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Procedure of the optics optimization
The optics for ECM=250GeV was only used the half of FD magnets
in order to increase the collimation depth.

Th f th t t f ECM 250G V diff t t thTherefore, the magnet arrangement for ECM=250GeV was different to others

Since the nonlinear effects of the beam optics for ECM=250GeV  is stronger than others,
I optimized the magnet arrangement for ECM 250GeVI optimized the magnet arrangement for ECM=250GeV.

Then, ECM=500GeV optics was designed
with the constraint of the arranged magnet to ECM=250GeVwith the constraint  of the arranged magnet to ECM=250GeV.

ECM=250GeV ECM=500GeV

Half length of FD was used. Full length of FD was used.f g f g f



Beam Optics for ECM=250GeV
h h lf l h f dThe half length of FD magnets were used.

betaX* =  13 mm
betaY* = 0.41mm

The magnet arrangement
( balances of beta and dispersion at sextupoles)( f p p )
was optimized for this condition.

Beam Optics for ECM=500GeV
The full length of FD magnets were used.

betaX* =  11 mm
betaY* = 0.48mm

The magnet arrangement
was same to ECM=250GeV.

The strengths were changed to optimize.The strengths were changed to optimize. 



The collimation depth for various beam energy

ECM BetaX* BetaY*

250GeV 13mm 0.041mm

350G V 16 0 034
(QF1  L*) = 9.1m
(QD0 L*) 4 1350GeV 16mm 0.034mm

500GeV 11mm 0.048mm

(QD0 L*) = 4.1m

Circles are TDR parametersCircles are TDR parameters

The collimation depths for ECM=250GeV is comparable to ECM=350GeV and 500GeV,
b f h b l i h h lf f fi l d bl f ECM 250G Vbecause we can focus the beam only with half of final doublets for ECM=250GeV.

But, the horizontal beam size at FF sextupoles are much larger than ECM=350GeV.



TDR IP Parameters

(QF1  L*) = 9.1m
(QD0 L*) 4 1m

IP beam profile

ECM=250GeV ECM=350GeV ECM=500GeV
IP Horizontal Profile (QD0 L*) = 4.1m

IP Vertical Profile
ECM=250GeV ECM=350GeV ECM=500GeV

The multipole effect for  ECM=250GeV is huge compared to other parameters.
Since the horizontal  profile was asymmetric, we could not correct with octupoles.



Summary of the IP beam size of the ILC BDS optics

ECM=250GeV ECM=350GeV ECM=500GeV

d i 0 729 0 684 0 474
Horizontal
beam size

design 0.729 um 0.684 um 0.474 um

core 0.749 um 0.685 um 0.478 um

rms 0.756 um 0.705 um 0.489 umrms

Vertical
beam size

design 7.66 nm 5.89 nm 5.86 nm

core 7.84 nm 5.99 nm 5.90 nmbeam size
rms 8.03 nm 6.08 nm 5.93 nm

Relative Luminosity (L/L0) 95.1 % 98.2 % 98.6%

-The TDR IP parameters was used for each beam energy.

-The beam size simulation was not included the effect of Synchrotron radiation.

-The multipole effects for ECM=250GeV was larger than others,
and the final luminosity for ECM=250GeV is also smaller than others. 



Tolerances for ECM=250GeV was evaluated
by using IP beam size tuning simulationy g g

Since ECM=250GeV is difficult to others,
I evaluated the tolerances for ECM=250GeV.

1. Put the errors
2. Apply the orbit tuning 
3 T d h l f l BBA

Procedures

Example of the beam size minimization by the beam tuning simulation

3. Tuned on the sextupole after sextupole BBA
4. Apply the linear and 2nd order optics tuning  

Alignment errors

Example of the beam size minimization by the beam tuning simulation

Bend Quad Sext

ΔK 0.1% 0.1% 0.1%

ΔX N A 0 1mm 0 1mm
Horizontal beam size

ΔX N. A. 0.1mm 0.1mm

ΔY N. A. 0.1mm 0.1mm

Δθ 0.1mrad 0.1mrad 0.1mrad
Vertical beam sizeVertical beam size



1 by 1 error input
Since the beam focusing for ECM=250GeV is most difficult,

(QF1  L*) = 9.1m
(QD0 L*) = 4.1mSince the beam focusing for ECM 250GeV is most difficult,

The tolerances for ECM=250GeV was evaluated.

The tolerances were defined to
1% luminosity reduction of 100 seed average. 

gamma*emitX = 10um
gamma*emitY = 35nm

sigmaP/P     = 0.19%y f g

QUAD BBA SEXT BBA

QUAD K1 QUAD K2



Summary of BDS Tolerances (ECM=250GeV)
1% average luminosity reduction 

(QF1  L*) = 9.1m
(QD0 L*) = 4.1m

Parameters
RDR 

( BX=21.0mm, 
BY=0 40mm)

TDR
(BX=13mm, 
BY=0 41mm)BY=0.40mm) BY=0.41mm)

Initial 
Alignment

Position >  200um > 200um

Roll 0.20mrad 0.16mrad

Quadrupole
Strength

K1 0.087% 0.055%

K2 at R=1cm 0.160% 0.078%

BBA 48um 25um

Initial 
Alignment

Position > 200um > 200um

Roll > 1mrad > 1mrad
Sextupole

g Roll >  1mrad > 1mrad

Strength > 1% 0.60%

BBA 12.5um 7.3um

Bending
Magnet

Initial 
Alignment

Position > 200um > 200um

Roll > 1mrad > 1mrad

Strength > 1% > 1%g Strength > 1% > 1%

BPM Alignment 103um 73um



IP beam size simulation with total error inputs
I assumed 3 errors for the IP beam tuning simulation.

Parameters Error 1
(Edu’s simulation)

Error 2
(TDR 250GeV 

tolerance )

Error 3
(RDR 250GeV 

tolerance )

I assumed 3 errors for the IP beam tuning simulation.

tolerance ) tolerance )

Initial 
Alignment

Position 100um 200um 200um

Roll 0.30mrad 0.16mrad 0.20mrad

Quadrupole
Strength

K1 0.010% 0.055% 0.087%

K2 at R=1cm 0.010% 0.078% 0.160%

BBA 5um 25um 48um

Initial 
Alignment

Position 100um 200um 200um

Roll 0 3mrad 1mrad 1mrad
Sextupole

g Roll 0.3mrad 1mrad 1mrad

Strength 0.010% 0.600% 1.000%

BBA 5 um 7.3um 12.5um

Bending
Magnet

Initial 
Alignment

Position 100um 200um 200um

Roll 0.3mrad 1mrad 1mrad

Strength 0.01% 1.00% 1.00%g Strength 0.01% 1.00% 1.00%

BPM Alignment 5 um 73um 103um

The errors for Edu’s simulation was easier than others, except for roll error of quads.



IP beam size tuning results for ECM=250GeV
Maximum luminosity was about 95% of design

We observed not only vertical beam size growth, but also the horizontal beam size growth.



IP beam size tuning results for ECM=350GeV

90% of machine exceeds 
to the 90% of design luminosity
for Error1 and Error2f

We observed not only vertical beam size growth, but also the horizontal beam size growth.



IP beam size tuning results for ECM=500GeV

90% of machine exceeds 
to the 90% of design luminosity
for Error1 and Error2

The horizontal beam size growth is stronger than ECM=350GeV.



Summary

Simulation results say it is possible to correct the IP beam size only with sextupoles.
d

Summary

When we optimized the linear and 2nd order optics carefully,
we don’t need the octupoles for IP beam size tuning.

Wh th t l t th b i i i i tiWhen we use the octupoles to the core beam size minimization,
the tail particles will be spray with the beam line and it makes the collimation depth small.

Therefore, it is better to design the optics only with lower order optics correction, if possible.
(The octupoles are better to use the tail folding )(The octupoles are better to use the tail folding.)

Furthermore when the machine has the large errorsFurthermore, when the machine has the large errors,
not only vertical beam size, but also horizontal beam size was increased.

Since the horizontal profile was asymmetric,Since the horizontal profile was asymmetric,
we could not correct the horizontal beam size with octupoles (see the IP beam profile). 



<<
  /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


