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CHAPTERR 5 Single-Chamberr Performance 

NotNot everything that can be counted counts, 
andand not everything that counts can be counted. 

AlbertAlbert Einstein 

Too test the pattern recognition algorithm, events are simulated in two stand-alone chambers, 
viz.. a standard ATLAS inner layer chamber consisting of 2 multilayers with 4 tube layers each, 
andd a typical middle or outer layer chamber with only 2x3 layers. 

5.11 Simulation Environment 

Thee simulation is executed within AMBER using the functionality provided by Arve: Muons 
withh an energy of 100 GeV are generated and propagated through a 0.5 Tesla magnetic field 
withh a direction that is parallel to the MDT wires. The origin and direction of the muons are varied 
soo as to cover the whole chamber under angles ranging from -60° to +60° *. 

Thee material description of the chambers includes: 

 The cross-plates and long-beams taken from a typical chamber. 

 The walls of the tubes (400 (Am of aluminium). 

 The gas, approximated as 100% argon. 

Moreover,, the electronics are simulated to have only a single-hit capability. 
Then,, in the conversion from the simulated drift distance to a drift time, the following 

operationss are performed: 

1.. The drift distance is smeared according to a Gaussian distribution with a sigma 
thatt decreases linearly from 130 p,m at the wire to 80 \\m at a radius of 5 mm 
afterr which it remains constant. This means that the intrinsic single-tube 
resolutionn is equal to 90 jxm 2. 

1.. This covers the incident angles of all but the very low-energy tracks with the chambers in 
thee ATLAS detector. 

2.. The average resolution is given by /fa (r) dr/15, with a(r) the local resolution. 

69 9 



70 0 5.. Single-Chamber Performance 

2.. The distance is converted to a drift time with the help of a linear r-t relation 
basedd on a drift velocity of 30 u.m/ns. 

3.. A constant Lorentz angle of 0.2 radians is taken to increase the drift time. 
Furthermoree an uncertainty in the magnetic field value of 5 mT is assumed, 
leadingg to an additional error in the drift time with a mean value of 0.25 ns [47]. 

4.. The propagation time of the signal along the wire at a velocity of 0.7 times the 
speedd of light is added to the drift time. 

Effectss that are ignored in the simulation are the time-of-flight correction and the possible 
misalignmentt of the wires. The former is impossible to correct for in the reconstruction as the 
originn of the simulated particle varies event by event. Besides, the error it introduces is 
negligiblee compared to the tube resolution. This is also true for the second effect, the wire 
misalignment,, which introduces errors of 20 iim r.m.s. [15]. Moreover, as the resolution of a 
driftt chamber is generally obtained from reconstructing tracks based on many different tubes, 
thee wire displacements have already been folded into the single-tube resolution. 

Onn top of this default behaviour of the chambers, two independent phenomena can be 
simulated.. The first is the introduction of detector inefficiencies. From testbeam results, the 
single-tubee efficiency has been determined to be over 99% [48]. However, during the long 
periodd of running of the ATLAS detector, tubes can cease to function. Therefore inefficiencies 
ofuptoo 10%, which can be interpreted as 1 out lOrandomly distributed tubes having gone dead, 
aree investigated. 

Thee second effect that can be simulated is the presence of background-induced hits. The 
'' nominal levels inside the ATLAS detector give rise to chamber occupancies varying between 
0.44 and 2.2% for the inner chambers, and between 0.6 and 1% for the middle and outer ones 
[15].. This includes random hits that have a drift distance uniformly distributed between zero 
andd the inner radius of the tube at the time the simulated track crosses the chamber, punch-
throughh from the calorimeter and background-induced soft charged particles that intersect with 
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Figuree 5.1 Simulated event in a 90%-efficient inner-layer (2x4) chamber with a background 
levell  that is 5 times nominal. 
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aa few tubes3. In the studies presented in this chapter, the largest of these levels are taken as the 
nominall  values. Because of the large uncertainties in the presented numbers, the pattern 
recognitionn is tested to rates of 5 times nominal. 

5.22 Reconstruction Algorithm 

Too guide the reconstruction, a region of activity with a width of 3 by 3 cm around the simulated 
trackk is created based on the Monte Carlo information. This corresponds approximately to a 
triggerr road based on two single-strip trigger clusters and serves a twofold purpose. First and 
foremost,, it is used as an indication of the second coordinate. In the ATLA S detector, this 
informationn is retrieved from the trigger chambers, but in this simple simulation they are not 
included.. Secondly, it greatly diminishes the false creation of fake tracks, as there is no 
interactionn point that can be used as a reference point to which a track must point. 

Anotherr side effect of simulating only one chamber is that it is impossible to reconstruct 
thee momentum of the tracks. For the reconstruction of the full ATLA S muon spectrometer, the 
drift-circlee fit as described in the previous chapter only serves to select the best pattern of hits 
andd to give an estimate of the track parameters; not to accurately derive them. This is in fact 
impossiblee for a straight-line fit as the tracks are curved in the magnetic field: Over the height 
off  a chamber sagittas of around 50 |im for 100 GeV tracks, and close to a millimetre for 5 GeV 
oness are thee result. 

Thee only way that this problem can be solved is to have an estimate of the momentum, 
whichh can then be used to rotate the hits in the top multilayer relative to the bottom one. This 
estimatee can be obtained from a global fit  to all chambers, or from performing the drift-circle 
fitfit  for different momenta and selecting the best one. However, in order to determine the intrinsic 
capabilitiess of the chambers and of the chamber reconstruction, the momentum estimate is set 
equall  to the simulated value of 100 GeV. 

5.33 Reconstruction Efficiency 

Thee performance of the reconstruction in terms of efficiency and fake-track rate depends a 
priorii  on the internal parameters and cuts used by the program, as well as on the definition of 
whatt constitutes a good track, and what not. To start with the former, the requirements on the 
patternn recognition are simple: At least 7 hits per track for the 2x4 chambers and a minimum 
off  5 hits for the 2x3 chambers are needed. In addition, a track must have at least one hit in each 
multilayer.. All tracks that pass these cuts are collected. If in a certain event there are no such 
tracks,, the best one is kept anyway. In those cases the quality of a track is determined based 
onn the chi-squared of the fit  and the hit topology, which is a combination of the number of hits 
andd the number of holes on the track. 

3.. This does not include the 8-rays which are automatically generated by Arve. 
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Thenn in the analysis, reconstructed tracks are classified based on the Monte Carlo 
information.. A track is deemed "good" when the difference between its reconstructed and true 
anglee is less than 1 mrad, the difference in offset is less than 100 um, and the hit quality is larger 
thann 75%. This latter quantity is defined as the fraction of hits on the track that correspond to 
thee hits generated by the muon, including the correct assignment of the hit's side. When the 
trackk fails any of these cuts, it is designated as a fake. 

Thee resulting reconstruction efficiency for the 2x4 (BIL) chambers is plotted in figure 5.2. 
Inn the ideal scenario of no background and no detector inefficiencies, the reconstruction 
efficiencyy is found to be 99.8%. The remaining 0.2% is lost partly because of the misassignment 
off  the side of the hits with very small drift distances, and partly because of the creation of 5-
rays.. The single-tube resolution at the levels used here has no significant effect on the efficiency, 
andd neither does the Lorentz effect. 

Figuree 5.2 Reconstruction efficiency (a) and fake-track rate (b) of a 2x4 chamber as a function 
off  the single-tube efficiency and the background level. The latter is quoted as a multiplicative 
factorr applied to the nominal occupancy rate. 

Inn virtually all these cases the real muon track was reconstructed but failed the cuts listed 
above.. When not just the best track but all tracks above a certain quality threshold are kept, 
thee efficiency can be boosted to a virtual 100% (1 out of the 10000 simulated tracks was not 
found).. However, the number of fake tracks also increases dramatically, so this approach can 
onlyy be applied when some additional criteria exist, as e.g. the existence of another track to 
whichh the segment must match. 

Ass can be seen from figure 5.2, the reconstruction is very robust under deteriorations in 
eitherr the single-tube efficiency or the background level. Only when these two factors conspire 
doess the efficiency start to drop. At the same time the fake-track rate increases from 0.6% to 
2.1%,, but these numbers can be reduced when out of multiple tracks that share some common 
hits,, only the best one is kept. Under nominal conditions this leads to a reduction of about 0.4%, 
whilee a 0.3% decrease is achieved in the worst-case scenario. Also, this procedure has no 
adversee effect on the reconstruction efficiency. 
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Thee behaviour of the 2x3 chambers, which are found in the middle and outer layers of 
thee muon spectrometer is not much different (see figure 5.3). It is not surprising that because 
off  the reduction in the number of tube layers, the overall reconstruction efficiency is lower than 
thatt of the 2x4 chambers, and that the fake-track rate is higher. The apparent vulnerability of 
thee reconstruction to tube inefficiencies can also be attributed to it. In contrast, the effect of the 
(muchh lower) background is almost negligible. This behaviour is completely opposite to the 
situationn in the inner-layer chambers. 

Figuree 5.3 Reconstruction efficiency (a) and fake-track rate (b) of a 2x3 chamber as a function 
off  the single-tube efficiency and the background level. The latter is quoted as a multiplicative 
factorr applied to the nominal occupancy rate. 

5.44 Fit Accuracy 

Thee accuracy of the reconstruction is evaluated based on the fitted error in the two independent 
parameterss of the straight track segment, viz. the angle and the offset. It turns out that these 
errorss are fairly independent of the detector efficiency and background levels. Their slight 
increasee is mostly related to the decrease in average number of hits per track as the external 
conditionss deteriorate. In virtually all cases, fake hits are successfully removed from the track 
beforee the final track parameters are determined. 

Inn the case of the 2x4 inner layer chambers, the mean error in the reconstructed angle rises 
fromm 0.21 mrad under nominal conditions (see figure 5.4) to 0.23 mrad in the worst case 
scenario.. Similarly, the error in the offset rises from 30.4 to 33.0 um. And in all cases the pulls 
off  the distributions are in perfect agreement with unity. 

Inn the case of the 2x3 chambers, the fewer number of hits per track lead to larger errors 
inn the offset parameter. Depending on the efficiency and background levels, they vary between 
35.22 and 37.5 (Am. On the other hand, the smaller distance between the innermost and outermost 
hitss compared to the inner layer chambers results in a smaller error in the track angle: It lies 
betweenn 0.17 to 0.19 mrad. 
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Figuree 5.4 Accuracy in the angle and offset parameters of the fitted tracks in a 2x4 inner layer 
chamberr under nominal conditions. 

5.55 Single-Tube Resolution 

Thee residuals of the reconstructed hits in both types of chambers under nominal conditions are 
shownn in figure 5.5. These of course underestimate the single-tube resolution as a result of the 
biass introduced by the track fit. The simplest procedure to convert the residuals into a real 
resolutionn is to rescale them on a per track basis by a factor of . 'N / (N-2)) with N the number 
off  hits on the track. For the two types of chambers this leads to the same resolution estimate 
off  88 urn. Compared with the input resolution of 90 urn, which is a combination of the intrinsic 
resolutionn of the tubes and the uncertainty in the Lorentz shift, this is a discrepancy of almost 
2.3%. . 



5.5.. Single-1\ibe Resolution 75 5 

I I 

Entries s 
11 Mean 

RMS S 

X2/ndf f 
Constant t 
Mean n 

,, S.pm, 

81218 8 

0.46S7E-01 1 
77.56 6 

291.11 M 7 
5044. . 

0.2427E-01 1 

76.75 5 

-3000 -200 -100 1000 200 300 

residuall  (um) 

2500 0 

2000 0 

1500 0 

1000 0 

SOU U 

0 0 

77 \ 

[ [ 

Entriess 60769 
Meann 0.65I9E-U2 
RMSS 73.49 
jp/ndff  325.7/47 
Constantt 4005 
Meann 0.1124 
Sigmaa T : .: 1 

1000 200 300 

residuall  (um) 

Figuree 5.5 Hit residuals of the reconstructed tracks in a 2x4 (a) and a 2x3 (b) chamber under 
nominall  conditions. 

AA method that is superior to the one above is to remove one hit at a time from the track, 
repeatt the fit and use the residual of the removed hit as an estimator of the real resolution. The 
resultingg distribution is shown in figure 5.6a. Its value of 102 p.m in turn overestimates the 
resolutionn because of the finite precision of the track fit. If the fit's error at the position of the 
removedd hit as shown in figure 5.6b is taken into account, the resolution is found to be 90 ^m, 
identicall  to the input resolution. 
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Figuree 5.6 Residuals of the hits that are removed from a track (a) and the contribution from the 
finitee fit  precision to this quantity (b) for a 2x4 chamber. 




