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Project submitted for the base funding of Artem Alikhanyan National Laboratory (ANL)
Principal investigator: Lorikyan M.

TITLE: Invvestigation of Time and Energy Resolutions, and Efficiency of 

            Registration of X rays in energy range of 20 keV of Multiwire

            Nanostructure Dielectric Detector (MwNsDD

Abstract


Accurate large-area digital X-ray, particle, heavy nucleus registration and imaging are requested in many biological researches, medical diagnostics and radiography, as well as in  science, and industry that is why the search for a new principles of observation of  x-ray images, heavy nucleus and other particles are very actual. 


A group of researchers (leader M. Lorikyan)  of the Yerevan Physics Institute have found in 1972 that under the influence of an external electric field, a high efficient controllable drift and inertness multiplication of electrons (CEDM in PD) takes place in  porous KCl and CsI manufactured by thermal evaporation [1,2,3]. Afterwards the same group developed a multiwire and microstrip porous dielectric detector based on this phenomenon [4,5]. It has also been shown, that because of polarization of active materials, for some time after being manufactured, this detector’s performance is non-stabile and it has poor spatial resolution [4,5]. 


However M. Lorikyan in 2003 have shown that when the porous detector is manufactured cleanly and accurate the polarization occurs only for a time after deposition of active material, then polarization vanish spontaneously  over time and porous CsI does not display any signs of polarization [6-8] and  detector acquire stability and high spatial resolution. Thus, in [6-8] the spontaneous polarization faculty loss phenomenon (SPFL) was observed. 
Leter Chianell C. et al. [9] observed that the structure of porous CsI manufactured by a technology used in [4,5] has the form of whiskers 10–50 nm in diameter, i.e. the used in [4,5] porous CsI had nanostructure. These results means that the SPFL phenomenon in porous CsJ is a nanophysics effect. This effect in the following way can be explained: when the thickness of pore wall approaches the free-part length, de Broglie wavelength, the quantum effects appear and polarization effect become incredible.   

The MwNsDD is a new method for observation of x-ray images, as well as the detection of charged particles and it has no analogues.    


In the past three years we have investigated a different characteristics of MwNsDD [6-8],  but the detection efficiency of X – rays at the energy more then 5.9 kеV is not measured yet, while the energy range of 15 -20 kеV is very important for the MwNsDD use in  medicine. The time resolution of MwNsDD was measured with an accuracy of σ = 250 pc just when in agreement with our estimations the σ should be ≈ 50-100 pc. The energy resolution of MwNsDD is not measured at all.  It is obvious, that these characteristics of MwNsDD are very important in MwNsDD use.  Beside, they are very sensitive to purity of active material and will permit to estimate the needed cleanness of CsJ. 

As a result of the project we will have: 

a. The MwNsDD time resolution with an accuracy  of σ = 50 pc.                . 
b. The dependence of the MwNsDD time resolution on the applied Voltage 

c. The MwNsDD energy resolution for 5 meV α – particles. 
d. The MwNsDD registration efficiency for ≈ 20 keV X – rays 
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 DURATION: 3 year 
Estimated Project Costs (± 20%) 30000 US $.
Estimated total cost of the project (US $)
Including:
	Payments to Individual Participants
	12000
	

	Equipment
	4200
	

	Materials
	4000
	

	Other Direct Costs
	-
	

	Travel
	9800
	


PROBLEM:

 The problems are: 

a. Measurement of the time resolution of MwNsDD.  
b. Investigation of dependence of the time resolution of MwNsDD on the applied Voltage.

c. Measurement of energy resolution of the MwNsDD for 5 meV α – particles. 
c. Measurement of registration efficiency of the MwNsDD for ≈20 keV X – rays 
The main characteristics of MwNsDD

1. The minimal amount of the substance in a path of the particle is app. 5 10-4 g/сm2.

    This parameter permits to use  MwNsDD  in experiments with heavy nucleus.

2. The maximum amount of substance in a path of particle is app. 2  10-2 г/сm2 

3. The highest atomic number of active material is 54(CsJ), this allows to use MwNsDD for

    registration of  20 keV X- rays with an high efficiency.  

4. The full duration of pulse is (  2.5 x10 -9 s, at the rise- time   ( 1x10 -9 s.

5. The working area can be extended up to 20x20 cm2.

6. The coefficient of amplification of electrons in active material M ≈105.


7. 6. The spatial resolution σ ≤ 60 micrometer  

        (It is possible to decrease σ up to 20 micrometer).

8. 5. The detection  efficiency of 5.9 keV X-rays reaches 70% [1-3], аnd  the detection efficiency 

        of 5 meV α – particles  is 100% [ 1-3]. 

9. The cost of 10 x 10 cm2   MwNsDD is app. 1000 $ USA.

OBJECTIVES:

In MwNsDD, as an active materials porous nanostructure dielectrics are used.   


The laboratory model of MwNsDD operates reliably and has excellent characteristics.

Task.График 

	Task description and main milestones
	Participating Institutions

	Task 1.1 The first year: Development of experimental device 

             for investigation of time resolution of MwNsDD.

Task 1.2  The first year: Development of experimental device 

             for measurement of detection efficiency of MwNsDD
               for ≈ 20 keV X- rays.                
Task 1.3 The first year: Development of experimental device 

             for measurement of energy resolution of MwNsDD
               for 5 meV α – particles.                
Task 1.4 The second year: Manufacture of experimental device 

             for investigation of time resolution of MwNsDD.

Task 1.5 The second year: Manufacture of experimental device 

             for measurement of detection efficiency 

               for ≈ 20 keV X- rays.    
Task 1.6  The third year:  Manufacture of experimental device 

             for measurement of energy resolution of MwNsDD
               for 5 meV α – particles.
Task 1.7  The third year:  Carry out  the investigation of time

              resolution of MwNsDD.                
Task 1.8 The third year:  Carry out of the detection efficiency            

              measurement for ≈ 20 keV X- rays.           

Task 1.9  The third year:  Carry out of  the energy resolution 

               measurement of MwNsDD for 5 meV α – particles.
Task 2.0 The third year: Data analysis  and publication.
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	Description of deliverables



	1. The experimental setup for MwNsDD time resolution investigation with accuracy of 50 ps will be 

    developed and manufactured.  The experimental setup consists of a vacuum chamber (in which two 

    MwNsDD are placed), vacuum equipment, fast electronics and a data acquisition system.   

2. The experimental setup for MwNsDD energy resolution measurements for 5 meV α– particles will be 

    developed and manufactured.
3 The experimental setup for the registration efficiency measurement for 20 keV X- rays energy will be 

   developed and manufactured. 

4. The software program for data acquisition and processing will be developed. 

5. The MwNsDD time resolution measurements  with an accurcy σ = 50 pc will be carried  out and  articles

    will be prepared for  publication.

6. The registration efficiency measurements for 20 keV X- rays will be carried out and articles will be 

    prepared for publication.
7. The MwNsDD energy resolution measurements for 5 meV α – particles will be carried out and articles 

    will be prepared for publication.
 




IMPACT:

  Espected results

А) It is expected that the time resolution of  MwNsDD will be 50 - 100 ps.   

B) It is expected that the detection efficiency of  20 keV X - rays  will be ≈ 60- 70%. . 
C) It is expected that the energy resolution of MwNsDD will for  for 5 meV α – particles will be 
     ≈ 80 %.


The progress in this scientific direction will make it possible to improve the quality of  X-ray images in medicine and in industry as well as will increase the determination accuracy of irradiation zone and depth,  in the case of the radiotherapy.  


An excellent coordinate and time resolution makes it possible to use the MwNsDD in many experimental researches with heavy ions. The high cоefficient of electrons amplification   makes it possible to use the MwNsDD for development of the new space sensitive electron multipliers.  


Low cost and good characteristics of MwNsDD make it attractive for a commercial interest.   

The reached results

The prototype of MwNsDD – the porous dielectric detector was developed in the early 80’s in Yerevan Physical Institute (under the leadership of M. Lorikyan). However a main progress in this direction was achieved after 2003, when M. Lorikyan investigated in details the main characteristics of this type of detectors [6-8]  and showed the following:  

1. Immediately after assembly the MwNsDD operate unstable but after a while it becomes highly

    stable by itself.    

2. Immediately after assembly the MwNsDD has no spatial sensitivity, but after a while it

   acquires a high spatial resolution by itself.  

3. The time of acquisition of these properties depends on temperature at which the

     porous active material was kept after preparation. 

 4. The MwNsDD never loose these new properties. 

5. These excellent features of MwNsDD are due to nanostructure of porous 

    active material, so the observed behaviors of MwNsDD are nano-phenomenons.
4 Four articles [10-13] were published during the course of last 5 years and 2 patents were 

   received on this subject [14,15].
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The number of all participants is 3, including the scientific leader of project M. Lorikyan.

One participant will be concerned with MwNsDD making.

The second one will make measurements and date processing.

At present, the scientific leader, professor M. P. Lorikyan is the only member of the group. 

Required equipment:
	Equipment description
	Cost (US $)

	A Fast discriminator  
A Photomultiplier  

A computer.

Printer and scanner
	1200
1300

1100

600

	Total                                                                                                                                          4200 


	Materials description
	Cost (US $)

	CsJ of purity 10-4 -10-5  0.5 kg.

Gilded tungsten wire with 25 micrometer diameter 
	3000

1000


Other Direct Costs
	Direct cost description
	Cost (US $)

	
	


Travel costs (US $)
	CIS travel
	International travel
	Total

	The daily    2600

The hotel    5400

The ticket   1800
	  Moscow
	9800 


Technical Approach and Methodology


The performance of  MwNsDD is based on the phenomenon of electrons drift and multiplication (EDM) in porous nanostructure dielectrics (PD) under the influence of an external electric field. Qualitatively, the mechanism of EDM in porous dielectrics under the effect of an external electric field can be described as follows: In pore walls primary particles knock out δ-electrons. The δ-electrons having escaped from the pore walls are accelerated in the pores under the effect of electric field and initiate secondary electron emission on next walls. This process takes place for all generations of secondary electrons, and arise a drift of electrons in the porous material, and when the secondary electron emission coefficient at the each collision of these electrons with pore wall ( > 1, multiplication of electrons takes place. These electrons are collected in anode wires and form a pulse.

 Scientific leader M. P. Lorikyan
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