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ATLAS Inner Detector

R =1082 mm

® requirements to cover ATLAS

physics program

= precision tracking at LHC luminosities with
a hermitic silicon tracker covering over 5
units in eta

= Pixel Detector for precise primary vertex
reconstruction and to provide excellent b-
tagging

= reconstruct electrons and converted
photons, including transition radiation in
TRT for electron identification

= tracking of muons combined with toroid
Muon Spectrometer

= enable tau reconstruction

= \/0, b- and c-hadron reconstruction, ...

= dE/dx from T.0.T. in Pixels and TRT

= and: fast tracking for high level trigger

xels{R=885mm [~

R=122.5mm
Fixel
R = 50.5 mm il
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Tracking Effici

Expected Performance

m Muons

o excellent preparation before startup [
= more than 10 years of simulation and test beam o s
= cosmics data taking in 2008 and 2009
= payed off last year!

® detailed simulation studies

= document expected performance
= few of the known critical items:
- material effects limit efficiency and resolution at low px
- good (local) alignment for b-tagging
- momentum scale and alignment “weak modes”
= focus for commissioning of tracking and vertexing E ok o100
Sonnc. A p.=5GeV

mp_=100 GeV

---@-- Dijet 100 GeV,>=7 Clus.
—o—— Dijet 100 GeV,>=9 Clus., no Pix Holes
- - -& - - Dijet 500 GeV,>=7 Clus.
—2A—— Dijet 500 GeV,>=9 Clus., no Pix Holes

Tracking Efficiency

40 60 80 100
Number of Pileup Interactions




Basis is excellent Work on Detectors !

%

uster width

ATLAS Preliminary

S [um

(211.3 £ 1.6) mrad

Mean ¢

10 3
g ATLAS Prelimin:

nod Pixels>=9 - Pixel Detector

ATLAS Preiminary
0.3 04 045 05 055

Track incident angle [rad

RMS of local y residual

- ATLAS Preliminary
25-2-15 105 0 05
Track incident pse

ciency

0.998 . 7 Statistical Errors Only

ATLAS

0.3396 ¢ & preliminary

or

CT Hit Effi

Combined T
Mean = 59.89 ATLAS preliminary ATLAS Preliminar
SCT Stancalone Tracks SCT BH”L‘[ 0. ,‘ 02 iT barre

Mean = 5993 2010 \s oV dak & B 2 r,.(.]!
a C =

0.99
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-
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TRT end-caps

Number of hits

65 e . | = see talks by
055 ATLAS Preliminary  \&=TTe = s Beniamino and Petra

0.5! -

2 -15 -1 05 0 05

Distance from track to straw centre V:rnn']. .2 0 o~ & e 7': for deta iIS eoe

Measured drift time [ns]

cX 10 wire distance [mm)]
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Pattern Recognition

e staged track reconstruction

= inside-out: Pixel seeded + extending outwards
= outside-in: seeded on TRT segments

e study performance at different

levels in reconstruction process
= seeding / candidate fitting / ambiguity

® ensure “robustness”

= allow for dead/noise modules
= error scaling to reflect calibration + alignment

e very good performance even with

early data
= example: results from summer 2010...

=

Number of Seeds
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—+— Data

D Simulation

ATLAS Preliminary
\s=7TeV

L—J—A—A»L-t—‘—#—A—l—J—LJ~A.LA—‘—A—L—1—A-J—A-5—L‘—A—.—L—l e L—LJ—J—LJ—‘—I—J—L-‘—LJ—J.—A»L—‘—‘
2 3 R 5 6 7 8 9 10
p_[GeV]

ATLAS Preliminary
Data\s=7 TeV

ATLAS Preliminary —¢— Al
—&— Rejected Quality

\s=7TeV —+— Rejected 0
p] - 500 MGV —4— Accepted
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Material Studies i,
e crucial input to understand ¥ W s A\ 1o
tracking performance S8 80O HeE B R 50
® carly stuaies G PRI 20
= KO / J/P mass signals e P, i o4 10
= efficiency to extend Pixel seeds into SCT TS i 0

= impact parameter resolution vs px
X [mm]

e tomography with y conversions

= allows very precise estimate of material
= calibrate e.g. on “known” beam pipe
= measure difference in data/MC, e.g. PPO

ATLASPreliminary -0.626 <n <-0.100

- Data

[:l MC conversion candidates

MC ltrue conversions

o
o
o
o

Entries / 2 mm

AL

50 100 150 200 250 300 350 400
R [mm]

=¥ = Pixel
PPO
region
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Hadronic Interactions

e 2nd method for a precise

tomography of detector material
= good vtx resolution allows to study fine details

e material uncertainty in simulation

= better than ~5% in central region
= at the level of ~10% in most of the endcaps
= study of systematics ongoing

ATLAS Preliminary s =7 TeV
L~19 nb"

- Data 2010
Non-Diffractive MC

Radius [mm]

Pixel Module
in Geant4

i
|
|
|

l

15

-~ ATLAS Preliminary

10' Data 2010

" ATLAS Preliminary

10 Simulation

15

I, [mm]

15

I, [mm]




TRT end-cap A
Before wire alignment

E
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Detector Alignment

e alignment strategy

= starting point is detailed survey
= alignment stream with high-p: tracks - JATLAS Preliminary |
= define different levels of granularity 0 5,10 15 20 25 30 35 40

level 1 (e.q.SCT barrel) to level 3 (module) =0 P00 Wi o
= global-x2and local alignment

apparent twist between
® also allow for TRT 4-plane wheels

= Pixel model deformations (survey)
= Pixel stave bowing Level 1 alignment
= TRT wire alignment

= movements of the detector
- ..

ATLAS preliminary

Global X translation [um]

Run number 8



Field Tilt ? Weak Modes ?

| ATLAS Proliminary ) ﬁeld tilt Visible in KOS mass bias AVASS d)

= shifts mass in opposite directions in both endcaps
= corrected by 0.55 mrad field rotation around y axis

/]

=
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mass

K »

Endcap A

e “weak modes” are global deformations

= |eave fit-x2 nearly unchanged
= affect momentum scale, e.g. Z-mass resolution
KO mass = several techniques to control weak modes
Endcap C — TRT to constrain Silicon alignment
i - electron E/p using calorimeter
- muon momentum in Inner Detector vs Muon Spectrometer

/]

ATLAS Preliminary

- World Average [Me\
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v
w
=
c
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> 6000-a1L4s Preliminary 'l e Data2011 ATLAS Preliminary

) 1 : Simulation <

To) 5000/ [Lci,eoﬁ pb , e Data 2011 [Ldt:205 pb’ i
curl weak mode =) - . + Simulation . '

24000t COmMbined f
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< 3000}

95 100 105 11

m,,, resolution at m =90 GeV [GeV]
C a4 b @ & 00 O N @

m. .. (GeV)
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L @ Autumn 2010 Alignment ATLAS Preliminary
1 FWHM2.35=9 um ,
% « Pixel barrel

[0 Spring 2010 Alignment
* \Ns=7TeV

FWHM2.35«16 um
Track p_ > 15 GeV

Alignment Performance

Hits on tracks / 2 um

@ approaching design resolutions

= error scaling to allow for residual misalignments in fit e :

| X resi
x1 03! vvvvvvvvvvvvvvvv Local x residual [mm]

90--* 2&:’;‘322;’5‘022“9:1"‘0”’ ATLAS Preliminary —
‘ e e SCT barrel

80}~ Spring 2010 Alignment o

F FWHM2.35«28 um Ns=7TeV
70} Track p_ > 15 GeV
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Pixel barrel
e o \Ns=7TeV

Local x residual [mm]

~® Autumn 2010 Alignment ATLAS Preliminary
| FWHM/22.35=118um
100- Spring 2010 Alignment J TRT barrel
¥ e Vs=7TeV
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. . QATLAS
Primary Vertexing e Doxreniveln

e iterative vertex finder, adaptive fitter
= reconstruct primary and pileup vertices

e beam spot routinely determined
= input to vertexing

® measure primary vertex resolution
= split vertex technique on data

ATLAS Preliminary
3|~ Data 2011

e many applications

= primary vertex
counting (luminosity)

= Jet-Vertex-Fraction to
reject pileup jets

= jet energy scale
correction

Z Vertex Resolution [mm]
Primary Vertex y [mm)]

100710 20 30 40 50 60 70 80 175 0 175 350

Number of Tracks per Vertex Primary Vertex z [mm)]
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® Data ATLAS Preliminary

L3

Efficiency

) Stat + Syst Uncertainty

b-Tagging :

e robust taggers

= inclusive secondary vertex tagger (SV0)

= impact parameter significance (JetProb) T
: .

jetp_ [GeV]

e performance well studied
= efficiency e.g using “muon pe-rel’, “D*’, “tt” ...

/i

= mistags e.g. using “vtx mass’, "neq. tags” ...

0.08—

- ATLAS Preliminary 35 pb ', nj<1.2

Q
<
—
o
T
)
—
-

0.06; .
| + Syst Uncertainty

0.0SE Simulation

0'045 JetProb50

e used in analysis RS s

0.02| —

up to now neg. tags

O" — -
30 40 5060 5 2x10°
Jet p_[GeV]

e towards using likelihood based taggers
= optimal combination of IP and vertex information

140 svos0
ATLAS Preliminary = interplay between tracking performance, properties of
jets and fragmentation in different event topologies

045 0.5 0.55 0.6




first top event in ATLAS with nice b vertices (2010)

[ J
S I S Run Number: 160958, Event Number: 9038972
C 000

Date 2010-08-08 12:01:12 CESY

n., =20,p_>100MeV, |n| <257
T
ATLAS\s=7TeV

[ GeV?]

1/(2rp_ ) &°N_ /dndp._

=== Data 2010
PYTHIA ATLAS AMBT 1
-=+ PYTHIA ATLAS MC0%
PYTHIA DW
PYTHIA B

PHOJET

1

Data Uncertainties
= MC / Data

" JL EXPERIMENT

T et

min.bias charged particle spectra

%ATLAS
EXPERIMENT

Run Number: 180400, Event Numben: 77876087
Dage: 2011-04-27 23:35:05 EDY

" ATLAS Preliminary

920"GeV ee invariant mass candidate (201 |)



Heavy lon Tracking N
) R TR LI
SN« 4, 2

e high multiplicity tracking
= adapt seed finding
(z vertex constraint to save CPU)
= tighten hit requirement to control fakes in
central events (similar to sLHC setup)

e excellent tracking performance
= as well good testing ground for high in-time pileup

1000 2000 3000
chh/d'I Markus Elsing



Outlook: IBL Tracking

e performance studies in G4 T

= smaller beam pipe (Rmin = 25 mm)
= reconstruction: 4th Pixel layer

= |[BL material adjusted to 1.5% X0
= smaller z pitch (250 um)

Modules

e installation next shutdown
= ready for 14 TeV running
= peak luminosities of 2*1034cm-2s-"
= 25-50 pileup events

IST

Removed in barrel
rggion for display)

Radiation length (X_’l

Markus Elsing




Tracking Performance with no Pileup

e expected results

= smaller radius

= small z pitch

= |ess material between
first and 2nd layer

= track length ~ same

® improvements

= petter dg resolution
= better zo resolution

= 0 and ¢ improved at
low-pT

= momentum resolution
~ unchanged

® as expected !
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b-Tagging with IBL

Light jet rejection

e pileup selection with IBL

= >10 IBL+Pixel+SCT hits, <1 pixel hole

= benefit from additional layer

= |eaves room for eventual inefficiencies in b-layer
(tracking robustness)

e state of the art b-tagging

= “|P3D" ~ do®z0 impact significance likelihood
= “IP3D+SV1”~ adding secondary vertex information

e good performance with IBL and pileup
= as good or better as for current ATLAS without pileup

- NN W s
o

o
o

e more on IBL in HeinZ's talk...

Rejection at 60% b t

o

- ATLAS IP3D+SV1 : tt sample

0.9 1
b jet efficiency

----- #----- |BL nominal Track Selection
——— |BL pileup Track Selection

----- #-----  ATLAS nominal Track Selection
———— ATLAS pileup Track Selection

ATLAS
IP3D+SVA1

Number of pileup interactions



Summary

e stringent requirements on Inner Detector track
reconstruction to cover ATLAS physics program

e excellent performance reached !

= years of preparation based on simulation and test beam
= commissioning with cosmics and early beam
= detailed studies of detector, tracking, material, alignment, ...

e Heavy lon running as well gave good insightes into
tracking at high occupancy

e tracking studies with IBL demonstrate performance of
' th a 4 layer Pixel system at Phase 1

Markus Elsing



