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Storage Ring Quadrupole Magnets
There are 400 quadrupole magnets in the storage ring. There are one of each 
quadrupole magnet in each sector identified as followed: AQ1, AQ2, AQ3, AQ4, AQ5, 
BQ5, BQ4, BQ3, BQ2, and BQ1. There are three lengths of quadrupole magnets in the 
storage ring (0.5 m, 0.6 m, and 0.8 m). The AQ1, AQ3, AQ4, BQ4, BQ3, and BQ1 are 0.5 
m long magnets. The AQ2 and BQ2 are 0.8 m long magnets. And the AQ5 and BQ5 are 
0.6 m long magnets. There are a total of eight different magnet configurations. These 
configurations are shown in figures 1 through 8.

In addition to these quadrupole
magnets there are also nineteen 
skewed quadrupole magnets in the 
storage ring. Skewed quadrupole
magnets are quadrupole magnets 
rotated 45°. These magnets are 
identified as AQS or BQS and are 
located in the odd sectors from 3 
through 39. The AQS skew 
quadrupole magnet is shown in 
figure 9.
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Parameters for the Storage Ring Qudrupole Magnets 

 Q2 Q5 Q1,Q3,Q4  
Number Required 80 80 240  
Strength at 7.0 GeV 18.9 18.9 18.9 T/m 
Effective Length 0.8 0.6 0.5 m 
Gap Height or Diameter 80 80 80 mm 
Total mass of Magnet 1815 1374 1153 kg 
Beam stay clear  
     Horizontal ±35.0 ±35.0 ±35.0 mm 
     Vertical ±20.0 ±20.0 ±20.0 mm 
Coils per Pole 1 1 1  
Conductor  
     Height 11.5 11.5 11.5 mm 
     Width 11.5 11.5 11.5 mm 
     Hole Diameter 6.3 6.3 6.3 mm 
Number of Turns per Pole 32 32 32  
Total Inductance 27 20 17 mH 
Total Resistance 44 35 30 mΩ 
Time Constant 614 571 567 ms 
Peak Current 412 412 412 A 
Current Density in Coil 2.6 2.6 2.6 A/mm2 
Voltage 18.3 14.3 12.3 V 
Power 7.5 5.9 5.1 kW 
Cooling Water Circuits per 
Magnet 4 4 4  
Total Water Flow 2.8* 3.2* 3.4* gpm 
Water Pressure Drop 40* 40* 40* psi 
Water Temperature Rise 13* 9* 7* °C 
     
*Will be redesigned at 80 psi     
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Figure1: AQ1 (31010203-00029) Quadrupole Magnet (0.5 m) is shown. The AQ3 and BQ4 
are identical to this magnet. 

Figure2: AQ2 (31010201-00101) Quadrupole Magnet (0.8 m)
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Figure3: AQ4 (31010203-00031) Quadrupole Magnet 
(0.5 m). Notice the center spacer is tapered on the inside to 
clear the vacuum chamber.

Figure4: AQ5 (31010202-00027) Quadrupole Magnet (0.6 m). Notice the special 
center spacer that straddles the vacuum chamber. Also notice the special 
cooling tubes around the center spacer.
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Figure5: BQ5 (31010202-00028) Quadrupole Magnet (0.6 m). Notice the tapered 
center spacer that clears the vacuum chamber. Also notice the special cooling tubes 
around the vacuum chamber.

Figure6: BQ3 (31010203-500000) Quadrupole Magnet (0.5 m). 
Notice the slot in the center spacer to clear the cooling pipe.
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Figure7: BQ2 (31010201-00102) Quadrupole Magnet (0.8 m). Also notice the special 
cooling tubes around the center spacer.

Figure8: BQ1 (31010203-00030) Quadrupole Magnet 
(0.5 m). Notice the radial cut out of the center spacer to 
clear the vacuum chamber. Also notice the special 
cooling tubes around the vacuum chamber.
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Figure 9: AQS (31010204-00012) Skew Quadrupole Magnet.



Mark Jaski
Last edited on 
November 23, 2004

Mechanical Engineering GroupMechanical Engineering Group
Accelerator Systems Division

Storage Ring Quadrupole Magnets



Mark Jaski
Last edited on 
November 23, 2004

Mechanical Engineering GroupMechanical Engineering Group
Accelerator Systems Division

Storage Ring Quadrupole Magnets



<<
  /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
  /SyntheticBoldness 1.00
  /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


