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recap: beta* levelling settings management
● settings are stored in a "repository BP" that spans the full levelling range

○ e.g. 60cm ➞ 30cm for 2022

● optics match points in BP = possible levelling targets
○ identified by position (seconds) in the BP

● high-level levelling logic (or OP) decides to execute a step

● lumi server identifies start and end point (seconds in BP)

● functions to play are sliced by lumi server
○ similar to the squeeze in steps
○ start point of the functions are required to match actual settings (except corrections)
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recap: beta* levelling machine protection
● beta* levelling is more dynamic than a "standard squeeze"

○ the situation in SB is less static than the cycle before: knobs, corrections
○ tight requirements on orbit control in collisions: few um @ IPs
○ OFB reference, collimator centres calculated from orbit response
○ magnet kick & PC current functions automatically "incorporated" for corrections

■ orbit, tune, chroma, coupling = relative corrections

○ in general, the "orchestration" steps are equivalent to the sequencer squeeze

● principle: lumi server shall NOT become critical for machine protection
○ safe envelope guarded by external systems:

■ collimators: pre-programmed limits checked by the PRS
■ magnets: PCInterlock (orbit, quads including optics)

○ within these safe envelopes, lumi server can calculate settings
➜ moving the limits during levelling needs to be carefully considered
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beta* levelling in 2022 operation
● 60cm → 30cm beta* / constant xing angle

○ constant TCT/TCL gaps
○ negligible centre changes @ TCT/TCL

● automated step-taking
○ based on experiment pile-up
○ signal from either ATLAS or CMS - OP choice

● orchestration logic commissioned
○ PCs, feedbacks, collimators & PCInterlock
○ behaved as expected throughout the year
○ following MPP meeting #222 recommendation:

"almost flat" collimator limits driven to validate 
the functionality
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beta* levelling plans for 2023
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● 120cm / 135 urad → 30cm / 160 urad
○ large beta* range: need to change TCT/TCL gaps
○ crossing angle change: follow with TCT/TCL centres
➜ need to follow with interlock limits

● no change to the orchestration logic
○ functionality ready & tested in 2023 configuration MD
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recap: moving TCT/TCL jaws
● TCTs/TCLs moved during crossing angle levelling in run 2

○ centres calculated from expected bump changes

● beta* levelling reusing the same logic
○ centres calculated from orbit changes

■ same approach (and largely the same code) now also used for 
TCT settings generation throughout the cycle

○ gaps from pre-programmed functions

● "best effort" pre-flight check of interlock limits
○ not 100% reliable due to LVDT offsets
○ not for protection - avoid dumps due to mistakes

● tested in 2022 (flat) & 2023 MD (real)
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java.lang.IllegalArgumentException: The 
set value violates the limits on Collimator 
[element=TCL.5R5.B1, beam=BEAM1, plane=H]:
... 
 ---- TIME PT1M1S ---- 
  Motor [DOWNSTREAM, RIGHT]: 
     InnerLimit = -6.3763
     OLD Position = -6.77
     NEW Position = -6.3556
     OuterLimit = -25.407

...
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recap: moving TCT/TCL limits
● collimator limits are Machine Critical Settings (MCS)

○ digitally signed on creation, can only be loaded & played as a whole

● implemented solution for beta* levelling
○ at generation time, split the TCT/TCL limit functions at optics match points
○ pre-generate MCS signature for every segment
○ lumi server looks up segment & the corresponding signature for a beta* levelling step
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driving collimators & limits: 2022 fills
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~35um centre displacement due to 
lumi-scan feed-forward for IP2 levelling
(centre shift calculated based on knobs)

centre shift calculated from knobs - no gap changes - almost-flat limits (~50um changes)



232nd MPP Meeting - Luminosity Levelling in Run 3 Michi Hostettler

driving collimators & limits: 2023 MD
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centre shift calculated from knobs - gap changes from settings - limits driven
first fill: aligning on-the-go, settings not final

alignment

limits not 
correctly 
generated

lumi server detected that new position 
would interlock on outer limit

→ step refused!

(note: not a machine protection feature, 
but a best-effort check to avoid dumps)
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driving collimators & limits: 2023 MD
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centre shift calculated from knobs - gap changes from settings - limits driven
last fill: all collimators aligned with final settings
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update on discussed failure cases (MPP #222)
● wrong limit function loaded by lumi server

○ what if lumi server picks wrong limit segment?
○ collimator PRS checks continuity, start point 

mismatches actual limits → exception
○ 2023 settings: monotonous limits for beta* levelling

■ strongly dominated by gap changes (~mm)
■ any wrong limit segment will always mismatch

● collimators not driven at all
○ driving collimators can be skipped by the EiC

■ not much different from sequencer
○ guarded by collimator beta* interlock
○ GUI option guarded by a confirmation popup

■ courtesy to avoid mis-clicks
■ further (soft) protection required?
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conclusions
● beta* levelling successfully used in 2022

○ fully automatic step-taking (based on lumi/pile-up)
○ commissioned & tested full orchestration

■ including driving of TCTs/TCLs and limits

● 2023: larger beta* levelling range & crossing angle change
○ need to drive TCT/TCL gaps, centres & limits with significant (~mm) changes
○ settings & logic tested in 2023 configuration MDs

■ all tests successful, including refused step when limits were wrong

● failure cases discussed in MPP #222 addressed
○ limits for 2023 are monotonic - no risk of playing wrong segment
○ option to disable collimator movements protected by confirmation

■ same "risk" exists in the sequencer - sequences can be skipped ad hoc
■ further protection necessary?
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thanks for your attention!


