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The ATLAS Detector & Trigger System
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ATLAS Subsystems Readiness for Beam

Years of ATLAS commissioning without beam described in talk earlier today by Joerg Dubbert.
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» Current status of detector presented in talk by Joerg Dubbert earlier today (will not repeat this).
* The situation on Sept. 10" was essentially the same: ATLAS was ready for data taking.
* Some subsystems were OFF or at reduced voltage during first beams (for safety). Briefly:

— Inner Detector: Pixels OFF, Barrel SCT OFF, Endcap SCT at reduced HV, TRT ON (without Xe)
— LAr Calorimeter: Forward Calorimeter (FCal) at reduced HV

— Tile Calorimeter: Normal operation

— Muons: Some regions at reduced HV (in region of high n)

* High level trigger was not run in real time for single beam running. Was used to stream the data from
different Levell triggers and has since been used to process single beam data offline.
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First Single Proton Beams in ATLAS

«  First beam through ATLAS Sept. 10, 2008. m—
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First Hits in LUCID Detectors, Sept 10.
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first beam event seen in ATLAS

. Krieger, University of Toronto
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Beam Splash Events in ATLAS

Beam 1 splash events Beam 2 splash events

Correlating ATLAS Beam Data with the LHC Logging DB Correlating ATLAS Beam Data with the LHC Logging DB
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First Circulating Beam In ATLAS

N VNC: LCRYD705N13483

File Vertical Timebase Tngger Desplay Cursors Measure Math Analysis  Ubtdties Help

MBTS minimum-bias
trigger scintillator on
IP-side face of endcap
calorimeter

T 100pusiav Noemal  -339mV.
1004S mﬁw Negative

Walting for Trigger

Beam losses evident for last few turns where BPTX trigger signal disappears but MBTS
triggers appear and continue for two more turns (every 89us: single bunch, once per orbit)
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Energy Deposits In the Tile Calorimeter

Tile barrel Tile extended barrel

Energy deposits in TileCal from beam splash (collimator) events
Also from beam-halo events (lower left)

Eight-fold structure in ¢ due to material of endcap toroid
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Energy Deposits in the LAr EM Calorimeter

Layer n-¢ plots show EM Calorimeter coverage and exhibit the 8-fold structure also seen in Tile Calorimeter.

Layer3 E (Ge'
Layer 0 A s (GoV)

E (GeV) Layer 1 E (GeV) Layer 2 E (GeV)

> Energy vs ¢ plots display this more clearly. %, 9. V*;___—
.. \ / \, .
T 16-fold structure also visible due to A RS
additional material.
EM EndCap, -2.5<n<-1.5
2 F e —masmerss]
[ —s2  —PS,-1.8<n<-1.
E 10 I
8
6 _:
£ E As in Tile Calorimeter, lower response
2 1 around ¢~ -n/2 due to additional material
bttt 1.4 (mainly detector support structure)
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LAr Levell Calorimeter Trigger

Pattern of energy deposition and Level-1 Calorimeter trigger tower coverage also
visible in the plot below: relative transverse energy in each trigger tower. Eightfold

structure still apparent.
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LAr Calorimeter Pulse Shape Studies

LAr energy reconstruction relies on a priori knowledge of the signal shape, for each channel.
This is provided by the electronic calibration system. Performance requirements (for example
H—yy mass resolution) dictate a constant term of < 0.7% in EM calorimeter energy resolution.

LAr EM calorimeter pulse shape studies (to check pulse shape predictions from calibration
system) discussed in earlier talk (J.Dubbert). Single-beam events yield many more cells having

high energy deposits (so good pulse shapes).

LAr data taken both in 5 sample (as in normal running) and 32 sample mode.

Checks done with both samples. Extensive studies with 5 sample data from run 87851.

Run 87851
Beam 2 with BPTX trigger

86 events mainly from
beam splash

Red points show pulse
shape prediction from
calibration system.

61% of all ( ~

P. Krieger, University of Toronto

ATLAS EM Barrel Calorimeter ATLAS EM Endcap Calorimeter
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160K) EM Calorimeter cells have been examined so far.
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Timing Studies In the Tile Calorimeter

Beam-splash and beam halo events both yield ~ horizontal muons that can
be exploited for checks of the timing
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» Time dispersion in each partition ~2ns.

 Offsets between partitions well within 1 BC
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LAr EM Calorimeter Timing Studies

» Difference between physics and the calibration
timing extracted per cell and per type of front end
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The ATLAS Inner Detector

(R =1070mm

Barrel SCT

Forward SCT

TRT

_R = 5590 o2\

(R = 514m

< R =443mm | >
R =371mm L 5

LR =299mm
SCT

R =122.5mm Pixels
Pixels { R = 88.5mm
R =50.5mm

R =0mm

Three subsytems Status for single beam running

* Pixel Detector OFF

* Silicon Tracker (SCT) Barrel OFF, Endcaps ON at reduced HV
 Transition Radiation Tracker (TRT) ON (gas mixture without Xe)
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TRT Studies with Single Beams

TRT barrel hits collapsed into r¢, endcap hits into z¢

[ElE|Rlsla]|5|5]s

beam halo
event in TRT

] ouny

« TRT (Barrel A) timing for one beam splash event (in ns).

e Pattern from top left to bottom right arises from the use of
cosmic rays for setting of initial timing offsets.

e Timing differences consistent with time of flight for cosmic
ray muons. New offsets now calculated for collisions.

Beam-splash events: estimate 10-
100 particles/straw. Can time in
detector with a single event!

5 splash events used. Timing offsets
agree at 0.3ns level.

TRT barrel timed in a ~1ns level.

TRT endcap at few ns level.

2’--;- 0 bt 0 p
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First Beams In ATLAS Semiconductor Tracker

SCT EndCaps beam splash event 04-02-09
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Event displays (xy, rz views) show numbers of hits.

Endcap SCT timing (initially set using cosmics) checked at level of ~25ns (1BC) with splash events.
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Beam Splash Events in Muon System

http://atlas.ch

P. Krieger, University of Toronto

first beam event seen in ATLAS

Beam from C-side to A side, so TGC timing shift
of -5BC provides correct for collisions. Narrow
spread of two peaks indicates that timing is
otherwise good at ~1BC level.
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Beam Halo Events in Muon System
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Run 87863 Event 28 LD

p=4.0GeV
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Trigger Timing with Single Beams

Relative Trigger Timing in Run 87863

* BPTX
wp " MBTS
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Relative Trigger Timing in Run 88128

* BPTX
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Taub
+ J5
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Ll
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Timing distribution of L1 triggers, Sep. 10" run 87863

 BPTX trigger for stable time reference (BC 0)

* Run 87863 was with collimators open but poor
beam quality leading also to large numbers of
muon and calorimeter triggers.

»  Two peak structure visible in TGC (as previously
shown).

Timing distribution of L1 triggers, Sep. 12" run 88128

» Triggered by MBTS (BC 0) which had been timed
in w.r.t BPTX (good overlap observed here)

* Run 88128 was with collimators and relatively
good beam quality leading rather few additional
triggers. Note that the RPC trigger was not
completely timed in prior to this run.

Trigger operated very well right from the start, and quick progress was made in the
refining of trigger timings over the three days of single beam running.

P. Krieger, University of Toronto
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Summary

» First beam provided valuable operations
experience to the detector communities (and
was exciting despite the later disappointment).

« Energy deposition patterns in calorimeters
useful as qualitative check of coverage and
response.

 Beam events useful for timing studies for

— sub-detectors
— triggers
(which are difficult with cosmic-ray muons).

« Halo events in Tile Calorimeter allow checks of
calibration / channel equalization.

» Checks of LAr pulse shapes in beam splash
events provide tests of LAr electronic calibration

procedures. First wm.’
. . FB Through
« Continue to examine these data to extract LAS

everything we can from them.
« Waiting until later this year for collisions.
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