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Problem: 

The study of heavy nuclei with z>2 in Cosmic Rays, representing essential danger to biological objects and microelectronic components installed on board the spacecraft, is of great scientific and practical interest. However, their exploration in Galactic Cosmic Rays (GCR) is extremely difficult because of the low intensity of the nuclei fluxes, which comprise 10-2 – 10-3 part of the total intensity of charged particles. Currently, many investigators develop a method of direct detection of charged particles by using various active and passive detectors (CR-39, thermoluminescent and plastic detectors, tissue equivalent counters, etc.)  in the upper layers of atmosphere and the near-Earth orbit [1-3]. These studies can be divided into two areas:
1. Searching of ultrahigh energy particles (tens to hundreds of GeV per nucleon). Such investigations rather have fundamental importance in astrophysics, high energy physics [4 ]. Those particles are extremely rare and do not practically affect the overall radiation environment on board of the spacecraft. 

2. Investigation of low energy nuclei and protons fluxes in composition of GCR and SCR. Such studies are carried out particularly on board of the International Space Station ISS [5, 6].   As a rule, the detectors record the total flux of charged particles, without singling out a multi-charged component. Besides, because of the low-intensity flux of multi-charged nuclei large detectors or long-time registration is required for obtaining of reliable data. Unfortunately, fixed programs of flight of spacecrafts and limitations imposed on weight and dimensions of the equipment often make such studies impossible. In our opinion, the study of fluxes of multi-charged nuclei in the near-Earth space requires special attention. Note, that due to the large quality factor, their contribution in the total radiation dose may reach 15-30%. 

Till now there are practically no unambiguous data about the dependence of the flux of nuclei Z> 2 on the important flight parameters (altitude and inclination of the orbit, the phase of the solar activity, the shielding thickness). The urgency of that problem has increased presently, when interplanetary flights programs are being developed. This situation requires comprehensive study of the fluxes of those multi-charged particles.

Objectives
For many years the Laboratory was engaged in the study of radiation environment in the near-Earth orbit. The works have been carried out in collaboration with the Institute of Biomedical Problems of the Russian Federation, Scientific-Investigation Center of radiation safety of space objects in the framework of international collaboration Intercosmos. Currently the Laboratory participates in international programs ICCHIBAN, Space Intercomparison, which are performed onboard of the International Space Station. Passive detector based on the nuclear emulsion with controllable sensitivity threshold was developed in the Laboratory for the investigation of cosmic rays fluxes. The developed detectors and the method of cosmic rays registration by those detectors were protected by more than 10 inventor certificates of USSR. From 1979 to 2009 our detectors were exposed on board of many cosmic objects - tens of Cosmos and Bion satellites, Shuttles, Mir, Salyut space stations, ISS, in the open space on different orbits, on board of civil aircrafts, including Concord (flights Paris-New York). 

These detectors allow determining the fluxes of charged particles in wide range of linear energy transfer (LET), to identify the charge of particle, to determine the fast neutron flux. Based on those results it is possible to calculate the absorbed and equivalent doses of radiation caused by fluxes of charged particles (both protons, and multi-charged nuclei) and neutrons separately. The uniqueness of those detectors is that after the development of emulsions in them no further changes occur, and they can be stored for a very long time. Now there are a great number of detectors in the Laboratory exposed on different orbits (18-450km altitude, 28-83o inclination) and at different phases of solar activity (the collection covers more than 2 full cycles). As a rule, fast neutron fluxes and total fluxes of charged particles, and occasionally fluxes of multi-charged nuclei were investigated in those detectors. It was dictated both by the program of experiments and by the labor-intensiveness of study of multi-charged nuclei fluxes.

We propose to use the collection of exposed detectors possessed in the Laboratory for determining the fluxes of multiply charged nuclei z>2 in various Earth orbits, and the radiation doses caused by them. For that purpose, detailed microscopic study of exposed detectors for detecting the registered tracks of heavy nuclei will be carried out. Note, that the Laboratory continues participating in the international experiments performed onboard the ISS for the investigation of the radiation environment using passive detectors, and our detectors will also be exposed in the upcoming experiments. Unfortunately, the exact dates of the experiments are not identified yet.

Task1 Jan-2011- Dec 2011

1.1. Classification of detectors according to flight parameters. 
1.2. The study of the detectors exposed on board of “Cosmos” satellites 
1.3. Studies on “Concord” aircrafts
Task2. Jan-2012- Dec 2012
2.1. Investigation of radiation environment onboard of STS shuttle 
2.2. Searching of Z>2 nuclei in the detectors exposed in open space.
Task3. Jan-2013- Dec 2013
3.1. Investigation of detectors exposed in Mir, Salut Space stations and ISS.
Impact: 

As a result of the project realization data about the intensity of fluxes of heavy nuclei in various near-Earth orbits in different phases of Sun activity will be obtained. The LET spectra for those particles and the values of radiation doses caused by them will be calculated. The significance of the proposed project is that using controllable passive detector extensive information on the flux of nuclei with z> 2 and, the LET spectra of these particles will be firstly obtained, the dependence of the equivalent radiation dose on the flight parameters (flight altitude (250 - 470 km) orbit inclination (28° - 83°), shielding thickness (5-40 g/cm2) and the phase of Sun activity) will be estimated. It is worth mentioning that one type of the detector will be used in all cases. Those results will provide an opportunity to identify the regularity of changes in fluxes of heavy particles near the Earth and to enrich our knowledge of cosmic ray physics. In addition, the obtained data can be used to develop the measures of radiation safety for long and far space missions.
Achievements of the group 

An efficient and simple method for controlling the detection threshold of nuclear emulsion in the range of dE/dx =101 – 104 MeV/ cm is developed, which allows to radiate the layers in space for several months (e. g. 8 months on the Mir space station in 1990) instead of the usual 10-15 days, after which the emulsion becomes unsuitable for microscopic studies. The technique is protected by 10 author's certificates.

The laboratory staff has extensive experience in the study of radiation environment of both the space, and the ground objects. The study of radiation environment in near-Earth orbit were performed by the request and with the participation of the Institute of Medical biological problems of Heath Ministry of USSR, as well as NASA's experts. The most important results were taken as input in the development of Standards and other regulatory documents on "Radiation safety of space flight.

In collaboration with Join Institute of Nuclear Research (Dubna, RF) the method for detection of ultraheavy nuclei in meteorite crystals and GCR was developed. 

We have developed a technique for determination of the individual radiation dose of the accelerator staff radiation, which was introduced at the Institute of High Energy Physics (Protvino).

The study of aftershocks of the earthquake in Spitak region by determining the content of radioactive radon in soil.

A technique for determining the content of radionuclides in samples of soil and plants in the near zone of the Chernobyl nuclear power plant was developed.

Laboratory staff has more than 70 papers published in foreign and domestic journals and 10 inventors certificates.

In 2008 the group became the winner of A.I.Alikhanyan competition "for the best experimental works".

Personnel Commitments
The group consists of 6 participants.

	Name 
	Position  
	Responsibilities 

	Akopova A.B. 
	Principal Investigator, Ph.D.
	The general management, problem statement in the frame of proposal, finding the most effective way for determination of nuclei with Z>2, summarizing of the received results, report and articles writing

	Tatikyan S.Sh 
	Researcher, Ph.D. 
	Calculation of LET spectra, estimation of radiation doses, discussion of the results

	Manaseryan M.M. 
	Engineer-chemicist, emulsioner,  
	Preparation of detectors for the microscopic study, elimination of detector’s damage, quality control of measurements

	Asatryan A.I.
	Technician-microscopist
	Microscopic investigation of detectors, identificaton of heave nucley tracks

	Harutunyan N.A.
	Technician-microscopist
	Microscopic investigation of detectors, identificaton of heave nucley tracks

	Margaryan S.L.
	Technician-microscopist
	Microscopic investigation of detectors, identificaton of heave nucley tracks


Equipment
	Equipment description
	Cost (US $)

	
	

	Total


Materials
	Materials description
	Cost (US $)

	Chemical reagents and supplies for microscopes and densitometer 
	


Other Direct Costs
	Direct cost description
	Cost (US $)

	Invitation of the specialist for repairing and adjustment of microscopes
	

	Postage for shipment of detectors to Japan and back via express mail.  
	


Travel costs (US $)
	CIS travel
	International travel
	Total
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Technical Approach and Methodology: 

Investigation of the charged particles flaxes includes following steps: 

· Microscopic investigation of developed detectors for revealing and counting of registered tracks of charged particles. 

· Determination of LET spectra

· Calculation of absorbed and equivalent doses. 

Identification of heavy nuclei tracks will be be carried out by counting of  electrons per 100 mkm lenght of the track. For obtaining of the reliable results it is necessary to investigate at last 1000 fields of view for each detector.  
As traditional methods of development the exposed in space photoemulsions are complicated to a considerable extent because of extremely high optical blackening produce by particles of weekly ionizing radiation, in practice such exposed layers cannot be used in microscopic studies. This drawback of photoemulsions may be overcome by using a special treatment method  that affords an opportunity to control  the detector’s threshold sensitivity.  in  wide range of LET (1.2 –103 keV/(m in biological tissue).

The emulsion is thereby transformed into a controllable tracking detector that has no world analogs up to now. This method is based on the introduction of Br - ions into an exposed in space emulsion layer by diffusion. The Br - ions emanated from emitters (BR-type layers, irradiated beforehand with blue-violet light from 0,5 till 6 min depending of the given thresholds) glued to either of the surfaces of the exposed layer. The Br - ion generation and diffusion from the emitters to exposed layers gives rise to a negative bromine barrier around the latent image centers (LIC) thereby increasing the induction periods of developing centers. The amount of Br arriving from the emitters increases with the optical density of the developed emitters (Dem). Note that bromine ions inhibit differently the induction period of LIC, providing the conditions for good discrimination and selective development tracks of high LET particles against the background of low LET ones. Thus the selective method is based on different degrees of dispersion of the LIC produced by particles with different LET values and permits only those particle tracks to be developed for which the LET is at least equal to a certain threshold LET value. Therefore, the technique of finding the planar fluense of the particles with LET(LETthresh does not require the track parameters to be measured but is reduced to counting the number  of  tracks traversing a particular section of an NPE surface.

Using of the BYa-type emulsion permits the integral LET spectra to be measured within an interval from 1.2 to  103   keV/(m of biological tissue, with the lower limit (1.2 keV/(m) being defined by effective sensitivity of the BYa-type emulsion. 

To establish a relationship between Dem and the dE/dx threshold value the nuclear emulsions were calibrated with alpha particles and C ions with energies of 1.26 and 4.6 GeV per nucleon, respectively, and also with C and Ne ions and alpha particles with an energy of 9.1 MeV per nucleon.
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Figure 1.Microphotographs of the detectors exposed in the same conditions and developed by traditional method (left),  by sensitivity threshold control method – high sensitivity (center), low sensitivity (left)
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Figure 2. Calibration curve of the emulsion registration threshold as a function of the emitter optical density. Dem is the optical density of a developed emitter.

The absorbed dose rate will be calculated by following equations: 
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were D​​i is  dose in G/h in the certain point of the LET spectra, N​​i​  - flux (nuclei.cm-2sec-1srad-1)

For calculation of the equivalent doses the quality factors given in ICRP-60 publication will be used. 
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