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Preface

LHC will take first collisions later in the
year

Bunch crossing every 25 ns — 40 MHz rate

® Data storage capability ~200 Hz
® Reduction of around 200000 to 1 required

Between up to ~25 (soft) pp interactions
per bunch crossing

¢ Interesting high pr interactions
complicated by “pile-up”

® Almost all interesting signatures contain
leptons or high momentum tracks

¢ To maximise the LHC physics potential we
want to commission and understand the
tracking in the Trigger as much as possible
before collisions
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The ATLAS Trigger System

® Jevell

e Hardware based, pipelined trigger,

coarse granularity, largely Calorimeter

and Muon system based.
® 2.5 microsecond latency

e High Level Trigger - Level 2 and Event

Filter

® Software based, farms of commodity
CPU’s and ethernet

® Jevel?2

® Seeded by Level 1 in Regions of
Interest

¢ Full detector granularity, all detector
subsystems

e FEvent Filter

® Seeded by Level 2

® Access to complete event,
reconstruction similar to Offline

Level 1
alorimete
Trigger

CTP

Muon
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The ATLLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
NS ) |

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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The Inner Detector
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mm ® Silicon Central Tracker (SCT)

® 80 um pitch Silicon strip
detectors, 40 mrad stereo

® Pixel Detector

R=122.5mm

Pixels { R = 88.5 mm
R =50.5 mm _—
R=0mm , ' ® Silicon pixel detector 50x400 wm

pixels
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The Inner Detector

Pixel
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Commissioning

® We want to commission the High Level Trigger system and the reconstruction algorithms to be
ready for collisions as much as possible before actual collision data taking

¢ Event Steering, Event Streaming, monitoring frameworks,

® Technical runs - Monte Carlo data injected in to DAQ and HLT system
® (Cosmic ray muons - see talks by Alessandro Di Mattia and Andrea Ventura

® Commissioning the Inner Detector Tracking algorithms

¢ Cosmic muons - different event topology, but realistic detector alignment, noise occupancy and
data realistic data preparation

® To study algorithm efficiency, need orthogonal or passthrough triggers

® Muon triggers, Level 1 from hits in muon trigger chambers - Pass through HLT with large
prescale - unbiased by HLT, but lower efficiency for Inner Detector tracks

® [evel 1 Fast-OR from the TRT - improved purity for Inner Detector tracks

® For alignment studies, want to maximise number of high momentum tracks with (as much as
possible) uniform detector illumination

® Select good Inner Detector tracks using the High Level Trigger

® HLT Inner Detector Cosmic stream - any L1 trigger also with Inner Detector track from tracking
HLT - biased by HLT selection
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Collected Cosmic Data

Cosmic events recorded and processed by ATLAS since Sep 13, 2008

Sum of RPC, TGC, MBTS L1 Triggers 216 million events
RPC Triggers (L1)

Bottom '‘Downward' RPC Triggers (L1)

TGC Triggers (L1)

Min. Bias Scint. Triggers (L1)

Calorimeter Triggers (L1) —— All Tracks

B-field on
------ B-field off

Inner Detector Track Trigger (L2)

EM Calorimeter Triggers (L1) ATLAS

preliminary

Several hundred million cosmic events taken in various
detector configurations before the first LHC beams.

Last updated: Sat Feb 14 23:07:33 2009

Vertical areas indicate magnetic field status:
ORANGE: solenoid on, GREEN: toroid on, BLUE: Both fields on
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® From September to December 2008, extended Combined Inner Detector Cosmic run where the
HLT tracking has been exercised - concentrate on results from this run.
® (Currently greater than 300 million events collected.
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Comic Muon Reconstruction

® (Cosmic muons have characteristic up-down tracks.
® (Can have very large impact parameter with respect to the nominal

beamline

® [Level 2 Trigger algorithms are optimised for collisions - outward
going tracks originating from the beamline, with a small impact

parameter.

M Sutton — Commissioning the ATLAS Inner Detector Trigger



CHEP’09 Prague - 24th March 2009

HLT Tracking tor Cosmics

® Three algorithms for the ID Cosmic Stream used during the cosmic runs...

® SiTrack - Silicon hit lookup table based algorithm with extension to include TRT hits

» Using seed hits, extend tracks candidates using lookup table to identify likely location of
additional hits consistent with tracks

® [DScan - Silicon hit histogramming based algorithm allowing extension of tracks to TRT

* Finds likely z position of vertex and identifies potential tracks consistent with this vertex by
clustering silicon hits in 1 - ¢ and 1/pr - ¢ space

® TRT Segment Finder

* Special cosmic algorithm for the TRT barrel, finds tracks using only TRT hits, uses wrapped
offline algorithm but restricted to the regions /2 + /4 and -7v/2 + /4

e All algorithms highly configurable, both silicon algorithms optimised for collisions and tracks with
a small impact parameter with respect to the beamline

¢ Event Filter tracking - Offline algorithm. For Combined Cosmic Run, running in evaluation mode
near end, performance studies still ongoing - will concentrate on the Level 2 algorithms
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Dealing with Large Impact Parameter

® [DScan uses collision algorithm with a barrel preprocessing stage to shift the coordinate frame

® Tracks still originate from origin - constrained by efficiency of the shift, but allows exercise of
algorithm nearer to collision mode

® SiTrack can also run on shifted spacepoints, but in addition it allows track seeds to originate
anywhere in the detector and relaxes the track pointing constraint
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Trigger Reconstruction

ATLAS 2008-09-26 01:18:46 CEST event:JiveXML_90127_307141 run:90127 ev:307141 geometry: <default> Atlantis

YX Projection
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Run 96906, 2 /physics_IDCosmic HLT/IdTrk TriglDScan_phi0 - SeaMonkey

.'..':I 4

Assessment Details:

Name: TrigiDScan_phid
Status: Green

Run 96906, 2/physics_IDCosmic HLTAdTrk/TriglDScan_phi0

Location in ROOT file: run_91860/MLTADTrkMon/TriglDScan_phi0

Algorithm: HLT_Histogram_Mot_Empty&GatherData

Num. of Entries: 56085

Configuration Parameters:

Results:

Mean: -0.01078
MeanError: 0.006845

RMS: 1.621
RMSError: 0.00484

Last Update: 2008-12-6 2345 UTC

IDScan phi0

ATLAS Preliminary
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Monitoring

| SiTrack 20 | | IDScan z0

L Tier-0 Monitoring
ATLAS preliminary

Tier-0 Monitoring
ATLAS preliminary

1 | 1 1 | 1 1 | 1
+500 w =00
track z [mm] IDScan a0
Run 96906, 2/physics_IDCosmic Run 96906, 2/physics_IDCe
IHLTNdTrk/TrigSiTrack_z0 [HLTAdTrk(TriglDScan_z0

Tier-0 Monitoring
ATLAS preliminary

Example of additional fake tracks due to noisy detector
module

Monitoring allows routine, fast diagnosis of problems
which might otherwise affect trigger performance
Additional module masking implemented online with
dynamic noise suppression

L L | L 1 1 1 | 1 1 1 L | L L L L
-500 0 500 1000
track impact parameter [mm]

Run 96906, 2/physics_IDCosmic
IHLT/IdTrk/TriglDScan_a0
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Event Timing

— IDCosmic
— RPCwBeam
— TRTCosmic

® For cosmic running, the Pixel detector
reads out 8 successive bunch crossings

® The SCT reads out 3 - timing adjusted so
that most hits arrive in the central bunch
crossing.

Relative Fraction of Hits

75 ns window : . 75 ns window . ATLAS preliminary
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¢ Events with Offline track with at least 3
Silicon hits in both the upper and lower
halves of the detector

® For the TRT hits must come within a
specified time window, the Event Phase
(EP) is the global time with respect to the
nominal bunch crossing time.

® TFor times >25 ns the efficiency starts to fall : 20" ""30"""20"""50
as hits are outside time window TRT event phase [ns]
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Trigger Event Efficiency

ATLAS preliminary
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¢ Efficiency for selecting events with
Offline track with at least 3 Silicon
0300 -300 -200 -100 0 100 200 300 400 Eitls i b?”;l thg ipiptei a“ddlog’ve%RT
offline track d0 [mm] alvesof t g etector, and the
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A TRT

® Si Algorithms approximately flat efficiency >90% for events where the cosmic track passes within
the inner radius of the SCT

® SiTrack slightly higher efficiency than IDScan, but larger rate of fake, low pr tracks

e TRT efficiency extends beyond Silicon algorithm acceptance, but with larger rate of fake tracks
¢ Efficiency for OR of all three algorithms ~99% - good for alignment studies
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Detector Alignment
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® [arge statistics from Inner Detector Cosmic Stream allow significant improvement in detector
alignment in Barrel Region

® Pixel spacial resolution improves from ~130 um to near optimal 24 pm, similar improvement for
SCT

® [n turn, alignment improves resolutions and trigger performance
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The Future - Commissioning with Beam

® (Cosmic muons are good for aligning detector elements at ¢ = +5/2, not so good for modules at
¢ =0 and  or in the endcaps

SCT EndCaps beam splash event 04-02-09

-600 -400 -200
ATLAS Preliminary

Beam Halo event from
10th Sep 2008

rrrrrrrrrrr

e Will want to exercise trigger as much as possible with first beam. Even single beam will provide
tracks from beam-gas interactions and beam halo muons, although at lower angles of incidence

® Good for end cap alignment, track reconstruction at low angles
® Maybe not so good for detectors - backgrounds not well understood at this stage
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Summary and Outlook

® Tracking in the ATLAS HLT is essential to achieve the physics goals of the LHC

® The Level 2 Inner Detector Trigger has been routinely operated during cosmic running and
commissioning is progressing well
® Over 300 million cosmics collected, over 400000 with Pixel spacepoints

® Improved understanding of the detector and trigger with REAL data, timing, alignment, noise
occupancy...

® Event Filter tracking used for end of cosmic run, performance studies underway

® The Inner Detector Trigger will be ready for first beam, emphasis will be on stable and SAFE
running

® Pixel detector off
® SCT with reduced bias voltage

® ATLAS will see its first collisions later this year, the Inner Detector Trigger Commissioning is well

advanced and will be ready to rise to this challenge
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