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Spin–orbit resonances

νspin = k + kIνI + kIIνII + kIIIνIII

νspin : amplitude dependent spin tune ≈ closed orbit spin tune = precessions /turn on CO

• Orbit “drives spins” ===> Resonant enhancement of spin diffusion.

• Resonance order: |kI | + |kII | + |kIII |
• First order: |kI | + |kII | + |kIII | = 1 e.g. SLIM like formalisms.

• Strongest beyond first order:
synchrotron sidebands of first order parent betatron or synchrotron resonances

νspin = k + kiνi + kIIIνIII , i = I, II or III
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The eRHIC basic geometry
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The 4 × 4 transfer matrix for the transverse motion through a pair of solenoids:

⎛
⎜⎜⎜⎜⎜⎝

0 −2r 0 0

1/2r 0 0 0

0 0 0 2r

0 0 −1/2r 0

⎞
⎟⎟⎟⎟⎟⎠

where r is the radius of orbit curvature in the longitudinal field.

Use 5 back–to–back symmetric quadrupoles.
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All monitors on
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All monitors on
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All monitors on
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All monitors on
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All monitors on
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80 percent monitors on



RHIC Workshop and Collaboration Meeting, BNL, Jan 2004. 15�

�

�

�

20 percent monitors on
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All monitors on and about half of the “b–b”
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All monitors on, no “b–b”, near coupling resonance
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Abs. spin integrals in the 90/90 optic
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HERA MiniRotator: Buon + Steffen

negative helicity

positive helicity

top view

side view
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56 m (“short”) → no quads.

27 – 39 GeV, both helicities, variable geometry
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Approaches: self polarisation, injected polarisation

• Self polarisation (e.g. at 10 GeV): Need high polarisation rate and low

depolarisation rate.

– Achieve by design: energy, small bending radius (super bends?), various spin

matching.

• Injected prepolarised beam (e.g. at 5 GeV): Need low depolarisation rate:

τdep >> τbeam

– Achieve by design: large bending radius, spin matching probably not good

enough for long storage (e.g. beam–beam).

Snakes can be dangerous in electron rings!

– Inject at full energy: little hope of accelerating through resonances.

– Luminosity: Need to be sure that the (vertical) polarisation is not lost

during stacking.

– Luminosity: have discussed injecting small beams and ejecting after some

damping times? Background? Stability?.....

Can be difficult to combine everything in one ring.

Booster for polarised positrons? Spin flipper?



RHIC Workshop and Collaboration Meeting, BNL, Jan 2004. 22�

�

�

�

Optimisation to maximise τdep: various forms of spin matching

• Strong synchrobetatron spin matching for designing the basic optics, e.g. use

SPINOR (matrix formalism), or SOM (C–S parameters).

• Harmonic closed orbit spin matching (after good initial alignment) for handling

remaining effects of misalignments: harmonic bumps. Possible in eRHIC?

• Harmonic synchrobetatron spin matching, e.g. for coping with dispersion

bumps.

All spin matching is based on first order perturbation theory.

It certainly helps but it is not the whole story:

higher order resonances, e.g. synch. sidebands,

but probably not too dangerous at these energies.
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Software

• Linearised spin–orbit motion: SLIM, SLICK, SITF, ASPIRRIN, SOM.

• Linearised orbit motion, full 3–D spin by pert. expn.: SMILE, thin lens

• Linearised orbit motion, full 3–D spin by 1–turn maps: SODOM I, storage needs.

• Linear + sext. orbit motion, full 3–D spin by ring section maps and Monte–Carlo radiative
tracking; SITROS ==> SLICKTRACK in future.

Diagnostics to understand what’s going on.
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Experiment machine interface near IP

• Can perturb the best spin matching efforts of man and beast!,

– Difficult to handle the messy fields (see M. Berglund thesis at

www.desy.de/∼mpybar/theses.html),

– no space for anti–solenoids?,

– want to avoid skew quads,

– e.g. the HERA Upgrade: Aaaaaaaaaaaaaaghhhhhhhhhhhhh!,

– effects will become especially apparent if great care is taken with alignment

– find a balance.
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Thick beams/beam–beam

Existing spin match might take care of beam–beam depolarisation

Thick beams: very interesting!
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General recommendations for obtaining high self polarisation
or large lifetime for stored injected polarisation

• Include polarisation in the design (lattice, rotators, optic, spin matching) from the start — it
should not be an “add on”.

• Pay particular attention to:

– alignment control and beam position monitoring

– −→ deterministic harmonic C.O. spin matching?

– facilities for beam–based monitor calibration.

– careful solenoid compensation −→ locally with anti–solenoids if possible.

• Use spin transfer matrix formalism for spin matching in exotic machines and understand the
physics of the spin–orbit coupling of each section of the ring. Ensure that there are enough
independent quadrupole circuits.

• There is plenty of software available for detailed numerical calculations of linearised spin
motion. The theory for linear orbit motion is well established.

• Very interesting depolarisation effects due to beam–beam forces have been seen at HERA and
LEP. For future high luminosity ring–ring colliders it will be very important to have a good
understanding of these effects and to be able to carry out reliable simulations with tracking
codes. This could become a high priority for running in the presence of intense proton beams.
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/cont.

• Pay close attention to polarimetry: backgrounds!! −→ build the machine around the
polarimeter(s)! Fast precise polarimeters are essential for facilitating fast adjustment of the
orbit or tunes. Build the machine around the polarimeter(s) so that bremsstrahlung and
synchrotron radiation backgrounds are avoided

• Don’t try to calibrate polarimeters during beam–beam collisions
and when calibrating polarimeters be careful about the effects of kinetic polarisation if the
ring is not flat.
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Philosophy

• We have the opportunity, with a new machine, to get it right – or as

good as possible – every step of the way.

• Polarisation is not an “add on”, it’s intrinic to the project.

• Initial calculations with initial eRHIC layouts have shown that the

depolarisation can be much too strong even at these low energies.

• Base all decisions on numerical and analytical estimates of the

polarisation achievable with the chosen layout/optic/proton beam.



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


