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PREFACE

The Low Temperature Laboratory has been a Center of Excellence (CoE) since the beginning of the national CoE program. In 1995–2005 our laboratory formed a single center with three main research directions: brain research, ultra low temperature physics and nanoelectronics. In 2004 we decided to submit two separate CoE proposals together with our most important domestic collaborators. The proposal on Systems Neuroscience and Neuroimaging, written by a consortium of the Brain Researh Unit of the LTL, AMI Center, and the Neuroscience Unit of Prof. Synnöve Carlson from Helsinki University, and coordinated by Riitta Hari, was evaluated by a prominent international panel of Professors Andre Feissner, Detlef Kömpf, Martin Rossor and Henning Scheich during a site visit on March 16, 2005. The full evaluation report can be found in Appendix 1. A similar site visit was organized on April 13 for Professors Thomas Bjornholm, Mats Jonson and Matthias Scheffler, for the evaluation of the proposal on Low Temperature Quantum Phenomena and Devices, coordinated by Mikko Paalanen (Appendix 2). This proposal was written by the low temperature and nanophysics groups of the LTL and the Quantronics group of Heikki Seppä from VTT. Both proposals were among the 23 out of 56 second-round applications which will be funded by the Academy of Finland in 2006–2011. Two CoEs within the same laboratory is a truly historical achievement in the very competitive CoE program.

Two major tasks, planning of new laboratory and introduction of new salary system kept the staff of the LTL quite busy during 2005. Renovation of Puutalo, the site of our new premises, finally started in November about one year behind the original schedule. The LTL will move into the new premises, recently renamed as Nanotalo, in April 2007. The new performance-based salary system, UPJ, will phase out the old age-based system in 2006. The first steps towards the new system were taken during spring 2005 when the performance of employees was evaluated by their supervisors. I would like to thank both the employees and the supervisors for their patience during these tedious extra tasks. 

In 2005, the members of the LTL organized several scientific meetings. Pertti Hakonen, Jukka Pekola and Frank Hekking from CNRS, Grenoble, were the main organizers of a Nordic Spring School on Mesoscopic Physics in Kilpisjärvi from April 30 to May 5. The school was attended by about 30 participants. In August 27–29, 2005, Riitta Salmelin organized an international conference on “The Science of Aphasia VI” for about 100 participants. Tero Heikkilä organized on September 16, together with Saku Lehtonen, Janne Salo and Sami Virtanen from the Department of Engineering Physics and Mathematics, a memorial symposium in honor of Professor Martti Salomaa who passed away in 2004. The symposium was attended by about 50 former colleagues and students of Professor Salomaa.
In the 40-year history of the LTL, year 2005 was successful by many measures. Altogether nine graduate students earned their PhD degree, two in low temperature physics, four in quantum electronics and three in brain research. This is a record number and my warmest thanks go to the supervisors of the students. Also, five scientists of the LTL were elected to important positions in national or international organizations. Riitta Salmelin applied successfully for the prestigious Academy Professorship for the five year period from August 1, 2006, to July 31, 2011. She will be the 5th Academy Professor working in the LTL, again a national record.  Riitta Hari was granted honorary doctorate in medicine in Kuopio University. Matti Krusius will serve in 2005–2009 as the chairman of the Physics group of the Finnish Academy of Science and Letters. Tero Heikkilä applied for docentship in theoretical physics in the Department of Engineering Physics and Mathematics of TKK and was appointed starting from January 1, 2006. The undersigned has served as the secretary of the Low Temperature Commission C5 of IUPAP from 2002 and will continue as chairman during the next 3-year period of 2005-2008.

Mikko Paalanen

Director of the LTL

SCIENTIFIC ADVISORY BOARD

The Scientific Advisory Board (SAB) of the LTL has the following members:

· Prof. Fernando Lopes da Silva, University of Amsterdam, The Netherlands

· Prof. Hans Ott, ETH, Zürich, Switzerland

The SAB was nominated by the Academy of Finland in year 2000 for the 6 year funding period of our Centre of Excellence.

PERSONNEL

The number of persons working in the LTL fluctuates constantly since scientists are employed for relatively short periods only and students often work on part-time basis.
SENIOR RESEARCHERS

Mikko Paalanen, Dr. Tech., Professor, Director of the LTL

Riitta Hari, M.D., Ph.D., Professor, Head of the Brain Research Unit

Peter Berglund, Dr. Tech. Docent, Technical Manager

Harry Alles, Dr. Tech.

Rob, Blaauwgeers, Ph.D.

Vladimir Eltsov, Ph.D.

Nina Forss, M.D., Ph.D., Docent, part-time

David Gunnarsson, Ph.D., from 15.8.2005

Pertti Hakonen, Dr. Tech., Professor

Tero Heikkilä, Dr. Tech., on leave 15.8.2004 - 31.3.2005

Päivi Helenius, Dr. Psychol., part-time

Veikko Jousmäki, Ph.D.

Erika Kirveskari, M.D., Ph.D., part-time

Nikolai Kopnin, Ph.D., Professor

Juha Kopu, Dr. Tech. 

Matti Krusius, Dr. Tech., Professor

Mikko Leivo,  Ph.D., part-time until 30.4.2005

Seppo Mattila, Ph.D. 1.9. - 31.12.2005

Matthias Meschke, Ph.D.

Takeshi, Morita, Ph.D. until 31.8.2005

Mikko Möttönen, from 1.9.2005

Jukka Pekola, Dr. Tech., Academy Professor

Tuukka Raij, part-time from 1.8.2005 

Hanna Renvall, M.D., Ph.D., until 30.6.2005

Alexander Savin, Ph.D.

Riitta Salmelin, Dr. Tech., Professor

Martin Schürmann, M.D., Ph.D., Docent, until 30.4.2005

Alexander Sebedash, Ph.D.

Oguz Tanzer, M.Sc. Tech., until 30.9.2005

Igor Todoschenko, Ph.D.

Taku Tsuneta, Ph. D.

Juha Tuoriniemi, Dr. Tech., Docent

Simo Vanni, M.D., Ph.D.

Juha Vartiainen, Ph.D. Tech, from 1.4.2005

Minna Vihla, M.D., Ph.D.

Grigori Volovik, Ph.D., Professor

ADMINISTRATION AND TECHNICAL PERSONNEL

Henri Autti, civil alternative service, 30.8.2004 - 31.8.2005

Teija Halme, secretary

Antti Huvila, technician

Mia Illman, nurse, laboratory assistant on leave 19.10.2004 - 31.5.2005 and 15.8.2005 -

Arvi Isomäki, technician

Juhani Kaasinen, technician

Antti-Iivari Kainulainen, research assistant, 31.5. - 31.8.2005

Helge Kainulainen, technician

Tuire Koivisto, secretary

Markku Korhonen, technician

Seppo Mattila, civil alternative service, 30.8.2004 - 31.8.2005

Pirjo Muukkonen, financial secretary

Satu-Anniina Pakarinen, project secretary

Liisi Pasanen, secretary

Ronny Schreiber, technician, 14.2. - 18.3.2005

GRADUATE STUDENTS (SUPERVISOR)

Gina Caetano, M.Sc. Tech.
(Veikko Jousmäki, Riitta Hari)

Finne, Antti, M. Sc. Tech., until 31.10.
(Matti Krusius)
Robert de Graaf, M.Sc.
(Matti Krusius)

Linda Henriksson, M.Sc. Tech.
(Simo Vanni)

Jaana Hiltunen, Phil. Lic.
(Riitta Hari)

Yevhen Hlushchuk, M.D.
(Riitta Hari)

Tommy Holmqvist, M.Sc. Tech.
(Jukka Pekola)

Annika, Hultén, M.Sc. Psych.
(Riitta Salmelin, Matti Laine)

Heikki Junes, M.Sc. Tech.
(Harry Alles)

Antti Kemppinen, M.Sc. Tech.
(Jukka Pekola)


Jan Kujala, M.Sc. Tech.
(Riitta Salmelin)

Hannu Laaksonen, M.Sc. Tech.
(Riitta Salmelin)

Lorenz Lechner, M.Sc.
(Pertti Hakonen)

Teijo Lehtinen, M.Sc. Tech
(Pertti Hakonen)

Mia Liljeström, M.Sc. Tech., on leave 4.5.2004 - 14.3.2005 and 26.11.2005 -
(Riitta Salmelin)

René Lindell, M.Sc. Tech.
(Pertti Hakonen)

Kirsi Juntunen, until 31.3.2005
(Juha Tuoriniemi)

Sanna Malinen, M.Sc. Tech.
(Riitta Hari)

Teemu Ojanen, M.Sc. Tech.
(Tero Heikkilä)

Lauri Parkkonen, M.Sc. Tech.
(Riitta Hari)

Tiina Parviainen, M.Sc. Psych.
(Riitta Salmelin)

Elias Pentti, M.Sc. Tech.
(Juha Tuoriniemi)

Marjatta Pohja, M.D., until 30.11.
(Riitta Hari, Stephan Salenius)

Miiamaaria Saarela, M.Sc. Phil.
(Riitta Hari)

Mika Seppä, M.Sc. Tech.
(Riitta Hari, Matti Hämäläinen)

Mika Sillanpää, M.Sc.Tech., until 30.6.
(Pertti Hakonen)

Roman Solntsev, M. Sc. from 17.11.
(Matti Krusius)

Linda Stenbacka, M.D.
(Simo Vanni)

Topi Tanskanen, M.Sc. Psych.
(Riitta Hari)


Reetta Tarkiainen, M.Sc. Tech
(Pertti Hakonen)

Andrey Timofeev, M.Sc.
(Jukka Pekola)


Raij Tuukka, M.D., until 31.7.
(Riitta Hari, Nina Forss)

Johanna Uusvuori, M. Sc.
(Riitta Salmelin)

Nuutti Vartiainen, M.D.
(Nina Forss, Riitta Hari)

Pauli Virtanen, M. Sc.
(Tero Heikkilä)

Fan Wu, M.Sc. 
(Pertti Hakonen)

UNDERGRADUATE STUDENTS


Maarit Aro, from 30.5.2005

Kurt Baarman, from 17.5.2005

Linda Ehnholm, from 1.11.2005

Samuli Hakala, until 30.11.2005

Petri Heikkinen, from 16.5.2005

Liisa Helle

Jaakko Hosio, from 16.5.2005

Kaisa Hytönen, until 11.8.2005

Antti Jalava

Laura Korhonen, from 16.5.2005

Kaarle Kulvik, until 31.3.2005

Laura MacDonald, from 16.5.2005

Matti Manninen

Juha Muhonen, until 24.7.2005

Antti Mäkelä, 31.5. - 8.7.2005 and 15.9. - 15.12.2005

Tommi Nieminen, until 31.3.2005 

Antti Paila

Joonas Peltonen, from 16.5.2005

Miika Pihlaja, from 17.5.2005

Jussi Polkko, 16.5. - 31.8.2005

Tomi Ruokola

Timo Saarinen

Anssi Salmela

Juha Voutilainen
VISITORS
ULTI  (1.4.2005 – 31.3.2006) Low Temperature and Nano Physics 
Blaauwgeers Rob, Dr., Leiden University, The Netherlands, 1.4. - 30.6.
Delahaye Julien, Dr., LEPES-CNRS, Grenoble, France, 26.2. - 5.3.
de Graaf Rob, Mr., Leiden University, The Netherlands, 18.4. - 17.6.
Giazotto Fransesco, Dr., SNS, Pisa, Italy, 24.5. - 10.6.
Guichard Wiebeke, Dr., Laboratoire des champs magnétiques intenses - CNRS, Grenoble, France, 29.7. - 13.8., 13.11. - 20.11.
Haley Richard, Dr., Lancaster University, Lancaster, UK, 13.6. - 2.7.
Hekking Frank, Prof., LPMMC-CNRS & Joseph Fourier University, Grenoble, France, 29.3. – 24.8., 18. – 22.10.
Lechner Lorenz, Mr., Universität Regensburg, Germany, 20.10. - 31.12.
Samuelsson Peter, Dr., Lund University, 21. - 24.11.
Schoepe Wilfried, Prof., University of Regensburg, Germany, 26.10. - 4.11.
Skrbek Ladislav, Dr., Czech Academy of Sciences, Prague, Czech Republic, 7. - 31.7.
Sonin Edouard, Prof., Hebrew University of Jerusalem, Racah Institute of Physics, Jerusalem, Israel, 19.1. - 18.2.
Tsepelin Viktor, Dr., Lancaster University, UK, 24.8. - 14.9.

OTHER VISITORS

Andersson Jesper, Dr., MR-Centre, Karolinska Institute, Karolinska Hospital, Stockholm, Sweden, 1.4. - 30.9.
Andreev Alexander, Prof., Kapitza Institute for Physical Problems, Moscow, Russia, 12.6. - 2.7.
Bailey Anthony, Prof., Park Hospital, University of Oxford, UK, 9.6. - 14.6., 2.9. - 4.9.

Baldauf Sari, former Director of Nokia, 26.4.
Bjorken James, Prof., Theoretical Physics, Stanford Linear Accelerator Center, Stanford, CA, USA, 23.3. - 25.3.
Boldarev Sergei, Dr., Kapitza Institute for Physical Problems, Moscow, Russia, 4.1. - 31.3., 2. - 3.11., 1. - 31.12.
Bonte Milene, Ms., University of Maastricht, Netherlands, 23.5. - 27.5.
Bouchiat Héléne, Prof., CNRS, and Université Paris-Sud, France, 1.6. - 4.6.
Braeutigam Sven, Dr., University of Oxford, UK, 8. - 14.6., 1. - 4.9.
Brosco Valentina, Dr., Universita di Pisa, Italy, 1.4. - 30.5.
Brusov Peter, Dr., Physical Research Institute, Rostov-on-Don, Russia, 2. - 4.8.
Curtois Hervé, Prof., Université Joseph Fourier, Grenoble, France, 7. - 11.6.
Dmitriev Vladimir, Prof., Kapitza Institute for Physical Problems, Moscow Russia, 23. - 30.11.
Fadiga Luciano, Prof., Department of Human Physiology, University of Ferrara, Italy, 7. - 9.3.
Fattori Patrizia, Prof., Department of Human and General Physiology, University of Bologna, Italy, 2. - 7.4.
Feigelman, Mikhail Prof., Landau Institute for Theoretical Physics, Moscow, Russia, 24.- 27.8.
Galletti Claudio, Prof., Department of Human and General Physiology, University of Bologna, Italy, 2. - 7.4.

Goh Xin-Lin, Mr., Visual Sciences Research School of Biological Sciences, The Australian National University, Australia, 22. - 27.5.
Gutierez Ricardo, Mr., Universidad Politecnica de Madrid (E.T.S.I.T.), Madrid, Spain, 12.9. - 31.12.
Hesse Maike, Dr., Neurology Clinic University Hospital RWTH Aachen and Research Center Juelich, Aachen, Germany, 2.2. - 3.3., 27.10. - 31.12.
Horwitz Barry, Dr., National Institute on Deafness and other Communication Disorders, National Institutes of Health, Bethesda, MD, USA 30.10. - 2.11.
Hupé Jean-Michel, Dr., CERCO CNRS - UPS, Toulouse, France, 5. - 20.3.
Inagaki Katsuhiko, Dr, Hokkaido University Sapporo, Japan, 13. - 15.1.
James Andrew, Dr., Australian National University, Research School of Biological Sciences, Canberra, Australia, 22. - 27.5.
Katanaev Mikhail, Prof., Mathematical Physics, Steklov Mathematical Institute, Moscow, Russia, 12. - 18.6.
Krasnov Vladimir, Prof., Department of Physics, Alba Nova University Center, Stockholm, Sweden, 29. - 30.6.
Kylliäinen Anneli, Ms., Department of Psychology, University of Tampere, 9. - 14.6., 2. - 4.9.
Lebedev Vladimir, Prof., Landau Institute for Theoretical Physics, Moscow, Russia, 25.4. - 28.4.

Likharev Konstantin, SUNY at Stony Brook, NY, USA, 27.4.
Longchamp Marieke, Dr., Grenoble, France, 1.1. - 31.12.
Makhlin Yuriy, Dr. Landau Institute for Theoretical Physics, RAS, Moscow, Russia, 4. - 30.4., 31.1. - 19.2.
Mannik Jaan, Dr., SUNY at Stony Brook, NY, USA, 25. - 26.1.
Melnikov Alexander, Dr., Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia, 15.5. - 11.6.
Mitchinson Simon, Mr., Oxford Instruments Superconductivity, Abingdon, UK, 28.2.
Mooij Johan, Prof., 31.3. - 2.4., Delft University of Technology, the Netherlands ,

Nagamine Takashi, Prof., Kyoto University, Japan, 25. - 29.10.
Nishitani Nobuyaki, Dr., National Rehabilitation Center for Persons with Disabilities, Tokorozawa, Japan, 9. - 29.1.
Oda Migaku, Prof., Hokkaido University, Sapporo, Japan, 13. - 15.1.
Parshin Alexander, Prof., Kapitza Institute for Physical Problems, Moscow, Russia, 21.6. - 5.7., 16. - 30.10., 1. - 18.12.
Pernet Cyril, Dr., INSERM, CHU Purpan, Toulouse, France,  10.1. - 20.12.
Piana Michele, Prof., Universita di Verona Italy, 9. - 12.11.
Pistolesi Fabio, Dr., Laboratroire de Physique et Modelisation des Milieux Condenses, CNRS, Grenoble, France, 21. - 22.7.
Schnitzler Alfons, Prof. Dr., Department of Neurology, Heinrich-Heine-University, Düsseldorf, Germany, 26. - 29.5.
Schwab Keith, Prof., University of Maryland, MD, USA, 25. - 26.10.
Schürmann Martin, Dr., University of Nottingham, UK, 14.8. - 5.9.
Sorrentino Alberto, Mr., Universita di Genova, Italy, 9. - 12.11.
Steiner Michael, Prof., Hahn-Meitner Institut, Berlin Germany, 17. - 20.2.
Stern Raivo, Dr., NICPB, Talinn, Estonia, 18. - 21.3.
Takayanagaki Hideaki, Prof., NTT Basic Research Laboratories, Kanagawa, Japan, 30.5. - 1.6.
Tanda Satoshi, Prof., Hokkaido University, Sapporo, Japan, 13. - 16.1.
Williams C de C Amanda, Dr., Guy's and St Thomas' Hospital, London, UK, 1. - 2.1.
Vinen William, Prof., University of Birmingham, UK , 21. - 28.9.
von Hofsren Claes, Prof., Uppsala University, Sweden, 7. - 8.11.
Zaikin Andrei, Prof., Institut für Theoretische Festkörperphysik, Universität Karlsruhe, Germany, 20. - 24.11.
GROUP VISITs
Four groups from various high schools in Finland

Center of Excellence Selections Committee, site visit to evaluate the CoE proposal in Systems Neuroscience and Neuroimaging, 16.3.

Twelve participants in the XXXIX Annual Conference of the Finnish Physical Society, 18.3.

Center of Excellence Selection Committee, site visit to evaluate the CoE proposal in Low Temperature Quantum Phenomena and Devices, 19.4.

Vice Minister Zhang’s Delegation, 26.6.:

· Mr. Zhang Xinsheng, Vice Minister of Education, P.R. China 

· Mr. Huang Zhiang, Second Secretary of the Embassy of P.R. China

· Two Assistants of vice Minister Zhang

Parents of physics students (~30), 29.10.

Participants of FysikerFest (20), 17.11.

Members of the Physics Group of The Royal Swedish Academy of Sciences, 28.11. :

· Anders Bárány

· Ingmar Bergström

· Per Carlsson

· Gösta Ekspång 

· Peter Erman

· Mats Jonson
· Erik Karlsson
· Sven Kullander

· Bo Lehnert

· Nils Mårtensson

· Jan S Nilsson

· Carl Nord

· Joseph Nordgren

· Elisabeth Rachlew

· Claire Reistam

· Hans Ryde

· Reinhold Schuch

· Stig Stenholm

INTERNATIONAL COLLABORATIONS

CERN COLLABORATION

Local coordinator: Peter Berglund
The LTL joined the Spin Muon Collaboration (SMC) NA47 in 1991 with the task of building a large dilution refrigerator to cool the polarised target. This refrigerator, the largest in the world, was operated very sucessfully until 1996 when SMC was completed. The sucessor of SMC, the COMPASS experiment, continued to investigate the spin content of the nucleon, using the same equipment, but considerably modified by us. Our COMPASS participation lasted from 1998 to the end of 2003 when we decided to resign from the collaboration as the timescale of the experiment and the particle physics research was outside the scope of the research policy of the LTL. However, our long standing contributions still make us co-authors of COMPASS publications.

COSLAB (COSMOLOGY IN THE LABORATORY)

Coordinators: Grigory Volovik (LTL) and Tom Kibble (Imperial College, London, UK)

Funding: ESF, Physical and Engineering Sciences

Duration: 1.7. 2001 - 31.12.2006

Participants: 14 groups from European universities and research institutes in 12 countries.

Condensed matter systems at low temperatures and the universe, evolving after the "Big Bang", have many analogies. The aim of this programme is to exploit these analogies through studies of ultra-low-temperature superfluid helium and of other condensed-matter systems, such as atomic Bose condensates, superconductors, Josephson junction arrays and liquid crystals, together with theoretical work to establish the validity of the analogy. The required sensitivity demands the most sophisticated apparatus, in particular state-of-the-art cryogenic equipment.

COSLAB workshops in 2005:

· Cosmological Phenomena and Their Condensed Matter Analogues, Smolenice, Slovakia, 28.8 – 4.10.2005

· Quantum Simulations via Analogues, Dresden, Germany, 25 – 28.7.2005

· Universal Features in Turbulence: from Quantum to Cosmological Scales, Warwick, UK, 5 – 10.12.2005
ULTI - ULTRA LOW TEMPERATURE INSTALLATION 

Coordinator: Mikko Paalanen
Funding: EU's 6th framework program, Transnational Access to Major Research Infrastructures.

Duration: 1.4. 2004 - 31.3. 2008

Participating groups of the LTL: INTERFACE, NANO, PICO, ROTA, THEORY and YKI

The ULTI Large-Scale Facility continues the services of ULTI III for European scientists. It will provide them with 72 visitor months in the LTL and full access to its research facilities.

During 2005 altogether 14 European visitors from 8 different countries used the facility for 18 months.

ULTI web page: http://ltl.tkk.fi/eu.html

WORKSHOPS

Kilpisjärvi Spring School on Mesoscopic Physics for Graduate Students of Nordic Countries, April 30 - May 5, 2005 

The nanophysics groups of the Helsinki University of Technology and of the Jyväskylä University organized jointly a school on mesoscopic physics in the informal settings of the Biological Research Station in Kilpisjärvi. The scope of the school was to give theoretical background for the graduate students of the Nordic countries in the most timely areas of mesoscopic physics. The topics included: Josephson junctions, nanotubes and molecular electronics, nanomechanics, noise and counting statistics, and nonequilibrium phenomena. In addition to lecture courses, the students were given an opportunity to present their work both orally and at the poster boards. Altogether, the school had 40 participants including the lecturers. The school was sponsored by NorFA network “Mesoscopic Solid State and Molecular Electronics”, National Graduate School in Materials Physics (NGSMP), Laboratoire de Physique et Modélisation des Milieux Condensés (Université Joseph Fourier - Centre National de la Recherche Scientifique), and the Large Scale Facility programme ULTI sponsored by the European Union.

The Science of Aphasia VI: "Recovery and treatment of aphasia: From basic neuroscience to clinic", Aug 26-30, 2005        

Science of Aphasia (SoA) conferences form a series of interdisciplinary European meetings that bring together experts on neuroimaging, neurobiology, neurology, psychology and linguistics to discuss the neural implementation and behavioural manifestation of language and its disorders (http://www.soa-online.com/). An essential part of these meetings is to provide the possibility for students to have direct interaction with the experienced senior researchers; the number of participants is limited to 100. The previous SoA meetings have been organized in Greece, France, Italy, and Germany. This was the first time that the meeting was organized in Scandinavia. The chairperson of the meeting was Professor Riitta Salmelin from the BRU of the LTL. This year the main theme was aphasia rehabilitation and plasticity in the adult brain. Of a total of 60 abstracts received on time, 42 abstracts were accepted. There were 11 invited presentations. Appropriate conference rooms and accommodation were located in Aavaranta, about 45 minutes bus-ride from Helsinki. There were altogether 79 participants from Australia, Denmark, Finland, France, Germany, Israel, Italy, Netherlands, Russia, Switzerland, UK, and USA. The conference was intellectually stimulating, yet the atmosphere was relaxed and friendly and presentations were followed by interesting in-depth discussions. Poster sessions were preceded by brief oral introductions at the end of the plenary sessions. The discussion by the posters was active and lively. The feedback from the participants was abundant and enthusiastic, both with respect to the scientific content and the general organization.
Martti M Salomaa Memorial Symposium September 16, 2005

The head of the Materials Physics Laboratory at the Helsinki University of Technology, Prof. Martti M. Salomaa, passed away unexpectedly in December 2004. During his life, Martti Salomaa gave an extensive contribution to the theoretical condensed-matter physics and to the Finnish physics research on the whole. He supervised numerous doctoral students who either continue their research in academia or work in important positions in the Finnish industry. In addition to the theoretical research, he initiated the Finnish research on surface acoustic wave physics and devices and established close collaboration with both domestic and international microelectronics industry. In the past decade, his laboratory contained one of the most important condensed-matter theory groups in Finland, and one of world’s largest academic groups studying crystal and surface acoustics. During this time, his group was one of the pioneers in Finland in many new and fascinating research topics, such as Bose-Einstein condensation, theory of nanoelectronics, and quantum computing.

Professor Salomaa worked in the Low Temperature Laboratory almost ten years between 1982 and 1991. During that time, he concentrated mostly on the theory of superfluids and especially on their topological excitations. Based on this work, he received the Körber foundation award for the advancement of science in 1987 together with fellow members of the Low Temperature Laboratory, Matti Krusius, Olli Lounasmaa, and Riitta Hari.

On the 16th September 2005, a Memorial Symposium at the Helsinki University of Technology was held to honor and celebrate his life and accomplishments. In addition to the 13 speakers and Martti Salomaa’s family, about 50 Finnish physicists participated in the symposium which was funded by the Academy of Finland and the Research Foundation of Helsinki University of Technology. It was organized by Martti’s former students: Tero Heikkilä, Saku Lehtonen, Janne Salo, and Sami Virtanen.

LOW TEMPERATURE PHYSICS RESEARCH

NANO group

D. Gunnarsson, P. Hakonen, L. Korhonen, L. Lechner, T. Lehtinen, R. Lindell, A. Paila, M. Sillanpää, R. Tarkiainen, and F. Wu

Visitors: J. Delahaye, Yu. Makhlin and E. Sonin
In nanophysics research we make small, less than one micron samples by processes developed in the semiconductor industry and study their electrical conductivity at low temperatures. In both normal and superconducting nanosamples quantum mechanical wave character of the electrons and their Coulomb repulsion lead to new phenomena, which we try to utilize in new sensor applications. We have developed, among others, record-sensitive SET-components made out of carbon nanotubes and nearly back-action-free, reactively read superconducting electrometers. In addition, we have developed a novel, low-noise current amplifier, Bloch oscillating transistor, which lies between the superconducting quantum interferometer (SQUID) and the SET according to its characteristics. The same circuit has been employed for measurements of very small noise currents and their higher order moments. 

LANDAU-ZENER INTERFEROMETRY IN A COOPER PAIR BOX

P. Hakonen, T. Lehtinen, Yu. Makhlin, A. Paila, and M. Sillanpää
Landau-Zener (LZ) tunneling is a celebrated quantum-mechanical phenomenon, taking place at the intersection of two energy levels that repel each other due to a weak interaction. The LZ theory, developed in the early 1930’s in the context of slow atomic collisions and spin dynamics in time-dependent fields, demonstrated that transitions are possible between two approaching levels as a control parameter is swept across the point of minimum energy separation. The phase accumulated between the incoming and outgoing traversals varies with, e.g., the collision energy giving rise to the Stueckelberg oscillations in the populations. Typically, the phase is large and rapidly varies with energy, which allows one to average over these fast oscillations, neglecting the interference. In quantum coherent systems, like superconducting qubits, this interference becomes essential and it has to be taken into account. 

We used a Cooper pair box to obtain the first clear evidence of quantum interference associated with Landau-Zener tunneling in non-atomic systems. In our device, a beam is split at the charge degeneracy point into two partial waves, which interfere during subsequent passes through the degeneracy point, either destructively or constructively depending on the geometrical phase acquired by the waves between the passes. Thus, we interpret our experiment in terms of a multi-pass analog to the well-known optical Mach-Zehnder interferometer: The beam splitting occurs by Landau-Zener tunneling at the charge degeneracy, while the arms of the Mach-Zehnder interferometer in energy space are represented by the ground and excited state. A measured interferogram is displayed in the figure below. In these measurements, we have also shown that the Josephson (quantum) capacitance can be employed to determine the state of a Cooper pair box in quantum non-demolition way.

INDUCTIVELY READ SUPERCONDUCTING QUBIT

D. Gunnarsson, P. Hakonen, T. Lehtinen, and M. Sillanpää

We have started to investigate the possibility to use the Single Cooper Pair Box as a quantum bit, where the read-out  is done with phase sensitive reflection measurements on a high-Q LC resonator combined with the SCB in a “L-SET” configuration. The reactance of this circuit is modulated through the dependence of the SCB’s Josephson inductance from an externally applied electric or magnetic field. We have fabricated these devices and measured Q values up to ~2x104 for the resonance circuit. Measurements of the ground state dependence of the external fields and extraction of the SCB characteristic energies have also been done. The ultimate goal in this work is to perform single shot measurements on a qubit, which would open up new possibilities for quantum optics type of measuremenst in solid state systems.
800 MHz SQUID AMPLIFIER

P. Hakonen, T. Lehtinen, and M. Sillanpää

In collaboration with J.S. Penttilä and M. Kiviranta at VTT, we have designed a 800 MHz SQUID amplifier which can be matched to 50 Ohms using a combination of internal and external matching circuits. High-frequency SQUID amplifiers, with a noise temperature of 100 – 200 mK, are needed in order to reach the quantum limited performance of rf-SET electrometers. In addition, they will improve the efficiency of the read-out of reactive electrometers, like the L-SET and C-SET. Our first SQUID amplifier design gave a gain of 20 dB and a band width of 100 MHz. However, it suffered from a large capacitive feedback and problems connected with the large ground plane inductance connecting the input and output sides of the amplifier. An improved design has been ready for some time but the production has been delayed by one year due to the manufacture of RSFQ logic circuits which have different, unsuitable SQUID parameters for GHz amplifier purposes. 

COULOMB BLOCKADED JOSEPHSON JUNCTION AS A NOISE DETECTOR
J. Delahaye, D. Gunnarsson, P. Hakonen, T. Heikkilä, R. Lindell, M. Sillanpää, and E. Sonin

We have continued measurements of conductance versus current for solitary, resistively confined small Josephson junctions. Our results have shown, for the first time, that the Cooper pair blockade is strongly sensitive to the non-Gaussian nature of shot noise. In our most recent measurements, shot noise of a SET is connected through a small coupling capacitor to the detector junction. We find both symmetric and antisymmetric effects that can be related to the second and third moments of shot noise, respectively. It is not quite clear yet, what is the actual quantity that is measured for the third moment in the case of quantum noise but our data provide a good testing ground for theoretical calculations.

Bloch oscillating transistor

P. Hakonen, L. Korhonen, and R. Lindell

Bloch Oscillating Transistor (BOT) is a novel mesoscopic transistor (three terminal device) in which a large supercurrent is controlled by a small quasiparticle current. The operating principle of a BOT utilizes the fact that, Zener tunneling up to a higher band will lead to a blockade of Cooper-pair tunneling (Bloch oscillation) in a suitably biased Josephson junction. Bloch oscillation is resumed only after the junction has relaxed to the lowest band. Using a quasiparticle control current, this process can be made faster. Since, one quasiparticle triggers several cycles of Bloch oscillations, a high current gain can be achieved.

We have studied the applicability of BOTs as null detectors in the closing of the quantum metrological triangle. The tolerated current noise is around 1 fA/Sqrt(Hz) at an impedance level of 1 MOhm. This can be achieved with an optimized BOT, both according to our experimental results as well as to our theoretical simulations. To enhance the technological attractiveness of BOTs we have tried to replace the NIS input junction by a SIS junction biased to the gap edge. This would make it possible to manufacture BOTs using standard three angle shadow techniques instead of the demanding four angle evaporation employed so far. 
Transport in Carbon Nanotubes

P. Hakonen, L. Lechner, R. Tarkiainen, T. Tsuneta, and F. Wu

The main emphasis of our carbon nanotube work has been on high frequency transmission/reflection measurements as well as on studies of current-current fluctuations. We have improved our 4-K measurement setup, constructed for electrical noise measurements at frequencies of 600 – 900 MHz, and started to build another refrigerator for making cross-correlation measurements below 50 mK at frequencies 4-8 GHz. This setup will combine a commercial pulse-tube cooler and a home-made dilution refrigerator. 

We have studied shot noise both in the tunneling regime as well as in quantum transport regime in multiwalled carbon nanotubes. We have obtained an unexpectedly small Fano-factor ~ 0.1 for free standing, good-quality CVD MWCNTs, and there are clear indications that electron-phonon interactions play a role in reducing the Fano-factor at large bias.  Another class of samples (PECVD tubes from S. Iijima, NEC, Japan), on the other hand, yield values close to F = 0.4 which is what is expected for diffusive conductors with imperfect contacts.

Noise of MWNT FETs has also been been investigated. Using PECVD tubes with Ti/Al contacts, we find a transconductance of 3 S for samples with 5 nm diameter at 4.2 K. Our interpretation for a transconductance nearly equaling single walled devices is that  quantum dots, separated by Schottky barriers, are formed at the ends of these n-doped nanotubes.  We find bias dependent behavior for the current noise, but there are regions where the noise is regular shot noise and the transconductance is large.

Within the ELENA consortium funded by the Academy of Finland, we have extended our collaboration with the Aerosol-group of Prof. Esko Kauppinen. We have measured, for example, molybdenum-contacted SWNT samples done using surface CVD with Fe-nanoparticles as catalyst. The contact resistance was found to be similar as with other metals. No superconductivity was found in the leads down to 50 mK although Mo has typically a TC of 5 K in thin films. After mastering the growth conditions, the goal is to make CVD grown SWNT samples on TEM grids so that we could measure, on the same sample, both conductance and noise as well as the chirality. 
PICO group

K. Baarman, T. Holmqvist, A. Kemppinen, J. Kivioja, L. MacDonald, M. Meschke, M. Möttönen, T. Nieminen, A. Niskanen, J. Pekola, J. Peltonen, A. Savin, A. Timofeev, J. Vartiainen

Visitors: F. Giazotto, W. Guichard, F. Hekking

We investigate mesoscopic physics and its sensor applications. The main focus is on charge transport and thermal properties of both metallic and semiconducting nano- and microstructures. Particular research topics include electronic cooling, non-equilibrium in electronic nanostructures, (nano)thermometry, small super-conducting (Josephson) junction devices, quantized and coherent charge pumping, and noise and full counting statistics of charge transport. Samples and devices are fabricated in the clean rooms of Micronova centre for micro- and nanotechnology and of Low Temperature Laboratory, experiments at low temperatures (0.01 - 4 K) are performed likewise both in Micronova building and in the Low Temperature Laboratory.

ELECTRONIC MICRO-REFRIGERATION AND RELAXATION MECHANISMS

F. Giazotto, W. Guichard, T. Heikkilä, F. Hekking, L. MacDonald, M. Meschke, J. Pekola, and A. Savin  

Based on our encouraging results in refrigerating electrons down to  about 50 mK using standard tunnelling refrigerators (NIS refrigeration), we now focus on studying phenomena at the lowest achievable electron  temperatures. One of the key questions there is how electrons relax thermally with external heat bath and also internally. We have recently observed a new relaxation mechanism, electron-photon radiative coupling via a superconducting transmission line, which takes over at the very low temperatures, where electron-phonon coupling fades away. 

We also try to achieve still lower temperatures by using superconductors with lower critical temperature than the commonly  used aluminium, and by improving thermalization of the  superconducting reservoirs at the secondary side of the refrigerator. Thermometry at the low end of the temperature range achieved by the microrefrigerators is problematic, because no calibration can typically be safely extrapolated into this regime: Coulomb blockade and noise measurements are now prime candidates to provide a way to determine temperatures in this regime. 

Another focus in this project is to find ways to create far from equilibrium electron energy distributions for fundamental studies but also to exploit them in  refrigerator-controlled cold electron transistors. 

HYSTERETIC JOSEPHSON JUNCTIONS AND DC-SQUIDs AS THRESHOLD DETECTORS OF CURRENT AND ITS STATISTICS 

F. Hekking, J. Kivioja, M. Meschke, J. Pekola, J. Peltonen, A. Timofeev, and J. Vartiainen

A Josephson junction switches from a superconducting state into a dissipative normal state when approaching its critical current. In order to develop a sensitive threshold detector, we have investigated how the cross-over from thermally activated switching into macroscopic quantum tunnelling is modified in Josephson junctions and SQUIDs with low critical current. 

Hysteretic Josephson junctions can be used to detect statistics of current, for example shot noise of mesoscopic conductors. Experiments on the level of second moment of noise were successfully performed and interpreted and now the focus is on higher odd moments of current fluctuations.

FLUX AND CHARGE CONTROLLED COOPER PAIR PUMPING 

K.Baarman, A. Kemppinen, J. Kivioja, M. Möttönen, A. Niskanen, and J. Pekola, and J. Vartiainen

Single-electron pumps are known to produce extremely accurate current sources but their yield in terms of maximum achievable current is very low, far too small to be applied in metrology. Josephson junction based Cooper pair pumps can produce larger current, but up to now they have suffered from errors, whose origins are now under investigation. We work on devices where pumping is achieved by a combined charge and flux control. The goals of this work are in two directions. First, there is a fundamental connection between charge pumped in an adiabatic cycle and geometric phases, in particular Berry phase. We plan to measure this quantity in a device where pumped current is detected by another Josephson junction threshold detector. Secondly, we develop device concepts and devices where the errors could be minimized, such that eventually the device would serve as the current source in a metrological triangle.

SUPERCONDUCTING DIGITAL CIRCUITS - RSFQ

T. Holmqvist, J. Pekola, and A. Savin

In a European FP6 project "RSFQubit" (2004-2007), Josephson junction control and readout circuits for very low temperature operation are being developed. Our group participates in this project and till now we have investigated ways how to downscale the RSFQ devices to reduce heat dissipation and still maintain favourable high frequency features. The progress has been fast and presently we can demonstrate record-low current resolution by this technique at sub-100 mK temperatures.

OTHER ACTIVITIES

T. Holmqvist, J.Pekola, J. Peltonen, and A. Timofeev

Topologically protected tetrahedral Josephson junction qubits have been measured by escape techniques. These measurements are still on a very preliminary level. This project is a collaboration with ISSP and Landau Institutes in Chernogolovka, Russia. 

Finally, based on our long-term experience in thermal properties of mesoscopic structures and thermometry, a metrological Coulomb blockade thermometer is being developed in collaboration with Mikes and TKK Microfabrication group. 

YKI group

MICROKELVIN EXPERIMENTS AT THE YKI-CRYOSTAT

K. Juntunen, J. Muhonen, E. Pentti, A. Salmela, A. Sebedash, and J. Tuoriniemi.

First preliminary results of the cooling experiment for 3He-4He mixtures were collected under conditions where we were growing or melting pure 4He crystals in the presence of the superfluid phase of 3He. The novel cooling method utilizes several unique properties of the two helium isotopes in order to control the separation and mixing of the isotopes in the experimental chamber at sub-millikelvin temperatures. The solubility of 3He in 4He, the entropy of 3He in different phases, and the solidifying conditions of 4He out of the mixture offer a possibility to obtain substantial cooling of the liquid mixture produced out of solid 4He and superfluid 3He. The state of the experiment is controlled by adding or extracting 4He in or out of the cell selectively through a superfilter capillary, which only admits passing of superfluid 4He. The initial temperature prior to launching the final stage of cooling in the experimental chamber is brought about by adiabatic nuclear demagnetization of copper to well below one millikelvin.

The first experiments clearly confirmed the working principle of the new cooling method, since definite cooling was observed even if the temperature was already so low as to prohibit reliable measurement of it. Most aspects of the cell design were principally approved, but some components of the assembly must be optimized to improve the performance of the cell. Most importantly, we must tune down the thermal contact between the cell body and the liquid mixture, which is provided by fairly large amount of sintered silver powder. The temperature dependence of the boundary resistance was more shallow than expected, so that the coupling remained unacceptably large when performing the dilution cooling in the cell. Also, the achieved cooling power was limited by the maximum transfer rates allowed by the superfilter capillary. We could not obtain more than 0.06 mmol/s out of the cell without any dissipation, whereas the desired value was 0.1 mmol/s or more. The cooling power is directly proportional to this rate. Since disassembly of the experimental cell is inevitable to accomplish the changes necessary, we are also taking actions to improve on the heat loads burdening the cell, to reduce heating due to the measurements, and to elaborate on microkelvin thermometry to more reliably tell the lowest temperatures achieved. All these add up to quite radical changes in the experimental arrangement.

The data collected during the first cooldown of the new experiment also demonstrated the feasibility of using the melting curve for the helium mixture as a good thermometric quantity. The expected T2 dependence was accurately reproduced, and the supreme sensitivity of our pressure gauge permitted reliable measurements down to well below 1 mK. We shall further develop the applicability of this method at the very lowest temperatures by improving the tolerance for higher levels of excitation giving, in turn, more sensitivity to the measurement.

ROTA group

V. Eltsov, A. Finne, R. de Graaf, P. Heikkinen, J. Hosio, J. Kopu, M. Krusius, T. Ruokola, R. Solntsev

Visitors:  S. Boldarev, Yu.M. Bunkov, V. Dmitriev, R.P. Haley, R. Hänninen, W. Schoepe, L. Skrbek, M. Tsubota, and E. Thuneberg 

DYNAMICS IN COHERENT QUANTUM SYSTEMS
During the last few years this research project has been concerned with the investiga​tion of the dynamics of quantized vortex lines in helium-3 (3He) superfluids. At the focus is a hydrodynamic transition of first order in the low-temperature B phase of superfluid 3He, the 3He-B phase [A.P. Finne et al., Nature 424, 1022 (2003)]. This transition takes place as a function of temperature, or more precisely, as a function of vortex damping, which in this case has steep exponential temperature dependence. The damping arises from so-called mutual friction dissipation, from the frictional losses which occur when a quan​tized vortex, which is part of the superfluid conden​sate, moves with respect to the cloud of normal excitations. At high temperatures friction is large and vortices display the dy​namics familiar from superconductors, while at low temperatures and low friction the motional properties become similar to those known from superfluid 4He. The transition is most prominently expressed by the existence of an abrupt onset temperature below which tangled turbulent vortex flow can be observed. This unique transition from laminar to turbulent flow in one and the same coherent condensate as a function of temperature has provided new pos​sibilities to explore the different mechanisms by which superfluid turbulence starts. 

The central research tool is a rotating sub-millikelvin temperature refrigerator which is equipped with nuclear magnetic resonance spectrometers for continuous-wave measure​ments at low magnetic fields. Since only two other rotating cryostats for ul​tra-low tem​perature work exist in the world today, this equipment is one of the main attractions for research visitors from abroad to the Low Temperature Laboratory. These visits are or​ganized via the EU sponsored ULTI programme [framework 6, Ac​cess to Large Scale In​stallations]. A second source of funding is an annual grant from the Academy of Finland, to support visits from various research institutes of the Rus​sian Academy of Sciences. The collaborations with visitors from outside the Labora​tory constitute the second cen​tral mission of this research group. 

Onset mechanisms of superfluid turbulence
A phase transition of first or​der typi​cally involves a single energy barrier. It is formed by the need to create a seed bubble of the new phase which is sufficiently large in volume: The energy gain from the new phase in the bubble volume should win over the surface energy of the inter-phasial interface so that the bubble starts expanding spontaneously. A hydrodynamic transi​tion is more complicated and may involve several series-coupled mechanisms with differ​ent en​ergy barriers. The laminar-to-turbulent transition in 3He-B involves a cas​cade of two processes of different nature. At low mK temperatures these become in​stabilities, ie. the mutual friction dissi​pation has to decrease to sufficiently low level so that the en​ergy barrier vanishes.  This happens at different temperatures for the two processes so that they can be separately re​solved. 

Our technique is to inject vortex seed loops in applied vortex-free flow and to observe the ensuing evolution as a function time. At high temperatures the seed loops evolve to recti​linear vortices which are stable in uniform rotation. At low temperatures and low damp​ing the seed loops become unstable and generate new loops. We have de​veloped different methods for introducing seed loops in vortex-free flow. 

One injection configuration involves a tight bundle of approximately 10 loops of ~ 0.4 mm length. In rotating flow this bundle starts a turbulent burst of vortex proliferation at a relatively high temperature. The burst creates within seconds the maximum pos​sible number of vortices, the equilibrium number corresponding to the stable mini​mum energy state in rotation at the specific rotation velocity. The process proceeds via inter-vortex interactions which makes the rapid increase in vortex number pos​sible through intersection and reconnection events be​tween the loops and the outer bound​ing wall. The mechanism has been found to be largely independent of the ap​plied flow velocity at velocities above ~ 2 mm/s and to be dictated by the mutual fric​tion parameters. The particular combination of mutual fric​tion parameters, which controls the onset, is equivalent to the Rey​nolds number of viscous hydrodynamics, when one compares the equa​tions for the averaged superfluid vorticity on one hand and the Na​vier-Stokes equation for viscous flow on the other hand. 

However, this is not yet the complete explanation of the transition mechanisms. Sur​prisingly, it is also observed that by injecting only a single vortex ring into vortex-free flow, nevertheless, the turbulent burst al​ways follows at sufficiently low temperatures. Thus there exists a second process with a lower onset tempera​ture which in​creases the number of vortex loops in the single-vortex regime. Ultimately, when the density of the newly formed vortices lo​cally some​where reaches a level high enough for inter-vortex turbulence to switch on, this more rapid form of turbulent vortex generation starts. We have studied the pre​cursory mechanism at low flow velocities where it is ob​served as a slow and prolonged increase in the number of vortices as a function of time. On the basis of numerical simulation calculations it has been identified as origi​nating from the interaction of a single seed loop with its image on the bounding outer wall of the rotating container. This instability of the seed loop occurs when the vortex becomes sufficiently aligned along the applied flow because of the velocity com​po​nent originating from its own curvature. Trans​verse helical Kel​vin waves then start to expand on the vortex. These collide with the wall and after a reconnection with the wall pro​duce a new independent vortex loop. This single vortex mecha​nism depends on the applied flow velocity – in contrast to inter-vortex turbulence. 

Our new studies are exploring the onset properties as a cascade of these two series cou​pled processes of vortex multiplication. Preliminary results indicate that the value of mutual friction dissipation, which corresponds to the onset temperature of the tur​bulent burst, appears to follow a power law dependence on the applied flow velocity and the number of initial seed vortex loops. Such a relation is unexpected and so far unexplained since the bottle​neck in the cascade process was assumed the production of new loops by the single-vortex mechanism.

Research collaborations
One example of our joint research is a project to explore quartz tuning forks as low temperature sensors. Quartz tuning forks are commercial frequency standards which are used in watches. Immersed in a liquid helium bath they can be used for temperature, pressure, or viscosity measurement. We have investi​gated the calibration of these 32 kHz oscillators in the regime of linear response, in collaboration with the research groups of prof. Skrbek from Prague and prof. Skyba from Kosice. The forks turned out to possess low-temperature Q values approaching 106 in vacuum and calibrations which are consistent with the standard hydrodynamic models for the response of vibrating wire resonators in liquid helium. The remaining task is to explore non-linear effects, such as the detection and genera​tion of quantized vortices.

Technical development
A large fraction of the past year was devoted to the up​grading of the rotating cryostat. In the previous year of 2004 a new 3He-4He dilution refrigerator had been installed which now provides more powerful precooling of the nuclear refrigeration stage and makes measurements at lower temperatures more practical. We routinely achieve in rotation for sev​eral consecutive days temperatures of 0.2 Tc ~ 0.2 mK in the 3He fer​mion condensates. In the spring of 2005 the wires and shielded cables for electrical measurements were built into the cryostat. A further improvement was a second inde​pendent instrument carousel on top of the cryostat where measuring units with fans and other mechanical noise sources can be rotated synchronously with the cryostat without vibrational heating to the experiment. Ad​justments are under way to restore the stability of rotation back to its former level of +1x10-3 rad/s at a rotation of 1 rad/s, which was achieved before the present recon​structions were started in the beginning of 2004.

INTERFACE group

INTERFACES IN QUANTUM SYSTEMS

H. Alles, H. Junes, M. Manninen, and I.A. Todoshchenko.

Visitors: A.Ya. Parshin and V. Tsepelin
Starting from the end of 90s, the Interface group has been studying the shape and growth dynamics of 3He crystals on their melting curve in the temperature range from hundreds of mK down to a half of mK. The crystals have been imaged by a self-made Fabry-Pérot interferometer which is built inside a nuclear demagnetization cryostat. In these studies it was found that the surface of a 3He crystal, namely the interface between a quantum crystal and a superfluid, behaves as a classical surface in the vicinity of the absolute zero temperature. The step energies of the basic facets are large and the crystal surface is covered with multitude of facets which indicates so-called strong coupling of the crystal surface to the underlying lattice. As temperature increases, the quantum fluctuations, which are surprisingly dampened at lower temperatures due to fermi-degeneracy of liquid 3He, weaken this coupling until crystals look rounded without macroscopic facets above 100 mK. Thus, in the case of 3He, it turned out in our studies that, paradoxically, the role of quantum fluctuations is at higher temperatures much larger than at low temperature.

During 2005 we have carried out the last set of measurements with 3He crystals near the magnetic ordering temperature of solid 3He, TN = 0.93 mK.  In order to measure the step energies of basic facets below and above TN, we have imaged slowly-melting faceted crystals and applied a novel method in which we have tracked the moment when the facet reaches its critical size and after that quickly shrinks and disappears from the crystal surface. Using the measured critical size of a facet and the corresponding overpressure, the step energy of a facet was calculated. Our preliminary results seem to be consistent with our previous measurements in which the step energies were obtained from the crystals which were growing through spiral dislocations and thus confirm the statement that the surface-lattice coupling of the crystal is indeed strong in 3He at very low temperature.
From the end of 2005 we have concentrated on the studies of 4He crystals. The general interest in solid 4He has recently greatly increased after the findings of US scientists Eunseong Kim and Moses Chan who observed superfluid-like, non-classical rotational behavior in solid 4He at about 200 mK in their torsional oscillator experiments. As a first thing to do, we are going to measure the melting curve of 4He very accurately in the temperature range of 50…350 mK in order to possibly detect a small anomaly due to the phenomenon observed by Kim and Chan. In our measurements we aim for the accuracy of 1 bar or even better which, we hope, would be enough to measure the contribution of zero-point vacancies which are expected to exist in a quantum solid like helium. To date, there has not been any definite proof for the existence of these vacancies and experimental results obtained so far indicate that in solid 4He their concentration is not larger than 1 ppm. 
THEORY group

Topological quantum phase transitions
G. Volovik
Many quantum condensed matter systems are strongly correlated and strongly interacting fermionic systems, which cannot be treated perturbatively. However, physics which emerges in the low-energy corner does not depend on the complicated details of the system and is relatively simple. It is determined by the nodes in the fermionic spectrum, which are protected by topology in momentum space (in some cases, in combination with the vacuum symmetry). Close to the nodes the behavior of the system becomes universal, and the universality classes are determined by the toplogical invariants in momentum space. When one changes the parameters of the system, the transitions are expected to occur between the vacua with the same symmetry but which belong to different universality classes. Different types of quantum phase transitions governed by topology in momentum space have been discussed in [1]. They involve Fermi surfaces, Fermi points, Fermi lines, and also the topological transitions between the fully gapped states. The consideration based on the momentum space topology of the Green's function is general and is applicable to the vacua of relativistic quantum fields. This is illustrated by the possible quantum phase transition governed by topology of nodes in the spectrum of elementary particles in the Standard Model [7].

Connection to cosmology and particle physics
G. Volovik

Collaborator: Frans Klinkhamer (University of Karlsruhe, Germany)

There are fundamental relations between three vast areas of physics: particle physics, cosmology and condensed matter. These relations constitute a successful example of the unity of physics.  Fundamental links between cosmology and particle physics, in other words, between macro- and micro-worlds, have been well established. There is a unified system of laws governing all scales from subatomic particles to the Cosmos and this principle is widely exploited in the description of the physics of the early Universe, baryogenesis, cosmological nucleosynthesis, etc. The connection of these two fields with the third ingredient of the modern physics – condensed matter – is the main goal of our program.  These connections allow us to simulate the least known features of high-energy physics and cosmology: the properties of the quantum vacuum.  

The main suggestion which follows from the condensed matter experience is that in our Universe the physical laws may be emergent. However, to have the high accuracy of the emergent physical laws in the effective theory, the hierarchy of the microscopic (Planck) scales is required with the small parameter. In Ref. [2] it is suggested that the energy scale where the Lorentz symmetry is violated must be much higher than the Planck energy cut-off. The possible existence of the two scales, Planckian and super-Planckian, is supported by the consideration of the Grand Unification Theory (GUT) in terms of two different cutoffs: the Planck cutoff for bosons and the super-Planckian cutoff for fermions. It is assumed that bosons are collective modes of the fermionic vacuum, and thus the cutoff for them may be much smaller than the cutoff for fermions which are "more fundamental". Similar situation occurs in superfluid 3He-A, which belongs to the same universality class as GUT. The ultra-high super-Planckian cutoff may be also in the origin of the hierarchy problem. 
If the gravity is also emergent, then one of the possible consequences is that our Universe may be a domain separated by physical phase boundaries from other domain-Universes with different vacuum energy density and matter content [3]. The coexistence of different quantum vacua may be regulated by the exchange of global fermionic charges or by fermion zero modes on the phase boundary. An example would be de-Sitter Universe embedded in an asymptotically flat space-time. It is demonstrated that the static closed Einstein Universe is incompatible with emergent gravity [3].

The dark energy (the vacuum energy) estimated using the methods of particle physics is now in huge disagreement with modern cosmological experiments. This is the main cosmological constant problem. The condensed-matter experience gives the hint how this problem can be solved: the trans-Planckian degrees of freedom completely cancel the contribution of zero-point fluctuations to the vacuum energy due to thermodynamic identity [6]. This solves the main cosmological problem, and also some other related problems, for example, how big is the cosmological constant .in false vacuum. The condensed-matter example suggests [5] that is zero also in a false vacuum. If so, what happens in the cosmological phase transition between the false and true vacua? The answer is the following: is zero before the cosmological transition; during the non-equilibrium transient period of time the microscopic (Planckian) parameters of the true vacuum are adjusted to a new equilibrium state; and after that becomes zero again [5].  

As one of the experimental realizations of the exotic effective metrics of general relativity the hydraulic jump was considered [4]. In the geometry of the circular hydraulic jump, the velocity of the liquid in the interior region exceeds the speed of capillary-gravity waves (ripplons), whose spectrum is `relativistic' in the shallow water limit. The velocity flow is radial and outward, and thus the relativistic ripplons cannot propagate into the interior region. In terms of the effective 2+1 dimensional Painleve-Gullstrand metric appropriate for the propagating ripplons, the interior region imitates the white hole. The hydraulic jump represents the physical singularity at the white-hole horizon. The instability of the vacuum in the ergoregion inside the circular hydraulic have been observed in recent experiments on superfluid 4He in ENS, France.
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NOnequilibrium properties of mesoscopic superconductors

N.B. Kopnin
Collaborators: V.M. Vinokur (Argonne National Laboratory, US), and A. S. Mel'nikov (Institute of Microstructures, Nizhny Novgorod, Russia)
Effects of magntic field on the quasiparticle energy spectrum in a superconducting quantum point contact have been studied. The supercurrent induced by the magnetic field leads to intermode transitions between the electron waves that pass and do not pass through the constriction. The latter experience normal reflections which couple the states with opposite momenta inside the quantum channel and create a minigap in the energy spectrum that determines the transport properties of the contact. The transport characteristics of the contact can thus be tuned by the external magnetic field [1].
The nonequilibrium theory of superconductivity with the tunnel Hamiltonian was used for calculating transport in a mesoscopic NISINISIN heterostructure, i.e., a structure consisting of five intermittent normal-metal (N) and superconducting (S) islands separated by insulating tunnel barriers (I). Applying the bias voltage between the outer normal electrodes one can drive the central N island very far from equilibrium. Depending on the resistance ratio of outer and inner tunnel junctions, one can realize either effective electron cooling in the central N island or create highly nonequilibrium energy distributions of electrons in both S and N islands. These distributions exhibit multiple peaks at a distance of integer multiples of the superconducting chemical potential. In the latter case the superconducting gap in the S islands is strongly suppressed as compared to its equilibrium value [2].

It is shown that the interplay of geometrical and Andreev quantization in mesoscopic superconductors leads to giant mesoscopic oscillations of energy levels as functions of the Fermi momentum and/or sample size. Quantization rules are formulated for closed quasiparticle trajectories in the presence of normal scattering at the sample boundaries. Two generic examples of mesoscopic systems are studied: (i) one dimensional Andreev states in a quantum box, (ii) a single vortex in mesoscopic cylinder [3].
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Nonequilibrium and thermoelectric effects in normal-superconducting heterostructures

T. T. Heikkilä, N. Kopnin, P. Virtanen, and J. Voutilainen
Collaborators: the PICO group, F. Giazotto (Scuola Normale Superiore, Pisa, Italy), A. Luukanen (Millilab, VTT, Finland), and M. Crosser and N. Birge (Michigan State University, East Lansing, USA.)
We have studied theoretically different types of thermoelectric and nonequilibrium effects in mesoscopic superconductor – normal-metal (S-N) heterostructures. A review written by some of us on such effects and their connection to different device concepts, for example radiation detectors, will be published in Reviews of Modern Physics in March 2006 [s1]. Connected to these phenomena, our recent work on the nonequilibrium properties of NISINISIN structures was published in [1]. There, we studied how the nonequilibrium induced inside superconductors affects the performance of efficient Peltier coolers based on superconductor-insulator-normal-metal-insulator-superconductor (SINIS) structures. Such nonequilibrium is induced in typical practical devices and is related to the poor heat conductivity of superconductors. 

We have also analyzed different types of thermoelectric effects arising in SN structures due to the superconducting proximity effect, continuing our work from the previous years. In particular, we have worked together with the experimental group of Prof. Norman Birge in Michigan State University, to analyze the results of their measurements on the supercurrent-induced nonequilibrium Peltier effect [s2], predicted by one of us. This effect is based on the coupling of the supercurrent and the quasiparticle current in parts of a normal metal where they flow in parallel. One of the consequences of this coupling is that the supercurrent can be used to transfer part of the Joule heat generated by the quasiparticle current from one place to another inside the structure. The numerical results we have obtained from the quasiclassical theory of inhomogeneous superconducting systems fit the experimental ones very well.

Quantum measurements, current fluctuations and their measurement

T. T. Heikkilä, T. Ojanen and P. Virtanen 

Collaborators: the NANO group and P. Samuelsson (Lund University, Sweden)

We have studied how the current fluctuations and their statistics can be measured in mesoscopic systems. We have considered the limitations of classical measurement schemes in measuring the third and higher cumulants of fluctuations [2]. Cyclostationary driving provides an easier access to the odd cumulants compared to DC driving. We have also studied how a non-Gaussian environment (i.e., with non-vanishing third or higher cumulants) affects the relaxation and excitation rates in small quantum systems and identified the correct quantum third-order correlator contributing to the energy level transitions [s3]. In the quantum limit, the question of the proper ordering of the operators inside the correlators is relevant, and depends on the particular studied phenomenon. Studying the relaxation rates and the steady-state density matrix in the presence of such a non-Gaussian environment yields information on the frequency-dependent correlators of the environment. 

We have also examined a scheme for the calculation of different cumulants of current statistics in multiterminal structures, exploiting the quasiclassical Keldysh counting-field method. In the case of second-order correlators (variance of current fluctuations) and fairly general assumptions, we have proved the equivalence of this Keldysh method and an often applied Langevin approach [s4].

We have studied the measurement of a quantum two-level system through a harmonic oscillator (representing a resonant circuit) coupled to it. We have shown that a fast reflection measurement can be used as a direct probe of the quantum state of the system [3]. This study is closely related to the experiments done in the Nano group.
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BRAIN RESEARCH UNIT

At the Brain Research Unit of the Low Temperature Laboratory, we aim to address human brain functions at systems level, mainly by applying non-invasive brain imaging methods that we continuously develop and sharpen. We also design and construct stimulation and monitoring devices to create as-natural-as-possible environments for experimentation on problems of systems neuroscience.

Within this framework, we have continued to study functions of the human cerebral cortex by measuring weak magnetic fields outside the head. This method, magnetoencephalo​graphy (MEG), allows a totally non-invasive view into healthy and diseased human brains during different tasks and conditions. Our 306-channel neuromagnetometer (Vectorview, Neuromag Ltd), functional since 1998, houses 204 gradiometers and 102 magnetometers with a whole-scalp coverage. To combine functional and structural information, we typically integrate MEG data with the subject's magnetic resonance images (MRIs).

In 2005, we have worked extensively on MEG characterization of human sensory, motor, cognitive and language functions, both in healthy and diseased brains. In addition, we have considerably expanded our efforts to use functional magnetic resonance imaging (fMRI) at the Advanced Magnetic Imaging (AMI) Centre of TKK; fMRI with its excellent spatial resolution complements the superb temporal resolution of MEG in tracking activation patterns and sequences in the human brain. The AMI Centre operates a 3 Tesla MRI/fMRI superconducting magnet (General Electric 3T Signa) for whole-body imaging, and we continued to be the largest single user group of the Centre in 2005.

MEG AND FMRI STUDIES

SENSORY AND MOTOR PROCESSING

G. Caetano, N. Forss, R. Hari, Y. Hlushchuk, M. Illman, O. Jensen, V. Jousmäki, T. Morita, J. Numminen, L. Parkkonen, M. Pohja, H. Renvall, S. Salenius, M. Schürmann, and T. Tanskanen

Visitors:  H. J. Andersson (Stockholm, Sweden)

Collaborators:

Helsinki University Central Hospital 
Dept. of Clinical Neurophysiology, University of Helsinki 
Dept. of Radiology, Univ. of Helsinki
Dept. of Physics, Univ. of Pittsburgh, USA 
Dept. of Mathematics, Univ. of Pittsburgh, USA 
F.C. Donders Centre for Cogn. Neuroimaging, The Netherlands 
Institute of Technology, Lisbon University of Technology
Brain Work Laboratory, Institute of Occupational Health 
National Rehabilitation Center, Tokorozawa-shi, Japan. 
Kyoto Medical School, ENT Department

In daily life, humans typically process stimuli of more than one sensory modality at the same time; one poorly understood example is audiotactile interaction. We have now shown, with both MEG and fMRI, that auditory and tactile inputs converge to posterior auditory belt area in the superior surface of the temporal lobe.

By recording MEG and fMRI signals to pictures of faces and houses, as well as to double-exposure pictures of both faces and houses, we have demonstrated attentional modulation of the early (< 200 ms) MEG responses whereas the fMRI data did not show this response indicating important differences between the methods.

To find cortical correlates of face recognition, we manipulated the recognizability of face images in a parametric manner by masking them with narrow-band spatial noise. Face recognition performance was best at the lowest and highest noise spatial frequencies (2 and 45 c/image, respectively), and degraded gradually towards central noise spatial frequencies (11 – 16 c/image). The strength of the 130–180 ms MEG response (M170) in the temporo-occipital cortex paralleled the recognition performance, suggesting that it is sensitive to the visibility of a face and closely related to face recognition.
In autistic adults we have found abnormal sites of source areas in the extrastriate areas for responses to images of faces but not to images of mugs or meaningless geometrical patterns.  
To study somatosensory processing, we have collected functional magnetic resonance imaging data with a 3-T scanner from 10 healthy adult subjects while tactile pulses were delivered in blocks of 25 s to three right-hand fingers. In the contralateral SI cortex, activation (positive BOLD response) outlasted the whole stimulus block. In contrast, a transient deactivation (negative BOLD response) occurred in the ipsilateral SI cortex; moreover, the primary motor cortex (MI) contained voxels that were phasically deactivated in response to both ipsi- and contralateral touch. The ipsilateral SI deactivation could result from transcallosal inhibition whereas intracortical SI–MI connections could be responsible for the MI deactivation. 
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PATHOPHYSIOLOGY OF ACUTE AND CHRONIC PAIN

N. Forss, R. Hari, J. Hiltunen, Y. Hlushchuk, E. Kirveskari, M. Pohja, T. Raij, and N. Vartiainen

Collaborators:
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Chronic pain is a serious problem in clinical medicine. We have shown that with small modifications to the intensity and area of painful stimulation with a thullium laser (applying a restricting hole at the tip of the handpiece of the laser), we can reliably differentiate brain responses elicited by two nociceptive fibre systems, A- and C-fibres, that correspond to the first and second pain. The most important source areas in the brain were the second somatosensory cortex SII and in the posterior parietal cortex PPC.

We have also shown, by means of the 20-Hz cortex–muscle coherence that the primary motor cortex MI reacts immediately to laser stimuli, both after A- and C-fibre stimulation. This effect is functionally useful during acute pain but a likely source of a vicious cycle during chronic (tension) pain when the pain turns from a symptom to a disease.
In a patient suffering from complex regional pain syndrome, we demonstrated a mirror-like spread of the pain-related cortical changes to the other hemisphere when the perceived chronic pain had spread from its initial site of presentation to the other body side. The results indicate that the mirror-like spread of the CRPS symptoms is associated with increased commissural conductance, establishing neuronal correlates for the progression of the symptoms in parallel with the progression of the neurologic disease.

In a recent fMRI study we addressed the very basic question how humans are able to differentiate events surfacing from their own mind from those arising from the external world. We screened among 103 volunteers 14 suggestion-prone healthy subjects who rated during fMRI the experienced reality of pain when the pain was induced either by laser pulses to the skin or by hypnotic suggestion. Both pain states were associated with activation of the brain’s pain circuitry but with some differences. During laser stimulation, the sensory parts of this circuitry were activated more strongly. During suggestion-induced pain, the reality estimates were lower and correlated positively with activation strengths in the rostral and perigenual anterior cingulate cortex and in the pericingulate regions of the medial prefrontal cortex; a similar trend was evident during laser-induced pain. The medial prefrontal cortex is a likely area to contribute to the monitoring of the sources of information arising from the external world.  
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VISUAL PHYSIOLOGY AND PATHOPHYSIOLOGY

S. Vanni, L. Henriksson, L. Stenbacka, M. Pihlaja, and M. Viikari

Collaborators:
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About thirty distinct functional areas in each hemisphere participate in vision. Routing of information in this system is dynamic, and processing-effective. We are studying the early phase of visual processing and hope to better understand the relation between measured imaging signals, visual behaviour, and biological image analysis. We also hope to distribute knowledge to clinicians and help development of mechanical applications of vision.

We have developed multifocal fMRI together with Andrew James, from ANU. This method allows rapid mapping, localization, and quantification of local visual responses in the retinotopic areas. We have found that i) the two retinocortical channels contributing to colour vision have distinct spatial distribution in the primary visual cortex, V1. ii) In contrast to first study of response linearity in V1, we found non-linear interactions to multifocal design. We are enlarging the studies to cover natural temporal-spatial 1/fp -spectrum noise stimuli.

We have started collaboration with Patrizia Fattori and Claudio Galletti from University of Bologna to study human area V6 timing. Following these collaborators' experience in monkey experiments, we learned that activation of V6 requires stimulation of the peripheral visual field. In fMRI we built an optical system to allow a near-view display, which enabled mapping and functional studies of the retinotopic representation of the peripheral visual field.

Homonymous visual field defects are due to posterior cerebral damage, and are relatively common in elderly population. Together with Antti Raninen, Lea Hyvärinen and Risto Näsänen we followed evoked fields of two patients during psychophysical flicker training of their hemianopic fields, and one of the patients participated in fMRI measurements. Both patients gained normal flicker sensitivity during the training, and showed emergence of new evoked activity from stimulation of their previously blind hemifields. After the rehabilitation, one subject showed right hemisphere activation for both left (healthy) and right ("blind") visual field stimulation. Intriguingly, this activation engaged the same set of retinotopic areas for both hemifields, including the primary visual cortex.

After recent installation of video eye tracking system in fMRI, we have now the possibility to search for correlates of visual attention and saccade planning in the primary visual cortex.
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BRAIN BASIS OF SOCIAL INTERACTION
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Proper interpretation of the intentions of our fellow human beings is an essential ability for successful communication in the society. Recent research suggests that the motor mirror-neuron system (MNS), first discovered in monkeys, is important for such social interaction. The MNS is activated both when the subject views another person performing motor acts and when he himself performs similar movements. The MNS therefore could form the basis for understanding the intentions of other persons and be a good candidate for the neurophysiological locus of disorders resulting in difficulties of smooth and reciprocal social communication, such as in autism and schizophrenia. 

In 2005, we published an extensive review paper on the involvement of the core area of the MNS, the Broca’s region, in both action and language; we concluded that Broca’s region, classically considered a motor speech-production area, is involved in action understanding and imitation and that it also contributes to sequencing of actions. The region might have evolved for interindividual communication, both by gestures and speech.
The motor MNS might be just the tip of an iceberg among various mirroring systems that allow people to interact with each other in an understanding, predictive, and emphatic manner. Recent studies show remarkable overlap between brain areas activated when a subject undergoes painful sensory stimulation and when he/she observes others suffering from pain. Using fMRI we have now shown that not only the presence of pain but also the intensity of the observed pain is encoded in the observer’s brain. When subjects observed pain from the faces of chronic pain patients, activations in bilateral anterior insula, left anterior cingulate cortex, and left inferior parietal lobe in the observer’s brain correlated with their estimates of the intensity of observed pain. These findings imply that the intersubjective representation of pain in the human brain is more detailed than has been previously thought.
Publications

Hari R: Voidaanko ajatuksia kuvantaa. Kolumni. Duodecim 2005, 121: 2383–2384.

Martikainen MM, Kaneko K and Hari R: Suppressed responses to self-triggered sounds in the human auditory cortex. Cerebral Cortex 2005, 15: 299–302.

Möttönen R, Järveläinen, J Sams M and Hari R: Viewing speech modulates activity in the left SI mouth cortex. Neuroimage 2005, 24: 731–737.

Nishitani N, Schürmann M, Amunts K and Hari R: Broca’s region: From action to language. Physiology (Bethesda) 2005, 20: 60–69.

Saarela MV, Hlushchuk Y, Williams C de AC, Schürmann M, Kalso E and Hari R: The compassionate brain: Humans detect intensity of pain from another’s face. Cerebral Cortex (epub ahead of print)

Schürmann M, Hesse MD, Stephan KE, Saarela M, Zilles K, Hari R and Fink GR: Yearning to yawn: Brain correlates of yawn observation. Neuroimage 2005, 24: 1260-1264.
LANGUAGE PERCEPTION AND PRODUCTION
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MEG studies have shown that single-word reading proceeds from basic visual feature analysis around the occipital midline, at about 100 ms after stimulus onset, via left-lateralized occipitotemporal letter-string analysis at 150 ms to reading comprehension, reflected in activation of the left superior temporal cortex at 200 to 600 ms. 

We have extended our research on reading to sentence syntax and its potential interaction with semantics. Participants were presented with sentences, shown one word at a time, that ended in normally inflected nouns, nouns in the wrong case with respect to a preceding modifier, verbs instead of nouns, or nouns that were correctly inflected but made no sense in the sentence context. The sustained activation of the superior temporal cortex at 200 to 600 ms (N400) was sensitive to both semantic manipulation (bilaterally) and syntactic manipulation (in the left hemisphere). A later activation at 600-800 ms (P600), generated slightly posterior to the N400 source area bilaterally, was sensitive to syntactic but not semantic factors. 

We have investigated the cortical sequence of word perception in 7-8 years old children, with special emphasis on the early letter-string-specific occipitotemporal activation detected in normally reading adults; in dyslexic adults, this response is non-existent or markedly reduced. The sequence in children followed that previously described in adults, from visual feature analysis in the occipital cortex to letter-string analysis in the left occipitotemporal cortex and, further, to sustained superior temporal activation. However, the timing of activation was clearly delayed in children, and the delay was progressively increased when advancing from low-level visual analysis to higher order areas involved in written word perception, probably reflecting increasing immaturity of the underlying neural generators. When a salient occipitotemporal letter-string activation was detected its strength was correlated with phonological skills, in line with the known relevance of phonological awareness in reading acquisition.

The importance of the left occipitotemporal cortex in reading was further demonstrated in a study in which subjects were continuously reading a story, presented word by word. We identified a left-hemisphere long-range neural network directly from non-averaged MEG data. Present understanding of the neural mechanisms of language function, as derived from modern neuroimaging, is based on mapping brain areas that are more active during specific tasks than in control conditions. Our coherence-based detection of interconnected nodes reproduced several brain regions that have been previously reported as active in reading tasks. Furthermore, the face motor cortex and the cerebellum, typically associated with speech production, and the orbitofrontal cortex, linked to visual recognition and working memory, additionally emerged as densely connected nodes of the network. The left inferior occipitotemporal cortex and the cerebellum turned out to be the main forward driving nodes of the reading network.
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CLINICAL APPLICATIONS OF MEG – CLINIMEG

N. Forss, R. Hari, E. Kirveskari, R. Salmelin, and M. Seppä

Collaborators: Helsinki University Central Hospital, Departments of Clinical Neurophysiology and Neurology and HUSLAB 

The 'CliniMEG' team was establisehd at the Brain Research Unit in 1997 to develop, in collaboration with the Department of Clinical Neurosciences at the Helsinki University Central Hospital, clinical applications of MEG to routine use. Since 2001, when most of the routines and software developed in BRU for preoperative studies of patients with brain tumors and epilepsy were transferred to the Department of Clinical Neurophysiology, Helsinki University Central Hospital, the BRU CliniMEG staff still continues to consult and help in more complex localization and analysis problems of MEG evaluation.

To evaluate whether a simple auditory paradigm could demonstrate a difference in cortical lateralization between right- and left-handed subjects, we presented to 10 strongly right-handed, 10 strongly left-handed, 5 weakly right-handed, and two ambidextrous subjects binaural pairs of tones and pairs of Finnish vowels; the subjcts had to decide whether the items in the pair were the same. The laterality index for strengths of the auditory-cortex 100 ms MEG responses (N100m) to vowels vs. tones suggested left-hemispheric dominance in 8 of the 10 strongly right-handed subjects, and right-hemispheric dominance in 7 of the 10 left-handed subjects. This difference resembles language lateralization suggested by previous invasive studies as well as by anatomical and functional comparisons in left- and right-handed subjects. This simple paradigm could prove useful as a noninvasive test for language lateralization in clinical settings.
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 LOCALIZATION OF CORTICAL RHYTHMIC ACTIVITY
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Simulating realistic controlled data would be helpful when testing the performance of mathematically complex analysis programs. The most straightforward way to simulate realistic MEG data is to use real MEG measurements as basis for simulation. In our approach, we first estimate time series of activation from real MEG data for brain areas of interest. Then a large number of one-second long periods are picked from each time series. Basis features of these time series are extracted with the help of the fastICA algorithm and the coefficients of the basis vectors are obtained with the Markov Chain Monte Carlo approach. By combining vectors and coefficients from the resulting database one obtains one-second sequences of well-specified realistic data. In order to form longer stretches of data such periods are joined smoothly using a nearest neighbour classifier. Desired properties of the simulated time series, such as coherences between brain areas, can be adjusted in a controlled way. Finally, the time series are forward modelled onto MEG sensors and added with suitable noise. 
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IMPROVED METHODS FOR FUNCTIONAL MRI (fMRI) AND DIFFUSION TENSOR IMAGING (DTI)
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We have continued to work on a novel fMRI phantom and on cardiac-triggered fMRI acquisition (see publications). An fMRI compatible EEG system has been carefully tested for safety and artefact issues.

We have been developing methods for diffusion-tensor imaging (DTI) to study white-matter tracts between brain areas. DTI, which is presently the only method for non-invasive visualization of fiber tracts within the living human brain, is based on monitoring of diffusion of water molecules, which within a tight fiber bundle is less limited along the fibers than perpendicular to them. 

We have presented the first DTI and tractography results of human distal peripheral nerves. The diffusion was quantified with apparent diffusion coefficient (ADC) and fractional anisotropy (FA) maps, and the direction of main diffusivity was visualized with color-coded orientation maps and tractography. The courses of median, ulnar, and radial nerves in the upper limb and of tibial and peroneal nerves in the lower limb were first analyzed quantifying ADC and FA, and then visualized in 3D with tractography. Tractography illustrated nicely the 3D courses of both upper and lower limb nerves, which were reliably distinguished from the surrounding muscle tissue and ligaments. Quantitative DTI and tractography can thus be used to image and visu​alize distal peripheral nerves. 

We have also quantified with optical laser-based interferometer mechanical vibrations during diffusion tensor imaging. The vibrations were unevenly distributed within the scanner. The vibration-related movement was caused by the diffusion-sensitizing gradients and was maximally 0.5 mm, and 0.3 mm with typical settings used in brain imaging. The compensation for eddy currents, done with gradients in our DTI sequence, increased the vibration level by a factor of 1.5 or more, resulting in sig​nals losses of 5–17%. In the future, vibration levels might be reduced by adjusting imaging parame​ters, by modifying the gradient waveforms in the DTI sequence, and by redesigning the mechanics of patient bed to effectively dampen the movements.

Publications
Hiltunen J, Suortti T, Arvela S, Seppä M, Joensuu R and Hari R: Diffusion tensor imaging and tractography of distal peripheral nerves at 3 T. Clin Neurophysiol 2005, 116: 2315–2323.
Hiltunen J, Hari R, Jousmäki V, Müller K, Sepponen R and Joensuu R: Quantification of mechanical vibration during diffusion tensor imaging. Neuroimage 2006, epub ahead of print.
Malinen S, Schürmann M, Hlushchuk Y, Forss N and Hari R: Improved differentiation of tactile activations in human thalamus and second somatosensory cortex using cardiac-triggered fMRI. Exp Brain Res Neuroimage 2006, epub ahead of print.

Renvall V, Joensuu R and Hari R: Functional phantom for fMRI, a feasibility study. Magn Reson Imaging 2006, 24: 315 – 320.

DEVELOPMENT OF THE STIMULUS ENVIRONMENTS IN MEG AND fMRI

R. Hari, K. Hytönen, V. Jousmäki, H. Kainulainen, R. Schreiber, and S. Vanni

Collaborators:
Laboratory of Computational Engineering, Helsinki University of Technology
Institute of Occupational Health, Helsinki, Finland
National Rehabilitation Center, Tokorozawa, Japan 

We aim to develop and test novel, selective, and artefact-free stimulators to be used in MEG and fMRI environments. In addition, we also build simple interfaces between commercial functional brain imaging instruments and stimulators. Our novel MEG-compatible hand-held tactile stimulator was shown to elicit reproducible somatosensory evoked responses to hand and face simulation.

We have designed, tested and installed new improved solutions for auditory and visual stimulation in fMRI enviroment. An fMRI-compatible commercial thermal stimulator has been used successfully in the 3-tesla fMRI environemnt, and we have installed a new eye tracking system for the fMRI experiments; the system will be further developed with the manufacturer.

Publication
Jousmäki V, Nishitani N and Hari R: Brush stimulator for functional brain imaging. Clin Neurophysiol under revision.
TEACHING ACTIVITIES

COURSES

Low Temperature Physics: Experimental Methods (Kyl-0.102)
Lecturer: Juha Tuoriniemi, Docent
Teaching assistant: Elias Pentti, M.Sc. Tech.
Seminar on Quantum State Engineering (Kyl-0.106)
Lecturers/Instructors: Dr. Yuriy Makhlin, Profs. Frank Hekking, Edouard Sonin, Pertti Hakonen, and Jukka Pekola
Nanophysics (Kyl-0.108)
Lecturer: Tero Heikkilä, Dr. Tech.
Teaching assistant: Pauli Virtanen, M.Sc. Tech.

In November–December 2005 Riitta Hari, as the adjunct professor of the Neuroscience Center of the University of Helsinki, gave at TKK a course Introduction to Human Systems Neuroscience, consisting of 9 hours of lectures, and of 3 hours of student discussions & paper reviews. From over 50 participants, 32 received credits of up to 4 credit points. The course aimed to give an introduction to human systems-level neuroscience, with a focus on general functional principles of human brain function and human neuroimaging.

RESEARCH SEMINARS ON LOW TEMPERATURE PHYSICS AND NANOPHYSICS

Coordinators: Vladimir Eltsov, Pertti Hakonen, Tero Heikkilä, and Jukka Pekola
Migaku Oda, Hokkaido University, Sapporo, Japan, Superconducting order parameter studied from vortex properties in high-Tc cuprates, Jan 14.

Jaan Mannik, SUNY at Stony Brook, NY, USA, Quasiparticle Poisoning in Charge Qubits, Jan 24.

Seppo Mattila, LTL/TKK, Probing the Universe with supernovae, Jan 25.

Mika Sillanpää, LTL/TKK, Band engineering in Cooper-pair box: dispersive measurements of charge and phase, Feb 1.

Yuriy Makhlin, Landau Institute of Theoretical Physics, Moscow, Russia, Flicker noise and coherence in Josephson qubits, Feb 8.

Mika Prunnila, VTT, Espoo, Finland, Transport properties of double gate SiO2-Si-SiO2 quantum wells, Feb 15.

Mikio Nakahara, Kinki University, Osaka, Japan, Warp-drive quantum compu-tation: theory and experiment, Feb 22.

Jari Kinaret, Chalmers University of Technology, Sweden, Non-equilibrium plasmons in quantum wire single electron transistors, Mar 4.

Grigorij Volovik, LTL/TKK, Physics from momentum-space topology, Mar 15.

Raivo Stern, National Institute of Chemical Physics and Biophysics, Estonia, Exploring new states of matter by NMR: Triplet crystal in SrCu2(BO3)2 and BEC of triplons in BaCuSi2O6, Mar 21.

James Bjorken, Stanford University, USA, The Classification of the Universes, Mar 24.

Juha Kopu, LTL/TKK, Vortex multiplication in applied flow: the precursor to superfluid turbulence, Mar 30.

Jukka Pekola, LTL/TKK, Shot noise measurements using hysteretic SQUID, Apr 5.

Juha Voutilainen, LTL/TKK, Nonequilibrium phenomena in multiple normal-superconducting tunnel heterostructures, Apr 12.

Vladimir Lebedev, Landau Institute for Theoretical Physics, Moscow, Russia, Two cascades in 2d hydrodynamic turbulence and 1d turbulence on a single quantum vortex, Apr 26.

Konstantin K. Likharev, SUNY at Stony Brook, NY, U.S.A., Prospects for Nanoelectronic Neuromorphic Networks, Apr 27.

Hideaki Takayanagi, NTT Basic Reseach Laboratories, Japan, Readout of superconducting flux qubits, May 30.

Andreas Johansson, Weizmann Institute, Department of Condensed Matter Physics , Israel, Superconducting wires of amorphous indium oxide, Jun 2.

Helen Bouchiat, LPS Orsay, France, Probing phase coherent transport through short and long molecules(Fullerenes, carbon nanotubes and DNA), Jun 2.

Alexander Mel'nikov, Institute for Physics of Microstructures, Russian Academy of Sciences, Nizhny Novgorod, Russia, Giant oscillations of energy levels in mesoscopic superconductors, Jun 7.

Michael Katanaev, Steklov Mathematical Institute, Russia, Geometric theory of defects in solids, Jun 14.

Alexander Andreev, Kapitza Institute for Physical Problems, Moscow, Russia, Manifestation of additional dimensions of space-time in semiconductor quantum dots., Jun 17.

Richard Haley, Lancaster University, UK, Manipulating the AB interface in superfluid helium-3 at ultralow temperatures, Jul 1.

Risto Hänninen, Osaka City University, Japan, Numerical simulations on vortex dynamics in helium superfluids, Jul 8.

Ladislav Skrbek, Institute of Physics ASCR and Charles University, Prague, Czech Republic, Flow of superfluid helium due to submerged oscillating objects, Jul 20. 

Rosario Fazio, Scuola Normale Superiore, Pisa, Italy, Quantum pumping through interacting dots,  Aug 2.
Peter Brusov, Physical Research Institute, Rostov-on-Don, Russia, The boundary state of superfluid 3He-B , Aug 3. 

Wiebke Guichard, University Joseph Fourier-CNRS, France, Bloch oscillations in a single Josephson junction,  Aug 9.
Frank Hekking, University Joseph Fourier-CNRS, France, Finite frequency quantum noise in an interacting mesoscopic conductor,  Aug 23.

Michael Feigel'man, Landau Institute for Theoretical Physics, Russia, Theory of superconducting pairing near the mobility edge, Aug 25.

 Tilman Pfau, University of Stuttgart, Germany, Common perspectives of mesoscopic systems and quantum gases,  Aug 30.
Viktor Tsepelin, Lancaster University, UK, Quantum Turbulence in 3He-B, Sep 13.

Chris Pethick, Gordon Baym, Grigori Volovik, Gerd Schön, Robert Joynt, Mikio Nakahara, Martti Salomaa Memorial Symposium, Sep 16.

Antti Finne, LTL, Experiments on vortex dynamics in superfluid 3He, Sep 23.

W.F. Vinen, University of Birmingham, UK, Visualization of flow in superfluids, Sep 27.

Annual LT student seminar, Oct 17.

René Lindell, LTL, Josephson junction devices and detectors based on incoherent Cooper pair tunneling, Oct 21.

Keith Schwab, National Security Agency, USA, Nanomechanical resonators and single electronics, Oct 26.

Colin Lambert, Lancaster University, UK, Spin-polarised electron transport in organic molecules and carbon nanotubes, Oct 28. 

Dragos Anghel, National Institute of Physics and Nuclear Engineering, Bucharest, Romania, A model for scattering of phonons in disordered amorphous membranes,   Nov 08

Matthias Meschke, LTL, TKK, Observation of radiative thermalization through superconducting leads,  Nov 16.
Meri Helle, Physics laboratory, TKK, Spin qubits and quantum Hall droplets in coupled semiconductor quantum dots,  Nov 21.
Andrei Zaikin, Forschungszentrum Karlsruhe, Institut für Nanotechnologie, Germany, Interaction effects in disordered conductors, Nov 22.

 Peter Samuelsson, Lund University, Sweden, Noise and Full Counting Statistics of Incoherent Multiple Andreev Reflection,  Nov 23.
Vladimir Dmitriev, Kapitza Institute for Physical Problems, Moscow, Russia, NMR studies of texture in the B-like phase of 3He in aerogel, Nov 28.

Jarno Järvinen, University of Turku, Finland, Studies of two-dimensional gas of atomic hydrogen by electron-spin-resonance, Nov 29.

RESEARCH SEMINARS OF THE BRU

Coordinator Erika Kirveskari
Ville Ojanen and Kaisa Malkamäki, LCE, Datalyzer: a Matlab-script for fMRI data exploration, Jan 17.

Marieke Longcamp, BRU, Modulation of motor-cortex reactivity during visual perception of handwritten letters: Evidence for motor simulation, Jan 24.

Topi Tanskanen, BRU, Cortical mechanisms in face recognition, Jan 31.

Oguz Tanzer, Lauri Parkkonen, Martin Schürmann, BRU, MEG & Methods, Feb 7.

Harri Valpola, LCE, Book Review: Jeff Hawkins, On intelligence, Feb 14.

Juha Järveläinen, BRU, BBQ for doctoral dissertation, Feb 21.

Riitta Salmelin, BRU, Language – where are we now and where we want to go, Feb 28.

Cyril Pernet, BRU, Neurofunctional & cognitive study of the lateral masking effect in normal and dyslexic subjects, Mar 7.

Juha Järveläinen, BRU/LTL/TKK/Finnish Graduate School of Neuroscience, Reactivity of the human primary motor cortex during observation of action, Mar 8.

Jean-Michel Hupe, Toulouse, France, Neural correlates of the bistable perception of ambiguous moving patterns - an fMRI study. Evidence for feedback to V1?, Mar 9.

Jan Kujala, BRU, MEG & Methods: Beamformers, Mar 21.

Jaakko Särelä, Neural Networks Research Centre, TKK, Denoising source separation for neuroinformatics, Apr 4.

Hannu Laaksonen, BRU, A method for spatiotemporal characterization of rhythmic brain activity, Apr 11.

Iiro Jääskeläinen, LCE, Cognitive neuroimaging of cerebral networks: challenges and potential benefits, Apr 18.

Tuukka Raij, BRU, BBQ for doctoral thesis, Apr 25.

Students of BRU and LCE/TKK. Spring seminar in Siikaranta, May 16 – 17.

Synnöve Carlson, Neuroscience Unit, Helsinki University, Neuronal processing of location information in the prefrontal cortex, May 23.

Kaisa Hytönen, BRU, Auditory stimulus systems in functional magnetic resonance imaging, Aug 15.

Kaisa Tiippana, LCE, TKK, Effects of attention on audiovisual speech perception, Aug 22.

Samu Taulu, Elekta-Neuromag, Signal space separation method, Sep 5.

Summer students of BRU present their projects, Sep 12.

Several speakers, BRU, Snapshots from Human Brain Mapping 2005 and other recent conferenses, Sep 19.

Josef Rauschecker, Department of Physiology and Biophysics, Georgetown University School of Medicine, Neural basis of tinnitus, Sep 26.

Nuutti Vartiainen, Yevhen Hlushchuk, BRU, Oct 24.

Marjatta Pohja, BRU, Motor cortex-muscle oscillatory communication in health and disease, Oct 28.

Barry Horwitz, Brain Imaging and Modeling Section, Voice, Speech and Language Branch, National Institute on Deafness and other Communication Disorders, National Institutes of Health, Beteshda, USA, Integrating neuroscientic data across multiple spatiotemporal scales – application to visual and auditory object processing, Oct 31.

Claes von Hofsten, Uppsala University, Sweden, Early development of visual tracking, Nov 7.

Jari Saramäki, LCE, TKK, Complex systems and networks, Nov 14.

Mika Seppä, BRU, Presentation of thesis work, Nov 21.

Lauri Parkkonen, BRU, Reverse correlation in neuroimaging, Nov 28.

Sampsa Vanhatalo, Helsinki University Central Hospital, Full-band EEG, Dec 12.

Kalle Palomäki, Laboratory of Computer and Information Science, TKK, Neuromagnetic studies on sound localization, Dec 19.

SPECIAL ASSIGNMENTS
Rob de Graaf & Matti Krusius supervised Petri Heikkinen’s special project Frictionless rotation for vortex studies in superfluid helium.

Vladimir Eltsov & Matti Krusius  supervised Jaakko Hosio’s special project Quartz tuning forks as probes of liquid 4He.

Harry Alles supervised Matti Manninen’s special project Modification of the HAMAMATSU C7500-51 type of CCD video camera for a cryogenic application.
Pertti Hakonen supervised Antti Paila’s special project Landau-Zener interfero-metry in a charge qubit.

Tero Heikkilä supervised JuhaVoutilainen’s special project Voltage Noise in a single electron transistor.

Lauri Parkkonen supervised Liisa Helle’s special project System for real-time manipulation of the image of subject's hands during a MEG experiment. 

Simo Vanni supervised Meri Liesiö’s special project Multifocal fMRI responses to colour stimuli.

ACADEMIC DEGREES

DIPLOMA THESES

Hannu Laaksonen graduated as M.Sc. from the Department of Engineering Physics and Mathematics on January 18th. His diploma thesis A method for spatiotemporal characterization of rhythmic brain activity was done in the LTL. Supervisor:  Professor Toivo Katila. Instructor: Professor Riitta Salmelin.

Tommi Nieminen graduated as M.Sc. from the Department of Engineering Physics and Mathematics on March 14th. His diploma thesis Superconducting Josephson junction as detectors of electrical noise was done in the LTL. Supervisor: Professor Pekka Hautojärvi. Instructor: Acad. Professor Jukka Pekola.
Johanna Uusvuori graduated as M.Sc. from the Department of Engineering Physics and Mathematics on March 22nd. Her diploma thesis Cortical processing of semantic and phonological aspects of spoken words was done in the LTL. Supervisor:  Professor Toivo Katila. Instructor: Professor Riitta Salmelin.
Kaisa Hytönen graduated as M.Sc. from the Department of Engineering Physics and Mathematics on August 11th. Her diploma thesis Auditory stimulus systems in functional magnetic imaging was done in the LTL. Supervisor: Professor Pekka Meriläinen. Instructor: Professor Riitta Salmelin.
Pauli Virtanen graduated as M.Sc. from the Department of Engineering Physics and Mathematics on October 28th. His diploma thesis Phonons and shot noise was done in the LTL. Supervisor: Professor Risto Nieminen. Instructor:  Dr. Tero T. Heikkilä.
Ph.D. DISSERTATIONS

Kirsi Juntunen defended her thesis Nuclear Magnetism and Superconductivity: Investigations on Lithium and Rhodium, for the degree of  Doctor of Science in Technology on February 19th, 2005. The opponent was Professor Michael Steiner from The Hahn-Meitner Institute, Berlin, and supervisor: Docent Juha Tuoriniemi.

Juha Järveläinen defended his thesis Reactivity of the Human Primary Motor Cortex during Observation of Action, for the degree of Doctor in Medicine on March 8th, 2005. The opponent was Professor Luciano Fadiga from The University of Ferrara, Ferrara, Italy, and supervisor Professor Riitta Hari.

Mika Sillanpää defended his thesis Quantum device applications of mesoscopic superconductivity for the degree of Doctor of Science in Technology on April 1st, 2005. The opponent was Professor Hans Mooij from Delft University of Technology, The Netherlands, and supervisor Professor Pertti Hakonen.

Tuukka Raij defended his thesis Pain processing in the human brain - views from magnetoencephalography and functional magnetic resonance imaging for the degree of Doctor in Medicine on May 27th, 2005. The opponent was Professor Alfons Schnitzler, M.D., Ph.D. from the Department of Neurology, Heirich-Heine University, Düsseldorf, Germany and supervisors Professor Riitta Hari and docent Nina Forss.

Reeta Tarkiainen defended her thesis Transport and Tunneling in Multiwalled Carbon Nanotubes for the degree of Doctor of Science in Technology on June 3rd, 2005. The opponent was Professor Hélène Bouchiat from Université Paris-Sud, Orsay, France, and supervisor Professor Pertti Hakonen.

Jani Kivioja defended his thesis Mesoscopic Superconducting Tunnel Junction Devices: Experimental Studies of Performance Limitations for the degree of Doctor of Science in Technology on June 9th, 2005.  The opponent was Professor Hervé Courtois from Université Joseph Fourier, U.F.R. de Physique, Grenoble, France, and supervisor Acad. Professor Jukka Pekola.

Antti Finne defended his  thesis Experiments on vortex dynamics in superfluid 3He for the degree of  Doctor of Science in Technology on September 23rd, 2005. The opponent was Professor W.F. Vinen from University of Birmingham, and supervisor Professor Matti Krusius.

René Lindell defended his thesis Josephson Junction Devices and Detectors Based on Incoherent Cooper Pair Tunneling for the degree of Doctor of Science in Technology on October 21st, 2005. The opponent was Professor Frank Hekking from CNRS, Grenoble, France, and supervisor Professor Pertti Hakonen.

Marjatta Pohja defended her thesis Motor cortex-muscle oscillatory communication in health and disease for the degree of Doctor in Medicine on October 28th, 2005. 
The opponent was Professor Takashi Nagamine from University of Kyoto, Japan and supervisors Professor Riitta Hari and docent Stephan Salenius.

TECHNICAL SERVICES
Machine shop

S. Kaivola, A. Huvila, J. Kaasinen, and M. Korhonen
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The distribution of workshop usage Total hours was 1435.
CRYOGENIC LIQUIDS 

A. Isomäki and A. Huvila
Liquid helium
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The  total amount of liquid helium purchased was 41400 l and the user distribution is depicted above.

Liquid nitrogen
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Total production of liquid nitrogen was 45 000 l.
ACTIVITIES OF THE PERSONNEL

AWARDS AND HONORS

Riitta Hari 

was awarded honorary doctorate in medicine in Kuopio University on June 11th. 
Sanna Malinen

won 1st prize in a national poster competition, LFT-Days, Kuopio, Finland, 10.2. 
PERSONNEL WORKING ABROAD

Eltsov Vladimir, Institute of Experimental Physics, Slovak Academy of Sciences, Research Center, Kosice, Slovakia, 25.4. - 6.5. 
Heikkilä Tero, NCCR Nanoscience, University of Basel, Condensed Matter Theory group, Switzerland, 15.8.2004 – 31.3.2005.

Kopnin Nikolai, Argonne National Laboratory, Argonne, Illinois, USA, 14.11. - 16.12.

Kopu Juha, Universität Karlsruhe, Karlsruhe, Germany, 3. - 14.10.  

Kujala Jan, Department of Cognitive Neuroscience, Faculty of Psychology, University of Maastricht, University, Maastricht, Netherlands, 28.2. - 4.3.  
Renvall Hanna, Centre for Neuroimaging Sciences, Institute of Psychiatry, King's College, London, England, 5.9. - 7.10. , 17.10. -  4.11.

Jousmäki Veikko, National Rehabilitation Center, Research Center, Tokorozawa, Japan, 26.7. - 10.8.

Pekola Jukka, CNRS, Research Center, Grenoble, France, 19. - 25.2.  
Tsuneta Taku, Tsukuba University, Tsukuba, Japan, 3. - 12.5.
CONFERENCE PARTICIPATION AND LABORATORY VISITS

Alles

Poster, New growth mode in 3He crystals, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Invited talk, The surface of helium crystals, Ultra-Low Temperature Conference (ULT 2005), Gainesville, USA (18. - 20.8.)

Berglund

Visit, Kamerlingh Onnes Laboratory, Leiden, Holland (11.1.)
Eltsov

Invited talk, Propagation of vortex front in rotating superfluid, Superfluids under Rotation (SUR-2005), Manchester, UK (4. - 8.4.)

Invited talk, Novel phenomena in hydrodynamics of rotating superfluid, 24th International Conference on Low Temperature Physics, Orlando, USA (10. - 17.8.)

Poster, Propagation of the vortex front in rotating superfluid, Ultra-Low Temperature Conference 2005, Gainesville, USA (18. - 20.8.)

Invited talk, Propagation of vortex front in rotating superfluid, Universal Features in Turbulence: From Quantum to Cosmological Scales, Coventry, UK (5. - 10.12.)

Finne


Invited talk, NMR measurement of vortex formation and dynamics in rotating superfluid 3He-B as a function of mutual friction damping, Workshop on New Experimental Techniques for the Study of Quantum Turbulence, Trieste, Italy (6. - 10.6.)

Poster, Relaxation of a helical vortex cluster, 24th International Conference on Low Temperature Physics (LT24), Orlando, Florida (10. - 17.8.)

Invited talk, Vortex multiplication in applied flow: the precursor to superfluid turbulence, Ultra-low Temperature Conference (ULT-2005), Gainesville, Florida, USA (18. - 20.8.)

Forss

Invited talk, Central processing of acute and chronic pain, 6th Physiatrics Summer School, ORTON hospital, Helsinki, Finland (15.9.)

Invited talk, Aivojen plastisiteetti CRPS:sä, Suomen kivuntutkimusyhdistyksen seminaari, Biomedicum Helsinki, Finland (22.11.)

Invited talk, Akuutin ja kroonisen kivun aivomekanismit, Neurologiapäivät 2005, Helsinki, Finland (17. - 18.3.)

Invited talk, Functional brain imaging, Neuroscience Graduate School, Viikki Helsinki, Finland (15.4.)

Gunnarsson

Participation, SQUBIT-2 meeting, Karlsruhe, Germany (11. - 14.10.)

Hakonen

Participation, Nanotechnology - turning nanoscience into business, Espoo, Finland (3.2.)

Invited talk, Quantum device applications of mesoscopic superconductivity, Topology in Ordered Phases, Sapporo, Japan (7. - 10.3.)

Lecture, Quantum inductance and quantum capacitance of superconducting Cooper pair transistor, visit to NEC Research Laboratories, Tsukuba, Japan (11.3.)

Invited talk, Shot noise and electron-phonon coupling in carbon nanotubes, Sixth International Conference on Science and Application of Carbon Nanotubes NT-05, Gothenburg, Sweden (26.6. - 1.7.)

Poster, Shot noise and electron-phonon coupling in carbon nanotubes, Sixth International Conference on Science and Application of Carbon Nanotubes NT-05, Gothenburg, Sweden (26.6. - 1.7.)

Poster, Tunneling spectroscopy of disordered multiwalled carbon nanotubes, Sixth International Conference on Science and Application of Carbon Nanotubes NT-05, Gothenburg, Sweden (26.6. - 1.7.)

Participation, Computational Challenges and Tools for Nanotubes, Gothenburg, Sweden (26.6.)

Poster, Landau-Zener interferometry in a Cooper pair box, Fundamental Problems in Mesoscopic Physics, Maratea, Italy (3. - 8.9.)

Invited comment, Charge qubits as Landau-Zener interferometers, SQUBIT-2/RSFQubit/EuroSQIP workshop, Karlsruhe, Germany (12. - 14.10.)

Invited talk, Shot noise and electron-phonon coupling in carbon nanotubes, Sixth International Conference on Science and Application of Carbon Nanotubes NT-05, Gothenburg, Sweden (26.6. - 1.7.)

Hari

Invited comment, fMRI results from the TKK AMI Centre, GE Healthcare Medical Advisory Board Meeting (3T devices), Bologna, Italy (16. - 17.2.)

Participation, 1st European GE 3T Users' Meeting, Bologna, Italy (18.2.)

Lecture, Audiotactile interaction, Helsinki Winter School in Cognitive Neuroscience 2005, Lammi, Finland (2. - 11.3.)

Lecture, Auditory frequency tagging, Helsinki Winter School in Cognitive Neuroscience 2005, Lammi, Finland (2. - 11.3.)

Invited talk, Reactions and brain activations to seeing other persons’ actions, Biology of Cognition, Helsinki, Finland (9.4.)

Participation, Biology of Cognition, Helsinki, Finland (8. - 9.4.)

Participation, Annual Meeting of National Academy of Sciences, Washington, USA (30.4. - 3.5.)

Invited talk, Understanding actions: Insights from studies of the human mirror-neuron system, 12th European Congress of Clinical Neurophysiology, Stockholm, Sweden (8. - 12.5.)

Invited talk, The role of the inferior frontal gyrus in imitation and communication, The Origin of Man, Language and Languages: Phylogeny and Ontogeny of Human Communication, Ferrara, Italy (2. - 4.6.)

Invited plenary talk, Assessing mind by reading brain and body, Sigrid Jusélius 75th Anniversary Symposium, Helsinki, Biomedicum, Finland (9.6.)

Lecture, Ihmisaivojen kuvantaminen -- Human brain imaging, Lääketieteen opiskelijoiden neurobiologian kurssi/Neurobiology for medical students/University of Helsinki, Helsinki, Finland (5.9.)

Invited plenary talk, Pysyvätkö ajatuksemme piilossa vaikka aivokuvantaminen tarkentuu? Do our thoughts remain private despite improving accuracy of brain imaging?, Itä-Suomen Lääketiede, Kuopio, Finland (21.9.)

Invited talk, Action-perception link in human brain function, SCIL-CICERO Colloquim, Stanford, USA (13. - 14.10.)

Invited talk, How brain imaging has changed our views about human brain function, Meeting of the Department of Neurosurgery, Helsinki University Central Hospital, Helsinki, Finland (25.10.)

Invited talk, Action, perception and the cortical mu rhythm, Neurobiology Club, Lund, Sweden (4.11.)

Invited talk, Ihmisaivojen peilisolujärjestelmistä/Mirroring systems of the human brain, HUS Psykiatrian klinikan meeting, Helsinki, Finland (22.11.)

Invited talk, Tiederahoitus tutkijan näkökulmasta/Science funding from a scientist's viewpoint, TUTKAS/kokous, Eduskunta, Helsinki, Finland (22.11.)

Invited talk, Matkimisesta. About imitation. Kognitiopiiri, Helsinki, Finland (13.12.)

Lecture, Aivotukimusyksikön toiminnasta. About scientific programme of the BRU., Suomen sisätautiprofessorien vierailu kylmälaboratorioon ja AMIin, Espoo, Finland (15.12.)

Lecture, Introduction to Systems Neuroscience (total 16 hours), Lecture courses for Neuroscience Center, University of Helsinki & TKK, Espoo, TKK, Finland (18.11. - 16.12.)

Heikkilä

Poster, Measuring non-Gaussian fluctuations through incoherent Cooper pair tunneling, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Poster, Thermopower induced by a supercurrent in superconductor - normal-metal structures, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Helenius

Participation, Human Brain Development, Helsinki, Finland (25. - 26.5.)

Henriksson 

Poster with Raninen, Näsänen, Hyvärinen, and Vanni, Ipsilateral processing of residual vision after hemianopia rehabilitation, Human Brain Mapping, Toronto, Canada (12. - 16.6.)

Hiltunen

Participation, Workshop on Methods for Quantitative Diffusion MRI of the Human Brain, Lake Louise, Alberta, Canada (12. - 16.3.)

Hlushchuk

Oral presentation, Phasic deactivation of human ipsilateral somatosensory cortex during tactile stimulation, 35th Annual Meeting of Society for Neuroscience, Washignton, DC, USA (12. - 16.11.)

Jousmäki

Participation, Neuroscience 2005, Yokohama, Japan (26. - 28.7.)

Invited talk, Artefacts in MEG, Biomag Meeting, Helsinki, Finland (19.9.)

Lecture, MEG overview, UCSD System Start Training, San Diego, USA (30.9. - 14.10.)

Lecture, Stimulator models and possibilities, UCSD System Start Training, San Diego, USA (30.9. - 14.10.)

Oral presentation, Mitä aivoissa tapahtuu, Fysiikan yö, Heureka, Vantaa, Suomi (1.12.)

Junes

Oral presentation, Surface of a 3He crystal: crossover from quantum to classical behavior, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 19.3.)

Kirveskari

Lecture, MEG tänään - tekniikka ja kliininen käyttö, Seminar series of the Dept of Clinical Neurophysiology, Oulu University Hospital, Oulu, Finland (16.11.)

Lecture, Presurgical functional mapping of the human brain, International MEG Introductory Training Course, (Elekta Neuromag), Helsinki, Finland (25. - 29.4.)

Invited talk, MEG in focus localization, European Congress of Clinical Neurophysiology, Stockholm, Sweden (9. - 11.5.)

Kopnin

Invited talk, Vortex instability and the onset of superfluid turbulence, Tenth International Vortex State Studies Workshop, Mumbai, India (9. - 14.1.)

Invited talk, Geometrical and Andreev quantization in mesoscopic superconductors, Landau Days 2005, Moscow-Chernogolovka, Russia (19. - 22.6.)

Invited talk, Giant oscillations of energy levels in mesoscopic superconductors, International Argonne Fall Workshop on Nanophysics V: Nanoscale superconductivity and Magnetism, Argonne, Illinois, USA (14. - 18.11.)

Kopu

Poster, Propagation of quantized vortices as a twisted cluster, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 19.3.)

Invited talk, Vortex multiplication in applied flow - the precursor to superfluid turbulence, Superfluids under Rotation (SUR-2005), Manchester, United Kingdom (4. - 8.4.)

Poster, Propagation of quantized vorticity in a rotating column, LT24, Orlando, Florida, USA (10. - 17.8.)

Poster, NMR response of a helical vortex cluster, ULT-2005, Gainesville, Florida, USA (18. - 20.8.)

Krusius

Invited talk, Vortex formation and turbulence in rotating superfluid 3He-B under neutron irradiation, Superfluids under Rotation (SUR-2005), Manchester University, UK (4. - 8.4.)

Invited talk, The dynamics of quantized vortex lines in He superfluids, Cosmological Phenomena and their Condenser Matter Analogues (COSLAB), Smolenice, Slovakia, Slovakia (28. - 3.9.)

Invited talk, The dynamics of vortex formation in He superfluids, Universal Features in Turbulence: From Quantum to Cosmological Scales, University of Warwick, Coventry, UK, England (5. - 9.12.)

Kujala

Oral presentation, Cortical connectivity in a continuous task, Organization for Human Brain Mapping 11th annual meeting, Toronto, Kanada (12. - 16.6.)

Poster, Cortical connectivity in a continuous reading task, Norfa FUNNET symposium, Bergen, Norway (22. - 24.8.)

Invited talk, Functional network analysis of MEG oscillatory data, Complex Neural Systems, Espoo, Finland (29.8.)

Liljeström

Poster, Two routes for naming objects, one for naming actions?, Norfa FUNNET Symposium, Bergen, Norway (22. - 24.8.)

Lindell

Oral presentation, Effect of non-Gaussian noise in small Josephson junctions, 4-th International Conference on Unsolved Problems of Noise and Fluctuations in Physics, Biology & High Technology, Gallipoli (Lecce), Italy (6. - 10.6.)

Malinen

Poster, Cardiac-triggered fMRI: Application to study somatotopic organization in the human brain, LFT-päivä, Kuopio, Finland (10.2.)

Poster, Somatotopic organization in the human thalamus detected by cardiac-triggered fMRI, Human Brain Mapping 2005, Toronto, Canada (12. - 16.6.)

Meschke

Oral presentation, New materials for sub-kelvin solid state coolers, The 9th International Workshop, From Andreev Reflection to the Earliest Universe, Björkliden, Kiruna, Sweden (2. - 9.4.)

Oral presentation, New materials for sub-Kelvin solid state SINIS coolers, European Space Cryogenics Workshop, Nordwijk, The Netherlands (14. - 16.6.)

Oral presentation, Experimental study of hysteretic Josephson junctions as threshold detectors of shot noise, ICNF 2005, Salamanca, Spain (19. - 23.9.)

Paalanen

Visit, University of Leiden, Kamerlingh Onnes Laboratory, Leiden, Holland, (11.1.)
Participation, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 21.3.)

Participation, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Invited talk, Shot noise in carbon nanotubes, Quantum Coherence and Decoherence at the Nanoscale, Corfu, Creece (28.8. - 2.9.)

Invited talk, Microrefrigeration and nanothermometry, Frontiers in Low Temperature Physics, Gothenburg, Sweden (2. - 3.12.)

Participation, Third European Conference on Research Infrastructures, Nottingham, UK (6. - 7.12.)

Invited talk, Quantum Hall effect - what next?, MIKES Inauguration Seminar, Espoo, Finland (17. - 18.11.)

Parkkonen

Invited talk, What it takes to run an MEG/EEG experiment, Human Brain Mapping, MEG/EEG course, Toronto, Canada (12. - 16.6.)

Parviainen

Poster, Cortical processing of speech and nonspeech sounds in 7- to 8-year-old children, Human Brain Mapping Conference, Toronto, Canada (12. - 16.6.)

Pekola

Lecture, Nanoelektroniikka ja molekyylien käyttö elektronisissa laitteissa, Tieteen päivät 2005, Helsinki, Finland (12. - 16.1.)

Invited talk, Matalissa lämpötiloissa toimivien suprajohtavien elementtien käyttö mikro- ja nanoelektroniikan komponentteina, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 19.3.)

Invited talk, Electronic micro-refrigeration and thermometry, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Invited talk, Evidence of Cooper pair pumping with combined flux and voltage control, Fundamental Problems of Mesoscopic Physics (ESF research conference), Aquafredda di Maratea (near Naples), Italy (3. - 8.9.)

Invited talk, Josephson junction devices in quantum limit, Quantum Properties of Nano Structures, Jyväskylä, Nanoscience centre, Finland (24. - 26.10.)

Oral presentation, Josephson junction threshold detectors, RSFQubit and SQUBIT2 -Workshop, Karlsruhe, Germany (12. - 14.10.)

Lecture, Josephson junction threshold detectors in quantum limit, University of Stuttgart, Germany (15.12.)

Lecture, Cooper pair pumps for detection of Berry phase and for metrology, University of Tubingen, Germany (16.12.)

Raij

Lecture, Kivun subjektiivisen todellisuuden aivovasteet, Kipuklinikan kokous, HYKS, Finland (12.5.)

Lecture, Hypnoosi, kipu ja kivun todellisuuden aivovasteet, Anestesiologian klinikan kokous, Anestesiologian klinikka, Finland (9.12.)

Renvall Hanna

Invited talk, Sensory processing in dyslexia, State of The Art in Dyslexia Research, Berlin, Germany (23. - 25.9.)

Renvall Ville

Poster, Physical simulation of blood oxygen level variation in functional magnetic resonance imaging, Lääketieteellisen fysiikan ja tekniikan päivä, Kuopio, Finland (10.2.)

Saarela

Lecture, Social cognition and theory of mind in the cognitive brain research, Modern Cognitive Science Seminar, Helsinki, Finland (20.1.)

Poster, Brain activation during observing acute pain in faces of patients with chronic pain, 11th Annual Meeting of the Organization For Human Brain Mapping, Toronto, Canada (12. - 17.6.)

Participation, May Symposium on Human Brain Development, Helsinki, Finland (25. - 26.5.)

Invited talk, Brain responses to pain observed from the faces of chronic pain patients, Seminar of Pain Clinic, Helsinki University Hospital, Helsinki, Finland (3.11.)

Participation, 5th International fMRI Meeting and Autumn School + Brain Voyager course, Sorrento, Naples, Italy (18. - 21.11.)

Invited talk, Social cognition in nonhuman species, Moderni kognitiotiede -seminaari, Helsinki, Finland (1.12.)

Salmela

Poster, Thermometry for 3He/4He adiabatic melting experiment, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 19.3.)

Salmelin

Invited talk, Cortical dynamics of language function and dysfunction, McGill University Centre for Research on Language, Mind and Brain Speaker Series, Montreal, Canada (4.2.)

Participation, Workshop of ESF Network Steering Committee, Berlin, Germany (11. - 13.3.)

Invited talk, Aivotutkimus TKK:lla (Brain research at TKK), Studiehandledaredagen på TH, Espoo, Finland (29.4.)

Invited talk, Magnetoencephalographic neuronal oscillations, 12th European Congress of Clinical Neurophysiology, Stockholm, Sweden (8. - 12.5.)

Invited talk, Cortical dynamics of language perception in children learning to read, Human Brain Development, Helsinki, Finland (25. - 26.5.)

Invited talk, Rhythmic activity in characterization of motor and cognitive processing, MEG Localization and Characterization of Oscillatory Brain Activities, Lyon, France (27.5.)

Invited talk, Cortical dynamics of language perception, Workshop on the Applications of Magnetoencephalography, Lyon, France (28.5.)

Invited talk, MEG in cognitive neuroscience, MEG/EEG Course, 11th Annual Meeting of the Organization for Human Brain Mapping, Toronto, Canada (12. - 16.6.)

Invited talk, What were you expecting? Cortical effects of expectation and its breakdown in language perception, James S. McDonnell Foundation 21st Century Science Initiative 2005 Program Meeting, New York, USA (6. - 8.6.)

Invited comment, Standard analysis protocols? Language, MEG Applications Conference, Xylocastro, Greece (16. - 17.9.)

Invited comment, Future applications: Power and coherence of rhythmic activity, MEG Applications Conference, Xylocastro, Greece (16. - 17.9.)

Invited plenary talk, Time-sensitive neuroimaging of language perception, 16th Meeting of the International Society for Brain Electromagnetic Topography (ISBET2005), Bern, Switzerland (5. - 8.10.)

Invited talk, Language in the brain - time matters, NeuroCafe seminar series, Espoo, Finland (25.11.)

Savin

Poster, RSFQ circuits for low noise mK operation, 10th International Superconductive Electronics Conference, Noordwijk, Netherlands (5. - 9.9.)

Oral presentation, Thermal budget of RSFQ circuits at sub-kelvin temperatures, RSFQubit Project Annual Meeting, Nordwijk, Netherlands (5.9.)

Oral presentation, Thermal budget of superconducting digital circuits at sub-kelvin temperatures, SQUBIT-2/RSFQubit/EuroSQIP Workshop, Karlsruhe, Germany (12. - 14.10.)

Oral presentation, Evaluation of noise properties of RSFQ circuits, RSFQubit Annual Review Meeting, Brussels, Belgium (11.11.)

Seppä

Participation, Workshop on Methods for Quantitative Diffusion MRI of Human Brain, Lake Louise, Canada (12. - 16.3.)

Sillanpää

Poster, Direct observation of quantum renormalization of capacitance, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland (17. - 19.3.)

Invited talk, Band Engineering in Cooper-pair box: dispersive measurements of charge and phase, 24th International Conference on Low Temperature Physics, Orlando (LT24), Florida, USA (10. - 17.8.)

Stenbacka

Poster, Saccade-related activity in human peripheral V1, Annual meeting of Society for Neuroscience, Washington DC, USA (12. - 16.11.)

Todoshchenko

Poster, Growth dynamics and faceting of 3He crystals, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Oral presentation, Growth and faceting of 3He crystals, International Conference on Ultra-Low Temperature Physics (ULT-2005), Gainesville, USA (18. - 20.8.)

Tuoriniemi

Oral presentation, NMR Response of highly polarized and magnetically ordered nuclei in lithium metal down to nanokelvin temperatures, 24th International Conference on Low Temperature Physics (LT24), Orlando, Florida, USA (10. - 17.8.)

Poster, Melting pressure thermometry for dilute 3He-4He Mixtures, 24th International Conference on Low Temperature Physics (LT24), Orlando, Florida, USA (10. - 17.8.)

Poster, Nuclear Magnetism and Superconductivity in Lithium, Ultra-low Temperature Conference (ULT-2005), Gainesville, Florida, USA (18. - 20.8.)

Uusvuori

Poster, Cortical dynamics of phonological and semantic analysis of spoken words, Human Brain Mapping 2005, Toronto, Canada (12. - 16.6.)

Vanni

Invited talk, Hemianopian kuntoutus johtaa aivokuoren plastisiin muutoksiin, Neurologian klinikan tiistaiseminaari, HUS, Helsinki, Finland (11.10.)

Poster with Goh, James, Henriksson, Multifocal fMRI derivation of the 3D structure and magnification factor of human primary visual cortex, Vision Sciences Society, Sarasota, USA (6.5.2005 - 31.12.1969)

Poster with Hyvärinen, Raninen, Näsänen, Rehabilitation of homonymous hemianopia, 15th Congress Societas Ophthalmologica Europaea, Berlin, Germany (25. - 29.9.)
Poster with James, Goh, Henriksson, Multifocal 60-region fMRI mapping of human visual cortex, Vision Sciences Society, Sarasote, USA (6. - 11.5.)

Vartiainen Juha

Invited talk, Unitary transformations for quantum computing, Quantum Information - Theory and Practise (QITaP), Gaithersburg, NIST, USA (21.4.)

Oral presentation, Suprajohtavat virtapiirit - kvanttimekaaninen pyykkilauta, Laskennallisten tieteiden seminaari, Jyväskylä, Finland (14. - 15.4.)

Poster, Applications of decompositions for synthesis of quantum gate arrays, ERATO Conference on Quantum Information Science 2005, Tokyo, Japan (26. - 30.8.)

Oral presentation, Warp-Drive Quantum Computation, ERATO Conference on Quantum Information Science 2005, Tokyo, Japan (26. - 30.8.)

Oral presentation, Cooper pair pumping using multi-SQUID sluice, Quantum Computing 2005: Algorithms, Physical Realizations, Osaka, Japan (1. - 2.9.)

Vartiainen Nuutti 

Poster, Acute pain processing in chronic pain patients, RIKEN Summer Program 2005: Neurobiology of Mental Disorders and the Mind, Wako, Japan (12. - 22.7.)

Lecture, Aivojen toiminnallinen kuvantaminen – ikkuna aivoihin, University of the Third Age at the University of Helsinki, Lappeenranta, Finland (17.11.)

Lecture, Aivojen toiminnallinen kuvantaminen – ikkuna aivoihin, University of the Third Age at the University of Helsinki, Espoo, Finland (28.11.)

Lecture, Aivojen toiminnallinen kuvantaminen – ikkuna aivoihin, University of the Third Age at the University of Helsinki, Tuusula, Finland (30.11.)

Virtanen

Participation, The Capri Spring School on Transport in Nanostructures '05, Anacapri, Italy (3. - 10.4.)

Poster, Measuring non-Gaussian fluctuations through incoherent Cooper pair tunneling, NTT-BRL School 2005, Atsugi, Japan (31.10. - 4.11.)

Volovik

Participation, Editorial Board Meeting of JETP Letters, Moscow, Russia (10.2.)

Invited talk, Momentum-space topology of fermion zero modes, Chern-Simons term and quantum phase transitions, Conference on Higher Dimensional Quantum Hall Effect, Chern-Simons Theory and Non-Commutative Geometry in Condensed Matter Physics and Field Theory, Trieste, ICTP, Italy (1. - 4.3.)

Lecture, Vacuum energy and cosmological constant: view from the condensed-matter island, Colloquium at University of Karlsruhe, Karlsruhe, Germany (10.3.)

Participation, Editorial Board Meeting of JETP Letters, Moscow, Russia (21.4.)

Participation, Editorial Board Meeting of journal JETP Letters, Moscow, Russia (26.5.)

Participation, Editorial Board Meeting of journal JETP Letters, Moscow, Russia (26.6.)

Invited talk, Quantum phase transitions regulated by momentum-space topology, Conference LANDAU DAYS - 2005, Chernogolovka, Russia (19. - 22.6.)

Participation, Editorial Board Meeting of JETP Letters, Moscow, Russia (27. - 30.6.)

Invited talk, Quantum phase transitions regulated by momentum-space topology, Quantum Condensates Meeting, Cambridge, UK (6. - 7.7.)

Invited talk, Momentum-space topology, anomaly and quantum phase transition, COSLAB workshop on Quantum Simulations via Analogues, Dresden, Germany (24. - 28.7.)

Invited plenary talk, Emergent physics on vacuum energy and cosmological constant, 24th International Conference on Low Temperature Physics (LT24), Orlando, USA (10. - 17.8.)

Invited plenary talk, Topology of momentum space and quantum phase transitions, 15th Conference of Slovak and Czech Physicists, Kosice, Slovakia (5. - 8.9.)

Invited talk, Vacuum energy: quantum hydrodynamics vs quantum gravity, COSLAB 2005, Smolenice, Slovakia (28.8. - 4.9.)

Invited comment, Conference summary, COSLAB 2005, Smolenice, Slovakia (28.8. - 4.9.)

Invited talk, Witten superconducting strings vs Salomaa asymmetric vortices, COSLAB 2005, Smolenice, Slovakia (28.8. - 4.9.)

Participation, Editorial Board Meeting of JETP Letters, Moscow, Russia (22.9.)

Invited talk, Quantum phase transitions from topology in momentum space, Seminar of Landau Institute, Moscow, Russia (3.11.)

Participation, Editorial Board Meeting of JETP Letters, Moscow, Russia (3.11.)

Invited talk, Momentum-space topology and universality classes of quantum vacua, Workshop on Emergence of Spacetime, Waterloo, Canada (18. - 20.11.)

Invited talk, Black-hole and white-hole horizons for capillary-gravity waves in superfluids, Universal Features in Turbulence: From Quantum to Cosmological Scales, Warwick, UK (5. - 9.12.)

Participation, Editorial Board Meeting of journal JETP Letters, Moscow, Russia (29.12.)

Wu

Poster, Shot noise measurements of carbon nanotubes, The 3rd NTT-BRL School, Hon-Atsugi, Japan (1. - 6.11.)

EXPERTISE AND REFEREE ASSIGNMENTS

Alles

Chairman of the session, He crystals and surfaces, Ultra-Low Temperature Conference (ULT-2005), Gainesville, USA, 18. - 20.8.  

Eltsov

Referee, Nature, Nature Publishing Group, London, UK

Forss

Opponent, Sara Määttä, Event-related potential studies on novelty processing and distractability, Department of Clinical Neurophysiology, Kuopio University, Finland, 9.12.  

Hakonen

Visits:

· Tsukuba University, Tsukuba, Japan, 10.3.  

· NEC Research Laboratories, Tsukuba, Japan, 10.3.  

· National Institute of Materials Research, Tsukuba, Japan, 11.3.  

· Chalmers University of Technology, University, Gothenburg, Sweden, 26.4.

Chairman of the sessions:

· Topology in Ordered Phases, Sapporo, Japan, 7. - 10.3.  

· The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland 17. - 19.3.

· Quantum Coherence and Superconductivity, Fundamental Problems in Mesoscopic Physics 3-8.9.2005 Maratea, Italy

Member of the organising committee, FP2005, The XXXIX Annual Conference of the Finnish Physical Society, Espoo, Finland 17. - 19.3.
Opponent, Jaeuk Kim, Nonequilibrium transport in quantum wires, Chalmers University of Technology, Department of Physics, Gothenburg, Sweden, 26.4.  

Referee:

· Applied Physics Letters

· Journal of Applied Physics

· Physical Review Letters

Reviewer of a grant application, STINT, Stockholm, Sweden 

Hari

Adjunct Professor, Neuroscience Center, University of Helsinki

Chief physician, Dept Clinical Neurophysiol/HUSLAB, HUCH (part-time)
Visit, Stanford University (Prof. Erik Knudsen), University, Stanford, USA, 11.10.  

Visit, POSIT Science (Prof. Michael Merzenich), Private Company, San Fransisco, USA, 12.10.  

Member of medical advisory board, General Electric, General Electric Health Care (Europe; 3T MRI devices), Bologna, Italy

Member of the evaluation panel for network brain imaging in Portugal, including site visit, The Foundation for Scientific and Technological Research of Portugal (FCT), Lisbon & Coimbra, Portugal 29.9-2.10.2005, Portugal, 29.9. - 2.10.  

Member of editorial board:

· Brain Topography, Springer.

· Clinical Neurophysiology, Elsevier

· NeuroImage, Elsevier

· Neuroscience Research, Elsevier

Statements for the appointment of a professor:

· Chair in Cognitive Neuroscience, Simon Fraser University, Department of Psychology, Vancouver, Canada. 

· Professor of Neuroscience, Umeå University, Medical Faculty, Umeå, Sweden

· University of York, Department of Psychology, York, United Kingdom

Interviews:

· About "Yarning to Yawn" (published paper), BBC World Service Radio, Radio, London, United Kingdom, 20.2.

· How humans became humans, Yle Prisma Studio, TV, Helsinki, Finland, 16.2.

· Aivokuvantaminen markkinoinnissa ja taloudellisessa päätöksenteossa, Kampanja-lehti, Magazine, Helsinki, Finland, 31.5.  

· Menikö näkö? (about emotional attentional blink), Iltalehti, Alma Media, Newspaper, Helsinki, Finland, 17.8. 

Referee:

· Brain Topography

· Cerebral Cortex

·  Journal of Neuroscience  

· Neuroimage

· Neuropsychologia

· Neuroscience Letters

· Neuroscience Research 

· Pain

· PNAS, USA

Coordinator of Functional Brain Mapping,  Finland-Taiwan Scientific Cooperation in the Academy of Finland, Bilateral Exchange Programme, 1.1. - 31.12.  

Heikkilä

Referee:

· Physical Review Letters, APS, USA

· Proceedings of the 24th International Conference on Low Temperature Physics, AIP, USA

· Physical Review B, APS, USA

Helenius

Referee:

· Neuropsychologia, Elsevier

· Neuroimage, Elsevier

· Human Brain Mapping, John Wiley & Sons Inc, NJ 

· Cerebral Cortex, Oxford University Press, Oxford, UK

Jousmäki

Referee:

· Human Brain Mapping, John Wiley & Sons Inc, NJ, USA

· Neuroimage, Elsevier Inc, San Diego, CA, USA

Kopnin

Member of the Scientific Council, Landau Institute for Theoretical Physics of the Russian Academy of Sciences, Moscow, Chernogolovka, Russia, 1.9.1991 - .  

Kopu

Referee, Journal of Low Temperature Physics, Springer  

Krusius

Chairman of the session, Rotating bulk/confined superfluid 4He, Superfluids under rotation, 4 - 8 April, 2005, Manchester University, Manchester, UK, 1.1.  

Member of the board, European Physical Society, Condensed Matter

Chairman, Physics group, Finnish Academy of Sciences and Letters 

Member of editorial board, Physica B; Condensed Matter, Elsevier 
Lehtinen Teijo

Participation, European School on Nanosciences & Nanotechnologies, University, Grenoble, France, 21.8. - 10.9. 

Paalanen

Secretary of Commission C5 (Low temperature physics), International Union of Pure and Applied Physics (IUPAP), APS, College Park, Maryland, 1.1. - 31.10.

Chairman of Commission C5, 1.11.2005 - 1.11.2008.

Chairman of the session, Flux Qubits, LT24, 24th International Conference on Low Temperature Physics, Orlando, USA, 10. - 17.8.

Coordinator of ULTI, Transnational Access to Research Infrastructure, FP6 of European Commission, Espoo, Finland, 1.4.2004 - 31.3.2008.

European editor, Journal of Low Temperature Physics, Springer, New York, NY, USA, 1.9. - 31.12.

Member:

· Editorial board, Journal of Low Temperature Physics, Springer, New York, USA, 1.1. - 31.8.

· Evaluation committee, Nanoscience Center, University of Karlsruhe, Karlsruhe, Germany, 15. - 17.3.

· FinnSight 2015, Panel on Materials, Tekes and Academy of Finland, Helsinki, Finland

· Steering Board, Advanced Magnetic Imaging Center, Helsinki University of Technology, Espoo, Finland

· Steering Committee, European Science Foundation, ESF Programme on Arrays of Quantum Dots and Josephson Junctions, Strasbourg, France, 1.1.2004 - 31.12.2006.

· London Prize Selection Committee, Duke University, USA

· Working Group on Nanoscience, International Union of Pure and Applied Physics (IUPAP), Washington DC, USA, 1.1. - 31.12.

· International Advisory Committee, Topology in Ordered Phases (TOP2005), Sapporo, Japan, 7. - 10.3.

· Scientific Program Committee and International Advisory Committee, 24th International Conference on Low Temperature Physics (LT24), Orlando, Florida, USA, 10. - 17.8

· Steering board, Chalmers University of Technology, CARAMEL, a nanotube research consortium, Gothenburg, Sweden

· Steering committee, ESF-sponsored PiShift Network, University of Twente, The Netherlands

Participation, Meeting of IUPAP Working Group on Nanoscience, Paris, France, 15. - 17.4.

Statement for the appointment of a professor:

· Helsinki University of Technology, Department of Electrical Engineering, Espoo, Finland

· Physics, Texas A&M University, Department of Physics, College Station, Texas, USA

· University of Helsinki, Department of Physics, Helsinki, Finland

· Weizmann Institute, Faculty of Physics, Rehovot, Israel

Referee:

· Physical Review Letters, American Physical Society, Ridge, NY, USA

· Nature Physics, Nature Publishing Group, Hampshire, UK

Reviewer of grant applications:

· United States Israel Binational Science Foundation, Jerusalem , Israel

· National Science Foundation, Arlington VA, USA

· SSF, Stockholm, Sweden

· European Science Foundation, Strassbourg, France

Parkkonen

Visit, Institute of Cognitive Neuroscience, University College London, University, London, UK, 5. - 6.5.

Visit, McGill University, University, Montreal, Canada, 17.6.  

Pekola

Opponent for Julien Claudon, Coherent oscillations of a dc SQUID, University of Joseph Fourier, Physics Department, Grenoble, France, 27.9.  

Member of editorial board, Journal of Low Temperature Physics, Physics, New York, USA, 31.12.

Raij Tuukka

Interview, Todellinen ja suggeroitu kipu aivoissa, Radio Suomi, Radio, Finland, 2.2.  

Renvall Hanna

Visit, Centre for Neuroimaging Sciences, Institute of Psychiatry, King's College, University, London, England, 26. - 30.6.  

Referee for Neuroimage 

Salmelin

Visit, The Wellcome Trust, London, UK, 20.10.  

Chairman of the sessions:

· Neuronal oscillations and cognition, 12th European Congress of Clinical Neurophysiology, Stockholm, Sweden, 8. - 12.5.  

· MEG/EEG Course, 11th Annual Meeting of the Organization for Human Brain Mapping, Toronto, Canada, 12. - 16.6.  

· Standard analysis protocols, MEG Applications Conference 16. – 17.9.2005, Xylocastro, Greece, 16. - 17.9.  

· Development of new applications, MEG Applications Conference, Xylocastro, Greece, 16. - 17.9.  

· Language, ISBET 2005, Bern, Switzerland, 5. - 8.10.  

Chairman of the conference The Science of Aphasia VI: Recovery and treatment of aphasia - from basic neuroscience to clinic, 26.-30.8.2005, Kirkkonummi, Finland, 26. - 30.8.  

Committee member, The Wellcome Trust, Cognitive and Higher Systems Funding, London, United Kingdom, 22.9.2005 - 22.9.2006.  

Associate editor of the scientific journal, Human Brain Mapping, Wiley, Hoboken, NJ, USA. 

Member of editorial board, Neuroimage, Elsevier 

Reviewer of a grant application, Joint MRC/Wellcome Trust grant: Cambridge Behavioural and Clinical Neuroscience Centre, Funding agency, London, United Kingdom 

Savin

Working visit, University of Jyväskylä, University, Jyväskylä, Finland, 1. - 2.7.  

Sillanpää

Visits:

· National Institute of Standards and Technology, Research Center, Boulder, Colorado, USA, 3. - 6.2.  

· SUNY at Stony Brook, NY, USA, 6. - 8.2.  

· Yale University, University, New Haven, Connecticut, USA, 8. - 10.2.  

Todoshchenko

Referee for Journal of Low Temperature Physics, Springer, New York

Tuoriniemi

Remote referee for European Commission, Research Directorate, Brussel, Belgium

Member of editorial board, Cryogenics, Elsevier, Oxford, UK 

Referee for AIP Conference Proceedings, American Institute of Physics, Melville, NY, USA 

Vanni

Referee:

· Neuroimage, Elsevier, USA

· Vision Research, Elsevier

· Clinical Neurophysiology, Elsevier

· Human Brain Mapping, John Wiley & Sons, USA

· Cognitive Brain Research, Elsevier, USA

· Proceedings of the National Academy of Sciences USA (PNAS), National Academy of Sciences, USA

Vartiainen Juha

Interview, Jämsäläistutkija väittelee tulevaisuuden tietokoneista, Keski-Suomalainen, Newspaper, Jyväskylä, FINLAND, 8.4.    

Referee:

· Physical Review Letters, American Physical Society, New York, USA

· IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, IEEE Circuits and Systems Society, Piscataway, NJ , USA

· Quantum Information & Computation, Rinton Press, Paramus, NJ, USA 

· Physical Review B, American Physical Society, New York, USA

· Theoretical Computer Science, Elsevier

Volovik

Chairman of the sessions:

· Conference on Higher Dimensional Quantum Hall Effect, Chern-Simons Theory and Non-Commutative Geometry in Condensed Matter Physics and Field Theory, March 1-4,2005, Trieste, Italy, 1. - 4.3.

· Landau Days - 2005, 19-22 June 2005, Chernogolovka, Russia, 19. - 22.6.  

· Quantum simulations via analogues , Dresden, Germany, 25. - 28.7.  

· COSLAB 2005, 28.08.2005 - 04.09.2005, Smolenice, Slovakia, 29.8. - 4.9.  

· Universal Features In Turbulence: From Quantum to Cosmological Scales, 05.12.2005-09.12.2005, Warwick, UK, 5. - 9.12.  

Co-chairman,  European Science Foundation Programme, France

Membership of the organising committee, COSLAB 2005, Smolenice, Slovakia, 28.8. - 4.9.  

Organiser, Universal Features in Turbulence: from Quantum to Cosmological Scales, Warwick, UK, 5. - 10.12.  

Member of editorial board, JETP Letters, Pleiades Publishing, 31.12.  

Statement for the appointment of a professor, Victoria University of Wellington, Mathematics, Statistics and Computer Science, Wellington, New Zealand

PUBLICATIONS

 GENERAL

1. Paalanen, M., Arvioinnin professuuri Suomeen, Kemia, 32, 4, p. 37-37 (2005). 
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3.5 Researcher mobility as indicated by the present situation and the research plan. (1, 29a)
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4.3 The status of researchers of the proposed CoE in their field, especially internationally. (7, 27,
28a-b, 30)
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5. Conclusions, overall evaluation (strengths and weaknesses) and possible
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APPENDIX 2

Evaluation of Proposal for the Finnish Centre of Excellence Programme 2006 – 2011

Low Temperature Quantum Phenomena and Devices

[image: image13.jpg]ACADEMY OF FINLAND Evaluation of Proposal for the Finnish Centre of
Excellence Programme 2006-2011

Name of the peer reviewer;
(to be omitted from the final evaluation report)

Name of the panel: Thomas Bjornholm, Mats Jonson, Matthias Scheffler

Name of the leader of the proposed Centre of Excellence (CoE): Mikko Paalanen
Name of the proposed CoE: CoE on Low Temperature Quantum Phenomena and Devices

Application number: 213496

Please use the following numbers and mark the appropriate number on the form, e.g. 5 for
outstanding / great.

1=poor, 2=satisfactory, 3= good, 4 = very good, 5 = outstanding
1=none, 2 3 4 5 =great

For each specific question, a written evaluation should be also given in addition to indicating
the numbers.

The evaluation should be written on the electronic form sent to you separately. This will enable you
to use as much space as is needed to answer each question.

The numbers in parenthesis refer to the Questionnaires (Appendix 3) presented to the applicants
(enclosed).
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1.1 Scientific quality, significance and innovativeness of the planned research and its effect on the
progress of science. Possibilities for scientific breakthroughs. (1,2)
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Remarks

The proposed CoE is one of the international centers of ultra-low physics with an outstanding
record of achievements. We expect research of the highest quality to be carried out in the three
ultra-low temperatur projects within the proposed center as well. The teams involved are arguably
world leaders in their fields. Recent innovations in completely new quantum devices have laid the
ground for future scientific breakthroughs also in the field of quantum electronics research.

1.2 Feasibility of the research plan. (1, 7, 8)
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Remarks

The general research plan is excellent. The site visit gave an impression of a well managed,
enthusiastic and coherent team. As appropriate, projects with different risk profiles are proposed.
The work on superfluidity in mixtures of He-3 and He-3, for instance, has a very high risk and is
very demanding. Yet, very important and exciting new results on the supefluidity in mixed fermion
and boson systems may come out of this project, which could perhaps not be done anywhere else in
the world. The role of the long-term funding of a CoE is obviously important for these type of very
challenging experiments.

1.3 Applicability of the methods for solving the presented research hypotheses. (1)
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Remarks

The methods to be used for the ambitous research programme outlined are adequate and applicable.
Of course, the nature of good innovative research is that the outcome is not always predictable and
hence in some sense the methods applied may not always be adequate. Yet groundbreaking basic
research is essential and has to be properly supported by the Academy. Without basic research there
will soon be no applied research. '

1.4 Degree of inter- and multidisciplinary work, if any. (3)
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There are strong interdisciplinary aspects of the proposed CoE involving physics and electrical
engineering. These are represented by the nano and pico teams on the one hand (physics) and the
quantronics team on the other (electrical engineerring). The superfluid phases of He-3 is a
surprisingly rich system that has analogies with completely different areas of physics. It is beyond
the competence of the reviewers to judge the true value for the communities of cosmologists and
astrophysicists of these, but it might well be that work on superfluid helium 3 may be of
considerable value in the contexts of black hole physics and dark energy in addition to its intrinsic
value for understanding quantum liquids and solids.

1.5 International systematic and in-depth research collaboration. (4, 11)
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Remarks

By a tradition going back to the cold war era the proposed CoE has very strong ties with Russian
science. This is still true today and in particular provides excellent theoretical support, not least for
the helium work. The Lab is one of only nine single-site infrastructures with "transnational access"
funded by the EU under FP6 till 2008. Its role is to provide infrastructure in low temperature
physics research, which will bring many visiting scientist to Helsinki and benefit the proposed CoE
greatly. The proposed CoE is also active in other EU programs under FP5 and FP6.The
participation of VTT should guarantee good contacts with industrial enterprises. (cf. under 2.1)

1.6  Structure and organisation of the proposed CoE. (7, 14)
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Remarks

Two organisations are involved, the LTL at TKK (80% of the effort) and the VTT (20%). The
independent status of the LTL is an asset and the involvement of VTT is well motivated. The
proposed CoE has a good and balanced structure.

1.7  Critical mass and density. (7)
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Remarks

The overall size of the proposed CoE as well as the balance between senior researchers, postdocs
and students appears to be very close to optimal.





[image: image16.jpg]1.8 How do the plans of the individual research teams contribute to the research plan of the
proposed CoE as a whole? Are there synergy benefits? What is the specific added value to
working as a CoE? (1,10)
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The proposed CoE will have expertise ranging from fundamental physics to applications in the
relevant area. Direct collaboration between the experimental groups working on liquid and solid
helium and the groups working on low temperature nanoelectronics is not so evident but they share
important cryoengineering expertise and theoretical support (it is rather easier for theoreticians to
move from one quantum system to the other than for experimentalists).

1.9 Is the planned level of funding and funding structure appropriate?
Commitment of the host organisation to support the proposed CoE. (8)
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Remarks

The level of funding seems entirely appropriate. Whether the structure of the funding is appropriate
is difficult for this, which is not familiar with the Finnish funding structure, to determine. The
commitment from the host organizations (that of the TKK. being the most relevant) seems very
strong and is for instance manifested in the new building under construction (renovation) for the
LTL.

1.10 Integration of research with the host organisation’s strategies. (5)
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Remarks

The LTL is well connected to recent strategic initiatives of the TKK, such as the Center for New
Materials and the Center for Microelectronics and Nanotechnology (the latter jointly with VTT).
The CoE also connects well with the VIT innovation strategy, which is based on the physical
sciences and biotechnology.

1.11 Innovativeness and renewal of the new research plan compared to the plans of the CoE funded
in the Finnish Centre of Excellence Programme 2000-2005. (6) (To be answered if the
candidate CoE has been a CoE in the previous CoE programme.)

1 2 3 4 5
O000K

Remarks

A significant reorientation of the proposed CoE compared to the current one has been made. The
brain research unit of the LTL has been dropped and the quantronics eroun from the VTT has been





[image: image17.jpg]added as has the pico group of Prof. Pekkola. The relative weight of the nanoelectronics effort in
the proposed CoE has therefore increased compared to the quantum systems (helium) effort
reflecting a renewal of the research programme of the LTL.

2. Research environment

2.1 Cooperation with foreign research units, teams and enterprises.
Significance and depth of this cooperation and contribution of the foreign partners to the
implementation of the research plan of the proposed CoE. 4,11,13)
1 2 3 4 5
EIESE  RlAEEX

Remarks

By a tradition going back to the cold war era the proposed CoE has very strong ties with Russian
science. This is still true today and in particular provides excellent theoretical support, not least for
the helium work. The Lab is one of only nine single-site infrastructures with "transnational access”
funded by the EU under FP6 till 2008. Its role is to provide infrastructure in low temperature
physics research, which will bring many visiting scientist to the Lab and benefit the proposed CoE
greatly. The proposed CoE is also active in other EU programs under FP5 and FP6.The
participation of VTT should guarantee good contacts with industrial enterprises. (cf under 1.5)

22 Cooperation with Finnish research units, teams and enterprises.
Significance of this cooperation and contribution of the partners to the implementation of the
research plan of the proposed CoE. (12, 13)
1 2 -3 4. 5
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Remarks

The proposed CoE reports collaboration with 10 domestic research groups all over Finland. This
level of collaboration seems more than adequate for a Centre of Excellence.

2.3 Management, cohesion and division of tasks between the research groups of the proposed
CoE. Does the proposed CoE form a coherent unit' or network with added value oris it a
loose collaborative network without a strong coherence and joint research goals. (14)
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'CoEisa high-quality research and researcher training unit that consists of one or more high-level research teams. It
has the potential to become an international leader in its field. It has a clear set of common objectives and works under
the same management. CoE may be a unit operating within a university or research institute, or an assembly of units or
research teams and researchers working in several different organisations. It may also be operatine in collaboration with
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The leader of the proposed CoE seems to the reviewers to be just the right person to be able to
create and maintain an innovative environment where scientists can concentrate on doing good
science. The adminsitration of the CoE promises to be light but effective. The added value and
coherence among the participating groups will come from everybody's work on low temperature
quantum phenomena, shared expertise in the highly nontrivial cryoengineering know-how and
shared in-house theoretical support

2.4 Promotion of researcher careers. (15)
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Remarks

PhDs get postdoc positions at leading laboratories abroad. The proposed CoE has many visitors and
is active in organizing meetings and conferences, where graduates students meet established
scientists. Studetns are given responsibilities early on. The atmosphere between research leaders
and students appears from the site visit to be very good.

2.5 Quality and number of foreign researchers in the proposed CoE as indicated by the present
situation and the research plan. (1, 7, 29b-c)
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Remarks

On the average 2.3 scientists visiting at any time during 2000-2004. The level of the visitors is very
high (and includes a number of Nobel Laureates)

2.6  Infrastructure and other facilities (incl. core facilities). (16a-c)
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Remarks

The cryohall of the Low Temperature Laboratory (LTL) is one of the best equipped in the world.
The proposed CoE also has access to class 10/100 cleanroom with all the modern microelectronics
procesing equipment. The LTL will move to a new building next year, which will improve the
facilities for the low temperature quantum electronics effort of the proposed CoE (a relatively new
direction for the LTL).

2.7 Promotion of creative research environment. How would the proposed CoE foster the
development of a wider research environment in its field of study? (17a-b)
1.2 -3 4d=.§
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The track record is very good and is based on very good leadership, strong theoretical support to the
experimental programmes, a healthy mixture of basic and applied research, and being a leader in
Linstrumem development.

2.8 Transfer of know-how outside the proposed CoE. (18, 24-26)
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Remarks

The leader of the proposed CoE told the panel that in his opinion the most important transfer of
know-how from an academic institution is through well trained PhDs. This is a view that this panel
very much agrees with. All indications are that the proposed CoE will be highly succesful in
training PhD students as well as publishing the results of their work in professional and popular
journals. In addition the potential for making and commercializing innovations is very high,
particularly on the nanoelectronics side. The participation of the VTT in the proposed CoE is very
significant in this respect, since they provide a link between the scientists doing fundamental
research and industry. This enables the scientists to concentrate on what they do best - basic
research - at the same time as they have access to people who are skilled at making contact with
industry - not a trivial task. The track record is very good, with 20 patents granted in the period
2000-2004 and 18 more pending. It is worth mentioning that the commercialization of the Coulomb
blockade-based thermometer by Prof. Pekkola was the first succesful commercialization of a
"single-electronics” device.

3. Success and potential of the proposed CoE in researcher training

3.1 Organisation of researcher training as well as professional approach in researcher training and
supervision. (19)
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5 R 3
Remarks

Students are recruited already during their undergraduate studies, which typically gives them 1-2
years laboratory experience before they start their PhD work and hence a good start. The excellent
quality of the senior staff gurantees very high level supervision. The inclusion of the VTT group in
the proposed CoE will increase the application awareness of the graduate students.
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To gain critical strength and and expertise in teaching low temperature physics and quantum
devices aat a high level, the LTL has organized a "European Cryogenic School" together with six
other laboratories in France, Spain, Switzerland, Portugal and England with European funding. The
plans to continue this effort are to be commended.

3.3 Involvement of the proposed CoE in the Ministry of Education graduate schools. (19)
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Remarks

The proposed CoE is a founding member of the National Graduate School of Material Science and
has organized three scientific workshops within the framework of the school since 2000. Future
workshops will strengthen the European aspect (see under 3.2)

3.4 Success of supervisors in researcher training. (20, 21)
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3.5 Researcher mobility as indicated by the present situation and the research plan. (1, 29a)
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Remarks

The groups of the proposed CoE are very well connected to the international community. Several
group leaders have been hired rather recently in connection with a gradual reorientation of the LTL
research programme towards quantum device physics.

3.6 Demand for researchers and experts in the field of the proposed CoE. (22)
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Remarks

The demand for researchers in nanoelectronics and quantum devices is significant and increasing,
while the demand in the area of superfluid research is less pronounced but still important to meet.
The industrial demand for expertise in cryoenegineering and low temperature physics is small.
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4.1a Quality and quantity of scientific publications. (23a-b)
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The list of publications in the prestigeous journal"Physical Review Letters" is particularly
impressive, containing about 1 in 5 of all PRL articles published from all of Finland (and 40% of
those published from TKK) in the period 2000-2004. There is a good balance between groups here.

4.1b Quality and quantity of other scientific output. (23a,c,d)
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Remarks

A large number of patents and an impressive list of five most significant discoveries and other
innovations are reported [the latter published respectively in Science (1), Nature (1) and Physical
Review Letters (3)].

4.2 Improving professional and public understanding of science. (24-26)
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Remarks <

The LTL is highly visible in the media.

4.3 The status of researchers of the proposed CoE in their field, especially internationally. (7, 27,
28a-b, 30)
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Indicators for very high status include: international prizes to Krusius (the very prestigeous Fritz
London Prize), Volovik, Knuuttila; organization of major conferences (LT22); coordination of and
partnerships in international research programmes.
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5. Conclusions, overall evaluation (strengths and weaknesses) and possible
suggestions

Tt would be very surprising to the panel if this CoE would not be funded. We think it definitely
should be.

The Low Temperature Laboratory is one of the international centers of ultra-low physics with an
outstanding record of achievements. We expect research of the highest quality to be carried out in
the three ultra-low temperature projects within the proposed center. This field is perhaps not broad,
but there are clearly more discoveries to be made and the proposed CoE arguably has the world
leaders amonyg its staff.

As for the quantum device physics projects, which also involve a group at VTT, the recent
innovations in completely novel devices are strong indicators for future scientific breakthroughs
also in this broader and more competetive field. The center is well positioned to assume a similar
leading role in this area as they have already done in the area of quantum fluids research.

Based on the application and the site visit, please give your opinion/evaluation on
how close to the international scientific top in its own field the CoE candidate is:
It belongs to the
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