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Departmental research is devoted to experimental studies of elementary particles, to reveal the ultimate building blocks of matter and the nature of the interactions between them. Experiments are carried out within large collaborative programmes at international centres for particle physics at CERN near Geneva, at DESY in Hamburg and at KEK in Tsukuba. The Department is also engaged in developing and applying the technologically advanced particle detectors, which are demanded by such measurements. Astro-particle physics is an emerging field applying experimental techniques of particle physics to solve astrophysical problems. Slovenian researchers are participating in the construction of Pierre Auger observatory and first measurements of ultra-high-energy cosmic rays with the apparatus spread over 3000 km2 near Malargue in Argentina. 
In order to reveal the ultimate secrets of nature in the world of elementary particles, accelerators with higher and higher energies are needed. Their cost, both in terms of money and human resources, has grown to the level where they are affordable only as joint international enterprises. Thus, future accelerators will be unique facilities of their kind, the first being the Large Hadron Collider (LHC), being constructed at the European Organization for Nuclear Research (CERN) near Geneva. The researchers will exploit this facility to perform experiments in presently inaccessible regions of energy, which, though pushed higher and higher, still remains minute compared to that of the vast blast of the Big Bang that led to the creation of the Universe.

Together with colleagues from the Physics Department of the Faculty of Mathematics and Physics and the Faculty of Electrical Engineering of the University of Ljubljana, and from the Faculty of Chemistry and Chemical Technology of the University of Maribor, we are making measurements at CERN, the German centre DESY in Hamburg and the Japanese centre KEK in Tsukuba. We are taking part in four experiments, each conducted as an international collaboration:

· ATLAS at the Large Hadron Collider (LHC) at CERN (1850 researchers, 150 institutions),

· Belle at the asymmetric electron-positron collider (KEK-B) at KEK (200 researchers, 54 institutions) 

· DELPHI at the Large Electron Positron collider (LEP) at CERN (520 researchers, 52 institutions) and

· HERA-B at the HERA electron-proton collider at DESY (310 researchers, 32 institutions).

In the field of astroparticle physics we are part of the Pierre Auger collaboration (200 researchers, 55 institutions), which is constructing a giant scale (3000 km2) observatory near Malargue in Argentina for detection of ultra-high-energy cosmic rays. This endeavour is carried out in collaboration with colleagues from Nova Gorica Polytechnic. 
Although the field is devoted to basic research into the nature of the Universe, the very existence of a joint endeavour of this magnitude constitutes an ideal hatching ground for new products and technologies. Developed primarily to make the experiments feasible, many of them find widespread application in other areas. The obvious showcase is undoubtedly the World Wide Web. Conceived at CERN as a communication exchange facility for the big collaborations at the LHC, it has in the past years developed into an indispensable tool in almost every field of human endeavour. A similar impact can be expected from the emerging GRID technology which is designed to extend the exchange of documents, already familiar to the Web, to the sharing of various computing resources on the GRID computing network. CERN again plays a leading role in GRID development, as it has chosen GRID computing as the platform for data analysis in the LHC era. 

ATLAS Collaboration
In June 1996 the Slovenian group became the 148th institution to join the ATLAS project. They are constructing a general-purpose detector to study 14 TeV proton-proton collisions at the LHC. Large detector components were produced and are being assembled into the final detector. The assembly is scheduled to be complete in 2006 and followed up by six month commissioning of the complete detector. The detector is expected to be fully operational at the LHC start-up in spring 2007. We are collaborating on the construction of the Semiconductor Tracker (SCT), composed of 4088 silicon micro-strip detector modules with an active sensor surface of 63 m2 and the development of software analysis tools.
We have continued studies of radiation hardness of silicon sensors and readout electronics, both in scope of performance forecast of the ATLAS detector as well as to extend their range to particle tracking at future colliders. Part of this activity was carried out in the framework of CERN RD-39 and CERN RD-50 collaborations. With colleagues from CERN, University of Toronto and Fotec from Wiener Neustadt we started the development of a beam condition monitor, a 10 ns resolution coincidence detector for monitoring proton beams in the ATLAS detector. We took responsibility for radiation monitoring within ATLAS and devised first prototypes for an on-line dose monitor for the Inner Detector.
In collaboration with the ELGO-LINE Company from Cerknica, Slovenia, we completed the production of large-scale (up to 4 m) flexible printed circuits on aluminium-Kapton laminates that will be used as power supply cables for the silicon tracker. In parallel we have produced, populated and tested 4-layer PCB boards for the end-cap, as well as several boards needed for the commissioning of the detector. The technology of large scale flexible printed circuits has been successfully extended to production of large scale flexible surface heaters necessary for the warm end of the thermal enclosure of the SCT. First heater prototypes with dimensions of 1.6 m x 0.4 m were fabricated.
Further research topics that were tackled were also the studies of the background processes that will contribute to the data sample in the Higgs boson search at the future ATLAS detector.  A tool for simulation of the principal background processes called AcerMC was developed and enhanced. The AcerMC Monte-Carlo generator in the present form bridges the gap in the available simulation tools and as such forms an integral part of the simulation software needed for Higgs boson searches.  The newest releases of the AcerMC package from version 2.0 onwards implement an extended version of the recursive Kajantie-Byckling procedure which enables one to generate arbitrary phase space topologies with many massive particles in the final state. With the application of the latter a very fast generation of simulated events was achieved that surpasses the speed of similar tools by almost an order of magnitude. The AcerMC Monte-Carlo generator, and studies of background processes performed by the application of this tool, was published in renowned journals. We also continued the development of the hierarchic client-server system for distributed computing (GLED). GLED will be used both for distributed real-time analysis of the LHC data as well as for advanced visualization, possibly in connection with the Grid environments. We took part in the ATLAS Data Challenge 2, a large-scale production of simulated data and their analysis. Grid computing on a large scale was employed in this exercise, with three Grids (Grid3, LCG and NorduGrid) taking almost equal working loads. Our cluster processed about 15 % of the NorduGrid share or 5 % of the total. This points to excellent stability and efficiency of the cluster as the installed processing power is almost an order of magnitude smaller than its output.
Belle Collaboration

The electron positron collider KEK-B is operating at the High Energy Accelerator Research Organization (KEK) in Tsukuba, Japan. The Belle detector records data on collisions at the centre-of-mass energy of about 10 GeV.  The international collaboration of scientists performing measurements with the detector includes more than 200 researchers from 54 institutions of 13 countries, 8 among them members of the Experimental Particle Physics department.

The main objective of the experiment is a deeper understanding of the CP symmetry violation which causes a tiny difference in the properties of the B0 mesons and their anti-particles, anti-B0 mesons. Apart from that, other interesting processes result from e+e- collisions at the energy about 10 GeV in which particles different from B mesons are produced. In 2004 the KEK-B accelerator achieved an unprecedented intensity of electron positron collisions corresponding to about one million recorded B0 anti-B0 pair decays per day. 
After the first observation of direct CP symmetry violation in 2003 the collaborators have confirmed this result by measuring the B0→K+- decays. With current statistics of the B meson decays (275x106) the results show that B0 mesons decay more frequently into this final state than their anti-particles, with a statistical significance of four standard deviations (Figure 2). Hence again a certain type of CP asymmetry (direct) is observed confirming the predictions of the Cabbibo-Kobayashi-Maskawa model. On the other hand a similar asymmetry is not observed in B+→K0+ decays, which contradicts the theoretical predictions. At the moment the discrepancy between the two types of decays amounts to about 2.5 standard deviations.

Talking about the discrepancies between theoretical predictions and experimental observations it is necessary to mention the peculiarity in the time dependence of B0 and anti-B0 meson decays into the Ks final state. While the theory of the Standard Model predicts the same asymmetry as in the precisely measured B→J/ Ks decays, the measurements show a discrepancy of 3.5 standard deviations. A larger number of recorded B meson decays will yield a final judgment on the correctness of predictions or point to a possible deficiency of the theory.

Among the measurements not directly connected to the CP violation the most remarkable results are presented by discoveries of yet unobserved bound states of quarks. The most prominent is the discovery of the resonance X(3872) decaying into the J/+- final state. Recently the Belle collaboration has presented evidence for X(3872) decays into J/+- 0 which confirms a model, representing such a state as a bound state of DD* (DD* molecule). Such states have not been observed up to date. Clearly one can expect new interesting discoveries in the field of the strong interaction, up to now the least known force acting among particles. Collaborators have also determined some intriguing properties of bound c and s quarks excited states named DsJ's. Branching fractions for different decay channels of these particles allow a variety of possibilities ranging from a strong interaction between the quarks in the final state to a possibility of DsJ being a four-quark state. Additional measurements of B meson decays that may shed light to these unusual properties have already started.

Members of the Belle collaboration have also taken part in the search for suggested five quark bound states (pentaquarks). Negative results were presented in the form of upper limits for the production of such states. Some of the results are in strong contradiction with experiments claiming the observation of pentaquarks.

The upgraded silicon micro-strip vertex detector was successfully used in the studies of rare B meson and D meson decays. The detector system was calibrated; selected types of events were used to determine the efficiency and resolution of individual detector segments. A new feature of the system was discovered which will be used to further improve the detector in the next upgrade. Another important activity was the preparation of an upgrade of the particle identification system of the Belle spectrometer. In 2004 a new concept of a proximity focusing Ring Imaging Cherenkov (RICH) counter was developed and tested. This new type of detector uses a radiator medium with a gradually increasing index of refraction to effectively focus Cherenkov photons. We have also developed new algorithms that will allow a reliable testing of the particle identity hypothesis with such multiple radiator devices.

DELPHI Collaboration
The DELPHI experiment as one of the four experiments (DELPHI, ALEPH, L3 and OPAL), which were built at the Large Electron Positron Collider (LEP) at the European Laboratory for Particle Physics (CERN) in Geneva, has in the years from 1989 to 2000, when the latter was de-commissioned, collected over 5 million of  Z0  boson decays, the Z0 electroweak gauge boson being produced in e+e- collisions at suitable centre of mass energies. The measurements performed on this data represent one of the principal tests of the theory of electro-weak and strong interactions between elementary particles, commonly known as the Standard Model. From the year 1996 onward, after the LEP accelerator had been upgraded in order to achieve even higher centre of mass energies, the four experiments started to record W+ and  W- pair production, which provided the means to gain an even deeper insight into the gauge nature of electro-weak interactions. The properties of the Z0 and W+,W-  bosons as mediators of electroweak interactions have thus become measurable to a high precision and the performed analyses give a very good confirmation of the elementary particle interactions, as predicted by the Standard Model. 

In the year 2004 the collaborators of the department have finalised the measurements of the couplings between the charged weak gauge bosons W± and the neutral gauge boson Z0, the analysis providing a deep insight into the gauge nature of the Standard Model. Due to the latest theoretical calculations of higher order corrections to the process predictions, a general re-evaluation of the collected data was performed. The results were published in contributions at international conferences and the final articles are due to be published in the year 2005. 

HERA-B Collaboration
In 2004 the measurements with the HERA-B spectrometer at the proton ring of the HERA collider at   DESY in Hamburg came to an end. We continued with the analysis of experimental data collected in the preceding years. The results of these experimental studies will shed new light on the theory of strong interaction, quantum chromo-dynamics (QCD). One of the interesting predictions of this theory is the existence of exotic bound states of quarks which cannot be classified neither as baryons (triplets of quarks) nor as mesons (pairs of a quark and an anti-quark).  The Slovenian research group at the HERA-B experiment was, among other topics, responsible for the studies of the production of exotic states known as pentaquarks, bound states of four quarks and an anti-quark. Candidates for such states were found at several experiments, and a detection of such states with the HERA-B spectrometer, which has an excellent particle identification system, would confirm their existence. Results of measurements have, however, shown that such states are not produced in collisions of high-energy protons with protons in a fixed wire target.  

In 2004 we have also finalized the measurements of production cross-sections of D0, D+ and D* mesons. The analysis of experimental data is being prepared for publication. A new study of the production of Ds mesons was started. These measurements will significantly contribute to the selection among phenomenological models which are used to describe the production of heavy quarks in proton collisions.

Pierre Auger Collaboration

Cosmic rays are charged particles that rain down on us constantly from space. Most of those particles belong to particle populations that are well understood. Dynamic magnetic fields accelerate them. Magnetic fields on the sun, fields in the solar wind, and fields blasted out by supernova explosions in our Milky Way Galaxy account for cosmic rays in successive energy ranges. For the much higher energy regime above 1019 eV (1.6 joules!), however, there is no scientific consensus on the origin of these cosmic rays. The Auger Observatory is designed to gather the data needed to solve that puzzle.

These remarkable cosmic rays are extremely rare. The especially interesting ones with energies above 1020 eV have an estimated arrival rate of just 1/km2 per century! In order to record a large number of these rare and remarkable cosmic rays for statistical analyses, the Auger Observatory detects particles with the detection area of 3000 square kilometres.

In the atmosphere above the area the primary energetic cosmic ray collides with a nucleus in the air, creating so called "extensive air shower" which arrives at ground level with billions of energetic particles that can be detected over approximately 10 square kilometres. Auger particle detectors are deployed with a separation of 1.5 km in order to sample each air shower's density at numerous locations on the ground.

On dark nights, Auger air showers are also measured by optical detectors, which are able to record the cascade development in the atmosphere above the surface array. The shower particles cause atmospheric nitrogen to fluoresce. The Auger "fluorescence detectors" track the cascade development by measuring the brightness of the emitted light.

The Auger surface array is now more than 1/3 complete and 1/2 of the fluorescence detector telescopes are operating routinely. The observatory is measuring more than 500 air showers each day, with 600 of the 1600 surface detectors operational. The biggest area of operating detectors is near Los Leones, which was the first completed fluorescence detector "eye". Another is growing around Coihueco, which is the other operating eye. The building for the third eye, at Morados, was dedicated on November 13, 2004.

Development and application of detectors
The laboratory for detector development also promotes the transfer of high-energy physics measuring techniques to other fields, mainly to medicine and to environmental research.

Work within the CIMA collaboration with the University of Michigan, Ann Arbor, CERN and the University of Valencia has been continued with the aim of building a medical imaging apparatus, based on Compton scattering in position sensitive silicon detectors.  A pre-clinical prototype of the SPECT-detector for prostate imaging was constructed. Five 1 mm thick silicon detectors constituted the scatter detector assembly. Two scintillator modules served as detectors of scattered photons. Measurements using this prototype were carried out in summer 2004 at University of Michigan, Ann Arbor, imaging 99mTc sources. The measurements were repeated later at CERN with 57Co and 133Ba as emulators of 99mTc and the envisaged usage of higher energy radio-tracers as 111mIn and 131I.
In 2004 we prepared for publication a study of a Cherenkov counter with aerogel as radiator for measurements of 90Sr in the environment. The new version of the detector is greatly improved with respect to the previous by employing a new photon detector type with a larger active area and superior aerogel samples. In the development of this counter close ties with institutes in Tsukuba and Novosibirsk, with which we collaborate in the Belle experiment, turned up to be essential.
Fig. 1: Installation of the first two toroid coils of the ATLAS detector in the underground experimental cavern 160 m below ground level. In the back the central part of the electromagnetic and hadron calorimeters can be seen.
Fig. 2: Direct CP violation in B0→K+- decays as measured by the Belle detector. The difference is evident between the peak height of the more prominent B0 decays and decays of their anti-particles, the anti-B0. 
