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Abstract

SuperKEKB is the most advanced beam colliding accelerator with “Nano-beam scheme”. The luminosity has reached
4.650 x10** cm?s™! in June 2022. The key device in SuperKEKB is the beam final focus superconducting magnet system
for squeezing the beams to the design sizes and the design luminosity. The magnet system consists of 55 superconducting
magnets, and each magnet was required to have quite high quality of the magnetic field. In this paper, the overview of

the system and the feature of the magnet are described.
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Figure 1: Overall view of SuperKEKB and Belle 11 [1].
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Figure 2: QCS-R and QCS-L cryostats and Belle-II particle detector at the SuperKEKB interaction region (IR). The
picture was taken after setting two cryostats in the IR and before setting the Belle-II detector along the beam lines.
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Figure 3: Top view of the SC magnet cryostats with the cryogenic system, accelerator components in the SuperKEKB IR
and the horizontal cut view of the Belle II detector. In the figure, the position of zero on the scale is the beam interaction
point.
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Table 1: Main Parameters of the Final Focus System
Number of SC magnets 55
Main quadrupole Integral field
2296 T, 2296 T
11.54 T, 11.48 T
2539 T, 2694 T
13.04 T, 1527 T

QCIRP, QCILP
QC2RP, QC2LP
QCIRE, QCILE
QC2RE, QC2LE

Compensation solenoid Integral field
ESR1 + ESR2 or ESR3 3.86 T-m
ESL 2.31 Tem
Magnet-cryostat 2 units
Cold mass of QCS-R, QCS-L@ 4.5 K 3,139 kg, 1,786 kg
He refrigerator cryogenic system 2 units
Cooling power of one unit @ 4.5 K 250 W
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Figure 4: Conceptual magnet layout in two cryostats.

Table 2: The SC Magnets for the Final Focus System

Quadrupole | Corrector | QCIP | Solenoid
magnet magnet L.F. magnet
QCILP a1,b1,ag,b4
QCS— QCZLP a1,b1, ap, b4 b3, b4, ESL
L QCILE anbiaxbs | bsbs
QC2LE aybraxby
QCIRP anbnas,
ag(b3),b4
QC2RP aybiasas
QCS- QCIRE arbrazas | bs b, ESE
R QC2RE aybiasas bs,bs ESR
B/w QCIRP- bs SR3
2RP
B/w QCIRE- bs
2RE
Num. 8 35 8 4
Num. 55

QCILP L.F.: QCILP leak field cancel magnet.
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Figure 5: Solenoid field profiles along the beam lines.

3. HBEE4IEEWA

AR 4 WRERA DR G/ ST A2 LA W X%
Table 3 & Fig. 6 (ZRLT-, HRE 4 fRERAIL, NbTi
Rutherford BB {mE A7 — 7 )L TIEDILZ 2 J@ A /L T
BENTWD, 4 AT OB EEBER AL, @iBT 5
E— AR DE DD B2 DR & o TN D,
QCILP/RP (LLR& QCIP) & QCILE/RE (QCIE) O 4
B OBIEE 4 WER AL, EREGED 400 mm LL
To/NUERA TH DA, KEKB QCS d 3 {FLL Eod
4 Fkse s ARl & AT %, QCIP DX EIZI W THIIE
Y1 /A K (ESL, ESR1) /A Belle I Y L/ A Rl
ZREORNCHTIE T Z LN TE D K 91T, QCIP 13k
PR S — 7 B FRT= 700, ZORER, QmP’ LB
AARIRDIEAT DREGE . Belle I1 Y L/ A Nl &
WIEY L A4 REES OB KRBIE NSNS,
QCIP BfriE = A )V ECORESHIL 4.1 TISET 5,
Figure 7 |Z QC1LP4 fRERIf & QCIRP AHICHES
7’:%1&%3 A NERLT=,

QCIE ([ZixftERa — 7 DEfT T 6 Tn5D
QCIE NFEEBEINTWELE—LT A v ETIL, 9
I PBEREFI LAWK D IZ Bellell Y v/ A e &
IEY LV /A4 ROEGKES I htEr L5 X9z
B at ST s

QC2P } X QC2E i\ QCIP & QCIE 2B & H

FART —ERREL, EREND 4 W5 AR b /)N
Table 3: Design Parameters of SC Quadrupole Magnets
Magnet G Ly Int. G Yoke Position
T/m m T mm

QC2RE 324 0419 13.6 Iron 2925
QC2RP 263 0.410 11.6 Per. 1925
QCIRE 709 0.373 26.4 Per. 1410
QCIRP 689 0.334 23.0  None 935
QCILP 689 0.334 23.0 None -935
QCILE 722 0.373 26.9 Per. -1410
QC2LP 284 0.410 11.5 Per. -1925
QC2LE 284 0.537 15.3 Iron -2700

G =Field gradient, L.;= Effective magnetic length, /nt. G = Integral field
gradient, Per.= Permendur, Position = Position from IP.
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Figure 6: Cross section designs of quadrupole magnets.
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Figure 7: QC1LP and QC1RP four superconducting coils.
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Fgure 8: QCIRP a; c’orrector magnet.
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Figure 9: Completed QC1LP with 4 corrector magnets.
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Figure 10: QC1P coils and the corrector magnets.
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Table 4: Design Parameters of Compensation Solenoids

Magnet ESL ESR1 ESR2/3
Integral field, Tm 231 3.6 0.17
Opera. cur., A 390 450 151
Inductance, H 2.46 8.04 0.14
Max. field, T 3.56 3.05 0.48
Magnet length, mm 905 1575 720
No. of short coils 12 15 1
Total turns 4610.1 1356

6237.1

~

Fiure 11: ESRI compensdtion solenoid.
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