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1. Cover Letter
The DÉPARTEMENT DE PHYSIQUE NUCLEAIRE ET CORPUSCULAIRE (DPNC) of University of Geneva proposes to carry out the work outlined in the ESA call for tender AO4051, for two individual contracts.

Two research groups of the DPNC are interested and competent in this work.

1. The Group of Pr. Alain Blondel, involved in Research and Development for neutrino factories, and in particular in the hadron production experiment HARP at CERN. 

2. The group of Pr. Martin Pohl, involved in the construction and operation of the Alpha Magnetic Spectrometer AMS, to be placed at the International Space Station ISS. 

These two groups comprise a total research personnel of 5 professors and permanent researchers, 3 post-docs, and 8 PhD students. The laboratory has two full time engineers for support on computers and software. Several of the tasks of the work plan AO4051 could be accomplished provided a supplement of two persons for one year each, representing a bid of two separate contracts as proposed in the invitation to tender. 

The activities of the groups can be summarized as follows. 

HARP and Neutrino Factory R&D:

Responsible for this project: Prof Alain Blondel, DPNC, Faculté des Sciences, University of Geneva, quai Ansermet, CH1211 Genève 4, Switzerland.  

The group studies the production of secondary particles in a variety of target materials from incident protons and mesons in the beam energy range of 1 GeV to a few GeV. Particle production in this energy range is poorly known and the HARP experiment is set-up at CERN to measure absolute and differential cross-sections to a precision of a percent. One of the original aims of the experiment is to improve the data necessary for the calculation of the flux of neutrinos produced in atmospheric showers induced by cosmic rays. The group is also involved in calculations of induced radiation around the target station of the neutrino factory, (emission of neutrons and evaporation fragments from the target) and their effect on nearby beam elements (aluminum magnetic horns and other focusing elements). This has led to substantial experience in using GEANT4 and other particle production codes such as MARS, and comparison between them. One professor, four PHD students and a post-doc are working on these subjects. The implementation in GEANT4 and the extension to the specifications of the call for tender would require one part time experienced researcher teamed up with a student for one year. 
 Alpha Magnetic Spectrometer (AMS) 

Responsible for this project: Prof Martin Pohl, DPNC, Faculté des Sciences, University of Geneva, quai Ansermet, CH1211 Genève 4, Switzerland
AMS will search antimatter and Dark Matter in our galaxy and will perform precise measurements of cosmic ray fluxes in the momentum range 1-10 GeV/c (or the equivalent rigidity). The group is responsible, within the AMS collaboration, for construction of the silicon tracker and development of the read-out electronics. On a first launch in 1998, the group has acquired experience in the operation of detectors and controls in space, as well as of the required space specifications. The actual detectors have been recuperated. The group has also participated in tests of a large number of electronics components in various heavy ion beams at GSI-Darmstadt, and estimates single event effects. The combined knowledge of the flux of primaries and of the damage to electronics will be an asset for the execution of the required work. Three professors, two post-docs and four students are working on this experiment. The implementation in GEANT4 and the extension to the specifications of the call for tender would require one part time experienced researcher teamed up with a student for one year. 

Both groups benefit from close collaboration with experts in the Faculté des Sciences at University of Geneva and at CERN in various fields from Information Technology to Health Science. 

The following objectives of the statement of work can be covered:

HARP and Neutrino Factory R&D group: 

· Hadron interactions for single event effects and astronaut hazard analysis  

· Validation of code through comparison with experimental data and other codes

· Implemetation and improvement of general capabilities, etc… 

AMS group:

· Hadron interactions for single event effects and astronaut hazard analysis  

· Detailed research on detector radiation background…

· Other developments and applications relevant to enhanced utilization of GEANT4 in space applications  

As will be detailed in the following, we believe the work can be most efficiently achieved by inviting a senior GEANT4 expert for one year, and having him work with a student of each group. This will ensure the optimum quality of information transfer from the point of view of GEANT4 programming as well as from the point of view of the best use of the knowledge existing within the research groups. 

2. Technical proposal

2.1 Technical requirements and technical solutions

The ultimate goal of the activity is the prediction of damage to equipment and personnel in space. Of particular interest is the deterioration of scientific and control equipment by space radiation. GEANT4, by simulation of individual particles, provides an ideal framework for such studies, provided the particle flux is understood and individual processes of interaction with matter are adequately coded and included. The availability of silicon detectors that have been exposed to a space flight as well as to radiation near an accelerator allows a good connection between individual particle interactions and their effect on semiconductors, in particular for the description of single event effects.   

GEANT4 provides an extended library of electro-magnetic processes covering extremely broad range of radiation energies, in particular the range where space radiation effects (SRE) takes place. The library is capable to describe Compton effect with shell corrections, Raleigh scattering with additional form factors, photo-electric 

effect for all elements with Z = 1-100, bremsstrahlung and ionization. Low energy extension of Photo Absorption Ionization (PAI) model is capable to describe the ionization cluster distributions in broad range of materials, which is potentially interesting for SRE-DNA hazard. The standard and X-rays sub-categories of electro-magnetic processes also provide a lot of possibilities to describe SRE  in broader energy ranges. 

GEANT4 has extremely broad hadronic library which can be applied for the description of SRE. It has the sub-library of lepton-hadron interactions, photo-nuclear and electro-nuclear reactions, coherent elastic scattering, interactions of stopping particles. Hadronic event generators include the following models: parameterization driven, parton string, and chiral phase space decay for high-energy range. In the ranges of intermediate and low energies the following models exist: hadron kinetic, precompound, evaporation fission, Fermi break-up and multi-fragmentation. There is also the sub-category for the description of low energy neutron interactions.

Object oriented design of GEANT4 allows easily to add or to extend any kind of physical processes needed for a particular simulation. 

Event sub-category of GEANT4 provides abstract interface and general tools for realization of practically any generator needed for simulation of SRE. Details of energy-space distribution of shooting particles can be implemented in terms of inherited classes.

Capabilities of GEANT4 library allow to start research and development of space radiation effects with sets of classes from the following GEANT 4 categories:

1. Spacecraft geometries.  

   Detector construction with different levels of granularity and material sets 

   for each mission geometry.

2. Physics lists. 

   Different sets of electro-magnetic and hadron processes for simulation of 

   electron-photon transport and hadron interactions at intermediate energies.

3. Primary generators.

   Isotropic generator for high energy cosmic rays

   Plane generator for radiation belt particles (electrons, protons)

   Generator for solar wind bursts

4. User action classes providing the selection of physical effects

   Space distribution of energy deposition in 'sensitive' parts of geometries.

   Spectra of secondaries induced by external primary particles.

   Hit/Digi classes for simulation of the influence of absorbed radiation on 

   solid state and biological structures.

 In the energy range of interest (relativistic factor above 0.1 up to  energies of  a few GeV) there are many unknowns in the physical processes, and the existing codes can be much improved. The work should start with a detailed review of what processes exist in GEANT4, what processes are known but coded approximately or not at all, and processes for which no data or poor data exist or for which the resulting damage requires a treatment that goes beyond the simple description of energy deposition. 

At this moment we can see the following areas of work:

1. Comparison of the existing codes with existing data in particular 

2. Description of interactions of primary particles in the energy range of 1-10 GeV per nucleon. The data of the HARP experiment on various materials should become available already at the end of this year and provide valuable input. 

3. Improvements of the  description of  the primary cosmic ray flux for various nuclei including data from the first AMS flight. 

4. Creation of modules describing single event effects in semiconductors using data collected in space and at GSI. 

5. Benchmark the improvements achieved using the additional modules.   

6. create a procedure by which new data can be included in the description of the         processes in a simple way.  
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