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Introduction

The periodic field patternin dipole magnetswhich was first observed[h] in HERA
magnethasbeennow observedin other magnets.The explanationfor this phenom
ena is given in a few different ways2][3114]. It is interestingto find whetherthe wave
length of the periodic field is determinedby the outer coil or inner coil. It is also
interestingto makea temperaturegradientin the magnetto find whether this effect
is a overall current effect or local magnetizationeffect.

MagnetD50315is the last magnetof aseriesof 40 mmshort dipole magnetwith
vertical split yoke. We havemademeasurementin this magnetwith the purposeof
aboveinterest.

Experimental

Becauseof the good thermal conductivity of copperstabilizer, it is very difficult
to make a temperaturedistribution in a dipole magnet. The magnetD50315 was
hangedvertically in a cryostat. The measurementwas startedafter a ramp up to
6000 A. The cryostatwas left without refill of liquid helium for 2 days to let liquid
level gradually decreaseto below the magnet. The measurementwas madeby a
Rawson-Lushtype 789 field meter with vacuuminsulatedjacket. The probe was
movedup anddownusinggearmechanismby hand. A simpleposition sensormade
of helipot was used to find the vertical position of the probe. The center of the
measurementcoil was roughly guided to the horizontal centerof the warm bore by
the physical size of the probe. The analogoutput of the Rawson-Lushfield meter
wasreadinto acomputerthrough DVM. The rangeof measurementin axial position
was limited by the length of the probe shaft.
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Results

Figure 1 is a typical wave form after a ramp up to 6000 A. The peakin the center
of the magnet is due to the magnetizationof the gageblock[51 which is something
else than this periodic field. The peakin the right side of the figure is the effect of
the turn aroundof the coil, wherealmostentire angleof the crosssectionis covered
by superconductor.The edgeof the iron yoke is also determinedby the shapeof
the fourth measurementthesepositions all agreewith the constructiondrawings.
The wave length measuredfrom the peakto peakdistanceof the first measurement
was 80 mm. The measurementright after a ramp was analyzedto give a better
definition of the wavelength. The fourier componentsof the waveis shownin Fig.2.
The comparisonof the wave shapewith the reconstructedfit to the sinusoidalwave
of wave length 75.3 mm is shown in Fig3. Measuredvalue of strand pitches are
74 mm for outer and 76 mm for inner coil. Unlike 50 mm magnets,there is not
largedifferenceof strandpitch betweeninner andouter coil. The wavelength of the
periodic field agreeswith the strandpitch within the accuracyof the measurement.

The measurementswith reducedliquid level weremadeat the time 24 hoursafter
ramp1, 26 hoursafter ramp2, 32 hoursafter ramp3 and42 hoursafterramp4.
Theseresultscorrespondto the numbersin the Figure4. Fromthe top to thebottom
is the time sequence.Sincethe liquid level gageonly extends18 inchesfrom the top
of the magnet,the liquid level indicatedin the figure arethe estimationbasedon the
linear extrapolationof the level change.By the time whenthe measurement4was
made,the magnetwas totally exposedinto gas phase.The temperaturesindicated
in the figure are the readingfrom the temperaturegageattachedon the yoke skin.
Therefore,it shouldreadconsiderablyhighertemperaturethan the coil temperature.

Discussion

Despitethe indication of the temperaturegage, the peaks in the top part of the
magnettells that thereis somesuperconductingmaterialat this position in the first
three measurements.In the fourth measurement,this part is normal becausethe
field simply follows the remnantfield of iron yoke. In the first threemeasurement1,2
and 3, the height of the peak decleasedsignificantly with successivemeasurement
i.e. As the temperatureincreases. This means some part of the superconductor
madetransition to the normal state or, at least,J of the superconductorin this
part decreased.The remarkablefact is that the left edgeof the figure did not make
significant changeincluding periodic patternsin the first threemeasurements.The
normal transition or J-c changein the top of the magnethas no effect to the part
of the magnetwhere the temperatureis kept cold.

To eliminate the possibility of survival of small J, superconductivitythrough
entire length of the cable, we measuredthe resistanceof the magnet during the
warm up processof other runE6]. This was done by placing 1 Ampare throughout
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magnetandmeasuringthe voltageacrossthe magnet. This resitancemeasurement
run was doneindependentlyof the remnant field data run becausethe excitation
of any transport field might disturb the remnantfield. Figure 5 is the temperature
and liquid level patternin both warm up process.Although, the top thermometer
of the skin in the measurementrun was occasionallycooled by the evapolatedgas
causedby the insertionof magnetometer,both pattern are pretty much alike. The
measurementpoints andthe estimatedcorespondingpointsin the referencerun are
indicated in the figure as arrows. The resistancegrowth of the magnet is shown
in Fig.6. From the plateauat time 64 hours, the normal resistanceof the magnet
is found to be 7.5 mfl which ,in comparisonwith room temperatureresistanceof
520 mfl, gives RRR=70. The first linear part could be the lead cable. The next
parabolicor cubicpart, which is a two or threedimensionalexpansionof the normal
part, starts at time 40 hours which correspondto the time just before the first
measurement.By the time 3rd measurementwas done, one can say 3 % length of
the cableshouldhavemadetransition to normal.

This observationis against the theory which is basedon the transport current
loop through the joint of the cable.The interpretationof the phenomenabasedon
the formation of thepatterndueto themutualinductancecouplingbetweencurrent
loops can count for this observation.
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Fouriere Componentsof Periodic Field

0.4

0.2

0.0

-0.2

I,

Co
Co

t$
C
I,

ci

4-
-I

2 4 6 8 10

Wave Length [cm]



‘9

Magnetic Field [Gauss]

I-.

P
C

C
ci b ci o

C

C."

0

C

C-,

0

C’
C
Co
I’

01

CD

S
p

CD

‘-I.

CD
pJ

03
C

03
C."

A
C

c#J

S



14

12

10
Co
Co

C,
L-J 8
-4a
-4

C
-4

.4-
C

t&o
aS

6

4

2

DS0315 Remnant Field

pt

-20 0 20 40 60 80
Position [cm]



Measurement Run
15.0 Data File:

cryoloq_r1315..17.bin
Ifl 5 First Data Read:
ic.

25-FEB-1991 17:45:05
Plot limits:

10.0 25-FEB1O91 15:00:00
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ReEerence Run
15.0 Data File:

cryoloq_r1315_24.bin
First Data Read:
1-MAR-lOQi 17:34:21
Plot limits:

10.0 1-MAR-1QQ1 15:00:00
4-MAR-lQQ1 10:30:00
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