Commissioning and

Performance of the ATLAS
Inner Detector with Proton
Collisions at the LHC

* Sub-detector status and performance
* Latest Alignment Status
* Tracking performance

35th International Conference on High Energy Physics
Palais des Congrés, Paris

July 22-28, 2010




SATLAS

A EXPERIMENT

llll

r

e

_____
—— i
o

- \ Barrel semicenductor tracker
[ { el Pixel detectors

. ,.y’/*" “1' Barrel fransition radiation tracker
11k V End-cap fransifion radiation fracker

\ g End-cap semiconductor fracker

* Pixels

* Pixel detector, 1744 modules

* 3 barrel layers, 3 layers in each endcap
% Semiconductor Tracker (SCT)

% Silicon Strip Detector, 4088 modules

* 4 barrel double-layers, 9 disks in endcap
* Transition Radiation Tracker (TRT)

* Proportional drift tubes, 298K straws

ATLAS Inner Detector
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THE UNIVERSITY OF
MELBOURNE

* Total ¢ coverage & |n| < 2.5
* Immersed in 2 Tesla Solenoidal Field

Intrinsic position resolution
* 10(Pixels),17(SCT) and 130(TRT)um in r¢
* 115 (Pixels) and 580 (SCT-barrel) ym in z

rR=1082mm \

TRT<
LR=554 mm

(R =514 mm

TRT

R =443 mm

ser§
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L R =299 mm

R=1225mm

Pixels { R = 88.5 mm
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R=0mm
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2 EXPERIMENT

LORENTZ ANGLE

Pixels status and performance -
MEAN CLUSTER WIDTH

% Hits well timed in to beam
crossing (BC)

* Noise occupancy < 10 hits / * High pixel hit efficiency. Dead

pixel / beam crossing

BLorentz = (211 6 +2. 6) mrad : 900 GeV
BLorentz = (211.3 + 2.6) mrad : 7 TeV

% Fully integrated in ATLAS =
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Pixel layer

modules are excluded but dead
regions contribute to the inefficiency.
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measurement
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% Specific energy loss due to ionisation is modeled
by Bethe-Bloch function. Parameters depend on
mass of ionising particle.

% Tracks with three pixel hits provide a useful dE/dx
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SCT status and performance

THE UNIVERSITY OF

* Hit Eff. ~ 99.8% (99% benchmark). Dead modules
and readout chips are taken into account.

TIMING OCCUPANCY "
* Fully operational!
g : z ATLAS ?:E — \s= 900GeV -
% 14 e ; Bl -
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fraction. Includes — T
dead chips, masked % Read-outin 3 BCs, average of B .
strips Mean Time Bin close to 1 as s Umodiie sk
expected, thus well timed-in. % Hits per module. Average SCT
s , ] - occupancy low. Good agreement with
—— e . .
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Stable over time, consistent with model
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o | 2 status and perfOrmance

MFIBOURNF

% Fully integrated within ATLAS
* 98% functioning channels

% 4mm straws with drift time measurement
for increased spatial resolution.
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Measured drift time [ns]

Distance from track to straw centre [mm]
* Initial time offset determined per
straw. Convert drift time to drift % # straws with hit / # straws crossed ~

radius, R-T relation 94%(95%) data (MC) in plateau region
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ATLAS

A EXPERIMENT

% Particle ID (PID) by transition radiation (TR)

% TR produced when charged particle crosses boundary between
materials with different dielectric constants (foils/fibers) and CO-

* Probability to emit photon is proportional to Lorentz boost (y)

% Photon absorbed in straw gas (Xe(70%), CO2(27 %), O2(3%)

* High threshold hits indicate TR

> 03 AL LA T T T W—
5+ TRANSITION RADIATION ONSET -
S 0.25- o &
g_ - ATLAS Preliminary 0‘:_++.-- E
S 02-  TRTbarrel R
= L o B
8 0.5~ © Data2010Ns=7TeV) K. b
€ 7L © MonteCarlo ,» ELECTRONS:
N .
D 0.1 e S
= | PIONS o
0 05— :.-’-- NN WU OICON «‘-Iw.% j
. \ vy factor -
| T B Y B YPY R ETIYH RSP
10 10° 10° 10°* 10°
1 10 1 10

Pion momentum [GeV] Electron momentum [GeV]

ICHEP 2010, PARIS, FRANCE

" . W
eyt
THE UNIVERSITY OF

MELBOURNE

Ruh Rluir;\bré;{i_‘:%m 7, EvenAtLNL;nAbeirizr 976778871
Date: 2010-05-09 09:41:40 CEST
M_=89 GeV

Z»ee candidate in 7 TeV collisions
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BIsilimy  Latest Alignment Residuals
-l EXPER'MENT THE UNIVERSITY OF
MELBOURNE
% Track based alignment using a x° minimisation approach is implemented to determine the
absolute position of the Inner Detector modules.
><103| . —— x103| . 250><103| . — .
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g - O 2"\7\;::/' 532332_19 .u:% 5 = ~ O Monte Carlo_ o %o ] £ 200 :_O Monte Carlo_ A -
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O g e RS R - = 05 0 05 1
Local x residual [mm] Local x residual [mm] Residual [mm]
* Positive effect of collisions data is clearly evident in Pixels and in particular in SCT endcaps,
highlighting the lack of illumination from cosmic rays
* Post-Collisions alignment is approaching that of Monte Carlo. ATLAS-CONF-2010-067
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ITrack Pattern Recognition

A EXPERIMENT

THE UNIVERSITY OF

MELBOURNE

* Inside “ATLAS New Tracking” reconstruction
* Begins with seed finding in the innermost silicon layers. Three space points to form a seed.
* Final track candidates are chosen on the basis of a “Track Score” by the “Ambiguity Solver”

* Good agreement between MC and data in accepted tracks.

ATLAS-CONF-2010-072

78000 g | § T T BAGAS ARS RAEs
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MELBOURNE

SCT HITS PER TRACK PIXEL HITS PER TRACK

4.6

AT 7 To\/ data & MC : 100 < pr < 500 MeV 4

2 EXPERIMENT

1

* |D tracking
performance in
measurement of
charged particle
multiplicities

MC ndiff \5=7 Te\

MC ndiftf \5=7 TeV
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a1 11 T
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—0— data \5=7 TeV
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Number of SCT hits per track
Number of pixel hits per track

* Comparison at

very low s
momentum shows 3
very good 25 2 -15 -1 05 0 05 1 15 2 25 25 2 -15 -1 05 0 05 1 15 2 25
agreement track n track 1
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GATLAS

from MC.

uncertainty

* Dominant systematic is due to material

* Track reconstruction efficiency is determined

* Assigned uncertainty is based on extensive
comparisons between data and simulation.
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200
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See A. Morley's talk "Early Material Studies at the ATLAS Experiment"

ey 1rack Reconstruction efficiency

Track Reconstruction Efficiency

Track Reconstruction Efficiency
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1 T T T LB 1] ' T T LI 1] T :]‘
ATLAS preliminary 3
M— ’ I 3‘
Cad E
. 3
- =
g P> 100 MeV, hl < 2.5, n, 2 2 :
\s=7TeV 3
—+— ATLAS MCO09 E
A A | T - ll A A A LA A l,l,l A ;1
1 10

p, [GeV]
0_9 P"*T’"T’*Y*Y’*Y”T*rf.'*'ff?*‘l'*’141*7"ﬁ’f*]’*.’"1*"’41*1’*1'77’_:
- ATLAS preliminary ]
0.8 j ..MWM... .
07 ; ..... ...0 -—-:
C . e ]
- R oees -
0.6 * p_>100MeV,hi<25,n >2 B
Lo T ch .’
05 "; \Ns=7TeV ‘:
0.4 —+— ATLAS MCO09 =]
1 ! I 1 1 1 l ] 1 1 | 1 1 1 L l ) | 1 l 1 1 ]

03 -2 -1 0 1 2
ATLAS-CONF-2010-046 N

ICHEP 2010, PARIS, FRANCE

ANTONIO LIMOSANI



THE UNIVERSITY OF

RITaY Tracking Systematic uncertainties
CHI-SQUARE PROBABlLlTY

* MC and dgta agreement is not g ‘»"”A'rL)is’é;;.;rﬁ;ae;;y ----------------------------
perfect. Discrepancies exist S O MCndiff
T =~ Scaled MC ndiff
% A Data

and are being explored!

—A
o
i

ATLAS-CONF-2010-046
K-SHORT FITTED MASS RATIO
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* Sensitive to material discrepancies
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MELBOURNE

% ATLAS Inner Detector fully operational and the level of performance is above the
benchmark.

% Alignment in data approaching that of the ideal. Further improvements to come. Effect
of systematic weak mode distortions are to be explored.

% Tracking/ID performance studied in fine detail through measurement of charged
particle multiplicities. In general good agreement between data and MC.

% Tracker is ready to meet requirements for physics analysis
* See related talks/posters at ICHEP 2010

* Talk “Performance of Track and Vertex Reconstruction and B-Tagging Studies” J.
Fleckner.

* Talk “Early Material Studies at the ATLAS Experiment” A. Morley

% Poster “Alignment of ATLAS Inner Detector Tracking System” J. Wang
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EXPERIMENT

“S\ AT LAS W-ev candidate in

A EXPERIMENT . 7 TeV collisions CATLAS
PSR | ’ L EXPERIMENT

2009-12-06, 10:24 CET
Run 141749, Event 460665

MELBOURNI

p,(e+) =23 GeV
nle+)= -0.64
E,™ =31 GeV
M, =55 GeV

Event with

ATLAS .

1A EXPERIMENT Candidate

Run Number: 153565, Event Number: 4487360

Date: 2010-04-24 04:18:53 CEST

Event with 4 Pileup Vertices
in 7 TeV Collisions

hitp igtias. wob.Comn CVANRVPUDECEVTDISPLAY Jgvents hmi
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? ATLAS

et [Data and Simulation 2

* Cosmic Ray data recorded in 2008 and 2009

% Collisions recorded at \/s=900 GeV (2009), \/s=2.36 TeV
(2009) \/s=7 TeV (2010)

* Monte Carlo (MC) simulation of non-diffractive proton-
proton collisions. PYTHIA is used to generate 2—2 parton
scattering

% (Generated events passed through a detailed GEANT4
toolkit based simulation of the ATLAS detector
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