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What is CERN

• CERN - European Laboratory for Particle Physics

• Founded in 1954 by 12 countries for fundamental physics research in 
a post-war Europe
• “Science for Peace”
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CERN Mission
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What is the Universe made of?

How does it work?

5



The Standard Model



• What is dark matter and dark energy?

• Why is there far more matter than antimatter in the universe?
• Big Bang should have created equal amounts of matter and antimatter

Fundamental Research
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Fundamental Research
• What was the state of the matter in the very first moments of the Universe?
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CERN Instruments
Accelerators

Boost particles to high energies and speed to collide

Detectors
Observe and record the results of these collisions
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The Large Hadron Collider (LHC)

• Largest machine in the world
• 27km, 6000+ superconducting magnets

• 600 million collisions per second
• Generating approximately one petabyte of data per second

• One of the coldest places on Earth
• Main magnets operate at a temperature of 1.9 K (-271.3°C)

• Hottest spot in the galaxy
• During Lead ion collisions create temperatures 100000x hotter than the heart of the sun



The CERN Accelerator Complex
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CERN is an extreme data environment

• Control and operations
• Millions of sensors, signals

• Large number of control devices

• Equipment

• Monitoring and logging

• Supporting IT infrastructure
• Databases

• Network

• Services

• CERN has great monitoring and logging systems
• Large amount of data has been stored over years
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Data Analytics Challenges

• Some faults cannot be avoid

• Decrease the availability for running physics

• Corrective interventions needed
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A look into the Future
• LHC upgrades will further increase luminosity

• Computing resources needs will be higher

• Data generated will increase drastically

• Next accelerators
• Future Circular Collider (80-100 km)
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The objective – Improve our systems
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Monitoring and Diagnostics Systems

Predictive and Proactive systems



openlab Data Analytics Project

• Optimize our systems
• Reducing and predicting faults and corrective interventions

• Increase the availability and operations efficiency

• Profit from CERN data investment by using data analytics
• Extract knowledge

• Discover useful information

• Suggest conclusions

• Support decision making

• Control and Monitoring Systems
• Proactive

• Predictive

• Intelligent
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CERN openlab

• Public-private partnership between CERN and leading 
ICT companies

• Accelerate cutting-edge solutions to be used by the 
worldwide LHC community

• Designed to create and disseminate knowledge
• Publication of reports and articles

• Workshops or seminars

• CERN openlab Student Programme
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Data Analytics Use Cases
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Use Case: CERN Advance Storage Manager (CASTOR)

• Mass Storage Solution for managing physics data files
• 12k disks, 30k tapes

• 100 PB on tape, 50 PB on disk

• +300 M files
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Use Case: CERN Advance Storage Manager (CASTOR)

• Optimization
• Performance

• Cause of errors

• Predictive analytics
• Anomaly detection

• Early warning systems
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Use Case: Operation and Control Systems

• LHC Accelerator Logging Service
• Around 1 million signals

• Temperatures, electrical currents

• Magnetic field strengths

• Vacuum pressures, etc.

• Control system Health
• Gas Breakdown

• Vacuum

• Machine Protection

• Predictive maintenance
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Use Case: Cryogenics Faulty Valves Detection

• What is the objective?
• Predict faulty valves before they actually fail

• How?
• Valve receive an aperture order value (aperture order)

• Effective aperture realized by the valve (aperture measured)

• Analyzing the difference between both (S = aperture order - aperture measured)
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Use Case: Cryogenics Faulty Valves Detection

• Signals used
• S = aperture order - aperture measured 

• Features extractions based on S
• Variance
• Percentile 99.9
• Rope distance 
• Noise Band 

• Three different status
 Faulty
 Not faulty
 Unknown

• Predictive model
• SVM - Support Vector Machine
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Data Discovery for Accelerator Complex Operations

• Interactive and visual analytics by end users

• Flexible and easy to use but powerful

• Analyze information of any type and any source

• Get new insights from data

• Electronic Logbook
• Log of events in the accelerator complex
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Data Discovery for Accelerator Complex Operations

• Integrating Data Sources
• Electronic Logbook 

• Controls Configuration DB

• JIRA (JSON)

• Text analysis
• Extract most relevant terms

• Entity extraction
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Data Discovery for Accelerator Complex Operations

• Better LHC Operations
• Events Analysis

• Correlate Information
• Fault Tracking System

• Operational Modes

• Operational Issues

• Control Equipment
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Data Discovery for Accelerator Complex Operations

• Many different Applications
• Controls and Operations 

• Accelerator Fault Tracking

• Diagnostics and Monitoring

• IT Infrastructure Monitoring
• Server logs analysis

• Database latency

• Accelerator Logbook

• Human Resources
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Infrastructure
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