tubes of ~1.7 m length and arranged in eight 
layers of tubes (figure 3). 



   
 

Figure 2: Transvere View of the Barrel part of the ATLAS 
Muon Spectrometer 

 
 

 
 

 
Figure 3: Sketch of a BIS chamber consisting of 8 layers 

of drift tubes, together with its Faraday cage. 
 
Τhe construction task of the BIS was divided into three 

different complimentary subtasks: 
The University of Athens (UoA) was responsible for the 

MDT tube assembly; the National Technical University of 
Athens (NTUA) was responsible for the Quality 
Assurance/Quality Control of MDT tubes and the Aristotle 
University of Thessaloniki (AUTh) was responsible for the 
MDT chamber assembly and test. 

 
II. CONSTRUCTION OF THE BIS 

CHAMBERS 
 
The construction of the BIS spectrometer started with the 

wiring the first tubes in the UoA in 1998 (module 0). 
Subsequently all Greek sites passed the Site Review in May 
1999 and started the series production in September 1999. 

The wiring of the tubes in the UoA was performed in a 
clear room of constant temperature as shown in figure 4 and 
involved a number of precision steps in order to meet the 
tight construction specifications.  

  

 
 
     Figure 4: The tube wiring table at the UoA facility. 

 
A few tests were performed “in situ”, while the main 

QC/QA was performed in the NTUA facilities. The wiring of 
30,000 tubes took four years and was finished in November 
2003 (see figure 5) 

 

 
 

Figure 5: Time evolution of the number of tubes wired per 
month at the UoA facility. 

 
From 1999 up to April 2004 continuous QA/QC of wired 

tubes was performed at NTUA. Figure 6 shows some of the 
test facilities in NTUA.  

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6: The test facilities at the NTUA 
 
The following tests were performed: 
• Gas leak rate measurement 
• Wire position measurement 
• Wire tension check 
 



Figure 7 shows the measurements of all wire positions. 
Note that the scales are in μm. 

  

 

Figure 7: The anode wire position measurements for the z and y 
coordinates for the two ends of each tube (zA, yA, and zB, yB). 

 After all detailed tests, it turned out that the failure/rejection 
rate of wired tubes was extremely small, under 1% (Table 1) 

 

Table 1: Statistics on the 29,000 wired tubes (the rest 
of  the 1,000  wired tubes were used for assembling the initial 

two test modules plus spares.) 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The tested tubes were then shipped to Thessaloniki and 

assembled into chambers on a granite table in a clean room 
of class 50000, temperature control to ±0.50C0 and humidity  
to ±5% (figure 8). 

 

 
 
Figure 8: The chamber assembly laboratory in the AUTh. 
 
The chamber assembly at AUTh lasted about four years 

(end 1999-May2004). At the end of it, the chambers were 
shipped to CERN to get equipped with services (figure 9). 

 In parallel with the assembly, a random sample of   
chambers including the initial ones, were sent to CERN and 
tested with the X-Ray Tomography at CERN [5]. All the 
chambers met the ATLAS specifications, except the very 
first chamber (module 0).  
 

III.SERVICES AND COMMISSIONING 
 
From February 2004 to January 2006, the chambers were 

equipped with services at CERN (figure 10, 11). Services 
included: the Faraday cages, gas manifolds, FE electronics, 

 

 
 

Figure 9: Fully equipped chambers at CERN waiting for       
installation in the ATLAS pit. 

 
HV cards, cables for read-out, HV and DCS. The on chamber 
DCS services included B field probes, temperature probes, 
and survey platforms. The necessary accuracy of the chamber 
position during construction and after installation in the pit is 
given by an extensive system of optical alignment sensors 
called RASNIK whose sensors were installed on various 
precision platforms on the chambers. 

 
 
 
 
 
 

Category Number of 
tubes 

Percentage     
(%) 

Total 28700 100.00 
Good 28455 99.15 

Crimping 25 0.08 
Broken 

wire 
11 0.04 

Finished 
length 

10 0.04 

Leak 
current 

13 0.04 

Gas leak 108 0.38 
Wire 

location 
20 0.07 

Wire 
tension 

58 0.20 



 
 
 
 
 
 
 
 
 
 
 

 
Figure 10: On chamber services. Left: the group plate mounted 

directly on the chamber and a signal card, right: the gas 
manifolds. 

 
 
 
 
 
 
 
 

Figure 11: On chamber services. Left: the HV hedgehog cards, 
right: the Faraday cage. 

 
During the period January 2005 to January 2006 the 

chambers underwent extensive testing prior to installation in 
the pit. The tests included checks for gas leaks for the fully 
assembled chambers, noise tests and cosmic rays at CERN. 
In June 2006 up to December 2006 all the BIS chambers 
(112+16) were installed successfully underground in ATLAS 
pit (figure 12), after extensive testing on the surface. 

 
 

 
 

Figure 12:  One of the Greek BIS chambers under installation in the 
ATLAS experiment 

 
In general out of all muon chambers installed in the 

ATLAS pit, there were very few bad channels (broken 
wires), few chambers with problems (gas leak, overpressure 
accident,...) BUT no holes in the acceptance. A long 
commission period “in situ” followed the installation and 
integration of the chambers in the pit. Main part of the 
commissioning were the so called “Milestone weeks”  
(December 06) to M8 (July 08), where cosmic rays have 
been taken with the muon chambers combined with the other 
integrated systems (figure 13). Special attention was given to 

the calibration systems, the detector response, its timing, and 
alignment. 

  
 

 
 

Figure 13: A cosmic ray detected in the ATLAS pit by the Muon 
chambers and part of the Inner Detector. 

 
After the installation of the BIS chambers in the pit all 

Greek groups were naturally heavily involved in the 
commissioning of the MDT’s. In addition, the UoA and 
NTUA groups were in involved in the commissioning of the 
CSC’s., and the NTUA has been and is still playing a major 
role in the DCS and HV/LV system and   magnet field 
control for MDT’s. The AUTh, on the other hand, is 
developing the Muon Data Quality Assessment software. 
Finally, all groups participate in the development and data 
taking/analysis of microMegas prototypes for the SuperLHC           

 
 
IV. PHYSICS  STUDIES 
 

      ATLAS since more than a year has started the so called 
CSC (Computing System Commissioning) exercise which is 
now finished and the new physics potential “book” [6] will 
appear soon. The main purpose of the exercise was to have 
all groups train for data and learn to work in common 
analysis. The Greek groups were heavily involved from the 
beginning in a wide range of topics from SM Higgs searches 
to exotics channels, involving mainly lepton decays. In 
addition the groups collaborated in specific studies of 
detector performance mainly for muons. 
     The UoA has participated in studies for the SM Higgs→4l 
and the MSSM H/A→2μ. As an example figure 14 shows the 
invariant mass of a SM Higgs with mH=150 Gev/c2 together 
with the expected background. In addition, the group 
participated in studies for the estimation of the discovery 
potential for new heavy vector bosons Z’→μμ and W’→μν.  
     The group was also very active in studies for the muon 
energy loss in the calorimeters [7] and the muon 
reconstruction performance. 
The NTUA group is involved in heavy quarkonia searches 
(figure 15 shows the mass of a χb decaying to two J/ψ’s), 
lepto-quark searches and quark compositeness studies. 

 



 

 

V. CONCLUSIONS 
 

    The Greek Muon construction project was very 
successful (<1% failure rate) and timely accomplished, 
thanks to a fruitful collaboration of all three involved 
institutes. 
    We all hope that the data will be soon in hand. We 
have to work hard towards understanding the data, 
calibrating the detector and the mass scale. Afterwards, 
the rich ATLAS detector physics potential can be 
exploited during the initial physics runs, even for 
integrated luminosities as low as 1 fb-1. 

 
Figure 14: The invariant mass of a SM Higgs with mH=150 Gev/c2 
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      The AUTh group participated in studies of SM dibosons, 
in studies for the measurement of the B cross section and 
studies of B+→J/Ψ K+ decays. Figure 16 shows the B+ fit 
mass. In addition the group was also involved in the lepton 
reconstruction performance and analysis of the Higgs→4l 
channel. 

 
 
  
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 16: B+ mass fit with the both signal (red) and background          

(blue) contributions shown separately (ATLAS preliminary) 
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