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In this paper it is shown how the magnetic center and axes .location in a quadrupole
lens can be rapidly and rather precisely achieved by means of the technique of peakingstrips 1)
excited by a sinusoidal, fixed frequency magnetic field, oriented along the peaker axis.

Two peakers conveniently placed and oriented in the lens determine the position of
the magnetic center with respect to the mechanic one, together with the configuration of the
axes of the field distributien.

Among the methods for magnetic center location commonly used for gradients in the
range (300 + 700) Gss/cm, the current carrying wire placed along the lens can be mentio-
ned; every element of the wire, at a distance AS from the axis, is subject to the Lorentz
force, that is compensated with a tension T proportional to the local value of the induction and
to the current i in the wire.

- 2
The attainable accuracy of this method-is of the order of + 10 1 mm.( )

As a second example, the procedure based on the Cotton-Mouton effect can be men-
tioned, in which a white, plane polarized light beam, going through a colloidal suspension of
particles of ferroso-ferric oxide undergoes an anisotropic scattering with patterns the confi-
guration of which is determined by the n-polar field distribution in which the suspension is
placed.

This method has been succesfully used at SLAC(3) and gives for the attainable accu-
racy a value of ~ 3 x 10-2 mm,

Location of the magnetic center can be achieved using a rotating coil.

The contribution from the quadrupolar field can be minimized if the loop is symme-
tric; in this case the induced f. e. m. is proportional only to the bipolar field, that is a function
of the distance AS between the rotation axis of the coil and the magnetic axis.

The accuracy allowed can be estimated to be of about + (1 + 2) x 10-1 mm.

e

The adopted method allows accuracies of the order of £2x 1072 mm,

The suggested procedure, -

The ferromagnetic material, used for peaking strips has a static hysteresis loop al
most rectangular and narrow, with a maximum permeability value, for infinitely long wire, of
the order of 105, and low coercitive field, He ( ~ 10 A/m). ‘

An external field parallel to the wire axis with an intensity of the order of 10’1oersted
is then sufficient to reverse the magnetic polarization vector inside the wire, As a consequen
ce of this fact an indu.ced voltage signal is available in a pick-up coil; the time duration of the
signal depends upon H, the geometrical dimensions of the peaker and the properties of the
material, and its amplitude is proportional to the exciting magnetic field derivative He, ac-
cording to the approximate relation:



Bs .
> 2NS =— H
Vpick—up NS Hc e

(1)

where BS is the saturation value of the induction in the wire, S its cross section and N the
number of turns in the pick-up coil,

The operating principle is illustrated in Fig. 1.

If the exciting coil produces a sinusoidal field H, with frequency », amplitude >
> l Hc | and zero mean value, the time distance between the induced voltage peaks is:

(2) T, = 1/2 ¥

The pulses are induced in the time interval in which the condition:

(3) Hti-.Hc=o

is valid, where H; is the total field in the region occupied by the wire.

If an external field parallel to the peaker axis, H"., smaller than the maximum
value of He, is superimposed to He, a variation takes place in the time separation between
the peaks:‘the derivative B'C/BH“ is a characteristic of the wire used, and it is propor
tional to (H)-1, (Fig. 2).

If 'the value of QT/QHI. for the peaker used is known, the measurement of
AT gives the amplitude of the external field component parallel to the wire axis,

Our apparatus consists of two peakers located in a support which can be aligned
with the mechanical center of the lens, and an electronic magne’cometer(4 -working as ti-
me-~-amplitude converter, for the measure of AT.

‘The two peakers were set magnetically normal one to the other by means of an
external field with known direction.

The component H)) parallel to the peaker axis can be measured provided that
the normal component Hy  is smaller than a critical value H’_‘L which depends from the

dirélensions and quality of the wire. In our case this value was found to be of the order of
10° Oe.

With our .device the magnetic center position can be measured either transla-
ting the peakers using the instrument as a null meter, or reading its deflection with the
peakers aligned on the mechanical center, using the calibration curve to determine the
field; for a given gradient one can then derive the center position.

If a peaker is placed in the lens so that its vertical axis is aligned with the geo
metrical one, the variation in the time separation of the peaks is a function, fora given
gradient, of the distance AX between the vertical mechanic - and magnetic axes (see
Fig. 3):

~ G 9T
(4) AT = (37—) *Ax.

In the same way an horizontal peaker gives a measure of the value A Z of the
displacement between the axes,

The position of the center of the peaker is not critical, provided the transverse
component of the field along the peaker is less than H_’f_ . With the notations of Fig, 3, this
means, if f is the vertical coordinate of the center of the wire
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2
For G = 10” Gss/cm and Hf = 10° Oe, ";’ must be less than 10 cm.

In order to measure AX and AZ with an accuracy A4Y, it is necessary to
read a deflection Ai of the instrument

(6) Ais= et AY=GAY<;B

where € and €' are the sensitivities of field and displacement measurements.

Their values, after proper adjustments of the electronic apparatus and fixing
the excitating field parameters { ¥ = 1 KHz, Hglax = 60 Gss), were, at G = 102 Gss/cm:

1 9i
Sp~ s Tay ~ 72 AA/Gss
(71
Qi 2
QE(G) =g_31}'= 7.2 x 10° mA/mm

The values (7) represent the slope of the calibration curve in correspondance
of the linear region of the sinusoidal exciting field.

The sensitivity of the instrument was:
(8) di=+0.4 MA
so that the minimum detectable value of the external field turns out’

(9) Hy o= +5x 1073 Ges
and the minimum value of the displacement AY is limited by the mechanic s.ensitivity of
the apparatus, that is of the order of (1 + 2) x 10-2 mm,

The upper limit Hrl?ax for an external field, measurable with a non biased pea
ker, is lower than the maximum value H*®X of the exciting field, because the pulses de
teriorate when the derivative H, decreases,

The value of Hﬁ?ax was determined during the calibration of the instrument
with a known field at different values of Hy . The calibration curve is linear in the range
1 4
+ 15 Gss, while the value of Hrﬁlax was found to be

(10) Hy "™ = +34 Gss

independently from Hj up to about 1 KGss,

max

The maximum value for the displacement, AY , is then, for G = 102 Gssfm:

C
(11) AYTH (@) = Mo 2 Y = + 3.5 mm

The peaker magnetic axis can be determined with respect to the external refe-
rence.on which the peaker itself is aligned, rotating by 180° the whole apparatus around
a direction parallel to the wire (Z axis in Fig. 4 for the case of a vertical peaker). In the
Fig, 4a) configuration the output of the instrument in a function of the distance between
the wire and the magnetic axis



(12) A - GE, (AX+ $ x)

being S X the position of the wire with respect to the external reference,

The output Ai(b) in the Fig. 4b) configuration is proportional to (AX - d'x),
so that we have

(13) B35 = o { 8 Ai(b’}
B

After this calibration in the two planes, the magnetic position of the axes can
be determined within the mechanical errors of the apparatus (in our case about + 0, 02 mm).

Results. -

The described ?rocedure was used to locate the magnetic center of the Adone
Storage Ring quadrupoles 5) and to control their dependence from the gradient strength.

First the position of the magnetic center with respect to the mechanic one was
determined, at a fixed value of gradient, GX in one of the lenses taken as reference, using
the mentioned calibration system to avoid sistematic errors.

The magnetic centers of the other lenses were then determined measuring their
displacement with respect to the magnetic center of the reference lens; during the measu-
rements each quadrupole was connected in series with the reference one, Fig.5 shows the
dependence of AX and AZ from the gradient strength in one of the lenses (F'ig, 5a) and
the distribution, over the 49 lenses, of the same quantities, at G = 4 x 102 Gss/cm.

As said in ref.(5), the Adone quadrupoles an rather unconventional having not
circular simmetry around the optical axis to get an elliptic useful region as required,
and having amagnetic yokes on the sides to avoid a large background due to lost electrons
in the median plane of the ring. This fact gives some explanation of the relatively flat
distribution in AX shown in Fig. 5b.

All the measurements were performed with peakers using Nilomag 771, 0,1 mm
diameter wire, With the mentioned exciting field, Hy,,, = 3.8 x 104 Gss/sec, the pulses
width was of the ordér of 8 + 10 ALsec,
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FIG. 1 - The working principle of a peaker.
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FIG. 2 - Showing the effects on the time separation due to
an external constant field.
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FIG. 4 - Showing the calibration procedure.
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FIG. 5 - Experimental results..



‘snyeaedde Hﬁc&dﬁp@mxm -9 'Ol





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


