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FOCUS SUPERCONDUCTING QUADRUPOLE MAGNETS

BHAE WA KARIBIE A, KPEEA A
Yasushi Arimoto * A), Toshiyuki Oki A), Norihito Ohuchi®)
A) KEK

Abstract

SuperKEKB, which is currently in operation at the KEK Tsukuba campus, is operated by squeezing the electron and
positron beams at the interaction point (IP) to 3, = 1 mm and [3{J = 60mm. Eight superconducting (SC) quadrupole
magnets squeeze the two beams at IP. When the SC quadrupole magnets were re-energized, we observed a change of
vertical tune for the positron ring; we assumed that the strength of the quadrupole field varied over a long period. In order
to verify this assumption, we performed the magnetic field measurements using an R&D magnet and a prototype magnet.
They have almost the same magnet parameters as the SC quadrupole magnets installed into the interaction region. As a
result, we found that the magnets exhibited long-term drift, and the variation is in the same order to explain the drift of

vertical tune for LER.
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Figure 1: SuperKEKB operation status on Nov. 2021. (a) Stored current for HER (blue) and LER (red). (b) Vertical tune
for HER. (c) Vertical tune for LER. In the trend graphs of the tunes, the points in dark blue are the measured tunes, and

the orange lines are the model tunes.
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Table 1: Main Parameters of QC1P R&D and QCIE Pro-
totype Magnet

QCI1P QCIE

R&D Prot.
Design field gradient T/m 76.37 91.53
Design current A 1800 2000
Maximum field in coil T 4.6 3.5
Load line ratio at 42K % 72 73

Double layer coils:
Number of turns 25 34

Inner/outer radius mm  25.0/30.4 33.0/38.4
Inner/outer length mm  344/362  401/397
Magnetic yoke:

Inner/outer radius mm None 47/70
Magnet length:

Mechanical length mm 409.3 4554
Effective length mm 333.6 373.1
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Figure 2: The photograph of the QC1P R&D magnet.

Figure 3: The photograph of the QC1E prototype magnet.
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Figure 4: The cross section of the harmonic coil.
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Figure 5: The cross section of measurement system with
the cryostat (left). The enlarged cross-sectional view of
the superconducting-quadrupole magnet (right).
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Figure 6: The trend plot of the current of QC1P R&D mag-
net during the measurement.
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Figure 7: Time dependence of quadrupole field for QC1P
R&D magnet. The left plot is comparing with data ob-
tained by solenoid-off and -on. The shaded areas are the
uncertainties from the uncertainty of a thermal expansion
of the harmonic-coil bobbin. Refer to the text for meaning
of the y-axis. The data for the up-ramp (closed circle) is
well represented by y = 0.55 x 10™*Int — 6.64 x 1074,
for the down-ramp (closed square) is represented by y =
0.0076 X 10*Int — 0.188 x 107*.

Up ramp Ti& 2 HIZZT T, 2 BAIERIT- /20 F5R
F2ME BRCEEZRLTED, KEZEIZOWTIE
BHMESHZ e Pbhr b, TIT, 20777 DK
ELURTERT 5,

y=alnt+b (8)

BB t OBALER (s) TH B, Up ramp X a =
5.5x 1073, down ramp flZ a = 7.6x 1077 TH b, down
ramp 12 & o THER O R RIZ(LIEKIEI/NE IR o Tz,
CHUFBEERICRET 2WLOE X TV S AV—T D
f7iE S down ramp 12 & - T, BHELD/NZWAIBEICEE X
Nzl rEZ 50 %, Flux creep (IO RREHIIRE
WCE2bDBDOT, FIALI/NE o720y, WD
REEZLIRD NS K o Tz b D e HEHI X L B,

Figure 8 12773 & 512, Down ramp 3 % 7z D IZERTD
BREREMEIDDLRELLTWS2, ZOFEMEI
HEED D %, B4 1% Down-ramp B DB EETEZ

1800

1600] e
1400
1200f

[/ \
/I \\
S [\
/ \
/

600}
400
200

o

i L i ]
08:30 08:40 08:50 09:0
Time

Figure 8: The magnetic cycle of QC1P (down-ramp).
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Figure 9: Time dependence of quadrupole field for QC1E
prototype magnet. The data for the up-ramp (closed circle)
is well represented by y = 0.32 X 10™#Int — 4.34 x 1074,
for the down-ramp (closed square) is represented by y =
—0.0050 X 10™#1Int — 0.044 x 1074,
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Figure 10: Time dependence of the model tunes of LER
(+, X) and the tune variations estimated from the measured
quadrupole fields of QC1P-R&D magnet(o,e, and W).
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