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ATLAS and the LHC




e 2 proton beams of 7 TeV/proton

e ...roughly as much kinetic energy as the french
TGV traveling at 200km/h

o colliding at 25ns interval... 25ns x ¢ = 7.5m ... not
much longer than this room!
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Large Hadron Collider at CERN

Circumierence 26.7 km {16.56 miles)
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LHC physics







Challenges faced by the ATLAS trigger

Fermilab SSC
CERN l LHCl
!

Much of ATLAS physics means cross
sections at least ~10° times smaller
than total cross section

25ns bunch crossing interval (40 MHZz)

Offline storing/processing: ~200 Hz
— ~5 events per million crossings!

In one second at design luminosity:
— 40 000 000 bunch crossings
— ~2000 W events
— ~500 Z events
— ~10 top events
— ~0.1 Higgs events?
— 200 events written out

The right 200 events should be written
out!
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The ATLAS trigger




Finally...the trigger

40 TB/sec Collision Rate 40 MHz

Level 1 Special Hardware

Trigger
10-100 GB/sec ~75kHz  Selecting
Interesting
Level 2 Processor Farm events based on
progressively
1-10 GB/sec ~1 kHz Mmore defector
* information
Level 3 Processor Farm
~300 MB/sec ~200 Hz
Raw Data Storage Offline Data

Reconstruction |,
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The ATLAS trigger

Three trigger levels:

Level 1:
— Hardware based (FPGA/ASIC) CALO MUON TRACKING
— Coarse granularity detector data
— Calorimeter and muons only
— 2.5 us latency (buffer size)

Pi pelina
memories

— Output rate ~1 kHz

—  Output rate ~200 Hz
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Level 1



LVL1 - Muons & Calorimetry

REC 1 /V

Muon Trigger looking for
coincidences in muon trigger
chambers

3 out of 4 (low-p;; =6 GeV) and

3outof4
+ 1/2 (Barrel) or 2/3 (Endcap)
(high-p;; >20 GeV)

TGC 2
i i)
I
low p,
high p,
15m

e/y trigger
=29
auin
Ul Y,
== Hadronic
/ calorimeter
/ Electromagnstic
. calorimeter
Trigger towers (An xAp=07 x0.1)
! L] Electromagnetic
Vertical Bume — [ lsclation -r.’..m.
[ isolation threahald

Horizontal Sums

HTdronI: Il:tl.l’llorl
De=c Rol . <Inner & o
E Ionalllrln.::lmummhn' isolation thresholds

Calorimetry Trigger looking for
e/v, t,/isolated hadron, jets
e Various combinations of
cluster sums and isolation
criteria

o ZETem,had , ETmiss
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High Level Trigger




Example: level 2 ely calorimeter reconstruction

Full granularity but short time and only T,
rough calibration //\é@
0 &

Reconstruction steps:
1.

Produce a level 2 EM cluster object
(note EDM different from offline)

Towers in Sampling 3
ApxAn =0.0245x:0.05

LAr sample 2; cluster position and size

(E in 3x3 cells/E in 7x7 cells) INNINNR
=14 -ﬁ}‘.kn-, A /NY//ANY//N />

LAr sample 1; look for second maxima Square towers in
. . . 0 Sampling 2
in strip couples (most likely from ©t%—1yy,

/ _‘_=" Oy \
=003, Strip towers in Sampling |
N

g Y

Total cluster energy measured in all
samplings; include calibration

E [GeV]

Longitudinal isolation (leakage into
hadronic calorimeter)

(= SRRV Y e
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Levell Region of Interest /EMROI/

H LT SeleCtl On is found and position in EM

calorimeter is passed to @
Event rejection possible at each step Level 2

Electromagnetic




Example Menu

Object Example physics coverage

Electrons Higgs (SM, MSSM), new gauge bosons, extra dimensions, SUSY, W,
Z, top

Photons Higgs (SM, MSSM), extra dimensions, SUSY

Muons Higgs (SM, MSSM), new gauge bosons, extra dimensions, SUSY, W,

top

Rare b-decays (B—uuX, B—J/hyX)

Tau+missing E;

Extended Higgs models (e.g. MSSM), SUSY

Jets

SUSY, compositeness, resonances

Jet+missing E;

SUSY, leptoquarks

Others

Prescaled, calibration, monitoring
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Hmim.. The ATLAS
Experiment will provide
SOME ANSWErs.




Level 1 architecture

Level 1 uses calorimeter and muon

SyStemS Only [ Calc:-rfneter‘a} E“ﬂu-c:-n Dete-::tc-r%
; ; : M
— Dedicated trigger chambers CRAIGAMEtCE Trguer Tri;;gr
e Thin Gap Chambers — TGC 2 oy
- Cathode Strip Chambers — CSC sec || \_T,‘;*_“J H
Ml E—— E—
| * | |
| | | Y
— Trigger towers group calorimeter cells in Central Trigger Y
coarse granularity: AnxA¢e = 0.1x0.1 Processor  J
(EM/Tau); AnxAe = 0.2x0.2 (Jets) | Regions of
(Timirrg, trigiger and |riberest
: : : rrol distribouti
Identify regions of interest (Rol) and e
classify them as MU, EM/Tau, Jet * ¥
Fro k- Lewvel-2 Trigger
Information passed to level 2:
— Rol type
— Ethreshold passed The response of the level 1
— Multiplicity hardware is emulated in Athena.
— Location
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1.

3.

4.

Example: level 2 tracking algorithm

Form pairs of hits in Pixel and
SCT in thin ¢ slices;

extrapolate inwards to find Z
from a 1D histogram

ViX

Using Z,,,, make 2D histogram

of hits in n-¢ plane;

remove bins with hits in too few
layers

Do 2D histogram using space
point triplets in 1/p+0¢ plane;

Form tracks from bins with hits
in >4 layers

Use Kalman technique on the
space points obtained in
previous steps

Start from already estimated
parameters: Z,,, 1/p, N, ¢

Full granularity but short time

*Algorithms optimised for execution
speed, including data access time

*Produce level 2 tracks




