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Motivation

« Advanced trigger systems at future colliders will
have to handle unique data processing needs

» Ex. FCC-ee: potentially trigger-less readout at high

precision; inference at-source/on-detector \’,/S:"iw:';f:“" :
» Ex. FCC-hh: exascale data rates, y~1000
compression/reduction) ‘ ..... *

* “Large physics models” (LPMs): take advantage of high-dimensional models over lots of
low-level detector input
» Ex. ATLAS GNN4ITK, ultra-fast transformers

- Some problems of implementation for future colliders are not solved, particularly considering
latency/resource restrictions

4

S Metric % Graph Neural B Connected -
/ Leani o ¥ Network N o U Components X /. N
earning N : ot & T o Athena B%;
/ L &Lt of b b i e X0 )
( ) - e — o e o = Yo N ,
\ / cip - e o R o g Standard -
\ Module A # ‘A‘ e ’",. N Connected TR ATLAS software
Map ) :" ’ (] .‘: v .‘". Components Vi
. i ¢ + Walkthrough
Hits Graph Edge Scores Track Candidates 2 fit ATLAS track candidates
Graph Edge Graph accouminlg for expected with track parameter
Construction Labeling Segmentation muttiple scattering effacts lor. 6. . do. z0)

28 February 2024 J. Gonski 2


https://arxiv.org/abs/2402.01047

LPMs in TDAQ: Work Package Obijectives

SLAC
1. Maintaining performance in future collider . Agreeeprerrrerrrrere T i}
environments P ob EEEERRON o
- First ATLAS use case: studying SNL-based g 32: B v rom S56002 463 ity blocke 10233
FGPA implementation of GNN4ITk interaction é 60F- _ J
network (edge classification with ~105 nodes ~ ~ S0 3 E 5
and 106 edges) ZZ: o : 10
- How does this scale to very high occupancy 205_ _
environments? (uC, FCChh) 10F i " ATLAS Preliminary -
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2. Increased/novel BSM sensitivity (eg. (w)

advanced anomaly detection triggers) ey % —
3. Develop new methods for use across %/Eggg

physics subfields (eg. photon science): st

thresholds ;‘\‘:,\‘)x,\:c,\‘:,\‘:,\‘)x)::,\:c,\‘s,\‘),\‘,\:c,\‘:,\‘:,\‘,\x,\:c\‘\
‘Z BSM Signal?
- Advanced SLAC Neural network language // -
. . . Control / AD
(SNL) as alternative hls tool (with dynamically //Tn ger j

loading weights) -
Anomaly Detection Anomaly Detection
trigger threshold
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https://indico.cern.ch/event/1283970/contributions/5554350/attachments/2720710/4727877/axol1tl_fastml.pdf
https://indico.slac.stanford.edu/event/8288/contributions/7716/

Summary

« Context:
» DRD: 7.1 (tech for increased data density), 7.2 (increased intelligence
on the detector)
» RDC: 4 (intelligent data processing)
» NextGen trigger @ CERN?

» Collaboration:

» SLAC ATLAS + Technology Instrumentation Division (TID)

- Group expertise in FPGA firmware engineering, ATLAS anomaly detection
trigger in HLT/L1, Al/ML for HEP

» Topical interest across national labs + universities

* Happy to be in touch with anyone interested!
jgonski@slac.stanford.edu
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https://indico.cern.ch/category/17653/
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Kickoff: Al/ML for Advanced Future TDAQ

D. Rankin
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» Anomaly detection (AD) triggers: ~Energy //
data-driven ML-based algorithms to Existing /)
trigger on unusual/outlier events T” gers :
» Agnostic to specific BSM Eusting tger / -

signatures, thresholds | 77777 5‘
» More “intelligent” algorithm could / / = o
probe below current trigger /Control
Trigger 4 Trigger

thresholds
« CMS has already developed & is
. . . A ly Detecti Detecti
doing crate testing of an AD trigger el oay  A\nomaly Detection

stream in Run 3 [C. Sun]

R&D Ideas/Plans
1. Algorithm studies (autoencoders, transformers, graphs, etc...) for software triggers
2. High-level synthesis & accelerate model of choice to run in firmware for FPGA-based
triggers
3. R&D for AD capabilities at ASIC-level: detector signal monitoring/classification of unusual
signals
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https://indico.cern.ch/event/1283970/contributions/5554350/attachments/2720710/4727877/axol1tl_fastml.pdf
https://indico.cern.ch/event/1265770/contributions/5315526/

