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|Joint Workshop of the CEPC Physics, Software and New Detector
Concept was held in Yangzhou

From April 14th to 17th, 2021, Joint Workshop of the CEPC Physics,
Software and New Detector Concept was held in Yangzhou, Jiangsu
Province. It was conducted on-site and online. The meeting was co-
sponsored by Yangzhou University, Nanjing Normal University and the
Institute of High Energy Physics, Chinese Academy of Sciences.

Wang Chunyu, Secretary of School of Physical Science and Technology,
Yangzhou University presided over the opening session, Huang Jianye, Vice
President of Yangzhou University and Wang Yifang, Academician of Chinese
Academy of Sciences, Director of the Institute of High Energy, attended the
opening ceremony and delivered speeches. Lou Xinchou, CEPC Project
Director, comprehensively summarized the overall R&D progress of the
project, introduced the new "4th Detector Concept" independently proposed
by the CEPC team, and emphasized the focus of this workshop, that is, the
plan for the CEPC 4th Detector Conceptual Design and the CEPC Physics
White Paper. Wang Liantao, Professor of the University of Chicago, Joao
Guimaraes da Costa, Ruan Mangi, and Wang Jianchun, Professor of the
Institute of High Energy each, respectively presented the CEPC physical
objectives, the R&D progress of the detector, the Physics White Paper
and the plan of the 4th Detector Conceptual Design, etc. Parallel meetings
discussed topics such as detectors and software, Higgs physics, new
physics beyond standard models, flavour physics, electroweakness and
quantum chromodynamics. Fang Yaquan,the chairman of the workshop,
presided over the closing session. There were a lot of discussions about the
Physics White Paper and detector articles.

The workshop organized Young Scientist Forum for the first time, and
invited 16 young representatives of the CEPC cooperative units to give
keynote speeches in physics and detector. The forum further stimulated
and cultivated the innovative consciousness and critical thinking of young
researchers, and expanded the scope of exchange of research content.

The CEPC 4th Detector Concept is based on the optimization of detector
R&D. The organization of the Physical and Detector White Paper compiles
a complete presentation of optimization process and solution. The workshop
formed the basic framework for the White Paper, and more systematic
discussions will be organized in the future.

There are more than 170 registered participants in this workshop, including
experts and students from the Institute of High Energy, Peking University,
Tsinghua University, China University of Science and Technology, University
of the Chinese Academy of Sciences, Fudan University, Hong Kong
University of Science and Technology, Beijing University of Aeronautics and
Astronautics, Central China Normal University, China Institute of Atomic
Energy, INFN BINP, IPAS, University of Bristol, Institute of Theoretical
Physics, Croatian Rudel Boskovic Institute, Jilin University, Dubner Joint
Institute for Nuclear Research, Liaoning University, Shanghai Jiao Tong
University, Nanjing University, Nankai University, Zhejiang University,
Huazhong University of Science and Technology, Hunan University,
Shandong University, Southeast University, Nanjing Normal University,
Taiwan University, Jinan University, Zhengzhou University, Wuhan University
of Technology, Purper Mountain Observatory, etc..
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|The 5th Workshop on Applications of CEPC Synchrotron Radiation
Light Source was held in Dongguan

From April 22th to 24th, 2021, the 5th Workshop on Applications of Circular Electron Positron Collider (CEPC) Synchrotron Radiation
Source was held in China Spallation Neutron Source in Dongguan, Guangdong. It was a combination of on-site and online, and was
hosted by the Institute of High Energy Physics, Chinese Academy of Sciences.

Lou Xinchou, the director of the CEPC project, delivered an opening speech and introduced the scientific goals, latest progress and
future prospects of the CEPC project. Subsequently, Wang Naiyan, Academician of the Chinese Academy of Sciences, gave a plenary
talk entitled "Laser Nuclear Physics", introducing the frontiers of optical nuclear physics and the latest research progresses to young
researchers.

The meeting focused on the potential applications and attractive prospects of high-energy synchrotron radiation sources in the fields
of photon nuclear physics, nuclear astrophysics, material
development and application, radio-pharmaceuticals production,
and new acceleration principles. During the discussion, Li
Zhihong, Professor from the China Institute of Atomic Energy,
proposed the important application of gamma light sources in
nuclear astrophysics and suggested for the establishment of
a research committee of a CEPC synchrotron radiation light
source application. Lou Xinchou also suggested that everyone
put forward some important application directions to form a joint
force. The meeting can be expanded to the world in the future,
attracting more scientists all over the world to work together.

0
¢ )

i

L

V'Y
a’{/

There are more than 38 registered participants in this workshop,
including experts and students from the Institute of High Energy,
Tsinghua University, Beijing Normal University, Sun Yat-sen
University, Shanghai Jiao Tong University, Shenzhen University,
Nanhua University, Inner Mongolia University for Nationalities,
National University of Defense Technology, China Institute of
Atomic Energy, Southern Methodist University, Manchester =
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| Annual Meeting of“R&D of Physics and Key Technologies Related to
the High-energy Circular Electron-Positron Collider" Was Held

On May 13th 2021, the annual meeting of "R&D on Physics and Key Technologies Related to the High-energy Circular Electron-positron
Collider", the National Key R&D Program of China of the Ministry of Science and Technology, was held at the Institute of High Energy
Physics, Chinese Academy of Sciences. This meeting was the annual and final arrangement meeting. The project has entered the final
stage. The meeting is of a great significance to make all tasks successfully complete. The meeting was chaired by the project leader
Gao Yuanning of Peking University, Academician of the Chinese Academy of Sciences.

The project team first reported the overall situation of the management and usage of project funds. Subsequently, the four people
in charge of subjects of "Accelerator Physics Research", "Accelerator Key Technology Research”, "Collider Physics Research", and
"Detector Key Technology Research" reported the main progress of the subject, the completion of the assessment objectives, problems,
solutions, and final plans in detail. Finally, according to the financial process of the project of the Ministry of Science and Technology, the
experts of the audit company introduced in detail the requirements of the financial audit of the subject. The project leader and experts
conducted detailed discussions according to the assessment objectives and completion requirements, and gave specific opinions and
plans.

More than 20 project leaders and experts from Peking University, Institute of High Energy Physics, Tsinghua University, Shanghai Jiao
Tong University, University of Science and Technology of China, Central China Normal University and other units participated in the
meeting onsite and remotely.
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| FAST Scintillation Material Workshop Was Held

Nuclear detection and nuclear safety monitoring technologies have become the hotspots and frontiers in the development of nuclear
physics. With the continuous improvement of glass material processing and preparation technologies, the preparation techniques
of various new scintillation glasses have become increasingly mature. At the same time, optoelectronic devices with single photon
resolution, fast time resolution, position-sensitive resolution, and high quantum efficiency are also emerging, providing new ideas and
solutions for the research and development of various new types of nuclear detection and nuclear monitoring detectors based on
scintillation glass.

In the detectors of the CEPC, the calorimeter function is to provide the measurement of the energy carried by particles. One of the main
materials required to make calorimeter is scintillation glass.

In order to strengthen the exchanges and cooperation between the CEPC R&D team and the scintillating glass material researchers,
and stimulate original innovation and collision of ideas, the Institute of High Energy Physics, Chinese Academy of Sciences planned
and held the first "FAST Scintillation Material Workshop " on May 14th, 2021.The meeting was focus on the preparation and research
of scintillation glass materials for nuclear detection and nuclear monitoring; the development and application of related photodetectors;
new nuclear detection principles and detector design and other topics related.

More than 30 representatives from Shanghai Institute of Ceramics, Chinese Academy of Sciences, Fujian Institute of Physics, Chinese
Academy of Sciences, China Building Materials Academy, Beijing Glass Research Institute Co., Ltd., Jinggangshan University, China
Jiliang University, Nanjing University, University of Science and Technology of China and other domestic optical glass manufacturers
participated in the meeting.

Participants discussed the performance research and test results of a variety of scintillation crystals, scintillation glasses and special
plastic scintillators, and put forward R&D indicators and plans for scintillation glass materials that meet the experimental needs of large-
scale collider detectors. The work plan is clear for the future.
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CEPC 650MHz 1-cell EFiEHH AT ERHE
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| Significant progress has been made in the development of CEPC
650MHz 1-cell superconducting cavity

The Circular Electron Positron Collider (CEPC) at IHEP made an important breakthrough on April 30th ,2021. Two of its 650 MHz 1-cell
cavities (65084 and 650S7) reached 2.7E10@35MV/m and 3.6E10@32MV/m, respectively, in a vertical test at 2.0 K. The results have
broken China's gradient record for low-frequency (<1 GHz) elliptical cavities and now rank in the top level worldwide.

Based on the successful experience of 1.3 GHz cavities at IHEP, these two 650 MHz 1-cell cavities have achieved both high quality
factor (Q) and high accelerating gradient (Eacc). 650S4, which is made of fine-grain niobium, received bulk buffered chemical polishing
(BCP) and light electro-polishing (EP). 650S7, which is made of large-grain niobium, received flexible polishing to repair surface defects,

followed by light EP.

In the future, relevant techniques will be optimized to further improve the Q and Eacc of 650 MHz 1-cell cavities and applied to 650 MHz

2-cell cavities.

This work was supported by the Platform for Advanced Photon Source Technology R&D and pre-research project of CEPC.
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| Significant Progress Has Been Made in the Development of Large-area
CMOS Pixel Sensor Prototype Chip

In order to accurately measure the properties of the Higgs boson, it is necessary to achieve high-precision particle track reconstruction,
high-precision lepton momentum measurement, and decay vertex reconstruction. Therefore, to develop a detector with a high-precision,
low-mass, and radiation-resistant track is crucial. CMOS Pixel Sensor technology integrates the sensor and signal processing circuit
on the same ASIC chip. The chip can be thinned to about 50 microns to reduce the mass of the detector and increase measurement
accuracy of the particle momentum. In addition, CMOS pixel sensor has great advantages in spatial resolution, low power consumption
and readout speed, and is one of the candidate detector technologies for the CEPC.

In order to meet the detection demands of the CEPC, the R&D team of IHEP and other units have been committed to the development
of a prototype CMOS pixel sensor called TaichuPix since 2018. The goal is to achieve a spatial resolution of 3-5 microns of the high-
precision in the world's leading level,an anti-irradiation ability of higher than 1 Mrad of total ionization dose, a large detection area and a
complete data processing function, which can be installed on the prototype track detector.

The TaichuPix chip is based on the 180 nm CMOS image sensor process design. At present, the R&D team has completed the design,
production and performance verification of two small-scale prototype chips (25 mm2). The TaichuPix-2 chip includes a 64-row x
192-column pixel unit array and complete peripheral circuit function modules. The pixel size is 25 ym x 25 pm, which is expected to
achieve a spatial resolution of less than 5 um. By the input of electrical signals, radioactive source signals (90Sr, X-ray) and infrared
lasers, it is verified that the main functional modules of the TaichuPix-2 chip are working properly, and the noise and threshold levels of
the pixels are basically in line with the design, meeting the demands of the project. The team conducted an ionizing radiation test on
the TaichuPix-2 chips, and the results showed that the chips were in good performances after a cumulative dose of 30 Mrad, and the
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noise performances were not significantly deteriorated (see Figure 1). The team has completed the design of the first version of the full-
size TaichuPix prototype chips of about 2.6 cm x 1.6 cm (see Figure 2). The chips will be submitted for production soon. The full-size
TaichuPix chip adopts data-driven readout. It takes 50 ns to read out each pixel hit, which can meet the case rate of 36 MHz/cm2. The
design of all circuit modules have been tested and verified in the TaichuPix-2 chip. The chip is compatible with two working modes of
self-triggering and external one, and the power consumption density is about 100-200 m\W/cm2.

This project is one of the tasks of the “Key Technologies Verification of Silicon Pixel Sensor”,which is the subject of the project of
“R&D and Verification of Key Technologies for the CEPC”,the National Key R&D Program of the Ministry of Science and Technology.

The project is undertaken by IHEP,CAS and in cooperation with Shandong University, Nanjing University, Northwestern Polytechnical
University, and Spanish IFEA Institute.
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Figure 1: Pixel noise and threshold performance of
TaichuPix-2 chip before and after irradiation
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| Domestic Superconducting Dipole Magnet Reaches 12 Tesla

The high-field superconducting magnet team of Institute of High
Energy Physics (IHEP) of the Chinese Academy of Sciences has
made progress in a new round of performance test that ended
on June 13. The magnetic field of the dipole magnet developed
by the team exceeded 12 T (Tesla) in two apertures at 4.2 K,
reaching more than 85% of the critical performance capacity
of the superconducting wire. This magnet, including its design,
superconducting materials, cables, coils, and related equipment
and platform, is based on domestic technologies.

At present, the magnetic field record for a dipole magnet without
aperture is 16 T and is held by the European Organization for
Nuclear Research (CERN). The record for a single-aperture
dipole magnet is 14 T and was just achieved by Fermilab in 2020.
An achievement of 12 T with twin aperture is at the forefront of
the field. Furthermore, this magnet is currently the only one in
the world that uses a combination of different superconducting
materials to achieve a 12 T dipole field strength. It is a milestone
in the development of high field accelerator magnets in China.

Experts including Lucio Rossi, former project leader of the CERN
Large Hadron Collider High Luminosity Upgrade (HL-LHC) and
currently the professor at the University of Milan, and other
international colleagues, sent congratulatory letters to the IHEP
team.

The strong magnetic field provided by the high-field
superconducting magnet can control the trajectory and size
of the high-energy charged particle beam, which is the core
requirement of basic physics research, advanced nuclear
fusion energy technology, high-energy particle accelerator
construction, etc. High-field superconducting magnet technology
has been listed as one of the top priority core technologies for
the development of high-energy physics over the next ten years

in Europe and the United States. Fusion reactor R&D programs
carried out internationally and domestically also strongly rely on
high-field magnet technology.

The next-generation high-field superconducting magnets with
greatly improved performance are also expected to be widely
used in high-precision medical systems, low-loss electrical
systems, transportation systems, etc.
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