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PARTICLE PHYSICS IN SWITZERLAND: 

STATUS AND FUTURE OF RESEARCH AND EDUCATION
SUMMARY – STRATEGY AND RECOMMENDATIONS

PARTICLE PHYSICS IN SWITZERLAND: 

STATUS AND FUTURE OF RESEARCH AND EDUCATION

1. 
INTRODUCTION

It is now 20 years since the discovery of the W boson and 30 years since the discovery of weak neutral current. These seminal experimental observations at CERN marked the solution to a question that had evolved with successive experimental and theoretical developments for several decades: can the weak and electromagnetic forces be described in a unified way? 
Since then, using more powerful accelerators and new sophisticated new detectors at the LEP e+e- Collider (CERN) and the Fermilab 
[image: image41.wmf]i

ei

N

i

ei

m

U

U

m

m

T

å

=

n

-

n

n

=

ñ

á

ñ

á

µ

1

2

0

2

/

1

,

 Collider (Chicago) and elsewhere, a series of remarkable measurements has confirmed the validity of the so-called Standard Model, the quantum theory of electroweak interactions, with amazing accuracy at distance scales of ~ 10-18 m. 

The quantum theory of strong interactions, binding elementary particles called quarks into protons, neutrons and mesons, has also taken shape in this period. The quantum theory of strong interactions has the same basic structure as the electroweak theory, excepting the remarkable fact strong force between quarks increases with quark separation. Excepting gravity, a consistent description of matter and interactions between matter as we currently know it, now exists.  The only particle not yet discovered in the Standard Model is the Higgs particle that is responsible for generating the W boson mass. The search for, and study of the Higgs boson is at the core of the CERN Large Hadron Collider (LHC) program mentioned prominently in this report. 

In parallel to this, at other international laboratories, other important discoveries have been made. In particular, neutrinos, which make up a large part of our universe, were thought to be massless but are now known to have mass. Equally important, CP violation that must be responsible for the matter-antimatter asymmetry in the universe has been measured in bottom quark systems.  

The Standard Model is, however, incomplete, and many arguments indicate that it must break down at the TeV (10-19 m) scale. Equally, attempts to create a unified description the electroweak and strong forces, and to include quantum gravity while maintaining compatability with the Einstein’s Theory of General Relativity on the larger scale, offer exciting indications of how the Standard Model might be completed. 

But something even more fascinating has happened. It has long been recognized that particle physics ideas must play an important role in the physics of the early universe. However, remarkable instrumental progress in astronomy (popularised by the astounding first pictures of the Hubble Space Telescope but including developments in the visual, infra-red, micro-wave, X-ray and g-ray of the electromagnetic spectrum) has brought precision data from the early universe corresponding to interactions at distance scales smaller than those available to current accelerators. These data provide the experimental laboratory for gravity and Einstein’s Theory of General Relativity, but reaches back to a quantum world just after the Big Bang when all forces might have been equivalent and the universe was a dense sea of quarks. 

As a result of this remarkable progress at the international level, over a period of 20-30 years, the very subject of Particle Physics has taken a new meaning with exciting new ideas, and new fundamental questions to resolve. The synergy between particle physics (both accelerator-based and non-accelerator) has become fundamental, and in common with similar recent reports, will be evident in this perspective. It is appropriate to give a forward viewpoint and in particular the US physics particle physics community has recently issued 2 influential reports.

This report attempts to place the existing Particle Physics program in Switzerland in the context of what we consider to be the most fundamental questions of particle physics to be resolved over the next 20 years, and where an experimental program might contribute in a maximal way. The report is guided by what we consider to be the most important particle physics questions to pursue and it will be seen that a close synergy between accelerator-based particle physics, and either non-accelerator or astro-particle physics, will result.

1. What are the elementary particles and what is the origin of their mass? In the context of the Standard Model, we believe that there are 3 families of 2 quarks and 2 leptons (Figure 1.1). There is no theoretical constraint on the number of families. Are the quarks elementary, or do they have substructure. Are there other elementary particles, for example supersymmetric particles? Why the enormous range of masses, between the quarks and the leptons? Despite the success of the standard Model, there questions remain unanswered.

2. What is the role of symmetry? What is the level of symmetry at the origin of the universe, and how does it break?

3. What is the origin of the fundamental interactions, and can a unified description of the interactions be made?  At very high energies, do all the forces have the same character, and do all the quarks take on the same character? At what energy does this occur? Do new elementary particles exist in the range of future accelerators (such as LHC) that lead to an understanding of unification - there are many theoretical and a few experimental indications that this might be the case. Unified theories predict that the proton is unstable, albeit with a lifetime larger than that of our universe. Can this be observed, and what influence might that have on cosmological models. 

4. What is the role of matter-antimatter physics? Following the Big Bang, it is assumed that quarks and anti-quarks, as well as leptons and anti-leptons, were created in equal numbers. The existing evidence indicates that universe (not just the region of our galaxy) consists of matter. Why this asymmetry? Answers to these questions remain firmly in the Particle Physics domain, but are fundemental to our understanding of the Universe. 

5. What is Dark Matter and Dark Energy? 

6. What is the dimensionality of space-time? 

The answers to many of these questions will  remain elusive beyond the 20-year time frame of this report, the questions may evolve, and new questions may emerge. Nevertheless, with experiments at the  CERN Large Hadron Collider (LHC) collecting data from 2007, new international accelerator facilities being discussed, and new ground- and space-based experiments in preparation, we expect to be able to make fundemental progress on these questions. 

In Chapter 2 of this report, we review these key questions in more detail. 

Chapter 3 outlines the currently approved Particle and Astro-particle Physics program in Switzerland. 

- relation to key questions and compatability with it.

- international character of particle physics. Experiments in particle physics are carried out in international collaborations, using large and sophisticated particle detectors. The highest energy accelerators probe the shortest distances and provide the most direct way to answer the questions we face. 

- present accekerator R&D program 

- present detector R&D program 

- progress in HEP, astrophysics and cosmology has relied on equally impressive technological developments in accelerator science, detector technology and information processing

Chapter 4, the central part of this report, offers suggested pointers to the future research program. It provides specific recommendations relevant to the Swiss, and relevant to Swiss participation at CERN

- LHC

- LHC upgrade

- Linear Collider at TeV or multi-TeV level

- Future intense neutrino beams

- need for flexibility – lays out options and key questions as seen now, as well as how CH may participate in solving these questions – dynamic process, motivated by science as it changes – a 20 year plan, but it should be reviewed more frequently.

Chapter 5 Spinoff activites.

Chapter 6 Physics Education in Switzerland

- current professorships and size of the community

- teaching curricula at undergraduate, Master and Doctoral levels – recommendations?

- Outreach, and the importance of public awareness. Recommendation of Outreach allocation in all funded programs, and of funding to provide outreach coordination (staff)

CERN has not only been essential to the success of the Swiss particle physics program, but also internationally. CERN is now the world’s leading  Particle Physics laboratory, and it is in the interest of the European physics community that 

- the facilities of CERN are fully exploited;

- CERN maintains the flexibility, intellectually and financially, to adapt to the changing  physics questions, and to remain at the forefront of particle physics activities

-  Switzerland is particularly fortunate, and the opportunities for CH to contribute optimally should not be lost.

2. 
KEY QUESTIONS IN PARTICLE AND ASTROPARTICLE PHYSICS 

Status: 

- I have given this whole chapter in its present form to Michael

- Michael, Zoltan, Peter will work on it ….  Including figures

- I have also put the .doc version onto the web so that you can work on the questions 

   of  Chapter 1 if needed. 

- I agreed to work with Ruth to develop the Cosmic part

- Alain and André work on the lepton flavor, quark flavor gets folded in with the rest.

2.1 Introduction

Particle Physics seeks to identify the elementary constituents of nature, and to discover the fundamental forces acting between these constituents. This extends to matter, energy, space and time. 

As a result of several decades of accelerator and non-accelerator particle physics, using increasingly powerful accelerators, and technologically very advanced high-precision particle detectors, a ‘Standard Model’ has been developed. In the Standard Model, ordinary matter and non-gravitational interactions are described by two kinds of point-like matter particles (quarks and leptons), three fundamental forces (the strong, electromagnetic and weak interactions) and the Higgs sector as the origin of mass via spontaneous symmetry breaking. The Standard Model constitutes a quantum field theory valid down to microscopic distances of the order of 10-18 m (Figure 2.1).  The only undiscovered Standard Model particle is the Higgs boson. Its search and study is one of the most important endeavours at future collider experiments.

Quarks and leptons are grouped in three families. The particles in the different families have identical charges, but differ in mass (Figure 2.2). The first family contains the electron and the electrically neutral electron-neutrino as leptons as well as the up- and down-quarks.  Up-quarks carry charge 
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 and down-quarks charge 
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 in units of the proton charge, while the electron possesses charge -1. The protons and neutrons are built-up by up- and down-quarks and form atomic nuclei as strong-interaction bound states. The electron-neutrino appears as a product of radioactive decays. Ordinary matter is entirely built from the particles of the first family. The second family contains the muon and muon-neutrino as leptons and the strange- and charm-quark. The tau lepton and tau-neutrino joined by the bottom- and top-quark belong to the third family. Matter particles carry a half-unit of spin (intrinsic angular momentum) and are called fermions
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Figure 2.1
Distance scale for current current experimental studies of the validity of the Standard Model (this needs transfer to English, plus addition of Tevatron, HERA)
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Figure 2.2
Particles of the Standard Model grouped into 3 families of quarks and leptons, the gauge bosons and the Higgs boson. The quarks and leptons interact electromagnetically, mediated by photon ( exchange, and weakly, mediated by W- and Z –boson exchange. The quarks interact in addition strongly, mediated by gluon (g) exchange.  The Higgs boson H is responsible for mass generation and has not yet been discovered (see alternative figures also).
The fundamental forces, i.e. the strong, electromagnetic and weak interactions, result from the exchange of spin-1 gauge bosons that are the basic carriers of the forces. Electromagnetic interactions result from the exchange of a the mass-less photon () by charged particles, while strong interactions are described by the exchange of gluons (g) between the quarks. The massive W- and Z-bosons mediate weak interactions, with a range of about 10-18 m (because of their mass).  Quarks are visible to all 3 forces, but leptons do not interact with the strong force. Only weak interactions allow transitions between different families; consequently particles of the 2nd. and 3rd. families are unstable and decay into the light fermions of the 1st family. Transitions between different quark families have been known for about 40 years. Very recent observations imply that this is also the case in the neutrino sector; that implies that neutrinos have mass, contrary to the minimal Standard Model.

Gravity, acting between massive objects, cannot yet be incorporated consistently in this quantum field theoretical picture and this defines one of the major unsolved theoretical problems. Gravitons, believed to mediate gravitational interactions as gauge bosons, exhibit two units of spin; this underlines that gravitational interactions are conceptually different from the other three. The effects of gravity can be neglected in existing particle physics experiments, since the masses of the elementary particles are tiny rendering gravitational interactions too weak to be observable. Gravity becomes of similar strength to the other interactions at distances of the order of 10-35 m. These distances can be resolved at energies of the order of the Planck scale
 (about about 1019 GeV), far beyond the highest energies accessible to accelerators.

Measurements at CERN and elsewhere have confirmed the Standard Model with outstanding precision. However, the Standard Model is mathematically inconsistent without the existence of as Higgs mechanism or something equivalent. Theoretical extensions suggest new particle production (for example super-symmetric particles) and the inclusion of quantum gravity as part of the Standard Model would be an historic development (so-called ‘superstring’ and ‘hidden dimension’ theories point in that direction, as discussed in Section 2.3). But there are many other fundamental questions: why is there such a large spread of particle masses and how are these generated, are there only 3 families of quarks and leptons, what is the origin of the matter-antimatter asymmetry in the universe, to name a few.  

A vigorous experimental program is essential to probe the limits of the Standard Model. While the search for and elucidation of the Higgs mechanism is essential, other activities include an understanding of neutrino and quark mixings (measurements or limits on rare quark or lepton decays such as 
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 involving inter-family transitions are very sensitive to standard Model predictions), and the search at high energies for evidence of super-symmetric particles, or manifestations  of ‘super-string’ or ‘hidden dimension’ theories. 

 Historically, cosmic rays played a significant role in particle physics, with for example the discovery of the positron, muon, and pion, and the first strange particles. With the development of accelerators the subject then played a ‘niche’ role until instrumental developments allowed the construction of large detectors, resulting in important results such as the confirmation that neutrinos have mass.  With the development of precision experimental cosmology, ‘non-accelerator particle physics’ has become extremely important in 2 ways: the use of particle physics techniques to study cosmological processes, and the study of particle physics questions beyond the energy régime accessible to accelerators (Figure 2.1). Concerning the latter,  cosmological data (astronomical data on the structure of galaxies, cosmic microwave background measurements, and supernovae red-shift measurements) suggest that baryonic matter accounts for only 5% of the total energy of the universe, with the remainder comprised of dark matter (30%) and dark energy (65%).  A direct identification of dark matter at accelerators or in space, and an understanding of the nature of dark energy, are two of the most important particle physics challenges.  

The development of unified theories (for example super-string of hidden dimension theories), and the inclusion of quantum gravity in any unified theory, must be verified experimentally. A key issue for theorists is to identify observable signatures. Such signatures are most likely near the Plank scale, and so far that is only observable indirectly from the early universe.   

I have written the italics above: its content needs to be discussed – also matter-antimatter asymmetry must be noted, proton decay also.

2.2 The Higgs Mechanism 

Originally, all particles in the Standard Model are mass-less. However, this contradicts the experimental observation that the fermions and the weak W- and Z-gauge bosons possess masses up to the order of 100 GeV. The Higgs mechanism is thought to generate the masses of these particles. In the Standard Model the Higgs mechanism is generated by the introduction of a scalar Higgs sector leading to mass generation without violating the gauge symmetry of the strong and electroweak interactions. A scalar (spin-0) Higgs field is introduced whose field strength becomes non-zero in the ground state due to its self-interactions and thus extends as a constant field to the whole universe. The interaction of the fermions and weak gauge bosons with the Higgs field leads to a modification of their kinematical properties that can be reinterpreted as the generation of their masses. The Higgs mechanism does not break the gauge symmetries of the Standard Model thus providing a mathematically consistent formulation of massive particles.

The effect can be understood by a simple analogy: consider a spoon and a pot of honey. The movement of the spoon outside the honey is possible with a tiny force, while the movement inside the honey requires a large force. The spoon inside the honey seems to be much more massive than outside due to the interaction of the spoon with the honey. The honey symbolizes the non-zero Higgs field and the spoon a Standard-Model particle that is massless without the interaction with the Higgs field.

A key element of the Standard Model is the existence of the Higgs field and its associated spin-0 Higgs particle. Interactions of elementary particles with this field are thought to give the particles mass. Precision measurements of the Standard Model strongly suggest that the Higgs is within reach of the CERN Large Hadron Collider. The discovery of the Higgs particle would be a fundamental step in the understanding of the unification of weak and electromagnetic forces. 

Basically perfect – needs some shortening/simplification? 

The minimal Higgs sector contains one scalar particle, the Higgs boson, which is predicted as a physical particle. Excepting its mass, its properties are fixed. The Higgs search is therefore a defined experimental challenge. The mass is bound to be less than about 1 TeV due to the theoretical consistency of the Standard Model and for the Standard Model to be valid up to the Planck scale the mass must be less 200 GeV. An experimental search for the Higgs boson at LEP excludes masses below 114 GeV. Virtual quantum fluctuations involving the Higgs boson contribute to the muon lifetime and other precision observables at high-energy colliders such as LEP, and constrain the Higgs mass to be smaller than ~200 GeV  (Figure 2.3) within the context of the Standard Model.
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Figure 2.3
Higgs mass estimate from precision measurements at past and present experiments within the context of the minimal Standard Model. The most likely mass is that with minimal value of 2. This implies an upper bound of about 200 GeV for the Higgs mass. The yellow region has been excluded by direct Higgs boson searches at the LEP Collider (mH > 114 GeV). The blue band represents the theoretical uncertainty of the analysis.

The Higgs boson search continues at the Fermilab 
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 Collider, but the detection  possibilities are marginal. A direct observation at the LHC Collider should, however, be possible for masses up to 1 TeV (Figure 2.4). If it exists, LHC experiments will accurately determine its mass and production rate.

[image: image10.jpg]n-zzww-; ([
n-zz-2v R
T ey

N -
| R
-

100 200 300 400 500 700 1000 Gov

Coverad by LEP200





Figure 2.4
Discovery mass range accessible to the LHC for different decay channels of the Standard Model Higgs boson. In the first three years the LHC operation, the entire Higgs mass range up to about 1 TeV will be covered by the ATLAS and CMS experiments. The mass range below 114 GeV has been exc luded by LEP experiments.



(suggestion for an ATLAS and CMS Higgs evet at this point – to discuss)

However, measurements of its couplings to gauge bosons and fermions will be limited by experimental and rate uncertainties. Precise measurements of the couplings to fermions and gauge bosons will be possible at an e+e- collider in the energy range of 0.4 - 1 TeV. This collider is particularly important, since it can probe for the first time, whether the couplings of the Higgs boson to fermions and gauge bosons grow with their masses as predicted by the Higgs mechanism. Moreover, a measurement of the self-interactions of the Higgs boson can be performed in Higgs pair production processes at a linear collider. Since the Higgs self-interactions are responsible for the non-zero Higgs field strength in the ground state, this measurement will probe the mechanism of spontaneous symmetry breaking for the first time.

Again, this is excellent and complete but I think needs some simplification – to be discussed. There needs to be a comment on >1 Higgs for Susy as link to following sections.  I think the last paragraph deserves some discussion, as it 

- does not speak of the complementary roles (discovery vs precision) of the LHC and LC

- is an extremely difficult measurement in each machine, but the text doesn’t say that. In particular, for self-interactions, this is only possible at LC for low Higgs masses at the supposed energies.

If the Higgs boson will not be found at the LHC, electroweak symmetry breaking must be realized differently. There are alternatives to the Higgs mechanism of the Standard Model that either do not contain the Higgs boson at all or describe the Higgs boson as a bound state of novel sub-constituents. These models predict a new kind of strong interaction. If one of these alternatives is realized in nature, the LHC and a linear collider will be able to provide first insights into this new kind of force, which are required to show up in full strength at energies above 1 TeV.

Again, discovery would be at LHC, and LC usefulness depends on subsequent mass scale.

2.3 Beyond the Standard Model 

Due to quantum fluctuations the values of the three gauge couplings of the Standard Model, which determine the strengths of the three basic forces, depend on the energy scale at which they are probed.  An extrapolation to high energies indicates that all three couplings become of similar strength at energy scales of the order of 1016 GeV (see Figure 2.4). This fact could suggest that the three fundamental forces unify as one basic force at this high energy scale, i.e. the three forces we observe in experiments are just three different appearances of a single unified interaction. These so-called grand unified theories (GUT) predict the proton to decay. Although the predicted proton lifetime is several orders of magnitude larger than the age of our universe, proton decays into electrons and pions is in principle accessible to large modern detectors. However, until now no proton decay has been detected.
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Figure 2.5
Extrapolation of the energy dependence of the three gauge couplings in the Standard Model (SM) and its minimal supersymmetric extension (MSSM), using precise measurements of the couplings  at LEP and the Tevatron (~100 GeV),. Shown are the inverse couplings. While the couplings do not meet in a single point in the SM, they do unify in a unique point at the GUT scale of order 1016 GeV in the MSSM. The widths of the bands reflect the experimental uncertainties.

If Supersymmetry is introduced, one arrives at the striking result that all three gauge couplings meet in a single point at an energy scale of about 1016 GeV (Figure 2.5).  This happens due to the additional contributions of the Supersymmetric partners of all Standard Model particles. In Supersymmetry each fermion (with half a unit of spin) is accompanied by a bosonic partner (with an integral unit of spin) and vice versa so that the particle spectrum is doubled. Until now no Supersymmetric partners of the Standard Model particles have been experimentally detected.  Lower mass bounds (~100 GeV) on these particles have resulted from searches at the Tevatron and LEP. The search is currently restricted to the Tevatron Collider but in future it will continue at the LHC. If new particles are found, their properties must be determined to prove that they are related to Supersymmetry. The LHC will be capable to provide measurements of the masses and decay modes. Depending on the mass hierarchy discovered at LHC, subsequent precise measurements at a linear e+e- collider will be indispensable for closing our picture at the TeV scale. (This needs discussion – it is a strong statement and depends crucially on what LHC finds- I have weakened Michaels text). High-precision measurements will allow for a reliable extrapolation of Supersymmetric couplings and masses up to the GUT scale and in this way to an indirect test of physics at these high-energy scales (Figure 2.6). 
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Figure 2.6
If unification of the electromagnetic, weak and strong forces with gravity occurs at the Planck scale, the masses of the three gauginos, the Supersymmetric partners of the Standard-Model gauge bosons, also meet in a single point at the GUT scale of order 1016 GeV. This can be tested by extrapolating the mass values measured at the LHC and a linear collider. The bands represent the expected experimental uncertainties.

This procedure will be accompanied by a deeper understanding of the leptonic sector that will be possible at future neutrino experiments (Section 2.5). The importance of this sector has been highlighted by the discovery of neutrino oscillations, requiring non-zero neutrino masses, at the Super Kamiokandi experiment.

A surprising alternative to the above mentioned TeV-scale physics has recently been proposed. It assumes that gravity is a strong force already at energy scales in the TeV region due to an extension of our four-dimensional world (three space and one time dimension) into a higher-dimensional one at the TeV scale.  The reason why gravity is weak in our world is that it is just a projection from these higher dimensions. This has motivated physicists to extend the measurements of the gravitational force down to sub-millimeter distances, since deviations from the classical prediction are expected in these models at small distances. Furthermore, in high-energy collisions many gravitons can be emitted leading to a significant energy deficit in the final state, since gravitons cannot be detected. These processes are searched for in present and future collider experiments.  Finally, the exchange of heavy gravitons leads to a modification of the Standard Model results for particle collisions. The LHC and a linear collider will allow to probe these extra-dimensional scenarios beyond the TeV range.

2.4 Flavor Physics in the baryonic sector

 - I think this needs a few words 

2.5 Neutrino Physics and the Leptonic Sector 

The understanding of the nature of neutrinos is currently a hot topic of particle physics. Until recently the neutrinos, introduced originally to explain nuclear beta decay, were assumed to be massless. It is known that the neutrinos that appear in weak interactions involving an electron, a muon () or a tau () are three different particles (e ,   and  ), and we know from LEP that these are the only three types – or flavors – of neutrinos. 
There are today very strong indications for the existence of flavor mixing between these three neutrinos. This phenomenon is observed through the process called neutrino oscillation. The neutrinos of well defined flavor that are produced or detected represent in fact the quantum superposition of neutrinos with different masses. As a result, a neutrino can change its identity while traveling through space. In figure 2.5.1 is illustrated as an example the oscillation of a muon neutrino into a tau neutrino. The neutrino, originally of a given flavor, can be seen to periodically change its identity and be detected with a different flavor after a distance of a few hundred kilometers. . 
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Figure 2.5.1: Illustration of   ↔    neutrino flavor oscillations.

Neutrino oscillations are thus studied in so-called long baseline experiments, where neutrinos are produced in one location and detected at a different place, possibly thousands of kilometers away from the source. For example, in the CERN-Gran Sasso programme, neutrinos will be produced at CERN and directed in the direction of the Gran Sasso underground laboratory near Rome. Neutrinos will travel about 730 km through the Earth before they will be detected (See figure 2.5.2). 
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Figure 2.5.2: Long baseline oscillation experiment between CERN and Gran Sasso. A neutrinos beam will be produced at CERN and directed towards the Gran Sasso National Laboratory where it will be detected by the ICARUS and OPERA experiments.

Neutrino oscillations can only take place if neutrinos are massive particles. Taken together with the present limits on the absolute neutrino mass, the neutrino oscillation results obtained in the last five years indicate that neutrinos are much lighter than all the other fundamental fermions, (see figure 2.5.3). 

[image: image15.wmf]
Figure 2.5.3: The mass spectrum of the elementary particles. Neutrinos are 1012 times lighter than other elementary fermions. The hierarchy of this spectrum remains a puzzle of particle physics.

The values of the mixing angles are also very different from those of the quarks. The correspondence between the mass eigenstates and the weak eigenstates is depicted in Figure 2.5.4, which also shows the two alternatives for the neutrino mass spectrum that are allowed by the present data. It is still possible that the hierarchy of neutrino masses is inverted with respect to those of the corresponding leptons and quarks, and this would constitute a major surprise. 
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Figure 2.5.3: left: correspondence between the neutrinos of well defined mass (1, (2 and (3 with the neutrinos of well- defined flavor (e, (( and (( implied by present data on neutrino oscillations. The definitions of the Euler angles 12, 12, and 23 are indicated. The atmospheric neutrino experiments indicate that 23 is nearly 45° (maximal mixing), while solar neutrino experiments require 12 in the range of 25–40°. Reactor experiments indicate that 13 is smaller than about 10°. There is also a phase  which would be responsible for neutrinos having different oscillations than anti-neutrinos, yielding CP violation; right: Neutrino mass spectra allowed by the present data. 

These facts are difficult to understand in the context of the Standard Model, and it is quite possible that the mechanism that generates neutrino masses and mixing angles is different to that which generates those of the other fermions. The answer to this puzzle could possibly be found in grand unified theories, which provide a unified description of quarks and leptons at a very high energy scale and could make predictions for the parameters that describe neutrino oscillations. Precise measurements of the oscillation parameters can be used, therefore, to test the ideas of unification, and will perhaps lead to a deeper understanding of the nature of quark and leptons. 

The observation of neutrino oscillations also has far-reaching implications in astrophysics and cosmology. The small, but non-zero, neutrino mass may mean that neutrinos contribute as much mass to the universe as all the visible stars. Moreover, the recent KamLAND result strongly indicates that leptonic CP violation could be observable in neutrino oscillations, possibly leading to an understanding of the observed matter–antimatter asymmetry in the universe. This observation would be a major discovery and constitute the long term goal of a future neutrino oscillation programme.   

The smallness of neutrino masses can be explained in the context of the so-called ‘see-saw’ mechanism, which takes advantage of the fact that neutrinos, having no charge, can be their own anti-particles (‘Majorana Neutrinos’). Whether neutrinos are Majorana particles or not is not known and is currently an open experimental question. In the see-saw mechanism appear massive partners of neutrinos, with a mass naturally of the order of 1015 GeV, suggestively similar to the Grand Unification scale. Matter-antimatter asymmetry could arise from CP asymmetric decays of these heavy neutrinos in much the same way as it arises in K0L decays due to CP asymmetry in the neutral Kaon system. Contrary to CP asymmetry in the quark sector, the parameters for leptonic CP violation can be adequate to provide a mechanism by which, within the Big-Bang theory, arises the very small asymmetry between matter and anti matter in our universe, without which we would not exist. 

A key consequence of this hypothesis is the fact that neutrinos are ‘Majorana’ particles.  Oscillations are identical for standard (Dirac) neutrinos and Majorana neutrinos, but this conjecture can be tested by observation of neutrino-less nuclear double beta decay. This decay (figure 2.5.4) is a second order process, and can only take place if neutrinos both have masses, and are of the Majorana type. The decay probability is inversely proportional to the square of an effective mass, which is the average mass of all neutrinos admixed to the electron neutrino, weighed by their admixing. 
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Fig. 2.5.4 Left:  Neutrino-less double beta decay. Two neutrons change into protons, with emission of two electrons. Right: the decay probability is inversely proportional to the effective neutrino mass, thus the observation of this process would allow determination of the absolute scale of neutrino masses.  

The search of double beta decay therefore offers the unique possibility to test the nature of the neutrinos, and determine the absolute mass scale. In that sense they complement studies of oscillations, which only measure the mass differences. Many isotopes candidate for double beta decay are presently being investigated. The source masses are of order of 10 kg of enriched isotope (76Ge, 100Mo, 136Xe...). So far lower limits on the half life, of order 1024-1025 years, have been obtained, corresponding to upper limits on the masses of the order of a fraction of an eV. Taking into account results from oscillation experiments, the effective mass should be as small as 0.01 eV or larger. A major effort is underway around the world to design experiments that would reach this sensitivity.  
A third type of experiments gives insight on absolute neutrino masses: the study of the kinematics in weak decays, in particular beta decay. Here one measures directly the electron-neutrino ‘mass’, independently of the nature of the neutrinos. Present experiments put an upper limit of order 2 eV on the mass of the lightest neutrino. More sophisticated experiments are being considered, that would push the sensitivity down to a fraction of an eV.

To conclude, neutrinos seem to open to us a window on physics at the mass scale of Grand Unification, and to address a number of essential questions. Matter-antimatter asymmetry, the diversity of fermion masses, the nature of neutrinos. None of these fundamental questions can find answers in the physics program of either LHC or an e+e– collider, to which the study of neutrino properties is completely complementary.
2.6 Key cosmology questions and their relation to particle physics  

The early universe was hot and dense, and probably governed by elementary interactions so high that they cannot be accessed in the laboratory. Observations therefore allow fundemental particle physics studies at the highest energies. Cosmological data, however, is very often indirect, and complementary observations are needed to infer particle physics results. 

2.6.1 Dark Matter and Dark Energy

On large scales, the universe is isotropic and homogeneous. Measurements of anisotropies in the cosmic microwave (photon) background (a few times 10-5 on all angular scales), together with the  assumption that our position in the universe is not special, implies that the universe has a Friedmann-Lemaître geometry. Einstein’s equations then relate the expansion rate to the spatial curvature and energy density via the Hubble constant H, the gravitational constant G and a cosmological constant . Data used within this framework include measurements of H and 
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 as a function of redshift, measurements of cosmic composition (including dark matter), and measurements of cosmic inhomogeneities. 

Using the most recent determinations of H, and new measurements of the cosmic microwave background fluctuations from the WMAP experiment, measurements of the so-called mass density parameters in the cosmological model indicate a flat universe with 


CDM = 0.23±0.04 (cold dark matter)


 = 0.71±0.05 (cosmological constant)

b = 0.05±0.002 (baryonic matter)  and I = 1.

The problem of ‘dark matter’ was known since the 1930’s from the mass of galaxy clusters, and later from galaxy rotation studies and large scale structure observations. Also, the observed deuterium  abundance depends sensitively on the baryon density of the universe, and measurements are compatible with those above. 

The composition of dark matter is a key particle physics question and candidates include the lighest supersymmetric particle. Detailed particle physics models allow estimates of the cosmic abundance for relevant candidates, but a direct observation of dark matter is essential. The search for dark matter is part of the existing program in Switzerland (Section 3.1.4) and is part of the future roadmap of key physics questions.   

Two independent studies, first reported in 1998, of the luminosity- distance relation of type 1a supernovae have discovered that the expansion of the universe is at present accelerated. Because of the attraction of gravity for normal matter, this implies that the universe is dominated by a matter component with negative pressure. The best known example of such a matter component is a non-zero cosmological constant: the actual supernovae data are compatible with that interpretation, but with very large error bars. These very surprising results need confirmation from other cosmological data. A vigorous experimental program is underway (and being developed) involving cosmologists, astronomers and particle physicists to improve the experimental data. Data from WMAP imply ~0.7, which is in good agreement with the supernovae data. A consequence of this would be that the gravitational potential is slowly decaying, and would result in large angle anisotropies in the WMAP data (the Sachs Wolfe effect) that are observed. There is presently no experimental Swiss participation in this effort. 

The flatness and homogeneity of the universe is a fundamental question of cosmology, and an initial inflationary phase with a scalar field (called the inflaton) is invoked to explain it. The anisotropies of cosmic microwave background may lead to more understanding of the field, The coupling of the inflaton to other fields (elementary particles) determines the details of what terminated inflation and resulted in radiation dominated expansion.

2.6.2 Cosmic Neutrinos

Our understanding is that the universe is not only filled with a bath of thermal photon, but also neutrinos at a temperature (energy) of T~1.6 x 10-4 eV. These neutrinos have so far not been observed. This would be a key observation for cosmology, especially since measurements of neutrino oscillations in Super Kamiokande imply that at least one neutrino is heavier that the mass difference m2 ~ 4 x 10-3 eV2. 

2.6.3 High Energy Gamma Rays

The observation of very high-energy gamma-rays ( using ground-based telescopes, or detectors in space (for example the Cosmic Gamma Ray Observatory and in future GLAST), is a recent addition to the variety of experiments at the interface between particle physics and astrophysics/cosmology. 

Experiments that detect very high-energy particles from space are thus exploring the physics of extreme conditions in the Universe. In particular, Gamma Ray Bursts (GRB) are among the most powerful events since the Big Bang, and may be sources of ultrahigh-energy cosmic rays. In the same context, measurements of the photon spectrum from GRB’s might give indications of the role of quantum gravity in the context of unified theories. 

Until today, the investigation of radiation within or above the very high-energy range (10 GeV to 100 TeV) is limited to ground-based Atmospheric Cherenkov telescopes that measure the extended air showers produced when the rays interact with the Earth's atmosphere. Within the next few years promising new results of fundamental importance are expected, since today only a small number of established astrophysical sources exist which emit very high-energy gamma rays.

- proton decay

- high energy cosmic rays – what is the acceleration mechanism to give cosmics up to 1020 eV

- quark plasmas in neutron stars – quark compositions?

- gamma ray astronomy

The Section 2.6 has been put together by me on the basis of Ruth’s draft etc. I take responsibility for it. It must be discussed and modified by us, and checked with experts such as Ruth, Mikhail, etc. 

3. 
SURVEY OF EXPERIMENTAL ACTIVITIES IN SWITZERLAND 

Switzerland is fortunate in having both an international and a national laboratory: the CERN laboratory in Geneva, and the Paul Scherrere Institute (PSI) in Villigen. CERN is the world’s largest accelerator complex and has housed in succession the CERN ISR (√s=62 GeV, the S
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pS Collider (√s=630 GeV), the LEP e+e- Collider (√s=208 GeV) and from 2007 the Large Hadron Collider (√s=14000 GeV) at the high energy energy frontier of particle physics research. PSI houses a 590 MeV proton accelerator of 1 MW power, thereby allowing high intensity p, n, ±, and ± beams for precision experiments. 

Because of this situation, Switzerland has for its size a strong and diverse experimental program, and the continued exploitation of this privileged position is a priority (Section 4) for the pursuit of important experimental results, for the continuation of experience in accelerator techniques, and for the development of new detector or analysis techniques (often with significant economic spin-off).  

3.1 Existing experimental activities.

Table 3.1 indicates the approved experimental program in particle physics, and particle astrophysics, in Switzerland as of 2003. The table is arranged according to the four thematic activities considered in Section 2 to be of high priority during the coming 10-15 years. The approved physics program in the period 2007-20 is dominated by the LHC (specifically the CMS, ATLAS and LHCb experiments).

3.1.1 The Standard Model and the High Energy Frontier. 

Since 1989, experimental particle physics activity has been dominated precision Standard Model measurements from the LEP and Tevatron Colliders. Switzerland contributed in a major way to the L3 experiment at LEP; LEP operation was terminated at the end of 2000, and final data analyses are now being completed. 

Until the LHC startup in 2007, experimental activity at high energy must be pursued outside CERN. The Tevatron 
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p Collider at Fermilab is presently the world’s highest energy accelerator (√s=2 TeV). The Geneva group has participated in the CDF experiment (Figure 3.1) at the Tevatron since 1990. Following a data taking period in 1989-95, resulting in the discovery of the top quark, a major upgrade of both the machine and the experiment was made and data taking resumed in 2001. A data sample that is larger by a factor 40-70 is expected before 2007. CDF pursues a rich physics program, including searches for Supersymmetric particles and a first precision study of the t-quark.  
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Figure 3.1
A photograph of the CDF experiment, together with the event display from  a 
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The H1 experiment at an upgraded HERA accelerator will also search for new physics, and make precision QCD measurements in the period 2003-2006. 

At lower energies, Swiss groups participate in several small precision experiments. This program (DIRAC at CERN, LAN and FAST at PSI and an improved measurement of the electric dipole moment for the neutron EDMS at PSI) will provide qualitatively improved measurements with respect to similar existing data allowing tight constraints on the couplings within the Standard Model. 

From the LHC turn-on at CERN in 2007, a new domain of exploration will open; as described in Section 2, it will provide a first exploration at the TeV scale. Table 3.2 indicates the participation of Switzerland in the CMS and ATLAS general-purpose detectors now being constructed at the LHC. Participation in CMS and ATLAS will be the corner stone of the Swiss particle physics program during the period until ~2020, and an essential part of the long-term roadmap. Results from these experiments may fundamentally our view of fundamental interactions. Figures 3.2 and 3.3 show the Swiss participation in each of the 2 experiments. 

To do

Figure 3.2 
The ATLAS experiment and the participation of Switzerland in that experiment.
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Figure 3.3 
The CMS experiment and the participation of Switzerland in that experiment.

- expect an elucidation of the Higgs sector - must expect to identify departures from/ extensions to the SM - expect to identify the first supersymmetric particles if they exist in the mass range accessible to LHC - if supersymmetry is the correct mechanism, then expect to be able to identify the pattern of supersymmetric particle masses, enabling an informed viewpoint on the energy of a complementary LC - if susy not the correct model, then that is a crucial result  - there should be a statement on investment (capital, manpower, intellectual) by CH institutes to LHC physics program, and the exploitation must therefore be optimized.

-
question of extra event pictures????

3.1.2 Flavor physics in the quark sector.

The Lausanne group participates in the BELLE experiment at the KEK b-factory. Together with the Babar experiment at the SLAC b-factory and the CLEO experiment at Cornell, this experiment is providing a qualitatively new understanding of quark mixing and CP violation using b-quark decays. The CDF and D0 experiments at the Fermilab Collider also provide important independent measurements on and b- and c-quark mixing and rare decays, and provide unique access to BS mesons. The Fermilab experiments have unique access to the t-quark sector. 

From LHC turn-on, a further qualitative improvement of the data sample can be expected, allowing stringent limits on rare decays, and several direct determinations of quark mixing not available at existing B-factories, will be available of the LHCb experiment (and to a lesser extent CMS and ATLAS). The Lausanne and Zurich groups are leading institutes in the LHCb collaboration (Figure 3.4).  With CMS and ATLAS, it forms the core of the Swiss programme in the period 2007-2020. 

To do??

Figure 3.4
The LHCb experiment and the participation of Switzerland in that experiment.

-
rare decays?

3.1.3. Neutrinos and Flavor physics in the lepton sector.

One way of searching for new physics is the investigation of decays that are very suppressed or forbidden in the Standard Model (SM) and the lepton flavour violating (LFV) decay 
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 is an important example of this class of decays; a range of Supersymmetric models predict a branching ratio in the range 10-11-10-14. The MEG experiment at PSI, now being constructed at PSI and aiming to collect data from 2006, aims to reach an exclusion sensitivity of ~5 x 10-14, a stringent constraint on existing theories (or an exciting observation).

- OPERA (Klaus/Jean-Luc)

- EXO (Jean-Luc)

-HARP?? (Alain) 

-ICARUS  (Andre)

3.1.4. Astroparticle Physics

As noted in Section 2.6, the past 15 years has marked a revolution in precision experimental astro-particle physics. At the same time, theoretical cosmology has made revolutionary advances, leading to a so-called Standard Model of cosmology that closely links that subject to particle physics. Using instrumentation or analysis techniques developed for particle physics, a number of key cosmological issues are examined – for example gamma ray bursts and gamma ray astronomy in general, or the origin of very high energy cosmic rays. However, key issues relate to particle physics itself:  the existence and nature of dark matter (35% of the energy of the universe) and dark energy (60%), the use of solar neutrinos to measure flavor mixing in the lepton sector (Section 3.1.3), the search for proton decay, and the role of flavor mixing and CP violation in creating a matter-antimatter asymmetry in the universe. 

Until now, the experiments have tended to be one-off in character, although they have been of long duration and high cost. This is changing, in part because the development of precision experimental cosmology has defined importanr new questions in particle physics that are now being addressed according to the ‘culture’ of particle physics. 

a) The ORPHEUS experiment, development by the University of Berne …… (Klaus Pretzl)

b) The ICARUS experiment (section 3.3) …… (Andre)

The AMS experiment, involving the University of Geneva and ETHZ, aims at improving the obervational basis of cosmic ray physics by providing a large area, high resolution magnetic spectrometer to be exposed over a long observation period on the International Space Station (ISS) in a near Earth orbit. It will observe spectra of electrons, positrons, protons, antiprotons and heavy nuclei in the TeV range. The main goals concern astrophysics: the search for primary antimatter to a sensitivity of 1 part in 106, improved measurements of the primary cosmic ray composition (Figure 3.5), and the measurement with good directionality of multi-GeV photon emission. An interesting limit (or discovery) for the existence of dark matter may also be possible (if dark matter is due to neutral heavy particles such as neutralinos, their annihilation in the galactic halo may produce a measurable contribution to antiparticle and photon spectra). 
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Figure 3.5
The proposed measurement sensitivity for the AMS experiment of the the primary antiproton energy spectrum Also shown are existing data from other experiments, and several model predictions. 

The field of high-energy -ray astronomy is in its infancy, and the MAGIC experiment, currently being constructed in La Palma, will detect rays in the range 30-150 GeV using the Cerenkov light from their atmospheric interactions. It will collect data from 2003 on a wide range of astrophysical questions by observing galactic objects such as supernova remnants (SNRs), pulsars or binary systems as well as extragalactic objects, for example Active Galactic Nuclei (AGN) and Gamma Ray Bursts (GRBs). The ETHZ group is involved in this experiment.

3.2 Activities in Accelerator R&D.

Accelerator R&D is essential to progress in the field of particle physics, and institutes in Switzerland are engaged in R&D towards future facilities. Of crucial importance to Switzerland is the development and exploitation of CERN facilities, and this will be the subject of a discussion and recommendation in Section 4. Ongoing activities relevant to future CERN facilities include: 

a) R&D for a multi-TeV e+e- Collider (CLIC). The primary accelerator project at CERN is towards a multi-TeV e+e- Compact Linear  Collider (CLIC) which could operate in the range 0.5 – 5 TeV. At the present time, CERN is developing a Test Facility (CLIC TF3) to test aspects of its novel drive beam acceleration technique. The Lausanne group contributes to R&D on the drive-beam, the nanometric stabilization of the magnets, and the damping ring optics. The CLIC acceleration technique is not yet judged sufficiently mature for use in a Linear Collider of 0.5-1 TeV. 

b) Protons at CERN. A key to future CERN development will be an increase in the available proton intensity (for example, for an upgraded LHC, or for future intense neutrino beams). As a result, the 2nd major R&D effort at CERN is the SPL (Superconduction Proton Linac) project to provide a 4 MW proton injector. PSI has unique experience in this field at its 1 MW proton synchrotron, and participates in the international MEGAPIE project, aiming ultimately at the transmutation of nuclear waste and other applications. It will have direct application for the high power target stations needed in the context of the SPL. 

c) Future intense neutrino beams at CERN or elsewhere.  The HARP experiment at CERN is expected to provide precision measurements of the cross-section for pion production, of protons incident on nuclear targets (participation of the University of Geneva). This is important for the design of future high-intensity neutrino facilities. 

Of enormous topical importance is the proposed construction of a Linear e+e- Collider  in the energy range 0.5 - 1 TeV. This world project is discussed in Section 4; the proponents are pushing for a decision on the preferred acceleration technology by the end of 2004. The most advanced acceleration R&D is that using high-gradient superconducting cavities, developed at DESY. Since this has a major overlap with future synchrotron light sources (free-electron lasers), PSI is participating with CERN and DESY on aspects such as nanometric beam stability, beam diagnostics, and high gradient acceleration.

Switzerland is participating in an ECFA (European Committee for Future Accelerators) funding initiative on accelerator R&D towards the European Union within the 6th Framework.  

3.3 Activities in Detector R&D and Information Technology.


LHC detectors – silicon strips, silicon pixels, radhard electronics


One line on spin-offs. 


TESLA detector R&D


GRID??? etc. 

3.4 Relationship between the theoretical and experimental activities. 


- matching of involvement for LHC

     ???

4. 
A ROAD MAP OF FUTURE ACTIVITIES 

4.1 Introduction

As described in Section 2, particle physics experiments at CERN and elsewhere over the past 20 years have defined and verified the Standard Model for strong and electroweak interactions with outstanding precision. During the same period, precision experimental cosmology has not only revolutionized our view of the universe, but has opened new questions directly related to particle physics. 

At the same time, these past exciting years have (correctly) restricted our options towards the LHC at least until 2020, and have resulted in the proposal for the construction of a Linear e+e- Collider in the energy range 0.5 – 1.0 TeV (possibly overlapping LHC operation). 

Given the enormous resources committed to the LHC by Switzerland (intellectual, technical and financial) it seems appropriate to review, on the basis of what appear to be the most important particle physics challenges:

-
how to provide conditions to optimally exploit (theoretically and experimentally) the data which will collected by the LHC;

-
optimize the use of the resources to enable a programme addressing the most exciting physics questions (not solely on LHC activities), and remaining flexible to new developments; 

-
provide an indication of what might be the most important new initiatives beyond the existing LHC program (including the Linear Collider). 

It is not the intention of this roadmap to impose a physics program on the community, above all at a time when the LHC data may revolutionize our future strategy. It is rather an attempt to outline the most promising future directions, to propose a general strategy within restricted resources to address these directions and to attempt to be ready experimentally for future challenges. 

There is a strong synergy between the approved Swiss participation in the CDF and BELLE experiments, and the future LHC program. This synergy should be optimized, until LHC turn-on. 

Switzerland has a rich program of small precision experiments, both accelerator-based and non-accelerator related, at least until ~ 2009. The ability to initiate a limited number of outstanding small experiments should be preserved.

Inter-institute collaboration within the framework of the Forum should be encouraged. In some cases, it may enable a project to be above the critical mass. In others, it might provide valuable training for students (for example ETHZ participation as visitors to CDF). 

4.2 The Energy Frontier – the CERN LHC

- one paragraph on the exciting physics program and need to exploit, and on necessity for close theoretical/experimental collaboration – student and postdoc positions, common workshops etc.

- one paragraph on completion of construction, then commissioning

4.2.1 Maintenance and Operation of the LHC detectors. 

Starting in 2002, annual maintenance and operation costs for the experiments have been implemented by CERN. These cover the operation of common items of infrastructure (for example the superconducting magnets) and subsystem items (for example to cover electronics maintenance of the silicon trackers). From 2005, this will be approximately 370 KCHF for each of the ATLAS and CMS experiments, and 280 KCHF for the LHCb experiment. This is expected to continue during the operation of these experiments, and is an irreducible overhead. 

4.2.2 Computing for LHC experiments

The physics analysis of LHC data requires a new computing technology due to the huge amount of data, the requirements on processing power, and the geographical dispersion of the participants. The analysis is planned about a “computing GRID “, using a worldwide distributed, hierarchical computing architecture. The particle physics community is among the first ones to invest in R&D in this future technology. To this end, CERN has initiated the LHC Computing Grid (LCG) project to develop the computing infrastructure at CERN for the analysis of LHC data. Regional centers of varying complexity are being setup in participating countries and these will be part of a Grid computing infrastructure with CERN at its hub. 

The Swiss particle physics community has opted for setting up a single regional center in the CSCS at Manno (Switzerland) to satisfy the computing requirements of three LHC experiments.

- 
At LHC turn-on, , networks of capacities exceeding 10 Gbit/s must exist between CSCS Manno and all Swiss institutes involved in the LHC
- 
Taking account of the total LHC computing requirements during normal running, the contributions of Swiss groups to the experiments, and the number of active participating physicists, hardware requirements are estimated in Table 4.1. 

- 
It is estimated that 3-4 FTE will be required for normal routine operation of a Regional Centre.

- 
Using the CERN costing model, a total of 2420 KCHF is estimated for the hardware infrastructure (excluding prototyping), according to the profile of Table 4.2. After LHC turn on, the annual hardware maintenance and operation costs (M&O) are expected to be approximately 500 KCHF. Not included in Table 4.2 are network (both infrastructure and M&O), utility and personnel costs. 

- 
Tier 0 (data acquisition) costs will be covered by CERN. A participation of Swiss groups will however be needed to the CERN Tier-1 facility in order to connect to CSCS  Manno. Assuming a 5% contribution to that, approximate costs will be as shown in Table 4.2.  Local computing facilities at participating institutes must also be Grid compatible.

	CPU (in kSI2K units)
	750

	Disk   (in Tbyte)
	160

	Robotic Tape  (in Tbyte)
	307


Table 4.1 Computing hardware requirements for a Regional Centre in Switzerland.

	Year
	Costs in KCHF

(Manno)
	Initial estimates for Tier-1 costs (CERN)

	2004
	140
	300

	2005
	460
	300

	2006
	460
	300

	2007
	480
	300

	2008
	880
	300

	2009 and beyond
	490
	400


Table 4.2 Preliminary estimated computing infrastructure and M&O costs

- a statement on need to not smother other activities (including astro)

The creation of a priority program is recommended to optimally exploit the physics data of LHC, and to cover running costs for Swiss participation in the LHC experiments. This is essential given the enormous commitment of Switzerland to CERN and the LHC program, the extended timescale of physics exploitation, and the need to maintain a flexible particle physics program in Switzerland. 
4.3 The Energy Frontier – beyond the approved LHC program 

Worldwide, discussions and R&D concerning new facilities beyond the LHC are well advanced. The two projects that are relevant to DPNC activities in the coming 15 years are:

- the upgrading of the luminosity and/or the energy of the CERN LHC;

- the construction of a linear e+e- Collider (LC) in the energy range √s = 0.4-0.8 TeV. 

4.3.1 The LHC Upgarde 

Machine R&D studies are already underway at CERN to upgrade the LHC beyond the existing luminosity specifications (L = 1034 cm-2 s-1, √s = 14 TeV, and 25 nsec bunch spacing). A proposal to increase the energy to 27 TeV would require the replacement of the LHC dipoles, and has been placed at a low priority. A second line, to increase the luminosity by ~ 1 order of magnitude, appears to be more realistic. This would imply a more dense bunch structure. 

The physics benefit of such an upgrade is being studied. The physics reach for new massive particles would be increased by 20-30%. and studies of Higgs self-coupling would be feasible. The detector and electronics implications are very substantial, because of the increased detector occupancy, the increased radiation (already critical in the Inner Detectors of ATLAS and CMS), and the smaller bunch spacing. Effectively, the full electronics and data acquisition chain of all detectors, and the entire Inner Detector, would need replacement after significant R&D.  Need to check Mangano document
A decision on an LHC upgrade is unlikely before the first LHC physics results, and will not be realized before 2015. Participation should be decided on the basis of physics benefit and technical viability; possible upgrades should be considered independently of any decision on a Linear Collider. 

4.3.2 The Linear Collider 

There is now a worldwide consensus that a next generation electron-positron Liner Collider (LC) in combination with LHC may be expected to fully map out the physics on the scale of electroweak symmetry breaking. Within the context of ICFA, contacts are being pursued at governmental level with the aim of approving construction of an LC of √s = 400-800 GeV by 2007, and to construct such a machine by 2015 to operate in parallel to the LHC. 

Following open for discussion – I have tried to be telegraphic 

There is a common viewpoint that any European involvement in Linear Collider should be via CERN, and that (wherever it is) it should be part of the CERN program

PSI comments (see Section 3.*.*):

-
participation in machine aspects of a future LC

-
related to FEL (laser technology, given wish of PSI to build such a machine)

Lausanne comments: 

-
not wise tyo build a sub-TeV machine that is not upgradeable to TeV scale, in absence of LHC results indicating that new physics is in reach

-
group works on CLIC and wishes to continue to support CLIC R&D

-
assuming CLIC existence proof in ~2007, and aware that it is at best present option for a multi-TeV machine, technology choice should take that into account (CLIC modules are 75 GeV)

Zurich comments (unofficial)

-
 support for physics case of construction of 400 GeV machine asap, regardless of location and a pure technology choice

-
if construction delayed to 2007 or later, energy etc should wait LHC results – luminosity is an issue 

- 
no machine contribution

-
after LHCb construction (say 2006), group of Ueli would be ready to take on a new project and depending on status/interest at that time, might be LC, dark matter/energy, or other (level of 1-2 postdocs + students)

-
in case of continued detector R&D, some interest 

Geneva (very preliminary and subject to discussion/change in coming weeks )

-
primary program must remain focused on CERN

-
would participate at level of 1 prof (of 4)  in one exp if outside CERN, probably at level of LHC if at CERN

-
already supports detector R&D, participation to machine R&D unlikely

- 
strongly encourages continued support of CLIC R&D activities at CERN

-
no statement yet on sub-TeV machine – this is being discussed - but some thoughts include that world-wide consensus is valid and a sub-TeV machine will be essential to map out the Higgs sector, and (subvject to mass) study supersymmetry or equivalent

4.4 The Neutrino Physics program 

         In spite of the remarkable progress accomplished in the last few years, there are a number of pending questions concerning the nature of neutrinos with paramount consequences on our understanding of particle physics at large.  

        
Are all oscillation phenomena explained by three mixing neutrinos, what are the mixing angles and mass differences?


Is CP violation taking place in neutrino oscillations, and can the parameters  provide a consistent explanation to the baryon asymmetry of the universe?  

         What is the absolute scale of neutrino masses? 

         Are neutrinos their own antiparticles? 

The Swiss research institutions have every intention to take a leading part in the future program and its elaboration. 

4.4.1 The CERN long baseline program

The CERN ( The two experiments ICARUS and OPERA will begin data taking in 2006 for about five years. It is expected that they give the following answers:


-- Final demonstration of the  (oscillation mechanism 

 
-- Improvements on the measurement of m223 

-- search for the subleading (e and improvement on  the sensitivity on 
Following this phase, a low energy beam optimized for the latter searches could be envisaged, however, its sensitivity would be limited by the mass of the detectors and the SPS proton intensity.  The longer term future of neutrino physics at CERN is likely to be linked to the realization of a high intensity, lower energy, proton accelerator (SPL), as will be discussed in section 4.4.4.
4.4.2 The Japanese Neutrino Program.  
The logical continuation of the K2K experiment, already discussed in section 3.3, will be the J-PARC-Neutrino program (fig 4.4.1), which will take advantage of several factors

1. A large increase in available proton power in the newly approved Japanese Proton Accelerator Research Complex (J-PARC), at Jaeri. This 50 GeV proton synchrotron with a beam power of 0.75 MW offers the possibility of creating a very intense neutrino beam with extremely attractive features for precision measurements and direct tests of our understanding of neutrino mixing. The complex is now under construction with completion date expected in 2006. The neutrino beam line itself (fig 4.4.2) is in the approval process. A recent review by the J-PARC Physics Advisory Committee accorded neutrino oscillation studies the highest priority among the physics topics to be pursued at J-PARC. 

2. The detector will be, in a first phase, the existing SuperKamiokande detector, which, with 50 kton of water, is the largest detector in the word, and is well understood. The water Cerenkov technique is well suited for the most critical experiment, i.e. the search for    (e oscillations, at neutrino energies between 200 and 800 MeV. 


3. the possibility to design a new dedicated neutrino beam line at Jaeri, with characteristics optimized for the search for    (e oscillations. This neutrino beam energy will be tuneable around 600 MeV which corresponds to the first oscillation maximum at 300 km, (see fig 4.4.3), and is well matched to the performance of the detector. 
The understanding of the incoming neutrino beam is a key ingredient in the advanced neutrino experiments, and the J-PARC-SK experiment is planning a sophisticated set of beam monitors and near detectors (fig 4.2.2) to determine precisely its flavor composition of the beam, but also the exact cross-sections and properties of low energy neutrino interactions. 
Contribution of the Swiss institutes will take advantage of their knowledge of particle production and focusing devices, magnetic horns, (in the continuation of the HARP –KEK program, UniGe).  

As a near detector, the liquid argon TPC technique is extremely powerful since it is the only detector that can properly detect and identify the interaction products of neutrino interactions. Therefore the possibility to install a moderate size liquid argon TPC module (around 70 tons) is actively pursued within the neutrino group in ETHZ. 
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Figure 4.4.1 Overview of the J-PARC to SuperKamiokande long baseline experiment. 

[image: image30]
Fig. 4.4.2 The J-PARC(SuperKamiokande beam line. The originality of the beam line consists in the presence of an intermediate neutrino monitoring station 2 km away from the target, in which the neutrino spectrum (in absence of oscillations) is nearly identical to that at the far distance site. 
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Fig 4.4.3. Predicted neutrino oscillation probabilities at a distance of 295 km for a set of neutrino mixing parameters consistent with presently available data.  The large difference between neutrinos (in black) and antineutrinos (in red) is signal of leptonic CP violation. 
An extension of  the  J-PARC neutrino experimental program would include i) an intensity upgrade of the proton synchrotron up to a beam power of 4 MW, and ii) the construction of an even larger detector with a mass of 1 Mton, thus increasing the neutrino event rate by an overall factor of one hundred, and allowing a first investigation of CP violation effects with antineutrinos. 
 4.4.4 Longer term future, muon or beta-beam neutrino factory.
In order to discover or establish firmly CP violation and to measure precisely the neutrino mixing parameters, neutrino beams of higher purity will eventually become necessary. 
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Figure 4.4.4 left: possible layout of a SPL-based neutrino factory at ERN; right: as a possible first step, a conventional high intensity neutrino beam to the Fréjus underground laboratory. 
These can be best provided by ‘neutrino factories’ in which one uses the decay of stored muons, (e+ e  , to generate a very pure neutrino beam of very well defined properties and flux. This involves new accelerator techniques in order to prepare (cool) the muon beam, to accelerate it and to store it.  Figure 4.4.4 shows the possible layout of such a neutrino factory. At the heart of such a complex is a powerful proton accelerator, for instance the Superconducting Proton Linac, (SPL). Such a high intensity accelerator complex has many  applications in particle physics, nuclear physics and material science. As a first step a powerful low energy neutrino beam could be produced directly from the SPL for a very competitive long base-line experiment in the Fréjus Laboratory (130 km of Geneva), as shown in figure 4.4.4.  The quantitative improvement brought about by these projects over the existing or approved experiments is shown in figure 4.4.5, where the expected sensitivity to the (e transitions is characterized by the reach in the small mixing angle 13. 
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Figure 4.4.5 The road to precision neutrino oscillation physics. Limits or sensitivity on the  small mixing angle 13. From the right to the left: in grey, the present limit from the CHOOZ experiment; in red, the reach of the MINOS and CNGS programs; in green, the reach of the J-PARC-> SuperKamiokande experiment; in blue, the reach of a CERN-SPL neutrino beam to Fréjus; in purple, the reach of a neutrino factory based on muon decay.   

The future neutrino program for Europe requires a substantial effort in accelerator R&D as described in section 4.5.  

4.4.6 The future of searches for neutrino-less double beta decay
As shown previously, there is a strong motivation to push the sensitivity in searches for neutrino-less double beta decay down to 0.01 eV. This means probing half lives of order 1028 years. This requires source masses much larger than the 10 kg or so in present experiments. Source masses of order 100 kg in a first step,  to 10 t in a final stage, are being considered. Russia seems to have the facilities to produce enriched isotopes in these quantities. To take full advantage of these larger set-ups however it will be necessary to reduce drastically the background from natural and cosmogenic activities, which limits the sensitivity. This can be achieved by better event signature, and/or a selection of materials with a higher level of radio-purity for the construction of the detectors. 

The EXO collaboration, with a Swiss participation, has started an R&D program to develop an experimental set-up with the aforementioned sensitivity. The source will consist in xenon enriched in 136Xe, in gas or liquid form. The source will at the same time be the detector medium. The experiment will evolve in 3 steps. First a 50 kg will be built and tested. An effort will be made to reduce natural and cosmogenic activities using state of the art existing techniques. Then a larger device with a source mass of 1000 kg will be constructed, already allowing a substantial improvement of the sensitivity. 

It is foreseen from this version on to use a drastically new approach to reduce further the background.  This will be done by measuring not only the two electrons, as is usually done, but also by identifying in coincidence the 136Ba ion produced in the decay. This is possible in principle by exciting the ion with a laser, after detection of the electrons, and measuring the de-excitation photons. This feature, if it can be made to work, will lead to an essentially background free experiment. The evolution of the sensitivity, as it is foreseen at the moment, is depicted in fig. timetable.

[image: image39.wmf]
The final sensitivity should be comparable to that aimed for in the GENIUS experiment, which uses a different approach, relying solely on new methods to reduce background generating natural and cosmogenic activities.

4.4 Future accelerator facilities (including table) - CERN and PSI

a) 
Strong support for CLIC R&D

b) 
The future of CERN as a laboratory depends on remaining a world leader in the supply of intense beams of hadrons. This includes existing activites (LHC and possible LHC upgrade for reliability reasons, neutron TOF, etc) and future development of intense neutrino beams etc. All national labs place it as a major priority

c) 
Would aim to participate as part of a concerted and rational effort towards intense neutrino beams with the aim to observe CP violation in the leptonic sector, somewhere in the world. 

d) 
Recommendation of a 1-year post-graduate course in accelerator technology at at least one institute but seen as part of national commitment (allowing future increase in e.g. Swiss machine physicists at CERN)

4.6 Other physics activities (in particular astro related to particle physics, possibly in collaboration with observatory people)

-
I will try to add one or 2 remarks during the weekend

- dark matter searches

a) One of the key physics questions. At present, existing direct searches using cryogenic detectors are collecting data. LHC results will be crucial. The next step in this study should be on the basis of  results obtained. Expect there would be Swiss involvement.  ??

- dark energy searches

b) The other crucial question beyond LHC. The results are new but enormously fundamental. New programs are being rapidly put into place (e.g. SNAP). If possible, involvement of a Swiss particle physics group (preferably in collaboration with an astonomy group) would be highly desirable.
?????

- other

 c)
 ?????

5. 
PARTICLE PHYSICS EDUCATION IN SWITZERLAND

  Essentially nothing done except to add the tables prepared last year by Felicitas and which need updating. Any volunteers? What should we say/do on this point? 

5.1 Introduction

5.2 Current Particle Physics Community (table)
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   -
needs updating

    -
needs addition of tenured staff,. postdocs especially for fractikon of activity in LHC beyond 2007. 

5.3 Current Particle Physics curriculum (‘bachelor’ and ‘master’)

5.4 Post graduate education

-
theory 

-
experimental

-
Doctoral students should have reinforced program (?)
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-
all this needs updating and development

5.5 Outreach 

     …… recommendation - 
a) availability at bachelor/master to all students






b) professorships






c) Funding of Outreach post for Switzerland
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Fig. timetable. Evolution of the sensitivity  to the effective neutrino mass in EXO, assuming that the background can be completely suppressed.








� DOE/NSF High Energy Physics Advisory Panel. The Science Ahead The Way to Discovery. Particle Physics in the 21st Century.


Committee on the Physics of the Universe, National Research Council, Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century.


� The proton possesses a mass of about 1 GeV in the conventional unit system of high-energy physics, in which the light velocity is defined to be unity. The higher energy scale 1 TeV is equal to 1000 GeV.
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