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Introduction: The DCA311 collar-keyedassembly,with end clamps
installedat both ends,wasfirst moledon July 17th.The files from this first pass
werelost in adisc failure on themole HP computer,and so themole scanwasdone
a secondtime on July 30th. This memo presentspreliminary results on the
harmonics,transferfunction,and mole systematicsfrom this measurement.After
a summaryof datafiles, measuredharmonicsarepresentedand comparedto
limiting values for the SSC. Figures showingthe longitudinal dependenceof
severalharmonicsandof themole horizontalandverticalpositionin theboretube
are shown.

DataFiles: Normally therewould be two HP files, one containingdata
from a centeringscan and the othercontainingthe±10 A data1. In the caseof
DCA3 1 1,boththecenteringdatafile DCA3 1 1_000andthe original±10 A and0 A
datafile DCA31 1_0O1 werelost in thedisc failure. Sincethecenterpositionof the
magnethad alreadybeendeterminedby datarecordedin the log book before
DCA3 1 1_000 waslost, it wasnot necessaryto redothecentering. For this reason
thereis only oneexisting file for DCA311 on theHP. Its correspondingfile on the
VAX clusterresidesin thedirectoryMDTFO1:SSC$ROOT:{SSC].

HP File Name VAX File Name DataContained;Recordno.’s
DCA31I_002 DCA3I1_002.READMOLE 1-52 ±IOA .

Table 1. Hewlett-PackardandVAX File Names

Note that only ±10 A datawererecordedfor this magnet. Themainreason
for taking0 A datain thepasthasbeento measureremnantfields presentin already
cold-testedmagnets. Sincethereis no iron presentin the caseof a collar-keyed
assembly,only the earth’sfield and thefield due to the coils areof interest. In
principle, the±10 A and0 A datagive two independentevaluationsof theearth’s
magneticfield, and thereforeteach us somethingaboutsystematicerrors in the
harmonicsreportedby themole; howeverit is not necessaryto takesuchdataon the
majority of collar-keyedmagnets.

The VAX file shown in Table 1 has been copied to the proj.ect area
subdirectoryTS_SSSC_PRJ$HROOT:[HARMOMCS.MOLE.DCA311]. Hereit
hasbeenrenamedCOLLAR.DAT. Thefile COLLAR.DAT containsthe52 records
of±1OA data.

1Forcollared coil DCA3IO, 0 A datawere takenat eachposition. The motivation for
this was a checkon mole systematicerrors. FromDCA31 1 on, wedo not plan to take0 A dataat
all positionsfor collaredcoil assemblies.



Results:

Harmonics.The programMULTI_PROCESS was run on the file
COLLAR.DAT to obtain theskewandnormalharmonicsshownin Table2.

For eachharmonic,the averageandR.M.S. over±7 m from magnetcenter
aregiven in Table2. Theavengevalueoverthe entirelatticeof anyharmonicmust
be lessthan theSSCSystematicvaluegiven in thetable, and no magnetmayfall
further thanthreetimes theSSCSigmavaluefrom theaveragevalue.

Pole AverageValne R.M.S. SSCSystematic SSC Sigma
b2 -2.76

cold-2.14
0.11 <0.80 1.15

lÀ 0.45
cold-0.21

0.03 <0.08 0.22

b6 -0.06 0.01 <0.013 0.018
b8 0.06 0.01 <0.01 0.0075
blO 0.02 0.00

bl -0.06 0.25 <0.04 0.50
b3 -0.00 0.04 <0.026 0.16
b5 -0.00 0.02 <0.005 0.0 17
b7 0.00 0.00 <0.005 0.01
b9 0.00 0.01
bll 0.00 0.00

a! 0.64 0.26 <0.04 1.25
a2 0.27 0.26 <0.32 0.35
a3 -0.07 0.09 <0.26 0.32
a4 0.04 0.03 <0.01 0.05
aS -.01 0.02 <0.005 0.05
a5 0.00 0.01 <0.005 0.008
a7 0.00 0.00 <0.005 0.01
a8 0.01 000 <0.005 0.0075
a9 0.00 0.01
alO 0.00 0.00
all 0.00 0.00

Table2. AverageandR.M.S. Harmonicsfor DCA31 1 Comparedwith
SSCSystematicandR.M.S.Multipoles primeunits at 1cm



Strictly speaking,only the harmonicb 8 normal 18-polelies outsidethe
toleranceband. This is the built-in harmonicwhich is usedto infer theradial
positionof themole at eachlongitudinalpositionin themagnetby its "feed-down"
to theunallowed16-pole,b7. However,ike DCA31O [1] this magnethaslarge
b2 andb4. Our studiesof 50 mmmodelmagnetscan give someinformation about
the changein b2 andb4 with yoking and cooldown,asshownin Figure 1. The
expectedchangesin b2 andb4 on yoking andcooldownare4.9 units and-.24units
respectively,andtheexpectedcoldvaluesof b2 andb4 areshownin Table2.

Figures2a and 2b show the averageand R.M.S. valuesof the skewan
andnormalbn harmonicsover±7 metersfrom magnetcenter.

Figures3a, 3b, and 3c show thenormal sextupole,normaldecapole,and
skew quadrupoleasa function of mole centerposition the mole has-24" active
lengthwith respectto magnetcenter.

Figures4a and4b show the mole positionoffset from aperturecenterin
mils calculatedusing the feed-downfrom thenormal18-poleto thenormal16-pole.
Thatis, it is assumedthat any 16-polethat is presentis from suchfeed-down,and
themulti-polesarecorrectedaccordingly.



TransferFunction. Table 3 showstheDCA31O collared coil assembly
transferfunction measuredat ±10 A. The first column of the table gives the
positionrelative to magnetcenterin meters. Thetransferfunctionvaluesherewere
obtainedby dividing the dipole field asmeasuredby one of themole’s bucking
coils by the averagecurrentduring themole measurement.Theearth’s magnetic
field hasbeeneliminatedby an appropriatelinearcombinationof ÷10 A and-10A
measurement.The expectedvalue of, the transferfunction for the collaredcoil
assemblyis 7.95 Gaussper Amp2.

z Transfer Transfer
meters Function Function

Gauss/Amp Angle
degrees

T&BL.E S.

7.620 2.044 1.2
7.010 7.937. 1.2
6.400 7.914 1.1
5.791 7.913 0.9
5.181 7.915 0.8
4.572 7.912 0.6
3.962 7.913 0.4
3.352 7.913 0.3
2.743 7.913 0.2
2.133 7.910 0.2
1.524 7.910 0.1
0.914 7.912 0.0
0.304 7.911 -0.2

-0.305 7.914 -0.3
-0.305 7.913 -0.3
-0.305 7.912 -0.3
-0.305 7.912 -0.3
-0.305 7.912 -0.3
-0.915 7.914 -0.3
-1.524 7.912 -0.5
-2.134 7.910 -0.7
-2.744 7.911 -0.9
-3.353 7.913 -1.1
-3.963 7.912 -1.2
-4.572 7.912 -1.4
-5.182 7.912 -1.6
-5.792 7.911 -1.6
-6.401 7.915 -1.8
-7.011 7.930 -1.9
-7.620 2.236 -2.7

2RamcshGupta,privatecommunication.



Mole Precision. Starting with this magnet, five independent
measurementsof theharmonics3weremadeat a position onefoot towardthelead
end from magnetcenter. Thepurposeof this was to evaluaterandomerrorsin the
mole-measuredharmonics4.Table 4 showstheaverageandrms of eachallowed
harmonicandthe first two skewharmonicsfor this setof measurements.

Harmonic Meanand
RMS

units ® 1 cm
b2 -2.84±.05
b4 0.45±.03
b6 - 0.066±.006
b8 0.064±.004

al 0.85±.l7
a2 0.12±.06

Table4. Allowed andFirst two SkewHannonicsnearMagnetCenter
MeanandRMS values

It is seenthat b2 is known to less than2%precision,while al and a2 are
only measuredto 20% and50%precision.

For additional information on these measurements,please
contact Steve Delchamps at 708 840-2416 or send E-mail to
FNAL: :DELCHTS.

3Eachmeasurementis alreadyanaverageover threespinsof the mole.
4We know very little aboutsystematicerrorsin the mole measurementdue for example

to constructionerrors. BNL sourcesclaim sucherrorsare "small."
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b2 vs. b4 for DSA Series

Decapole units at. 1 cm
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DELTA X vs. POSITION
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