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• The BRIL (beam, radiation, intensity and luminosity) group delivers 
luminosity measurements to CMS using the following detectors:
• PLT: pixel luminosity telescope
• BCM1F: fast beams condition monitor
• HF: hadronic forward calorimeter
• PCC: pixel clustering counting
• RAMSES: radiation monitoring system for the environment and safety

• PLT consists of 16 channels arranged shown to the right and consist of 
three silicon sensor planes
• Luminosity hits are recorded from particles that hit all three planes on that channel

• Want to deliver accurate data to limit uncertainty (≲ 1%) on integrated 
luminosity measurement for CMS

Background
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• We need to be able to detect outliers in the data, so they are removed for the final integrated 
luminosity calculation

• Also important to track overall shift of luminosity data per channel over longer time interval

Detecting anomalies in data
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Example data
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• The algorithm consists of a combination of detectors in adtk, each tuned to detect anomalies 
that reside above or below certain threshold values or pick up values due to unexpected 
spikes
• Documentation here: adtk documentation package
• Need to ensure we don’t flag emittance scan in the process!

• Additionally, BRIL needed a channel selection tool, specifically for 2023 PLT data – created a 
more generalized version
• Channel selection tool counts the number of anomalies flagged per channel
• If enough anomalies are flagged, then it checks the distribution of these anomalies
• If one condition is not met, the channel fails and needs to be inspected further
• Multiple scenarios are accounted for to account for variety in data

Constructing the algorithm
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https://adtk.readthedocs.io/en/stable/


• Example of loading a data 
file into the algorithm to 
check if channels have 
passed or failed inspection

• Second code cell shows 
further inspection of a failed 
channel

• Following this, fills are 
appended to histograms to 
keep track of the channel 
shapes as time evolves

Applying to data
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Results
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We can display n number of fills 
around the particular fill loaded in to 
examine how the luminosity shifts in 
short- and long-term time-scales



Results
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• Through visualizing data across runs, the histograms match what is 

expected for PLT behavior

• This base algorithm has since been expanded upon in ongoing efforts 

to run on any detector type and is ready to be deployed, with future 

goals of having it run autonomously

• Let’s keep delivering great integrated luminosity for CMS by eliminating 

one anomaly at a time!

Thank you to the CERN REU program, University of Michigan, my advisors Andres 

and Francesco, and SLAC National Laboratory for hosting!

Conclusion 
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Backup
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Example of benefit using both a ratio and difference 
comparison for anomalies
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• Look at the overall histograms (next slides) for each channel and in addition information 
about all fills examined

• Note: channels 6, 8, 9 are known to be bad so we skip looking at them
• In total 37 fills have been verified for 2023 PLT data

Results
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Results
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Results



Results
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