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(left) Crystal structure of the 100-m 7-filamentary Ba122 IBS tape and
(right) the quench current of the racetrack coil with respect to the background field
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| Large-size Iron-based Superconducting Coil Passes Performance

Test at 10 Tesla

The high field superconducting magnet team of the Institute of
High Energy Physics and the advanced superconductor team
of the Institute of Electrical Engineering published their latest
cooperative achievements on Feb. 2. The study, entitled "First
performance test of the iron-based superconducting racetrack
coils at 10 T,” was published in Superconductor Science and
Technology (SUST).

Based on 100-meter-long 7-filamentary Ba122 iron-based
superconductors (IBS), two racetrack coils were fabricated and
tested at up to 7.5 T and 10 T, respectively. The highest quench
current reached 86.7% of Ic of the short sample at 10 T, and
81.25% of the quench current under self-field.

The results show that the high field performance of the IBS
racetrack coils is less dependent on the background field strength
compared with other practical superconducting materials, which
is similar to the IBS solenoid coils tested previously at 24 T. This
shows that IBS can be a promising candidate material for high
field magnet applications. It represents a new milestone since
the first 100-meter-long IBS conductor was developed in 2016
and the performance test of the IBS solenoid coils at 24 T was
conducted in 2019.

This work is highly regarded by SUST reviewers, who said “the

new results can have a strong impact on the conductor and
magnet community,” and also said that the results "demonstrated
the great potential of iron-based superconductors in the
development of next-generation accelerators,” etc. IBS represent
a new class of high-temperature superconducting material
discovered in 2008. Their upper critical field is higher than 100
T and their fabrication cost is relatively low, giving them unique
potential advantages in high magnetic field applications.

For the next step, the team will continue to improve the current-
carrying capacity and mechanical properties of IBS and develop
higher performance IBS model coils and magnets.

The new generation of high field superconducting magnets with
greatly improved cost performance will not only promote the
construction of next-generation particle accelerators and the
development of related basic science, but will also have a wide
range of applications in the fields of advanced energy, medical
equipment, electricity and transportation, etc.

This work is supported by the Strategic Priority Research
Program of the Chinese Academy of Sciences (Grant No.
XDB25000000), the National Key R&D Program of China (Grant
No. 2018YFA0704200), and the National Natural Science
Foundation of China (Grant Nos. 11675193 and 11575214).
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Figure 1: Front-End Board (left) Figure 2: Readout FEB test setup (left)
and Detector Interface Board (right) and SJTU electronics group (right)

RITEPARIBY &1+ T & F Xilinx ZCU102 (Zynq UltraScale + SoC X AT FPGA) RYEUIEIRENR S, FEINRE
EEBROEEMLKMIES, SSEX PETIROC T A MECEM IR RL,. BRIE45M FEB Bilmi%tiik, DIF ZERE
Bt SRR T, RR SRR A S B AT, SKHL T BT IAMB SRS, BENIXT & 08 ZFrR.
FIERRKBERERMRITY “SEATEABFIENEXNYENXBREATMT B “QRNSEXEK
AR RENES 22—, BHEBRBEBRFH AR ZTHE,

| Progress of Fast Timing Readout Electronics based on PETIROC ASIC

The main goal of the Higgs factory is to measure the Higgs properties with ultimate precision, especially in hadron decay final
states within "clean" electron-positron collision environment. Hence, it is crucial to design a high-performance hadron calorimeter.
Currently, there are two PFA-based technological prototypes of hadron calorimeter under intensive studies, one is Semi-Digital Hadron
CALorimeter (SDHCAL) and the other is Analog Hadron CALorimeter (AHCAL). The SDHCAL prototype is a high-granularity hadron
calorimeter based on Glass Resistive Plate Chamber (GRPC). lts sensitive medium is composed of 48 layers of GRPC and readout
plates. The size of readout sensor unit is 1cm x 1cm, and the signal is processed by the HARDROC ASIC chip. The SDHCAL prototype
has achieved good energy and position resolution with CERN test beam.

Considering signal time of hadronic shower formed by neutrons is delayed, comparing with that from charged hadrons, high-precision
time measurement is critical, which helps to improve separation between neutrons and charged hadrons, therefore further improve the
jet energy resolution.

To this end, the SDHCAL group plans to develop MRPC detector with excellent timing resolution, Shanghai Jiao Tong University group
is responsible for the design and development of a multi-channel fast timing readout electronics system. They employ the 32-channel
PETIROC ASIC chip with timing resolution better than 40ps processing the signal induced from MRPC. The front-end readout board (FEB)
with 128 read-out units (1cm x 1cm) is designed and developed in which laser blind via and buried via technology are applied (Figure 1).
Then the Detector InterFace card (DIF) for data transmission and PETIROC configuration is designed and manufactured. The DIF board
includes a low-noise power supply and a jitter cleaner clock to serve for time measurement of the system.

They also designed a data acquisition system based on Xilinx ZCU102 (Zynq UltraScale + SoC embedded FPGA). The main functions
include serial communication and Ethernet communication to achieve the configuration and data readout of the PETIROC chip. At
present, the design and performance tests of a front-end readout board (FEB), a DIF adapter board and the data acquisition system are
completed, data transmission based on Ethernet has been successfully realised. The test platform is shown in Figure 2.
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2826 H, hREEMMAENAELHIR 1.3GHz BRINERAMGIIE BshRESEMBH. SEEMMKER
Bhit. REXAYIERAFMFHERLT. SEFMMESZPOTEBRLZRUNABAARE 40 RASNT 21

=Lk, MEARABERNETHENER. ARRSE. EAERRARLEI R, MRTZNENEE. BEEX,
MBARKENLUE. BAGHE, EREMYFINANES THERIBTEN. HFRRTSEMEESRARERH 1.3GHz 9-cell
BREFZORALIETBRCHENEERR, FENSERNE LRSFBUIEME, HRFRAMREIEHA.

EMRFEEH, 1.3GHz BRMES[KARKEME R HEMESERARRNNANERSR, EERFEHETFRHL
FE. WMEIERBFIHEN CEPC MEFRELIIEN ILC WXERR, SEFIBAEX—MHRIFLORZST, HFEPEK
HERRAT. fthRTBEEFTE 2RI B MIRF SR IRIE.

I B K6 —a B mRERESK 1.3GHz BSMESRAFY, RESEMEHABEFHAEETTER.

1.3 GHz superconducting accelerating module development project
kick-off meeting held at IHEP

On February 26, 2021, the launch meeting of the 1.3GHz superconducting accelerating module development project for the Dalian
Advanced Light Source was held at the Institute of High Energy Physics (IHEP) of the Chinese Academy of Sciences (CAS). More than
40 experts including Yifang Wang, Director of the IHEP, Xueming Yang, Academician from the Dalian Institute of Chemical Physics (DICP),
Weimin Pan, Director of the Accelerator Center of IHEP attended the meeting.

During the meeting, the project leader Weimin Pan introduced the project background, development content, technical indicators and
organizational implementation plan of the project. He said that the project is time-critical and difficult, the project team will go all out
and work together to ensure that it is completed on schedule with the strong cooperation of DICP. Xueming Yang stated that IHEP
has achieved many internationally advanced and important results in core technologies such as the high quality factor 1.3 GHz 9-cell
superconducting cavity. He hopes that both institutes will maintain close cooperation on this project and look forward to the success in
the module development.

Yifang Wang pointed out that the 1.3 GHz superconducting cavity is a key technology of free electron laser (FEL) facilities, the Circular
Electron-Positron Collider (CEPC), and the International Linear Collider (ILC). IHEP must maintain competitiveness in this field and
gradually achieve international leadership. He said that IHEP will make every effort for a smooth implementation of the project.

This project will develop a high quality factor continuous wave 1.3 GHz superconducting accelerating module prototype to meet the
operating requirements of high repetition rate FEL facilities.
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| Yifang Wang: Strive to complete all CEPC technical designs and pilot
studies on key technologies during the 14th Five-Year Plan

Recently, we have made a breakthrough in the development
of ‘superconducting high-frequency cavity’, one of the core
components of our Circular Electron-Positron Collider (CEPC),
and it is comparable to the best standards in the world. In
addition, the first-stage prototype of the klystron has basically met
the requirement last year. These two devices are the most critical
components of CEPC, and the R&D team had worried the most
in the past. But we finally achieved domestic manufacturing and
reached the international leading level." On March 4, 2021, at an
interview by the Science and Technology Daily during the National
People’s Congress (NPC), Yifang Wang, a representative of NPC,
academician of the Chinese Academy of Sciences, and director
of the Institute of High Energy Physics (IHEP) of the Chinese
Academy of Sciences, is excited about the recent progresses.
He said that CEPC is currently optimising the design plan, and
scientists are trying to achieve the highest performance of the
facilities and strive to complete all the technical designs and pilot
studies on key technology of CEPC during the "14th Five-Year
Plan” (2021-2025).

"CEPC has tens of thousands of components, and each
component must be stable and reliable. Even if each component
can tolerate 1 ten-thousandth of failure rate, the stable operation
of the facility will be impossible when all components are put
together.” Yifang Wang said, he is leading the team in pursuing
perfection.

CEPC has two major parts: accelerator and detectors. The
superconducting high-frequency cavity is the component for
accelerating particles in accelerator. "The particles will be
accelerated by microwaves. And the microwaves are contained
in a metal superconducting high-frequency cavity. If the
superconducting material of the cavity is flawless and has low
resistance, the loss of energy of microwave will be minimised,
and the power consumption during operation will be reduced,
which will make the facility more stable and also can reduce
costs.” Yifang Wang said, the loss of energy in superconducting
high-frequency cavity produced by IHEP is already one of the

lowest in the world.

In addition, the prototype of the klystron that provides microwave
power to the superconducting high-frequency cavity basically
reached the designed target last year, and its power and
efficiency reached the current international advanced level. "The
core indicator is efficiency. With high conversion efficiency, the
power consumption of the klystron will be low. The klystron with
the highest efficiency in the world that we have designed is being
manufactured and is expected to be available by the end of this
year. In addition, we must pursue long life and high reliability of
the klystron, which will take time to verify."

Yifang Wang revealed that at present, the team is also continuing
to study and optimise the design of beam collision point for a
better performance of the particle detector.

"The space near the collision point is very limited, with a diameter
of about five to six meters and a length of about six to seven
meters. The collision will happen in an area within a diameter of
only 10 microns. The diameter of the beam pipe is only about
two centimetres. It is necessary to design and assemble the
equipments very closely around the collision point, and also
reserve space to facilitate cable routing and future maintenance
and disassembly.” Yifang Wang said. Another challenge is that the
radiation background is strong near the collision point. Whether
the detector can tolerate it still needs to be studied and verified.
How to reduce radiation, how to improve the beam focusing,
there are still many issues waiting for the R&D team to optimise.

"Each technology of the facility is being improved in the
process of exploration. We have to estimate the technological
development potential in the next 3-5 years, and use the technical
indicators at that time as the current design benchmark. This
requires us to have clear awareness of the speed and direction of
future technology development.”

(Source: Science and Technology Daily)



"o ’

LB BN ’ : ’ ’

P

CONTENTS

LN N LN

|

m LargegBize Iron-based Superconducting Coil Passes Performancé Test at 10 Tesla * *

m Progr@s of Fast Timing Readout Electronics based on PETIROC ASIC
Xy
m 1.3 GHz superconducting accelerating module development project kick-off meeting held at IHEP

m YifangWang: Strive to complete all CEPC technical designs and pilot studies on key technologies during
the 14th Five-Year Plan

IR ERETIHENER (1) . OFza0] =
Th: FRERBTHENHRA
st ARBESLKERE 192 (Z) e T

MB4R: 100049 o O ]
Email: cepc-news-editors@maillist.ihep.ac.cn yxa@;@zcwcw
_— .

/

e



	第二期2
	第二期3
	第二期4
	第二期5
	第二期6
	第二期7
	第二期8
	第二期

