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Annotation to the project “Design and development of the tagged neutron method for determination of the elemental structure of materials and nuclear reaction studies” 

(Project TANGRA – TAgged Neutrons & Gamma RAys) 

The project TANGRA (“Design and development of the tagged neutron method for determination of the elemental structure of materials and nuclear reaction studies”) has been started in 2014 in the framework of the theme 03-4-1104-2013/2016 "Investigations in the Field of Nuclear Physics with Neutrons". The main results obtained within the framework of the project are presented in the project report. In particular, a fully operational facility was created that allows research in the field of fundamental and applied physics using a 14.1 MeV tagged neutron source together with neutron and gamma-ray detectors.

Several institutes and laboratories expressed their interest in common research work using thу TANGRA facility: Laboratory of Nuclear Analytical Methods of the Institute. R. Boskovic, Zagreb, Croatia; FSUE "N.L.Dukhov All-Russian Scientific Research Institute of Automation", Moscow; SINP of the 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.

We propose to extend the TANGRA project for the next three years (2017-2019) in the framework of the new theme of the FLNP " Investigation of Neutron Nuclear Interactions and Properties of Neutron".

For the implementation of the planned studies, it is planned to use the experimental rooms No. 117/1, as well as the hall No. 3 of the building 42a at FLNP.

The tagged neutron method (TNM) (also known as the API-method (Associated Particles Imaging)) consists in recording the characteristic radiation of gamma rays (neutrons) produced in inelastic scattering reactions of fast neutrons with an energy of 14.1 MeV on the target nuclei under study A (n, n`γ) A, in coincidence with an (-particle formed in the reaction
d +3Н ( 4He (3.5МэВ)  + n (14.1МэВ).                                     (1)
In the binary reaction (1), the (-particle and the neutron are emitted almost in opposite directions, and therefore, knowing the direction of emission of the (-particle, the direction of the neutron emission can be determined with a good accuracy. Such a neutron tagging can be performed using a multichannel (-particle detector that is embedded in a portable neutron generator that provides deuteron acceleration to energies of 80-100 keV and focuses them on a tritium target.

The measurement of the time interval between the signals from the ( and γ detectors makes it possible to determine the distance from the neutron emission point in reaction (1) to the point at which the tagged neutron interacts with the nucleus of the target (the velocity of a 14.1 MeV neutron is 5 cm/nsec) . Thus, using TNM it is possible to determine all three coordinates of the point at which the characteristic γ-radiation has been produced.

An important advantage of TNM is the ability to monitor the flux of tagged neutrons with almost 100% efficiency. Moreover, due to the introduction of (α-γ)-, (α-n')-, and (α-n'γ) coincidences, the background level decreases by more than 200 times. The above mentioned advantages of the TNM make it possible to carry out precision studies of the processes like (n,n'γ) and (n,2n') with a wide range of target nuclei.

The main components of the TANGRA setup are:

• Neutron generator ING-27 with built-in position-sensitive 64-pixel alpha-particle detector;

• Detector system "Romashka", consisting of 24 scintillation detectors based on NaI(Tl) crystals (or BGO crystals in the new setup).

• 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 system and electronics, consisting of a digitizer with 32 input channels, sampling frequency of 100 MHz and a throughput rate of about 105 events/s.

Work on this project is planned to be organized in the following directions:

Main works and stages in the framework of the project
	№
	Name of main works and stages
	Work periods
(year, quarter)

	
	
	Beginning
	End

	1
	Investigation of neutron-gamma angular correlations in the inelastic scattering of neutrons on carbon.
	2017, I
	2017, IV

	2
	Investigation of (n, n'γ) reactions on other nuclei (O, N, Be) using the tagged neutron method.
	2017, I
	2018, IV

	3
	Measurement of cross sections and characteristics of of the (n, 2n ') and (n, n') reactions.
	2018, IV
	2019, IV

	4
	Further development of methods of elemental analysis based on TNM.
	2017, I
	2019, IV

	5
	Modeling the response of the installation, as well as various physical processes based on Monte Carlo methods.
	2017, I
	2019, IV

	6
	Study of the radiation damage of various detectors, irradiated by fast neutrons.
	2017, I
	2017, IV

	7
	Study of the Martian soil model.
	2017, I
	2019, IV

	8
	Construction of a position-sensitive neutron detector for measuring the profiles of neutron beams.
	2017, I
	2017, III

	9
	Construction of a multi-crystal gamma-ray detection system based on BGO scintillators.
	2017, I
	2017, IV
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Proposed time schedule and required resources for realization of the project «Design and development of the tagged neutron method for determination of the elemental structure of materials and nuclear reaction studies»

	Description of units and systems,

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

	
	
	2017
	2018
	2019

	Main units and equipment 
	1. Completion of the work on the construction of a 24-section detector of γ-rays based on BGO crystals
	30
	30
	
	

	
	2. Completion of work on the development of a position-sensitive neutron detector
	10
	10
	
	

	
	3. Purchase of neutron detectors
	70
	20
	20
	30

	
	4. Purchase of high-resolution detectors
	120
	
	60
	60

	
	5. Design and development of digital electronics.
	80
	20
	30
	30

	
	6. Purchase of targets
	50
	10
	20
	20

	
	7. Supply of a neutron generator (VNIIA)
	100
	
	
	

	Required resources
	Norm-hour
	FLNP workshops
	400
	200
	100
	100

	
	
	Design bureau
	-
	-
	-
	-

	
	
	Reactor
	-
	-
	-
	-

	Funding sources
	Budget
	Theme 1128
	360
	90
	130
	140

	
	ВНИИА
	
	100
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Cost estimate of the project «Design and development of the tagged neutron method for determination of the elemental structure of materials and nuclear reaction studies»

	№
	Description of cost items
	Total cost
	2017
	2018
	2019

	Direct expenses

	3
	Materials
	50
	10
	20
	20

	4
	Equipment
	280
	70
	100
	110

	5
	Payment of research performed under contracts 
	30
	10
	10
	10

	6
	Travel expenses
	90
	30
	30
	30

	6
	FLNP workshops
	600 hr 
	200 hr
	200 hr
	200 hr

	Total direct expenses
	450
	120
	160
	170


	Project leader
__________________ Yu.N. Kopatch
«____» ____________________2017 

Director of FLNP
__________________V.N. Shvetsov
«____» ____________________2017

	

	Economist of FLNP
________________L.S. Ovsyanikova
«____» ____________________2017
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