
Tools within the LHC Online Model

• OM modules
• Example of using OM 
• Overview of use-cases and tools in view of LHC 
commissioning stages (A.1 – A.4)



OM Modules ( as of now; scripts mostly set up for SPS)

Module Functionality

‘OM server’

Script repository

Trim ‘dummy’

Analysis toolkit

madx gui
Creating madx input files from the LSA database
Processing requests for computations from client software (Java and 
python API available)
Updating settings (magnet strengths) via LSA
BPM data acquisition – multi-turn and orbit (via file exchange)
BLM data acquisition via LSA (not finished)
Python/madx scripts to be run on the OM server:
Orbit bumps;  arbitrary knobs; aperture checks; orbit correction; energy 
matching; tracking (orbit in control system format); lattice matching to 
measured tune/chrom.

Application similar to LSA-trim but sending trims to OM server (with Jutta
Netzel of AB/CO). Will be testing this week.

Tune/optics measurements from few turns of bpm data (not finished)
Beam matrix measurement from beam profile scans (including coupling)
Driving terms (in collaboration with J. Rowland of  RAL )
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An example of OM usage – checking out MADX input files from LSA DB



An example of OM usage – checking out magnet settings from  LSA



An example of OM usage – creating an orbit bump



An example of OM usage – creating an orbit bump



An example of OM usage – creating an orbit bump



An example of OM usage – ‘trim dummy’ prototype

Prototype application; tests in progress



LHC Stage A: Commissioning phases

Phase Description

A.5 Increasing intensity: prepare the LHC for unsafe beam

A.9 7 TeV optics: beta beating, dispersion, coupling, non-linear field quality, aperture

A.1 Injection and first turn: injection commissioning; threading, commissioning beam 
instrumentation.

A.2

A.3

A.4

A.6
A.7
A.8

A.10 Squeeze: commissioning the betatron squeeze in all IP's 
A.11 Physics runs: physics with partially squeezed beams, no crossing in IP1 and IP5 

Circulating pilot: establish circulating beam, closed orbit, tunes, RF capture 
450 GeV initial commissioning: initial commissioning of beam instrumentation, beam 
dump 
450 GeV optics: beta beating, dispersion, coupling, non-linear field quality, aperture

Two beam operation - colliding beams at 450 GeV
Snap-back and ramp: single beam 
Bringing beams into collision: adjustment and luminosity measurement

Phases for full commissioning Stage A (pilot physics run)

From LHCCWG web pages



Stage A.1: procedures and tools availability

Procedure Activity Candidate OM tools Dupl.

Beam matrix measurement y?

?

n
y

Corrector/BPM polarity checks Optics model

A.1.5 interleaved 
threading Similar to A.1.1 – A.1.4

?

Energy matching (optional) Energy matching y? ?

?

Optics model
Orbit correction (YASP x-check)

Linear optics checks 
(kick/response) Optics model

Aperture checks with free 
oscillations
and sliding bumps

Tracking; checking aperture 
model + optics model + BLM 
data for consistency
orbit bump script

y?

Check transfer line stability

Optics matching

Trajectory correction (cross-check)

Need

?

?

?
?

A.1.4   - same as A.1.2 for 
beam 1

A.1.1 Commission 
injection region (steering 
onto TDI) beam 2

A.1.2 Threading around 
the ring – beam 2

A.1.3   - same as A.1.1 for 
beam 1



Stage A.2: procedures and tools availability

Procedure Activity Candidate OM tools Dupl.

A.2.1 Instrumentation and 
corrector checks

Closed orbit correction to get few 
turns Orbit correction y ?

Aperture scans See A.1.2
A.2.3 Measurements with 
a few turns

Integer and fractional tune 
measurements Tune measurement y ?

Adjustment of chromaticity Input to the optics model; knobs
Adjustment of coupling Input to the optics model; knobs

A.2.4 Offsets between 
different sectors Orbit correction Orbit correction y ?

Correction of Bdl

A.2.5 RF observation 
equipment
A.2.6 SPS-LHC energy 
matching

Match Bdl(SPS) Bdl(LHC1) 
Bdl(LHC2) f(RF) Energy matching ? y

A.2.7 Synchro loop 
commissioning

A.2.8 Beam capture

Correction of MQ-MQ offsets

A.2.2 Establish closed 
orbit – both beams Close the trajectory

Similar to A.2.3

Need

A.2.9 Measurements with 
captured beam



Stage A.3: procedures and tools availability

Procedure Activity Candidate OM tools Du
pl.

A.3.1 Final RF 
commissioning with pilot

Acquire trajectory data Tune/optics measurement

A.3.3 First commissioning 
of beam dumping (pilot) Set TCDQ to 10σ

optics model 
Optics measurement ? ?

Aperture measurements Optics model

A.3.4 Commission 
systems with higher 
intensity

TDI setting up
Optics model
Optics measurement

Tune meter and chromaticity 
measurement

Tune/optics measurement
optics model; tracking

Initial BLM commissioning Aperture model; bumps

A.3.5 Establish cycling 
machine Verify reproducibility

A.3.6 Lifetime optimisation
– get to 1h

Adjust chromaticity, tune, orbit, 
coupling Bumps and knobs n y

A.3.2 BPM checks with 
pilot Calibrate BPMs and correct orbit Orbit correction y ?

Need



Stage A.3: procedures and tools availability (continued)

Procedure Activity Candidate OM tools Dupl.

A.3.7 Further 
commissioning of beam 
instrumentation with >1h

Systematic BPM and corrector 
calibration

Use response data for optics fits
Optics model -> LOCO
Orbit correction (YASP x-check)

?
y

?
?
?

Commission PLL tune and 
coupling measurement

Tune/optics measurement
optics model; tracking

Commission wire scanners Beam matrix; optics model ? ?

A.3.8 Basic optics checks 
in addition to LOCO

Harmonic analysis of multi-turn 
data

Tune/optics 
Driving terms

?
?

y

Measure emittance Beam matrix; optics model ? ?

RF tuning

A.3.9 Further 
commissioning of beam 
dumping system

Aperture measurements
Optics model

A.3.10 Commission 
feedback systems

Chromaticity measurement; orbit 
feedback; tune and coupling 
feedback; transverse feedback

Optics model

A.3.11 Rough setting up 
of TDI See A.3.4

SR and rest gas monitors

Need



Stage A.4: procedures and tools availability
Procedure Activity Candidate OM tools Dupl.

A.4.1 Measurement and 
correction of the closed 
orbit

Orbit correction Orbit correction y y

coupling
Tune knobs
Coupling correction

Beta-beat
Dispersion

Optics model

Refined optics model -> YASP etc. Response matrix

Beta measurements with k-
modulations Input  to optics model

A.4.3 Measurement and 
correction of aperture

Aperture measurement with 
kick+scrape

Tracking; checking aperture 
model + optics model + BLM 
data for consistency

Orbit centring into aperture bumps

A.4.4 Detailed RF 
measurements
A.4.5 Measurement of the 
momentum aperture Input  to optics & aperture model

A.4.6 Collimators and 
protection devices 

Measurement of beta-functions 
and beam sizes Beam matrix; optics model ? ?

MORE INPUT NEEDED
Tracking? Loss maps?
MORE INPUT NEEDED

A.4.2 Measurement and 
correction of linear optics Detailed tune measurement

Optics measurement (x-check)
Chromaticity tuning

Need



Stage A.4: procedures and tools availability (continued)

Procedure Activity Candidate OM tools Dupl.

A.4.7 Measurement of the 
global nonlinear optics Tune versus dp/p, q’, q’’ etc. Input  to optics model y y

A.4.9 Measurement and 
correction of aperture Separation bumps ?

Spectrometer compensation IR2, 
IR8 ?

A.4.10 Detailed injection 
matching Not yet defined Optics matching?

A.4.11 Detailed beam loss 
studies Beam loss maps Beam loss maps?

A.4.8 Commissioning of 
non-linear correctors Polarity checks Driving term application ? ?

Need



OM applications availability summary (A.1 – A.4)

Phase Tools

A.1 (Injection and first turn)

A.2 (Circulating pilot)

A.3 (450 GeV initial 
commissioning)

A.4 (450 GeV optics)

bumps and knobs; orbit correction; tracking; energy matching
Beam matrix (TI8)

bumps and knobs; orbit correction; tracking; energy matching
Tune/optics measurement

bumps and knobs; orbit correction; tracking; energy matching
Beam matrix; driving terms

bumps and knobs; orbit correction; tracking; 
Beam matrix; driving terms
Coupling correction 
beam loss maps

Color code:  developed (!= successfully tested) under development foreseen proposed



In the first commissioning stages we mainly should:
• Provide a relevant up-to-date optics model. Requires up-to-date LSA DB. 

Optics model tuning for LHC more complicated than SPS (further studies 
required)

• Test tools
• Understand bottlenecks of linear optics model

Outstanding technical issues:
• Do we need to define procedures to transfer response matrix from OM to 

YASP, LOCO etc. or will it be done manually by Jorg?
• Do we need to transfer optics tables produced by OM into LSA? LSA has 

only ‘nominal’ optics tables. (Need to discuss with Mike & Co.)

Proposed focus:
• Beam matrix and optics fits with little data available (early commissioning)
• Strategy for fitting the madx optics model for LHC

COMMENTS :
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