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Abstract

Oho, Tsukuba-shi, Ibaraki-ken, 305, Japan

magnetic centers. A typical series measurement scenario is
shown in Figure 2. Note that the magnets are all measured

The KEK B-factory rings (LER and HER) will have aboutat the same polarity (focus), unless mentioned otherwise.

900 quadrupolemagnets. One-third ofthem are recycled
TRISTAN magnetsand two-thirds are newly-fabricated
magnets. The magnetre measured irparallel with
production and rapidfeedback isgiven to the factory
production line if a magnet fails to satisfy the

specifications. A couple of examples of spotting bad

magnetsare shown. A unigue problem regarding the

Initialization Short Coil Long Coil 500A
current measurement measurement
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time

recycled TRISTAN magnets is also presented. Preliminafjgure 2: A typical scenario for series measurements.
results from thequadrupole magnet measurements are

summarized in the table at the end.

1 THE MEASUREMENT SYSTEM

A harmonic coil system isused for the field
measurements. A schematitagram ofthe system is

shown in Figure 1. The analog signal from the coil i

brought to the integrator (PDI5025nd digitized. A

2 QUALITY CHECK OF THE NEWLY-
FABRICATED MAGNETS

Table 1 gives the basjgarameters othe newly-fabricated
guadrupolemagnets. Dimensionathecksare carried out
on eachmagnet at the productiotine. However, a
gagnetic field measurement isalso done for each
guadrupole magnet as it is a malieect and accurate way

Fourier Transform is performed on the waveform to obtai#® checkthe magnet quality. Some problerhave been

the multipole components of thield. The accelerator
control system EPICSwhich is alsoused inthe control
system for the KEKB-factory[1], is used aghe data
acquisition software.
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Figure 1: Schematiciagram of the field measurement
system. A mover isused for adjusting the magnet
position with respect tothe measurementystem (not
shown).

CAMAC

The integrated field strength along the beam axis is

measured at 6 different currer{t0,200,300,400,500 and
0A) by a long harmonic coil foeachmagnet. There are

found by the field measurements.

Mag. name r(mm) L (mm) B'(T/m) # of Mag.
Qarc(LER) 55 0.4 10.2 416
Qrf(LER) 83 0.5 6.32 42
Qarc(HER) 50 0.5 12.7 82
Qrf(HER) 83 1.0 6.32 44

Table 1: Parameters of the new quadrupole magBets.
radius, lamination lengthand the field gradient are
represented by r, L and B', respectively.

Figure 3 shows an example of a bad madoethd among
the Qarc(HER) magnets. The majnadrupoleamplitude
was ~0.4% smaller than tteverage. The same magnet
showed a largersextupole component whidhdicates an
unbalancedield. Electricaltests performedlater showed
that one of the coils was partially shorted. It viesnd
that the coilswere woundmanually for the first ~10
magnets resulting in uneven winding, whichsisspected
as a cause of possibtiamageduring transportatiofrom
the factory to KEK.

An example of a different problem is shown in Figure 4.
The Qrf(LER) main amplitude distribution shows a
currentdependencelhreegroups appear at500A due to
iron permeability differences at high magnetic fiel@ihis
problem wasaccountedor by assigning magnetsom
the same group to the same power supply.

also three short harmonic coils along the beam axis. The

dipole componentsneasured byhe short coils are used
to calculate the transverse offset betwten physical and



was made to evaluate areHucethe hysteresigffect with
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Figure 3: The main amplitudand the normalized
sextupole componenare plotted against themagnet
measurement sequence. The solidle in eachplot (the "
14th magnet to beneasured) corresponds the short-
layered magnet.
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Figure 4: Qrf(LER) main quadrupole amplitude

distribution at various current3.hree groups appear at £t
500A due to iron permeability differences. § r
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3 HYSTERESIS OF THE RECYCLED Eol ©Q831202F o
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One-third ofthe HER quadrupolemagnetsare recycled £ | o°
TRISTAN magnets[2]. They were used as either focusinge®s |- s s °
(F-type) or defocusing (D-type)lenses at a maximum r .
current of 1500A during TRISTAN operation. These o1 L ] o
magnetswere neverdemagnetizedvhen theywere later g °
removedfrom the tunnel. At the KEKB-factory the w b g C
recycled TRISTAN magnets will bepowered by 500A- r o ge8 .
capacity powersupplies. Therecycled magnets were b

measured undehe same conditions as the new magnets. ° " T T T T T e w0 am s
Figure 5 shows the main amplitude distributiorb@0A. current(A)
There are two clear peaks; the TRISTAN F-type magnd®gure 6: The main amplituddifference betweenthe F-
form the uppemeakandthe D-type magnets form the andD-connections is plotted as a function afrrent for
lower peak,due tohysteresis. Thelifferencebetween the two TRISTAN F-type magnets. The hysteresifect has
former F-type and the D-type magnets has eurrent a minimum at around 250A.

dependence, as shown in Figure 6. €ffect of historical

polarity is measured to be as large0a®&%. An attempt



allowed higher multipole, has beesducedafter the shim
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Figure 7: An attempt toeducethe hysteresieffect by 4
alternating the polarity of the initialization. A TRISTAN © 2 3 4 5 6 7 8 5 10 11 12 15 15 18
D-type magnet was used. Even numbers on the horizontal Multipole Order

axis indicate that the magnet wasonnected as D (the Figure 8: Normalized multipole amplitude plotted as a
same polarity as in TRISTAN), whiledd numbers function of multipoleorderfor Qarc(LER) magnets. The
indicate F (the reverse polarity). The amplitude is solid circle indicatesthe 6th multipole before the
normalized by the amplitude of ttiest F-connection for correction. The requirement for the lowest allowed
each current. Since the magnet was originafigrated as multipole (n=6) is indicated by a dottdéhe. The error

a D-type magnet at a maximueurrent of 1500A, it  bars indicate one standard deviation of each multipole.
retains the D-type hysteresis. Th#ect couldnot be

removed by the usual 500A initialization loop. The recycled TRISTAN magnetspresented ahysteresis
problem, coming from thefact that a proper
4 SUMMARY demagnetization process was not undertaken upon removal

95% of the quadrupole magnets have been measured. fregr the TRISTAN tunnel. ~ Some hysteresis was
field measurements have successfully spotted magnétectedbut not adarge as whahas beerobserved by
with problems. Rapid feedbackhas beengiven to the the field measurements. It has been decided to group them
productionline andthe problemshave been solved. The separatelywith respect tothe KEKB power supplies.
quality of both the newly-fabricatedmagnetsand the About 50 recycled TRISTAN magnets were measured with
TRISTAN recycled magnets has beenhecked and is the same polarity as the new magnets (F-connection),
summarized inthe table below. Ther.m.s. of the independent of the original TRISTAN polarity.
normalized(by the mean valuejntegrated field of the However, the later measurements of about 250 TRISTAN
recycled TRISTAN magnets isalculatedfor eachpeak in magnets have been performed with Ki&KB polarity, in
Figure 5. It isfound to beconsistent with the original order to avoid any additional errordue to switching
measurements[3]. Both neand recyclednagnets satisfy Polarity betweenthe measurement beneimd the KEKB

the requirements[4for ther.m.s. of AX, AY (transverse tunnel.

field offsets) and the normalized main amplitude. The remaining work, such as the evaluation of the
AX(um)  AY(um)  Norm.amp absolute value of the magnetfield and the effective

Requirement <100 <100 <1.0e-03 length, and the study of the interference between
Qarc(LER) _ 40 40 6.0e-04(500A) neighboring magnets, etc., will follow theseries
Of(LER) 30 30 4.0e-04(300A) Measurements.

6.8e-04(500A)
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betweenthe physicaland magnetic centers. The last

column shows r.m.s. of the normalized main amplitude.
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