1) Summary (up to 1 page)

The 3rd Capri Spring School on Transport in Nanostructures has taken place from Sunday March 25 till Sunday April 1 with 5 working days (March 26 - 30) at the Villa Orlandi on the Isola di Capri, Italy. Organizers were Alessandro De Martino (Düsseldorf, Germany), Reinhold Egger (Düsseldorf, Germany), Hermann Grabert (Freiburg, Germany) and  Arturo Tagliacozzo (Naples, Italy) .

The  focal theme  of the school  was “Atomic Scale Junctions". Such micro-junctions can be formed by the  “Mechanically Controllable Break Junction" (MCBJ) technique, by means of a “Scanning Tunneling Microscope" (STM), or by Electromigration. Scientists from the areas of semiconductor physics, low temperature metal physics, and chemical physics working on various types of  conducting nanostructures have discussed advanced experimental techniques and recent theoretical insights. Therefore  young researchers got  an opportunity to learn about the exciting new developments related to these novel nanoscale electronic and molecular devices and

to obtain training in basic theoretical and experimental methods employed in the field.

The school  was attended by about 35 young researchers who have been  trained by about 10 leading scientists in the field. They  have provided several two to four hour lectures by leading experts on transport in nanostructures with a special focus on quantum features of nanodevices. The speakers have given  graduate level presentations introducing to state-of-the-art methods and techniques used to describe transport phenomena in low dimensional electronic devices. While the school was primarily aimed at instructing PhD students and young postdocs, few more senior scientists from Napoli area have partially attended,  who wanted to acquaint themselves with the subject of the school.

The Capri Spring School has  been hosted at the Centre for Scientific Culture of Naples University

“Federico II" residing at Villa Orlandi in Anacapri. The Centre belongs to the University of Naples

“Federico II". The Villa provides a lecture hall for 45 people equipped with blackboard, overhead projector, beamer, and video recorder. The facilities include also an office with PC, photocopy machine and printer, and a computer room with several PCs connected to the internet. Students can also use their laptops and connect them via wireless LAN. There is a patio and garden where refreshments can be served, and smaller rooms can be used for discussions. The environment and equipment of Villa Orlandi has formed a perfect setting. Participants have been accommodated in nearby hotels and meals have been served in restaurants. Since the envisioned periods of the schools fall into the low season, the upscale prices of Capri in summer are considerably alleviated.
The lectures have  emphasized theoretical and experimental techniques that are not yet avail-

able in easily accessible compendiums. However such material is  being posted on the school webpage for download, and hence will be available for a much larger community. Despite a commitment to basics of the field, the Capri Spring School lead right up to the state-of-the-art in the field. In addition, some of  the young researchers have received training of their communication skills by giving them the opportunity for oral presentations and through participation in the evening discussions.
2) Description of the scientific content of and discussion at the event (up to 4 pages)
Novel discoveries and technological advances in recent years allow the growth or fabrication of

electronic nanostructures, such as carbon nanotubes, atomic size contacts, nanoscale Josephson

junction circuits, or few electron quantum dots. Quantum mechanics emerges at the macroscopic scale, in that fenomena as quantization of  the charge, of the magnetic flux, of the conductance, determine the transport properties of the devices and can be read out by measuring voltage drops and currents.  In these systems,  familiar properties of electrical transport, like Ohm's law, are violated.  New transport effects arise due to the interplay of strong electron-electron interactions, disorder, reduced dimensionality, and quantum mechanical coherence, as well as a

strong dependence of the conductance and of the noise properties on auxiliary gate voltages.  While fabrication and measurement techniques are often quite different, e.g. for chemically synthesized single molecule bridges, on-chip Josephson junction noise detectors, or quantum wires grown in semiconductor heterostructures by cleaved edge overgrowth, the new quantum phenomena arising from electronic correlations, quantum coherence, disorder and the influence of the electromagnetic environment are closely related in all nanostructures. By the way,  quantum coherence on a macroscopic scale is the striking property of metals in the superconducting state  which was confined up to now to metal  physics at low temperatures and samples not smaller than micrometers.  However, nowadays, the number of carriers in a semiconducting sample can be tuned at will and its conductivity can change by orders of magnitudes by overdoping. In the case of 

carbon nanotubes, it is the sawing itself of the graphite lattice in  its formation  that determines if the object will be a semiconductor or a metal.  In addition,  the size of the device can be smaller, at low temperatures,  than the typical length over which electrons loose memory of the phase of their wavefunction, that  is the length of phase coherence. This implies that at this size and  temperature, coherence is not an unique feature of superconducting metals, but it  can become a generic   
property of any device. Therefore,  hybrid systems involving superconductors, semiconductors and ferromagnets can be conceived  and their transport properties explored. 

Besides the importance for the fundamental understanding of collective electronic effects in

presence of quantum coherence, the recent advances in the field also point to new technological

applications that could result from such a work. Nanomechanical properties of these materials including carbon nanotubes and metal wires can find important applications in automatic controls and attuators.  Nanotubes are likely to become the centre piece of electrochemical sensors for biomolecular recognition  and many of the promising new concepts for quantum information processing are based on nanostructures. Also, nanoelectronics  is developing a fully new  field of research which exploits the spin carried by the electrons  as an extra  information content that can be processed ( spintronic). The big challenge of the near future is to exploit quantum properties of  mesoscopic  devices for signal processing, memory, and molecular recognition at the nanoscale. Since the feature size of state-of-the-art electronic devices keeps decreasing at an amazing pace, it can already be foreseen that in the future these topics will become more and more relevant to the semiconductor industry.

The 3rd Capri Spring School on Transport in Nanostructures covers an emerging area of science which is very likely to have a widespread scientific and technological impact in the future,

that is :  “Atomic size contacts ". Such micro-junctions can be formed by the  “Mechanically Controllable Break Junction" (MCBJ) technique, by means of a “Scanning Tunneling Microscope" (STM), or by Electromigration. These methods have allowed for a range of exciting new

results recently, ranging from the formation of chains of single gold atoms to the study of con-

ductance modes of single atoms. Also these techniques are well suited to investigate transport

properties of single molecules and the setups have seen substantial improvements very recently.

On the one hand systems allowing for studies at ultra low temperatures and/or ultra high

vacuum have been designed, but on the other hand also techniques for measurements in solution,

which are essential for studies of biomolecules, are now available. The research topic requires the use of several advanced experimental and theoretical techniques. Much of the information needed to embark successfully in research on nanostructures is presently not available in textbooks. There have been distinguished experimentalists at the School, lecturing on their achievements in leading laboratories of Europe. On the experimental side,  the subjects covered included  Macroscopic Quantum Tunneling in high T_c superconducting Josephson Junctions( Antonio Barone (Naples)),  Submicron mechanically Controllable Break Junction (MCBJ)( Andras Halbritter (Budapest), Jan van Ruitenbeek (Leiden) and  Cristian Urbina (Saclay)), Scanning probe microscopy for measuring local electrical and magnetic properties (Chris Van Haesendonck (Leuven)), Metal nanowires and their stability and mechanical properties (Charles Stafford (Tucson)) .  The electronic and transport properties of atomic-size contacts have been discussed both theoretically and experimentally.  For s-like metals, a sufficiently narrow contact   exhibits well defined resonant states at the Fermi energy, spatiallylocalized in the neck region.  However  it was emphasized at the School that, at difference with quantum point contacts which show quantization of the conductance by changing the gate voltage, due to the discreteness of the transmission channels, atomic contacts do not offer individually  quantized  steps in the conductance. Nevertheless hystograms for the conductance over many measurements  display features which are sample dependent. The resonant  tunneling across the  atomic levels strongly hybridized with the 3-d contacts, acting as thresholds for the opening of channels, appears to be   robust with respect to disorder , but  rather broad.  Two informations are required to qualify the conductance in atomic contacts: the chemical shell structure of the bond and the amplitudes of transmission  to be attributed to  the different conduction channels of the nanoconstriction. In this respect  hybrid structures involving superconducting contacts offer big insight in the physics of the transport, as Andreev transmission can be  very well characterized and models fitting the conductance are practical  tools  to extract both the  informations (Alfredo Levi Yeyati (Madrid)).     
In general, when the size of the sample  becomes comparable to the coherence length, the individuality of the sample will be manifest in its transport properties. Characteristically,  the conductance will exhibit sample specific, reproducible   oscillations which are due to the discreteness of the conductance channels in the sample and to the quantum interference  due to scattering against impurities, depending on their actual  microscopic location. On the other hand, fully chaotic dynamics enjoy ergodicity  and thus visit  everywhere in the accessible space with uniform likelyhood , over long periods of time. Classical ergodicity  provides quantum chaos with universal characteristics. The quantum energy spectrum has universal fluctuations on the scale of the mean level spacing.  Alexander Altland (Cologne) has shown  in his lectures  that, in the semiclassical limit of a  closed disordered system,  all system specific  properties fade away  and the quantum spectral form factor is fully determined by combinatorics of  pairs of classical periodic orbits. It is quite interesting that a one to one correspondence emerges between pairs of classical periodic orbits in ballistic chaotic systems and Feynman  diagrams  depicting  perturbative  terms for the quantum interference of cooperons and diffusons scattered by impurities in disordered  conductors.

The theory of these  quantum phenomena which has been widely studied in closed systems like billiards has  been  extended  to open systems in the lectures by Piet Brouwer(Cornell). The connection between the electron propagator that can be calculated within semiclassics and the Scattering Matrix  for  the in-out channels of  the system has been highlighted . This extends the  Landauer formalism to  quantum chaotic  systems and sets the stage for the analysis of quantum noise.  
3) Assessment of the results and impact of the event on the future direction of the field (up to 2 pages)

The topic of electronic nanostructures is an emerging field of Condensed Matter Physics and

Chemistry with rapidly growing research activities, in particular, in the US, Japan, and Europe.

Cooperation of various laboratories is crucial in this field since sample preparation, character-

ization, measurement, and data analysis in the light of theoretical predictions can hardly be

performed in a single laboratory. Electronic nanostructures are also of considerable technological interest, what motivates our effort for disseminating knowledge on the subject. The Capri Spring School in 2007 was focused on atomic size contacts, a field which has seen many groundbreaking contributions from European researchers in the last few years. The basic experimental tools, the STM and the MCBJ, have been invented in Europe and have enabled  leading edge research on atomic scale properties of nanosystems.  These research areas are now heading towards new frontiers and training of talented young researchers is in particular needed to maintain the forefront position of the Community research. Besides a transfer of knowledge, the conference and schools will also establish further links in a European research network on nanostructures and thus enhance the chances to achieve European leadership in this technologically important area of research.
Young researchers participating in the Capri Spring Schools have  become familiar with novel

experimental and theoretical methods. Many of these techniques have only emerged recently

and they are expected to be of great value for a variety of other problems beyond the concrete

scope of the schools. Training of young scientists in these methods and dissemination of the

techniques is likely to stimulate progress in several fields where correlations, coherence, and

disorder interplay. 

The School demonstrated  that it is possible to provide an intensive, compact course on the physics of nanostructures, accessible  to PhD students in the first years of their thesis work. At the 3rd Capri Spring School 33 out of 38 participants were young researchers, thereof about 2/3 PhD students and 1/3 young postdoctoral researchers. The intended mixture of participants from  leading laboratories and from groups that have newly entered the field  will amplify the impact of the School   on European research. We encouraged women scientists to apply to the schools. Still, their number was quite low and we very  unsatisfied about that. Most of the students came from  state-of-the-art research laboratories in the area of quantum nanostructures and the role of the School has been to offer comunication among them by exchanging of experiences and knowledge. The occasion has become   a melting pot of cultures  and the atmosphere has been so pleasant that we believe  the school pronounced great success. This was a consequence not only of the high quality and timeliness of the lectures, but also of the favorable ratio of students and lecturers and of the organized social events (joint meals and excursions) that have facilitated lively discussions between young and experienced scientists. Unfortunately, due to limited funds,  the  School  was mainly attended by students from leading research laboratories that could afford to support them.  Nevertheless  researchers in the Napoli area benefitted  of the event  which is becoming increasingly popular among the Phd  Condensed Matter students  at Napoli and Salerno. In particular, the Capri Spring School will help participants  to compensate eventual information backlog, and, in particular, to establish connections with other foremost laboratories. The lectures of the Capri Spring School  are  being made available for download on the school  webpage.
This has been found very helpful by the students attending the earlier training events organized by the proposers. The material offered for download includes  powerpoint presentations, scanned overhead projection foils, as well as Postscript or PDF files of recent tutorial articles by the lecturers. This helps the dissemination of the achievements in the field. The content of the lectures  was mostly oriented to organize  what can be at presently seen in experiments on nanostructures and the  related knowledge,  by using  simple  approaches and by stressing the basic concepts. . 

4) Final programme of the meeting
Speakers: 

Alexander Altland (Cologne): Disordered Conductors and Chaotic Scattering 
Antonio Barone(Napoli): Macroscopic Quantum Tunneling in High T_c Josephson Junctions
Piet Brouwer (Cornell): Quantum Transport and its Classical Limit 

Andras Halbritter (Budapest): Investigating nanojunctions with break junction technique and Andreev spectroscopy 

Chris Van Haesendonck (Leuven): Scanning probe microscopy for measuring local electrical and magnetic properties 

Alfredo Levi Yeyati (Madrid): Modelling of Atomic Size Conductors 

Charles Stafford (Tucson): Stability and Symmetry Breaking in Metal Nanowires 

Jan van Ruitenbeek (Leiden): Atomic sized conductors: atoms, chains of atoms, and molecules 

Cristian Urbina (Saclay): Andreev States in Atomic Size Contacts
The program can be read out of : 

http://tfp1.physik.uni-freiburg.de/eu_www/Capri07/    
and is reported here below: 

Monday, March 26th
	
	 
	

	9:10 - 10:05
	 
	Jan van Ruitenbeek (1)

	10:05 - 11:00
	 
	Alexander Altland (1)

	11:00 - 11:30
	 
	Coffee Break and Late Registration

	11:30 - 12:25
	 
	Alfredo Levy Yeyati (1)
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	13:00 - 14:30
	 
	Lunch
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	15:30 - 16:25
	 
	Jan van Ruitenbeek (2)

	16:30 - 17:25
	 
	Alexander Altland (2)

	17:30 - 18:00
	 
	Coffee Break

	18:00 - 18:55
	 
	Alfredo Levy Yeyati (2)

	19:00 - 19:55
	 
	Chris van Haesendonck (1)


Tuesday, March 27th

	9:00 - 9:55
	 
	Jan van Ruitenbeek (3)

	10:00 - 10:55
	 
	Alexander Altland (3)

	11:00 - 11:30
	 
	Coffee Break

	11:30 - 12:25
	 
	Piet Brouwer (1)
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	13:00 - 14:30
	 
	Lunch
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	15:30 - 16:25
	 
	Jan van Ruitenbeek (4)

	16:30 - 17:25
	 
	Piet Brouwer (2)

	17:30 - 18:00
	 
	Coffee Break

	18:00 - 18:55
	 
	Cristian Urbina (1)

	19:00 - 19:55
	 
	Chris van Haesendonck (1)


Wednesday, March 28th

	9:00 - 9:55
	 
	Piet Brouwer (3)

	10:00 - 10:55
	 
	Cristian Urbina (2)

	12:00
	 
	Trip by chartered motor yacht from Marina Grande eastward to the land coast up to Positano, stop in Positano for 2-3 hours till 16:30, return trip

	17:00
	 
	Arrival in Marina Grande


Thursday, March 29th

	9:00 - 9:55
	 
	Charles Stafford (1)

	10:00 - 10:55
	 
	Short Seminars (1)

	11:00 - 11:30
	 
	Coffee Break

	11:30 - 12:25
	 
	Andras Halbritter (1)
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	13:00 - 14:30
	 
	Lunch
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	15:30 - 16:25
	 
	Charles Stafford (2)

	16:30 - 17:25
	 
	Short Seminars (2)

	17:30 - 18:00
	 
	Walk uphill to Gelsomina Restaurant

	18:30 - 19:30
	 
	Antonio Barone  

	
	 
	


Friday, March 30th

	9:00 - 9:55
	 
	Andras Halbritter (2)

	10:00 - 10:55
	 
	Short Seminars (3)

	11:00 - 11:30
	 
	Coffee Break

	11:30 - 12:30
	 
	Charles Stafford (3)
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	12:30 - 14:30
	 
	  Closing and  Lunch

	[image: image8.png]





