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The SuperKEKB project: a electron-positron collider
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— Upgrading the KEKB and the BELLE detector L =40x2x10* [cm . ‘1]

— The target luminosity: 8 X10%° cm-2s1, 40 times than the world highest record at |ts

predecessor, KEKB, by collecting 50 times more data.
— Based on the Nano-beam and higher currents: the beta function at the IP is 1/20 (L: X 20) and beam
currents are doubled (L: X 2).
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The SuperKEKB project: a electron-positron collider

« The modified or new components
— The injector linac sources, reinforcing RF

system, new damping ring for positron, and

Mt. Tsukuba

replacing vacuum beam pipes.
— New SC magnets for final focusing

« Beam commissioning in three phases.

——

— Phase I: Feb.~Jun. 2016, machine tuning P gt

Lineac

and vacuum scrubbing
— Phase II: Mar.~ Jul. 2018, beam collision
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SC magnets of the SuperKEKB final focusing at the interaction region
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— 8 main quadrupoles (QC1s-vertical focusing and QC2s-horizontal) to form the beam doublets
— 43 Correction coils (To calibrate misalignments, to cancel leakage field, 20/23 coils for left/right)
— 4 anti-solenoids (ESL, ESR1 ESR2, and ESR3) to fully compensate the detector solenoid field.
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The SC magnet cryostats
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Inside the SC magnet cryostats, the two LHe

vessels are cooled in series with one LHe flow.
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Cooling the SC magnet cryostats
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« The SC magnets are cooled with the sub-cooled LHe at 20 g/s and 0.16 MPa (~40 W)
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The service cryostats

* To host the current leads of SC magnets (L/R: 16/17)

— Current leads for each side consumes about 30 L, . /hour.

« To install cryogenic valves, instrument wires, and to

access cryogenic transfer lines from the sub-cooler.

5\/ Cryogenic transfer lines (TRT) The QCS-L SC magnet cryostat
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Cryogenic systems
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Cryogenlc systems of the final focusmg SC magnets
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« Each cryostat has an individual coldbox, with the cooling powers of 250 W.
— The cold boxes has served for the Tristan and KEKB project for about 30 years.
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Cryogenic control system of the SuperKEKB final focusing SC magnets

Cryogenic systems are controlled by a process-
control computer system, comprising central
computer units and individual substations
located in the Tsukuba Exp. Hall.

Converte
ML [box

=l

— Automatically cool down, warm up, recover from

Multi-loop controller tor bell syster Mui-loop centroler for OCS system

Tsukuba expermental laboratory(B4)

some troubles of compressors, turbins, and

quench.
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Construction of QCS cryogenic systems
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Performance tests of the SC magnets and cryogenic system

« April 11t 2017: Belle-11 Rolled in to the SuperKEKB interaction region
* May ~ August 2017: Performance tests of the SC magnets and cryogenic system

— Cool down and excitation tests of the QCS-R/L systems with exciting Belle-11 solenoid at 1.5 T
— Magnetic field measurements: Single stretched wire (SSW, June 19 ~ 30), Harmonic coils (July 3
~ 29, August 17 ~ 19), Hall probe (August 21 ~ 28)

Cool down tuning of QCSR, and cold condition

Cool down tuning of QCSL, and cold condition

Tuning power supplies and Excitation tests

Harmonic coil measurements for QCSL (24 H shift) ..

SSW measurements

Harmonic coil measurements for QCSR (16 H measurements a day) ..

Shut-down of all electrical equipment in KEK, H.P.G ..

Cool-down of Belle-ll solenoid and QCS .
Harmonic coil measurements for QCSR .

Hall probe field measurement along beam lines ..

Warm-up of QCS systems, and preparation for Phase-2

EEEEEEEEE NEE
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Cool down of the QCS-L system
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Cool down of the QCS-R system

» The first cool down from May 10 to 18, 2017

— At the 1%t cooling down test, the QCS-R SC magnets did not reach to 4.5 K. The cooling down
process was stopped to investigate the reasons, which was the mis-connection of a flow monitor

of helium gas for turbines

— After the repairs, the QCS-R magnets was cooled down to 4.5 K within 65 hours.

» The 2nd cool down from August 14, 2017

— The cooling-down process started from about 200 K of the QCS-R cryostat, and it took 100
hours (4 days) to cool the SC magnets to 4.5 K.
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Interlock tests of cryogenic systems

Cryogenic systems must be operated stably for a long term as a part of the accelerators

— Operation sequence programs are designed to realize the system automatic processes, such as

cool down, warm up, recovery from some troubles with compressors, turbines, and quenches

To simulate some troubles in the main devices of cryogenic system, and to check the
responses of the operation sequence programs

— Quenches of SC magnets — Trouble with compressors — Trouble with turbines

The cryogenic systems were controlled very well and responsed rightly for protections

The recovery times to the normal operation were investigated. ~ 35 hours were needed
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Excitation tests of SC magnets

» 54 SC magnets (QCS-L&R) were excited to the beam operation currents.

— The SC magnets were operated under the magnetic field at 1.5 T by the Belle-II solenoid.
— The main quadrupole magnets were excited all together.
— The excitation current of QC2RE was smaller than the beam operation current.

» Quench recovery: ESR1, which has the largest energy in the SC magnets

— After quench, the cryogenic system responsed automatically, to stop the LHe supplying to the
cryostat, to fully open the valves, and the safety releasing valve opened.

» The setting pressure of 3.0 bar was too high so that the compressor was stopped by
over pressure protection and the releasing pressure was reduced to ~ 2.0 bar)
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Magnetic field measurements and some problems to be solved

Magnetic field measurements, with measuring techniques and different excitation scenario

— Single stretched wire (SSW): to measure the quadrupole field centers and the angles to beam lines

— Harmonic coils: magnetic field quality as a function of currents with the integral coils, magnetic

field profiles along the beam lines with the 20 mm short coils.

— Hall probe: to measure Bx, By, and Bz components along the beam lines

Problems to be improved for Phase 11 commissioning of the SuperKEKB.

— Power supply noise of the compensation solenoids (ESR1 and ESL): the voltage noise
of the power supplies below 100 A induced the false operation of the quench detector of
the magnets, and the signals from the quench detector made the power supply shut-off -

— Quenches of the main quadrupole magnets at the connection of the current leads

To measure the magnetic field profile with Belle Il and ES-s
Calculation of the integral Bz component, and adjustment of the operation
currents of the compensation solenoids.

To increase the flows for the current leads. For the Phase 11, we added sc

cables at the ends of the current leads.
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Heat load measurements of the QCS cryostats

« Heat loads of the QCS cryostats (Supply
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Current status of the final focusing SC magnet system
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Summary

» The final focusing SC magnets and cryogenic systems were operated with the Belle 11
solenoid from May to August 2017
— Cool down, interlock tests of cryogenic system were performed

— Al 55 SC magnets were successfully excited under the Belle Il solenoid field of 1.5 T

— Magnetic fields were measured with different techniques: SSW, Harmonic coils, and Hall probe.

« Some works for the SC magnets and cryogenic system after the 2017 performance tests

— Exchange the field measurement pipes to the real beam pipes and exchange the front caps of the SC
magnet cryostats, improve cold ends of current leads (Completed by Oct.~Nov. 2017)
— Improve ESR1 and ESL current sources, to reduce the voltage noises below 100 A.

— Cryogenic operation parameter tuning, interlocks between current sources, accelerators.

The SuperKEKB accelerator and the Belle 11 detector are being prepared for the Phase 11

commissioning in this March

— The final focusing SC magnet cryostats (QCS-L/R) were moved to the core of Belle 11 detector

from both sides and connected to central beam pipe inside. (Jan. 10 ~ 15, 2018)

2018/01/29 (Mon.) Zhanguo ZONG, AFAD2018, Daejeon, Korea 22



