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Introduction

Recentfield measurementsin HERA dipole magnetsuncovereda longitudinal pe
riodic patternof sextupolemomentwhich was not expectedfrom the geometryof
the magnet’. Although the direct effect of the periodicitywould not be very large
to the performanceof the accelerator,the curious behaviorof this patternneedto
be understoodto control the time dependenceof the field quality which might be a
largeproblemfor the injection of thebeam.

During the excitationtestof thefirst short 50 mm dipole magnetDSA321, we
havetried to measurethe remnantfield distribution using Rawson-Lushtype 789
field meterwhich is a quarter-inchrotating coil of high precision.

As a result, we observeda clearperiodic patternof magneticfield. The charac
teristicsof the patternwasbasicallysimilar to what wasobservedin the sextupole
momentmeasurementat DESY. Although, thereis somewhatdifferent information
in the dataobtained.Thediscussionon thecauseof thephenomenais madetogether
with the presentationof the data.

Experimental

In the excitationtest environment,themagnetDSA321 washangedvertically in a
cryostat.A warmborewasinsertedin thebore of the magnet.A Rawson-Lushtype
789 field meter with vacuuminsulatedjacket was insertedin the warm bore. The
probewas movedup and down using gearmechanismby hand. A simple position
sensormadeof helipot is usedto find theverticalpositionof theprobe. The center
of themeasurementcoil is roughly guidedto the horizontalcenterof the warm bore
by thephysicalsizeof theprobe. Theanalogoutputof the Rawson-Lushfield meter
wasreadinto a computerthroughDVM. After the magnetwasquenched,datawere
takenin successive,at the following current: 50, 100, 200,400 on upward,100 and
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0 on the downward.Thedatawere takenin various occasionsin the courseof the
usual test procedureof the dipole magnet. Therefore the absolutevalueof some
datamayhavea little differnt offset error.

Results

Figure 1 is the measurementresultsof thefield with transportcurrentwhich surely
shows that the periodic field is a phenomenawhich is related with the hysteresis
of the superconductor.The x-axis has its origin at the centerof the magnet. The
y-axis is the field subtractedby the linear field due to the current. The datawere
takenstartingafter a quenchincreasingcurrentasat 50 A, 100 A, 200 A, 400 A and
in the down ward at 100 A and 0 A. The bump at the negativeside of the center
is the effect of the pressuregage beam1. SSC short magnethasa set of pressure
gage to measurethe preloading of the coils at this position. The beam usedto
find the pressurefrom it’s bendinghas a small magnetizationat low temperature.
The growthof this bump with the increasedcurrentindicatesthe sensitivityof this
measurement.

The periodicpatternin thefield was not observedjust alter a quenchor whenit
had a current. But the remnantfield afterthe currentis removedshowedaperiodic
patternevenwhenthe rampwasonly up to 400 A. Although the scaleof Figure 1.
is not adequateto seethe pattern,thereis a dearpattern in the signal. Enlarged
view is shownin Fig.2.

Figure 2 is the periodic patternsafter rampswith different maximum currents.
The sweeprate of the ramp in the 1000 A ramp and 7000 A ramp wereboth 100
A/sec. The amplitudeof the periodicfield becamelargerwhenit wasexcitedto the
higher field but the phaseof the signal stayedthe sane.

Since the amplitude of the periodic field is reportedto have a dependencyon
the numberof ramps the magnethad experiencedalter a quench,we also tried to
observeit. Figure 3 is the result of the measurements.There was no significant
changein thosesignals. The ramp rate was 100 A/sec and the magnet stayedat
7000 A for 1 minutesin every ramp.

The wavelengthof the periodicity was measuredby the Fourier analysisof the
data. Figure 4 and 5 are theresultswhich indicatesthat themeanwavelengthof the
periodic field is 9.65 cm. The strandpitch of the SSC dipole magnetis 86+5 mm
in the inner and 91±5 mm in the outer coil. A typical measuredstrandpitch for
the samespool of cableare 86 mm and 93 mm. A measurementin magnetDSA32O
showedthe averagedstrandpitch is 88 mm. The wavelength is thereforeequalor
a little larger thanthe strandpitch of the outer coil. It is definitly largerthan the
strandpitch of the inner coil cable.

The decayof the amplitudeof the periodic field is also analyzedusing fourier
analysis. Figure 6 shows plots of the field taken after different period of time.
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The dataarenot in the samerunbut an accumulationof the datatakenat different
occasion.Therefore,thesedatamay havedifferentoffset. Figure 7 is the decaycurve
of the amplitudeobtainedfrom the fourier analysisof thesedata. It is necessaryto
accumulatemoredatato determinethe decaybehaviorbut the changein the first
4 hours wasvery large comparedto the changein thenext 19 hours.

Discussion

This effect was once interpretedas a result of unequaldistribution of strandIc in
the cable. This was a naturalthought for HERA magnetbecausethe HERA cable
was composedof different batchof strands. However, recentmeasurementresults
at BNL and the measurementin this report tells us that the periodic field seems
to be a generalcharacteristicsof everydipole magnets. The theory basedon the
inequality of the strandshasa difficulty in the coherencybetweenturns. Random
coherencybetweenturnscouldeasilyaverageout theperiodicity. Sincethesextupole
contributionis largeat angle,and thereis a regionin the magnetwherethefield
nevergoesup too high hencealways leavea large magnetizationafter a ramp, one
could expecta little left over from the averagingout for the sextupolemoment1.
But what we have observedis a dipole componentwhich is most likely averaged
out by the phasedifferenceamongturns. The rotating coil is also sensitiveto he
sextupolecomponentbut the sensitivetyis greatly reducedby the averagingfactor

and the coil sizequarterinch. Dipole contributionof the magnetizationto the
field is not as localizedasother higherpoles. The fact that the phaseof the signal
did not no change,including whenthemagnetwas rampedup to only 400 A, is also
inconsistentwith this theory.

Oneof thepossibleexplanationwhy the periodicity existsis a formationof eddy
current loop chain. Cableis composedof many eddy currentloops. The largest
loop with longesttime constantis the one shown in Fig.8. Theseloops are tightly
coupledwith eachotherby mutualinductances.Therefore,currentdecreasein one
loop makescurrent increasein other loops. In the caseof coupledcircuit of two
eddy current loop, shownin Fig.9, the relationshipbetweenthesetwo currentsi1
and i2 are:

Llt+Mt+rlil=O 1
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The solutionof this equationin theform

ii,3t = + 3

has two time constants.They are
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= riL2 + rzLj ± /K

where,
A I 7 T2
‘-S = - T2L11 + 4r1t21v1

Short time constantrepresentthe transferof the currentfrom one loop to an-
other. The main time constantof the decayin. the main loop effectively becomes
very long. Thereforeeddy currentshavetendencyto be concentratedin one loop
in that area. As a result,Eddy currentin a cableshould look like a chainof loops
of strandpitch. Since the loops in other turns are also magneticallycoupled,the
attractiveforcebetweencurrentloops givesloopsin eachturn a tendencyto cometo
the sameposition. Thereforethe phasesof the eddy current loop in every turn be
comesthesame.Sincetherearenot only two but also manyloops coupledtogether,
the behaviorof this eddy currentis much morecomplicated.Even the directionof
the currentcould changesat somemoment41

The time constantof the eddy current can not be as long as the signal we
observed. But the periodic field producedby the eddy currentmakes a periodic
patternof magnetizationin the superconductorof the cable. Once the pattern
is transferedto the magnetizationpattern of the cable, the decayof the pattern
shows the samecreapingbehaviorof as the magnetizationof the superconductor.
If this is the case,the effect will not be relatedwith unequaldistribution of Ic nor
superconductivesplice.
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DSAS21 Ramp Current Dependence
I I I- I I I I I I I

0 20

I I

400A

I000A

7000A -

I I I I I I

40

Position [cm]

16

14

12

10

8

U
U

C,

C

C.
.4-,
0

tic

:2

I I I I I
-20

I I

7



DSAS21 Remnant Field
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Fourier Componentsof Remnant Field
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Magnetic Field [Gauss]
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r_nomln.I - 2.183
rv t -12.000 mu.
rh 6.000 mRs
skin..strs,s_3øeI< = 25.000 kpsi
skin_stress = 45.000 kpsi
contract_collar = -0.003
contract_yak. -0.002

1=300K t=4K
drv/drh drv/dpr drh/dpr pr.str dcool dh/dsl dh/ds2 rh rv rv_rhø sIc_rhø rh rv rh_rvø rv_rhø rh_ak rv_sk sk_rvø sk_rhø

-0.54 0.66 -0.05 10.00 -2.25 -0.25 -0.03 5.5 -6.4 -3.4 22.3 3.4 -9.8 -14.8 -8.0 0.0 -8.0 - 14.

Vury

Coil Pr.strn. and Cooldown Los.

-0.64 0.56 -0.05 13.00 -2.25 -0.2$ -0.03 53 -4.7 -1.8 21.7 3.3 -8.2 -fl.8 -6.4 0.0 -8.4 - 13.
-0.54 0.56 -0.06 7.00 -2.25 -0.25 -0.03 5.6 -8.1 -5.0 22.9 3.6 -11.5 -17.8 -9.8 0.0 -9.6 - 15.
-0.54 0.56 -0.05 10.00 -3.25 -0.26 -0.03 5.5 -6.4 -3.4 22.3 3.5 -10.4 -16.8 -8.5 0.0 -8.5 - 14.

Vary dr/dprntr.ss

-0,54 0.44 -0.05 10.00 -2.26 -0.25 -0.03 5.6 -7.6 -4.6 22.3 3.4 -10.8 -16.5 -8.9 0.0 -e.g - 14.
-0.54 0.66 0.00 10.00 -2.25 -0.25 -0.08 8.0 -6.4 -3.2 24.4 3.8 -9.8 -14.4 -1.8 0.0 -7.8 - 16.

Chooss

values that gin a small eollar.d coil

-0.54 0.44 -0.05 7.00 -3.25 -0.25 -0.03 5.6 -8.9 -5.9 22.9 3.6 -12.5 -19.6 -10.6 0.0 -10.0 - 15.

Vary dr/dsldn stress

-0.54 0.56 -0.06 10.00 -2.25 -0.32 -0.03 5.6 -6.4 -3.4 11.2 3.4 -9.8 -14.8 -8.0 0.0 -8.0 - 11.
-0.54 0.56 -0.05 10.00 -2.25 -0.26 -0.06 6.5 -6.4 -3.4 22.3 3.4 -9.8 -14.8 -8.0 0.0 -8.0 - 14.
-0.54 0.56 -0.06 10.00 -2.25 -0.32 -0.06 5.6 -6.4 -3.4 17.2 3.4 -9.8 -14.8 -8.0 0.0 -8.0 - 11.

Vary drv/drh

-0.40 0.56 -0.05 10.00 -2.25 -0.25 -0.03 5.5 -8.4 -3.9 22.3 3.4 -9.8 -18.0 -8.3 0.0 -8.3 - 14.
-0.64 0.66 -0.05 10.00 -2.25 -0.26 -0.03 5.5 -6.4 -2.9 22.3 3.4 -9.8 -12.0 -1.7 0.0 -7.7 - 14.
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