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Development of a Particle-Tracking Silicon Microscope

Project Goal

We are proposing the development and prototyping of a silicon detector system for microscopic registration of individual protons or alpha particles in real time. The system will be capable of measuring the position of each individual particle traversing a biological sample with a resolution better than 10 microns and its residual energy over a range of about 1 MeV to 1 GeV. 

Project Participants

· Loma Linda University Medical Center (LLUMC) Radiobiology Program and Department of Radiation Medicine

· Santa Cruz Institute of Particle Physics, University of California Santa Cruz

Background and Significance

The last decade has seen a significant increase in the interest in spatially resolved irradiation of cells with a defined number of low-energy ions, e.g., protons and alpha particles. While these studies, which became possible after microbeam facilities had been developed, have yielded interesting and new results, it has not been possible to perform such investigations over a wider range of energies, which would be of interest for radiation therapy and space research applications. The proposed system will permit the determination of the actual number of particle traversals of cells in real time. Since high-energy protons mainly interact through low-LET high-energy secondary electrons, this will for the first time allow studying cellular outcomes after exposure to a defined number of low-LET particles. The system can equally well be used to track low-energy, high-LET particles while they traverse cells, or to measure the spatial distribution of particle fluence behind the microcollimators used in microbeam experiments with low-energy ions.

Previous Experience

This project brings together groups with interest and expertise in proton radiobiology, radiation medicine, and particle detection. LLUMC harbors the first hospital-based proton accelerator and has been chosen by NASA as a ground-based test facility to simulate extraterrestrial radiation environments. The Santa Cruz Institute for Particle Physics is a recognized leader in the development of custom readout electronics and silicon micro-strip sensors for state-of-the-art particle detection systems. We are currently working with them on a nanodosimetry project that also involves the development of a system for particle tracking and energy measurement. 

We envision the biological sample to be placed either directly on the active area of the silicon detector or on a very thin substrate such as a mylar foil, which is in contact with the detector. This will minimize the multiple scattering and allow the use of the high precision fiducials on the detector itself for later registration of optical microscopic images of the sample with the detector data. We have investigated the effect of saline solution on high-performance silicon detectors without observing detrimental effects, even after thermal cycling [1]. This is due to a protective silicon oxide layer of micron thickness.

Studies related to our nanodosimetry project have shown that proton energy measurement with state of the art silicon microstrip detectors is possible over a large range of proton energies because the deposited charge allows unambiguous determination of the particle energy.  Initial energy measurements with proton beams of 10-250 MeV with a detector system almost identical to that what will be used for the silicon microscope will be reported in a contribution to the 2001 IEEE Nuclear Science Symposium [2].

Specification of the Silicon Detector System

The proposed double-sided detector will consist of 128 strips on each detector side at a 30-micron pitch.  Thus the active area is 3.84 mm x 3.84 mm.  This will allow accommodating to on the order of 10,000 cells at the maximum.  Each side of the detector is read out by two chips, bonded on opposite edges so that the readout pitch is 60 microns.  The detector is 300 microns thick.  The chips use time over threshold for the analog energy measurement to allow a very large dynamic range in the measurement of total charge deposit. The time over threshold is separately recorded on all even and all odd channels, so that the use of the two chips will allow an analog measurement on a total of four strips per side.

We anticipate achieving a position resolution of better than 10 microns, which is adequate for locating the cell nuclei hit by the charged particles that pass through the detector. Once the system is developed and optimized, the detector plus chip arrays will be rather inexpensive, allowing the parallel use of multiple detector arrays for different experiments. Our initial design will make use of only a fraction of the area of commercial silicon detectors, which tend to have an area of several square centimeters. Thus a possible future increase in the active area will be straightforward if required by the application.

Statement of Work for Phase I

Phase I of this project covers a period of 1 year. During this time, a prototype Particle Tracking Silicon Microscope (PTSM) employing custom-built ASIC's will be built and tested to prove the principle of the proposed method. For this, commercially available double-sided silicon detectors will be acquired, which may not have the optimal geometry but will eliminate the NRE cost of developing a new optimized layout. The existing ASIC’s of the Gamma-ray Large Area Space Telescope (GLAST) will be modified, resulting in large savings of engineering cost.

The scope of work during this phase includes:

1. Detailed Monte Carlo simulation of particle track structure and energy deposition and subsequent modeling of charge drift, diffusion, and recombination in silicon for protons and alpha particles in the energy range of interest.

2. Theoretical evaluation of charge-weight functions for reconstruction of particle hit coordinates.

3. Development of an optimized conceptual and detailed detector design based on the results of the modeling studies.

4. Modification of existing GLAST ASIC, digital readout, and multiple chip module (MCM) for double-sided detectors.

5. Procurement of double-sided silicon detectors

6. Fabrication, test, and assembly of ASICs, silicon detectors, and MCMs for two detector units.

7. Electronic calibration of detector units.

8. Investigation of electrical performance of detector units when in contact with wet-mounted biological sample.

9. Testing of at least one detector unit in proton beams of two different energies.

Personnel

The team at LLUMC consists of Dr. Gregory A. Nelson , Ph.D.Director of the Radiobiology Program, Dr. Reinhard W. Schulte, M.D., M.S., Assistant Professor of Radiation Medicine, and Dr. Vladimir Bashkirov, Ph.D., postdoctoral scientist. Dr. Nelson and Dr. Schulte will guide the development of the PTSM towards its applications in space radiobiology and radiation medicine. Dr. Bashkirov has successfully worked in the past with the group at UC Santa Cruz in the development of a silicon particle tracking system for nanodosimetry.

The UC Santa Cruz team consists of Profs. R. Johnson, H. Sadrozinski and A. Seiden, a postdoctoral researcher, and graduate and undergraduate students. This arrangement will allow the post-doc to assume the rare role of responsibility and leadership in a high-tech project, while profiting from the technical know-how of the senior collaboration members and will furnish the post-doc and the students with broad technical expertise in a high-tech field. The participants will assume many roles in the project, from designing and laying out ASICs and MCMs to assembling detector systems, building readout systems and taking and analyzing data. This will prepare them uniquely for their future careers in industry and research. 

 The post-doctoral researcher we anticipate to work on this project is M. Turri. He will be completing his PhD in the UC Santa Cruz Physics Dept. this June. He is an outstanding young physicist and winner of the Robert Hamilton Award, which is given annually to an outstanding physics graduate student at UC Santa Cruz. 

Budget 

Dr. Bashkirov will perform Monte Carlo simulations of track structure, energy deposition, and charge collection in close collaboration with the post-doctoral researcher and students at UCSC. We propose that he will contribute 20% full-time equivalent to this work.

The electronics engineer at UCSC will work on the adaptation of the ASICs for this proposal. The tech will do wire bonding and other assembly work. We propose to share the funding of a post-doctoral researcher at UCSC between this proposal and Cal Space. A large fraction of the budget is equipment in form of silicon strip detectors, ASIC’s and MCM’s. The smallest lot of a MOSIS run will provide us with enough chips for a further extension of the applications. For participation in experiments and collaboration visits, we expect a total of 10 trips between LLUMC and UCSC or vice versa for this project year.

	Salaries and wages
	Month
	Per Month
	Total

	Postdoctoral Researcher V. Bashkirov
	2.4
	3675
	8,820.00

	Electronics Engineer N. Spencer
	2
	6000
	12,000.00

	ElectroMech Tech Bill Rowe
	2
	4000
	8,000.00

	Postdoctoral Researcher M. Turri 
	12
	3333.33
	40,000.00

	Grad. Stud. Patrick Spradlin
	3+ 2
	
	6,600.00

	Undergraduate Brian Keeney
	9
	400
	3,600.00

	Undergraduate Arend VanderZande
	9
	400
	3,600.00

	Wages
	
	
	82,620.00

	Benefits
	
	
	17,000.00

	Total Wages and Benefits
	
	
	99,620.00

	Students Fees
	
	
	2,100.00

	Wages, Benefits, Fees
	
	
	101,720.00

	
	
	
	

	Equipment
	
	
	

	ASICs
	
	
	31,000.00

	MCM’s
	
	
	3,000.00

	Silicon Detectors
	
	
	6,000.00

	Cables, Connectors, Substrates
	
	
	1,500.00

	Total Equipment
	
	
	41,500.00

	
	
	
	

	Travel
	10
	300
	3,000.00

	
	
	
	

	Total Direct Cost
	
	
	146,220.00

	Calspace
	
	
	-20,000.00

	Total Direct Cost
	
	
	126,220.00

	Overhead UCSC (24.4% on $72,700.00)
	
	
	17,738.80

	Overhead LLUMC (64% on salaries + $25,000 for subcontract)
	
	
	21,644.80

	TOTAL REQUEST
	
	
	$165,603.60 
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