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PROBLEM:

The program consists of three separate subprograms:

1. Continued research on the beam of the microtron M-7, 5.

    Experimental study of the possibility of accelerating electrons by the bands of the laser beam. High monochromatic and geometrical parameters of a bunch of a microtron have allowed group to carry out research of interaction of an electronic bunch with an electromagnetic field for the purpose of creation of new sources of radiation of electromagnetic waves and studying of new methods of acceleration. In particular for the first time electron laser acceleration   [16-18] and laser radiation on free electrons in THz has been registered [19].  

2. Use of the microtron  M-7, 5.

     2.1. The beam of microtron is used by the Radiobiology division of YerPhI in biomedical experiments (the head of works Ph.D. G. Khachatryan).

      2.2. Institute of Applied Research, will continue research on radiation from electrons in the environments under external influences by using microtron beam. (the head of works  academician A.Mkrtchyan).

   2.3. Investigation of possibilities for the use of electron beams with energies between 1 and 10 MeV in radiotherapy for the treatment of tumors with relatively shallow location. The differences from other accelerators are explained by the narrow energy spectrum, the clean geometry and the small amount of scattering material in the electron beam of the microtron [ 20-24]. If  convert microtron so that its parameters are at least partially satisfy today's medical requirements, the quality of medical care in the Republic have increased sharply.

3.Starting the microtron  МТ-25.

      With the help of the Laboratory of Nuclear Reactions in YerPhI in 1988 microtron MT-25 was created. However, for obvious reasons, after 1988, these works were actually suspended. It is proposed to complete the installation and start of the microtron. The fields of application of the microtron is gamma activation analysis, neutron activation analysis, production of short-lived isotopes for medicine.

OBJECTIVES:

1. Experimental study of the new method of accelerating electrons by the bands of the laser beam. The bandwidth of electromagnetic  waves,   the angle  between the  direction of motion of  particles  and that of the electromagnetic wave,  the velocity of particles and the wavelength are chosen sо that when particles move in the electromagnetic ware    the electric field of the wave does not change its direction. Compared with other methods of laser acceleration in this method requires lower injection energy and the movement of electrons more straightforward. basic system of the experimental setup is 80%.
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На латинице
2. The need for high-energy gamma-ray and electron radiation in the practice of radiotherapy is absolutely obvious. Therefore, if convert the microtron, so that its parameters are at least partially satisfy today's medical requirements, the quality of medical care in the Republic would be dramatically increased.

3. The fields of application of the microtron MT25 is gamma activation analysis, neutron activation analysis, production of short-lived isotopes for medicine. The main components of the microtron (magnet, RF system, vacuum chamber, the electrical system for 400 Hz.) were made ​​earlier. 

Task description and main milestones

	Task description and main milestones


	Participating Institutions


	TASK1 Continued research on the beam of the microtron M-7, 5

Task 1.1. Detailed design for the experimental setup I quarter.   

Task 1.2. microtron beam formation, electron-laser interaction camera creation, II-IV  
           Quarter.
Task 1.3. passing the microthrone beam through the interaction camera, starting  

           the laser, creation of the optical elements, V-VI quarter

Task 1.4. passing the laser beam through the interaction camera, laser and      

           microthrone synchronization system creation, VII –VIII quarter

Task  1.5.  beam and spectrometer calibration, IX quarter

Task  1.6.  measurements, X-XI quarter
Task  1.8.  measurements processing. XII quarter
	


	Description of deliverables

	Results will be published and presented at conferences.



	Task description and main milestones
	Participating Institutions

	Task 2. Using the microtron in biology, applied research and medicine.

Task 2.1. Using the microtron in applied research 
Task 2.2. Using the microtron in biology

Task 2.3.Development of technical requirements (TOR) for the microtron

              (including the requirements of IEC) for its modernization and

              possible applications in medicine and biology.

            Development of project to create a channel beam with

            collimators for use in medicine. I -VII quarter 

	Institute of Applied Research

the Radiobiology division of YerPhI

	Description of deliverables

	Operation of the microtron and the project for its use in medicine


	Task description and main milestones
	Participating Institutions

	Task 3. Starting the microtron  МТ-25.

Task 3.1. Assembly and commissioning of the power supply at 400 Hz, I 
               quarter 

Task 3.2. Installation and commissioning of the microtron Cooling System, I-II 
               quarter   

Task 3.3. Assembly, commissioning and start  of  microtron RF system, II-III 
               quarter   

Task 3.4. Assembly and adjustment of the vacuum system of the microtron, 
                  II-III quarter   

Task 3.5. Assembly and adjustment of control system of the microtron, II-III 

              quarter  

Task 3.6. Completion of a complete set and complex launch of the microtron  

                 II- IV quarter  

 Task 3.7. Obtaining acceleration and  beam parameters testing  V - VI  

               quarter  
	

	Description of deliverables

	Beginning of operation of the microtron


IMPACT:

    Experimental study of new method  of accelerating electrons by the bands of the laser beam. 
    If  convert microtron М7,5 so that its parameters are at least partially satisfy today's medical requirements, the quality of medical care in the Republic have increased sharply.

      fields of application of the microtron МТ25 is gamma activation analysis, neutron activation analysis, production of short-lived isotopes for medicine.

Brief survey of the worldwide researches made on the project topic, the competitiveness of the project, and achievements of the group (not more than 2 pages):

      1.The rate of acceleration in accelerators basically is limited by breakdowns in the environment or from walls of accelerating structures. From this point of view special interest represent those schemes in which the interaction between electrons and electromagnetic wave takes place in vacuum and the electromagnetic wave is torn off from walls of the chamber of accelerator.

      The possibility of the acceleration of electrons by the laser field in the vacuum has been actively discussed in recent years [1-14]. In most cases of schemes of electron acceleration, the electron - laser interaction takes place on short length. The electron-laser interaction is restricted spatially because of use of a narrow focal point of a laser bunch [1-4] or use of narrow bands of a laser light   [5-15].  However, these methods may cause some problems. Using the focused laser beam may cause present high requirements to the cross-section sizes of electron beam. And using laser narrow  strips, proposed in some papers [5-15], may be a reason of some problems of phasing of the laser beam in different strips.


Most close to this way of acceleration  is acceleration by the laser wave in undulator. However the minimum energy of injection of particles of an order 10-20MeV in this case is required, because of  length of waves of radiation of existing powerful lasers (10mic for СО2  laser) and because of possibility of effective undulator creation with the minimum size of periodicity less than 2sm.

        One of the first projects based on laser acceleration in vacuum have been done in YerPhI [1].

Particle acceleration by linearly polarised electromagnetic waves propagating  at small angles to the direction of motion of particles is considered. The bandwidth of electromagnetic  waves,   the angle  between the  direction of motion of  particles  and that of the electromagnetic wave,  the velocity of particles and the wavelength are chosen sо that when particles move in the electromagnetic ware    the electric field of the wave does not change its direction. 

        2.3. Most of the functioning  equipment  in the Republic  - is the result of the IAEA technical assistance to the National Center of Oncology (NTSO) of Armenia. Undoubted achievement in this context, it should be recognized the delivery of medical Linear electron accelerator with two energies of gamma radiation (6 and 18 MV) and six-electron energies of radiation (5, 8, 11, 14, 17, 20 MeV).Unfortunately, as international practice shows, these accelerators, even if they are products of the most advanced firms (VARIAN, SIEMENS, PHILIPS etc.) require constant maintenance as an engineering and technical personnel of cancer centers and specialists offices manufacturers . In advanced countries, especially in those where there is a significant hardware fleet of these companies, maintenance is not an obstacle to the effective use of accelerators. A wide network of offices allows for a few hours to solve the problem, but in time, until some of it does not work, patients are treated by other similar devices.Available in NTSO unit is a Russian product, unique of its kind since there is only one, in addition, has not passed the proper tests. We can say that since installing it more idle than exploited. Meanwhile, the need for high-energy gamma-ray and electron radiation in the practice of radiotherapy is absolutely obvious. Therefore, if  convert the microtron, so that its parameters are at least partially satisfy today's medical requirements, the quality of medical care in the Republic would be dramatically increased.
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Equipment

	Equipment description
	Cost (US $)

	Magnetron  МИ456А.  

Manufacturer НПО «Фаза» faza@donpac.ru 
	10000

	Total 20000


Materials

	Materials description
	Cost (US $)

	Radio-electronic components


	1000


Other Direct Costs 

	Direct cost description
	Cost (US $)

	Power consumption


	8000

	Other direct costs
	2000

	Total 10000


Travel costs (US $)

	CIS travel
	International travel
	Total

	
	Participate in IPAC 2011
	2500


Technical Approach and Methodology

1. Continued research on the beam of the microtron M-7, 5.   

The acceleration scheme is shows on fig.1. The linearly polarised  electromagnetic wave strip is crossed by a particle with angle 
[image: image1.wmf]a

. The direction of electromagnetic wave VB, width of front of a wave d and the direction of  electric field of wave EB  are specified in the drawing.
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Fig.1. Interaction of particles with electromagnetic waves strips.

The electric field wave is the fallowing :
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Direction of the z axis coincides with   VB direction . Electric field, operating on the particle will be:
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Let’s demand, that during particle transition through a electromagnetic wave strip (i.e. at particle transition from point 1 to 2) electric field did not changes its sign. For this it is enough to demand that
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With condition of  equality:
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Or
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where
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       (3)

If 1  or 1, i.e. at high energies instead of (3) it is possible to use the next approached expression
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Using (2) and  (4)
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The possibility of multiple acceleration by many bands and magnetic field compensation are also considered.

In the above-stated calculations we did not consider influence of a magnetic field and a cross-section component  of electric field of a wave. 

In the paper [2] we consider the possibility of the acceleration of the electron beam by scheme [1]   in more detail. We find the conditions of maximum rate of acceleration, depending on scheme and electron beam. In particular the dependence of energy gain on angle  is shown at fig.2.
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Fig. 2: The dependence of the 
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The purpose of an offered theme is the experimental research of possibility of electron acceleration by strips of a laser bunch.

            The scheme of experimental complex is shown at fig.3. Researches wil bw spent on a bunch of microthrone M-7.5 with energy of 7.5MeV. As the source of laser radiation will be used  СО2    laser wich has 40J   energy  in a impulse and duration of 0.1μs. Because the project purpose is the check of a new method, in experiment one strip laser radiation will be used.
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Fig.3. Experimental complex scheme. 1-microthrone, 2-СО2 laser, 3-quadropole lenses, 4- laser radiation detector, 5- magnet  of a spectrometer, 6-spectrometer’s registering system, 7,8 – mirrors.  


Accepting width of a strip of laser radiation of 0.1mm (10 times more, that wavelength of a laser) the angle between electrons and a laser bunch will make 1.3 degrees. At the given parameters the electrons energy gain nearby 100keV is expected. For power distribution registration will be used the spectrometer created in laboratory and which registers power distribution with 20 keV accuracy. All devices which will be used in experiment have been created in laboratory and are in a working order.  

        2.Development of technical requirements (TOR) for the microtron(including the requirements of IEC) for its modernization and   possible applications in medicine and biology.. Examine the possibility of its closest approach to modern medical accelerators and biomedical experiments. 

 Ensure changes in the intensity of the electron beam in a wide range from 2-5 Gy / min in radiotherapy and higher (up to 100 Gy / min in accordance with the needs of the biological experiment. Conducting dosimetric procedures to verify compliance with the requirements to the accelerator. Development of project to create a channel beam with

collimators for use in medicine.

3.Starting the microtron  МТ-25.

In the Laboratory of Nuclear Reactions, JINR the microtrons with the energy of 22 and 25 MeV for activation analysis of samples and obtaining a number of short-lived items for the tasks of medical diagnostics  were created.

      The 18th Main Department of GKAE set a task of construction and commissioning of several microtrons on the basis of the Yerevan Physics Institute (Yerevan Institute of Physics), in collaboration with FLNR in order to subsequently organize the production of small series of these equipments.

       In 1986 the creation of  three copies of the microtron MT-25 In YerPhI  was started.

 In 1987, the first microtron was placed in the Radium Institute (Leningrad), the second one was placed in the YerPhI. However, for obvious reasons, These works were actually suspended after 1988.

        The main components of the microtron (magnet, RF system, vacuum chamber, the electrical system for 400 Hz.) were made ​​earlier. It is planned  installing, commissioning and startup of the microtron.
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