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The Triple Challenge of the HLT
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The Triple Challenge of the HLT
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The Triple Challenge of the HLT

9288.9ms

Timing
O Quasi-real time analysis

U Dependent on HLT farm size




LHC Run 3 (2022) status
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LHC Run 3 (2022) status
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LHC Run 3 (2022) status
|

| Beta*
levelling

Different modus operandi

[ Beta™ levelling in first
5-6 hours of every fill.

CMS instlumi



CMS Run 3 Trigger Strategy

Standard Physics
L Offline reconstruction in 48 hours
O Average 2 kHz

Parking Stream:
o ~3 KHz
e ~1.5 MB/evt

* S o e e Data Parking
when resources are
[ i O Offline reconstruction dependent

tandard Stream:
100 ® ~1 KHz

* S5 me/evt on computing resources availability
e Processed in
O Average 3 kHz

real-time @TO
Scouting Stream: M
e event size reduced by about D a ta S C O u t I n g
%100 wrt Standard Stream

e Rate increased by about x30

Wi vogendi i el PN U No offline reconstruction — no RAW!

(i.e., no offline reconstruction)

= Analysis with HLT information
= 7 kB/event vs 1 MB/event
O Average 20 kHz




HLT Farm 2022

200 nodes — AMD EPYC 7763 “Milan”
1 64 cores/processor, 2 processors/node
d 256 GB RAM/node
( Two NVIDIA T4 GPUs, each with:

= 40 multiprocessors
= 2560 CUDA “threads”
1 Measured 3224 HS/node
= HLT performance known to be ~linear with HS number.

NVIDIA




Heterogeneous Computing at the HLT

hltPixelVerticesSoA = SwitchProducerCUDA(

cpu = cms.EDALias( CMSSW architecture

hltPixelVerticesCPU = cms.VPSet(
type = cms.string( "*" )

; O Fully multithreaded
Vs
cuda = cms.EDAlias( [ Offload to GPUs — new for Run3

hltPixelVerticesFromGPU = cms.VPSet(
type = cms.string( "*" )

)

Array of Structures
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Structure of Arrays




neous Computing at the HLT

13.6 TeV

First application: HLT

O Dual implementation: CPU-only, CPU+GPU
O HLT in GPU ~ 40% faster

O Reproducibility + validation of results



Heterogeneous Computing at the HLT

CMS Preliminary 13.6 TeV
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Tra C ki n g a t H LT CMS preliminary 2022 (13.6 TeV)
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Electrons at HLT

34 3 fb 13 6 TeV) 2022
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Increased PU in Run 3 = more advanced mitigations
J B-tagging: ParticleNet tagger instead of DeepCSV and Deeplet
 Tau ID: DeepTau instead of Hadron-Plus-Strip + MVA isolation.




Jets and Energy Sums at HLT

Mitigations soon to be added to the HLT:
 Charged Hadron Subtraction (CHS), OR
 PileUp Per-Particle Identification (PUPPI)
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Long-Lived Particles (LLPs) at the HLT

LLPs signatures may escape
conventional triggers

New Run 3 strategies

 Displaced jet triggers

= Modified tracking
for light LLPs

= HCAL depth segmentation
 Delayed jet triggers

= ECAL and HCAL timing
 CSC high multiplicity triggers
O Displaced muons at L1

HLT per jet tagging efficiency
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The HLT Run 3 Menu

CMS (2022, 13.6 TeV)
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Additional HLT Data Streams: Scouting

Only reconstructed HLT data saved
— no RAW data!
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Additional HLT Data Streams: Scouting

2022 L1 Rate as input to the Scouting stream
(Run 362616: 33.8 kHz)

Double e/y 2.3% [0.8 kHz]

Run 3 scouting

. Jets or MET 16.5% [5.6 kHz]
U Dimuon

] Electrons Double

31.1% [10.5 kHz]

U Jets / missing p;

Single e/y

50.1% [16.9 kHz]




Additional HLT Data Streams: Scouting

CMS Preliminary 17.6 fb' (13.6 TeV)
%J o B Jw Online Reconstructed
= 10 Opposite Sign Dimuon Events
;_, E
S 108
o 10
iT]
10
10° E L1-Trigger Selection Requirements
F Any muon L1 algorithm
Al 2, p, >4 GeV, 0S, AR<1.2
107 2, p, >4.5 GeV, OS, AR<1.2
E 2y, p, > 15/7 GeV
T 2u, pT>4.5 GeV, <2, 0S8, m(2uw)>7 GeV \
E ——— 2u,p, >45GeV, i< 08, 7<m(2u)<18 GeV \
E Ll Ll
1 10 10?
CMS Preliminary 34.2 b7 (13.6 TeV) m,, [GeV]
S . C Dimuon events with AR, > 0.2 and p’ >3 GeV
5 [& 0.025— T
& -
g 0.02]- —t—
H 1 02— * Barrel
Run 3 dimuon scouting Z -
C Endcap —
. 0.015[— —
L Save OR of L1 dimuon seeds - s iaman
C +
. . .01 A Gl
O Pixel-only particle flow et
) ) 0.005[ .t
O p;resolution in 1—2% range e
ol ] ! ! ! L
20 40 60 80 100

Pl [GeV]



[ ]
Additional HLT Data Streams: Parking
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Conclusions

Run 3 LHC conditions much harsher than before.
O Higher pileup, sustained for longer time.
O Challenges in trigger and data acquisition.
Mitigation strategies at the CMS High-Level Trigger.
0 GPU-equipped nodes + SoA data + task offloading.
O Advanced algorithms: Patatrack, PUPPI, ParticleNet, DeepTau.

Physics program extension.
O Long-lived particles.
O Alternative data streams: scouting, parking.
O Others to come...

CMS is ready and running for Run 3!




