MAGNET FIELD MEASUREMENT FOR KEK B-FACTORY
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Abstract The KEKB[1] is an asymmetric electron-positron
collider to studyB-quark physics. TheKEKB has two
The KEK B-factory (KEKB) is a high-luminosity ring, one is 3.5GeV positron ring (LER)and the other
electron-positron collider scheduled to be commissioned 8§10 GeV electrorring (HER). The magnet system and
this fall. In theKEKB rings (LER and HER) will be the field measurements exceppme magnetsiear the
installed 250 dipole magnets (half of whiare recycled interaction region will be presented. The KEKB
TRISTAN magnets), 192 wigglers, 90@uadrupole acceleratorhas complex structur@and many types of
magnets (one-third of which are recycled TRISTAN  magnets are used propedygcording totheir performance.
magnets) and 200 sextupole magnets.  Theewly More than 1600 magnets will besed for the KEKB
fabricatedmagnetswere designed teatisfy highquality —besides correctors. More than 900 vertiead 820
requiredfor the KEKB. Therecycledmagnetswere also  horizontalcorrectorswill be used inboth rings. These
overhauled in needAll the magnetsvere completed and vertical and horizontal correctors are produced in
precise magnetic measurements have hesformed in  collaboration with IHEPand BINP respectively. Quarter
parallelwith production in order tocheckthe quality of of the main magnetsre recycledfrom the TRISTAN
the magnets. Flip-flop coil systenase used to measure electron-positron collider (TR)[2]. The majmarameters
the dipole magnets and harmonic coil systemsiaeel for of the LER and HER magnetse summarized ifable 1
the quadrupole,sextupoleand wiggler magnets.  The and 2 respectively. All the magnets were nefalyicated
magnet systemand the preliminaryfield measurement for the LER. The LER magnets both dipoles and

results will be presented. quadrapoles have wide aperture to reduce beatabilities
due to impedance of vacuum chambers. For the HER all
1 MAGNET SYSTEM the sextupoles and 30% quadrupolese newly fabricated

and the rest were recycled from TR.
Table 1. LER Magnet Parameters

LER g/l2orp L.jam (m) B, B, B" No. of may. currentx turns usage
(mm) (T,T/m,T/n?)
Barc 57 0.76 0.848 134 12504 32 arc
Blc 57 2.1 0.52 26 1000A x 24 local corr.
Bv 55 1.2 0.2 4 500Ax 18 vertical, block
Bs 57 0.3 0.21 3 500A x 20 trans-IR, block
wigg 55 0.75 0.77 192 944.4/4 36 wiggler
Qarc 55 0.4 10.2 414 500A x 25 arc, straight
Qrf 83 0.5 6.32 36 500A x 35 RF section
Qsk 105 0.2 0.73 8 200A x 16 skew Q
Sx 56 0.30 340 104 425A x 21 f,d
SxC 85 0.50 77.5 4 425A x 21 f, d
Table 2 : HER Magnet Parameters
HER gl2orpg L.lam (m) B, B', B" No. of ma. current usage /
(mm) (T,T/m,T/mP) recycle or new
Barc 35 5.804 0.3 117 8404 10 normal / regc.
Bw 35 2.9 0.048 6 10A¢ 150 weak / recyc.
BsFL 35 1.14 0.214 1 5004 12 short / recyc.
BsFR 57 0.76 0.339 1 5004 32 same as LER.Barc
Qs 50 0.5 12.7 80 500A x 26 arc, straight
Qx 50 0.8 12.7 4 500A x 26 arc, straight
Qr 83 1.0 6.32 43 500A x 35 RF section
Qsk 105/ 80 0.5/0.3 0.73/1.25 715 208A6 skew
QA 50 0.762 8.5 200 5004 17 arc,strajht / reg/c.
QB 50 0.95 8.5 110 500A x 17 arc,straiht / reg/c.
SxF 56 0.3 340 56 425K 21 f
SxD 56 1.0 348 48 425k 21 d
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All the cores except B and B are made byusing
laminated construction technique. Tbere material is

probe is aew turns coilwound onglass epoxycylinder.
At eachsystem, a pair of tesind standarddipoles are

0.5 mm thick silicon steel having inorganic insulatiorfacing each other and the probe moves horizontally

layers at both sides. Thequiredmagnetic properties of
the steelare shown in Table 3. Théaminated core is
welded tosoft iron side platesand SUS 304end plates.
The quadrupoles and sextupoles hivimg bolts through
pole to fix thelaminated cordight. Accuracy of the
punchedsheet is 2Qum for pole face andsome fiducial
parts and is 5Qum for other parts. The assemialecuracy
should satisfy 5qum for bore diameterminimum gaps
and height between mediarand surveying planesand be
100 um for other parts. Thaccuracyfor length of the
laminated core i9.35 mm. The surveying plan@sust
be also parallel with median plane within 0.1 mrad.

Table 3 : Magnetic Properties of the silicon steel
Bgg>1.6 T ABsg/ Bsg < *1 %
Hc95 < 70 A/m AHc95/ HclS <+ 5%

The main coil is made of £free Cu hollowconductor.
Each magnet has correctionil with about 1 %ampere-
turns compared tamain coilandalso has 1 turn coil per
pole for magnetic flux monitor.

For the recycled magnets, some specébshavebeen
taken. The outer insulation of the coils whibhd got
heavy radiation damages have been repairEte damaged
or badly rustedsurveying planes have beaverhauled.
Some recyclednagnetshad to bereassembled imrder to
satisfy the above requirements.

2 MEASUREMENTS

The KEKB accelerator needsery high luminosity.
Hencethe KEKB magnetsarerequired tohave goodield
quality. The tolerances of highenultipole errors are
given in Table 4. Eacimagnet isdesigned tosatisfy
these tolerances by itself or by applyirend shim
correction. Threeflip coil systems, a simpldarmonic
coil andtwo harmonic coil systemsvere usedfor the
measurement of the KEKB magnets.

Table 4 : Tolerances of systematic multipole errors
Tolerance at 50 mm radius
B3/B1 <0.12%
B5/B1 <0.45 %
B6 / B2 012 %
B10/B2 < 0.14 %

Dipole magnets

Quadrupole magnets

2.1 Dipoles and Wigglers Measurement

All the dipoles except 8 were measured bthe flip
coil systems. The LER d3c were measured by mewly
constructedflip coil. The LER B¢ for chromaticity
correction and the HER{gc weremeasured by3.6 m and
6.6 m flip coilsrecycledfrom TR respectively. Each

betweentwo dipoles. Thentegratedmagneticfield BL
(integrated along beamdirection) can be obtained to
measurethe induced voltage by flipping the probe in
dipole field. MetroLab high precision integrators
(PDI5025)are used tdligitize theinducedvoltage. The
BL's are measuredlong transverse direction aseveral
different currents. After measuring test magnet, giobe
comes back to thetandardmagnetand measure it to
eliminate system errors. The measurenamuuracy of
relative BL is about afew x107. The whole
measurement igperformed automatically by apersonal
computer. The typical measurement results of LEJR;B
HER Bgrc andLER B¢ are shown in Fig.1, 2and 3
respectively.

>

~31.001
c j

N

@
N et
’;(\ " i o

< L 1 o
&0.999 |- ---oooaiaaa Tt

o

0.998

number of events per bin

> o o

0.997

0.996 |-

0.999 1 1.001

bL.1100A/st x(mm)

Figure 1 :Normalized integrated fielthistogramand an
example of its transverse distribution for LER/B
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Figure 2 :Normalized integrated fielthistogramand an
example of its transverse distribution for HER/B
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Figure 3 :Normalized integrated fielthistogramand an
example of its transverse distribution for LER B
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The LER wigglerswere measured bythe simple

harmonic coil mounted inaluminum cylinder. This =2 tE o
harmonic coil has one long cahdtwo half coils. The & 0L Nfrngzed amp.
residualA[BL] is obtained by the long coil and the BL for § F
each pole is obtained by eachhalf coil.  The % °F
measurements were performedusing a spectrum signal lg 10’35 o o
analyzer HP3562A. The results are shown in Fig. 4. 2 - i °°
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20 |- R Figure 5 : Normalized integrated field gradient (left) and

normalizedmultipole amplitudes plotted as a function of
multipole order (right) for LER ¢
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2.2 Quadru- and Sextupoles Measurement ¢ o %OO 5 °
c 10—4? (?
All the quadrupoles and sextupoles are measured by two ° of ?
harmonic coil systems, one for the LER magnets and o EL 11
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another for the HER magnetd£achsystem isequipped

with a remote controlled mover which can adjust magn%ﬁgure 6 : Normalized integrated field gradient (left) and

position to the measuring probe within a few fen. normalized multipole amplitudes plotted as a function of
Each measuring probenade of aluminum-epoxy myltipole order (right) for HER QA.

cylinder contains a single turn long coil for measuring

integral field along beam direction, aenter short coil 3 SUMMARY

(short B) and two end coils (short A, C) for measuring the All the KEKB | h

central field and each end field respectively.  The the magnets except several magnetsr the

measuring probe is supported Both ends by non- interaction region were completed and the series

magnetic frictionless aerostatic bearings, which ensure%easu::emtints have beperf(t)rmed ﬁ?‘i‘;'smd n this q
rotation concentricity of better tha®.02 mm. The ay. Further measurements suchliasl mapping an

- solute value measuremeie being prepared. These
support systems of the probe have adjusting knobs zﬁe measurementsvill be performeglfc))r pone or two
align the prove better than 0.01 mm. Thegular o
pogition of the probe can be monitored by prgcise magnets byeachtype. Interference ofmagneticfield
angular encoder (65536 pulses/rotation).  Thénduced betweenadjacentmagnetsand envirp nmentaleffects (air
voltage during rotation of the probe imeasured by temperature, coolingvaterflow andits temperature, etc.)

PDI5025 Integrator. The amplitudend phase ofeach on mqgngtio"ield will be alsostudied beforghe start of
multipole is obtained by performing Fourier commissioning.
Transformation tq themeasured wavdorm §tqred in 4 ACKNOWLEDGMENTS
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