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The Low-beta Magnet Systems at the LHC
 Critical system for LHC performance
Inner Triplet for final beam focusing/defocusing
American contribution to the LHC machine
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Type of instrumentation
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CV8xx: control valveType of instrumentation

LT8xx: liquid helium level gauge

(based on superconducting wire)

*HTS leads

*VCL leads

*Inner triplet 
feedthrough
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Reliability – Instrumentation (quality + quantity) 

Example for the Temperature sensors : 
 Goal: precision must remain better than 0.25% (5 mK at 2 K)

By principle, use redundant system

Test benches:
 Thermo cycley
 Irradiation test : fluence values close to 1015 neutrons/cm2, corresponding to 

2.104 Gy

References:
Amand,, et. al., Neutron irradiation tests in superfluid helium of LHC cryogenic thermometers, International Cryogenic Engineering Conference  - 17, 

5

,, , p y g , y g g g ,
Bournemouth, UK (1998), 727-730

Amand,, et. al., Neutron Irradiation Tests of PressureTransducers in Liquid Helium, Advances In Cryogenic Engineering (2000) , 45B, 1865-1872
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Reliability – Performance measurement

Lambda transition, 
T=2.17 K , P=1.3 bar

Temperature homogeneity to qualify the measurement chain and to 
evaluate the dispersion between the different sensors.
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Availability : Data flow & LHC Logging Cryogenics Data

LHC LHC 
LoggingLogging

PLC TimeStamp

Cryo
Instrumentation 
Engineers

Cryo 
Operation

Courtesy of E. Blanco
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MTF

Card correction

DB layout

Noise correction
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Availability : Process Control Object
SECTOR PCO 

ARC PCO LSS PCO RF

Courtesy of Mathieu Soubiran
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Availability : Option modes / steppers

System
stopped

Courtesy of Mathieu Soubiran

Cool Down

Stand‐by
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0  Safety Position

T1

75K
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T0 T2
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T0

The Option Modes are defined at the 
Sector PCO level.

Option Mode 1
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Availability - Radiological risk mitigation – 21-OR-2-05

LHC operation annual radiation dose for the arc magnet and for the CMS/ATLAS low-b
regions are 1 and 1000 Gy, respectively

 No easy repair when inherent radiation ! No easy repair when inherent radiation !

 The chosen instrumentation and equipment are radHard and halogen free 

 Use of redundancy

 Specific hazard analysis is requested before personnel intervention

Averaged over surface residual dose rate 
(mSv/hr) on the Q1 side (z=2125 cm, 
bottom) of the TAS vs irradiation and  R di l i l  i  t ti l bottom) of the TAS vs irradiation and 
cooling times. By courtesy of N. Mokhov Radiological survey is systematical 

performed prior intervention (< 1mSv/hr)

 Limit the personnel exposition time 
(i di id l d ll ti  di ti  d )(individual and collective radiation doses)

 Radio-Protection Procedures to be written 
based on lessons learned and other 
institutes  experiences
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Traceability  - MTF
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Conclusion

 The low- system is among the most critical for the operation and 
performance of the LHC. For the planned upgrades, maintenance p p pg ,
and removal will yield an inherent radiological risk

 During the LHC hardware commissioning, the original equipment 
and instrumentation were tested  leading to the need of further and instrumentation were tested  leading to the need of further 
implementation

 Every intervention must be carefully planned with RPy y p

 Continuous improvement of reliability, availability, traceability is 
on-going. 

Acknowledgement: the TE/CRG personnel, the hardware commissioning
team for their technical support, the integration group (ILC) and the safety
group (TGS)
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