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Annotation of the project “Research and development of the tagged neutron method for identification of the elemental structure of substances and studies of nuclear reactions”
(Project TANGRA – TAgged Neutrons & Gamma RAys) 

The project TANGRA (“Research and development of the tagged neutron method for identification of the elemental structure of substances and studies of nuclear reactions”) was started in 2014 in the framework of theme 03-4-1104-2013/2016 "Investigations in the Field of Nuclear Physics with Neutrons". In 2017-2019, work on the project continued under the theme 03-4-1128-2017/2019. The main results obtained in the framework of the project are presented in the project activity report. In particular, a new facility based on 18 BGO detectors was constructed that allows research in the field of fundamental and applied physics using a 14.1-MeV tagged neutron source. 
Several institutes and laboratories expressed their interest in common research work using the TANGRA facility: Laboratory for Nuclear Analytical Methods of the R. Boskovic Institute, Zagreb, Croatia; FSUE "N.L.Dukhov All-Russian Scientific Research Institute of Automation", Moscow; SINP of Moscow State University; Institute of Nuclear Research and Nuclear Energy (INR) of the Bulgarian Academy of Sciences (BAN), Sofia, Bulgaria; Alexandria University, Egypt; Horia Hulubey National Research Institute of Physics and Nuclear Technology, Bucharest, Romania; Banaras Hindu University, Varanasi, India.
It is proposed to extend the TANGRA project for the next three years (2020-2022) in the framework of the FLNP theme "Investigation of Neutron Nuclear Interactions and Properties of Neutron" in order to:
1) construct a new facility based on gamma-ray detectors with high energy resolution for precise determination of gamma-ray yields in reactions with fast neutrons and develop elemental analysis methods;
2) conduct experiments in order to obtain new data on cross sections and angular correlations in reactions induced by 14.1-MeV neutrons;
3) upgrade and optimize the experimental setup by using more efficient and faster neutron detectors;
4) use a universal system of acquisition, selection and preliminary analysis of data from alpha, neutron and gamma-ray detectors;
5) develop and apply new algorithms for processing experimental data;
6) develop a technique of searching for diamonds in kimberlite ore, which will require the development of technology of designing tagged neutron generators with high spatial resolution.
For the implementation of the projected research, it is planned to use experimental rooms No. 117/1, as well as hall No. 3 of bldg. 42a at FLNP.
The main components of the TANGRA facility are:
· Neutron generator ING-27 with built-in position-sensitive 64-pixel alpha-particle detector;
· Detector systems “Romashka” and “Romasha”, consisting of 24 NaI(Tl) scintillation detectors and 18 BGO detectors, respectively.
· Neutron detectors based on liquid scintillators, plastics and stilbene with the ability to separate neutrons and gamma-rays by pulse shape.
· Two-dimensional position-sensitive detector (profilometer) of fast neutrons based on two-sided stripped silicon detectors.
· Data acquisition electronics based on 32 and 64-bit digitizers with sampling rate of 100 MHz and throughput of about 105 events/s.
The following investigations are planned in the framework of the project:
· Measurement of angular correlations of gamma-rays and secondary neutrons in the reaction of inelastic scattering of 14.1-MeV neutrons by various nuclei.
· Development of theoretical models describing the angular correlations of gamma-rays and secondary neutrons in the inelastic scattering reaction.
· Investigation of (n,2n) reactions in the interaction of 14.1-MeV neutrons with nuclei.
· Measurement of gamma-ray yields from the interaction of 14.1-MeV neutrons for various samples. Creation of gamma-transition database. 
· Development of a technique of searching for diamonds in kimberlite ores using the tagged neutron method. Design and development of 1024-pixel neutron generator.
· Study of Martian soil model.
Work on this project at the new stage is planned to be organized in the following directions: 
	№
	Title of research work and stages

	Period of work
(year, quarter)

	
	
	From
	To

	1
	Measurement of characteristic gamma spectra for various elements. Creation of database for identification of elements. 
	2020, I 
	2020, IV 

	2
	Construction of a prototype of a setup for elemental analysis using TNM and high-resolution detectors.
	2020, I 
	2021, IV 

	3
	Experiments on the measurement of cross sections in (n,2n), (n,n`) reactions.
	2021, I 
	2022, III 

	4
	Experiments to measure angular correlations of gamma-ray emission in reactions of inelastic neutron scattering by light nuclei. Processing of experimental data.
	2020, I 
	2022, IV 

	5
	Development of a theoretical model to describe angular correlations in inelastic scattering of fast neutrons.
	2021, I 
	2022, IV 

	6
	Studies of the Martian soil model.
	2020, I 
	2022, IV 


Time schedule of activities 
Form № 26
Proposed time schedule and required resources for realization of the project «Research and development of the tagged neutron method for identification of the elemental structure of substances and studies of nuclear reactions»

	Description of units and systems,

resources, funding sources
	Cost of units (k$). Resource requirements.
	Proposals of the Laboratory for distribution of funds and resources.

	
	
	2020
	2021
	2022

	Main units and equipment
	1. Construction of a prototype of a setup for elemental analysis using TNM and high-resolution detectors
	160
	80
	80
	40

	
	2. Purchase of neutron detectors
	120
	40
	40
	40

	
	3. Development of digital electronics
	90
	30
	30
	70

	
	4. Purchase of targets
	30
	10
	10
	10

	
	5. Supply of neutron generator (VNIIA)
	100
	
	
	

	Required resources
	Norm-hour
	FLNP workshops
	600
	200
	200
	200

	
	
	Design bureau
	-
	-
	-
	-

	
	
	Reactor
	-
	-
	-
	-

	Funding sources
	Budget
	Theme 1128
	480
	160
	160
	160

	
	VNIIA
	
	100
	
	
	


Cost estimate                                                                                      Form № 29

Cost estimate of the project «Research and development of the tagged neutron method for identification of the elemental structure of substances and studies of nuclear reactions»

	№
	Description of cost items
	Total cost k$
	2020
	2021
	2022

	Direct expenses

	1
	Materials
	50
	10
	10
	10

	2
	Equipment
	320
	120
	120
	80

	3
	Payment of research performed under contracts
	130
	30
	30
	70

	4
	Travel expenses
	90
	30
	30
	30

	5
	FLNP workshops
	600 h
	200h
	200h
	200h

	Total direct expenses
	570
	190
	190
	190


	

	Project leader
__________________ Yu.N. Kopatch
«____» ____________________2019
FLNP Director
__________________ V.N. Shvetsov
«____» ____________________2019

	

	FLNP Economist 
________________ L.S. Ovsyanikova
«____» ____________________2019
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