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B1 SCIENTIFIC QUALITY OF THE PROJECT


B1.1 RESEACH TOPIC


High energy neutrinos are a unique probe to explore the Universe. Most of the knowledge we have about cosmic phenomena comes from photons and cosmic rays. However, these messengers have some limitations. High energy photons interact with matter, the infrared radiation and the microwave background, so that gamma-rays produced in very far or dense sources cannot reach us. Protons and nuclei are deflected by magnetic fields and directional information is lost. On the contrary, neutrinos only interact weakly, which makes them an ideal tool to study many relevant topics in Astrophysics and Particle Physics.


The scientific goals of this new kind of studies are very wide. The first aim is the observation of astrophysical objects. The main candidates are active galactic nuclei (AGN) and gamma-ray bursts (GRBs). Other galactic sources, such as supernovae and micro-quasars, could also be detected. Moreover, the indirect search of dark matter, in particular neutralinos, is another outstanding aim of these experiments. The oscillation parameters from atmospheric neutrinos can also be measured. And finally, a most important outcome could be the discovery of unexpected phenomena.


Neutrino Astronomy was conceptually born with the idea proposed by Markov in 1960 of using large undersea/ice telescopes. The detection principle is based on the Cherenkov light emitted by the muon produced in the CC interaction of a neutrino with the matter surrounding the detector. Since the ν-N cross section is extremely low, very large detectors are needed.


Several projects have tried to realize this idea. DUMAND was the first of such experiments. Starting in 1975 in Hawaii, it showed many of the major difficulties involved. The first demonstration of the feasibility of underwater neutrino telescopes was given by the BAIKAL collaboration, which deployed 192 photomultipliers in the lake Baikal and has seen 36 neutrino candidates. However, the major projects in this field are AMANDA (and its successor IceCube), in the South Pole, and ANTARES and NESTOR, in the Mediterranean Sea.


The AMANDA telescope has shown its spectacular potential since it started to be operational, in its stage AMANDA-II,  in 1997. This experiment has set new limits on neutrino fluxes, which have discarded several theoretical models of AGN and GRBs.


Since neutrino fluxes are expected to be very low, a larger detector is needed to go further in these studies. IceCube, with an instrumented volume of one km3 is the next step. It will have 4800 photomultipliers, to be compared with the 677 PMTs of AMANDA-II. This detector will give answers to the questions about the most violent events in the Universe with a sensitivity never achieved before.


Besides the collaboration with AMANDA and IceCube, the activity in Europe  within  this field is focused on the deployment of two detectors: ANTARES, near Toulon (France) and NESTOR, in the S.W. of the Peloponnesus (Greece), which aim to show the feasibility of a submarine neutrino telescope. Together with the R&D project NEMO, they will go together in one large European collaboration towards a one km3 scale telescope (KM3Net) in the Northern hemisphere.


B1.2 PROJECT OBJECTIVES


As explained before, neutrino telescopes are an extraordinary tool which will allow studies in different domains of Physics. The first aim of the project is the observation of astrophysical objects. The main candidates to emit detectable fluxes of high energy neutrinos are AGNs and GRBs. The observational data for both kinds of sources are challenging. 


The unified scheme for AGN consists in a galaxy whose nucleus is a super massive black hole (~109 solar masses). Huge quantities of matter from the black hole environment are accreted and a relativistic jet is formed. The apparent luminosity from this jet is often higher than the emission of all the stars in the galaxy together if it is assumed to be emitted isotropically.

GRBs are one of the most mysterious objects in the Universe. They are most probably connected with the formation of a stellar mass black hole or the merging of two compact bodies, but the details are not well understood. In typically a few seconds, a powerful burst of high energy gammas and neutrinos are emitted. Delayed afterglows (from X-rays to radio) are also observed.


Other interesting astrophysical objects which can be observed are the micro-quasars, a galactic, miniature version of the AGNs and supernovae explosions.


It is important to remark that neutrinos are a new completely way to study these objects, so they will complement very adequately the standard astrophysical observations.


These experiments will also play a major role in the dark matter search. IceCube, for instance, will have unmatched sensitivity to cold dark matter particles approaching TeV masses. Moreover, it will have a unique position to find supersymmetric particles and topological defects, since it will be able to detect neutrinos with energies not available in accelerators. Finally, neutrino oscillation studies could be done over megaparsec baselines.


Apart from these foreseen goals, unexpected phenomena might be observed, as has occurred in other occasions in History when a completely new observation tool has been used.


Another multidisciplinary issue worth mentioning is the contribution to the knowledge of the Antarctic ice and structure which is being obtained during the research phase.


B1.3. SCIENTIFIC ORIGINALITY AND INNOVATION


The scientific contribution of AMANDA and IceCube can be summarized as follows:


AMANDA has shown that the atmospheric neutrino results are consistent with expectations (in number of events, zenith angle distribution and energy spectrum). For the point-like source analysis, this detector reaches an effective area around 25000 m2 (for a muon energy in the detector larger than 10 TeV) with a spatial angular resolution of 2 deg. The present neutrino flux sensitivity is of the order of 0.22·10-7 cm-2s-1. A neutrino sky map has been published, with more than 1500 events. AMANDA has also improved diffuse flux limit (0.93x10-7 GeVcm-2s-1sr-1) in more than one order of magnitude with respect to previous experiments. The first conclusions from other studies, such as the search of neutralinos from the Sun will soon be completed. Moreover, AMANDA can monitor 95% of the stars in the Galaxy to detect supernova explosions. In this respect, the collaboration is working in contact with the Supernova Early Warning System. Finally, there are also on going analysis to detect relativistic monopoles with unprecedented sensitivity.


IceCube will improve notably AMANDA results, due to a larger detection volume and to the use of new technology. Among the most relevant technological innovations in IceCube, the digital optical modules and the DAQ system are worth mentioning. The lowest angular resolution for this detector will be about 1 deg, with an expected effective volume of the order of 10-50 cubic kilometres (depending on the muon energy), being the first neutrino telescope of this volume. This will allow its sensitivity to be one order of magnitude better than AMANDA. These performances will place IceCube at the front of the Astrophysics research.


B1.4. RESEARCH METHOD


The work of the applicant will be focused on two issues:

On the one hand, part of his work will be devoted to the analysis of AMANDA data. At this moment, AMANDA has a growing sample of events (4 years),  out of which only 300 days have been completely analyzed. The task in this analysis will be to improve the existing techniques for the search of point-like sources. This analysis aims to find clusters in the map of neutrino candidates. This search is complex, since the statistics is low when compared to the number of background events. Firstly, quality cuts have to be defined to reject background. In this experiment, the sources of background are the muons produced by the interaction of cosmic rays in the atmosphere and the neutrinos induced also by cosmic rays in the atmosphere.


On the other hand, the applicant will also work in the simulation of the IceCube experiment. These studies will contribute to determine the detector performances. This simulation could also include the application of the tools developed for the AMANDA data analysis to the IceCube detector.
In addition, a suggested new approach in the analysis can be the use of neural networks. These have been used in AMANDA for background reduction and energy reconstruction, but due to the low statistics, it is hard to apply for point-like searches. However, since IceCube will offer improved statistics, it could establish the applicability of such techniques.


Finally, the applicant experience in the hardware of these detectors (in particular from his work on the photomultiplier characterization and data acquisition) is expected to be very useful.

B2. QUALITY OF THE RESEARCH TRAINING


The training objectives are to acquire expertise in the analysis and simulation tools used in AMANDA and IceCube and to develop new ideas to improve them.
There is much similitude among the techniques used in Antarctic neutrino telescopes and those used in the telescopes that will be located in the Mediterranean Sea. This allows, on the one hand, to provide advice and experience to the host group. The work performed by the applicant in the ANTARES experiment is considered very suitable. Since Neutrino Astronomy is a very new field, any contribution from people who have already worked in this kind of experiments is extremely useful. In this sense, the applicant offers a rich background both in hardware and in software techniques. As explained before, his work will be devoted mainly to data analysis and event simulation. In the first case, the planned work consists in developing techniques for the search of point-like sources. Neural networks, which have provided encouraging results in the simulations made for the ANTARES project, are a promising concept. However, when using these techniques, it is very important to check the effect of systematic uncertainties. This can be done in AMANDA, since real data taking has already started. The drawback will be the low level of statistics, which makes difficult this analysis.

On the other hand, the experience acquired in the outgoing phase will be very useful to the equivalent European projects. The deployment of the ANTARES telescope will be completed by the beginning of the fellowship return phase. People trained in data analysis with such detectors can provide information, advice and experienced work to this project. It should be noted that AMANDA is a unique experiment to acquire such experience. On the other hand, the only equivalent to the European project of a km3 neutrino telescope (the KM3Net project) will be IceCube. For this reason, the work in simulation tools, in many senses qualitatively different to the simulations performed is a smaller detector like ANTARES, will be also a valuable contribution to the European KM3Net project. In addition to that, it should be mentioned that a rich output is expected from the close contact with the top-level theoreticians who are members of the collaboration. Finally, the researcher experience in hardware will allow him to acquire a deeper comprehension of the technical problems and solutions involved in this kind of detectors.

Therefore, with a view to the preparation of trained researchers for the European projects ANTARES and KM3Net in which the return host institution is tightly involved, the outgoing phase in AMANDA and IceCube is perfectly suitable. Moreover, the presence of important European institutes in these collaborations offers another way to implement successfully the experience gained.

B3. QUALITY OF THE HOSTS

Foreign Host Institution

B3.1 SCIENTIFIC AND TRAINING EXPERTRISE OF THE HOSTS
The host institution is the IceCube Project Office and the Department of Physics at the University of Wisconsin, Madison. The University of Wisconsin, Madison is one of the top ranked public institutions in the United States. The UW-Madison has developed the first high-energy neutrino telescope AMANDA, now taking data at the South Pole. It is the lead institution for the construction of the kilometer-scale neutrino detector, IceCube. The applicant, Juan de Dios Zornoza, will be a full member of both projects while at UW, Madison with complete access to data, computing and all other resources necessary to complete the proposed collaboration.

The collaborative research will be supervised by Francis Halzen, Hilldale and Gregory Breit Professor at UW-Madison and Principle Investigator of the IceCube Project. He will meet with the applicant informally as well as in scheduled biweekly meetings. The supervisor has more than 30 years experience in the applicant’s fields of particle physics, particle astrophysics and neutrino astronomy.

B3.2 QUALITY OF INFRAESTRUCTURE
The applicant will have access to office space, computing resources and administrative assistance at the same level as other members of the IceCube/AMANDA project at UW-Madison. 

Return host institution


B3.1. SCIENTIFIC TRAINING EXPERTISE OF THE HOST


The return host institution will be the Instituto de Física Corpuscular (IFIC) in Valencia, Spain. This laboratory is a centre of both the Spanish National Agency of Science (CSIC) and the University of Valencia. More than 70 scientists (experimentalists and theoreticians) work at IFIC. In addition, more than 40 researchers are being trained, which shows the high level of implication of the institute in the training of new scientists.
Among the experimental activities, the following can be mentioned:

-Astroparticles: ANTARES, K2K and INTEGRAL.

-Particle Physics: DELPHI, ATLAS, TICAL, BABAR, HARP, SCT and ATLAS-GRID.

-Nuclear Physics: EUROBALL, HADES, TAS, nTOF.

The most relevant activities of the theoretical groups for the applicant work are:

-Astroparticles: Neutrinos in Astrophysics and Cosmology.

-Particle physics: QCD, electroweak theory, CP violation and supersymetry.
-Nuclear physics: Dense matter, many-body problems.

The scientific output of the institute can be summarized by the following numbers, corresponding to 2002:

-Papers: 104.

-Contributions to international conferences: 79.

-Books: 32.

-Patents: 1.

In addition to the IFIC groups, there is close contact with other experimental and theoretical groups of the University of Valencia: Relativistic Astrophysics, Cosmology, Space Science and Radioastronomy.

The scientist in charge of the supervision of the project is Dr. Juan José Hernández-Rey, Principal Researcher of the ANTARES project in Valencia. The ANTARES project has been supported by the Spanish Funding authorities since 1997. Dr. Hernández-Rey has worked in the field of Experimental Particle Physics since his graduation in the Autonoma University of Madrid. He has worked in experiments at CERN and FNAL alike (CERN is the European Laboratory for Particle Physics and FNAL, the Fermi National Laboratory near Chicago). His research interests have ranged from heavy quark physics to the search of supersymmetric particles at the LEP accelerator at CERN, passing through the measurement of the lineshape and couplings of the Z boson, the neutral carrier of the weak interaction. Dr. Hernández-Rey has been Fellow and Scientific Associate of CERN, research associate at CIEMAT, Madrid, and is presently Senior Scientific Research (Investigador Científico) of C.S.I.C at IFIC (Valencia). He is a member of the Particle Data Group, the international collaboration that critically reads the literature on Particle Physics and compiles the properties of elementary particles in its renowned biennial publication The Review of Particle Physics. He is author or co-author of more than 200 scientific papers and has been Head of the Experimental Physics Department of IFIC during four years. He is presently devoted to neutrino telescopes and intends to do so in the coming years. Under his leadership the ANTARES group at IFIC was created and continues to operate. This group has participated in several aspects of the R&D phase of the experiment and is heavily involved in the construction of the detector. A laboratory to study and characterize photomultipliers was set up and used for the selection of the best candidate photomultiplier for the ANTARES experiment. The group is also strongly involved in several ways in the calibration of the detector. First, the ANTARES IFIC group is fully responsible of the design and construction of the so-called Laser Beacons and shares with the ANTARES group at Sheffield University (United Kingdom( the responsibility of building the LED Beacons. Both types of devices, which emit short light pulses, are key components of the time calibration system of the detector. The proper time calibration to the required accuracy is essential to reach the expected detector performances. Dr. Hernández-Rey is presently responsible for the ANTARES calibration group and is convenor, together with Dr. L. Thompson of Sheffield, of the calibration group of the KM3Net Design Study initiative. Under Dr. Hernández-Rey supervision a thesis work on new reconstruction algorithms and search for point-like sources has been carried out. Dr. Hernandez-Rey has presented the progress of the ANTARES project at different international conferences. 


B3.2 QUALITY OF INFRAESTRUCTURES

The return host institute has high level computing capabilities, due to the compromises with the DATAGRID and CROSSGRID projects. The system GOG, with 192 processors, has fast net connection to CERN, IN2P3 and other important European groups.

A hierarchical data storage system (CASTOR) has also been installed, with a capacity of 40 Terabytes.

Supporting departments of computing, mechanics and electronics are also available in the institute. The laboratory facilities include a workshop for solid detector characterization and a clean room (class 1000).

Video-conference communication, important to ensure close contacts between both host institutes, is also available.

B4 QUALITY OF THE RESEARCHER


The profile of the candidate fits very well with the work he plans to perform. Since Neutrino Astronomy is a very recent field, researchers with experience in this kind of detectors are much appreciated.


The applicant has been working for four years in the European ANTARES experiment, which is similar and complementary to AMANDA in many ways. His experience is very complete, since he has been working both in hardware and software, what allows a comprehensive view of the experiment.


As a proof of his independent thinking and leadership, several achievements can be mentioned:


Concerning hardware, the applicant has worked in the photomultiplier characterization to select the most suitable model for ANTARES and in the system used for the time calibration of the detector.


1) He has provided complete measurements of the main properties of the large hemispherical models Hamamatsu R8055 and Photonis XP1804/D2, which are similar to those used in AMANDA and IceCube. The results on gain, amplitude, peak to valley, dark current and afterpulsing have been a key piece of information in the PMT selection decision. This experience has led the ANTARES collaboration to select the applicant as responsible person to write an article for Nuclear Instruments and Methods which will summarize all the studies carried out to select the optimal PMTs. In addition to this, the applicant has been chosen to report these results in different international conferences (see CV).


Concerning software, the task he has performed in the ANTARES collaboration comprises two essential points of the detector performances:


2) To establish the values of the sensitivity for diffuse fluxes. The calculation of this parameter, which is essential to describe the detector capabilities, has been improved by including the final detector geometry and other ingredients like the hadronic cascade. Moreover, a new energy estimator has been developed for this calculation. Some parallel studies have been also carried out, like the effect of electronics saturation in the energy reconstruction or the optimization of selection cuts to reject background.


3) To perform the first study of spectra deconvolution in the ANTARES collaboration. In order to make a complete survey, different methods have been compared: the Bayesian iterative approach, the regularized unfolding with B-splines and the single value decomposition algorithm.


These developments have been included in the official software of the ANTARES collaboration.


Other aspects worth mentioning are the number of internal notes and talks with which the researcher has contributed to the ANTARES collaboration. This shows his interest in confronting his achievements and in participating in the discussions and decisions of the group.


Finally, the stays spent at Marseilles, Paris or Bari show the interest of the applicant in being in close contact with other groups of the collaboration. This points out to his readiness  to be involved in the experiment and his receptive attitude.


His work in the AMANDA and IceCube teams will be a most suitable period in his career in Astroparticle Physics, in particular as a training in the neutrino astronomy field, where the EU wants to have a leading role by means its participation in ANTARES, KM3Net, AMANDA and IceCube.
Curriculum Vitae

Personal Data


Name: Zornoza


First name: Juan de Dios


Date of Birth: October, 13th, 1976


Place of birth: Alicante (Spain)


Nationality: Spanish


Marital status: Married


e-mail: zornoza@ific.uv.es
Educational Background

· 2001-2004: Ph.D. student in Astroparticle Physics. University of Valencia, Spain. Ph.D. work: “Energy reconstruction in the ANTARES neutrino telescope”. 

· 2001: Advanced Diploma (DEA) on High Energy Physics and Astrophysics, University of Valencia.

· 2001: Diploma thesis: “Characterization of two photomultiplier models and study by Monte Carlo simulation of several calibration systems based on optical beacons for the ANTARES detector”

· 2000-2001: Doctorate courses at the University of Valencia.

· 1999: Master in Physics. University of Valencia.

Languages


Spanish: Native.


English: Advanced level.


French: Advanced level.

Computing skills


Operating systems: Linux, Unix, Windows, VMS.


Programming: C, C++, Visual C++, FORTRAN, PEARL.


Others: ROOT, PAW, Latex, MS Office, etc.

Research experience


Astroparticle Physics: Several topics make up my work in the ANTARES collaboration:

· Characterization of the PMTs models Hamamatsu R8055 and Photonis XP1804/D2. A complete set of measurements was carried out in order to gather information for the selection of the optimal PMT model for the ANTARES detector.

· Monte Carlo study to compare the different layouts for the system of optical beacons used for detector time calibration.

· Development of an estimator for the energy reconstruction of the muons.

· Calculation of the ANTARES sensitivity for diffuse fluxes.

· Study of different methods for the energy spectrum deconvolution.

· Responsible in control shifts in the ANTARES shore station at La Seyne (France).


Nuclear physics: Summer student in 1998 in the Institut für Kernphysik, University Johannes Gutenberg, Mainz (Germany). The topic of this work, performed at the Mainz Mikroton MAMI, was the electromagnetic polarizabilities of nucleons and mesons at low energies (60-160 MeV).

Stages in foreign laboratories

· 1998: Institut für Kernphysik, University Johannes Gutenberg, Mainz, Germany (two months).

· 2001: Centre de Physique des Particules de Marseille, France (three months).

· 2002: DAPNIA/CEA, Saclay, France (three months).
· Several one week stages at CPPM (Marseille), La Seyne (France) and University of Bari (Italy).

Conferences and workshops

· 2004: “Status report of the ANTARES project”, Lake Louise Winter Institute (Alberta, Canada).

· 2004: XXII International Meeting on Fundamental Physics (Alicante, Spain).

· 2003: XXVIII International Cosmic Ray Conference (Tsukuba, Japan).

· 2003: International Workshop on Ultra High Energy Neutrino Telescopes (Chiba, Japan).

· 2003: XXIX Meeting of the Spanish Royal Society of Physics (Madrid, Spain).

· 2003: XXXI International Meeting on Fundamental Physics (Cangas de Onís, Spain).

· 2002: XXI Symposium of Relativistic Astrophysics, Texas in Tuscany (Florence, Italy).

· 2002: School and Workshop on Neutrino Particle Astrophysics (Les Houches, France).

· 2001: XXVIII Meeting of the Spanish Royal Society of Physics (Sevilla, Spain).

· 2001: XXI Moriond Astrophysics Meeting (Les Arcs, France).

· 2000: III International Workshop on Photosensor Developments (Paris, France).

· 2000: XXV International Meeting on Fundamental Physics (Sanlúcar de Barrameda, Spain).

· 1999: XXVII Meeting of the Spanish Royal Society of Physics (Valencia, Spain).

Contributions to conferences

· “Study of the Photomultiplier Tubes for the ANTARES Neutrino Telescope”, J.D. Zornoza, XXVIII International Cosmic Ray Conference, August 2003, Tsukuba, Japan.

· “Muon energy reconstruction in ANTARES and its application to the neutrino diffuse flux”, A. Romeyer, R. Bruijin and J.D. Zornoza, XXVIII International Cosmic Ray Conference, August 2003, Tsukuba, Japan.

· “Energy reconstruction in the ANTARES neutrino telescope”, J.D. Zornoza, International Workshop on the Ultra High Energy Neutrino Telescopes, July 2003, Chiba, Japan.

· “Reconstrucción de la energía en el detector de neutrinos ANTARES”, J.D. Zornoza, J.A. Aguilar, E. Carmona, J.J. Hernández and J. Zúñiga, XXIX Meeting of the Spanish Royal Society of Physics, July 2003, Madrid, Spain.

· “Calibración temporal del detector de neutrinos ANTARES”, J.D. Zornoza, J.A. Aguilar, E. Carmona, J.J. Hernández and J. Zúñiga, XXIX  Meeting of the Spanish Royal Society of Physics, July 2003, Madrid, Spain.

· “Búsqueda de fuentes puntuales con el telescopio de neutrinos ANTARES”, E. Carmona,  J.A. Aguilar, J.J. Hernández, J.D. Zornoza, and J. Zúñiga, XXIX  Meeting of the Spanish Royal Society of Physics, July 2003, Madrid, Spain.

· “Estado del telescopio de neutrinos ANTARES”, E. Carmona,  J.A. Aguilar, J.J. Hernández, J.D. Zornoza, and J. Zúñiga, XXIX  Meeting of the Spanish Royal Society of Physics, July 2003, Madrid, Spain.

· “Comparación de las prestaciones de distintas configuraciones en el telescopio de neutrinos ANTARES”, J.A. Aguilar, E. Carmona, J.J. Hernández, J.D. Zornoza, and J. Zúñiga, XXIX  Meeting of the Spanish Royal Society of Physics, July 2003, Madrid, Spain.

· “Expected performances of the ANTARES neutrino telescope”, XXXI International Meeting on Fundamental Physics, February 2003 Cangas de Onís, Spain.

· “Estudio mediante simulación Monte Carlo de varios sistemas de calibración basados en optical beacons para el detector ANTARES”, J.D. Zornoza, XXVIII Meeting of the Spanish Royal Society of Physics, September 2001, Sevilla, Spain.

· “Recent PMT tests for the ANTARES neutrino telescope”, J.D. Zornoza, 3rd Workshop on Photosensor Developments, September 2000, Paris, France.

Publications

· ”Sedimentation and Fouling of Optical Surfaces in the ANTARES Site”, P. Amram et al., ANTARES collaboration, Astrop. Phys. 19 (2003) 253-267 (astro-ph0206454).

· “The ANTARES Optical Module”, P. Amram et al., ANTARES collaboration, Nucl. Instr. and Meth. in Phys. Res. A 484 (2002) 369-383.

· “Background light in potential sites for the ANTARES undersea neutrino telescope”, P. Amram et al., Astrop. Phys.13 (2000) 127-136 (astro-ph/9910170).

· “Characterization of two photomultiplier models and study by Monte Carlo simulation of several calibration systems based on optical beacons for the ANTARES detector”, J.D. Zornoza, Diploma thesis, Univ. of Valencia.

· ”Study of new large hemispherical photomultipliers tubes for the ANTARES neutrino telescope”, ANTARES collaboration, in preparation for Nucl. Inst. Meth. in Phys. Res.

ANTARES internal notes

· “More about Timing Calibration with an Optical Beacon”, S. Navas, J. Zúñiga and J.D. Zornoza, Cali/2000-06.

· “Results of the test performed in Valencia on four 13 in. Hamamatsu and two 10.6 in. Photonis photomultipliers”, J.D. Zornoza and E. Carmona, Opmo/2000-13.

· “Timing calibration with single LEDs”, J.D. Zornoza, J. Zúñiga and S. Navas, Cali/2000-009.

· “Comparative test of three fast light pulsing systems and a light distribution system for the CPPM ANTARES sector test system”, G. Hallewell, S. Karkar, V. Roca and J.D. Zornoza, Cali/2001-001.

· “Specifications and design of the laser beacon”, V. Roca, J.J. Hernández, E. Carmona, J.D. Zornoza and J. Zúñiga, 3-INS-04-01-A.

· “Measurement of the jitter of the time difference between the laser beacon internal photodiode and several light detectors used as external sources”, E. Carmona, J.J. Hernández, D. Real, J.D Zornoza and J. Zúñiga, Cali/2002-001.

· “New improvements in energy reconstruction”, J.D. Zornoza, Soft/2002-012.

· “Effect of the ARS saturation on the energy reconstruction”, J.D. Zornoza, Soft/2003-03.

Talks in ANTARES meetings

· “Results on four Hamamatsu and two Photonis PMTs”, June 2000, CERN.

· “Individual LEDs for timing calibration”, September 2000, CERN.

· “Bias in the angular distributions due to reconstruction and reduction of background in RECO”, May 2001, Moscow.

· “Planning for future work on energy reconstruction”, October 2001, CERN.

· “Status report on energy reconstruction”, November 2001, Marseilles.

· “HE energy estimator”, February 2002, CERN.

· “Further steps on energy reconstruction”, June 2002, CERN.

· “Spectral index influence on energy reconstruction”, September 2002, Catania.

· “Effect of ARS saturation on the energy reconstruction”, March 2003, CERN.

· “Spectrum reconstruction with iterative Bayesian techniques”, March 2003, CERN.

· “Effect of hadronic shower on the energy reconstruction”, June 2003, Sheffield.

· “Calculation of flux limits”, December 2003, CERN.

Other remarks

· “High School Extraordinary Prix”, given by the Spanish Science Ministry.

· Certificates of the Spanish Official School of Languages of Advanced Level in English and French.

B5 MANAGEMENT AND FEASIBILITY


The AMANDA project was approved in XXXX by the National Science Foundation, NSF (USA). The main collaborator institutes are from USA and Europe (Germany, Sweden and Belgium and UK). Since its commissioning, it has made many relevant contributions. The first stage of the detector, AMANDA B10, with 302 PMTs was completed in 1997 and the second stage, AMANDA-II, with 677 PMTs in 2000. The data analysis is still on going. The results have been published and presented in a wide number of papers and conferences. After operating for several years, the AMANDA project is a solid collaboration which counts on the support of the American and European main scientific agencies. 


The IceCube project was approved in XXXX by the NSF. As in the case of AMANDA, a well-defined funding plan has been established. All the aspects of the project are monitored by the IceCube International Oversight Group, which represents all the members of the collaboration. The first milestone will be the deployment of the first (possibly) six strings in the season 2004/05. The detector will be totally deployed (80 strings) in the austral summer season of 2008/2009.


Contacts with the foreign host institution have been carried out to elaborate a work plan. Access to data and computing has been offered to the applicant. The work will be performed in the University of Madison (Wisconsin, USA), which is the institution leading the project. With this collaboration each host institution will benefit from the experience that the researcher has or will acquired. 


The work would start as soon as the applicant finishes his PhD. thesis, by the end of 2004. The work plan for the first year will be devoted to the AMANDA data analysis. During this phase, the applicant will improve the existing tools for the point-like search and evaluate the possibility of developing a new algorithm to make this analysis. In the second year, the work will be focused on the IceCube simulation software. If necessary, this phase could be brought forward, so that both tasks will be carried out in parallel. The applicant will take part in the detector shifts as the other group members.

B6. RELEVANCE TO THE OBJECTIVES OF THE ACTIVITY


As explained before, neutrino telescopes, and in particular AMANDA and IceCube due to their great performances, will open a new window to the sky. The information that they will provide is relevant to many physics topics. The history of Astronomy has shown that the best way to understand the Cosmos is to use all the available probes. A long way has been run after the first observations with optical telescopes. Our knowledge of the Universe would be much narrower without the contributions from radio, X-rays, cosmic rays... Now we have the opportunity of removing a new veil thanks to neutrino telescopes. 


Moreover, some of the performances of AMANDA and IceCube as Particle Physics detectors are much further in energy than any previous detector. They will allow exceptional searches of supersymetric particles or topological defects.


These reasons have led the EU to collaborate in both projects. Several institutes from Germany, Sweden, Belgium and United Kingdom are active members.


In addition to that, the EU has also promoted this kind of projects in the Mediterranean Sea. On the one hand, the ANTARES collaboration, integrated by laboratories from France, Germany, Italy, Spain, the Netherlands and U. K., has started the deployment of 12 strings with 900 PMTs near Toulon. This detector would be completed by 2006. On the other hand, the NESTOR collaboration, which includes institutes from Greece, Germany, Russia, Switzerland and U.S.A., will build a detector with 168 PMTs in the Greek coast. There is also another European project related with these studies, the NEMO group, which has performed site investigations near Sicily. These experiments are a first step towards the KM3Net project, which will be the one cubic kilometre European neutrino observatory that will encompass the whole European community interested in undersea neutrino telescopes.
The active presence of European institutes in the AMANDA and IceCube collaborations and the experiments that are performed in the Mediterranean Sea guarantee that this line of research will be pursued by the applicant after his return and make advisable the training of researchers to prepare the know-how that will be necessary.
B7. ADDED VALUE TO THE COMMUNITY

The presence of the EU in the neutrino telescope experiments is of great importance for its scientific excellence. The proof of that is the European scientific effort to be present in the field in two ways: on one hand by means of the active collaboration of several institutes with the AMANDA and IceCube projects; on the other hand, by the deployment of the ANTARES and NESTOR detectors, which will have their continuation in the KM3Net project, applicant in the FP6 Design Study program.

This initiative will represent a major European effort to pioneer scientific challenges. As pointed out in the HENA report to the Particle and Nuclear Astrophysics and Gravitation International Committee, PaNAGIC (July, 2002), “a km3-scale neutrino telescope in the Northern hemisphere should be built to complement the IceCube detector being constructed at the South Pole”.

The complete success of the Antarctic and the Mediterranean groups will rely on their mutual collaboration, since both are complementary. In order to have a complete coverage of the sky, it is necessary one telescope in each hemisphere. Given their relative latitudes, there will also be some overlapping, which guarantees the possibility of making cross-checks. Researchers’ mobility is a key issue for the European community in this field


It should be also mentioned the benefit that these projects in the Antarctica have for the development of infrastructures useful for other studies, in particular environmental research.


KM3Net will also have a wide multidisciplinary aim, since biologists, geologists and chemists working in ocean science are interested in monitoring the Mediterranean Sea bottom at depths of the order of 4000 m. This project will also cooperate with the ESONET collaboration, which aims “to establish the basis for a marine component of GMES (Global Monitoring for Environment and Security) comprising a network of long-term, sea floor, multidisciplinary observatories at key provinces around the European margin providing continuous vigilance in relation to geophysical, biogeochemical, oceanographic and biological phenomena”.
B9. OTHER ISSUES


This proposal takes into account all ethical, safety and gender issues considerations relevant in anyway for the EU policy. One of the most relevant issues to underline is the great effort that the AMANDA and IceCube projects have carried out to promote the participation of educational agencies. Proof of this is the organization of the workshops “Astronomy in the Ice” in 2001 and 2002 and “Science in the Ice” in 2003. Other experience in the same direction is the “Teachers Experiences in the Antarctic and the Arctic” program in collaboration with the National Science Foundation. These efforts have been coordinated by the IceCube Education Resource Centre (IERC) in which 19 research institutes are involved. Among the guidelines of this program, the following could me mentioned: focus on the set-up of educational programs, expand opportunities for undeserved people and use scientific methods to improve continuously. Other activities in the educational side are the “Master of Science Education”, organized in the University of Wisconsin-River Falls and the participation in the 127th meeting of the American Association of Physics Teachers.
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