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一、总体进展情况 Overall progress
1.课题中期总体进展情况 Overall progress of the project
对照课题任务书的计划目标和各项主要指标要求，简要阐明课题中期进展情况，评述课题中期任务的实施进展状态。
Compared with the project objectives and the main indicators requirements in the project assignment, briefly expounds the progress of the medium-term and the status of the implementation of the medium-term project tasks.
本课题（“成像型强子量能器技术验证”）目标为：掌握采用闪烁体+SiPM灵敏单元的高颗粒度强子量能器的关键技术：灵敏单元的批量制作和测试技术、灵敏层模块化组装技术、嵌入式前端读出电子学及其与灵敏层的集成技术、大规模SiPM监测和刻度技术，以及量能器系统集成技术。建造一台成像型强子量能器原型机，强子能量测量线性达到3%，能量分辨达到60%/(E/GeV) 3%（10 GeV < E < 80 GeV）。最终验证基于闪烁体的成像型强子量能器技术方案。
The objective of this task is to master the key technologies of high-granularity HCAL using scintillator+SiPM sensitive units: batch fabrication and testing of sensitive units, modular assembly of sensitive layers, embedded front-end readout electronics and its integration with sensitive layers, large-scale monitoring and calibration of SiPM, and            HCAL system assembly technology. A prototype of imaging HCAL will be built. Hadron energy measurements have linearity up to 3%, and the energy resolution reached 60%/(E/GeV) 3%（10 GeV < E < 80 GeV.The technical scheme of scintillator-based imaging hadron calorimeter is finally validated.
中期状态要求：完成原型机物理设计，模拟得到原型机能量分辨达到60%/(E/GeV)3%(10GeV<E<80GeV)，完成原型机物理设计，模拟得到原型机能量线性达到3%(10GeV<E<80GeV)。
Medium-term requirements: Complete the physical design of the prototype, get the energy resolution of 60%/(E/GeV)3% (10GeV<E<80GeV) by simulation, complete the physical design of the prototype, and get the linear energy of the prototype to 3% (10GeV<E<80GeV).
目前根据任务书计划，已在多个方面取得进展：
1）利用物理模拟开展量能器成像型强子量能器的设计及性能优化。指导量能器的设计参数，具体包括：
	a）确定了闪烁体单元的尺寸为40 mm×40 mm ×3 mm
	b）确定量能器取样层为40层，单层吸收体（铁）的厚度为20 mm
	c）确定量能器横向尺寸为700 mm×700 mm，以对强子簇射横向展开有效覆盖
	d）该设计方案，可以实现任务书要求：能量分辨达到60%/(E/GeV)3%(10GeV<E<80GeV)，线性达到3%(10GeV<E<80GeV)。
Progress has been made in several areas under the Task book:
1) Design and performance optimization of imaging type hadron calorimeter using physics simulation. Guides the design parameters of the HCAL:, including:
A) The size of the scintillator unit is determined to be 40 mm x 40 mm x 3 mm
B) Determine that the sampled layer of the transducer is 40 and the thickness of the single absorber (iron) is 20 mm.
C) Determine the transverse size of the HCAL to be 700 mm x 700 mm to effectively cover the transverse spread of the HCAL
D) The design achieves the task book requirements: 60%/(E/GeV)3%(10GeV<E<80GeV) energy resolution and 3% (10GeV<E<80GeV) linearity.
2）围绕量能器灵敏探测器单元（塑料闪烁体及硅光电倍增管（SiPM）），开展并取得了以下进展：
a）确定了塑料闪烁体生产工艺的研究，最终实现了40 mm×40 mm× 3mm闪烁体单元的注塑生产工艺，达到批量生产要求
b）完成了塑料闪烁体单元自动化批量包装工艺的研究及设备研制，目前设备已经就位并完成调试
		c）与北师大NDL实验室，开展了新型SiPM的研究，已初步完成SiPM的性能验证
2) The following progress has been made around the sensor sensitive detector unit (plastic scintillator and silicon photomultiplier tube (SiPM):
A) The research on the production technology of plastic scintillator was determined, and the injection production technology of 40 mm *40 mm *3 mm scintillator unit was finally realized, which met the requirement of batch production.
B) The research and development of automated batch packaging technology for plastic scintillator unit have been completed. At present, the equipment has been put in place and debugged.
C) Research on a new SiPM has been carried out with NDL Laboratory of North Normal University, and the performance verification of SiPM has been preliminarily completed.
3）读出电子学的设计
		a）基于SPIROC2E芯片开展了前端读出电子学的设计，完成了功能测试板的开发及功能验证
		b）完成了数据接口板的设计及功能验证
		c）完成了数据获取板的设计及功能验证
		d）完成了LED刻度系统的开发
		e）基于CLAUS芯片开展了单芯片级别前端电子学的设计工作
4）塑料闪烁单元批量测试装置
a）完成塑料闪烁单元自动化批量测试系统的设计和平台加工，目前测试平台已经就位并完成调试
b）完成了塑料闪烁单元批量测量所需电子学（前端板和数据接口板）的设计及生产，该测试一次可以实现大于200片单元

截止到目前为止，本课题进展完成中期进展考核要求。
3) the design of Readout Electronics
A) Design of front-end readout electronics based on SPROC2E chip, development of functional test board and functional verification completed
B) Completed the design and functional validation of data interface board
C) Completed the design and functional validation of data acquisition board
D) Completed the development of LED scale system
E) Design of single chip level front-end electronics based on CLAUS chip
4) Batch Testing system for Plastic scintillator Units
A) Complete the design and platform production of automated batch test system for plastic scintillation unit, the current test platform has been in place and completed debugging
B) Completed the design and production of electronics (front panel and data interface panel) required for batch measurement of plastic scintillation units. The test can handle larger than 200 units at a time.
Up to now, the mid-term progress assessment requirements have been completed.
2.课题调整情况Project Adjustment
如课题出现超前/迟滞等情况，请详细说明原因、措施及履行相关审批管理制度的情况。
In case of advance/delay of the project, please specify the reasons, solution and implementation of the relevant approval management system.
无 None

二、取得的重要进展及成果 Important progress and achievements made
1.课题中期重要进展及成果Important progress and achievements
简要介绍课题研究工作的重要进展、阶段性成果（一般不超过3项）及前景。
Briefly introduce the important progress, phased achievements (generally no more than 3) and prospects of the project research work
（1） [bookmark: OLE_LINK13]完成原型机物理设计，确定设计参数，模拟结果显示能量分辨好于60%/(E/GeV)3%，线性优于3%，满足任务书需求
（2） 完成了闪烁灵敏单元的生产、包装工艺以及批量测试的研究：基于注塑工艺成功实现40 mm×40 mm× 3 mm塑料闪烁体的生产，目前具备批量生产状态；并完成自动包装机的设计及研制工作，目前具备批量包装状态；设计、并加工了批量测试平台，具备批量测试状态。
（3） 开展了电子学的设计及生产。分别基于SPIRCO2E和CLAUS芯片完成了两个路线的读出电子学设计，特别是基于SPIRCO2E芯片，已经开发了用于闪烁体批量测试的前端板；并完成了数据接口板的设计及生产；以及数据获取板的设计及生产。
(1) Complete the physics design of the prototype and determine the design parameters. The simulation results show that the energy resolution is better than 60%/(E/GeV)3%, and the linearity is better than 3%, which meet the requirements of the task book.
(2) The production, packaging and batch testing of scintillation sensitive unit have been completed: Based on plastic injection process, the production of 40 mm x 40 mm x 3 mm plastic scintillator has been successfully achieved. At present, it has batch production conditions. And complete the design and development of automatic packaging machine, currently has batch packaging conditions; design, and processing of a batch testing platform, and got batch testing conditions.
(3) Design and production of electronics were carried out. Read-out Electronics designs based on SPIRRCO2E and CLAUS chips are completed. Especially based on the SPIRCO2E chip, the front-end board for mass testing of scintillators has been developed, and the design and production of data interface board has been completed, as well as the design and production of data acquisition board.
2.预期社会经济效益 Expected socio-economic benefits
重点阐明对学科/行业产生的重要影响，对社会民生、生态环境、国家安全等的作用，以及研究成果的合作交流、转移转化和示范推广情况，人才、专利、技术标准战略在课题中的实施情况等。
Focus on clarifying the important impact on the discipline/industry, the role of society, ecological environment, national security, as well as the cooperation and exchange of research results, transfer and transformation, demonstration and promotion, talent, patent, technology standard strategy in the implementation of the project.
成像型量能器，作为粒子探测学科量能器技术的一个重要发展方向，在传统的能量测量的基础上引入三维位置测量，可以对高能粒子簇射进行能量及形状的多维参数进行测量，对开展物理分析提供了更多的信息，这在下一代高能量前沿实验中有着重要的作用和意义。该技术方向，不仅在加速器物理，包括下一代空间高能宇宙线观测实验也有着很强的应用前景。
此外，该量能器方案所采用的半导体光电器件，不仅在粒子物理实验上得到应用，而且在工业上有着广阔的应用前景，比如医学物理等。本课题研究与北京师范大学NDL实验室就实现该器件的国产化进行了大量的合作研究。
As an important development direction of the particle detection subject, the imaging calorimeter introduces three-dimensional position measurement on the basis of traditional energy measurement, which can measure the multidimensional parameters of energy and shape of high-energy particle clusters, and provides more information for physics analysis. This will play an important role and significance in the next generation of high-energy frontier experiments. The direction of this technology, not only in accelerator physics, but also in the next generation of space high-energy cosmic ray observation experiments, has a strong application prospects.
In addition, the semiconductor optoelectronic devices used in the calorimeter scheme are not only applied in particle physics experiments, but also have broad application prospects in industry, such as medical physics. This topic and NDL Laboratory of Beijing Normal University have done a lot of cooperative research on the localization of this device.
三、课题人员及经费投入使用情况 Status of project participants and funding usage
1.人员及经费投入情况 Personnel and financial input
对照课题任务书阐述课题资金（包括中央财政专项资金、其他来源资金等）到位情况、课题资金单独核算情况、预算调剂情况、支出情况和经费使用监督管理情况、人员投入情况等。
The project and task funds (including special funds of the central finance and funds from other sources, etc.), separate accounting of the project funds, budget adjustment, expenditure, supervision and management of the use of funds, personnel input, etc.
成像型强子量能器技术验证课题，总经费为971万元整，截至2020年6月30日，课题收到拨款867.6万元（专项资金867.6万元（直接经费750.75万元，间接经费116.85万元。自筹经费0万元）。课题累计执行金额198.65万元，其中直接经费110.01万元，间接经费88.64万元；详情见下表（单位：万元）：
The total funds for the technical verification of imaging HCAL were 9.71 million yuan. As of 30 June 2020, 8.676 million yuan (867.6 million yuan for special funds (7.5075 million yuan for direct funds and 1.1685 million yuan for indirect funds) were allocated to the task. Self-financing of 0 yuan).The cumulative execution amount of the task is 1.986 million yuan, of which 1.10010000 million yuan is direct fee and 886,000 yuan is indirect fee. Details can be found in the following table (unit: 10,000 yuan):
	科目
	预算批复数
	预算执行数

	（一）直接费用
	840.5
	110.01

	1.设备费
	135.6
	39.88

	（1）购置设备费
	135.6
	39.71

	（2）试制设备费
	　
	0.17

	（3）设备改造与租赁费
	　
	　

	   1）设备改造费
	　
	　

	   2）设备租赁费
	　
	　

	2.材料费
	379.46
	28.05

	3.测试化验加工费
	45
	5

	4.燃料动力费
	4.6
	　

	5.会议/差旅/国际合作交流费
	128.34
	16.67

	6.出版/文献/信息传播/知识产权事务费
	6
	0.07

	7.劳务费
	137.5
	20.13

	8.专家咨询费
	4
	0.21

	9.其他支出
	0
	0



	科目
	budget
	expense

	（一）Direct Fee
	840.5
	110.01

	1、device fee
	135.6
	39.88

	（1）purchase device
	135.6
	39.71

	（2）trail device
	　
	0.17

	（3）modifed device
	　
	　

	1) Equipment transformation cost            
	　
	　

	2) Equipment rental fee
	　
	　

	2、material fee
	379.46
	28.05

	3、testing fee
	45
	5

	4、power fee
	4.6
	　

	5、travel/confernce/international communication
	128.34
	16.67

	6、publication
	6
	0.07

	7、labor
	137.5
	20.13

	8、consult
	4
	0.21

	9、Other
	0
	0



截止目前课题暂无预算调剂情况；资金单独核算及经费使用监督管理情况，详见附件。
人员投入情况：
正高：刘建北、李数
副高：Rustem Ospanov，张志永，刘江涛，俞伯祥，李刚，傅成栋，安广朋，刘勇，张云龙，沈仲弢
中级：杨俊峰
学生：赵申森，牛亚洲，石禹坤，周安顺，刘豪
其他：唐逸敏（技术人员），王利敏（课题科研助理）
Up to now, there is no budgetary adjustment for the project. Detailed information on separate accounting of funds and supervision and management of the use of funds is provided in the attachment.
Personnel input:
Professor: Liu Jianbei, Li Number
Asso Prof.: Rustem Ospanov, Zhang Zhiyong, Liu Jiangtao, Yu Boxiang, Li Gang, Fu Chengdong, An Guangpeng, Liu Yong, Zhang Yunlong, Shen Zhongxue
Assis Prof.: Yang Junfeng
Student: Zhao Shensen, Niu Asia, Shi Yukun, Zhou Anshun, Liu Hao
Other: Tang Yimin (technician), Wang Limin (research assistant of the project)


2.课题经费拨付情况 project allocation status
课题承担单位向课题参与单位拨付中央财政资金情况。
The central financial funds allocated by the project leading institute to the task leading institute and the task leading institute to the task participating institute.
截至2020年6月30日，向课题参加单位（高能物理研究所和上海交通大学）分别拨款249.77万元和132.7万元，包括直接经费333.67万元（包括高能物理研究所218.77万元，上海交通大学114.9万元）和间接经费48.8万元（包括高能物理研究所31万元，上海交通大学17.8万元）。
As of 30 June 2020, 2.497 million yuan and 1.327 million yuan were allocated to the participating units (Institute of High Energy Physics and Shanghai Jiaotong University), respectively, including 3.3367 million yuan directly (including 2.187 million yuan for Institute of High Energy Physics and 1.49 million yuan for Shanghai Jiaotong University) and 488K yuan indirect fee (including 310,000 yuan for Institute of High Energy Physics and 178,000 yuan for Shanghai Jiaotong University).
3.人员及经费实际调整情况Actual adjustment of personnel and funds
如出现经费未及时到位、停拨、迟拨等特殊情况，请详细说明原因、措施、履行相关审批管理制度以及整改等情况。
In case of any special circumstances such as not timely arrival of funds, suspension of funds, late disbursements, etc., please explain in detail the reasons, measures, implementation of the relevant examination and approval management system and rectification, etc.
目前课题经费的到位、使用及人员投入均按照课题执行计划照常进行。
At present, the task funds in place, use and personnel input are in accordance with the project implementation plan as usual.
四、课题配套支撑条件情况 Project supporting conditions
阐述各主要研究任务的配套支撑条件落实及调整变化情况。如有调整变化，请说明调整变化对完成课题目标的影响和作用。
Explain the implementation and adjustment of supporting conditions for each main research task. If there is any change, please describe the impact and effect of the change on the achievement of the project objectives.
中国科学技术大学作为课题承担单位，为课题研究人员提供了良好的配套支持条件，依托与高能的联合核探测与核电子学国家重点实验室平台，有力的保障了本课题研究工作的有序正常开展。
同样高能物理研究所，依托与科大的联合核探测与核电子学国家重点实验室平台，开展课题预研。
上海交通大学，依托粒子与核物理研究所，开展探测器的研发工作。
The University of Science and Technology, as the task undertaking unit, provides good supporting conditions for task researchers. Relying on the platform of the State Key Laboratory for Nuclear Detection and Nuclear Electronics with high energy, effectively ensures the orderly and normal development of the research work of this project.
Similarly, the Institute of High Energy Physics carries out pre-research on this subject on the platform of the State Key Laboratory for Nuclear Detection and Nuclear Electronics, which is jointly with USTC.
Shanghai Jiaotong University develops detectors relying on the Institute of Particle and Nuclear Physics.
五、课题组织实施管理工作 project Organization and implementation management 
1.课题组织管理情况 Project organization and management
[bookmark: OLE_LINK3]阐述课题按照一体化组织实施的要求，内部管理机构和管理制度建立、运行情况和效果，以及课题牵头单位组织课题内交流、检查评估等方面的管理情况。
This paper expounds the implementation requirements of the project in accordance with the integration organization, the establishment of Internal management structure and management system, operation status and effect, and the leading institute of the project organizes the management of communication, inspection and evaluation among tasks.
课题按照重点研发计划管理要求与项目的实际情况，建立了课题组长负责制、科研人员各司其职和财务助理协助处理财务相关事宜的内部管理制度，极大的节省了科研人员的时间，有效的保障了科研工作者的科研时间投入。
In accordance with the management requirements of key R&D plans and the actual conditions of the task, an internal management system has been established for the project leader, the positions of scientific researchers and financial assistants to assist in dealing with financial-related matters, which greatly saves the time of scientific researchers and effectively guarantees the scientific research time input of scientific researchers.
2.课题间协作情况 Inter-project collaboration
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]阐述课题参与重点专项的相关管理活动，课题间资源与数据共享、协作研发以及成果转化应用情况等。
describes the related management activities of key projects, resource and data sharing, collaborative R & D, and application of achievements transformation and so on
中国科学技术大学作为承担单位，每两周有相关组会讨论项目进展；每两周与高能物理研究所、上海交通大学项目成员进行网络会议，交流进展情况。保障了本课题项目的进展。
As the undertaking unit, the University of Science and Technology of China has two-week group meetings to discuss the progress of the project; two-week online meetings with project members of Institute of High-Energy Physics and Shanghai Jiaotong University are held to discuss progress. The progress of this project is guaranteed.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]3.组织实施风险及应对情况 Organization and implementation risk and response
[bookmark: OLE_LINK9][bookmark: OLE_LINK8]阐述课题在组织实施过程中，面对外部政策、组织管理、研发变化和知识产权等方面的风险以及应对措施。
In the process of organization and implementation, the project faces the risks of external policies, organizational management, R & D changes and intellectual property rights and the corresponding measures.
本课题研究所需的测试设备、模拟程序包等，课题内各课题组共享，并定期组织相关会议进行讨论，有力的保障了课题的正常开展。
The test equipment and simulation package needed for this research project are Shared by all research groups within the project, and relevant meetings are organized regularly for discussion, which effectively guarantees the normal development of the project.
[bookmark: OLE_LINK10]六、课题组织实施中的重大问题及建议 Major problems and suggestions in project organization and Implementation
无None

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]七、任务书中有特殊约定或其他需要说明的事项 special agreements in task book or other matters to be explained
[bookmark: _GoBack]无None
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