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ИБР-2. Laboratory of Neutern Physics



ИБР-2. Лаборатория нейтронной физики
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SHE Factory – Фабрика сверхтяжёлых элементов.



SHE Factory – Фабрика сверхтяжёлых элементов. 

Новый ускоритель ДЦ-280



NICA/MPD - Laboratory of High Energy Physics 



Educational Project for  STAR 

and  NICA/MPD Experiments

Joint Institute for Nuclear Research



The goals of the project
• To attract new students to this exciting field of research

and the inclusion of results of experimental studies in the

educational process.

• То provide students from various universities of new

educational resources appropriated to their level of

education about various modern experiments, facilities

and international collaborations.

• Тo create community of students from different countries

and universities interested in working on this area of

science, will form a community of learners and teachers.



1. University students of Physics departments

2. Undergraduate students

3. Bachelors and Masters of Physics

4. Science teachers

Target Group



 General information

 Scientific Highlights

 Detectors subsystems

 Instruments and methods for data analysis

 Trigger system

 Control Room

 Virtual labs based on real experimental data

 Analysis Infrastructure. Tools for beginners.

 Contact Information for Students

TOPICS



STAR Detectors 

Subsystems



STAR Detectors Subsystems



Trigger System



Analysis Infrastructure. Tools for beginners



Analysis Infrastructure. Tools for beginners.



Virtual labs based on real experimental data: “Measurement of proton and 

antiproton yields in the central collisions at RHIC energies”

 Real data

 Physical task

 PicoDST

 Algorithm

 Results

 Analysis

 Conclusions

Practicum on Real Experimental Data



• Currently a lab used experimental data on the gold-gold collisions at

different energies from 7.7 to 200 GeV to study production of

antiprotons at RHIC collider is realized.

• As instrument for the complex study of events it is developed the 

module to visualize events using interactive 3-D graphics

Practicum on Real Experimental Data



Purpose: students, future STAR shift members. Interactive information

system of the STAR control room and the shift team. Includes the detailed

description of the team member roles, duties, instructions, trainings and

practical exercises; description about electronics and software.

Control Room 



Control Room 



NSWW.org



Board



http://NSWW.org



Hardware-Software Complex 

“Virtual Laboratory of Nuclear Fission”



The goal of the Project

The goal of the project is the integration of

technological elements of modern science into the

educational process, carrying out labs based on

combination of real equipment, virtual and online

laboratory research using data obtained from the

existing physical facilities.



• As a first step we have chosen an actual scientific problem 

– the study of spontaneous fission using the spectrometer 

LIS from Flerov Laboratory of Nuclear Reactions, JINR 

LIS setup with timestamp detectors based on MCP

Light Ions Spectrometer



The project is comprised of three 

educational levels: 

• Elementary level. A typical target group at this level are

high school students, science teachers, undergraduate

students and participants of summer practices.

• Basic level. The goal at this level is to study various types

of radiation detectors, nuclear electronics & DAQ and some

important methods of experimental data processing.

• Advanced level. A typical target group at this level are 

students who plan to prepare their bachelor and master 

theses based on the measurements at the LISSA project. 

This level may be useful  as a training before independent 

work as experimentalists in nuclear physics.



• Real equipment

• LabView

Practicum types

• Virtual labs

• Remote labs



Part 1. Some Concepts of Nuclear Physics

1. Introduction

2. Proton-Neutron Nuclear Model

3. Mass – Energy – Momentum

4. Nuclear Energy: Fusion and 

Fission

5. Radioactivity:

6. Alpha Decay

7. Beta  Decay

8. Gamma Decay

9. Spontaneous Fission

10.Radioactive Decay Law

11.Quiz

12.Exercises



Exercises for experimentalists



Part 2. How to Measure Radioactivity

1. Introduction

2. Radioactive Sources

3. Interaction of Radiation             

with Matter

4. Radiation Detectors: 

• Gas-Filled Detectors

• Scintillation Detectors

• PIN Diodes

• Detectors Based on 

Microchannel Plates

5. Measurement of Radioactivity 

6. Quiz

7. Practicum



Practicum
Skills:

1. Work with 

oscilloscopes and 

pulse generators

2. Work with scintillation 

detectors (NaI, CsI, 

plastic)

3. Measurements and 

spectrum analysis

4. Coincidence method 

and registration of 

cosmic particles



Remote labs

In collaboration with 

the Warsaw University 

of Technology the 

remote lab for studying 

of attenuation of 

gamma radiation was 

implemented.



Part 3. Theoretical Models 

of the Atomic Nucleus

1. Introduction

2. Nuclear Models

3. Quantum Mechanics in 
Nuclei

4. Fission and Quantum 
Tunneling 

5. Basic Regularities of 
Spontaneous Fission

6. Collinear Cluster Tri-
Partition (CCT)

7. Quiz

8. Exercises



Part 4. How to Measure Nuclear Fission

1. Introduction

2. Physics of Binary Fission

3. Methods of Detection of 

Fission Fragments

4. Energy Measurements of 

Fission Fragments 

5. Time Measurements of 

Fission Fragments

6. Quiz

7. Practicum



Part 5. Light Ions Spectrometer –

Measurements

1. Physical Motivation

2. LIS Setup

3. Electronics of the LIS 

Setup

4. Block Diagram and Data 

Acquisition System

5. CAMAC Practicum

6. PIN Diode Calibration 

7. Time of Flight Calibration

8. LIS Manual



Light Ions Spectrometer – Practicum

Skills: 

1. Vacuum system 

preparation

2. Measurements of 

PIN diode signals 

from the alpha 

source

3. Measurements of 

thin foil thickness 

and Bragg's peak 

obtaining



Part 6. Light Ions Spectrometer – Data 

Analysis

1. Introduction

2. Data Viewer

3. Time and Energy 

Calibration

4. Energy and Mass Fit

5. Exercises

6. ROOT Manual

7. ROOT Practicum



Data analysis –

ROOT Practicum



Data analysis from LIS setup

1. Analysis of data 

obtained from LIS 

setup using ROOT

2. Data analysis of 

signals from 5 GS/s 

Switched Capacitor 

Digitizer



«Virtual laboratory of spontaneous fission»

Калибровка 

PIN-детектора

• Изучение спектра от радия-226

• Выбор коэффициента усиления 

сигнала

• Построение калибровочного 

графика



«Virtual laboratory of spontaneous fission»

Измерение энергий частиц от 

калифорния-252 и измерение 

толщины источника

• Измерение энергетического спектра 

252-калифорния

• Расчет потерь энергии альфа-

частиц радия в источнике 

калифорния

• Расчет толщины источника 

калифорния



Nuclear Science and Technology Community

nsww.org



Massive Open Online Courses



https://www.coursera.org/mephi



 Создание научно-технического текста

Для иностранных студентов в России

Запуск курса: 12 октября 2015 года

 Элементы атомной и ядерной физики

Для бакалавров

Запуск курса: 30 ноября 2015 года

 Физика как глобальный проект

Физика для всех

Запуск курса: 20 декабря 2015 года

https://www.coursera.org/mephi



Элементы атомной и ядерной физики



Физика как глобальный проект

Темы

• Физика от Аристотеля до Ньютона. Основные принципы и подходы 

глобального проекта "Физика"

• Обобщённая механика. Первая полноценная успешная теория

• Конкретная механика. "Нет ничего практичнее хорошей теории"

• От механики к тепловым явлениям

• Статистическая физика. Как Бог играет в кости?

• Поля и волны. Откуда у природы берутся силы?

• Квантовая физика. Новая физика 20-го века

• Физика высоких энергий. Так как же всё-таки устроен этот мир?



Thank you!


