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项目下一阶段工作计划
Work plan for the next phase of the project
（提纲）outline
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项目名称：Project name:
项目牵头单位：Project leading institute
项目负责人：Project leader

一、任务书中待完成的研究内容、目标和考核指标The research contents, objectives and assessment indicators to be completed in the task book
[bookmark: OLE_LINK13]（请分项描述）
 (Please describe by tasks)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]   CEPC增强器二极磁铁待完成的研究内容是研制一台有效长度为4.7m的磁铁样机，最低工作磁场为28Gs，磁场均匀性为±5E-4，励磁重复性为±5E-4。
完成RF屏蔽波纹管总装，弹簧指接触力达到12525g；完长6m长真空盒镀吸气剂膜，极限真空达到210-10 Torr.
针对CEPC全双环方案中,需要将正、负电子束团在对撞机主环高频区进行分离的需求，开展高能正负电子束静电分离器的设计与原型样机的研制。包括超高真空腔体、静电场电极，高压绝缘支撑件、高压馈电装置设计，高阶模吸收器及冷却系统设计和抽真空系统设计等内容。高能正负电子束静电分离器主要目标和考核指标：静电分离器电场强度测试结果达到2MV/@110kV；静电分离器电场均匀性达到(1‰)10×10 mm2；静电分离器腔体真空度小于210-10Torr 。
待完成的研究内容为CEPC在Z能区的极化束流对撞设计方案，研究目标为Z能区极化束流对撞的加速器物理研究与设计，考核指标为束流极化度大于50%，束流寿命大于60分钟。
The research content of CEPC booster bipolar magnet to be completed is to develop a prototype magnet with effective length of 4.7m, minimum working magnetic field is 28Gs, magnetic field uniformity is±5E-4, and excitation repeatability is±5E-4.
Complete RF shielding bellows assembly, spring finger contact force up to 12525g; 6 m long vacuum box plated with getter film, limit vacuum up to 210-10  Torr.
For the need of separating positron and electron beam bunch in the high frequency region of the main ring of the collider, the design of high energy positron and electron beam electrostatic separator and the development of prototype are carried out. It includes ultra-high vacuum chamber, electrostatic field electrodes, high voltage insulation support, high voltage feed device design, high-order mode absorber and cooling system design, and vacuum pumping system design. The main objectives and evaluation indices of the high-energy positron and electron beam electrostatic separator are as follows: the results of the field strength test of the electrostatic separator reach 2MV/@110kV; the field uniformity of the electrostatic separator reaches (1‰)10×10 mm2; and the vacuum degree of the chamber of the electrostatic separator is less than 210-10Torr
The research content to be completed is the design scheme of polarized beam collision in Z-energy zone for CEPC. The research target is the physical research and design of accelerator for Z-energy zone polarized beam collision. The evaluation index is that the beam polarization is more than 50%, and the beam lifetime is more than 60 minutes.
二、任务书研究内容完成情况The completion of the research content of the task book
（请分项描述待完成的研究内容及对应考核指标目前完成情况和主要差距）：Please describe the research contents to be completed and the current completion status and main gaps of corresponding assessment indicators
目前CEPC增强器高精度低场二极磁铁课题分别研制了一台铁芯二极磁铁小型试验样机和一台CT型空芯线圈二极磁铁小型试验样机，实验结果表明，两种磁铁样机在最低工作磁场为60Gs时都能满足设计要求，达到了中期考核指标值。在最低工作磁场为28Gs时，CT型空芯线圈二极磁铁能够满足设计要求，但是铁芯二极磁铁不能满足要求。课题的下一阶段工作计划是，在CT型空芯线圈二极磁铁小型实验样机的研究基础上，设计和研制有效长度为4.7m长的正式的磁铁样机，以及用于样机测试的磁场测量系统。
RF屏蔽波纹管关键技术指标已达到，组装焊接后可完成样机制造；真空盒镀膜系统已建立，正在进行工艺实验，以求获得最佳的镀膜工艺参数。
At present, a small test prototype of iron core dipole magnet and a small test prototype of CT type hollow coil dipole magnet have been developed in the project of high precision low field dipole magnet for CEPC booster. The results show that both magnet prototypes can meet the design requirements when the lowest working magnetic field is 60Gs and reach the mid-term evaluation index value. When the minimum working magnetic field is 28Gs, the CT type hollow coil dipole magnet can meet the design requirements, but the core dipole magnet can not meet the requirements. The next stage of the project is to design and develop a formal magnet prototype with effective length of 4.7m and a magnetic field measurement system for prototype testing based on the study of a small experimental prototype of CT-type hollow coil dipole magnet.
Key technical indicators of RF shielded bellows have been reached, and prototype manufacturing can be completed after assembly and welding. Vacuum box coating system has been established and process experiments are being carried out to obtain the best coating parameters.
目前静电分离器电场设计基本完成，并应对电场与磁场相匹配和降低静电分离器的束流阻抗要求，对静电分离器结构进行了初步优化，取得一定效果，但是束流能力损耗仍然偏大，需要进行高次模耦合吸收器的设计。静电分离器其它关键部件如高压绝缘支撑件、金属陶瓷密封真空穿墙件和抽真空系统也进行了技术方案的设计，基本满足要求。目前课题已经完成招标工作，正在进行样机研制阶段。
已完成极化插入件的基本参数选择和精确能量测量的工作模式设计。对CEPC经过误差校正的磁聚焦结构的平衡极化度进行了模拟研究，其极化度能够满足束流能量测量的要求，并基于模拟结果，给出了实现大于50%束流极化度的极化束流对撞的实现路径。目前的研究工作已达到中期考核指标。相比项目完成时考核指标，还需针对实现极化束流对撞所需的储存环自旋旋转器参数选择、增强器西伯利亚蛇方案进行更加深入的研究，以确保总体设计方案能够实现高亮度、高束流极化度和可以接受的束流寿命。
At present, the design of the electric field of the electrostatic separator is basically completed. In order to match the electric field with the magnetic field and reduce the beam impedance of the electrostatic separator, the structure of the electrostatic separator has been optimized preliminarily, and some results have been obtained. However, the loss of beam capacity is still large, so the design of the high mode coupled absorber is required. Other key components of the electrostatic separator, such as high voltage insulating support, cermet sealed vacuum piercing wall and vacuum pumping system, have also been designed to meet the basic requirements. At present, the project has completed the tender work and is in the stage of prototype development.
The basic parameters selection of the polarized insert and the design of the working mode for accurate energy measurement have been completed. The balanced polarizability of CEPC error-corrected magnetic focusing structure is simulated. The polarizability can meet the requirements of beam energy measurement. Based on the simulation results, the implementation path of polarized beam collision with more than 50% beam polarizability is given. The current research work has reached the mid-term assessment index. Compared with the project completion assessment criteria, more in-depth studies are needed on the storage ring spin rotator parameter selection and the booster Siberian snake scheme for polarized beam collision to ensure that the overall design scheme achieves high luminorsity, high beam polarization and acceptable beam lifetime.


三、保障完成项目任务研究目标、内容和指标的具体措施 Specific measures to ensure the completion of research objectives, contents and indicators of project 
（请分项针对待完成的研究内容及对应考核指标，明确具体落实措施、时间进度安排、标志性进度节点和的实施责任主体等）
Please specify specific implementation measures, time schedule, symbolic progress nodes and implementation responsibility subjects, etc. according to the research content to be completed and corresponding assessment indicators.)
CEPC增强器二极磁铁课题组与相关磁铁制造厂家密切合作，通过定期召开讨论会及时解决磁铁工艺设计和加工过程中出现的问题，确保磁铁样机的加工精度满足设计要求。
经过对RF屏蔽波纹管模具改进，弹簧指接触力已达设计要求；真空盒镀膜系统根据现有实验结果并结合其他装置的经验，可以按照计划完成任务。
The CEPC booster Dipole Magnet Task Force works closely with the relevant magnet manufacturers to promptly solve the problems in the process design and processing of magnets by holding periodic seminars to ensure that the processing accuracy of the magnet prototype meets the design requirements.
After improving the RF shielded bellows mould, the contact force of spring finger has reached the design requirements. Based on the existing experimental results and combined with the experience of other devices, the vacuum box coating system can complete the task according to the plan.
将在2020年11月完成静电分离器各关键部件的机械加工；之后在高能所进行整体组装及静电场测试。首先完成中期考核目标:真空度优于 4×10-10Torr；工作电压达到 ±90kV。在此基础上对静电分离器进行高压老练实验，并进行冷却系统和高阶模吸收器的优化设计。完成静电分离器高压老练和测试，达到真空度优于 2×10-10Torr；工作电压 ±110kV的设计指标。
Machining of key components of the electrostatic separator will be completed in November 2020, followed by overall assembly and electrostatic field testing at IHEP. Firstly, the mid-term assessment target will be completed: the vacuum degree is better than 4 *10-10 Torr; the working voltage reaches +90kV.On this basis, the high-pressure aging experiment of electrostatic separator will be carried out, and the optimum design of cooling system and high-order mode absorber is carried out. Complete the high voltage drilling and testing of the electrostatic separator, and reach the design criteria of vacuum degree better than 2 *10-10 Torr and working voltage +110kV.

在储存环中加入自旋旋转器的同时保持较高的平衡极化度，是下一阶段研究的重点和难点问题。该问题我们已经进行了初步研究，目前已有第一版含简化自旋旋转器的磁聚焦结构设计，我们将基于此立即开展自旋拟合的理论分析和模拟研究，探索实现较高平衡极化度的参数空间，预计于2021年3月底完成此项工作；然后再根据上述研究结果进一步优化储存环的磁聚焦结构设计，预计于2022年7月完成。其中第一项工作我们将同国际同行针对EIC开展的类似工作进行充分交流，这项工作主要由一名高年级博士生进行。在增强器中加入西伯利亚蛇来保持束流加速过程中的束流极化度，是另一项重要工作。目前对于西伯利亚蛇的基本参数选择已经有一些初步研究，尚需解决的问题一是在增强器的磁聚焦结构中加入这些元件并进行磁聚焦结构优化， 这项工作预计于2021年9月完成，二是验证其保持束流极化度的效果，这项工作预计于2022年7月完成。这项工作将由课题组中的两名研究人员合作完成。
[bookmark: _GoBack]Adding a spin rotator to the storage ring while maintaining a high balance polarization is a key and difficult problem in the next stage of research. We have already done some preliminary research on this issue, and the first version of the magnetic focusing structure design with simplified spin rotator is available. Based on this, we will immediately conduct theoretical analysis and Simulation of spin fitting, explore the parametric space for achieving a higher balanced polarization, which is expected to be completed by the end of March 2021, and then further optimize the storage ring based on the above results. The design of the magnetic focusing structure is expected to be completed in July 2022. First, we will fully communicate with our international counterparts about similar work for EIC, mainly by an advanced PhD. Adding Siberian snakes to the booster to maintain beam polarization during beam acceleration is another important task. At present, there are some preliminary studies on the selection of basic parameters for Siberian snakes. The first problem to be solved is to add these elements into the magnetic focusing structure of the booster and optimize the magnetic focusing structure. This work is expected to be completed in September 2021, and the second is to verify the effect of maintaining beam polarization, which is expected to be completed in July 2022.This work will be done by two researchers in the project group.
