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What is the Fast TracK Trigger?

FTK is a hardware upgrade to the ATLAS trigger
system that will be used to reconstruct particle tracks
at an event rate of 100 KHz

Outline...

1. Motivation

2. Design

3. Performance

4. Timeline & Future
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Why FTK?

* The LHC is designed to create 40M collisions per second
* Each event O(1 MB)
* Saving every event would mean...

* ~1 library of congress per second

* ~2500 Wikipedias per second
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Why FTK?

* Solution: ATLAS has a multi-level trigger system designed

to quickly identity events with useful physics

~40 MHz
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~100 KHz - +
HLTH Data Collection
Output

~

~200 Hz \.

* Reconstructing charged particle tracks in the trigger is

very important... but challenging and slow
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Why FTK?
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‘Why FTK-;?&
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What is FTK?

~40 MHz

!

~100 KHz

!

~200 Hz

Global track reconstruction at 100 KHz
* Passes (pr, N, ®, do, Zo, Nits, x?) to HLT

Frees up resources for more complicated HLT decisions
* D-tagging, T's, track-MET
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How does it work?

* Divide detector layers in

* 8 layers used for initia

fit

/

Superstrip

‘0 coarse resolution “superstrips”
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How does it work?

* Divide detector layers into coarse resolution “super-strips”

* 8 layers used for initial fit

* Hardware pattern matching, allow 1 missing layer
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How does it work?

* Divide detector layers into coarse resolution “super-strips”

* 8 layers used for initial fit

* Hardware pattern matching, allow 1 missing layer

X2nar=10
* Compute x* with full resolution ’v e
hits using fast linear approx _Ix ] | .
* “Guess” missing hits [ ] \-|:
[ ] - |
[ T |
|
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How does it work?

Divide detector layers into coarse resolution “super-strips”
* 8 layers used for initial fit

Hardware pattern matching, allow 1 missing layer

X°inaf=10
Y
Compute x? with full resolution o g K=
hits using fast linear approx x| [ A
* “Guess” missing hits [ [ Bl

racks with good x© are ] |
extrapolated to 3 additional ] **" “
layers, track parameters |
computed with linear approx
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Hardware Design

* 04 parallel pipelines each handling hits from different
slices of the detector

Its

Silicon

Photos: atlasftk.uchicago.edu/photos/
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* Clusters hit coordinates
* Sends clusters to the proper stream

Its

Silicon
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Hardware Design

Data
Formatter

HLT

Photos: atlasftk.uchicago.edu/photos/




Hardware Design

* (Organizes hits, sends superstrips to Associative memory
for pattern matching

Its

Auxiliary
Card
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Hardware Design

* (Core of the FTK system

* Performs pattern matching simultaneously for all hits in the
detector slice

Its

HLT
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Associative Memory

(Cartoon by Jamie Saxon)
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Associative Memory

A more realistic schematic...
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Hardware Design

* Recelves matched patterns, computes x¢ for each
combination of full resolution hits in each pattern

Its

Auxiliary
Card
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Hardware Design

* Extrapolates to additional layers
* (Computes helix parameters

Its

Silicon
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Hardware Design

* Restores global hit coordinates
* Formats tracks for ATLAS HLT

Its

Silicon
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Hardware Design

* Full system occupies 7 racks, capable of 250B fits/second

M Ores. Vita
sat’xt (J:c
L T entia dlur

Its

HLT

Silicon

Offline

20



0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55

Efficiency WRT Offline

0.5™

Performance

1I_IIIIIIIIIIIII

g *i#ﬁLﬂ:i» + ¢ at 10 GeV

3 E or 0.5 GeV

- - n  0.0015

3 E ®  0.001

= -+ muon = do 0.06 mm
DT ATLAS Smaton o BL Zo__0.25 mm
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P, [GeV]

* > 90% efficiency w.r.t. oftfline & good resolution

* E.g. b-tagging: pr thresholds can be lowered by >20 GeV
for triggers identitying events with 4 jets with 2 b-tags

* E.9. 1-tagging: Factor of >2 improvement in QCD
background rejection for same ggH—Thth efficiency
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Timeline & Future

nstallation & hardware testing ongoing

nitial installation will cover a slice of the detector,

expected April 2016
~ull barrel coverage in late 2016
-ull detector (barrel+endcaps) in early 2017

~ull design specs for handling higher luminosity in 2018

Future...
* Current system designed to operate until ~2022

* Phase-Il inner detector changes & higher luminosity will require
upgrades, under investigation

* Denser associative memory, more processing chips, etc...

J. Webster



Summary

* In ~1 year FTK will provide global tracking in the ATLAS
trigger

* Broad physics potential:
* Handling high pileup environments
* Allows lower trigger pr thresholds
* Particularly for b's and t's!

* Will be even more important in Phase-l
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More Performance Plots
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Schedule

B
Included in In broaress
TDAQ prog
Included in
*k k %
ﬂ 32 8 1* 1 05 1 1 TDAQ In progress
Included in
n 128 32 16 1 06 1 2 TDAG 4/2016
128 32 16 16 06 8 2 Pl 7/2016
(mu=40)
128 32 32 32 06 8 2 Full detector 2/2017
(mu=40)
128 32 128 128 06 32 2 TDR Specs 2018 /
Lumi driven

Goals: integration within ATLAS during winter shutdown
fully commission the system before AMO6 are installed
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