1. COVER LETTER

Alain

2. CONTENTS OF THE TECHNICAL PROPOSAL

2.1 TECHNICAL REQUIREMENTS

2.1.1. HADRON INTERACTIONS AT INTERMEDIATE ENERGIES. SEE

Single Event Effects (SEE) has been always a major concern for space electronics and only recently, when studies for LHC experiments  at CERN,  where high levels of radiation not present in previous experiments, this problem arise also in high energy physics. 

SEE effects are caused by very high energy deposition in a small volume in an electronic circuit. This charge is collected mainly in one or few p-n junctions, perturbing his normal behaviour and generating the SEE. There have been described more than 20 different SEE  in the literature, but basically can be divided in two:

· Single Event Upsets (SEU), where the  effect is a bit flip. Typical devices that historically has shown these behaviours are SRAM. The main worries are not in data corruption by this mechanism, but more likely in the corruption of control functions, essential for the correct function of the system. 

· Single Event Latchups (SEL), where the effect is the burnout of the chip.  The charge deposited creates a short circuit in a small volume, that leads to a high current at this point that is not able to support it and the p-n junctions are destroyed.

There are well-known techniques in order to reduce this effects, as for instance, the use of triple redundant logic to avoid SEU or current limitation for the SEL, that in both cases will made the system at least much more complex. Another technique is to use the so called radiation hard technologies, that leads to an enormous increase of the cost of the project.

It is belived that SEE depends basically on few parameters:

· The active volume of the chip, which will fix the value the maximum value of effects (if all junctions are affected then if the energy deposited increase the effect will not increase)

· The existence of a threshold  (Eth)energy that has to be exceeded to initate the SEE

The SEE are usually parametrized in terms  of the Weibull function:
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 is the saturation value, and W and s are shape parameters.

Once fixed the parameters for a chip, or part of the chip or for the technology in which is built  this function can be used to generate the effect of radiation. Is this approach also valid for biological studies???

There could exist also mechanical problems related with the hadron interactions, consequence of the accumulation of SEE in for instance the  lattice of a material, that could produce at long term and after high irradiation to a change of the mechanical propierties.

Energy losses are well described at high energies by the Bethe-Bloch formula, that predicts an increase of the energy loss
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 at low particle energies, but at some point this formula is no longer valid, and the energy loss decrease at low energy and the dE/dx has a maximum value.

Interaction of protons and ions are essentially the same, they lost energy basically by ionization but also by nuclear interactions, that finally produces one or more recoil nucleus and a shower of secondary particles (pions, protons and neutrons). Also non-ionizing energy losses need to be considered. These non-ionizing losses increases with the mass of the ion.

Interaction of photons and electrons -> electromagnetic showers 

text from GRICHINE

2.2 ACTIVITIES. WORK OF STATEMENT  

University of Geneva AMS group has been interested in the damage of electronic components by cosmic rays and during last two years has participated in a campaign in order to qualify  the off-the-shelf components that has been used in the AMS DAQ electronic boards. This campaign has consisted in total dose test done at different 60Co   facilities and SEE tests performed at GSI (Germany) with heavy ions. The components tested are quite different including, between others operational amplifiers, ADC, memories and DSP up to a total number of more than 50 components.  

From the  detector point of view,  AMS experiment had a precursor flight where 2 m2 of silicon detector flown with the shuttle (STS-91) and came back to earth. These detectors have been studied carefully before and after the flight. At the same time beamtest  will be performed at GSI and at Sicilia in order to study the behaviour of the detector under radiation. The GSI beamtests will use exactly the same ions, and at the same energies that are going to be detected in space, but in the  Sicily beamtest they are going to be irradiated with relatively low energy ions to  study the response of the under highly ionizing particles. 

All these knowledge, as well as the fact that a full simulation of the detector in GEANT4 is underway for physics studies make the University of Geneva group to be interested in the subcontract proposed. Capabilites and experience of the group make possible  to study and implement in GEANT4 the following items of the Work Statement:

· Hadron interactions at energies from 100 MeV to 100 GeV. Special interest is to study heavy ions interaction and its influence in electronics and detectors.

· Electromagetic showers, including the low-energy coupled electron-photon transport. 

· Silicon detector radiation background (strips, pixels,etc..)

· Validation of the code, mainly through the comparison with experimental data.

2.3 STUDY PLAN

The proposed project will be developed in three steps:

· Step 1: Devoted to the study of the existing code, experimental data and knowledge of the processes under study. This stage will be done together with HARP project. This study will fix the kind of code to be written (new classes, modifications to existing ones, inclusion of data structures, etc…)

· Step 2: Devoted to program and include the  code developed  in the GEANT4 structure, as well as produce the documentation. 

· Step 3: Devoted to the validation of the code, mainly with experimental data, and the proposal of new experiments in case of need in order to complete the project.

Two months of study. Common with HARP.

3. BACKGROUND OF THE FINANCIAL, MANAGEMENT AND ADMINISTRATIVE PROPOSAL

3.1 BACKGROUND EXPERIENCE

Short  AMS  description. (Use report FN). Physics goals.

3.2 FACILITIES

3.3 KEY PERSONNEL

The  project will be supervised by Dr. xxxx  that will work half time if this subcontract, in coordination with the University of Geneva AMS group responsible  Dr.(Prof) xxxx.

Dr. xxxxx will be partially contracted with the funds of this subcontract and his expertise shared with the HARP group.  A Ph.D. student Mr. Xxxx student will work 40% of the time of the contract in close collaboration with Dr. xxx. 

3.4 LIST OF DELIVERABLE ITEMS

· Step 1: Technical report describing the knowledge  of the subject as well as all sources of information (reaction databases, scientific reports, etc…) This report will be done together with HARP project.

· Step 2:  At this step a set of code, well integrated in GEANT4 as well as the documentation will be delivered. In this code will be included the present knowledge that will be possible to update in an easy way in the future, either with new data or new simulation/analysis techniques.

· Step 3: The validation of the code will be done basically  comparing with experimental data. These data will have two origins, public data that can be founded in reactions data base and data generated during beamtest performed by the AMS group both to test the electronics and the detectors. These beamtests will be done at CERN and GSI.  This validation, will finish most likely in a scientific article that will be published in an international review.

3.5 PLANNING

· Step 1: First two months of the project will be devoted to collect all information as well as to establish all necessary contacts with other Universities and laboratories. Of special interest are the contact with PSI (Switzerland), GSI (Germany) and GANIL (France), where a great part of the experiment that study the processes under study has been carried out.

· Step 2: For code writing and documentation will be needed minimum of six months and will be no longer that eight months.

· Step 3: Last two moths will be needed to review and validate the project as well as define the work to be done in order to accomplish the full project (new experiments, etc…)

3.7 COST PRICE DATA

	Person
	Salary
	Time
	Total

	Dr. Grichine (50%)
	4000 euro
	6 months
	24000 euro

	Mr. XXX      (40%)
	1200 euro
	10 months
	12000 euro

	Overhead
	
	
	4800 euro

	
	
	Total
	40000 euro


3.8 PROFIT

No

3.10 MILESTONE PAYMENTS PLAN

3.11 TRAVEL AND SUBSISTENCE PLAN

3.12 CONTRACT COMPLIANCE

Contract Invitation to Tender AO/1-3867/01/NL/FM  Appendix 2

� EMBED Equation.3  ���
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