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Context
• LHC is 27km long & has the worlds largest cryogenic system.

• 1 cryogenic plant per sector, neighboring plant as backup.

• Cryogenic system acts as a time amplifier in case of failure.

• 172h LHC downtime caused by the cryogenic system in 2018 (97% uptime).

• 60’000 I/O signals and 4’000 PID loops.

• 20’000 analog signals to be monitored by operators daily.
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Motivations

Why perform daily signal analysis on LHC cryogenics ?

• Narrow down information to process for operators.

• Have a coherent check across similar installations.

• Detect problems not seen by conventional alarms.

• Detect unoptimized processes and malfunctioning sensors.

• Prolong the life span of equipment.

Improve the availability and performance of the cryogenic system



ICALEPCS 2019

10/10/2019 Oskar Martensson
LHC Cryogenic Operations 5/12

Infrastructure

OpenStack VM 1. Start procedure (automatic through cron).

• Computations
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2. Read Python environment, the program and inputs.

1. Start procedure (automatic through cron).

• Computations
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Infrastructure

EOS
WWW

OpenStack VM

Local PC LDB• Signal data

• Python environment
• Code 
• Results
• Input & output
• Homepage

• Result presentation
• Job editing
• Reanalyzing

• Code editing
• System configuration

2. Read Python environment, the program and inputs.

1. Start procedure (automatic through cron).
4. Perform calculations.

3. Fetch signal data (PyTimber).

5. Save results and/or other output.

PuTTY

• Computations
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Algorithms

Amplitude comparison
Checks if average (opt. median) amplitude of a 
signal is significantly larger than others in a group.

PID performance
Checks if PID loop is properly tuned 
(by looking at setpoint, output and measured values).

Span comparison
Checks if the span of a signal is significantly larger 
than the average span of other signals in a group.

Offset
Checks if a signal is significantly distanced from other 
signals in a group.

Average
Checks if the average of a signal is above or 
below given limits. 

Count
Checks if the number of value switches for a 
Boolean signal is above a given limit.

Slow deviation
Checks if a signal has an accumulating 
deviation. 

Integral
Checks if a signal is significantly above or below 
its most frequent value.

Individual analysis Relational analysis
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Analysis setup
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Results presentation
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Results presentation



ICALEPCS 2019

10/10/2019 Oskar Martensson
LHC Cryogenic Operations

14/1
2
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Results presentation
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Found issues

PID performance

Poorly tuned liquid helium
level controller
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Amplitude comparison
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PID performance

Poorly tuned liquid helium
level controller

Amplitude comparison
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Found issues

PID performance

Poorly tuned liquid helium
level controller

Amplitude comparison

Broken valve electronics

Span comparison

Extra heat load during ion run

Valve electronics replaced
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Found issues
Slow deviation

Degradation of insulation vacuum 
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Found issues
Slow deviation

Degradation of insulation vacuum 

Integral

Leak in magnets liquid helium bath
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Conclusions

• Ready for LHC run 3 (starts in 2021).

• About 10 available algorithms applied on 8 000 signals.

• 1 sector & 1 day:
• ~48 minutes analysis (63% for fetching of data).

• ~40 warnings (3 new)

• Reduction of false triggers is prioritized.

• Further tuning as more data is generated.

• New version prepared for CERN’s new logging service.
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