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The Liquid Argon (LAr) calorimeter is one of the main sub-detectors of the ATLAS experiment at

the CERN LHC collider (Geneva, Switzerland). It provides precision measurements of electrons,

photons, jets and missing transverse energy produced in LHC pp collisions. Thein situ commis-

sioning of the LAr calorimeter has been ongoing since 2006. It has been extensively tested with

frequent calibration runs, with cosmic ray muons, and with single proton beams circulating in the

LHC ring. A selection of commissioning studies is presented. Their results show that the LAr

calorimeter performs according to our expectations.
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1. The Liquid Argon Calorimeter of the ATLAS Experiment

The ATLAS [1] liquid argon (LAr) calorimeter consists of three sampling calorimeters which
all use LAr as ionisation medium : the Pb/LAr electromagnetic (EM) calorimeter, the Cu/LAr
hadronic end-cap (HEC) and the CU-W/LAr forward calorimeter (FCal). This detector is able to
cope with the high interaction rate and high radiation doses that characterise the LHC environment.

Its fine granularity features a large number of readout channels: 182 468. Among them, only1

0.02% are permanently dead. In addition, 0.74% are unable to be read out but will be fixed the next
time that the detector access is available. And 0.34% need a special calibration treatment, with a
limited impact on their performance.

Each channel is individually calibrated by a charge injection system [2]. Data are regularly
taken to extract the calibration constants which are used to compute the deposited energy with an
optimal filtering method [3]. These calibration data have shown that the constants are very stable.

Cosmic muons [4] have been recorded in the LAr calorimeter since fall 2006 using first a
dedicated top/bottom coincidence trigger from the ATLAS Tile calorimeter, and later standard
ATLAS triggers like the level 1 calorimeter or track triggers. Data were also collected in September
2008 with the first LHC single beams, notably from events where the beam was dumped on a
collimator upstream of ATLAS (called later beam splash events).

2. Noise and Energy Deposit

The noise is measured for each channel with random trigger events and has values within the
design requirements [1]. The transverse missing energy has also been measured in events taken
randomly. Its distribution is well described by a Gaussian noise model.

Cosmic muons recorded in the LAr calorimeter are minimum ionising particles (MIP). The
distribution of deposited energies for projective muons is shown in Figure1 (left) using two alter-

LArMuID
Entries  2295

 / ndf 2χ  31.23 / 34
Prob   0.6041
Width     1.02± 12.69 
MPV       1.9± 228.7 
Area      976± 4.509e+04 

 Gσ  2.07± 46.05 

Energy (Mev)

0 100 200 300 400 500 600 700 800 900 1000

#
 C

lu
s
te

rs
 /
 2

0
 M

e
v

0

50

100

150

200

250

LArMuID
Entries  2295

 / ndf 2χ  31.23 / 34
Prob   0.6041
Width     1.02± 12.69 
MPV       1.9± 228.7 
Area      976± 4.509e+04 

 Gσ  2.07± 46.05 

3x3
Entries  2295

 / ndf 2χ   35.5 / 37
Prob   0.5395
Width     1.10± 11.77 
MPV       2.3± 260.9 
Area      974± 4.529e+04 

 Gσ  2.35± 60.78 

3x3
Entries  2295

 / ndf 2χ   35.5 / 37
Prob   0.5395
Width     1.10± 11.77 
MPV       2.3± 260.9 
Area      974± 4.529e+04 

 Gσ  2.35± 60.78 

LArMuID
3x3

| < 0.4)ηCluster Energy (0.3 < |

η

-0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8

R
es

p
o

n
se

0.85

0.9

0.95

1

1.05

1.1

1.15

Response Non-Uniformity Data (3x3)

Data (LArMuID)

MC (True Cluster)

s2 Cell Depth

Figure 1: Left : Energy deposited in the second layer of the LAr EM calorimeter in cosmic ray events, for
two different clustering methods.Right: Most probable value (MPV) of the Landau distribution as function
of the pseudo-rapidityη in data and the true cluster from the cosmic simulations. The curves have been
normalised to the point atη = 0.35. The cell depth in the main sampling layer, s2, is also shown.

1The status of the detector given here is that of August 18th, 2009.
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Figure 2: Left : Typical pulse for cosmic muons (data and prediction).Right: Quality factorQ2 as function
of pseudo-rapidity.

native clustering methods. The energy deposit is fitted by a Landau distribution which has been
convoluted with a Gaussian to take into account electronic noise.

The most probable value (MPV) of the energy deposit distribution can be used to check the
response uniformity, as shown in Figure1 (right). The MPV value clearly tracks the cell depth, as
expected for MIPs : the response uniformity agrees with simulations at the level of 2%. For more
details see Reference [4].

3. Signal Reconstruction

High energy deposits in the calorimeter readout cells are used to validate the signal shape of
the calorimeter response derived from the calibration pulse. A typical pulse recorded in the EM
central part is given in Figure2 (left). The agreement with simulations is better than 2% across the
full length of the pulse.

The significant energy recorded in beam splash events, in almost every cell of the EM calorime-
ter, allows us to generalise this kind of study. A quality factorQ2 has been computed:
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whereAmax is the reconstructed amplitude,gphys the predicted physics pulse shape andσnoise the
single sample noise. The prediction accuracyk has been fixed to 1.5%. The value ofQ2 as function
of pseudo-rapidity is given in Figure2 (right). Q2∼N can be interpreted as a pulse shape prediction
at thek

√
N precision level. In the central region the pulse shape is predicted at 1.5% (Q2∼ 1). This

prediction accuracy is degraded in the lateral regions to at most 3% (Q2 ∼ 4). These results show
that the signal reconstruction is in control over the full EM calorimeter coverage.

The beam splash data contain high amplitude signals with a common time reference that are
useful to perform precision timing studies. The time extracted with the optimal filtering method
(corrected for the expected time of flight) has been compared with predictions. The agreement is
at the level of 2 ns.
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Figure 3: Left : Distribution of the events in the electron sample and definition of the signal box.Right: Dis-
tribution of the ratio of the hight to low-threshold TRT hits for the 85 electron candidates (black dots) and the
49 candidates failing the final selection (blue dashes). The red curve show the background parametrisation.

4. Electrons from Ionisation in Cosmic Muons

A search for electrons from ionisation has been done in the 2008 cosmic ray data. A selection
has been applied on the 3.5 million events selected by the level 2 track trigger, requiring 1) a loose
φ track match with EM clusters that have transverse energy above 3 GeV ; 2) a shower shape
consistent with one from an electron ; 3) at least 25 Transition Radiation Tracker (TRT) hits. The
remaining events have been split between muon bremsstrahlung candidates (1229 events with only
one reconstructed track) and ionisation electron candidates (85 events with at least two tracks).

Two variables are used to understand the background contamination coming from bremsstrah-
lung events: the transition radiation measured in the TRT (inducing larger signal for relativistic
particles such as electrons) and the ratioE/p of the energyE measured with the calorimeter to the
momentump measured with the tracker (E/p∼ 1 for electrons). A signal box, visible on Figure3
(left), is defined with limits that vary withη andpT .

Figure3 (right) shows the background contamination. This background is fitted with a parame-
trisation got from the bremsstrahlung candidate sample. A clear excess of events is observed,
indicating the first observation of electrons in the ATLAS detector.

5. Conclusion and Acknowledgements

The ATLAS liquid argon calorimeter is now fully ready for the first LHC collisions. Com-
missioning results from cosmic muons and LHC single beam events are promising. The studies
presented here reflect the work of the entire LAr Calorimeter group.
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