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●Online Data Quality Monitoring (DQM) of CMS electromagnetic 
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 
system using semi-supervised machine learning (ML) enabling 
detection of anomalies

●Novel application of spatial and time corrections yields order of 
magnitude improvement in AE performance for 99% anomaly 
tagging rate

●Validations on real anomalies from CMS data shows AE-based 
system is able to spot anomalies at tower-level (set of 5x5 ECAL 
crystals) granularity

●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

Summary

ML Based Anomaly Detection with Autoencoder 

Methodology

Performance Metric 

False Discovery Rate (FDR) 
FDR = #good towers over threshold / #good & bad towers

Results

●Autoencoder based anomaly detection system using semi-
supervised machine learning was developed for Online Data 
Quality Monitoring of CMS electromagnetic calorimeter

●Enables detection of detector anomalies in real time 
●Novel application of spatial and time corrections yields strong 

performance for 99% anomaly tagging rate
●Validations on real anomalies from CMS data and deployment 

during Run 3 shows AE-based system is able to spot anomalies 
of various shapes, sizes, and locations at tower-level granularity 
using single threshold

●System can be generalized not only to other subsystems of the 
CMS detector but also to other particle physics experiments for 
anomaly detection and data quality monitoring

ConclusionCMS Electromagnetic Calorimeter
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Spatial Response Correction 

Time Correction

Testing on Real Anomalies

Testing on Fake Anomaly Scenarios

Deployed online between 2022 and 2023 

Performance during LHC Run 3
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