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The LHC OnThe LHC On--Line Modeling: Line Modeling: 

what it is NOT!what it is NOT!

• Real-time control

• Interference with the LHC operation

• “Re-invention” of established tools

• Lengthy Off-line Analysis
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Then what is the LHC OnThen what is the LHC On--Line Line 
Modeling?Modeling?

• The LHC machine will be a very demanding accelerator with large nonlinearities to control. Particle 
loss in the LHC must be actively controlled to avoid damage to the machine. Therefore any critical 
adjustment to the machine must be checked beforehand with a proper MAD-X model of the LHC.

• ABP is convinced that this machine will require a powerful on-line modeling tool that is tested and 
ready for use in the control room before the LHC will be commissioned.

• Main design features:

• The SDDS MAD-X version is the principle engine of the LHC on-line model.

• A complete and trustworthy non-linear model of the LHC will be composed with the 
databases of the measured magnet errors and beam-based measurements.  

• Access of knobs to and fro the control system for testing with MAD-X before send-
to-hardware.

• Experimenters and operators should profit from a fully functional on-line tool! 

• Speed-up the off-line analysis time such that it can be done within minutes directly 
in the control room.

Reference: http:/cern.ch/fidel, L. Bottura & L. Deniau; Wise: P. Hagen, JP.  Koutchouk, E. Todesco
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The Team and TasksThe Team and Tasks

• Frank Schmidt  - Overall Responsibility, MAD-X General Support, SDDS Interfaces, Non-
linear LHC model from Fidel/Wise 

• Werner Herr – SDDS MAD-X Version, Closed Orbit Correction

• Ilya Agapov – Interface to Control System, Application Development, Co-Responsibility for 
MAD-X Core & PTC_TWISS, Beam-Based Model Adjustments

• Rogelio Tomás, Masmitsu Aiba & Akio Morita (KEK), Rama Calaga (BNL) – Beta-Beating

• Yiton Yan (SLAC) – MIA ( 2nd half 2009)

In Collaboration with:

• Jörg Wenninger, V. Kain – SPS Operation, 1000 turn BPM system, Standardization of 
SDDS

• LSA Team (Mike Lamont, Greg Kruk, Sandeep Bharade) – General control system, SDDS 
issues

• Alastair Bland – TECHNET Support



Frank Schmidt LCU - 7 May 2007 5

Special SDDS MADSpecial SDDS MAD--X VersionX Version

• Werner Herr has prepared this special version of MAD-X.

• The idea is to read and write SDDS files from MAD-X and to transform the 
back and forth between TFS Tables. Only 1-dimensional SDDS arrays will be 
considered.

•Input example:

select,flag=sdds,clear;
select,flag=sdds,pattern="^b.*";
select,flag=sdds,pattern="^d.*";
! convert: read SDDS and write TFS files
sddsin,file="cngs-test.sdds",table="sdds_tfs";
write, table="sdds_tfs",file="tfs1";

• Reference: W.Herr and F. Schmidt, “Using SDDS data sets with MAD-X”, AB-Note-2006-043 (ABP)
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Status of MADStatus of MAD--XX

• Is MAD-X ready for the LHC commissioning?     

• Is MAD-X properly maintained?   ABP no longer provide several exclusive 
FTEs for program development and maintenance, instead there is one code 
custodian and a large group of MAD-X Module Keepers.

• Is MAD-X still further developed?   ABP has stopped the full blast develop-
ment of MAD-X since the code fulfills the minimum LHC requirements. However,
work is going on for CLIC from which LHC will profit.    

• Is MAD-X reliable?   MAD-X has made use of the well debugged MAD8. 
Moreover, the independent programs SixTrack and PTC provide a continuous check 
such that any inconsistency could be eliminated.

• Is MAD-X fast?   Indeed there are speed issues due to the mixture of Fortran 
and C code, dynamic memory allocation and the heavy access of tables a speed-
up will be investigated.
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Scheme of the OnScheme of the On--Line ModelLine Model
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Test of the NonTest of the Non--Linear ModelLinear Model

Accelerator Model Accelerator

Single particle tracking data BPM data

FFT spectral lines

• detuning with amplitude

• resonance driving terms

FFT spectral lines
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Missing Sextupoles (SPS)Missing Sextupoles (SPS)

(F. Schmidt, R. Tomas et al.)(F. Schmidt, R. Tomas et al.)

Specially arranged SPS configuration for 
extraction sextupoles

+ + + +  - - - -

(3,0) resonance driving terms
Data fully decohered (factor 2 correction 
applied)

Comparison with nominal model

One extraction sextupole accidentally 
disconnect

Before

After



Frank Schmidt LCU - 7 May 2007 10

Effect of BetaEffect of Beta--Beating (SPS)Beating (SPS)
M. Hayes, F. Schmidt, R. Tomas et al EPAC02M. Hayes, F. Schmidt, R. Tomas et al EPAC02

Specially arranged SPS configuration 
for extraction sextupoles

+ + + +  - - - -

(3,0) resonance driving terms
Data fully decohered (factor 2 correction 
applied)

Comparison with nominal model

and model including closed orbit distortion 
at the extraction sextupoles

(better description of beta-beating in the 
model)

Before

After
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Uncompensated Skew Sextupole Uncompensated Skew Sextupole 
Resonance (PSBooster)            Resonance (PSBooster)            

(P. Ursch(P. Urschüütz, M. Benedikt)tz, M. Benedikt)

CERN PS data

vertical plane

3Qy = 16 

and 

(0, -2) spectral line

Uncorrected machine

vertical motion

beam losses

phase space

FFT
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Corrected Skew Sextupole Corrected Skew Sextupole 
Resonance (PSBooster)            Resonance (PSBooster)            

(P. Ursch(P. Urschüütz, M. Benedikt)tz, M. Benedikt)

CERN PS data

vertical plane

3Qy = 16 

and 

(0, -2) spectral line

Resonance 
compensated with skew 

sextupoles

Setting based on the 
reduction of the (0, -2) 

line amplitude

vertical motion

beam losses

phase space

FFT
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Example for Driving Term GUIExample for Driving Term GUI

Courtesy R. Bartolini & J. Rowland from Diamond
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MilestonesMilestones

• Defining the principle purpose of the LHC on-line model (~May 2007).

• Consolidation of the SDDS tools (end of 2006).

• Definition of Structure of the SDDS for SPS, LHC and Transfer Lines 
(~May 2007).

• Non-linear model of the LHC via Fidel/Wise (~June 2007).

• Provide mechanism to exchange knob settings to and fro the control 
system in collaboration with the LSA team (~June 2007).

• Development of the Applications needed for the On-Line Modeling 
(~August 2007).

• Testing at existing SPS (knobs & lattice checks) (SPS start-up & 
dedicated MD).

• Be ready for the LHC Commissioning Start-Up in 2007/2008!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


