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Summary Methodology Results

®Online Data Quality Monitoring (DQM) of CMS electromagnetic ML Based Anomaly Detection with Autoencoder Performance Metric

calorimeter (ECAL) is vital operational tool
® Allows detector experts to quickly identify and diagnose broad <
range of detector issues that could affect quality of physics data
®Developed real-time autoencoder (AE) based anomaly detection \\\, CMS

system using semi-supervised machine learning (ML) enabling 2 N e f_, 10°
detection of anomalies — X N

®Novel application of spatial and time corrections yields order of Or iR X% ‘ 7 Reconstructed
magnitude improvement in AE performance for 99% anomaly Hps DA\
tagging rate .

®\/alidations on real anomalies from CMS data shows AE-based :\mptr::i::zglvﬁ;xgri T 4
system is able to spot anomalies at tower-level (set of 5x5 ECAL used.) Input Data EncodedData  Reconstructed Data
crystals) granularity e 13 1o

®Deployment of AE-based system in CMS DQM workflow for LHC .
Run3 shows system performs well in detecting anomalies and
identifying degrading channels missed previously

® AE-based DQM system complements and strengthens existing

DQM for ECAL at CMS

e - False Discovery Rate (FDR)
FDR = #good towers over threshold / #good & bad towers
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Detecting New Degrading Towers
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AE-reconstructed image: FDR for 99% anomaly detection
anomaly not reconstructed Missing Supermodule | Zero Occupancy Tower | Hot Tower

Introduction Baseline 14% 90% 5.2%

no correction
2018 (13 TeV)

Input occupancy histogram with anomaly:
missing sector

Baseline after 5.9% 80% < 0.01%

CMS Electromagnetic Calorimeter | Set threshold | 1 time czr;;ection Conclusion

for flagging anomaly ' o correction 3.6% 51% 2.8%

< _o : . . . .-
‘. _ _ AE after 3.1% 19% > 0% Autoencoder based anomaly detection system using semi

spatizlEcoE‘ection supervised machine learning was developed for Online Data
alter

%2 4 6 8 10 12 1i4 1i5 18 20 - 8 10 12 1I4 15 18 Spatial and 0.13% 4.1% < 0.01% Quallty Monltorlng Of CMS eleCtrOmagneth Calorlmeter
tme corrections ®Enables detection of detector anomalies in real time
. . . . . . .
FDR for 99% anomaly detection Novel application of spatial and time corrections yields strong

Missing Sector | Zero Occupancy Tower Hot Tower performance for 99% anomaly tagging rate

Spatial Response Correction EE+ | EE— | EE+ EE— EE+ EE— ®\/alidations on real anomalies from CMS data and deployment

AE . . .
T 29% | 28% | 86% 86% < 0.01% | < 0.01% during Run 3 shows AE-based system is able to spot anomalies

no correction
of various shapes, sizes, and locations at tower-level granularit
AR after 1.8% | 2.2% | 11% 14% 0.02% | 0.04% P 9 y

spatial correction using single threshold
AE after

spatial and | 0.06% | 0.18% | 1.4% 4.4% < 0.01% | < 0.01% ®System can be generalized not only to other subsystems of the
time corrections CMS detector but also to other particle physics experiments for

anomaly detection and data quality monitoring
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Final quality output:
anomalous towers: red
good towers: green

Loss map:
anomalous showing high loss
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