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recap: what was done in run 2
● separation levelling in IP 2 / 8

● as of 2017: crossing angle reduction with intensity
○ 160urad ➞ 130urad
○ TCT centres following crossing angle, open limits (discrete)

● as of 2018: operational beta* levelling @ end-of-fill
○ 30cm ➞ 27cm ➞ 25cm (ATS), triggered by OP
○ collimators fixed

● levelling mechanics & procedures well established
○ levelling orchestrated by LHC Luminosity Server
○ settings & corrections fine-tuned to minimize transients

➜ run 3 beta* levelling is nothing fundamentally new
○ larger levelling range - some additional requirements 
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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 to a particular target

● 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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beta* levelling: mechanics
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beta* levelling: machine protection aspects
● 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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PCInterlock limits
● moved during beta* levelling since 2018

● dedicated PCInterlock reference BP
○ clone of beta* repository BP, functions for full levelling range

● lumi server sends timing event to advance PCInterlock in steps
○ PCInterlock held in "PAUSE" state during the step plateau
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outcome from the Collimation WG - 2022
● strategy for levelling discussed at collimaton WGs #256, #260

● 2022: 60cm → 30cm beta*, no crossing angle change
➜ TCT/TCL positions & limits can be kept constant (in mm)
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F.F. Van der Veken, 
CollWG #256

https://indico.cern.ch/event/1049387/
https://indico.cern.ch/event/1083339/
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outcome from the Collimation WG - 2023
● strategy for levelling discussed at collimaton WGs #256, #260

● 2023: 1.2m → 30cm beta*, crossing angle 130 urad → 160 urad
➜ TCT/TCLs need to move to preserve hierarchy & allow XRP insertion
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F.F. Van der Veken, 
CollWG #256

discarded scenario:

constant positions
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outcome from the Collimation WG - 2023
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F.F. Van der Veken, CollWG #256 & #260

● scenario for 2023+ with changing TCT/TCL gaps
○ centre will also move due to crossing angle change

● changes of several mm: discrete limits can not ensure protection
○ e.g. run 2 crossing angle levelling: discrete limits opened by ~300 um
➜ need to play limit functions around expected displacements

PRELIMINARY ESTIMATES

change (in sigma) for 

TCT-TCDQ phase advance
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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 2018 MDs (MD 2427 and MD 3349)
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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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moving TCT/TCL limits: MCS
● unlike jaw positions, collimator limits are Machine Critical Settings (MCS)

○ can only be changed by experts (MCS-Collimation role)
○ digitally signed on creation
○ after creation, can not be altered but only loaded & played as a whole

11

du
m

p 
th

re
sh

ol
d

 [m
m

]

time in beam process [s]

signature: 09024130cbb33c21c49eaa0776481ab78…029007cc8e4feaa335cbb4bbfe7b57d973b4



222nd MPP Meeting - Luminosity Levelling in Run 3 Michi Hostettler

moving TCT/TCL limits: run 3 proposal
● proposed approach for run 3:

○ at generation time, split the TCT/TCL limt functions at the optics match point
○ generate MCS signature for every segment
○ store segments & signatures in LSA
○ lumi server retrieves segment (by BP time) & signature and sends it to the HW
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"segmented" limits: generation time
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standard interlock functions

"segmented" interlock functions 1 signature per function segment

pre-generated signature table

signature: 09024130cbb33c21c49eaa07764…8e4feaa335cbb4bbfe7b57d973b4

trim/generation with 
MCS-Collimation role
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1 2 3 4 5 6 8 97

"segmented" limits: use time
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dry run results

15

1 2 3 4 5 6 8 97

1 2
3

4
5

6

8

9

7

first full beta* levelling dry run 
performed on 3 March 2022 

PC currents (simulated),
orbit feedback reference,
TCT gaps, centres & limits 
moved as expected

details in LHC OP e-logbook

settings for TCTPH.4L1.B1

measured limits & positions 
for TCTPH.4L1.B1

https://be-op-logbook.web.cern.ch/elogbook-server/#/logbook?logbookId=322&dateFrom=2022-03-03T14%3A27%3A43&dateTo=2022-03-03T20%3A27%3A43
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failure case: wrong limit function loaded
● in principle, lumi server can load any collimator limit function segment

○ what if the wrong segment is picked, e.g. due to bug?

● collimator PRS checks continuity
○ start point mismatches actual limits → exception

● driven jaw positions & limits must match
○ "best effort" pre-flight check should trigger if not
○ failing that → dump on limits

● problem only if segments start exactly at the same point 
and driven jaw positions are consistent with wrong limits

○ preliminary 2023 limits are monotonous
○ 2 segments starting at the same point could be prevented in the LSA MakeRule
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failure case: wrong limit function loaded
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failure case: collimators not driven
● moving collimators & limits can be deselected in the LumiServer GUI

○ not much different from sequencer: task can be skipped

● collimator jaw positions & limits will be consistently wrong 

● guarded by collimator beta* interlock → will dump when out of tolerance

● should the option in the GUI be (soft) protected to avoid mistakes?
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commissioning of TCT/TCL movements
● TCTs/TCLs need to move in 2023 (positions & limits)

● proposal: commission & validate the mechanics in 2022
○ drive collimator positions & limits like needed for 2023
○ jaw positions: program flat gap, centre from orbit response (almost flat)
○ limits: program almost flat (~10-20um changes)
○ validate logged data in NXCALS
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conclusions
● crossing angle & beta* levelling not fundamentally new

○ moving PCs, feedback, TCT/TCL positions, PCInterlock reference done in run 2

● new for run 3: moving TCT/TCL limits
○ not required for 2022
○ required for 2023 (1.2m → 30cm with crossing angle change)
○ based on pre-sliced limit functions, MCS signature per segment

■ lumi server picks function segment & corresponding signature

○ first dry run successful

● proposal: commission & validate full procedure in 2022
○ move collimators & limits already, with almost flat functions
○ validate behavior based on logged data
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thanks for your attention!
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2022: a simplified scenario
● "run 2 like" scenario to ease commissioning

● IP 1 / 5
○ constant crossing angle: 160urad
○ beta* levelling: 60cm ➞ 30cm
○ roman pots fixed during levelling
○ TCT and TCL positions, gaps & limits can stay constant
○ if we exceed 2 ⋅ 1034 cm-2 s-1 @ 60cm - apply separation

■ cryo limitation has ~15 min of inertia: not a hard limit

● IP 2 / 8
○ crossing angle: 200urad
○ separation levelling
○ LHCb not rotated (ext. H crossing)
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Injection

CRS to 1.3m (10m in 
IP2) and 6.8 TeV

Squeeze to 60 cm 
(IP1 & IP5)

Collision tunes

Collisions
Xing Angle: 160urad

Leveling to 30cm
Xing Angle fixed

J. Wenninger
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2023 and beyond: full-range levelling
● IP 1 / 5

1. crossing angle levelling to beam-beam limit:
160urad ➞ 130urad

2. combined beta* + crossing angle levelling:
1.2m ➞ 30cm,   130urad ➞ 160urad (beam-beam limit)

○ TCTs and TCLs moving during levelling
■ centres following crossing angle
■ gaps following squeeze
■ limits following expected movements

● IP 2 / 8
○ crossing angle 200urad
○ separation levelling
○ LHCb rotated (ext. V crossing)

➜ preliminary: to be confirmed based on 2022 experience
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Xing Angle: 160urad

Combined Leveling
1.2m ➞ 30cm, angle 

following BB limit

Xing Angle levelling
160urad ➞ 130 urad

LHCb rotation
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beta* levelling orchestration sequence
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comparison: squeeze by the sequencer
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comparison: squeeze by the sequencer
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comparison: squeeze by the sequencer
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beta* levelling: step granularity

28

1.200 1.125 1.055 0.990 0.930 0.875 0.825 0.775 0.725 0.680 0.640 0.600 0.560 0.520 0.485 0.450 0.415 0.385 0.355 0.325 0.300

● pre-matched optics
➜ fixed steps
➜ IP 1 / 5 fully coupled

● number of steps is a compromise
○ experiments

■ small, regular steps
■ max. ~5% lumi / pile-up jump

○ operation & commissioning
■ max. 1 step every ~30 min
■ 2022: max. 10 optics (OMC foreseen at 60cm & 30cm)
■ 2023: re-use 60cm ➞ 30cm part

2023+: 1.2m ➞ 30cm (11+10 steps) 2022: 60m ➞ 30cm (10 steps)

S. Kostoglou, 
S. Fartoukh 
& Run 3 WG
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2022 levelling scenario
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S. Kostoglou & Run 3 WG

bunches 2736

emittance 2.0 um

intensity 1.4 ppb

energy 6.8 TeV

xing angle 160 urad

β* steps 10
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2023+ levelling scenario
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S. Kostoglou & Run 3 WG

bunches 2736

emittance 1.8 um

intensity 1.8 ppb

energy 6.8 TeV

β* steps 21
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commissioning beta* levelling with beam
● first commissioning with beam

○ execute all steps with manual trigger, check mechanics
○ commission the 60cm ➞ 30cm squeeze in collisions
○ move collimators with (almost) flat functions?

●  fine-tuning & automation: during intensity ramp-up
○ test automatic triggering - manual as fall-back
○ tune feed-forward corrections & feedback gains
○ run through the full squeeze to 30cm in all fills - level at initial luminosity first
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J. Wenninger
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