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Main features

• Based on previous work on extractions, transfer 
lines and injections (RS, JW, et al.)

• Added dedicated LHC injection BIC

• Added concept of Injection Permit

• Complex logic remains in SPS extraction BIC only
– OR logical conditions

– Timing and cycle awareness

– Safe beam and beam presence conditioning

• Require LHC beam permit to inject any beam

• Require LHC beam presence for high intensity



Specification includes:
• Concepts

– Operational modes

– Truth tables

• Proposed architecture
– Number and type of BICs

– Signal exchange
• From equipment to BICs

• Interchange between BICs

• SLP to BICs

• Interlock classes
– Types of input and approximate numbers

– Tolerances



Interlocks classes

• ROCs surveillance (all PCs)

• PC fast sum fault (new: ~10 PCs)

• FMCCM (new: ~10 PCs)

• CNGS target

• Screen positions

• Protection devices (TEDs, TCDIs, TDIs, ...)

• Extraction / injection equipment (kickers, septa)

• Beam instrumentation (BLMs, BPMs, BCTs)

• Vacuum valves

• LHC experiments

• Software channels



Segmented system



Based on truth tables for different 

allowed ‘modes’

LSS6/TT60/TI 2/IR injection



Based on truth tables for different 

allowed ‘modes’

LSS4/TT40/TT41/TI 8/IR 8injection
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LHC high intensity
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Tolerances for warm magnets –

ROCS surveillance



FMCM – PC sum fault



Testing procedures: outline



Main implications
• Hardware

– 2 more BICs (1 per injection)

– Downstream TED status to extraction BIC - cables

– LHC SLP signals to SPS extraction BIC – cables

– 2 HW position signals from TDI (retracted, protect)

• Operation
– LHC beam permit always required for beam past 

downstream TED, irrespective of MKI and TDI state
• no dedicated setting up mode – need safe beam mask

• Cannot set up injection during LHC down time

• Safety
– SPS Safe Beam Flag has to be safe (no redundancy 

in interlocks when setting up TDI)
• SIL level estimate needed – being addressed in MPWG



Remaining issues/concerns

• MKE/MKI resonant charging + extraction permit

– Double gate used presently for MKE

– Not adapted to MKI – another approach?

• Details of segmentation in injection regions

• Finalise extraction kicker fault cases and actions

– Missing, erratic, link to SPS dump, …

• SPS safe beam flag generation and reliability;

• Safe setting management for references and tolerances in the 
equipment front-ends;

– SSM concept and scope…

– Multi-cycling aspects of references in some front-ends (BPCE, MKE, …);

• Adaptation and extension of existing software interlock system (SSIS);

• Reference values and tolerance windows for corrector magnet settings.

• …


