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Abstract



A full azimuthal ¢-wedge of the ATLAS liquid argon end-cap calorimeter has been
exposed to particle beams in the energy range 6 GeV < E < 200GeV at the
CERN SPS. The angular region studied corresponds to the ATLAS impact position
around the pseudorapidity interval 1.6 < |n| < 1.8. The muon results are presented
and compared to Monte Carlo predictions.

1 Introduction

The results from the EMEC/HEC combined run concerning electrons and
pions have been already presented [1]. Previous beam runs with individual
set-ups of the electromagnetic [2,3], hadronic [4] and forward calorimeters re-
spectively provided important information on the stand-alone performance.
They also contributed substantially to the assessment of the production qual-
ity of the calorimeters or modules.

Details of this beam test set-up, data analysis and MC simulations can be
found in [5]. It should be stressed, that the set-up did not reproduce the
exact ATLAS projective geometry. The beam was incident perpendicular to
the face of the calorimeters, rather than tilted at an angle corresponding to
the ATLAS impact region 1.6 < |n| < 1.8. This tilt angle has a major impact
on the performance of muons: a larger number of read-out cells contributes
to the muon signal therefore increasing the electronic noise [6] contribution
substantially. This hold in particular for the EMEC. Here the relevant results
for the ATLAS set-up are given in [2].
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2 Muon Results

For the analysis of muons only those read-out cells, which are on the muon
trajectory, have been selected. This yields typically 3 to 5 channels for the
HEC and 10 for the EMEC (second and third longitudinal segment). The
muons are not reconstructed in the first EMEC segment, which has narrow
strips only. The non-pointing set-up requires, especially for the EMEC, a larger
number of read-out cell for reconstruction in comparison to [2] when a pro-
jective beam test set-up was used. The cluster algorithm used for the electron
and pion reconstruction would yield an efficiency of typically 25 % if the re-
lated o—thresholds were unchanged. This selection would bias the data and
has therefore not been used. Extracting the event timing from the particle re-
sponse in the individual channels (’Global event timing’) is for muons rather
difficult. Therefore in this case the TDC information has been used directly.
The total response for muons of 150 GeV in the EMEC (second and third lon-
gitudinal layer) and the corresponding noise distribution are shown in Fig. 1.
The line shows the fit to the data using the Landau distribution convoluted
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Fig. 1. Muon signal in the second and third EMEC layer for muons of 150 GeV and
the corresponding noise distribution. The line for the data shows the result of the fit
using a convolution of the Landau distribution with the gaussian noise distribution.
The corresponding gaussian noise distribution (dashed histogram) is also shown for
the noise.
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Fig. 2. Muon signal in the HEC for muons of 150 GeV and the corresponding noise
distribution. The line for the data shows the result of the fit using a convolution
of the Landau distribution with the gaussian noise distribution. The corresponding
gaussian noise distribution (dashed histogram) is also shown for the noise.

with the gaussian distribution representing the noise. The gaussian noise as
obtained from the fit to the noise is also shown. The most probable value of
the muon energy deposition is 727 + 4[nA] in the EMEC (layer 2 and 3),
corresponding to a mean value of 1353 4+ 29 [nA]. This yields a signal to noise
ratio in the EMEC (layer 2 and 3) for the most probable (mean) signal of
2.62 + 0.02 (4.87 £ 0.10).

The corresponding distributions for the HEC are shown in Fig. 2. The line
shows the fit to the data using the Landau distribution convoluted with the
gaussian distribution representing the noise. The gaussian noise as obtained
from the fit to the noise is also shown. The most probable value of the muon
energy deposition is 440 £+ 2[nA] in the HEC, corresponding to a mean value
of 732 + 10[nA]. This yields a signal to noise ratio in the HEC for the most
probable (mean) signal of 2.51 £+ 0.03 (4.18 £ 0.07).

In the beam test set-up the impact angle of particles is 90° at all impact points.
This is different from the ATLAS situation, where the read-out structure is
‘pseudo-pointing’ in 7. Therefore the number of read-out channels required
for energy reconstruction in the beam test set-up is increased and along with



it the noise contribution to the muon signal as well. In addition, only three
rather than four longitudinal segment of the HEC are available, worsening
again the signal to noise ratio.

The muon data have been compared to the MC prediction. The noise as seen
in the related read-out cells has been added (gaussian) to the MC, the model
used was GEANT 4 [11,12]. Figs. 3 and 4 show the EMEC and HEC data
respectively and the MC expectations. The agreement between data and MC
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Fig. 3. Comparison of the muon signal (150 GeV) in the EMEC (layers 2 and 3)
with the MC prediction. The solid histogram shows the data, the triangles the MC
prediction.

is rather good for the HEC, for the EMEC there are small deviations visible in
the tails. The deviation at low signals might be due to residual non-gaussian
noise contributions.

Finally the (e/u) ratio can be extracted from the data: it is the ratio of the
detector response for the same total energy deposited in the detectors. For
muons the energy deposited has been obtained from MC simulations. For the
HEC we have to correct for the energy lost in the given read-out cell due to
resistive cross talk to the neighbouring cells. Using calibration data, where
each single calibration generator is pulsed separately, in comparison to the
standard situation, where all generators are pulsed in parallel, we estimate this
correction to be 4 %, with a systematic error of &= 2 %. An additional systematic
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Fig. 4. Comparison of the muon signal (150 GeV) in the HEC (layers 1 and 2)
with the MC prediction. The solid histogram shows the data, the triangles the MC
prediction.

error of +2 % we assign to the electromagnetic energy scale. Thus we obtain
for the HEC, using the definition of the most probable value, (e/u) = 0.98 +
0.01 [stat.] £ 0.04[sys.]. This has to be compared with the MC prediction
of 0.92 + 0.01 (GEANT 4) or 0.91 + 0.01 ([4], GEANT 3 [8-10]). For the
EMEC, using again the most probable value, one obtains (e/u) = 0.80 +
0.01 [stat.] & 0.01 [sys.]. This has to be compared with the MC prediction of
0.69 £ 0.01 (GEANT 4). The MC predictions are lower for both, the HEC
as well as the EMEC. This corresponds to a smaller observed response, in
particular for the EMEC, than expected from simulations. Part of this might
be due to residual cross talk effects or difficulties in the reconstruction of very
low signals.



3 Conclusions

Muon data of the EMEC/HEC combined run have been analyzed and com-
pared to MC (GEANT 4) predictions. The agreement between data and MC
is rather good in general. However in the EMEC response there are small de-
viations visible in the tails of the distributions. Finally the (e/u) ratio can
be extracted from the data. We obtain for the HEC, using the definition of
the most probable value, (e/p) = 0.98 + 0.01 [stat.] £ 0.04 [sys.]. This
has to be compared with the MC prediction of 0.92 4+ 0.01 (GEANT 4) or
0.91 £ 0.01 ([4], GEANT 3). For the EMEC, using again the most probable
value, one obtains (e/u) = 0.80 £ 0.01 [stat.] + 0.01 [sys.]. This has to
be compared with the MC prediction of 0.69 + 0.01 (GEANT 4). The MC
predictions are lower for both, the HEC as well as the EMEC.
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