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Abstract Figure 1: The error in determining the magnegnter is
plotted for horizontahndvertical directions in thdower
The quadrupolemagnets for the KEKB-factory have plots. The standard deviation of the distribution is |1#fh5
beenmeasuredusing two harmonic coil systems. Thefor both directions. The upper plots show tbffsets
~900 quadrupole andhe ~200 sextupole magnetgere betweenthe mechanical(defined bythe externalfiducial
measured over a period of b8onths at KEK.One-third POiNts) and the magneticcenters inthe horizontal and
of the quadrupoles are recyclddRISTAN[1] magnets and \Ifne:'calt directions, - respectively, for th@QA(LER)I
two-thirds are newly fabricated magnets. Preliminary gnets.
results of the magnetiteld measurementsre given for
the newly fabricated magnets. A unique problegarding

the recycled TRISTAN magnets is also presented.
temperature of the experimentaka variebetween23.5
1 MEASUREMENT OUTLINE and 25.5 degree(with 0.5 degree inr.m.s.) while the
A harmonic coil system consisting of one long coil angemperature of the cooling water was kept constiaring
three short coils isused. Thereare two sets ofsuch 18 months. Theupper plots of Figure 1 shows the
systems, one for measuring the LER magreetd the distribution of the offsetbetweenthe mechanical and
other for measuring the HER magnets. The analog signaiagnetic centers for th@A(LER)I magnets. The B'L
from the coils are digitized by an integrator (PDI5025). Ajistribution of the same set dfta isshown in theupper
Fourier transform isperformed toobtain the multipole plot in Figure 2. Both distributions are significantly

components of the magnetic field. Theceleratocontrol  proader than the error and reproducibility distributions.
system EPICS[2] isused for data acquisition. The

The lower plots inFigures 1and 2show theerror and
reproducibility distributions. Areffort wasmade to keep
the experimental condition as constant as possible. The

measurement begins by optically aligning theagnet X/ndf  19.00 / 15
with the harmonic coil system. Two plateslded to the Constant 43.88
upstreamand downstream ends ahe magnet yoke are Mean 9999

Sigma .5942E-03

used to hold the optical target, which supplies the
reference. Afive-axis mover isusedfor positioning the
magnet into alignment with the measuremsgstem.
The magnetswere measured athe same polarity (F-
connection, F for focusing), unless mentioned otherwise.
The integrated fieldstrength(B'L) is measured at several
different currents foreach magnet. Dipole components
measured bythe short coilsare used tocalculate the
transverse offset betwedhe mechanicaland magnetic
centersalong the beam axis. The alignmeatror and
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measurement reproducibility of B'lare estimated by Figyre 2: The standardmagnet output(B'L) measured

measuring the same magnet (8tandardmagnet)every over the period of ~1 year is normalized byatgrage and

10 days on average over the series measurement periodplotted (bottom). The upper plot shows the B'L from all
QA(LER)I magnetsmeasuredover the sameeriod as a

X¥/ndf 5025 / 8
Constant 62,00

X/ndf 5711 / 6
Constant 81.64
M

comparison.
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B : 2 NEWLY FABRICATED MAGNETS

L L The newly fabricated magnets were measured in parallel
! ! \ with production. Rapideedbackwas given to thdactory
X¥/ndf 9599 / 1

Constant 22,31
—.1288E-02
.1658E—01

X/ndt 3072/ 1
Constont 23.90
Mean .6531E-03

Sfama .1576E-01

production line
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if a magnetfailed to satisfy the
specifications. B'L, the multipole components, titset
betweenthe mechanicabndthe magneticentersand the
median plane are the main parameterschecked by the
series measuremeniBable 1 gives the basigarameters
of the newly fabricated magnets.



~0.1 mrad, which is satisfactory from the alignment point

Magnet r L B' # of view.
QA(LER)I |55 0.4 10.2 284
QA(LER)I |55 0.4 |10.2 132 ® X/ndf 4739 ] 7
Qrf(LER) | 83 0.5 |6.32 42 w L Constont il
QS(HER) | 50 0.5 12.7 82 Sigma T 1074
Qrf(HER) | 83 1.0 6.32 44 0 -
Table 1: Magnet parameters for new magnets. Badtis,
lamination length and thield gradient are represented by 2 -
r(mm), L(m)andB'(T/m), respectively. The last column
gives the number of magnets manufactured. °or
The r.m.s. of the offsets\x and Ay) between the - —o“a —n‘)‘s _!),4 —<‘),2 l 02 04 o‘.s o‘,s |
mechanicaland the magneticcentersand B'L at the mrod

maximum current (500A) are summarized irable 2. It
is found that the r.m.s. ofAx,Ay and B'L are small
enough and satisfy the beam optics criteria[3].

Figure 4: The QA(LER)II median plane distribution.

The series measurememstectedseveralbad magnets..
Figure 5 shows an example of a bad magnet found among

Magnet | Ax(um)| Ay(um) | B'L/<B'L> the Qs(HER) magnets. The maguadrupoleamplitude
QA(LER)I 50 30 6.0e-04 was ~0.4% smaller than tleverage. The same magnet
QA(LER)II 40 40 7.0e-04 showed a largersextupole component whidhdicates an
Qrf(LER) 30 30 6.8e-04 unbalancedield. Electricaltests performedlater showed
QS(HER) 60 50 4.8e-04 that one of the coils was partially shorted. It viesnd
Qrf(HER) 50 40 5.2e-04 that the coilswere woundmanually for the first ~10

Table 2: The first two columns give the r.m.s. of themagnets resulting in uneven winding, whichsisspected
horizontalandvertical offsetsAx andAy. The r.m.s of as a cause of possibtamageduring transportatiofrom
normalized (by the average) integrated fisttength at the the factory to KEK.

maximum current is given in the last column.
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The requirements fothe higherorder multipoles are | R
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also satisfied forall types ofquadrupolemagnets.Shim
corrections have been made for certain types of magnets
order to reducethe multipole componentsFigure 3
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shows thenormalizedmultipole amplitudesevaluated at 1072 o 20 30 40 50 8070
r=50 mm for theQA(LER)I magnets. The 6th multipole, . o2s
the lowestallowed higher multipole, hasbheen reduced 02 ¢
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Figure 5: The main amplitudeand the normalized
sextupole componenare plotted against the magnet
measurement sequence. The solid circle in eémth(the
14th magnet to beneasured) corresponds the short-
layered magnet.

3 RECYCLED TRISTAN MAGNETS

Figure 3: Normalized multipole amplitude plotted as a One-third of the quadrupole magnets are recycled .
function of multipole order for the QA(LER)I magnets. | RISTAN magnets[1]. They were used as either focusing
The solidcircle indicatesthe 6th multipolebefore the (F-type) or defocusing (D-type)enses at a maximum
correction. Therequirement for the lowest allowed current of 1500A during TRISTAN operation. These
multipole is indicated by a dottetine. Theerror bars magnetswere never demagnetizethen theywere later
correspond to one standard deviation of each multipole. removedfrom the tunnel. Theyvere measured under the
same conditions as the new magnets with a maximum
The median plane distribution of the QA(LER)II  current of 500A, since they will bepowered by500A-
magnets is shown in Figure 4. The standard deviation isapacity powesupplies at the KEKB-factory. Figure 6
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shows the B'L distribution at I=500Ahere argwo clear
peaks; the TRISTAN F-type magnets form the upgmeak

and the D-type magnets form the lower peak. The1

difference between the former F-type and the D-type
magnets has eurrentdependence, ashown inFigure 7.

The effect of historical polarity imeasured to be as large

as 0.2% at I=500A. An attempt was madetaluate and
reduce the hysteresis effect with the available 5p0#er

supply. A TRISTAN D-type magnet was initialized with

F- and D- connections alternately. Tiedd was measured
at each connection to monitor thedemagnetization
process. Figure 8 shows the main amplitudeafter
initialization at eachpolarity. The hysteresigffect, i.e.
the difference betweenthe F- and D-connections, is
slightly reduced after a few initialization cycles at
alternating polarity. However the amplitudes abRd D-
connection never converge to a common vallnerestill
remains a significantdependence onthe TRISTAN
polarity. Thus it habeendecidedthat TRISTAN F-type
and D-typemagnets should not kmnnected tahe same
power supply.
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Figure 6: The main amplitude (normalized by the
TRISTAN F-type average) distribution at I=500A.

o
g
o005 - g
g
g OQB31408LF
$ o QB31202LF °
~ ® O
Looo2 ) e o
=3 o
€ ¢}
< 8
¢ 8
®
0.001 (— C .
[ [ ]
s
$co0c’
0 | | | | | | | | | |
50 100 150 200 250 300 350 400 450 500
current(A)

Figure 7: The difference in B'L betweenthe F-and D-

connections is plotted as a function of current for two

TRISTAN F-type magnets. The hysteresffect has a
minimum at around |=250A. The B'L &500A will be
~0.2% smaller than what waseasured bythe series
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Figure 8: An attempt toeducethe hysteresi®ffect by
alternating the polarity of the initialization. A TRISTAN
D-type magnet was used. Even numbers on the horizontal
axis indicatethat the magnet wasonnected as D (the
same polarity as in TRISTAN), whiledd numbers
indicate F (the reverse polarity). The amplitude is
normalized by the amplitude of the first F-connection for
each current. Since the magnet was originafigrated as

a D-type magnet at a maximuwurrent of 15004, it
retains the D-type hysteresis. Thffect could not be
removed by the usual 500A initialization loop.

4 SUMMARY

The quality of the newlyfabricated magnetsand the
recycled TRISTAN magnetswere checked byhe series
magnetic field measurements. It wiasind that ther.m.s.
of the offset between the mechaniaal magneticcenters
and B'L are smaller than the beam optiecequirements.
The requirements fothe higherorder multipoles arealso
satisfied forall types ofquadrupolemagnets.Several bad
magnets were found by the measurementand the
problems were taken care of before the installation.

The recycledTRISTAN magnetgresented dysteresis
problem, coming from thefact that a proper
demagnetization process was not undertaken upon removal
from the TRISTAN tunnel. Some hysteresis was
expectedput not as large as what has bedrserved by
the field measurements. It has bedecided togroup
them separately with respect to the KEKB power
supplies. About 50recycled TRISTAN magnetswere
measuredvith the same polarity as the new magnets (F-
connection), independent ofthe original TRISTAN
polarity. A correction isneeded totranslate thefield
strength from the series measurements to #otual
operation with these magnets. The later measurements of
~250 magnets were performed with the KElK8&arity, in
order toavoid any additional errordue to the correction.
The remaining work, such as the evaluation of the
absolute value of the magnetic field, is under way.
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