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Abstract

After a phase 1 operation (Feb.~Jun. 2016) of SuperKEKB, a superconducting-final-focus-quadrupole system (QCS)
has been installed into an interaction region (IR) of SuperKEKB for the following operation period, phase 2. The QCS has
eight-superconducting-quadrupole magnets and squeezes electron and positron beam at an interaction point to about 50 nm
in vetical direction. To confirm magnetic qualities of the quadrupole magnets at operation conditions where solenoid
fields of Belle II detector and compensation solenoids of QCS are energized, we performed magnetic measurements at
IR. Higher order harmonics of the quadrupole magnets were measured by harmonic coils. The amplitudes for vertical-
focus-quadrupole magnets were below level of 1 unit. One of the horizontal-focusing-quadrupole magnets for an electron
beam exihibits a large amplitude of 20 units in sextupole components. The large sextupole components are diminished
when the all solenoids are turned off. It was found that the error fields are generated at ends of an iron-support-block

surrounding the quadrupole manget.
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Figure 1: Schematic layout of the QCS magnets at IR of
SuperKEKB. A center of the main ring is located at lower
side of this figure. IP is an interaction point. QC2LE(P),
QCILE(P), QCIRE(P), QC2RE(P) are the quadrupole
magnets for HER (LER). ESL, ESR1, ESR2,3 are compen-
sation solenoids. B-field of 1.5 T by Belle Il solenoid is ap-
plied in direction as shown with the bold arrow. The com-
pensation solenoids produce fields opposite to the Belle 11
solenoid.
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Table 1: Main parameters of the quadrupole magnets [10].
[.D.(O.D.) : Inner ( outer ) diameters of the magnet conduc-
tors. G : Gradient of magnetic field. GL : Axial integral
of the field gradient. I: Design current. R Reference
radius.
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I.D. [mm] 25.0 33.0 53.8 59.3
O.D.[mm] 35.5 70.0 93.0 115.0
G [T/m] 76.4 91.6 32.0 36.4/40.9
GL [T] 25.5 34.2 13.1 19.5/16.5
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Table 2: Excitation Currents of the Solenoids During the
Magnetic Measurement

Solenoid BelleI ESL ESR1 ESR23
Current [A] 4096 404 450 151
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Figure 2: Cross sections of the helium vessels at the longitudinal center of the quadrupole magnets in the QCS-L (left in

this figure) and QCS-R (right in this figure) cryostats.
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Figure 3: Schematic view of the magnetic measurement
system (plan view). S.C. and L.C, indicate the short coil
and the long coil of the harmonic coil, and C.S. indicates
the superconducting compensation solenoid. The harmonic
coils are fixed to the shaft of the rotary motor and the mo-
tors are translated in axal direction by the translation stages.
The lower side on this figure is the center of SuperKEKB
main ring.
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Figure 4: A photograph of the magnetic measurement sys-
tem taken from the down stream of the electron beam.
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Figure 5: Integrated transfer function of quadrupole term at

different current level in steady-state. Top: QCILP (solid

curve) and QCIRP ( dashed curve ). Bottom: QCILE

(solid curve) and QCIRE ( dashed curve ).
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Figure 6: Measured integrated harmonics in the body of the quadrupole magnets. The Belle II and the all compensation
solenoid are energized except for the plot at the lower right plot for QC2RE; this data is obtained when no solenoid is not
energized. Filled bars are skew components and white bars are normal components.
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Figure 7: The axial profiles of the QC1LE quadrupole mag-
net. Cross and circle markers indicate measured skew and
normal components, respectively, and dot-dashed curve
is calculated normal components. a):Quadrupole compo-
nents as a function of the axial distance from IP. b):Sex-

tupole components. c¢):Octupole components. d):Dode-
capole components.
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