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SUMMARY

During the kick-off meeting of the ESF project Multidisciplinary Frontiers of Magnetic Resonance (EMAR) in Strassbourg on April 13, 2007, and at the EUROMAR 2007 Tarragona meeting in July 2007, it was decided that a scientific meeting on a frontier-research topic in magnetic resonances and spin-physics will be conducted in fall of 2007. The organization was given to J. Dolinšek at the J. Stefan Institute, Ljubljana, Slovenia. The duration of the meeting was one day (30 November 2007). The purpose of the meeting was to gather together seven leading experts in the field of single spin physics, who have, in a "brain-storming" manner, critically reviewed the state-of-the-art in this field and proposed future activities.

During the Workshop, important new discoveries in the experimental detection of magnetic signals originating mainly from electronic spins were debated. Single spins or relatively small spin entities (e.g. spin clusters of a few thousand spins) were detected by STM microscopy, AFM microscopy and optical techniques. In addition, "smart" electronic spin systems were discussed, which exhibit thermal memory effect (a state of a spin system at a given temperature is remembered in the absence of an external magnetic field and can be retrieved after a negative temperature cycle) and "rejuvenation", where isothermal aging of a spin system can be erased by a positive temperature cycle, so that the spin system becomes "young" (unaged) again. These discoveries follow intense research in the STM, AFM and optical technologies, as well as in the discovery and synthesis of novel spin materials with "smart" properties. Spin physics at the level of single spins or small clusters provides important academic and technological break-through at the single-particle level in condensed matter. 

The meeting was attended by 29 participants (9 from abroad and 20 Slovenians), out of which 7 were invited lecturers. 
The lectures were complemented by a round-table discussion of the present state-of-the-art in the field of single spin detection and single spin physics. General audience has participated in the discussion. Participants have agreed that single spin detection is nowadays a reality and single spin physics may contribute revolutionary developments to the nanoscale science. The Workshop has triggered new cooperation between the attendants, which should show up in the near future. The common opinion was that such small-scale meetings are needed and should be preferred with the respect to the large-scale meetings where the brain-storming discussion is present to a smaller extent. We can conclude that the Workshop was scientifically a high level meeting, which has reviewed the present situation in single spin physics and showed future perspectives. 

I. INTRODUCTION

During the kick-off meeting of the ESF project Multidisciplinary Frontiers of Magnetic Resonance (EMAR) in Strassbourg on April 13, 2007, and at the EUROMAR 2007 Tarragona meeting in July 2007, it was decided that a scientific meeting on a frontier-research topic in magnetic resonances and spin-physics would be conducted in fall of 2007. It was proposed that the organization is given to J. Dolinšek at the J. Stefan Institute, Ljubljana, Slovenia. The duration of the meeting was proposed to be one day. The purpose of the meeting was to gather approx. seven leading experts in this field, who should, in a "brain-storming" manner, critically review the state-of-the-art in the field and try to figure out future activities.
During the last decade, important new discoveries emerged in the experimental detection of magnetic signals originating mainly from electronic spins, by detecting either single spins (by STM microscopy) of relatively small spin entities (e.g. spin clusters of a few thousand spins) by AFM microscopy and optical detection. In addition, "smart" electronic spin systems were discovered, which exhibit thermal memory (a state of a spin system at a given temperature is remembered in the absence of an external magnetic field and can be retrieved after a negative temperature cycle) and "rejuvenation", where isothermal aging of a spin system can be erased by a positive temperature cycle, so that the spin system becomes "young" (unaged) again. These discoveries follow intense research in the STM, AFM and optical technology, as well as in the discovery and synthesis of novel spin materials with "smart" properties. Spin physics at the level of single spins or small clusters provides important academic and technological break-through in the last years and is expected to approach the "ultimate" physics at the single-particle level in condensed matter. 
II. SCIENTIFIC PROGRAMME OF THE MEETING
The meeting took place at the MONS Hotel and Congress Center in Ljubljana, the capital of Slovenia. MONS is located next to the ringroad around the city of Ljubljana. The distance to Ljubljana Airport is about 20 km. The hotel offers good accommodation and congress facilities at moderate prices. 

The meeting took place on Friday, November 30, 2007. Foreign participants (9) have arrived to MONS on Thursday, November 29 and departed on Saturday, December 1, 2007. Slovenian participants (20) have attended the meeting on Nov. 30. 
The workshop has gathered seven leading experts in the field of spin physics and spin detection. Participants were invited from the fields of magnetic resonances (NMR and EPR), optical detection techniques and magnetism. The meeting consisted of the following programme: 
  9:00 – 9:10 
Welcome (J. Dolinšek)



Presentations by participants:

  9:10 – 10:00 
Yishay Manassen, Beer Sheva 

Scanning tunneling microscopy (STM) detection of single spins

10:00 – 10:50
Beat Meier, Zurich

Magnetic resonance force microscopy (MRFM) detection of spin  

signals

10:50 – 11:20 
Coffee break

11:20 – 12:10 
Dieter Suter, Dortmund

Optical spin detection

12:10 – 13:00
Hervé Desvaux, Gif sur Yvette 

NMR with highly polarised, highly concentrated  xenon solutions

13:00 – 15:00 
Lunch break (at MONS self-service restaurant)

15:00 – 15:30 
Mirjana Božić, Belgrade 

Spin in quantum interferometry

15:30 – 16:00 
Denis Marion, Gif sur Yvette 

Spectral and dynamic features of spontaneous 129Xe masers

16:00 – 16:30
Coffee break

16:30 – 17:20
Janez Dolinšek, Ljubljana

Thermal memory in spin systems

17:30 – 19:00
Round-table discussion (state-of-the-art of single-spin physics)

The workshop was attended by 29 participants in total (9 from abroad and 20 Slovenian). The complete list of participants including their addresses is attached.
III. DISCUSSION AND ASSESSMENT OF THE RESULTS

The opening lecture was given by Dr. Yishay Manassen from Israel, who has presented the measurements of spin noise by scanning tunneling microscope (STM). He was discussing electronic circuits, electronic components and methods of detection of electronic spin magnetic moments in moderate magnetic fields. Special emphasis was given to the limits of sensitivity, both electronic and quantum mechanical. He was also showing the results of spin precession of silicon radicals in thermally oxidized silicon. The final results can be summarized as follows: (i) The single spin detection is still not routinely achieved in such experiments, (ii) The STM single spin detection seems a reality and experimental steps performed so far go into the right direction, (iii) There is a need for further optimization of the electronic tank circuit in order to obtain better matching of the STM tip and the low noise preamplifier. After this optimization will be achieved, a large field of physics at the level of single atoms will be opened. Currently, STM detection of single spins appears to be the most promising technique for this purpose. 
The second lecture was given by Dr. Beat Meier from ETH Zurich, who has presented Magnetic Resonance Force Detection of spin signals, showing how this kind of experimental technique opens new possibilities for NMR experiments at the nanoscale. He was discussing the details of electronic circuits, AFM assembly with special emphasis on the cantilevers. He was presenting the AFM NMR setup in a 300 MHz magnet at the ETH. Dr. Meier has further demonstrated various standard and advanced NMR techniques, as performed by the AFM experiment: localized spectroscopy with micrometer resolution, double resonance, spin diffusion and multipulse experiments. Finally, he was discussing limitations of detection, which can currently detect 10.000 spins as the smallest quantity. 
The next speaker was Dr. Dieter Suter from Dortmund, who has presented a lecture on Laser assisted magnetic resonance. He made an overview of various techniques, including optical pumping experiments and experiments with single spins. He has shown that under special conditions single-molecule resonances can be detected, with the example of metalloproteins, azurin and Ga-As quantum filters. Optical detection of single spins is possible, but on chemically special molecules only.  
Dr. Desvaux from Saclay has presented a lecture on NMR with highly polarized, highly concentrated Xe solutions. He has shown that polarizing Xe gas by means of laser light increases polarization to that corresponding to 1 mK temperature, which yields the NMR signal enhancement by a factor 30.000. This enables detection of small spin entities of the order 10e11. 

Dr. Marion, a coworker of Dr. Desvaux from Saclay, has complemented the preceding talk by presenting an unusual effect of erratic maser pulse bursts from hyperpolarized Xe gas.    
Dr. Mirjana Božić from Belgrade has presented a lecture on the role of spins in quantum interferrometry. Neutron interferometry is an essential  part of the single spin physics because it uses one spin per one neutron beam to investigate wave and particle properties of neutrons. During the experiment, more than one neutron is never present in the interferometer. Dr. Božić has analysed and discussed the interpretations and controversies related to a series of neutron interference experiments in which spin plays an essential role. These are: verification of spin state superpostition law, verification of transformation law of spinors under rotation,  observations of time dependent phase of spin state evolving in time dependent magnetic field   (Pancharatnam phase) and various parts of this phase (dynamical, geometrical, Berry's, Aharanov- Anandan).  

In the final talk, Dr. Dolinšek from Ljubljana has presented a new kind of memory, based on thermally inscripted information in a coupled spin system. Following magnetic and ferroelectric memories, thermal memory appears to be the third kind of a memory. This phenomenon appears in magnetic solids and is a consequence of the out-of-equilibrium dynamics of a nonergodic system.  
IV. IMPACT OF THE EVENT ON FURTHER ACTIVITIES IN THE FIELD
After all lectures were completed, there was a round-table discussion of the present state-of-the-art in the field of single spin detection and single spin physics. General audience was invited to the discussion. Participants have agreed that single spin detection is nowadays a reality and single spin physics may contribute revolutionary development of the nanoscale science. The Workshop has triggered new cooperation between the participants, which should show up in the near future. The common opinion was that such small-scale meetings are needed and should be preferred with the respect to the large-scale meetings where the brain-storming discussion is present to a smaller extent. We can conclude that the Workshop was scientifically a high level meeting, which has reviewed the present situation in single spin physics and showed future perspectives. 
