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Qutline

71 The layout, goals and achievements of the 2004 combined testbeam of the ATLAS
barrel section.

1 Standalone performance of the liquid argon electromagnetic calorimeter
o Results on energy response uniformity, linearity and resolution for various
configurations with extra material added in front of the calorimeter.
o Results on very low energy electrons.

71 The combined performance of the ATLAS EM calorimeter and tracking

detector (inner detector)

o Beam acceptance and preliminary results on pT measurements with
magnetic field

0 Preliminary results on E/p measurements

o Preliminary results on Bremsstrahlung recovery using LAr information.
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The 2004 Combined Testbeam (CTB)

1 Full slice of the barrel detector

o Magnet with horizontal field (1.4 T)

Inner detector, tracker (silicium pixels,
scilicium strips planes, Transition
radiation detector)

LAr electromagnetic calorimeter
Hadronic calorimeter (Tiles)

Muon chambers

7 Main goals of the CTB

o1 Test the detector performances with
final or close to final electronics
equipment, TDAQ infrastructure
and reconstruction software.

hadronic

calorimeter

o Validate the description of the

data by MonteCarlo simulations BEﬁ!!S
down to energies of 1GeV to fh H

prepare the simulation of ATLAS ¥/ TP It Pixelmsi?mml ,. g a N
data. (1 to 350 GeV) V8 m 1
0 Perform combined studies in a set- - 2860 mm

up very close to ATLAS (e.g.
combined calorimetry, and ID-
calorimetry).
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The LAr EM calorimeter & energy reconstruction

The ATLAS half barrel and cryostat calorimeter module calorimeter module
in cryostat (testbeam)

Layers and granularity (AnxAd):
Presampler (0.025 x 0.1)
Strips (0.003 x 0.1)
Middle (0.025 x 0.025)

1 LAr energy reconstruction: Back (0.05 x 0.025)
o Cell energy: (b
A'Icai u
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0 Electronic calibration constants:  © |
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71 Cluster: sum of cell energies in 0.075x0.075 over all layers (0.075x0.075)
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Electron energy calibration

01 Energy parameterisation:
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of the calorimeter
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Data (MC compa risons

71 The energy calibration strategy of the LAr calorimeter relies on the o1z
simulation of the experimental set-up and the exact description of o

the detector response 008
1 A high level of agreement between data and MC is therefore 0.08
crucial for the performance of the detector. 0.04

0.02

o Inthe CTB a big emphasis was given to a careful data-MC

6 08

H 0 . T 1.2
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all energies and all material configurations i .
Considering all systematic errors, the level of 0.99F N
agreement between the MC and the data was - -
. ) I B R U B R B
estimated to be of order 0.4% 0.98; 0 100 50 500 550

Epeam (GeV)
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Results on energy linearity for electrons (2-250 GeV)

o The energy linearity obtained after application of the longitudinal weights to the cluster
sampling energies for 4 different material configurations in front of the calorimeter
cryostat: no material, 25, 50 and 75mm of Aluminum.

11 These configurations correspond to the amount of material in ATLAS in different eta-regions.

1 A 0.5% non-linearity is observed

o L e N
2 B A 0mm=16X,
L i O25mm=1.9 X,
L - AB0mm=22X,

1.01 O075mm=25X

—_—
—
HB|
HECH
—{ e

0.99

P T O T T T AN WO T SO WO AN SO SR TR SN NN T S SN S
0.98; 50 700 150 200 250
E,.... (GeV)

1 Remark: spread of the data-points at the level of 0.2% or less is seen for fixed beam
energy. The variations from one energy point to another can be attributed to the
systematics of the CTB setup itself. In particular, changes to beam conditions (collimator
openings, beam-optics magnetic fields) seem to have large effects in the relative beam
energy (systematics of beam line included in the error bars).
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Energy resolution results for electrons (2-250 GeV)

71 Energy resolution for 4 different material configurations comparing MC and data
after the applying longitudinal weights.

E 0_05_ T T T T | T T T T | T T T T | T T T T | T T T T | T I_ ¥ 0_05_ T T T T | T T T T | T T T T | T T T T | T T T T | T I_
& r A Data: o/E=(9.7£0 4}%)'\IE ®(04+0.1)% . & C A Data: o/E = (11.1% 0.3)%;‘\@ @®(00£02)% 4
. 04__. Simulation: ¢,/E = (9.6 +0.1)%NE ® 0.2% B ook Simulation” ./E = (10.0+0.1)%NE & 02% B
i n 040 n
0.03 - 0.03f -
0.02 - 0.02F -
0.01- - 001 -
Coov v v b v b b b L] I R NS S SN S N N A S S ST N A S AN A BRI

GU 50 100 150 200 250 OU 50 100 150 200 250
Ebeam (GGV) Ebearﬂ (GE‘V)
E 0_07_ T T T T | T T T T | T T T T | T T T T | T T T T | T I_ g 0_08_ T T T T | T T T T | T T T T | T T T T | T T T T | T I_
e C A Data: o/E=(123+ U.3}%;"\|E @(-00£01)% 1 e 12 Data: o/E=(126% 0.9)%."\IE @®(041£02)% 1
L ® Simulation” o,/E = (10.5+0 1)%NE ® 02% ] C/® Simulation” o_/E = (114+0.1)%NE ® 02% ]
0.056 . 0.064— .
0.0421 2.2 XO — 0.04814 2.5 XO -
5 5
0.028" ] 0.032 ]
0.014F - 0.016F -
Coov v v b v v b v v b b by 0_ PR T T [ TN T T N T T T [N S S R B

GD 50 100 150 200 250 0 100 160 200 250
Ebeam (GGV) Ebearﬂ (GGV)

1 Remark: The resolution worsens at the approximate rate of 0.5%/\/E per 30%X,
increment of the material in front of the calorimeter.
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HV Corrections, Cluster corrections and uniformity

0 Cell level 1 modulations
u HV correCTiOnS g‘nlz' TrrrrrryrrryrrrrrerrrTrTTT T IO IE gfﬂ T T T T T T T T T
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Material dependence of E1 /E2 and implications for ATLAS

o1 E1/E2 is sensitive to the material distribution in front of the LAr calorimeter. The
increase in the mean of the data distributions by 20-25% for 0.3X, is well
reproduced by the MC.
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71 This dependence can be used in ATLAS to develop a calibration procedure

where the longitudinal weights will be varied in accordance to the change in E1/E2.
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Verz Low Energz electrons !] -9 GeV!

-1 DATA/MC comparisons for very low energy electrons

2 GeV electrons

! daty
Entries 3966

1.729
RMS  0.2789

simulation |
Entries 17242

1722
RMS 02745

Ely. (GeV) Eys (GoV)
dta data
Entries 3966 z Entries 3966
Mean 1.673 Meoan 7.88
e RMS 08185 §L = RMS 15
-z / E l.tndohen :g |_=imuinlion
2 Entries 17242 0.2 Entries 17242
Mean Ln Mean 7486
RMS 08387 i RMS 1927

E/E,

71 The VLE data is very well described by the MC simulation
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Very Low Energy electrons (1-9 GeV)

11 Calibration strategy:

Dead material correction
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For high energy electrons, X ...

has mainly high values and the assumption of

Beam energy (Gel\?)2

a constant sampling fraction is valid. For low energy electrons the sampling fraction is shower depth dependent.
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Combined Studies SEM calorimeter & Inner de’rec’ror!

1 Beam acceptance

o Inthe 400 meters between momentum selection and the experimental setup, the beam particles
traverse 15 % of a radiation length X,. In these 400 meters, many elements that have been
tuned for the nominal energy will have different effects for particles that lost part of their
energy by Bremstrahlung.

o In order to account for this effect an acceptance curve as a function of the remaining particle
energy was calculated by tracking particles through the beam line and counting with which
probability they would hit the trigger scintillator.

EL: 1/PT Entries 24680 EL: 1/PT Entries 24680
104 Mean 0.06427 104 Mean 0.06427
* *  Data: Reconstructed M5 0.02458 ¢ Data: Reconstructed AMS 0.02458

MC: Reconstructed

MC: Reconstructed

10°

10%

-

of 1 L L 1 1 1 1
65 70 75 80 85 20 95 10C

E/E, (%) 002 b4 008 608 o4 012 614 018 018 o2 002 004 006 008 04 012 0.4 016 018 02
’ REC. 1/PT (1/GEV) REC. 1/PT (1/GEV)
Calculated weights as a function .
. 1/pT for 20 GeV electrons 1/pT for 20 GeV electrons with
of the particle energy (percent 4 ] -
without acceptance correction acceptance correction

of the nominal beam energy)

o It can be seen that the data fit substantially better to the simulation that takes into account the
beam line acceptance by applying the weights.
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E/p measurements and modeling

In the CTB, the inner detector setup was located inside a magnet

Combined (ID&LAr&TileCal) data recorded with magnetic field
switched on

Good MC-data agreement for the runs with magnetic field

Empirical functions found that describe very well the energy and
1/p distributions

Convolution of these two functions (as for the product of two
random distributions) describes well the measured E/p distribution
(blue plot)

(>20GeV, below strong correlation between the two distributions)

It is shown that it is possible to extract the correct scale EO from the
E/p distribution.

Precision of 0.5% achieved with ~5000 events (after all cuts)

This concept will also be used in ATLAS to compare the ID scale with
the scale of the LAr EM calorimeter.

Parameter Eand 1/p fit E/p fit
resp.
EO 1.0092(4) 1.0138(43)
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Bremss’rrdhlung recovery

Full1 /pT distribution
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In RED, recovered 1/pT

| EL:

LARGE XBREM 1/PT ‘ Entries 4724

250

200

150

100

50

o 001 002 003 004 005 006 007 008

Mean 0.03643

. Data: corr. w/ single 3x7 HMS 0.01257

MC: corr. w/ single 3x7

50 GeV

1IPT (1/GEV)
Large XBrem events

(greater than 5 mrad)

The implementation of the algorithm

consists of dividing the (Silicon) track into

two parts, and refitting only the part close
to the vertex together with the (3x7) LAr
cluster position as an ordinary hit.




Conclusion and further Studies

71 Final results have been presented for uniformity, linearity and
resolution of the LAr electromagnetic calorimeter.

1 Ongoing and promising studies on the very low energy electrons have
been shown.

o1 The standalone studies have considerably increased our understanding of the
individual detectors and the MC description of the CTB set-up. Many combined
algorithms (Bremsstrahlung recovery, E/p) have been developed and tested in
the CTB, and are now ready for the first ATLAS data.

11 Other studies comprise:

0 Study of converted /non-converted photons.
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