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Introduction. In a previous note, the effect of the pressure gageblocks contained in
the strain gagepack on cold measurementsof the dipolefield in 50 mm apertureSSCmodel
dipole DSA321 wasreported.1 It appearedthat the gage block magnetizationwas already
tending toward saturation at transportcurrentsbelow 400A, and that the perturbation in the
dipole field brought about by the eventual magnetizationwould be closeto 40 Gaussat high
currents->_1-kA,_ -

In this note we examine the effect at 5 kA transportcurrent of the gageblock on the
normal sextupoleharmonic b22, using longitudinalscandata from DSA321 andDSA323,
the first two 50 mm model dipoles to be cold tested. We also look at the gageblock
perturbation of b2 as a function of current using sawtoothramp measurementsof b2 on and
off the gagepack.

All of the data used in this memo were taken at Lab 2 using Probe11, a Morgan Coil
device with 18" active length, read out with the Lab 2 magnetometer. The measurements
weretaken by Mike Lanim, Tariq Jaffery andthe Lab 2 staff, and the initial data reduction
wasperformedby Tariq JafferyandCarol Diebold.

Figures la and lb show the positions of the strain gage coilar packs in DSA321 and
DSA323. In DSA323 the pack was deliberately moved further off-center to facilitate
exclusionof the gageblock effect in harmonics measurements,andthis is now the standard
position for the gagepack in further 50 mm aperturemodel dipolemagnets.

1M. Wake, "MagnetizationEffectofPressureGage Block," TS-SSC91-024,January31, 1991.
21n this memo, b2 is always given in prime units at 1cm. That is, b2 is the normal sextupolefield

strengthdivided by thedipole field strengthat 1cmradius, multiplied by 10,000.
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Longitudinal Scans. Longitudinal scans"z-scans" were performedon DSA321
andDSA323. Thesescanshad thegoal ofmeasuringharmonicsup throughthe 10-poleasa
functionof axial positionalong themagnet.Dataweretakenwith thecenterof Probe11 at
magnetcenterandat 2 inch intervals on either side of magnetcenterout to ±24 inches
twenty five positionsin total. At eachposition,30 measurementsweremade. At magnet
center,70 measurementsweremade.

The z-scandatawere takenat 4.2 K. First, the magnetwas rampedto quenchat 16
A/sec. Next themagnetwasrampedto 6.5 kA at 12 A/sec. andheldat6.5kA for 2 minutes.
The magnetwas then rampeddown to 110 A at -12 A/sec and held therefor 2 minutes.
Finally, themagnetwasbroughtup to 5.0kA at 6 A/sec.

Figures2a and2b showthez-scandatafor DSA321andDSA323 b2. All pointsbeyond
12 inches.30 meterson eitherside, partofProbe11 is outsidetheyoked/collaredregionof
themagnet. Only thepoints lying within thedottedlines in thefigureswill be considered
further.

Figures3a and 3b showthez-scandatafor thetwo magnets,confinedto thez positions
for whichProbe11 liescompletelywithin theyoked/collaredlengthof themagnet.

For magnetDSA321 Figure 3a, thepointsat -8, -6, -4, -2, 0, and2 inchesincludethe
full straingagepack. That is, the full length 6 inchesof the straingagecollar pack is
coveredby partof the 18 inch activelength of Probe11. Thepoints at -12 and -10 inches
containpartof thegagepack,asdo thepointsat 4, 6, and 8 inches. Only thepoints at 10
and 12 incheshaveProbe11 completelyin the yoked/collaredregion andawayfrom the
staingagepack.

It is seenthat b2 is lesspositive for points affectedby thegagepackthanforpointsaway
from the gagepack.3Themagnitudeof theeffectis about0.8 primeunitsat 1cm, although
thereis clearlysomevariationin b2 asthegagepackis traversed.

For magnetDSA323 Figure 3b, in which thestrain gagepackwasshiftedtowardthe
leadend, a largersubsetof z-scanpoints are unaffectedby the strain gagepack. In
particular,thepoints at -4, -6, -8, -10, and -12 inchesshould beunaffectedby straingage
block effects. For thepointsat -2, 0, and 2 inches,Probe11 coverspartof thestrain gage
pack. For the 4, 6, 8, 10, and 12 inch points,Probe11 coverstheentire strain gagepack.
Here, the2 inch point is unexpectedlyhigh, but thesamequalitativeeffectasin DSA321is
seen;b2 is about0.6 units lesspositivein thestraingagepackregionasawayfrom it.

30f course,the gageblock magnitizationintroducesa non-two dimensionaleffect, so that it is not
strictly correctto say thatpoints for whichProbe11 doesnot coveranypartof thestraingagepackare totally
unaffectedby thegageblockmagnitization.



CurrentDependenceof b2 Shift. Figure4 shows b2 on and off the gagepack for
magnetDSA323 asa functionof currentfor transportcurrentsabove 1 kA. Thesedatawere
takenwith Probe 11 at -9 and 9 inchesrespectively. Thesedatawere taken at 4.2 K
employinga "sawtoothramp" at 16 A/secfrom 0 A to apeakcurrentofIquench- 200 A and
backdown to 0 A. Theblackarrow-headsindicatethepartof eachscancorrespondingto the
up-ramp.

At both z positions,theusualeffect of supereonductormagnetizationis seen,in that b2 is
lesspositive on theup-rampthanon thedown-ramp. The irregularitiesin theshapeof b2
above4 kA aredueto saturationof variouspartsof theiron yoke.

Figure 5a showsthe differencebetweenb2 on and off the gagepackasa function of
current,for transportcurrentsabove1 kA4. Two setsof pointsareshownin the figure. One
setcorrespondsto thefield on theup-ramp,theotherto thedown-rampfield, It is seenthat
theshift in b2 at agiven transportcurrentis aboutthesameon theup-rampason thedown-
ramp.

Should theshift in b2 beconstantwith current?In otherwords,shouldtheshapeof the
b2 loop bethesameon asoff thegagepack? This questioncanbeaddressedwith a simple
modelasfollows.

If the gageblocks hadonly an associateddipole field B0_g, then b2 would shift by
approximatelyb2*BQ.g/ BO, whereb2 andBO arethesextupolemomentanddipole field
awayfrom thegagepack. Sincethedipole field contributedby thegagepackis of theorder
of 40 Gaussat high current, thechangein b2 due to this field will be a few parts in one
thousand,which is a smallcomparedto theobservedeffect of -0.25- 1.1 units.

On theotherhand,if thegageblockhadonly an associatedsextupolefield of magnitude
B2....g at 1 cm, then b2 would shift by 10,000* B24 / BO, that is, the gagepackwould
simply addits inherentb2 to thealreadypresentb2 of themagnet.

FigureSbshowstheb2 shift on theup-rampplottedwith a predictionusing -1.6Gauss
for B2...g.5 Clearly a small constantsextupolefield due to straingageblock magnitization
couldaccountfor themostof theobservedshapeof theshift in b2. Onthedown-ramp,the
shapewill bethesameexceptfor theshift in thevalueof BO relativeto theup-rampvalueat a
given transportcurrent,which for magnetDSA323is only about.9%.

Finally, is thechangein b2 due to thestrain gagepackconsistentfrom magnetto magnet?
Figure6 showsb2 for D5A321 with Probe11 centeredatmagnetcenter,andthedatafrom
DSA323 with Probe11 coveringtheentirestaingagepackaresuperimposed.Theshapes
of thetwo loopsareseentobenearlyidentical.

4Thereis one caveatpertainingto this plot. Thecurrentsatwhich datawererecordedfor theon- andoff-
gagepack traces were not exactly the same. Correspondingpoints in the two scanswere usedfor the
subtraction.

5As far as I know, no onehasevertried to model the fields producedby thegageblocks. Severalhours
of sketchingmagneticfield lines did not lead to adefinitive motivation for a particular sign for the sextupole
field.



Conclusion. The effect of the strain gagepressureblocks on the normal sextupole
momentsoftwo 50 mm aperturemagnets,D5A321 andDSA323hasbeenexamined.

While in magnetDSA32I thestrain gagecollarpackwasnot optimallyplacedfor these
studies,an effect canbe seen,with b2 at thegagepackabout0.8 unitslesspositivethan the
intrinsic b2 of themagnetat 5 kA transportcurrent.. Theeffect is muchclearerin thedata
from DSA323, in which the gagepackwaspurposelymovedfurther from magnetcenter.
Here, b2 atthegagepackis 0.6units lesspositive.

Currentloop dataon andoff thegagepackshow thatabove1 kA transportcurrent,the
shift inb2is notconstantwith-transportcurrent,butismoreorlessthesameonthetpramp - - - -

ason the down ramp. This is consistentwith a small constantnegativesextupolefield
amplitude1.6 Gaussat 1 cm from thepressureblocksof thestrain gagepack.
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DSA323 Normal Sextupole Moment
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D5A323 Normal Sextupole Moment
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