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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 energy range of 1 GeV to 1 TeV, 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

· Implementation 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. 

We certify that the requirements as stated in the Invitation to Tender will be met as described in our offer. We certify that the scope of work and the contract conditions are read, unterstood and accepted, that no additional conditions of our own apply

Prof Alain Blondel 



                      Prof Martin Pohl  

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 understanding of intermediate energy proton interactions in various materials that will be collected in the HARP experiment, in conjunction with the precise determination of primary particle fluxes from AMS should allow determinant improvement of the description of irradiation in space. The availability at University of Geneva of silicon detectors that have been exposed to a space flight or to radiation near an intense ion accelerator allows a good connection between individual particle interactions and their destructive effect on semiconductors, in particular for the description of single event effects. 

Single Event Effects (SEE) have always been a major concern for space electronics. 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 behavior in one single event. SEE can be basically divided in two categories:

· 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 operation 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. This leads to a locally high  and the p-n junctions can be destroyed. 

There are well-known techniques to reduce these effects: use of triple redundant logic to avoid SEU, or current limitation for the SEL. In both cases the system becomes more complex. Another technique is to use radiation hard technologies, leading to a considerable increase of the cost of the project.

It is believed that SEE depend basically on few parameters:

· The active volume of the chip

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

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

Once the parameters of the device are known, this function can be used to generate the effect of radiation. It should be understood if this function applies also 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 properties. Such studies are of critical importance for the focusing devices under study for the neutrino factory. In this context various materials will be irradiated in the course of 2002 at ISOLDE at CERN. 

GEANT4 has an extremely broad hadronic library that can be applied for the description of SRE; the accuracy is, however, notoriously limited, due to the limited available data and the lack of a good theory for hadronic processes. It has the sub-library of lepton-hadron interactions, photonuclear and electro-nuclear reactions, coherent elastic scattering, and 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, pre-compound, evaporation fission, Fermi break-up and multi-fragmentation. There is also a sub-category for the description of low energy neutron interactions.

The object-oriented design of GEANT4 allows easy addition or extension of any kind of physical process needed for a particular simulation. 

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

The capabilities of the GEANT4 library, and our knowledge thereof, will allow beginning research and development on space radiation effects with a set of classes from the following GEANT 4 categories:

1. Spacecraft geometries. Detector construction with different levels of granularity and material sets for specific mission geometries.

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. 

2.2Activities 
The Neutrino Factory R&D group of University of Geneva is presently heavily involved in the data taking and analysis of HARP data. These data consist of exposures of proton and meson beams of 2-15 GeV in a variety of targets ranging fromliquid hydrogen to lead, including aluminum and carbon. The final state detector is able to study production of all particles with momentum in excess of a few tens of MeV. The expected precision is 1-2%.

The group is also already active in the field of simulation of physical rocesses using GEANT4, as well as on the effect of heavy ionization and nuclear damage due to heavy ionizing particles or nuclear debris. We are already involved in the study of resistance of focusing elements in the vicinity of targets exposed to heavy radiation. Samples will be exposed to beams in ISOLDE at CERN. Simulation of the neutron irradiation, analysis of total number of atomic displacements (DPA) and relationship between DPA, young modulus and lifetime has already started. This is the thesis subject of Simone Gilardoni. 

The 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,  The AMS experiment had a precursor flight where 2 m2 of silicon detector were 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. 

2.3 Study plan 
At this moment we can see the following plan of work:

1. Study of the existing code, experimental data and knowledge of relevant  processes. This study will fix the kind of code to be written (new classes, modifications to existing ones, inclusion of data structures, etc…) Compilation of existing data vs those collected in AMS and in HARP.  

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 2002 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. Implementation of heavy ion interactions in GEANT4.

5. Benchmark the improvements achieved using the additional modules. Validation of the code, mainly with experimental data, and the proposal of new experiments in case of need in order to complete the project.

 6.  (if time permits) Creation of a procedure by which new data can be included in the description of the processes in a simple way.  

2.4  Compliance with the ESA work statement 

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

· Implementation 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 

This proposal complies fully with the Statement of Work in terms of tasks 

and deliverables.

3 FINANCIAL MANAGEMENT

AND ADMINISTRATIVE PROPOSAL

3.1 Background experience

Although we have not previously worked for ESA, we have experience in producing code that is for general purpose, such as that produced in large high-energy collaborations, on the model of which both HARP and AMS software is constructed. Extensive experience with GEANT4 exists in our group, and via the collaborations that we maintain with CERN. 

3.2 Facilities
COMPUTERS:

The groups dispose of the equivalent of 40 personal computers. The HARP and AMS activities allow access to CERN computing facilities, and in particular of the AMS Science Operation Center at CERN. 

SPECIAL LABORATORIES:

The group disposes of clean rooms and workshops for the construction and analysis of detectors.

FACILITIES: 

The experiment HARP is running and taking data. These will become available in the end of 2002 or 2003. The AMS group disposes of detectors that have been exposed to space radiation during the 1998 flight or to accelerator induced radiation at GSI. Metrology exists to analyse the response of the detectors. 

3.3 Key personnel 

The two tenders will be supervised by Pr. Vladimir Grichine, on leave of absence from Lebedev Physical Institute in Moscow. Pr Grichine has been one of the leading figures in the development of GEANT4 in the IT division at CERN. He will be visiting University of Geneva starting July 1st 2002. He is a mature scientist, able to supervise one or several students. 

Pr Grichine is expected to spend 35% of his time on each of these two projects, for a duration of one year.  

For the first tender (Implementation of hadronic cross-sections in GEANT4 with the HARP group) Pr. Grichine will be assisted by a doctoral student, Simone Gilardoni. 

Simone Gilardoni has been working since spring 2000 on the computer simulations of pion production and nuclear irradiation in the target of a Neutrino Factory, and has acquired fluent knowledge of GEANT4, as well as of other similar codes, such as MARS and MCNP. He will spend 40% of his time on the project, for a duration of one year. 

Pr Grichine and Simone Gilardoni have already worked together on projects associated with the neutrino factory design. 

For the second tender (Cosmic ray fluxes and single event effects with the AMS group), the assistant will be Philippe Azzarello, who is a doctoral student at University of Geneva.  Philippe Azzarello, has a good knowledge of silicon, and is responsible for testing the detectors exposed to heavy ions at GSI Darmstadt. He is a specialist of Single event effects. He will spend 40% of his time on the project, for a duration of one year. 

The curriculae of the three key personels are attached as separate documents. 

3.4 List of deliverable items

For each of the two tenders, the following will be delivered.

3.4.1. Technical Reports

During the execution of the project, three technical reports will be produced for each tender corresponding to each of the proposed WP:

I. Technical report describing the knowledge  of the subject as well as all sources of information (reaction databases, scientific reports, etc…) .

II. Technical report including the documentation and description of all code developed.

III. Technical report describing the validation tests performed to the developed code comparing basically with experimental data. 

3.4.2. Programs

All routines, classes or data integrated in GEANT4 as a result of the work will be delivered at the end of WP2.  The code delivered will include the present knowledge of the subject and it will be designed in order to update it in an easy way in the future, either with new data or with new simulation/analysis techniques. 

3.4.3
Final Report

A Final Report will be delivered summarizing all work done. Special care it will be put in pointing out the work needed in order to achieve completely the work as for instance the realization of new experiments to better understand energetic regions not well known or the  effort needed to write new code that will complement the existing one. This report, will finish most likely in a scientific article that will be published in an international review.

3.5 Work Breakdown Structure

The work will be broken down in three phases for each tender.

· WP 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. 

· Step 2: Coding and documentation will require a minimum of six months and willhave to be finished in no longer than 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…)

WORK  PACKAGE  DESCRIPTION

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 1

	Implementation of Hadronic cross-sections in GEANT4
	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Start of Contract
	(assumed: 

January 2003)
	

	End Event: first two months of contract
	(1 March  2003)
	

	WP Manager: Prof. Alain Blondel

	

	Devoted to the study of the existing code, experimental data and knowledge of the processes under study. This study will fix the kind of code to be written (new classes, modifications to existing ones, inclusion of data structures, etc…) and prepare a draft of the User Requirement Document (URD)
It is intended to use the first two months to collect all information as well as to establish  necessary contacts with other universities and research centers. Of special interest will be the understanding of nuclear models necessary to interpolate between data points, in particular for what concerns the production of slow heavy ionizing particles. Every effort will be made to locate additional data from GSI, PSI, Los Alamos, and from various laboratories from the former Soviet Union.    
A Technical Report will be delivered at the end of this Work Package containing all information collected and the planning of the work to be developed in the next Work Package. This will constitute a first version of the Software Specification Document (SSD)

	


WORK  PACKAGE  DESCRIPTION 

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 2

	Implementation of Hadronic cross-sections in GEANT4
	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Technical Report WP1 publication
	1 March 2003
	

	End Event:  Technical Report WP2 publication
	1 November  2003
	

	WP Manager: Prof. Alain Blondel 


	

	Devoted to program and include the code developed in the GEANT4 structure. 

This is the core of the work to be done, and a maximum of eight months will be devoted to this Work Package. After having clarified what is missing or what can be improved, specific code will be produced and integrated in the GEANT4 structure in order improve existing models and produce the information needed to evaluate radiation damage in exposed materials and equipment.  Special emphasis will be put in making further update of this information as practical as possible. 

A full description of the methods implemented, class description and data sets added, will be included in a Technical Report that should be written, to be used by the future programmers as a reference manual. The Software Specification Document and the Software User Manual will be drafted at these stages. 

	


WORK  PACKAGE  DESCRIPTION 

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 3

	Implementation of Hadronic cross-sections in GEANT4
	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Technical Report WP2 publication 
	(1 November 2003)
	

	End Event:  End of Contract
	(Assumed :

31 December  2003)
	

	WP Manager: Prof Alain Blondel


	

	This step is 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.

The validation of the code will be done checking its compatibility with existing code and also comparing results with either existing data available in several reaction databases or with data taken by HARP, if they are available at that time.

A Technical Report with all validations and comparisons with data will be written. (Software Validation and Verfification Plan)
A Final Report summarizing the work done and the future developments will be delivered at the end of this Work Package

At this point, a Software User Manual will be delivered.  

	


WORK  PACKAGE  DESCRIPTION

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 1

	Cosmic ray fluxes and single event effects


	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Start of Contract
	(assumed: 

January 2003)
	

	End Event: first two months of contract
	(1 March  2003)
	

	WP Manager: Prof. Martin Pohl


	

	Devoted to the study of the existing code, experimental data and knowledge of the processes under study. This study will fix the kind of code to be written (new classes, modifications to existing ones, inclusion of data structures, etc…)

It is intended to use the first two months to collect all information as well as to establish all necessary  contacts with other universities and research centers. Of special interest are the contact with PSI  and CERN (Switzerland),  GSI (Germany) and GANIL  (France) where a great part of the experiments that study the processes involved in heavy ion energy losses has been carried out.

A Technical Report will be delivered at the end of this Work Package containing all information collected and the planning of the work to be developed in the next Work Package.


	


WORK  PACKAGE  DESCRIPTION 

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 2

	Cosmic ray fluxes and single event effects


	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Technical Report WP1 publication
	November 2002
	

	End Event:  Technical Report WP2 publication
	July  2003
	

	WP Manager: Prof. Martin Pohl


	

	Devoted to program and include the code developed  in the GEANT4 structure. 

This is the core of the work to be done, and a maximum of eight months will be devoted to this Work Package. After a having clarified what is missing or what can be improved, specific code will be produced and integrated in the GEANT4 structure in order to simulate radiation damage in the equipment. Generators taking into account the cosmic ray environment around the Earth will be added, based on the most recent data available. Special emphasis will be put in making the update of this information as easy and quick as possible. 

A full description of the methods implemented , class description and data sets added will be included in a Technical Report that should be written to be used by the future programmers as a reference manual.

If needed this may be split into two reports, one on the description of heavily ionizing particle interactions, and one on the description of the cosmic ray flux. 


	


WORK  PACKAGE  DESCRIPTION 

	PROJECT: Invitation to Tender AO/1-4051/01/NL/FM


	WP REF: WP 3

	Cosmic ray fluxes and single event effects 
	Sheet 1 of  1 

	DPNC, University of Geneva


	Issue 1

	Major Constituent


	
	
	
	
	April 30, 2002

	Start Event: Technical Report WP2 publication 
	(1 November 2003)
	

	End Event:  End of Contract
	(Assumed :

31 December  2003)
	

	WP Manager: Prof. Martin Pohl


	

	This step is 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.

The validation of the code will be done checking its compatibility with existing code and also comparing results with either existing data available in several reaction databases or specific data taken during the design process of the AMS02 detector, from the points of view of performance and radiation hardness. Simultaneous operation of the code produced in the framework of the two tenders will be tested by comparison with, e.g. damage data observed in the detectors of AMS01, and in the silicon detectors exposed to radiation.

In case of need, the continuation of this work by specific experiments or further developments will be proposed.

A Technical Report with all validations and comparisons with data will be written.

A Final Report summarizing the work done and the future developments will be delivered at the end of this Work Package


	


3.7 Cost price data

The PSSA2 forms for the two tenders are attached as separate documents.

3.8 Profit

There will be no profit. 

3.10 Milestones payment plan 
The desired payment plan is as follows:

20% on start date, and 20% every three months until completion of the tenders.   

3.11 Travel and subsistence plan.

Pr Grichine as visitor from Lebedev Institute will be ensured subsistence in the Geneva area. 

The travel plan foresees one visit to GSI and one visit to PSI for each of the personnel for the AMS tender. 

The travel plan foresees participation to one collaboration meeting in Europe (location is not determined yet) for the HARP tender.

3.12 Contract compliance

The DPNC of the University of Geneva is ready to accept the Clauses and Conditions of the draft contract relative to Invitation to Tender ref. AO/1-3867/01/NL/FM - Energetic Particle Shielding and Interactions Software, and the special and general conditions of tender that shall otherwise apply.
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