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PREFACE

On January 1, 2010, Aalto University (AU) became an independent foundation and started its full operation having merged three former state-run universities. Aalto University School of Science and Technology was further reorganized into four new schools of technology during 2010. Within this organization, LTL now belongs to the new School of Science as an independent unit, similarly as the Language Centre and the Helsinki Institute for Information Technology HIIT. The director of LTL, who earlier was directly under the Rector, is now under the Vice Rector of Academic affairs.

One of the central principles of Aalto University is that “all researchers teach and all teachers do research work”. Accordingly, the researchers of the two Centers of Excellence of LTL must be employed to educate and to inspire young students. The senior members of LTL have been negotiating with the leaders of Aalto how the framework of education for LTL should be organized and integrated with the departments. In May 2010, Director Mikko Paalanen and seven other senior members of LTL sent a plan of integration actions to Vice Rectors Heikki Mannila and Jorma Kyyrä. Due to unexpected circumstances, this plan is still under negotiations and refinements.

The administration of the laboratory was exceptionally challenging during the past year because of the new Aalto procedures and because the LTL secretary team renewed almost totally within one year. Katariina Toivonen took over as the head of the team after Pirjo Muukkonen moved to work as a controller in the School of Chemical Technology. Despite the hard work load, Katariina and her new crew managed to keep the wheels running smoothly.

Acad. Prof. Riitta Hari was appointed as an Academician of Science in November 2010. The position is for lifetime, and only 12 scientists in Finland can simultaneously have this honorary title. The founder of the LTL, Olli. V. Lounasmaa was an Academician of Science from 1997 until his death in 2002.

The Academy of Finland opened its infrastructure call FIRI2010 in October 2010. Low Temperature Laboratory filed in two applications: 1) Upgrade of Cryohall and 2) NEUROMRI—MRI upgrade for the Advanced Magnetic Imaging Centre of the NEUROIMAGING infrastructure, which involved both Aalto University and University of Helsinki. On the AU ranking lists, “Upgrade of Cryohall” was ranked as the highest among the single unit applications while the NEUROIMAGING application was on top in the category of multi-institute consortiums. Both infrastructure plans were accepted by the Academy of Finland.

The ERC Young Investigator Grants of Tero Heikkilä and Mika Sillanpää started in 2010, and further success in the ERC applications was achieved: Sorin Paraoanu was elected to the second stage in the call of 2009. The project ENTangled Spin pairs in graphene (ENTS), coordinated by Pertti Hakonen, was selected as one of the funded networks of the ESF EuroGRAPHENE program. The first-ever handbook on magnetoencephalography "MEG. An Introduction to Methods" was published in 2010 by Oxford University Press; Acad. Prof. Riitta Salmelin served as the senior editor. 

The LTL tradition of organizing conferences was continued by two events during 2010. An international workshop was organized to discuss the zero temperature limit of coherent quantum matter. The workshop took place on the Lammi biological research station which provided an intimate atmosphere for the 75 participants present. The second conference was the users’ meeting of the European MICROKELVIN Collaboration, which is an EU-funded Integrating Activity project carried out within FP7 Capacities Specific Programme "Research Infrastructures". Its 18-month combined review and users’ meeting was conducted in Otaniemi.

In May 2010, the cryogenics company BlueFors Ltd. moved away from the Aalto campus where it had started as a spin-off company of the LTL. During 2010, the number of employees grew up to 7 and the production of cryogen-free dilution refrigerator systems was scaled up from a few per year to about 1 per month.

Matti Krusius retired in the end of October after having been the leader of the ROTA group almost continuously since 1982. The ROTA project has been one of the most successful projects in the history of Finnish physics. Over the years, it has produced around 50 Physical Review Letters publications and ~20 PhDs. The new leader of the ROTA group is Vladimir Eltsov.

Director Mikko Paalanen fell seriously ill in September 2010. At the time of this writing, he is on one-year-long sick leave. His long absence led to new organization and division of tasks in the laboratory. We wish to thank especially the following people for making great efforts to guarantee an efficient continuation of work in the laboratory during the hard last quarter of 2010: Riitta Hari, Matti Krusius, Jukka Pekola, Riitta Salmelin, and Simo Vanni.

Pertti Hakonen



  Mikko Paalanen  
SCIENTIFIC ADVISORY BOARD

LTL has a Scientific Advisory Board (SAB), appointed by the Rector of TKK for the years 2006–2011. The members also serve in the SABs of the Centers of Excellence of the Academy of Finland, coordinated by the LTL. Our current SAB has the following 5 members:

For the Center of Excellence on Low Temperature Quantum Phenomena and Devices

Prof. Mats Jonson, Gothenburg University, Gothenburg, Sweden. Also at School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK.
Prof. William Halperin, Northwestern University, Evanston, Illinois, USA

For the Center of Excellence on Systems Neuroscience and Neuroimaging

Prof. Chris Frith, Functional Imaging Laboratory, University College London, London, UK

Prof. Denis Le Bihan, CEA Saclay, Paris, France

Prof. Nikos K. Logothetis, MPI for Biological Cybernetics, Tübingen. Germany

PERSONNEL

The number of persons working in the LTL fluctuates considerably since scientists are employed for fixed periods and students often work on part-time basis.

ADMINISTRATION AND TECHNICAL PERSONNEL

Mikko Paalanen, D.Sc. (Tech.), Professor, Director of the LTL, on sick leave from 24.09.2010
Pertti Hakonen, D.Sc. (Tech.), Professor, Director of the LTL, from 24.09.2010
Alexander Savin, Ph.D., Technical Manager

Miro Hakonen, trainee

Teija Halme, secretary

Pasi Häkkinen, civil service

Mia Illman, nurse (clinical neurophysiology)

Arvi Isomäki, technician

Olga Jakkola, secretary, from 1.1.2010

Kirsi Susanna Jauhianen, secretary, from 22.3.2010

Helge Kainulainen, technician

Marita Kattelus, radiographer (AMI)

Tuire Koivisto, secretary, until 30.4.2010

Markku Korhonen, technician

Sari Laitila, secretary

Pirjo Muukkonen, financial secretary until 31.8.2010

Kirsi Romanoff, secretary, from 1.10.2010

Petteri Räisänen, system administrator

Veli-Matti Saarinen, project engineer

Ronny Schreiber, research engineer

Niko Petteri Tagaltseff, trainee, from 1.6.2010 until 25.7.2010

Katariina Toivonen, project planning officer
Tuomas Tolvanen, computer support, from 1.6.2010
SENIOR RESEARCHERS

Physics Research Unit

Thomas Aref, Ph.D., from 25.8.2010

Sung Un Cho, Ph.D., from 15.2.2010
Vladimir Eltsov, Ph.D.

Aurelien Fay, Ph.D.

Tero Heikkilä, D.Sc. (Tech.), Docent

Meri Helle, D.Sc. (Tech.), until 30.9.2010

Tommy Holmqvist, Ph.D., from 9.3.2010 until 30.4.2010 

Risto Hänninen, D.Sc. (Tech.)

Sergey Kafanov, Ph.D. (Tech.), until 5.9.2010

Nikolai Kopnin, Ph.D., Professor

Matti Krusius, D.Sc. (Tech.), Professor

Francesco Massel, Ph.D.
Matthias Meschke, Ph.D.

Teemu Ojanen, Ph.D., from 1.4.2010

Gheorghe-Sorin Paraoanu, Ph.D. 

Jukka Pekola, D.Sc. (Tech.), Professor

Alexander Sebedash, Ph.D.

Mika Sillanpää, D.Sc. (Tech.)

Xuefeng Song, Ph.D.

Igor Todoschenko, Ph.D.

Juha Tuoriniemi, D.Sc. (Tech.), Docent

Janne Viljas, D.Sc. (Tech)

Grigori Volovik, Ph.D., Professor

Yongsoo Yoon, Ph.D., from 2.2.2010

Brain Research Unit 

Riitta Hari, M.D., Ph.D., Acad. Prof., Academician, Head of the Brain Research Unit

Dalila Akkal, Ph.D., senior scientist @ aivoAALTO

Toni Auranen, D.Sc. (Tech.)

Pamela Baess, Ph.D., from 1.8.2010 

Synnöve Carlson, M.D., Ph.D., Professor

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

Syed Irtiza Ali Gilani, Ph.D, from 1.5.2010
Päivi Helenius, Ph.D., Docent
Linda Henriksson, D.Sc. (Tech.), from 19.2.2010  

Veikko Jousmäki, Ph.D., Docent

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

Miika Koskinen, Ph.D. (Tech.) 

Jan Kujala, D.Sc. (Tech.)

Miiamaaria Kujala, Ph.D., from 22.6.2010

Mia Liljeström, D.Sc (Tech.), from 28.5.2010 

Sanna Malinen, D.Sc (Tech.), from 9.6.2010 

Catherine Nangini, Ph.D.

Lauri Nummenmaa, Ph.D., senior scientist @ aivoAALTO

Sebastian Pannasch, Ph.D., from 1.8.2010

Lauri Parkkonen, D.Sc. (Tech.), from 1.9.2010
Tiina Parviainen, Ph.D. 
Elina Pihko, Ph.D., Docent

Hanna Renvall, M.D., Ph.D.

Ville Renvall, D.Sc. (Tech.), from 24.3.2010

Riitta Salmelin, D.Sc. (Tech.), Academy Professor

Mika Seppä, D.Sc. (Tech.)

Juha Silvanto, Ph.D.

Claire Stevenson, Ph.D., from 1.10.2010 

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

Johanna Vartiainen, D.Sc. (Tech.), from 4.6.2010

Minna Vihla, M.D., Ph.D., part-time
GRADUATE STUDENTS - (SUPERVISORS)

Physics Research Unit

Khattiya Chalapat, M.Sc. – (Gheorghe-Sorin Paraoanu)

Simone Gasparinetti, M.Sc., from 15.2.2010 – (Jukka Pekola)
Vitaly Emets, M.Sc. (Tech), from 31.8.2010 – (Pertti Hakonen)

Robert de Graaf, M.Sc., – (Matti Krusius, Vladimir Eltsov)

Petri Heikkinen, M.Sc., from 22.6.2010 – (Matti Krusius, Vladimir Eltsov)

Tommy Holmqvist, M.Sc. (Tech.), until 9.3.2010 – (Jukka Pekola)

Jaakko Hosio, M.Sc. (Tech.) – (Matti Krusius, Vladimir Eltsov)

Janne Karimäki, M.Sc. (Tech.), from 1.3.2010 – (Risto Hänninen)

Raphaél Khan, M.Sc. (Tech), from 14.1.2010 – (Tero Heikkilä)
Matti Laakso, M.Sc. (Tech.) – (Tero Heikkilä)

Li Jian, M.Sc. – (Gheorghe-Sorin Paraoanu)

Sarah MacLeod, M.Sc., until 31.3.2010 – (Jukka Pekola)

Pasi Lähteenmäki, M.Sc., from 1.6.2010 – (Pertti Hakonen)

Ville Maisi, M.Sc. (Tech.) – (Jukka Pekola, Antti Manninen)

Matti Manninen, M.Sc. (Tech.) – (Juha Tuoriniemi)

Juha Muhonen, M.Sc. (Tech.) – (Jukka Pekola)

Antti Paila, M.Sc. (Tech.), on leave 15.6.2009–30.6.2011 – (Pertti Hakonen)

Joonas Peltonen, M.Sc. (Tech.) – (Jukka Pekola)

Juha-Matti Pirkkalainen, M.Sc. (Tech.) – (Mika Sillanpää)

Antti Puska, M.Sc. (Tech.) – (Pertti Hakonen)

Juho Rysti, M.Sc. (Tech.) – (Juha Tuoriniemi)

Olli-Pentti Saira, M.Sc. (Tech) – (Jukka Pekola)

Anssi Salmela, M.Sc. (Tech.) – (Juha Tuoriniemi)

Karthikeyan Sampath Kumar, M.Sc. – (Gheorghe-Sorin Paraoanu)

Jayanta Sarkar, M.Sc.–(Pertti Hakonen)

Pauli Virtanen, M.Sc. (Tech.), until 31.3.2010 – (Tero Heikkilä)

Juha Voutilainen, M.Sc. (Tech.) – (Tero Heikkilä)

Brain Research Unit
Robert Boldt, M.D., from 8.2.2010 @ aivoAALTO

Linda Henriksson, M.Sc., until 18.2.2010  – (Simo Vanni)

Jaana Hiltunen, Phil. Lic. – (Riitta Hari)

Meri Hilve, M.D., until 31.1.2010 @ aivoAALTO

Lotta Hirvenkari, M.Sc. (Biol.) –  (Riitta Hari, Veikko Jousmäki)

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

Antti Jalava, M.Sc. (Tech.) – (Riitta Salmelin)

Leena Karvonen, M.Sc. (Psych.) – (Riitta Salmelin)

Miiamaaria Kujala, M.Sc. (Cogn. sci), until 21.6.2010 – (Riitta Hari)

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

Satu Lamminmäki, M.D. – (Riitta Hari)

Mia Liljeström, M.Sc. (Tech.), until 28.5.2010 – (Riitta Salmelin)

Sanna Malinen, M.Sc. (Tech.), until 9.6.2010 – (Riitta Hari)

Anne Mandel, M.Sc. (Psychol. & Neurosci.) – (Riitta Hari)

Lauri Nurminen, M.Sc. (Psychol.) – (Simo Vanni)

Pavan Ramkumar, M.Sc. (Tech) – (Riitta Hari)

Ville Renvall, M.Sc. (Tech.), until 23.3.2010 – (Riitta Hari)

Kristina Roiha, M.D., until 28.2.2010 – (Nina Forss)

Fariba Sharifian, M.Sc. – (Simo Vanni)

Johanna Vartiainen, M.Sc. (Tech.), until 4.6.2010 – (Riitta Salmelin)

UNDERGRADUATE STUDENTS

Physics Research Unit

Joonas Govenius, 9.6.–9.9.2010

Petri Heikkinen, until 21.6.2010
Jukka-Pekka Kaikkonen

Tuomas Kortelahti, until 31.5.2010

Jonne Koski, from 25.5.2009

Antti Olavi Laitinen, 24.5.–31.12.2010

Erkki Laurila, 24.5.–31.12.2010

Lauri Niko Johannes Loiskekoski, 24.5.–31.8.2010

Jere Tapio Mäkinen, from 24.5.2010
Niklas Hietala, 24.5.–22.8.2010
Jani Saarenpää, 1.6.–31.8.2010

Sampo Saarinen, until 31.8.2010

Jaakko Sulkko 

Matti Tomi

Antti PekkaVepsäläinen, 24.5.–31.8.2010

Jukka Väyrynen, from 17.5.2010

Brain Research Unit
Patrik Ahvenainen, 17.5.–31.8.2010

Siiri Helokunas, 24.5.–23.8.2010

Tuomas Antero Hirvonen, 19.5.–31.12.2010

Marika Kaksonen

Juha Karvonen, 16.3.–12.12.2010

Mariia Keitaanniemi, from 24.5.2010

Tiina Liiri, until 20.6.2010

Krantti Nallamothu, from 23.8.2010
Pauliina Ojala, from 17.5.2010
Siina Pamilo

Henna Roikola

Jukka Saari, from  24.5.2010
Timo Saarinen, from 1.6.2010

Elli Vuokko,  until 31.5.2010

Taneli Vuornos, 7.6.–4.7.2010

VISITORS
microkelvin Visitors 
Bunkov, Yury, Prof., 1–5.1., Institute Néel, CNRS, Grenoble, France

Gustafsson, Martin, M.Sc., 16.2.–15.3., Chalmers University of Technology, Sweeden
Hunger, Pierre, Ph.D. stud., 23.5.–24.6., Institute Neel, CNRS Grenoble, France

Hung, Nguyen, Ph.D., 13–16.1., 31.10.–14.11., Institut Néel, CNRS Grenoble, France

L´vov, Victor, Prof., 6–29.8., Department of Chemical Physics, Weizmann Institute of Science, Israel

Schmoranzer, David, M.Sc., 28.2.–11.4., Charles University, Prague
Tsepelin, Viktor, Ph.D., 16–22.4., Lancaster University, Physics Department, UK
Walmsley, Paul, Ph.D., 26.4.–21.5., School of Physics and Astronomy The University of Manchester, UK

Wiesner, Maciej, Ph.D., 15.3.–15.7., Adam Mickiewicz University, Poland 

Other visitors

Angelucci, Alessandra, Ph.D., 28.2–3.3., University of Utah, USA

Ankerhold, Joachim,
 Prof., 20–24.9., Institut fur Theoretische Physik Theorie der kondensierten Materie, Universität Ulm, Germany

Aref, Thomas, Ph.D., 3–5.5., University of Illinois at Urbana-Champaign, USA

Averin, Dmitri, Prof., 28.6.–9.7., Stony Brook University, NY, USA

Burmistrov, Igor, Ph.D., 25–28.4., Landau Institute for Theoretical Physics RAS, Russia 

Burmistrov, Sergey, Ph.D., 8–12.2., Kurchatov Inst., Moscow, Russia 

Calhoun, Vince, Prof., 9–12.6., Department of Physics, University of Warwick, UK

Cho, Sung Un, Ph.D., 15.2.–30.6., Brown University, USA
Dmitriev, Vladimir, Prof., 7–15.11., P.L Kapitza Ins., Moscow, Russia 
Emets, Vitaly, M.Sc., 11.1. –31.5., Lappeenranta Univ. of Tech., Finland
Faivre, Timothé, M.Sc. stud., 1.3.–1.9., Grenoble-INP, France  

Galperine, Yuri, Prof., 21–27.11., University of Oslo, Norway
Gasparinetti, Simone, M.Sc.
14–21.2., Nest, Italy, LTL Finland

Giazotto, Francesco, Ph.D., 14–17.2., 6–10.4., 11–17.7., Nest-CNR-INFM, Pisa, Italy

Girvin, Steven, Prof., 31.5.–3.6., 11–12.6., Yale University, USA

Gramich, Vera, M.Sc., 10–21.5., Ulm University, Germany
Gusikhin, Pavel, M.Sc. stud., 12–25.2., 16.8.–5.9., 6–30.9., Institute of Solid State Physics RAS, Chernoglovka, Russia

Hagoort, Peter, Prof., 27–29.5., Max-Planck Institute for Psycholinguistics, The Netherlands 

Hekking, Frank, Prof., 2–12.8., Joseph Fourier University, France 

Hida, Akira, Prof., 10.5. –1.8., 1.10.–27.12., Dept of Appl.Physics, School of Engineering, The University of Tokyo, RIKEN, Japan
Hoehne, Felix, Ph.D., 12–15.7., Walter-Schottky-Institute, Germany

Iosolevitch, Alexei, Prof., 7–13.6., Landau Institute for Theoretical Physics RAS, Russia 

Jannes, Gil, Ph.D., 27.9.–1.10., 25–29.10., 29.11.–10.12., Université de Nice Sophia Antipolis Laboratoire J.A. Dieudonné CNRS-UNSA, France

Kaschkanov, Vyatseslav, Ph.D. student, 10–11.1., University of Bath, UK

Kok, Wai Chan, Ph.D. stud., 20–6.9., University of New South Wales, Sydney, Australia

Krasnikhin, Dimitriy, Ph.D. stud., 1.9.–14.11., P.L Kapitza Ins., Moscow, Russia 

Lotkhov, Sergey, Ph.D., 31.10.–14.11., Physikalisch-Technischen Bundesanstalt, Braunschweig, Germany 

Makhlin, Yuriy, Ph.D., 1–5.2., 3–8.5., Landau Institute fro Theoretical Physics, RAS, Russia 

Meeson, Phil, Ph.D., 31.1.–6.2., Royal Halloway University of London, UK

Melnikov, Alexander, Prof., 6–19.9., Institute for Physics of Microstructures RAS, Russian Academy of Sciences, Nizhny Novgorod, Russia

Mitchell, Tom, Prof., 1–4.9., Garnegie Mellon University, Pittsburg, USA

Parmentier, Francois, M. Sc., 1–2.11., Laboratoire Pierre Aigrain, Ecole Normale Superieure, France

Parpia, Jeevak, Prof., 26.7.–1.8., Cornell University, Department of Physics, NY, USA

Parshin, A.Yu., Prof., 1–14.3., P.L Kapitza Ins., Moscow
Pashkin, Yuri, Ph.D., 4–17.7., 19.–23.10., Institute of Physical and Chemical Research, NEC, Japan

Pinski, Sebastian, M.Sc., 21.2.–2.3., University of Warwick, UK

Prest, Martin, Ph.D., 2–14.5., Department of Physics, University of Warwick, UK

Puce, Aina, Ph.D., 19–24.6., The Department of Psychological and Brain Sciences, Indiana University, USA

Richardson, Katherine, Prof., 11–12.11., Kobenhavns Universitet, Denmark 

Rosen, Bruce, Prof., 23–25.3., Harvard Medical School, USA

Savelyev, Alexander,
M.Sc. stud., 11.1.–31.5., Lappeenranta Univ of Tech, LTL Finland 

Schürmann, Martin, Prof., 7–23.4., University of Nottingham, UK
Sereno, Martin, Prof., 18–21.2., University of California, UCSD Cognitive Science, USA

Silaev, Mihail, Ph.D., 16–24.4., Institute for Physics of Microstructures, Russian Academy of Sciences, Nizhny Novgorod, Russia

Small, Steven, Ph.D, 3–5.6., University of Chicago, USA 

Stevenson, Claire, Ph.D., 1–16.10., University of Nottingham, UK

Stephens, Greg, Ph.D., 15–18.12., Lewis-Sigler Institute for Intergrative Genomics Princeton University, USA

Sudre, Gustavo, Ph.D. stud.,
19.10.–10.12., Garnegie Mellon University, Pittsburg, USA

Tancredi, Giovanna, M.Sc., 
31.1.–6.2., 10.4.–5.6., Royal Halloway University of London, UK 

Tsai, Jaw-Shen, Ph.D., 14–23.4., NEC, Nano Electronics Research Laboratories &Riken Adv. Dev. Lab., Japan

Trotter, Yves, Prof., 5–7.5., Centre de Recherche Cerveau et Cognition, Faculté de Médecine de Rangueil, Toulouse, France

Vasenko, Andrey, Ph.D., 8–10.4., Laboratoire de Physique et Modélisation des Milieux Condensés, Universite Joseph Fourier, Grenoble, France 
Virtanen, Pauli, Ph.D., 22–28.8., University of Wuerzburg, Germany
Wood, Jonathan, Ph.D., 1.9.–31.12., University of Surrey, Guildford, Surrey, UK

Yokosawa, Koichi, Prof., 2–17.10., Sapporo University, Japan

Zhou, Ziaoqing, Ph.D. stud., 2–15.9., Ecole polytechnique federale de Lausanne EPFL, Switzerland

GROUP VISITs

Medical counsellor Arvi Parvinen led a visit for 18 influential persons from Finnish industry past and present, 20.1. Host Riitta Hari.
20 visitors from Aalto University Student Union, 16.3.
20 senior high school students from Hämeenlinna senior high school, 25.3.
20 first-graders from Espoo, 13.4.
15 teachers from Olari’s senior high school, 13.4.

15 EU-officers, 20.5.

20 mechanical engineers, 20.5.

5 persons from Erkki Thuneberg’s research group, 3.6.
15 participants from Millenium Youth Camp, 10.6.
Group of teachers from Kouvola’s student and student welfare service, facility development group, 3.9
Group of 46 civil engineers, for the 40-year anniversary since the start of their studies in the Helsinki University of Technology in September 1970, 17.9.

Professor and graduate students from Morgan State University of Arizona, 8.10.
Three professors from Teheran University, 15.10.

20 students from Metropolia, 25.11.

60 parents, 27.11.

20 senior high school students from Pori, 2.12.
INTERNATIONAL COLLABORATIONS

MICROKELVIN - European Microkelvin Collaboration 

Coordinators: Mikko Paalanen and Matti Krusius  (from 24.09.2010)
Funding: EU's FP7, Capacities Specific Program on Infrastructures (EU contract # 228464) 

Duration: 1.4. 2009 – 31.3. 2013 

Participating groups of the LTL: KVANTTI, NANO, PICO, ROTA, THEORY and 
µKI 

Partners: 
Low Temperature Laboratory, Aalto University, Finland (coordinator) 
CNRS, Grenoble, France 
Lancaster University, UK 
Ruprecht-Karls-Universitaet Heidelberg, Germany 
Royal Holloway and Bedford New College, London, UK 
Scuola Normale Superiore di Pisa, Italy 
Ustav, Experimentalnej Fyziky Slovenskej Akademie Vied, Kocise, Slovakia 
Universitaet Basel, Switzerland 
Technische Universiteit Delft, Netherlands
BlueFors Cryogenics, Espoo, Finland 
Universiteit Leiden, Netherlands 
Physikalisch-Technische Bundesanstalt, Berlin, Germany

European Microkelvin Collaboration includes eleven low temperture research laboratories and one SME, LTL serving as the coordinator. MICROKELVIN program contains three activities: Transnational Access Activities, Joint Research Activities and Networking Activities with a total EU-funding of 4.2 M€. 

The Cryohall of the LTL continues to serve European scientists within the MICROKELVIN Transnational Access Activity. The access activity of Cryohall is allocated 27 visitor months in 4 years. During 2010 altogether 9 European visitors from 7 different countries used the facility for 8.7 months. 

MICROKELVIN web page: http://www.microkelvin.eu

CONFERENCES AND WORKSHOPS

Review and users’ meeting of the MICROKELVIN collaboration

European Microkelvin Collaboration ― MICROKELVIN ― is an EU-funded Integrating Activ​ity project carried out within the framework of the FP7 Capacities Specific Programme "Re​search Infrastructures". It is a bottom-up approach of 12 partners, to provide access to and de​velop applications in the ultra-low temperature regime. Its 18-month combined review and users’ meeting was conducted in the Low Temperature Laboratory during Oct. 15-16, 2010. 25 collaboration members from outside LTL were present. The review hearings were overseen by the EU ap​pointed programme officer Maria Douka and the official expert referee prof. Konstantin Arutyunov. 
Microkelvin Collaboration was born from the recognition that research at the frontier near abso​lute zero has long been a powerhouse of new ideas in physics and beyond. Its principal ob​jective is to open the milli- and microkelvin temperature regime to nanoscience, condensed mat​ter physics, particle physics, cosmology, and instrumentation. The core of the collaboration is formed by three leading European ultra-low temperature labo​ratories at Aalto University (Hel​sinki), CNRS (Grenoble), and Lancaster University, which provide research opportunities and education at their microkelvin facilities to external users. Associated with the three core institu​tions are eight European laboratories and one cryogenic enterprise, which together create “a uni​fied European low temperature laboratory without walls”.

The work of the MICROKELVIN Collaboration is divided in Networking Activities, Transna​tional Access Activities (responsible for access to the three core Laboratories), and most impor​tantly in Joint Research Activities, within which the collaboration members jointly conduct re​search and prepare for applications according to a fixed work plan. Joint Research Activity 1 (JRA1) is developing on-chip techniques by which the microkelvin temperature regime is most conveniently reached in nanoscience research. JRA2 is studying nanorefrigeration and nano​thermometry with on-chip thin-film techniques, JRA3 is attacking fundamental physics questions with mircokelvin condensed matter experiments, and finally JRA4 develops novel methods and devices for ultra-low temperature measurement. All activity within these different work packages is organized in terms of milestones and deliverable results which have to be reached according to a fixed time table. The task of the review meeting was to establish whether the promised results have been achieved and the time tables have been kept. The progress summaries on the different tasks within the work packages have also been described in the 18-month periodic Microkelvin report available at  http://www.microkelvin.eu/documents/Periodic_Report_18months.pdf.

The sessions of the users’ meeting, in turn, provided the visitors and researchers, who have been mak​ing use of the Microkelvin facilities, the possibility to discuss their results and experiences. The morning sessions of the second meeting day were devoted to new research which has emerged since the drafting of the Microkelvin programme plan. The topic was topological insu​lators, in particular su​perfluid 3He-B and its Majorana-like states on surfaces and in vortex cores. A number of detailed plans were outlined for measurements and the identification of Majorana states. The goal with these sessions was to prepare plans for a new concerted research effort which could be taken up within Microkelvin. The entire meeting programme can be found at http://ltl.tkk.fi/wiki/Events/Microkelvin_2010. 
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The Microkelvin Collaboration is a lively community which vigorously advances European low temperature research and its applications, organizing several meetings, workshops, and tightly run working collaborations annually. An epochal achievement for the next report period is to complete the first fully automated cryogen-free cryocooler operated nuclear refrigeration cryostat which then should become a standard commercially available laboratory instrument. The next users’ meeting of the entire collaboration is organized in March 2011, in Smolenice castle in Slovakia. 
Matti Krusius, chairman of 18-month review and users’ meeting
Photograph:  Members of Microkelvin review and users’ meeting, Oct 15, 2010.

Workshop on “Vortices, superfluid dynamics, and quantum turbulence – SUR2010”

Chairmans: 


Matti Krusius
 


Grigori Volovik
Proceedings editiors:
Vladimir Eltsov



Risto Hänninen

Secretary:


Juha Tuoriniemi

An international workshop was organized by LTL to discuss the zero temperature limit of coherent quantum mat​ter. The workshop with 75 partici​pants took place April 11 – 16, 2010, on the biologi​cal research station of the Helsinki University in the small village of Lammi in Southern Finland. 
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The T → 0 limit is of central interest to a growing number of today’s low-temperature research colla​bo​rations who study superfluid 4He at temperatures down to 10 mK, 3He-B well below 1 mK, and the Bose-Einstein condensates in the form of cold atom clouds typically at tem​peratures below 100 nK. A number of new ques​tions are being asked about these systems at the lowest temperatures. One of the topics is the following: Is a coherent quantum system in this limit a true superfluid with dissi​pationless flow even if its quantized vortices are set into mo​tion? Conventional mechan​isms for the damping of vortex motion, known as mutual friction dissi​pation, approach zero in this limit. One might thus imagine that finally at T = 0 quantum fluids become simple text-book-like systems with truly dissipationless flow, as the name superfluid lets us understand. 

Photograph: SUR2010 participants at the Lammi biological research station April 13, 2010. 

The workshop highlighted latest research which suggests that the full answer to this vortex dynamics problem is going to be com​plicated, but that it will provide us essential new understanding of quan​tum matter. One has to make a distinction between laminar and turbulent vortex flow, where the sources for dissipation are dif​ferent. It is turbulence, the more or less tangled motion of quan​tized vortices, which is more intriguing and is catching most of the atten​tion. Measurements on quantum turbulence have been conducted in the low temperature limit on superfluid 4He, 3He-B, and recently on Bose-Einstein condensates. Emerging evidence is pointing to large turbulent dissipation for which the interpreta​tion in terms of an energy cascade from large length scales to ever smaller scales is assumed and is consistent with present work, but is still waiting for direct experimental proof. A heated dis​cussion is raging about the understanding of the short length scale mechanisms of this cascade, namely the Kelvin waves which expand on single quantized vortex lines with wave lengths less than the inter-vortex distance. Some of this controversy also electrified the atmosphere at the workshop. It is gradually becoming evident that experimentally verified proper​ties in the T → 0 limit might sub​stantially differ for the three superfluids 4He, 3He-B and Bose-Einstein condensates. 

Another important emerging new topic is the physics of Fermi systems as topological insulators where zero energy states on surfaces or in vortex cores become influential at the lowest temperatures. New ways to study these Majorana-like properties were proposed and discussed. Novel experimental techniques are needed for this work and are being developed, to provide ever more detailed imaging me​thods of both surface states and moving vortices. However, there is a strong feeling in our research community that in the coming years we have a good chance to acquire radically new understanding about the properties of quantum matter in the T → 0 limit. This sentiment is also branding the proceedings of the workshop published in Journal of Low Temperature Physics (issue of December 2010, Numbers 5/6, pages 417- 610). 
The meeting was organized as a follow-up in a series of workshops known as “Superfluids under Rotation”. Often enough one finds that the simplest means of creating flow in superfluids and cohe​rent quantum gases is to ro​tate the system. Thus rotation and the different techniques to study vor​tex flow responses in the rotating environment have been one motivation for getting together in these “SUR” work​shops. SUR2003 was organized by Minoru Kubota at Chuzenji Lake near Nikko, SUR2005 in Manchester by Andrei Golov, and SUR2007 by Edouard Sonin and William Glaberson in Jeru​salem. This research community has also organized separate satellite meetings to Quantum Fluids and Solids Conferences in 2004 and 2010. 
Matti Krusius, chairman of SUR2010 workshop
Aalto physics colloquium
Coordinator: Tero Heikkilä

Selection committee: 

· Matti Kaivola 

· Risto Nieminen 

· Mikko Paalanen 

Aalto physics colloquium is a high-level colloquium series covering all branches of physics in the Aalto University. Its aim is to invite high-level physicists from all around the world to tell about their research. The lectures are targeted to all physicists and those interested in physics. Entrance to the events is free of charge. Colloquia are organized approximatively once a month during the semesters and the invitation responsibility circulates between all physics professors on the Aalto campus. The colloquium is funded by the Aalto Department of Applied Physics, Academy of Finland, Computational Nanoscience (COMP) and Low Temperature Laboratory. 
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Aalto physics colloquium 5.3.2010. Tilman Esslinger, ETH Zurich, Switzerland: ”Factories for Quantum Physics”
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Steven M. Girvin, Yale University, USA: ‘Circuit QED’: Quantum Electrodynamics of Superconducting Circuits and Qubits (2.6.2010).
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Kurt Binder, Gutenberg University, Mainz, Germany:”Computer simulations of critical phenomena and phase behavior of fluids” (10.9.2010).
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Katherine Richardson, University of Copenhagen: "Redefining the Human-Earth Relationship: A Scientist's view on climate change" (12.11.2010).

LOW TEMPERATURE PHYSICS RESEARCH

NANO group

Vitaly Emets, Aurelien Fay, Pertti Hakonen, Pasi Häkkinen, Pasi Lähteenmäki, Antti Paila, Antti Puska, Jayanta Sarkar, Xuefeng Song, and Matti Tomi
Visitors: H. Alles, A. Hida, Yu. Makhlin, E. Sonin, and M. Wiesner

Collaborators: H. Alles, R. Danneau, A. Morpurgo,  S. Paraoanu, J. Parpia, P. Pasanen (Nokia NRC), B. Plaçais, H. Seppä, R. Simmonds, E. Thuneberg
The research work of the NANO group is focused on four areas: 1) Mesoscopic quantum amplifiers and qubits, 2) Quantum transport in carbon nanotubes and graphene, 3) Current fluctuations and fast dynamics in quantum circuits, and 4) Nanoelectromechanical systems. In all of these categories, our measurements are centered at microwave frequencies, involving reflection measurements for qubits, transmission measurements for AC-conductance, and two-channel noise recording for cross correlation studies. 

International collaborative research projects have become an integral part of the work of NANO group. Two projects have been ongoing: one of them, coordinated by P. Hakonen, is an ESF-EuroGRAPHENE project dealing with entangled spin pairs in graphene and the second one is a Materials Research Network project “Nanoelectro-mechanical properties of graphene” (with Cornell University), funded by the Acade-my of Finland and by the US National Science Foundation. The majority of our samples, especially Josephson junction devices, are made in our own semi-clean room. Our graphene samples have been manufactured in-house, either using exfoliated graphene or CVD graphene grown on copper. 

In the field of mesoscopic quantum amplifiers and qubits, we have further analyzed the dispersive charge detection techniques deviced by our group recently for quantum measurements. In carbon nanotubes and graphene, we have continued our collabora-tion with Nokia, gradually concentrating more and more on graphene. One of the ma-jor goals in the TKK-NRC collaboration is to conceive novel graphene devices which differ by principle from ordinary semiconducting devices. 
Stark Effect and Generalized Bloch-Siegert Shift in a Strongly Driven Two-Level System

J. Tuorila, M. Silveri, M. Sillanpää, E. Thuneberg, Yu. Makhlin, and P. Hakonen
Phys. Rev. Lett. 105, 257003 (2010)

The characteristics of matter and light become intertwined upon interaction. The interconnection of the two can be observed in atomic and optical physics by setting atoms inside mirrored cavity resonators, whereby coupling the zero-point vibrations of the field to atomic transitions. These phenomena can be studied in mesoscopic circuits in a regime not accessible with atoms.

A superconducting qubit was driven in an ultrastrong fashion by an oscillatory mi-crowave field, which was created by coupling via the nonlinear Josephson energy. The observed Stark shifts of the “atomic” levels are so pronounced that corrections even beyond the lowest-order Bloch-Siegert shift are needed to properly explain the measurements. The quasienergies of the dressed two-level system were probed by re-sonant absorption via a cavity, and the observations were found to be in agreement with a calculation based on the Floquet approach. 

Electrical transport in carbon nanotubes

F. Wu, P. Virtanen, and P. Hakonen
Appl. Phys. Lett. 96, 192103 (2010), Appl. Phys. Lett. 97, 262115 (2010)
We have measured shot noise in single walled carbon nanotubes under large bias and thereby investigated the ultimate characteristics of nanotube FETs as fast charge detectors. In metallic single-walled carbon nanotubes of length L ~ 1 μm, we have found strong suppression of shot noise with increasing voltage. We conclude that the coupling of electron and phonon baths at temperatures Te and Tph is described at intermediate bias (20 mV < Vds ≲200 mV) by heat flow equation P = ΣL(Te3−Tph3), where Σ ∼ 3×10−9 W/m K3 due to electron interaction with acoustic phonons, while at higher voltages optical phonon-electron interaction leads to P = κopL[N(Te)−N(Tph)], where N(T) = 1/[exp(ℏΩ/kBT)−1] with optical phonon energy ℏΩ and κop = 2×102 W/m. 

ELECTRICAL Transport IN GRAPHENE
A. Fay, J. Viljas, M. Wiesner, and P. Hakonen
arXiv:1102.0658
We have investigated electronic transport properties of several bilayer graphene (BLG) samples at different temperatures down to 4 K. All of them present clear superlinear current-voltage (I-V) characteristics. The nonlinear character is strongest at the charge neutrality point (CNP), but is only weakly dependent on the density and on the length of the sample. On the other hand, the zero-bias conductivity 0 of our BLG samples was temperature dependent, and 0 decreased with lowering temperature clearly faster than in monolayer graphene (MLG). To analyze these results we have established a diffusive transport model that takes into account the doping by the metallic electrodes and by charged impurities, as well as self-heating effects. We obtain a good overall agreement between the theoretical results and the experimental findings, by using an average density of ~7.1015 m-2 for charged impurities.  Consequently, we may attribute the non-linearity of our BLG I-V curves to self-heating. The superlinearity in BLG is stronger than in MLG because of the more pronounced temperature-dependence of 0 in BLG. Indeed, the I-V characteristics of our MLG samples are linear and show only sublinearity at large voltage bias. 
Energy relaxation in graphene and its measurement with supercurrent

J. Voutilainen, A. Fay,  P. Häkkinen, J. K. Viljas, T. T. Heikkilä, and P. Hakonen, arXiv:1103.3234

We have investigated the electron-electron (e-e) and electron-phonon (e-ph) interactions in graphene at sub-Kelvin temperatures. In the studied sample, a superconductor-graphene-superconductor (SGS) junction with a strongly temperature-dependent critical current was used as an electronic thermometer. Another graphene section located on the same graphene sheet was voltage biased to heat up the electrons in graphene from 70 mK up to 600 mK. The increase in electronic temperature was observed as a drop in the critical current of the SGS thermometer. More exactly, this critical current depends on the electronic energy distribution function (EDF), which in the non-equilibrium situation deviates from a Fermi function. Since the e-e and e-ph interactions in graphene define the shape of the EDF, critical current becomes an effective probe of their strength. In our experiment, we find that the injected power is mainly transmitted to the superconducting leads, while the e-ph interactions remain negligible. By solving the Boltzmann transport equation with the e-e scattering kernel of a two-dimensional metallic system, we obtain for the characteristic e-e interaction time ~ 5 ps, one order of magnitude smaller than predicted by the theory. 

Shot noise suppression and hopping conduction in graphene nanoribbons

R. Danneau, F. Wu, M. Y. Tomi, J. B. Oostinga, A. F. Morpurgo, and P. Hakonen
Phys. Rev. B 82, 161405(R) (2010)
We have investigated shot noise and conduction of graphene field-effect nanoribbon devices of width W at low temperatures. By analyzing the exponential I-V characteristics of our devices in the transport gap region, we found out that transport follows variable range hopping laws at intermediate bias voltages 1 < Vbia s< 12 mV. In parallel, we observe a strong shot noise suppression leading to very low Fano factors. The strong suppression of shot noise is consistent with inelastic hopping, in crossover from one- to two-dimensional regime, indicating that the localization length lloc < W in our nanoribbons.

SHOT NOISE IN GRAPHENE with superconducting contacts
A. Fay, M. Tomi, M. Wiesner, and P. Hakonen
We have made detailed transport and noise measurements in a superconductor-graphene-superconductor (SGS) junction, at temperatures of 70 - 700 mK. The superconductor leads, which are used to connect the graphene sheet, correspond to a sandwich of 10 nm of titanium (contact layer) and 50 nm of aluminium. The sandwich behaves as a superconductor with a gap energy of  ~ 100 eV. The SGS junction can be viewed as a superconductor-normal metal-superconductor (SNS) junction where the density of states in the normal metal can be tuned with an applied gate voltage. Signatures of multiple Andreev reflections are observed both in AC-conductance and in the shot noise. The relation of these findings to the theoretical models for graphene is under scrutiny.  

MECHANICAL GRAPHENE RESONATORS
X. Song, M. Oksanen, and P. Hakonen
In graphene resonators our ambitious goal is to achieve “Design and realization of a graphene resonator with an operating frequency above 1 GHz and a Q-factor exceeding 1000; and to implement the above with 20% frequency tunability.” In LTL, we have made substantial progress towards these goals: we have made our first single and few layer graphene resonators and operated them using a capacitive read-out scheme. For the manufacture of these devices we have developed a micro-manipulator setup for graphene transfer.
With our new transfer technique, we have fabricated graphene mechanical resonators with suspended graphene sheets localized above gate electrodes. At 4.2 K, mechanical movement of the suspended graphene is driven by an AC voltage and biased by a DC voltage applied both from the gate. The ensuing time-dependent capacitance is detected as reflected sidebands of an RF carrier signal via mix-down and lock-in methods. Mechanical resonances of multilayer and monolayer graphene samples have been detected in our experiments as illustrated in Fig. 1. 

[image: image9.emf]
Figure 1. (a) Resonance frequency of a multilayer graphene with a biquadratic dependency on the DC bias voltage. (b) Highest resonance frequency (~178 MHz) ever detected in monolayer graphene; L ~ 0.5 m and W ~ 1 m. 

ANALYTICS OF GRAPHENE DEVICES
A. Savin and M. Tomi
During the past year, the capabilities for Raman scattering analysis were improved in the laboratory by acquiring a scanning table for our HORIBA LabRAM HR UV-NIR. This extension will be especially useful when manufacturing samples where optical location of exfoliated graphene flakes cannot be performed. 
SHOT NOISE AND CORRELATIONS IN MULTITERMINAL DIFFUSIVE CONDUCTORS

A. Hida, M. Wiesner, A. Puska, J. Sarkar, and P. Hakonen
We have realized a thin film metal cross of about 1 μm in length made of 12 nm thick and 100 nm wide copper wire as well as exfoliated graphene sheets contacted in similar fashion with four terminals. In measurements performed at 4.2 K in liquid helium, we have tested theoretical predictions given for the shot noise of diffusive multiterminal samples as well as for the Hanbury-Brown–Twiss (HBT) exchange correction factor in these systems. Our metallic cross sample was found to be in the diffusive regime, and the shot noise seemed to vary only little between different wiring configurations, indicating a universal value 1/3 for the Fano factor. Cross correlation measurements of the copper cross yielded a negative HBT exchange correction factor which means that the cross behaved in similar fashion as a diffusive box.

BLOCH OSCILLATING TRANSISTORS (BOT)

J. Sarkar, and P. Hakonen
A new generation of BOTs was manufactured using Ge mask techniques. These techniques improved the reproducibility of the transistors and enhaced the chances of obtaining well matched BOT devices for differential pairs. First, a characterization of single transistors was performed.  The current gain was found to be up to ~ 60. The input referred current noise of the BOT was about 10 fA/Hz1/2 at 1 Hz. Detailed study was done on the onset of hysteresis in I-V with different Josephson coupling energy EJ.

Preliminary experiments were performed on differential BOT pairs. In the differential mode, the collectors of two BOTs are biased with opposite polarities. The base- and collector-bias currents were fixed to their optimum operating points where the current gains of the two BOTS are almost equal. When the common mode input reference was biased with voltage, the differential operation cancelled its effect at the output down to 3% in amplitude (common mode rejection ratio was 30 dB in power). For common mode current input the results were disappointing: it became obvious that in addition to equal current gains, the BOTs must have equal input impedance for proper operation against common mode currents. To achieve this, fine tuning of EJ will be done using an on-chip flux coil.

JUNCTION AMPLIFIERS AND DYNAMICAL CASIMIR EFFECT

P. Lähteenmäki and P. Hakonen
A prototype microwave reflection-amplifier based on negative resistance model for a bandstop shunted single Josephson junction was constructed and analyzed. The device was cooled down to 70 mK in a dry dilution cryostat, and it was found to perform consistently with the simulation models. A gain of 30 dB at 3 GHz was measured with a band width of 1 MHz. The noise temperature was estimated to be within a factor of three from the quantum limit (½((). Since the regular Langevin analysis is insufficient with frequency-dependent dissipation, a numerical simulation scheme based on the AC and DC Josephson relations was developed. It was found that the device relies heavily on noise compression accomplished via diminishing down mixing and increasing up mixing when enough power gain is available.
Samples for experimental studies of the dynamical Casimir effect were fabricated and measured in order to determine the sensitivity of our measurement setup in relation to the power generated from pumped vacuum in realistic samples. Several issues related to the quality of samples and the electromagnetic environment were identified. As a result, our dry dilution refrigerator was refitted with new DC-wires and cables, which facilitated an improved level of filtering and thermalization for Casimir experiments.
PICO group

Thomas Aref, Timothe Faivre, Simone Gasparinetti, Jonne Koski, Ville Maisi (MIKES), Matthias Meschke, Juha Muhonen, Jukka Pekola, Joonas Peltonen, Olli-Pentti Saira, Youngsoo Yoon

Collaborators: Antti Kemppinen (MIKES), M. Möttönen (Dept. of Applied Physics, Aalto University), Yuri Pashkin (NEC, Japan)

This year we focused on further refining the single electron turnstiles particularly focusing on higher order error effects that were previously undetectable. Understanding and eliminating these error effects brings us closer to a turnstile system that can function as the new definition of the unit ampere. We also successfully implemented the new superconducting quantum interference proximity transistor (SQUIPT) detector for tiny magnetic fields. Work was performed on improving the speed and accuracy of low temperature thermometry and extended our previous work on electronic coolers. Finally, we explored the influence of dissipation on adiabatic pumping and geometric (Berry’s) phases in superconducting circuits.

SINGLE ELECTRON TURNSTILES

[image: image22.jpg]


The main direction of this research is improving single electron turnstiles with superconducting leads contacting a normal metal island (SINIS). These turnstiles pump electrons one at a time producing a well-defined current of I = ef where e is the electron charge and f is the frequency of pumping. These hybrid superconductor-normal metal turnstiles have high potential impact in electrical metrology if error events can be reduced to a suitable level.

Figure 1. Sample set-up used to detect individual tunneling events. A hybrid single electron transistor is capacitively coupled to an electron box which detects the individual events.
On the theoretical side, we showed that the effect of a high-temperature environment in current transport through a normal metal-insulator-superconductor tunnel junction can be described by an effective density of states (DOS) in the superconductor. This DOS reduces into the well-known Dynes form in the limit of a resistive low-ohmic environment [1]. This theoretical result was supported by experiments in engineered environments and was successfully applied to improving the performance of the single electron turnstiles.
We successfully counted individual pumped electrons and found the error events in real time. Measurement of individual tunneling events detected first order tunneling events induced by a dissipative external electromagnetic environment. Furthermore, simulations based on the experiments showed that with a capacitive shunt, these errors could be suppressed in a hybrid turnstile to metrological accuracy [2]. With this capacitive coupling in place to prevent first order effects, it was shown possible to detect the higher order Andreev tunneling currents [3]. This was the first time individual recording of Andreev reflection events was performed. It was also shown that the electron hold times of SINIS turnstiles are comparable to those of normal metal single electron devices [4]. This is yet another indicator of the potential for SINIS turnstiles in electrical metrology.
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Figure 2. (a) Schematic showing higher order Andreev tunneling events which involve two electrons. (b) Actual traces of individual tunneling events. The red arrows point to two electron events which with further analysis can be shown to be Andreev events.

THERMOMETRY AND ELECTRONIC COOLERS

The Coulomb blockade thermometer (CBT) is based on bias voltage dependent conductance of arrays of tunnel junctions between normal metal electrodes. The CBT was compared to the PLTS-2000 temperature scale in the range from 0.008 K to 0.65 K with excellent agreement [5]. Below 0.25 K, differences caused by thermalization problems where successfully accounted for by numerical calculations based on electron-phonon decoupling. Wafer scale fabrication of CBT thermometers was also explored with deviations on the order of the the accuracy of the experimental set-up [6].

Last year, we demonstrated electronic coolers based on a hybrid single electron transistor with superconducting leads connected to a normal metal island (SINIS structure) [7]. This year, we extended our understanding of electronic coolers by exploring the thermal transport in a short superconducting wire connecting two normal thermal reservoirs (NSN structures). We found the thermal conductance of the short superconducting wire to be strongly enhanced beyond the Bardeen-Cooper-Schrieffer (BCS) value due to the inverse proximity effect. This model was shown to agree well with our measurements [8]. We also analyzed the spectral density of fluctuations of the energy flux through similar mesoscopic constriction connecting two reservoirs. It was shown that the standard fluctuation-dissipation theorem (FDT) is violated for the heat transport in this system [9]. This effect may be observable in the electronic coolers since energy currents are carried by individual electrons.

SQUIPT

When a superconductor is placed close to a non-superconducting metal, it can induce superconducting correlations in the metal known as the proximity effect. Such behaviour modifies the density of states (DOS) in the normal metal and opens a minigap with an amplitude that can be controlled by changing the phase of the superconducting order parameter. We exploited such behaviour to realize a new type of interferometer, the superconducting quantum interference proximity transistor (SQUIPT), for which the operation relies on the modulation with the magnetic field of the DOS of a proximized metal embedded in a super- conducting loop. Even without optimizing its design, this device showed extremely low flux noise and dissipation several orders of magnitude smaller than in conventional superconducting interferometers. With optimization, the SQUIPT could significantly increase the sensitivity with which small magnetic moments are detected [10].

GEOMETRIC PHASES IN SUPERCONDUCTING CIRCUITS

Cooper-pair sluices are similar to the single electron turnstiles mentioned previously but produce Cooper pairs rather than single electrons. The sluice consists of a tunable superconducting SET with two DC superconducting quantum interference devices (SQUIDs) acting as tunable Josephson junctions (JJs). It is a two level system which can be pumped adiabatically and the pumped charge can be related directly to the Berry’s phase of the superconducting circuit. Our current research aims at understanding the influence of environmental noise on such systems which is of crucial importance for the development of holonomic quantum computation in superconducting circuits.

This year, we explored environmental effects on adiabatic ground state pumping of Cooper pairs. In particular, it was theoretically predicted that the pumping is not affected by environmental noise and an experiment to probe noise effects on such a system was proposed [11]. We also derived a generalized master equation describing adiabatic evolution with dissipation [12]. In addition, we presented a superconducting circuit in which non-Abelian geometric transformations can be realized using an adiabatic parameter cycle. We proposed an experiment in which the transition from non-Abelian to Abelian cycles can be observed by measuring the pumped charge as a function of the period of the cycle [13].
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Experimentally, we studied the escape dynamics in underdamped capacitively shunted and unshunted JJs. By shunting the junction, thermal activation escape was observed up to a much higher temperature than in an unshunted junction (where phase diffusion begins to dominate). This is crucial for the development of SQUID detectors for the geometric (Berry’s) phase project [14].

Figure 3. (a) Implementation of the SQUIPT. (b) Close up showing the details of the SQUIPT structure.
NEW ACTIVITIES

In collaboration with NEC, we have studied a suspended aluminum based single-electron transistor (SET) whose island can resonate freely. The device can be considered as a doubly clamped Al beam that can transduce mechanical vibrations into variations of the SET current. Simulations reproduced the observed transport characteristics in detail [15].

We have started investigating annealing of NIS junctions to improve quality and active area. In parallel, we are investigating atomic layer deposition (ALD) junctions in collaboration with the company Picosun. To characterize these improvements in junction quality, we are exploring transmission electron microscope (TEM) characterization of the junctions.

Theoretical progress was made on exploring SINIS turnstiles suitability for information-to-energy experiments. This type of experiments (which have been demonstrated in other systems) would essentially allow a “Maxwell demon” to use information about the system to generate work following the Jarzinski equality.

NEW EQUIPMENT
We built a new plastic dilution refrigerator with improved filtering. This allowed new measurements to be performed on counting single electron events in turnstiles. Hold times were vastly improved indicating the extra filtering had the desired effect. In MIKES, the quantum metrological triangle cryostat started to be used and in particular it’s excellent filtering allowed high quality data to be recorded on similar experiments.
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Mika Sillanpää, Sung Un Cho, Juha-Matti Pirkkalainen, and Jaakko Sulkko.

Collaborators: Raymond Simmonds group, National Institute of Standards and Technology, Boulder, CO, USA, Quantronics group, VTT.

The NEMS group was founded at the beginning of 2010. The main focus is on studies of nanomechanical resonators near the quantum ground state of moving objects. We aim on observing quantum ground state, and non-classical phenomena in vibrating beams or membranes in the radio-frequency range. The work has been launched which uses as transducers quantum electrical circuits built upon superconducting junctions or resonators. We also investigate quantum phenomena in such superconducting junction qubits. We collaborate strongly with the NANO and Kvantti groups both with the mechanical resonator and superconducting qubit projects in order to develop general methods and toolboxes which can be used by everybody.

Superconducting phase qubits

F. Altomare, J.I. Park, K. Cicak, M.A. Sillanpää, M.S. Allman, D. Li, A. Sirois, J.A. Strong, J.D. Whittaker, and R.W. Simmonds, Nature Physics 6, 777 (2010).

F. Altomare, K. Cicak, M.A. Sillanpää, M.S. Allman, A.J. Sirois, D. Li, J.I. Park, J.A. Strong, J.D. Teufel, J.D. Whittaker, and R.W. Simmonds, Phys. Rev. B 82, 094510 (2010).

We demonstrated coherent interactions in the time domain for three directly coupled superconducting quantum systems, two phase qubits and one resonant cavity, Fig. 1. Multipartite entanglement is essential for quantum computation1 and communication, and for fundamental tests of quantum mechanics and precision measurements. It has been achieved with various forms of quantum bits (qubits), such as trapped ions, photons and atoms passing through microwave cavities. In a quantum system consisting of two phase qubits and a transmission line cavity, we provide evidence for the deterministic evolution from a simple product state, through a tripartite W state, into a (bipartite) Bell state. The cavity can be thought of as a multiphoton register or an entanglement bus, and arbitrary preparation of multiphoton states in this cavity using one of the qubits and subsequent interactions for entanglement distribution should allow for the deterministic creation of another class of entanglement, a Greenberger–Horne–Zeilinger state.
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Fig. 1: In a collaboration with National Institute of Standards and Technology (Boulder, Colorado) and VTT, we investigate single and cavity-coupled phase qubits.

We investigated measurement crosstalk in a system with two flux-biased phase qubits coupled by a resonant coplanar waveguide cavity (Fig. 2). After qubit measurement, the superconducting phase undergoes damped oscillations in a deep anharmonic potential producing a frequency chirped voltage or crosstalk signal. We show experimentally that a coplanar waveguide cavity acts as a bandpass filter that can significantly reduce the propagation of this crosstalk signal when the qubits are far off resonance from the cavity. The transmission of the crosstalk signal can be further minimized by reducing the qubit frequencies and the coupling capacitance to the cavity. We model the large amplitude crosstalk signal and qubit response classically with results that agree well with the experimental data. We find that the maximum energy transferred by the crosstalk generating qubit roughly saturates for long energy relaxation times T1 > 100 ns, while the delay time necessary for the crosstalk signal to propagate to the cavity scales linearly with T1. Ultimately, the use of resonant cavities as coupling elements and crosstalk filters is extremely beneficial for future architectures incorporating many coupled qubits.
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Fig. 2: (a) The crosstalk response with for qubit 2, after qubit 1 has already tunneled as a function of the dimensionless flux applied to the qubits, and qubit frequency. The color shows the qubit population; the maximum population is generally observed close to the cavity resonanance (here 8.9 GHz). Outside this region, the cavity effectively filters out the undesired crosstalk. The insets show the response after averaging the curves over the horizontal axis. The measurement delay between crosstalk generation and detection was 56 ns. (b) Equivalent electrical circuit for two flux-biased phase qubits coupled to a CPW cavity modeled as a lumped element harmonic oscillator. (c) The potential energy U between the two wells is lowered (d) for a few nanoseconds during the measurement, allowing the 1 state to tunnel into the right well where it will classically oscillate and lose energy due to dissipation.

New activities

In an ongoing work, we are coupling capacitively beam resonators to charge qubits and transmon qubits, Fig. 3. This coupling is expected to enable creation of Schrödinger cat-like non-classical displacement states. So far, we have successfully shown the proper operation of such a qubit with the moving part incorporated. In the near future, we expect to observe the electromechanical interaction.

In the scheme of Ref. [1], we are pursuing towards the quantum ground state using sideband cooling via a linear cavity resonator.
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Fig. 3: A device consisting of a doubly clamped mechanical resonator (long beam), coupled capacitively to an island of a superconducting single-electron transistor (left), with two tunnel contacts formed by the lead overlap. A gate (right) can be used to actuate the motion. The transistor is embedded into an electrical tank resonator, whose dispersive response is expected to allow for detection of the mechanical motion.

 [1] Sulkko, J., Sillanpää, M.A., Häkkinen, P., Lechner, L., Helle, M., Fefferman, A., Parpia, J., and Hakonen, P.J., Nano Letters 10, 4884-4889 (2010).

KVANTTI group
Khattiya Chalapat, Jian Li, Karthikeyan Sampath Kumar, and Sorin Paraoanu
The main research interest in the Kvantti group has been the interaction of microwave photons with matter (in the form of superconducting circuits or nanostructured materials). Our emphasis is on phenomena that are quantum- mechanically coherent, most of them occurring when the dissipation is low enough. This justifies the effort of our group in the field of superconducting qubits.

ABSORPTION AND EMISSION PROCESSES 

Paraoanu, G.S., Phys. Rev. A, 82, 023802 (2010).

Chalapat, K., Paraoanu, G.S., Du, Z., Tervo, J., Nefedov, I., and Tretyakov, S., Metamaterials 2010, 279-281 (2010).

We have proposed an interferometer (see figure below) based on fluorescent emission of radiation of two qubits in quasi-one-dimensional modes. Such a system can be readily realized with dipole emitters near conducting surface-plasmonic nanowires or with superconducting qubits coupled to coplanar waveguide transmission lines.
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Fig. 1. Quantum network consisting of qubits and one-dimensional modes.

Also, we have studied in what conditions one could create perfectly absorbing materials.

ENTANGLEMENT IN DRIVEN, DISSIPATIVE SYSTEMS

Li, J. and Paraoanu, G.S., Eur. Phys. J. D 56, 244-264 (2010).

When two qubits are in contact with two different reservoir, the entanglement between them (if it is initially nonzero) can drop abruptly to zero during the evolution. This phenomenon is called “sudden death of entanglement”. We have calculated the sudden death time for a variety of states in interacting qubits, at zero temperature and finite temperature.
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Fig. 2. Time of sudden death for a class of initial states which we have called eg-ge states as a function of the state parameter f and the ratio between the coupling and the dissipation.
A SPIN-ASYMMETRIC JOSEPHSON EFFECT 

Heikkinen, M.O.J., Massel, F., Kajala, J., Leskinen, M.J., Paraoanu, G.S., and Törmä, P., Phys. Rev. Lett. 105, 225301 (2010).

It is possible to realize in ultracold gases situations which are not possible in solid-state physics. We have analyzed a many-body effect in a two BCS-paired Fermi gases which would correspond to having different electric potentials for the spin-up and spin-down electrons in the Josepshon effect. The result is an oscillation in the population difference of the up and down electrons which can be interpreted as due to the lack of which-way information in the intermediate state.

ROTA group

V.B. Eltsov, R. de Graaf, P.J. Heikkinen, J.J. Hosio, R. Hänninen, M. Krusius, J. Karimäki, and J. Mäkinen

Collaborators: V. Dmitriev and D. Krasnikhin (Kapitza Institute, Russia), P. Hunger (CRTBT – CNRS, France), V. L’vov (The Weizmann Institute of Science, Israel), D. Schmoranzer (Charles University, Czech Republic), M. Silaev (Institute for the Physics of Microstructures, Russia) and P. Walmsley (University of Manchester, UK)
topological superfluids IN T → 0 TEMPERATURE LIMIT

The low-temperature behavior of a macroscopic quantum system is usually described in terms of quasiparticles existing on the background of the ground state (vacuum). In recent years a significant interest has appeared to a specific class of quantum matter, where fermionic quasiparticles can be of Majorana character as a result of certain topology of inter-particle interactions. The exotic Majorana fermion can be loosely defined as being its own antiparticle. The oldest known examples of the so-called topological matter are the superfluid phases of 3He. Majorana fermions are expected to exist in 3He-B at the surfaces and in the cores of quantized vortices. Being gapless excitations in otherwise gapped superfluid, they should fully determine the properties of the whole system in T→0 limit. Up to date, however, the contribution from Majorana fermions has not been experimentally found, although 3He-B has been cooled in the laboratory to about 0.1Tc. The reason is that the bulk quasiparticles, although exponentially suppressed, still provide major contribution to the observable properties. Moreover, these properties, especially the dynamic response, turned out to be non-trivial and require detailed mapping and understanding before any extra contribution from Majorana fermions can be discussed. To contribute to this understanding has been the goal of our work for a few years up to now.

Any non-trivial dynamic behavior of the superfluid involves vortex lines. When the density of bulk quasiparticles is reduced, the damping in vortex motion decreases and their dynamics is expected to become more and more turbulent, with lots of reconnections. Superfluid turbulence has some unique features which are not present in turbulence in classical systems. One particular actively discussed topic is the interplay of two different kinds of turbulent motion: quasi-classical at length scales larger than the intervortex distance and fully quantum at smaller length scales. This area of research was triggered by our observation of a non-trivial temperature dependence of the velocity of the propagating vortex front [1]. Recently we discovered that the whole picture is even more complicated and that laminar motion (without reconnections) is also playing an important role even at low temperatures [2]. A complete understanding of the relations between different kinds of vortex motion in T→0 limit is still missing and in year 2010 we continued to pursue these questions.

Turbulent and laminar dynamics in the vortex front

Our main experimental effort concentrated on the dynamics of vortex front motion in superfluid 3He-B at low temperatures. In the superfluid column inside a rotating container the vortex front separates the vortex-free (and thus stationary) superfluid from the volume filled with vortex lines. The front propagates towards the vortex-free part and thus the volume of superfluid, involved in the rotation, gradually increases with time, while the free energy of the system decreases. In our previous works [1,3] we discovered this non-classical spin-up process in the superfluid and demonstrated that the character of vortex dynamics within the front changes from laminar to quasi-classical turbulence and finally to quantum turbulence with decreasing mutual friction damping as the temperature decreases from 0.7Tc to 0.2Tc. The last regime, where the turbulent motion cascades to length scales smaller than the intervortex distance and the Kelvin waves on vortex lines are involved in the energy transfer, is of special interest. Our original goal was to learn about dissipation processes in this regime by doing the first direct measurement of generated thermal quasiparticles. We were motivated by ongoing theoretical debates about the nature of the Kelvin-wave cascade [image: image27.emf]and lack of experimental data which concerns Kelvin-wave dissipation.

Fig. 1. (Left) Setup for direct measurements of dissipation in vortex motion along the rotating superfluid column at low temperatures. (Right) An example of a measurement of the dissipated power. Here vortex motion is triggered at t = 0 and the vortex front arrives to the end of the sample section at the maximum of the power signal. 

The experimental setup is shown in Fig. 1. The long sample tube is divided in a few vertical sections by two plates with orifices and by an applied magnetic field in the middle. Vortex front propagation is triggered and observed in the sample section above the upper division plate. Two NMR pick-up coils monitor the arrival of the front and the replacement of the vortex-free flow with vortices. The A phase layer in the middle is used to create vortices and trigger the front motion at constant rotation velocity . One way to achieve this is to start with the whole sample filled with the B phase in the vortex-free state. Then the magnetic field in the middle is increased until the A phase is formed. If the angular velocity is larger than the critical velocity cAB of the Kelvin-Helmholtz instability of the AB interface, vortices will form in the B phase at each of the two AB interfaces. They start expanding towards their respective ends of the sample column, as shown in Fig. 1 with arrows, and form two simultaneously propagating fronts.  Using two fronts improves the measurements since it doubles the dissipation signal. The density of thermal quasiparticles increases in the sample volume as a result of this dissipation. Equilibrium with the density in the lower volume above the lower division plate is established in seconds. In the lower volume the quasiparticle density is measured with a quartz tuning fork oscillator. Finally quasiparticles leak through the orifice in the lower division plate and are absorbed by the refrigerator. We use the lower orifice as a calibrated thermal impedance which allows us to measure the instantaneous power (within 25 s thermal time constant of the whole system), dissipated by vortex motion in the upper section. The resolution is limited by the sensitivity of the fork to quasiparticle density and by fluctuations in the background heat leak to the sample. In rotation the latter is the most important factor which limits our sensitivity to about 0.1 pW.

An example of an experimental record is shown in Fig. 1. This is the first direct measurement of dissipation from the motion of quantized vortices in any superfluid. Zero time on the horizontal scale corresponds to A phase formation as determined from the cooling spike due to the latent heat in B to A transition. (The spike itself is subtracted from the data.) The arrival of the front to the end of the sample, as determined from the NMR measurements, corresponds to the maximum of the power signal. The overall shape of the signal turned out to be unexpected. On the basis of the existing understanding, one would expect that turbulence becomes more pronounced as the mutual friction dissipation vanishes towards zero temperature. Thus turbulent vortex multiplication in the front should be able to produce quickly enough vortices for the equilibrium vortex state behind the front. In this a case the dissipated power should be roughly constant during the propagation of the front and quickly decay after the front has reached the end of the sample. Such a -shaped signal is however not observed. The experimental response in Fig. 1 proves that by the time the front has reached the end of the sample, the vortex configuration behind the front still includes fewer vortices than in the equilibrium state, since a significant fraction of the energy stored in the original vortex-free state is released after this moment. The extra shoulder at t ~ 1000 s hints that the late relaxation is the laminar spin-up of the superfluid component [2,4]. The fit to a simple model which accounts for the turbulent front creating 35% of the equilibrium amount of vortices, followed by the laminar relaxation with time constant of 500 s, is shown by the curve in Fig. 1.

Similar features are observed in numerical simulations of vortex expansion, which we performed using vortex filament model. At temperatures around 0.3Tc such simulations reveal a turbulent vortex front with a thickness of the order of the sample diameter which leaves behind almost an equilibrium vortex state (excluding the residual twist [3]). With decreasing temperature, however, the state behind the front contains less and less vortices, uniformly distributed over the cross-section (Fig. 2, top), while the front itself remains turbulent and reasonably thin (Fig. 2, bottom). The main difference from the experiment is the absence of the laminar spin-up from this intermediate configuration towards the final equilibrium vortex state. This is a long-standing problem in our numerical simulations, which is so far not resolved.
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Fig. 2. Numerical simulations of the propagating vortex front at  = 1 rad/s at different tem​peratures. The front moves towards larger z values and is shown here when it is located at z = 34 mm. (Top panel) Vorticity s averaged over the cross-sections at constant z increases across the front and saturates behind the front at less than equilibrium value. (Bottom panel) Number of vortex reconnections during motion of the front by 0.5 mm indicates that turbulence is concentrated in the front region. 

At the first glance these results challenge the present understanding of turbulence in superfluids in the zero-temperature limit. An intriguing possibility, however, is that our understanding of the equilibrium vortex state is not complete. The intermediate state behind the front with a vortex density s <  might in fact be a quasi-equilibrium state for the superfluid under the influence of two competing reference frames: (i) the usual frame created by the rotating vessel and the normal component, which favor the equilibrium value s = , and (ii) the rotating frame which corresponds to the precessing motion in the front with angular velocity s/2, which favors a reduction of the vortex density. As the coupling to the container decreases when the temperature approaches zero and the normal component vanishes, the quasi-equilibrium value of s decreases. Turbulence in the front then, as expected, quickly relaxes to this new quasi-equilibrium. If confirmed by further experimental and numerical tests, this will be the first observation of the decoupling of a superfluid from the rotating reference frame on approaching zero temperature.

TEXTURAL ENERGIES in 3He-B at low temperatures

Since nuclear magnetic resonance is our primary investigation tool, it is very important to interpret correctly the observed NMR spectra in terms of flow and vortices. This is often done by comparing the measured spectra with those calculated for different configurations of vortices and flow by minimizing the free energy of the so-called order parameter texture. Such calculations depend on the parameters describing interaction of the texture with flow (HV) and vortices (). If all the parameters are known well, one can find from the observed spectra how many vortices are present in the sample, whether they are concentrated in the center of the sample or at the boundaries or are uniformly distributed, and whether vortices are mostly oriented along the [image: image29.wmf]rotation axis, perpendicular to it, or form helically twisted configurations. 

Fig. 3. (Left) Temperature dependence of the vortex textural energy parameter  The discontinuity at 0.6Tc is a signature of the transition from the axisymmetric vortex cores at higher temperatures to non-axisymmetric cores at lower temperatures. Below this temperature a clear difference is seen in the values of  for the vortex orientations parallel and antiparallel with respect to the applied magnetic field, signifying gyromagnetism. The line is the theoretical prediction of the contribution to  from the flow circulating around vortex cores, ignoring the contribution from the cores themselves. (Right) Temperature dependence of the flow textural energy parameter HV. The solid and broken lines indicate theoretical predictions when two different values for the superfluid energy gap are used. 

Besides this practical aspect, the textural parameters also contain physical information. The temperature dependence of the flow parameter HV is controlled by the superfluid energy gap in a somewhat different way than the temperature dependence of the resonance width of the quartz tuning fork. By comparing the two dependencies experimentally one can obtain some information on the value of the gap.  The value of the vortex parameter has a contribution which is determined by the vortex cores themselves. Thus with measurements of one can observe a transition in the vortex core structure, gyromagnetism (different structure of vortices with circulation oriented along and opposite to the magnetic field), and at low temperatures possibly contribution from Majorana fermions bound to vortex cores.

Since we extended our experimental temperature range towards lower temperatures, it became a necessity to measure textural energy parameters down to below 0.2Tc. We performed such measurements [5,6] at 29 bar pressure using both the classical linear NMR technique and a novel coherent precessing state which is related to the magnon Bose-Einstein condensation in a textural potential well [7]. The results are presented in Fig. 3 and are compared to previously known data at higher temperatures and to models based on the hydrostatic theory [8]. In general, there is good agreement between the new and the old data. We also see that the models capture the overall trend and magnitude of the textural parameters well.

The value of the flow parameter HV is in good agreement with the model when the gap value from Ref. [9] is used. (The value of the gap has been scaled to 29 bar using linear interpolation with respect to the helium density between the melting pressure value in Ref. [9] and the BCS value at 0 bar). The generally accepted “weak-coupling plus” (WCP) value for the gap provides worse fit, although it was found recently to agree well with ultrasound measurements below 20 bar [10]. The measurements of the vortex parameter  demonstrate that gyromagnetism persists towards zero temperature. No sign of a new vortex core transition, in addition to the known one at 0.6Tc, is found. Unfortunately, the large scatter in the low-temperature points prevents finding a contribution from the core-bound Majorana fermions. One way to improve the measurements would be to repeat them at zero pressure and at still lower temperatures. At low pressures the vortex cores are larger in diameter and their contribution to all textural parameters is respectively larger. 
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KI group, microkelvin experiments
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EXPERIMENTS ON QUANTUM FLUIDS AND SOLIDS

Our team is putting together two challenging experiments requiring temperatures lower than has been reached in the studied systems before. These are: 1) superfluid 4He-3He isotopic mixtures cooled by the novel method of adiabatic melting of solid 4He in superfluid 3He and 2) Waves propagating on the interface between solid and superfluid 3He by means of periodic dissipationless growing and melting of the solid. Despite of continued effort, the full scale experiments have not been started yet. The detection techniques for the crystallization wave experiment were examined in detail. The single capacitive element in the heart of the experimental compartment has multiple functions for controlling nucleation and position of the crystal, for adjusting the contact angle between the wall of the experimental cell and the helium crystal, and for exciting and detecting the periodic motion of the liquid-solid interface. The central issue is to perform those tasks without dissipating intolerable heat loads into the refrigerated helium sample and still produce signals beyond the detection threshold. To determine the operational limits of the components available, a small scale test experiment has been prepared.

THERMOMETRY DEVELOPMENT 

To support somewhat more technical development undertaken, we have been constructing computational models describing the second sound resonance phenomena encountered in our experiments on quartz tuning forks in helium mixtures. There are prospects of utilizing these ordinary and cheap components as practical thermometers with exceptionally wide range of operation from above room temperature to below 1 mK - over six orders of magnitude in temperature. The physical phenomenon sensitive to temperature changes from the mechanical properties of quartz at around room temperature to Fermi fluid properties of 3He at the lowest temperatures. These two regimes are bridged over by the second sound resonance phenomena in helium mixtures at the kelvin range of temperatures with resolution in temperature coming close to one part in million. We have prepared a small hermetically sealed enclosure with a quartz tuning fork and about 10% 3He-4He mixture to test and demonstrate the performance and reproducibility of such device. This awaits to be challenged over the full range of temperatures.
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Fig. 1. Computed acoustic modes in a cylindrical volume excited by a quartz tuning fork at the center of the cylinder.
MODEL DEVELOPMENT 

In addition to such practical matters aiming to perform further experiments, large amounts of earlier data were processed, making it possible to improve models describing the quantum systems under investigation. This goes from description of growth mechanisms on helium solids to making predictions upon the anticipated superfluid transition temperature of the dilute 3He system dissolved in superfluid 4He. These are crucial assets for the further experiments on these topics.
THEORY group

Tero Heikkilä, Niklas Hietala, Risto Hänninen, Janne Karimäki, Raphael Khan, Nikolai Kopnin, Matti Laakso, Francesco Massel, Teemu Ojanen, Janne Viljas, Pauli Virtanen, Jukka Väyrynen, Grigori Volovik, and Juha Voutilainen

LTL theory group draws many of its projects from the in-house experimental groups and aims to support the on-going experiments. However, the theory group works mostly independently from the other LTL groups and a major part of the projects is targeting problems posed by experiments or theory elsewhere.

The theory work concentrates on three major topics: nanoelectronics (Nikolai Kopnin and the team lead by Tero Heikkilä), ultra-low temperature physics (Grigori Volovik and the team led by Risto Hänninen) and cosmology (Grigori Volovik). The µKI group relies in its theory support mostly on the short term visits of Alexander Parshin from the Kapitza Institute.

LOW-TEMPERATURE THERMAL TRANSPORT IN THE SPIN-BOSON MODEL

Teemu Ojanen

Collaborator: Tomi Ruokola, Department of Applied Physics, Aalto University

The spin-boson model describes the interaction between bosonic modes and a two-level quantum system. It has been employed in a wide variety of phenomena exhibiting dissipation and loss of quantum coherence. Lately the model has found applications in a nonequilibrium setting where two bosonic reservoirs with different temperatures couple through the two-level system (TLS) [1]. These considerations are motivated by efforts to understand thermal properties of artificial molecular and nanoscale structures. The spin-boson model is interesting from the point of view of heattronics, the manipulation and control of heat in artificial nanostructures. Nonlinear elements, a two-level system being the simplest, with tunable parameters are basic building blocks for the manipulation of heat flow. Possible realizations of the spin-boson thermal transport are, for example, molecular junctions coupling two phonon reservoirs or electric circuits coupled through a superconducting qubit. In the latter example the qubit can be manipulated by external fields, allowing a flexible control of its properties and enabling the investigation of different transport regimes.  In our work we presented a perturbative theory of thermal transport in the spin-boson model for arbitrary bath temperatures. At temperatures well above the TLS energy splitting the reservoirs can excite the system and incoherent sequential emission and absorption processes dominate the transport. In this regime the heat transport problem can be treated adequately in the lowest order approximation in the bath coupling. In analogy to electron transport, we use the word “cotunneling” for the virtual two-boson processes giving rise to the low temperature heat conductance. By calculating two-boson cotunneling rates we obtained an analytic description for thermal transport below the sequential-cotunneling crossover. By employing the scaling equations of the Ohmic spin-boson model we took into account renormalization of the spin-boson parameters. This enabled us to complement the perturbative results by scaling effects and extract an anomalous temperature scaling of cotunneling thermal conductance.    

ELECTRICAL CONTROL AND MEASUREMENT OF SPIN PROPERTIES IN QUANTUM SPIN HALL EDGE STATES

Jukka Väyrynen and Teemu Ojanen

The quantum spin Hall (QSH) insulator is a two-dimensional (2D) example of recently discovered topological insulators. Due to their special band structure arising from a strong spin-orbit interaction (SOI), topological insulators exhibit gapless surface modes forming a helical electron liquid. In the QSH state the edge supports two counter-propagating modes of opposite spin. The edge modes are protected by time-reversal symmetry, thus being robust against effects of small deformations of the sample and time-reversal invariant disorder. The existence of the QSH state has been confirmed in a series of experiments performed in HgTe quantum well structures. However, a quantitative observation of the helical structure has not been achieved yet.  We studied effects of a gate-controlled Rashba spin-orbit coupling to quantum spin-Hall edge states in HgTe quantum wells. A uniform Rashba coupling can be employed in tuning the spin orientation of the edge states while preserving the time-reversal symmetry. We introduced a sample geometry where the Rashba coupling can be used in probing the helicity by purely electrical means without requiring spin detection, application of magnetic materials or magnetic fields. In the considered setup a tilt of the spin orientation with respect to the normal of the sample leads to a reduction in the two-terminal conductance with current-voltage characteristics and temperature dependence typical of Luttinger liquid constrictions.   

ELECTRON TRANSPORT AND ENERGY RELAXATION IN MONOLAYER AND BILAYER GRAPHENE

Janne Viljas, Tero Heikkilä, and Juha Voutilainen

In collaboration with the NANO group

We have theoretically investigated the role of electron-phonon (e-ph) coupling in monolayer graphene (MLG) and bilayer graphene (BLG) on the energy relaxation of electrons [3].  At low temperatures only acoustic phonons are significant. We have studied in detail the temperature power laws of the heat current between electrons and longitudinal acoustic phonons of MLG and BLG, both far from the Dirac point and close to it.  Above room temperature, scattering optical phonons begins to dominate. For graphene samples on insulating substrates, a direct coupling of electrons to the polar optical modes of the dielectric surface was also found to be significant.

In collaboration with experimentalists of the NANO group, we have also studied the low-bias current-voltage (I-V) characteristics of diffusive two-lead graphene samples [4]. While the experimental I-V characteristics of MLG at low bias are typically linear, for BLG they were found to be superlinear at biases V< 0.1 V.  We explain this nonlinearity in terms of self-heating, which is significant in short (< 1 (m) samples because the e-ph coupling is weak and most of the Joule heat can only escape via diffusion to the normal-metal electrodes.  At finite temperatures, electron-hole pairs are thermally created, increasing the conductivity. This effect is stronger in BLG as a result of the higher density of electronic states, which explains the nonlinearity. The results of our numerical simulations, based on an assumption of a quasiequilibrium state, are in good agreement with the experiments.

We have modeled energy relaxation in a graphene flake coupled to superconductors. The superconductors prevent power escape from graphene at low energies that roughly correspond to 1 K and, as a consequence, when power is injected into the system using voltages of the order of the energy gap, it can only escape either by electron-phonon or via electron-electron relaxation into higher energies. In the former mechanism, power simply escapes into the phonon system whereas in the latter, inelastic electron-electron processes first transfer low-energy electrons to energies above the gap, and only then the power may freely escape into the leads. Because of the role of these two mechanisms and the fact that an observable supercurrent is strongly dependent on energy excitations below the energy gap, such an S(uperconductor)-G(raphene)-S(uperconductor) system is a potent tool for investigating inelastic relaxation processes in graphene.

With our model, we have analyzed the experiments conducted in the NANO group to estimate the typical strength of the inelastic processes in graphene [5]. We observe that when the dimensions of the graphene flake are of the order of microns, electron-phonon relaxation is negligibly small and electron-electron interaction alone determines the state of the system. We compare our model to the experiments to find that the strength of the electron-electron interaction is much stronger than expected from theory.
TEMPERATURE FLUCTUATIONS AND INDUCED CURRENT FLUCTUATIONS IN A SINGLE ELECTRON TRANSISTOR

Matti Laakso and Tero Heikkilä

In collaboration with Yuli Nazarov, Kavli Institute of Nanotechnology, Delft University of Technology

We considered the fully overheated single-electron transistor with the heat balance determined entirely by electron transfers. Using the effective action approach to counting statistics, we found three distinct transport regimes corresponding to cotunneling, single-electron tunneling, and a competition between the two. We found an anomalous sensitivity to temperature fluctuations at the crossover between the two latter regimes that manifests in an exceptionally large Fano factor of current noise [6].

We extended our approach to systems with finite level spacing on the SET island by deriving a Fokker-Planck equation for the probability distribution of temperature. We were able to further characterize the nature of the temperature fluctuation induced current fluctuations, and found that the optimal value of the current, its expectation value, and its standard deviation differ from each other by parametrically large factors [7].

The methods developed in these two publications are now utilized to describe similar effects in SINIS tunnel structures, which are the basis of a wide variety of device concepts.
SUPERCONDUCTOR-NORMAL METAL-SUPERCONDUCTOR (SNS) JUNCTIONS IN MICROWAVE FIELDS
Pauli Virtanen and Tero Heikkilä

In collaboration with Juan Carlos Cuevas, Universidad Autonoma de Madrid, Sebas Bergeret, Donostia International Physics Center, San Sebastian, and the group of Helene Bouchiat, Université Paris Sud

We have studied the response of two kinds of SNS structures under an applied microwave field. In the regime of a small junction (length much less than one superconducting coherence length), the supercurrent transport is characterized by a pair of Andreev Bound States (ABS) formed at the contact. We have shown that applying a high-frequency ac voltage on the junction induces transitions between these ABS and between the ABS and the continuum [8], modifying the supercurrent flowing through the system and leading to a strongly phase-sensitive suppression of the supercurrent at certain values of the phase difference across the junction, corresponding to the resonant condition. Besides this, we have analyzed the response at strong fields and found that the current-phase relation gets strongly modified and can even reverse the sign. Moreover, we found that at finite temperatures the presence of microwaves can even lead to an enhancement of the critical current of the junction. 

Together with the experimentalists, we have analyzed the ac response of long diffusive SNS contacts, showing up in the frequency dependent admittance of the junction. We have found three characteristic regimes of frequencies separated by the time scales related to inelastic scattering and diffusion time. Only in the lowest-frequency regime (ω much smaller than the inelastic scattering rate) the typically applied picture of kinetic inductance holds whereas at higher frequencies one has to include also the non-adiabatic effects and the effect from quasiparticle transport [9]. Our intermediate frequency results on the phase-dependent ac reactance fits very well with the recent experiments [10], but further work is required to understand the high-frequency regime (ω larger than the inverse diffusion time through the junction).
COOLING AND AMPLIFICATION IN ELECTROMECHANICAL RESONATORS

Francesco Massel and Tero Heikkilä

In collaboration with the NEMS group

We have theoretically studied the physics of side-band cooling and amplification in electromechanical resonators. The central concept underlying the cooling and amplification by radiation pressure is that when a cavity is coupled to a mechanical oscillator with resonant frequency ωm is driven at a frequency ωp, the motion of the mechanical resonator will induce sidebands at ωp ± ωm. If the frequency of the pump is chosen such that ωp − ωc = −ωm, where ωc is the resonant frequency of the cavity, due to the high density of states at the cavity resonance, photons up-conversion will be preferred, absorbing energy from the mechanical resonator and hence leading to cooling. On the other hand, if ωp − ωc = ωm, photons will be (down-)converted to the cavity resonance, transferring energy from the pump to the mechanical resonator.

We have described these systems in terms of quantum Langevin equations by means of the input-output formalism. We have shown that the interplay between absorption of energy from the pump and its subsequent emission of photons at the cavity resonance can be achieved coherently hence leading to potential amplification of a signal at ωc. From a different perspective, our analysis shows that both for the cooling and the amplification, the pump alters the dynamics of the mechanical resonator, effectively leading to the enhancement or the suppression of mechanical losses for the cooling and the amplification respectively.
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Figure 1: Electromechanical gain as a function of intensity and frequency

MACROSCOPIC QUANTUM TUNNELING IN NANOELECTROMECHANICAL SYSTEMS 
Raphael Khan and Tero T. Heikkilä

In collaboration with the NEMS and Nano groups

With their high frequencies, which can go up to a few Gigahertz, nanoelectromechanical systems (NEMS) bring the possibility of observing quantum phenomena in mechanics.  We have investigated the possibility of observing macroscopic quantum tunneling (MQT) in a NEMS. Considering a nanoresonator close to a gate, we have that when increasing the gate voltage the minimum of the energy of the system becomes metastable and disappears when the resonator pulls in contact with the gate. This pull in should be able to occur before the disappearance of the energy minimum via quantum tunneling or thermal escape from the metastable minimum.  We have computed the quantum-tunneling rate from the metastable minimum and the crossover temperature below which quantum tunneling is more important than thermal. We have shown that for a graphene based resonator the crossover temperature is of the order of 0.5 mK while the relative precision on the applied gate voltage has to be of the order of 10-6 close to the pull-in point.
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SCALING OF THE CRITICAL VELOCITY FOR THE ONSET OF TURBULENCE IN OSCILLATORY SUPERFLOWS 

R. Hänninen

In collaboration with W. Schoepe (Universität Regensburg)

There are several methods of introducing turbulence in helium superfluids. Perhaps the most common and a very powerful tool is to oscillate a small object, such as a sphere or wire in superfluid. Experimentally there are strong indications that the critical velocity for the onset of turbulence is proportional to ((()1/2, where ( is the circulation quantum and ( is the oscillation frequency. This law seems to be universal and independent of the detailed structure of the oscillating object. This simple relation for the critical velocity can be derived by using dimensional arguments, for example, using a superfluid Reynolds number Res = vl/κ, where l is the characteristic length scale and v the velocity. We have also shown that this relation is consistent with Vinen’s equation, when extending the scenario qualitatively to oscillating flows. Most recently we have shown that square root dependence also results from the equations of motion for quantum vortices. Originally this scaling argument was developed by Kotsubo and Swift to explain experiments where the turbulence was generated by high-amplitude second sound in He-II, but it also fits to oscillating object case. 

KELVIN WAVE CASCADE IN HELIUM SUPERFLUIDS 

R. Hänninen, in collaboration with the ROTA group

Currently one important interest in the quantum turbulence community is the dissipation and the decay of quantum turbulence in the zero temperature limit. As T → 0 the coupling between vortices and normal fluid becomes negligibly small. Due to quantization of vorticity, the traditional Kolmogorov energy cascade becomes impossible at length scales smaller than the intervortex distance. To be able to dissipate energy it must be cascaded from the intervortex scales to scales on the order of the vortex core size, where the energy can be dissipated. This cascade is expected to occur via Kelvin waves. Using numerical simulations and the vortex filament model, we consider the coupling between Kelvin waves at low temperatures. We have determined the Kelvin spectrum for example in the case where the Kelvin waves are excited by physically shaking the vortex endpoints, a situation possible to realize experimentally by using a vibrating wire, sphere, grid, or fork.
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NOnequilibrium properties of mesoscopic superconductors

N.B. Kopnin
Collaborators: Yu.M. Galperin (University of Oslo, Norway), V.M. Vinokur (Argonne National Laboratory, US).

N.B. Kopnin, Y.M. Galperin, and V.M. Vinokur, Phys Rev. B 82, 012503 (2010).

According to the classical picture of the Coulomb blockade in gated structures the Coulomb interaction usually suppresses electronic transport through small conductors by introducing an additional energy barrier associated with the charging energy. Our research demonstrates, however, that in ballistic SINIS junctions (here S stands for a superconductor, N is a normal-metal island, and I is an insulator), the Coulomb interaction can rather stimulate the supercurrent than suppress it. The supercurrent through a junction containing a ballistic normal island is mediated by Andreev states with energies controlled by the effective transparency of the double-barrier structure which is determined by the wave length of electrons. The extra charge on the dot affects not only the energy but also the wave length of electrons. This makes the transmission extremely sensitive both to the gate voltage and to the charge on the Andreev states localized in the normal island. We show that charging of Andreev states can actually preserve the condition of resonance tunneling: the charge adjusts itself so as to compensate the deviation of the chemical potential caused by the change in the gate voltage thus increasing the transparency of the device for the supercurrent.

Studies of superconductivity in graphene

N.B. Kopnin

Collaborators: E.B. Sonin (Hebrew University of Jerusalem, Israel).

N.B. Kopnin and E.B. Sonin, Phys. Rev. B 82, 014516 (2010).
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Possible superconductivity of electrons with the Dirac spectrum (Fig. 1) is analyzed using the BCS model. 

Zero doping is characterized by existence of the quantum critical point such that the critical temperature vanishes below some finite value of the interaction strength. However, the critical temperature remains finite for any nonzero electron or hole doping level when the Fermi energy is shifted away from the Dirac point (Fig. 2). 
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As distinct from usual superconductors, the supercurrent density is not proportional to the number of electrons but is strongly decreased due to the presence of the Dirac point. The supercurrent is calculated within the mean-field model employing the two-component wave functions on a honeycomb lattice with pairing between different valleys in the Brillouin zone. It is shown that the supercurrent is always finite even if the doping level is exactly zero.

Superfluid 3He and topological quantum matter
G. Volovik

Physics of superfluid 3He influences the development of many other areas of physics. There are several reasons for that. One of them is the complicated structure of the order parameter which simultaneously shares the properties of many other condensed matter systems such as magnetic materials, liquid crystals, superfluid 4He, Bose-Einstein condensates (BEC) in ultra-cold gases, high-temperature and chiral superconductors, etc. The other reason is that phases of superfluid 3He share many properties of topological matter, such as semi-metals, topological insulators, massless and massive phases of the Standard Model of weak, strong and electromagnetic interactions. Different aspects of physics of topological matter include topological stability of gap nodes; classification of fully gapped vacua; edge states; Majorana fermions; influence of disorder and interaction; topological quantum phase transitions; intrinsic Hall and spin-Hall effects; quantization of physical parameters; experimental realization; connections with relativistic quantum fields; chiral anomaly; etc.

According to the classification of topological matter [1], superfluid 3He-A belongs  to the same universality class of gapless vacua as the Standard Model in its gapless phase: it is described by the same topology in momentum space. This class is characterized by the existence of topologically stable Fermi points (Dirac points) in the excitation spectrum. Close to the Fermi point all the ingredients of the Standard Model and gravity emerge: left-handed and right-handed fermions, gauge bosons, metric field, relativistic invariance and other physical laws. This supports the new paradigm that the elementary particles (quarks and leptons), weak, strong and electromagnetic fields, as well as the gravitational field and space-time itself, are entities which naturally emerge in the low energy corner of the medium called quantum vacuum. 

On the other hand, superfluid 3He-B belongs to the same topological class of gapped vacua as the Standard Model in its massive Higgs phase [2] and topological insulators with time reversal symmetry. They all are described by similar topology in momentum space, and may experience the similar types of the topological quantum phase transitions. The topological superfluid 3He-B provides also many examples of the interplay of symmetry and topology [3,4]. In particular the nontrivial topology of 3He-B in combination with the 3He-B symmetry gives rise to gapless Andreev bound state on the surface of 3He-B which have the properties of relativistic Majorana fermions, and relativistic fermions within the vortex cores – fermion zero modes [4]. In 3He-B, the symmetry can be manipulated by external magnetic field [3]. Magnetic field violates the time reversal symmetry, as a result the gapless fermions on the surface of 3He-B become fully gapped. 

SPIN SUPERFLUIDITY and Magnon BEC
G. Volovik

Collaborators:  Yuriy Bunkov (Institut Neel, France), ROTA group

In addition to fermionic quasiparticle excitations, superfluid 3He has also bosonic quasiparticles, such as magnons. These magnon excitations can form long-lived Bose-Einstein condensates (BEC) [5,6]. BEC of excitations is presently one of the debated phenomena of condensed matter physics. In thermal equilibrium the chemical potential of excitations vanishes and, as a result, their condensate does not form. The only way to overcome this situation is to create a dynamic steady state with a conserved number of excitations as a non-equilibrium system. Formally, BEC requires conservation of charge or particle number. However, condensation can still be extended to systems with weakly violated conservation, such as quasiparticles, i.e. to discrete quanta of energy which can be treated as real particles in condensed matter.  The loss of quasiparticles due to their decay is compensated by pumping. For sufficiently long-lived quasiparticles the non-zero chemical potential is well defined and BEC becomes possible.  

Several examples of Bose condensation of quasiparticles have been observed or suggested, including BEC of phonons, excitons, exciton-polaritons, and magnons or spin waves in ferromagnets and in the superfluid 3He-B [6]. Recently, magnon BEC has been observed in one of the glass state of superfluid 3He-A in anisotropic aerogel discussed in [7]. At low temperatures the magnon BEC in 3He-B is confined in a magnetic trap, which is formed by the order parameter texture of the superfluid state. 

These magnon condensates can be used to probe the quantum vacuum of 3He-B in the zero-temperature limit, where conventional measuring signals become insensitive. This can serve as a tool for identification of Andreev-Majorana fermions on the surface of 3He-B discussed in [1-3] and inside the vortex cores [4].
superfluid 3He and Disorder
G. Volovik

Collaborators:  Vladimir Dmitriev (Kapitza Institute) and his group

Investigation of the superfluid 3He has led to connection with another area of physics – physics of disordered systems. This is the investigation of the behavior of superfluid 3He confined in aerogel. Randomly oriented silicon strands of aerogel produce the random local anisotropy for the order parameter. Superfluid 3He-A confined in aerogel provides the first example of anisotropic superfluids, which exhibits the Larkin-Imry-Ma effect: the quenched random anisotropy destroys the long-range orientational order. The applied deformation of aerogel produces regular anisotropy leading to different glass states of 3He-A in anisotropic aerogel observed in NMR experiments [7]. 

In anisotropic aerogel with stretching deformation two glass phases are observed. Both phases represent the anisotropic glass of the orbital ferromagnetic vector l – the orbital glass. The phases differ by the spin structure: the spin nematic vector d can be either in the ordered spin nematic state or in the disordered spin-glass state. The first phase is formed under conventional cooling from normal 3He. The second phase is metastable, being obtained by cooling through the superfluid transition temperature, when large enough resonant continuous radio-frequency excitation are applied. NMR signature of different phases allows us to measure the parameter of the global anisotropy of the orbital glass induced by deformation.

Connection to particle physics and cosmology 
G. Volovik

Collaborator: Frans Klinkhamer (University of Karlsruhe, Germany)

(a) Vacuum of Standard Model as a topological medium. Both known states of the quantum vacuum of SM have non-trivial topology. The insulating state and semi-metal state of quantum vacuum are described by nonzero values of topological invariants supported by symmetry [1,2]. Momentum space topology suggests a number of possible quantum phase transitions in the quantum vacuum of SM. The nodeless topologically protected 3+1 dimensional states of superfluid 3He-B type arise also in the other relativistic systems, such as relativistic singlet and triplet superconductivity in dense quark matter. In these systems there is the bulk-surface correspondence: the nonzero value of topological invariant in bulk leads to gapless fermions on the boundary. The bulk-vortex correspondence also takes place: the index theorem relates the topological invariant in bulk with the fermion zero modes living on strings [4]. This index theorem uses the topological invariants in combined momentum and coordinate space.

(b) Dynamics of vacuum energy and cosmological constant. The standard model of elementary particle physics and the theory of general relativity can be extended [8] by the introduction of a vacuum variable which is responsible for the near vanishing of the present cosmological constant (vacuum energy density). The explicit realization of this vacuum variable can be via a three-form gauge field, an aether-type velocity field, or any other field appropriate for the description of the equilibrium state corresponding to the Lorentz-invariant quantum vacuum. The extended theory has, without fine-tuning, a Minkowski-type solution of the field equations with spacetime-independent fields and provides, therefore, a possible solution of the main cosmological constant problem (why the present vacuum energy density is by 120 orders of magnitude smaller that the natural value EPlanck4 estimated from the natural Planck energy scale). This dynamic theory also addresses the next question: why is our present Universe close to the Minkowski vacuum or, in other words, why does Nature prefer flat spacetime? The answer to this question appears to be: because the Minkowski equilibrium state is an attractor and the Universe is moving towards it. We are close to this attractor, simply because our Universe is old.
TOPOLOGICAL MATTER
T.T. Heikkilä, N.B. Kopnin, G. Volovik

Physics of topological matter – superfluid 3He – influences the theory of topological condensed matter systems, which have topologically protected nodes in spectrum (graphene, graphite, cuprate superconductors, etc.). Topological media are systems whose properties are protected by topology and thus are robust to deformations of the system. In topological insulators and superconductors the bulk-surface and bulk-vortex correspondence gives rise to the gapless Dirac or Majorana fermions on the surface of the system and inside vortex cores. In the gapless topological media, the bulk-surface and bulk-vortex correspondence is even more effective: it produces topologically protected gapless fermions without dispersion – the flat band. Fermion zero modes forming the flat band are localized on the surface of topological media with protected nodal [9,10] and in the vortex core in systems with topologically protected Dirac points [11]. Flat band has an extremely singular density of states, and this property may give rise in particular to surface superconductivity with an unusually high transition temperature [12]. 

In the fully gapped topological systems in even space dimension, the Chern-Simons terms are well defined. The prefactors of these terms are represented by topological invariants in momentum-frequency space, which are expressed in terms of the Green's function and are robust to interactions. These invariants determine quantization of the parameters of the system, such as intrinsic Hall and spin-Hall conductivity in 2+1 and 4+1 systems. For odd space dimension the situation is more complicated, especially for time reversal invariant systems, where the suggested Chern-Simons term formally violates the time reversal symmetry. Though these terms are not well-defined for bulk topological matter, they well describe the properties of smooth textures within the topological matter [13]. The well-defined topological invariants in momentum-frequency space are expressed in terms of the Green's function and robust to interactions. They also determine the quantization of the parameters of the system, in a given case these are the quantum numbers of the texture, such as the fermion number in 1+1 system and quantized Hall or spin-Hall conductivity within the smooth interface in the 3+1 systems. 

The smooth textures are analogues of the topological solitons in condensed matter systems with spontaneously broken symmetry.  There are two types of topological objects in these condensed matter systems: singular topological defects (such as domain walls, quantized vortices, hedgehogs and dislocations) and continuous structures called topological solitons, skyrmions and textures. As distinct from the singular topological defects, which are described by conventional homotopy groups, textures do not have singularities in the order parameter fields and are described by relative homotopy groups. Analogues of such objects exist in topological matter [12,13]. The role of singularities in the order parameter is played by the Green function's singularity in momentum space, such as nodes in the energy spectrum. For example, the analogue  of a domain wall is an interface between the gapped bulk states, which contains gapless fermions, while the analog of a soliton is an interface, in which the Green's function has no singularity, i.e., within the soliton the system remains fully gapped. Outside the soliton the space of the Green's function is restricted due to some symmetry in bulk, while within the soliton this symmetry is violated or is spontaneously broken.  Examples of the bulk symmetry are time reversal symmetry, spin rotation symmetry, crystal symmetry etc. Smooth textures are described by topological invariants in combined momentum and coordinate space [13].
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BRAIN RESEARCH UNIT

The research programs of the Brain Research Unit aim to deepen the understanding of human brain function in health and disease by exploiting, developing, and integrating the most advanced spatiotemporal methods of non-invasive human neuroimaging. The research included design and construction of stimulation and monitoring devices to create versatile but controlled stimulus environments for systems neuroscience experiments. 

We have studied human brain function by measuring weak magnetic fields outside the head by means of magnetoencephalography (MEG). This method allows monitoring of brain dynamics totally non-invasively in healthy and diseased humans during different tasks and conditions. Our 306-channel neuromagnetometer (Elekta Neuromag, Elekta Oy), functional since 1998 and upgraded in 2008, houses 204 gradiometers and 102 magnetometers with whole-scalp coverage. To combine functional and structural information, we typically integrate MEG data with the subject's magnetic resonance images (MRIs). We also use functional magnetic resonance imaging (fMRI) at the Advanced Magnetic Imaging (AMI) Centre of the Aalto University; 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. Our MEG Centre was in 2010 directed by Docent Veikko Jousmäki and the AMI Centre (owned by the Aalto University) by Docent Simo Vanni, both from the BRU. 

Since the beginning of 2006, we form the core of the Center of Excellence on Systems Neuroscience and Neuromaging, appointed by the Academy of Finland for years 2006–2011. The other partners of the Center of Excellence are the AMI Centre and the Applied Electronics Laboratory of Aalto University (Prof. Raimo Sepponen), and the Neuroscience Unit of the University of Helsinki (Prof. Synnöve Carlson).

In 2010, altogether 7 PhD students defended their theses at the BRU, 5 of them with distinction. The cumulative number of BRU PhDs now increased to 46.

The director of the Brain Research Unit, Academy Professor Riitta Hari received the highest scientific honor in Finland in November 2010, when she was granted the honorary title of Academician of Science. This title is held by maximally twelve Finnish scientists at a time. In the press release by the Academy of Finland, Riitta Hari was recognised decisively for her contributions to the development of methods and applications of human brain imaging and neuroscience. 

BRU has the reputation of being the international reference for MEG, with state-of-the-art equipment and leading experts. This expertise cumulated in 2010 to publication of the book “MEG: An Introduction to Methods” edited by Hansen, Kringelbach and Salmelin. Academy Professor Riitta Salmelin, the director of the Imaging Language group of BRU, served as an editor and also contributed several chapters. The other BRU authors were Dr. Nina Forss and Dr. Lauri Parkkonen, and altogether 7 out of the 15 chapters of the book had authors from the BRU.
Three BRU scientists, Annika Hultén, Dr. Päivi Helenius and Dr. Minna Lehtonen, contributed to the publication of the Finnish textbook “Kieli ja aivot” (Language and Brain) edited by Korpilahti, Laine,  and Aaltonen in 2010.  

BRU organized in 2010 four introductory MEG training courses, each for 5 days and with both lectures and hands-on data acquisition and analysis sessions. The courses were directed by Docent Veikko Jousmäki, and the majority of the participants were from abroad, mainly from new sites of Elekta Oy’s MEG installations.

In 2010, BRU continued to participate actively in aivoAALTO, the multidisciplinary research project of comprising all three schools of the Aalto University; aivoAALTO is directed by Riitta Hari and coordinated by Docent Elina Pihko. Docent Nina Forss continued to direct BRU’s clinical subsection CliniMEG, aiming at MEG’s clinical applications in e.g. chronic pain and stroke.
Below we list our scientific achievements from 2010 in form of published papers (with abstracts) and papers epublished ahead of print.

HUMAN SYSTEMS NEUROSCIENCE

1. Bourguignon M, De Tiège X, Op de Beeck M, Pirotte B, Van Bogaert P, Goldman S, Hari R, Jousmäki V: Functional motor mapping using corticokinetic coherence. IFMBE Proceedings 2010, 28: 310–313.

We present a novel method, corticokinematic coherence (CKC), for functional mapping of the motor cortex by computing coherence between cortical magnetoencephalographic (MEG) signals and the kinematics of voluntary movements. Ten subjects performed self-paced flexion-extensions of the right-hand fingers at about 3 Hz, with a 3-axis accelerometer attached to the index finger. Cross-correlogram and coherence spectra were computed between 306 MEG channels and the accelerometer signals. In all subjects, accelerometer and coherence spectra showed peaks around 3–5 Hz and 6–10 Hz, corresponding to the movement frequencies. The coherence was statistically significant (p < 0.05) in all subjects, with sources in the hand area of the primary motor cortex contralateral to the movement. CKC appears to be a promising and robust method for reliable and convenient functional mapping of the human motor cortex.

2. Caetano G, Olausson H, Cole J, Jousmäki V, Hari R: Cortical responses to Adelta-fiber stimulation: Magnetoencephalographic recordings in a subject lacking large myelinated afferents. Cerebral Cortex 2010, 20: 1898–1903. 

Controversy persists over the role of the primary somatosensory cortex (SI) in processing small-fiber peripheral afferent input. We therefore examined subject I.W, who, due to sensory neuronopathy syndrome, has no large-fiber afferents below C3 level. Cortical evoked responses were recorded with a whole-scalp neuromagnetometer to high-intensity electrical stimulation of the distal right radial, median, and tibial nerves and skin over the forearm and mechanical stimulation of (neurologically intact) lip. The responses to electrical stimulation in the Abeta-denervated limbs peaked at 110-140 ms in contralateral SI and at 140-220 ms in contralateral secondary somatosensory cortex (SII), consistent with Adelta-mediated input. I.W. was able to localize pin-prick stimuli with 4 cm accuracy. Responses to laser stimuli on the radial dorsum of the hand peaked in contralateral SII cortex at 215 ms, also compatible with Adelta-mediated input. These results support the role of the SI cortex in processing the sensory discriminative aspects of Adelta-mediated input.

3. Hannula H, Neuvonen T, Savolainen P, Hiltunen J, Ma YY, Antila H, Salonen O, Carlson S, Pertovaara A: Increasing top-down suppression from prefrontal cortex facilitates tactile working memory. NeuroImage 2010, 49: 1091–1098.
Navigated transcranial magnetic stimulation (TMS) combined with diffusion-weighted magnetic resonance imaging (DW-MRI) and tractography allows investigating functional anatomy of the human brain with high precision. Here we demonstrate that working memory (WM) processing of tactile temporal information is facilitated by delivering a single TMS pulse to the middle frontal gyrus (MFG) during memory maintenance. Facilitation was obtained only with a TMS pulse applied to a location of the MFG with anatomical connectivity to the primary somatosensory cortex (S1). TMS improved tactile WM also when distractive tactile stimuli interfered with memory maintenance. Moreover, TMS to the same MFG site attenuated somatosensory evoked responses (SEPs). The results suggest that the TMS-induced memory improvement is explained by increased top-down suppression of interfering sensory processing in S1 via the MFG-S1 link. These results demonstrate an anatomical and functional network that is involved in maintenance of tactile temporal WM.
4. Hari R, Nangini C, Parkkonen L: The brain in time: Insights from neuromagnetic recordings. The Year in Cognitive Neuroscience 2010. Annals of the New York Academy of Sciences 2010, 1191: 89–109. 

The millisecond time resolution of magnetoencephalography (MEG) is instrumental for investigating the brain basis of sensory processing, motor planning, cognition, and social interaction. We review the basic principles, recent progress, and future potential of MEG in noninvasive tracking of human brain activity. Cortical activation sequences from tens to hundreds of milliseconds can be followed during, e.g., perception, motor action, imitation, and language processing by recording both spontaneous and evoked brain signals. Moreover, tagging of sensory input can be used to reveal neuronal mechanisms of binaural interaction and perception of ambiguous images. The results support the emerging ideas of multiple, hierarchically organized temporal scales in human brain function. Instrumentation and data analysis methods are rapidly progressing, enabling attempts to decode the four-dimensional spatiotemporal signal patterns to reveal correlates of behavior and mental contents.

5. Hesse MD, Nishitani N, Fink GR, Jousmäki V, Hari R: Attenuation of somatosensory responses to self-produced tactile stimulation. Cerebral Cortex 2010, 20: 425–432. 

Sensory stimulation resulting from one's own behavior or the outside world is easily differentiated by healthy persons who are able to predict the sensory consequences of their own actions. This ability has been related to cortical attenuation of activation elicited by self-produced stimulation. To date, however, the neural processes underlying this modulation remain to be elucidated. We therefore recorded whole-scalp magnetoencephalographic (MEG) signals from 10 young adults either when they were touched by another person with a brush or when they touched themselves with the same device. The main MEG responses peaked at the primary somatosensory cortex at 54+/-2 ms. Signals and source strengths were about a fifth weaker to self-produced than external touch. Importantly, attenuation was present in each subject. Control recordings indicated that the suppression was neither caused by hand movements as such nor by visual cues. The very early start of the attenuation already about 30 ms after stimulation onset is in line with the hypothesis of forward mechanisms, based on motor commands, as the basis of differentiation between self-produced and externally produced tactile sensations.

6. Hirvenkari L, Jousmäki V, Lamminmäki S, Saarinen V-M, Sams M, Hari R: Gaze-based MEG averaging during audiovisual speech perception. Frontiers in Human Neuroscience 2010, 4: 1–7. 

To take a step towards real-life-like experimental setups, we simultaneously recorded magnetoencephalographic (MEG) signals and subject's gaze direction during audiovisual speech perception. The stimuli were utterances of /apa/ dubbed onto two side-by-side female faces articulating /apa/ (congruent) and /aka/ (incongruent) in synchrony, repeated once every 3 s. Subjects (N = 10) were free to decide which face they viewed, and responses were averaged to two categories according to the gaze direction. The right-hemisphere 100-ms response to the onset of the second vowel (N100m') was a fifth smaller to incongruent than congruent stimuli. The results demonstrate the feasibility of realistic viewing conditions with gaze-based averaging of MEG signals.

7. Hyvärinen A, Ramkumar P, Parkkonen L, Hari R: Independent component analysis of short-time Fourier transforms for spontaneous EEG/MEG analysis. NeuroImage 2010, 49: 257–271. 

Analysis of spontaneous EEG/MEG needs unsupervised learning methods. While independent component analysis (ICA) has been successfully applied on spontaneous fMRI, it seems to be too sensitive to technical artifacts in EEG/MEG. We propose to apply ICA on short-time Fourier transforms of EEG/MEG signals, in order to find more "interesting" sources than with time-domain ICA, and to more meaningfully sort the obtained components. The method is especially useful for finding sources of rhythmic activity. Furthermore, we propose to use a complex mixing matrix to model sources which are spatially extended and have different phases in different EEG/MEG channels. Simulations with artificial data and experiments on resting-state MEG demonstrate the utility of the method.

8. Kauramäki J, Jääskeläinen IP, Hari R, Möttönen R, Rauschecker JP, Sams M: Lipreading and covert speech production similarly modulate auditory N100m responses to pure tones in humans. Journal of Neuroscience 2010, 30: 1314–1321.

Watching the lips of a speaker enhances speech perception. At the same time, the 100 ms response to speech sounds is suppressed in the observer's auditory cortex. Here, we used whole-scalp 306-channel magnetoencephalography (MEG) to study whether lipreading modulates human auditory processing already at the level of the most elementary sound features, i.e., pure tones. We further envisioned the temporal dynamics of the suppression to tell whether the effect is driven by top-down influences. Nineteen subjects were presented with 50 ms tones spanning six octaves (125-8000 Hz) (1) during "lipreading," i.e., when they watched video clips of silent articulations of Finnish vowels /a/, /i/, /o/, and /y/, and reacted to vowels presented twice in a row; (2) during a visual control task; (3) during a still-face passive control condition; and (4) in a separate experiment with a subset of nine subjects, during covert production of the same vowels. Auditory-cortex 100 ms responses (N100m) were equally suppressed in the lipreading and covert-speech-production tasks compared with the visual control and baseline tasks; the effects involved all frequencies and were most prominent in the left hemisphere. Responses to tones presented at different times with respect to the onset of the visual articulation showed significantly increased N100m suppression immediately after the articulatory gesture. These findings suggest that the lipreading-related suppression in the auditory cortex is caused by top-down influences, possibly by an efference copy from the speech-production system, generated during both own speech and lipreading.

9. Kirveskari E, Vartiainen N, Gockel M, Fors N: Motor cortex dysfunction in complex regional pain syndrome. Clinical Neurophysiology 2010, 121: 1085–1091

OBJECTIVE: Most patients with complex regional pain syndrome (CRPS) exhibit debilitating motor symptoms. The effect of continuous pain on motor system in CRPS, however, is not well known. We searched for signs of motor cortex dysfunction in chronic CRPS type 1 patients with motor impairment.

METHODS: We recorded rhythmic brain activity with magnetoencephalography (MEG) during noxious thulium-laser stimulation of both hands in eight CRPS patients and eight control subjects. We measured excitability of the motor cortex by monitoring the reactivity of the approximately 20-Hz motor cortex rhythm to laser stimuli. The reactivity was defined as a sum of the stimulus-induced suppression and the subsequent rebound of the approximately 20-Hz rhythm.
RESULTS: In CRPS, the reactivity of the approximately 20-Hz rhythm in the hemisphere contralateral to the painful hand was significantly weaker than in control subjects. The reactivity correlated with the mean level of the spontaneous pain (r=-0.64, P=0.04). Suppression of the approximately 20-Hz rhythm correlated with the grip strength in the painful hand (r=0.66, P=0.04).
CONCLUSION: Continuous pain in CRPS is associated with attenuated motor cortex reactivity.
SIGNIFICANCE: Abnormal motor cortex reactivity may be linked with motor dysfunction of the affected hand in CRPS.

10. Malinen S, Vartiainen N, Hlushchuk Y, Koskinen M, Ramkumar P, Forss N, Kalso E, Hari R: Aberrant temporal and spatial brain activity during rest in patients with chronic pain. Proceedings of the National Academy of Sciences of the United States of America (PNAS) 2010, 107: 6493–6497.

In the absence of external stimuli, human hemodynamic brain activity displays slow intrinsic variations. To find out whether such fluctuations would be altered by persistent pain, we asked 10 patients with unrelenting chronic pain of different etiologies and 10 sex- and age-matched control subjects to rest with eyes open during 3-T functional MRI. Independent component analysis was used to identify functionally coupled brain networks. Time courses of an independent component comprising the insular cortices of both hemispheres showed stronger spectral power at 0.12 to 0.25 Hz in patients than in control subjects, with the largest difference at 0.16 Hz. A similar but weaker effect was seen in the anterior cingulate cortex, whereas activity of the precuneus and early visual cortex, used as a control site, did not differ between the groups. In the patient group, seed point-based correlation analysis revealed altered spatial connectivity between insulae and anterior cingulate cortex. The results imply both temporally and spatially aberrant activity of the affective pain-processing areas in patients suffering from chronic pain. The accentuated 0.12- to 0.25-Hz fluctuations in the patient group might be related to altered activity of the autonomic nervous system.

11. Pihko E, Nangini C, Jousmäki V, Hari R: Observing touch activates human primary somatosensory cortex. European Journal of Neuroscience 2010, 31: 1836–1843.

We used magnetoencephalography to show that the human primary somatosensory (SI) cortex is activated by mere observation of touch. Somatosensory evoked fields were measured from adult human subjects in two conditions. First, the experimenter touched the subject's right hand with her index finger (Experienced touch). In the second condition, the experimenter touched her own hand in a similar manner (Observed touch). Minimum current estimates were computed across three consecutive 300-ms time windows (0-300, 300-600 and 600-900 ms) with respect to touch onset. During 'Experienced touch', as expected, the contralateral (left) SI cortex was strongly activated in the 0-300 ms time window. In the same time window, statistically significant activity also occurred in the ipsilateral SI, although it was only 2.5% of the strength of the contralateral activation; the ipsilateral activation continued in the 300–600 ms time window. During 'Observed touch', the left SI cortex was activated during the 300–600 ms interval; the activation strength was 7.5% of that during the significantly activated period (0-–300 ms) of 'Experienced touch'. The results suggest that when people observe somebody else being touched, activation of their own somatosensory circuitry may contribute to understanding of the other person's somatosensory experience.

12. Ramkumar P, Parkkonen L, Hari R: Oscillatory Response Function: Towards a parametric model of rhythmic brain activity. Human Brain Mapping 2010, 31: 820–834. 

Rhythmic brain activity, measured by magnetoencephalography (MEG), is modulated during stimulation and task performance. Here, we introduce an oscillatory response function (ORF) to predict the dynamic suppression-rebound modulation of brain rhythms during a stimulus sequence. We derived a class of parametric models for the ORF in a generalized convolution framework. The model parameters were estimated from MEG data acquired from 10 subjects during bilateral tactile stimulation of fingers (stimulus rates of 4 Hz and 10 Hz in blocks of 0.5, 1, 2, and 4 s). The envelopes of the 17–23 Hz rhythmic activity, computed for sensors above the rolandic region, correlated 25–43% better with the envelopes predicted by the models than by the stimulus time course (boxcar). A linear model with separate convolution kernels for onset and offset responses gave the best prediction. We studied the generalizability of this model with data from 5 different subjects during a separate bilateral tactile sequence by first identifying neural sources of the 17–23 Hz activity using cortically constrained minimum norm estimates. Both the model and the boxcar predicted strongest modulation in the primary motor cortex. For short-duration stimulus blocks, the model predicted the envelope of the cortical currents 20% better than the boxcar did. These results suggest that ORFs could concisely describe brain rhythms during different stimuli, tasks, and pathologies.

13. Roiha K, Kirveskari E, Kaste M, Mustanoja S, Mäkelä JP, Salonen O, Tatlisumak T, Forss N: Reorganization of the primary somatosensory cortex during stroke recovery. Clinical Neurophysiology 2010: 339–345.

OBJECTIVE: Animal and human studies have indicated that stroke induces reorganization of the motor and somatosensory cortices. We aimed to clarify how changes in the primary somatosensory (SI) cortex correlate with stroke recovery.

METHODS: We recorded somatosensory evoked fields (SEFs) with magnetoencephalography from 15 patients with stroke affecting upper extremity motor function. The size of the hand representation in the SI cortex was calculated from the Euclidean distance between the sources of SEFs to thumb and little finger tactile stimulation. The measurements were made at 1–7 days (T(0)), at 1 (T(1)), and at 3months (T(2)) after stroke, with concomitant evaluation of hand function.
RESULTS: The affected hand function was improved at T(1) and T(2) compared with T(0) (p < 0.01). At T(1), the SI hand representation in the affected hemisphere was enlarged compared with T(0) or T(2) (12.6 ± 0.8 at T(1)vs. 9.6 ± 0.8mm at T(0) and 10.2 ± 0.8 at T(2), p < 0.05). In patients with subcortical infarction, the increase in cortical representation at T(1) correlated strongly with impairment of hand function (r = 0.8, p < 0.01).

CONCLUSION: Reorganization of the SI cortex provokes a transient enlargement of the hand representation that normalizes as hand functions are regained.

SIGNIFICANCE: The temporal evolution of plastic changes during stroke recovery might be useful in evaluating motor recovery.

14. Susac A, Ilmoniemi RJ, Pihko E, Ranken D, Supek S: Early cortical responses are sensitive to changes in face stimuli. Brain Research 2010, 1346: 155–156.

Face-related processing has been demonstrated already in the early evoked response around 100 ms after stimulus. The aims of this study were to explore these early responses both at sensor and cortical source level and to explore to what extent they might be modulated by a change in face stimulus. Magnetoencephalographic (MEG) recordings, a visual oddball paradigm, and a semiautomated spatiotemporal source localization method were used to investigate cortical responses to changes in face stimuli. Upright and inverted faces were presented in an oddball paradigm with four conditions; standards and deviants differing in emotion or identity. The task in all conditions was silent counting of the target face with glasses. Deviant face stimuli elicited larger MEG responses at about 100 ms than standard ones did but only for upright faces. Spatiotemporal source localization up to 140 ms after stimulus revealed activation of parietal and temporal sources in addition to occipital ones, all of which demonstrated differences in locations and dynamics for standards, deviants, and targets. Peak latencies of the identified cortical sources were shorter for deviants than standards, again only for upright faces. Our results showed differences in cortical responses to standards and deviants that were more pronounced for upright than for inverted faces, suggesting early detection of face-related changes in visual stimulation. The observed effect provides new evidence for the face sensitivity of the early neuromagnetic response around 100 ms.

15. Särkämö T, Tervaniemi M, Soinila S, Autti T, Silvennoinen HM, Laine M, Hietanen M, Pihko E: Auditory and cognitive deficits associated with acquired amusia after stroke: a magnetoencephalography and neuropsychological follow-up study. Public Library of Science (Plos ONE) 2010, 5: e15157. 

Acquired amusia is a common disorder after damage to the middle cerebral artery (MCA) territory. However, its neurocognitive mechanisms, especially the relative contribution of perceptual and cognitive factors, are still unclear. We studied cognitive and auditory processing in the amusic brain by performing neuropsychological testing as well as magnetoencephalography (MEG) measurements of frequency and duration discrimination using magnetic mismatch negativity (MMNm) recordings. Fifty-three patients with a left (n = 24) or right (n = 29) hemisphere MCA stroke (MRI verified) were investigated 1 week, 3 months, and 6 months after the stroke. Amusia was evaluated using the Montreal Battery of Evaluation of Amusia (MBEA). We found that amusia caused by right hemisphere damage (RHD), especially to temporal and frontal areas, was more severe than amusia caused by left hemisphere damage (LHD). Furthermore, the severity of amusia was found to correlate with weaker frequency MMNm responses only in amusic RHD patients. Additionally, within the RHD subgroup, the amusic patients who had damage to the auditory cortex (AC) showed worse recovery on the MBEA as well as weaker MMNm responses throughout the 6-month follow-up than the non-amusic patients or the amusic patients without AC damage. Furthermore, the amusic patients both with and without AC damage performed worse than the non-amusic patients on tests of working memory, attention, and cognitive flexibility. These findings suggest domain-general cognitive deficits to be the primary mechanism underlying amusia without AC damage whereas amusia with AC damage is associated with both auditory and cognitive deficits.

16. Longcamp M, Hlushchuk Y, Hari R: What differs in visual recognition of handwritten vs. printed letters? An fMRI study. Human Brain Mapping 2010. Epub ahead of print.
17. Pihko E, Lauronen L, Kivistö K, Nevalainen P: Increasing the efficiency of neonatal MEG measurements by alternating auditory and tactile stimulation. Clinical Neurophysiology 2010. Epub ahead of print.
18. Schürmann M, Hlushchuk Y, Hari R: Embodied visual perception of distorted finger postures. Human Brain Mapping 2010. Epub ahead of print.

IMAGING LANGUAGE

1. Helenius P, Laasonen M, Hokkanen L, Paetau R, Niemivirta M: Neural correlates of late positivities associated with infrequent visual events and response errors. NeuroImage 2010, 53: 619–628. 

The P3 response has been one of the most extensively studied event-related potential (ERP) components. Still, the exact functional role and cortical basis of P3 has remained unsettled. To explore the cortical processes underlying the generation of late positivities, we recorded the activation evoked by frequent Go and infrequent NoGo stimuli and correct versus erroneous responses using combined magnetoencephalography (MEG) and ERP measurements during a visual Go/NoGo task. The stimulus-locked signals in the ERP channels revealed an enhanced negative N2 and a prominent late positive component (LPC) after the complex NoGo stimuli associated with successfully withheld responses. The response-locked ERP signals revealed error-related negativity (ERN) and positivity (Pe) after erroneous responses. The positive LPC and Pe components were coupled with functionally and temporally comparable MEG signals. This MEG activation detected during the positive components was localized bilaterally in the posterior temporal cortex. In the response-locked averages, the temporal activity was enhanced around 200 ms after a commission of an error. In the stimulus-locked averages, the activation was also enhanced after infrequent NoGo stimuli around 500 ms after stimulus onset and delayed about 80 ms for the initially miscategorized NoGo stimuli accompanied by erroneous response. The results suggest that the cortical correlates of Pe are not specifically related to commission of an error, but both the LPC and Pe components, and bilateral temporal cortices, are more generally involved in stimulus-driven attentional processing evoked by unexpected stimuli. The negative ERP components evoked by NoGo stimuli (N2) and erroneous responses (ERN) were found to be associated with partly non-overlapping neural sources.

2. Hultén A, Laaksonen H, Vihla M, Laine M, Salmelin R: Modulation of brain activity after learning predicts long-term memory for words. Journal of Neuroscience 2010, 30: 15160–15164. 

The acquisition and maintenance of new language information, such as picking up new words, is a critical human ability that is needed throughout the life span. Most likely you learned the word "blog" quite recently as an adult, whereas the word "kipe," which in the 1970s denoted stealing, now seems unfamiliar. Brain mechanisms underlying the long-term maintenance of new words have remained unknown, albeit they could provide important clues to the considerable individual differences in the ability to remember words. After successful training of a set of novel object names we tracked, over a period of 10 months, the maintenance of this new vocabulary in 10 human participants by repeated behavioral tests and magnetoencephalography measurements of overt picture naming. When naming-related activation in the left frontal and temporal cortex was enhanced 1 week after training, compared with the level at the end of training, the individual retained a good command of the new vocabulary at 10 months; vice versa, individuals with reduced activation at 1 week posttraining were less successful in recalling the names at 10 months. This finding suggests an individual neural marker for memory, in the context of language. Learning is not over when the acquisition phase has been successfully completed: neural events during the access to recently established word representations appear to be important for the long-term outcome of learning.

3. Laine M, Salmelin R: Neurocognition of new word learning in the native tongue: lessons from the Ancient Farming Equipment paradigm. Language Learning 2010, 60: 25–44. 

Here we review behavioral, neuroimaging, and neuropharmacological studies using a word learning task labeled as the Ancient Farming Equipment paradigm. This task has been used to explore the neural correlates of explicit learning and maintenance of new names for novel objects in the native tongue. The main conclusions drawn from these studies are as follows: (a) Retrieval of both the newly learned and familiar names is subserved by predominantly left hemispheric cortical regions; (b) within this network, retrieval of newly learned words can be accomplished in different ways depending on the exact formof training; (c) patient studies indicate that episodic memory mechanisms subserved by hippocampal structures are related to word acquisition rather than to longterm maintenance of newly learned words; (d) explicit learning and maintenance of novel words can be facilitated by neuropharmacological manipulation that boosts the dopaminergic system; and (b) neural events following completed training may predict long-term retention of newly learned words.
4. Parviainen T, Helenius P, Poskiparta E, Niemi P, Salmelin R: Speech perception in the child brain: cortical timing and its relevance to literacy acquisition. Human Brain Mapping 2010. Epub ahead of print.

5. Vartiainen J, Liljeström M, Koskinen M, Renvall H, Salmelin R: fMRI BOLD signal and MEG evoked responses yield different neural functionality in reading. J Neuroscience 2010. Epub ahead of print.
VISION SYSTEMS PHYSIOLOGY

1. Cattaneo Z, Fantino M, Silvanto J, Tinti C, Pascual-Leone A, Vecchi T: Symmetry perception in the blind. Acta Psychologica 2010, 134: 398–402. 

Bilateral mirror symmetry, especially vertical symmetry, is a powerful phenomenon in spatial organization of visual shapes. However, the causes of vertical symmetry salience in visual perception are not completely clear. Here we investigated whether the perceptual salience of vertical symmetry depends on visual experience by testing a group of congenitally blind individuals in a memory task in which either horizontal or vertical symmetry was used as an incidental feature. Both blind and sighted subjects remembered more accurately configurations that were symmetrical compared to those that were not. Critically, whereas sighted subjects displayed a higher level of facilitation by vertical than horizontal symmetry, no such difference was found in the blind. This suggests that the perceptual salience of the vertical dimension is visually based.

2. Cohen Kadosh R, Muggleton N, Silvanto J, Walsh V: Double Dissociation of Format-Dependent and Number-Specific Neurons in Human Parietal Cortex. Cerebral Cortex 2010, 20: 2166–2171.

Based on neuroimaging methods, it is a commonly held view that numerical representation in the human parietal lobes is format independent. We used a transcranial magnetic stimulation adaptation paradigm to examine the existence of functionally segregated overlapping populations of neurons for different numerical formats and to reveal how numerical information is encoded and represented. Based on 2 experiments, we found that right parietal lobe stimulation showed a dissociation between digits and verbal numbers, whereas the left parietal lobe showed a double dissociation between the different numerical formats. Further analysis and modeling also excluded pre- or postrepresentational components as the source of the current effects. These results demonstrate that both parietal lobes are equipped with format-dependent neurons that encode quantity.

3. Koivisto M, Mäntylä T, Silvanto J: The role of early visual cortex (V1/V2) in conscious and unconscious visual perception. NeuroImage 2010, 51: 828–34. 

A "late" period of activity in striate cortex (V1) in response to extrastriate feedback has been proposed to act as a marker of visual awareness. It is not clear, however, whether such recurrent activity is associated exclusively with aware perception or whether it is necessary also for unaware visual processing. We investigated the role of the "late" V1 activity in both aware and unaware visual motion perception. Participants were asked to make a forced-choice direction discrimination judgment on a coherently moving random-dot display and additionally rate their subjective awareness of the stimulus. Transcranial magnetic stimulation (TMS) was applied over the early visual cortex (V1/V2) either 20, 40, 60, 80, or 100 ms after motion offset. Visual awareness was impaired at an "early" (20 ms) and a "late" (60 ms) stimulation time window. Participants' forced-choice direction discrimination performance on "unaware" trials was above chance in No TMS baseline condition. Importantly, this performance was impaired by TMS over V1/V2 at the "late" time window. In a second experiment we show that the critical time window of V5/MT falls between the "early" and "late" time windows of V1/V2 activity. The results indicate that recurrent extrastriate-V1 activity is necessary for both aware and unaware perception.

4. Nurminen L, Peromaa T, Laurinen P: Surround suppression and facilitation in the fovea: Very long-range interactions in contrast perception. Journal of Vision 2010, 10: 9, 1–13

Surround modulation of perceived contrast has been almost exclusively studied in short-range conditions, i.e., in situations where a tiny gap, at most, separates center from surround. Existing long-range studies suggest that suppression extends to 12-cycle distance, whereas facilitation of perceived contrast is suggested to arise from visual field regions enclosing the center. In V1 neurons, however, long-range surround modulation involves both suppression and facilitation. Thus, we investigated short- and long-range surround modulation by measuring the perceived contrast of a center in the presence of a surround either near (0.3 cycles, 0.1 degree) or far (19.8 cycles, 6.6 degrees) from the center. This study demonstrates that in addition to the well-known suppression, surround modulation involves remarkably long-range facilitation of perceived contrast. At low center contrasts, the long-range facilitation was stronger than the long-range suppression, whereas at high center contrast we found mainly long-range suppression. Because the current models of perceived contrast could not account for our data, we considered our results in the context of models developed for surround modulation in V1 neurons. How-ever, neither mechanistic nor phenomenological models proved satisfactory. Moreover, with the current knowledge, it seems that straightforward pooling of V1 neurons' re-sponses cannot account for surround modulation of perceived contrast. 

5. Silvanto J, Cattaneo Z: Transcranial magnetic stimulation reveals the content of visual short-term memory in the visual cortex. NeuroImage 2010, 50: 1683–9. 

Cortical areas involved in sensory analysis are also believed to be involved in short-term storage of that sensory information. Here we investigated whether transcranial magnetic stimulation (TMS) can reveal the content of visual short-term memory (VSTM) by bringing this information to visual awareness. Subjects were presented with two random-dot displays (moving either to the left or to the right) and they were required to maintain one of these in VSTM. In Experiment 1, TMS was applied over the motion-selective area V5/MT+ above phosphene threshold during the maintenance phase. The reported phosphene contained motion features of the memory item, when the phosphene spatially overlapped with memory item. Specifically, phosphene motion was enhanced when the memory item moved in the same direction as the subjects' V5/MT+ baseline phosphene, whereas it was reduced when the motion direction of the memory item was incongruent with that of the baseline V5/MT+ phosphene. There was no effect on phosphene reports when there was no spatial overlap between the phosphene and the memory item. In Experiment 2, VSTM maintenance did not influence the appearance of phosphenes induced from the lateral occipital region. These interactions between VSTM maintenance and phosphene appearance demonstrate that activity in V5/MT+ reflects the motion qualities of items maintained in VSTM. Furthermore, these results also demonstrate that information in VSTM can modulate the pattern of visual activation reaching awareness, providing evidence for the view that overlapping neuronal populations are involved in conscious visual perception and VSTM.

6. Cattaneo Z, Fantino M, Tinti C, Silvanto J, Vecchi T: Crossmodal interaction between the mental number line and peripersonal haptic space representation in sighted and blind individuals. Attention, Perception, & Psychophysics 2010, 72: 885–890.  

Humans tend to represent numbers in the form of a mental number line. Here we show that the mental number line can modulate the representation of peripersonal haptic space in a crossmodal fashion and that this interaction is not visually mediated. Sighted and early-blind participants were asked to haptically explore rods of different lengths and to indicate midpoints of those rods. During each trial, either a small (2) or a large (8) number was presented in the auditory modality. When no numbers were presented, participants tended to bisect the rods to the left of the actual midpoint, consistent with the notion of pseudoneglect. In both groups, this bias was significantly increased by the presentation of a small number and was significantly reduced by the presentation of a large number. Hence, spatial shifts of attention induced by number processing are not limited to visual space or embodied responses but extend to haptic peripersonal space and occur crossmodally without requiring the activation of a visuospatial representation.

7. Koivisto H, Railo H, Revonsuo A, Vanni S, Salminen-Vaparanta N: Recurrent processing in V1/V2 contributes to categorization of natural scenes. Journal of Neuroscience 2010. Epub ahead of print.
8. Salminen-Vaparanta N, Noreika V, Revonsuo A, Koivisto M, Vanni S: Is selective primary visual cortex stimulation achievable with TMS? Human Brain Mapping 2010. Epub ahead of print.
9. Silvanto J, Pascual-Leone A: Why cognitive neuroscience needs brain stimulation. Journal of Cognitive Neuroscience 2010. Epub ahead of print.
10. Vanni S, Rosenstrm T: Local non-linear interactions may reflect global decorrelation. Journal of Computational Neuroscience 2010. Epub ahead of print.

 ATTENTION AND MEMORY 
(NSU group led by Prof. Synnöve Carlson at the University of Helsinki; these publications are related to our CoE activities)

1. Pallesen KJ, Brattico E, Bailey CJ, Korvenoja A, Koivisto J, Gjedde A, Carlson S: Cognitive control in auditory working memory is enhanced in musicians. Public Library of Science (Plos ONE) 2010, 5: e11120. 

Musical competence may confer cognitive advantages that extend beyond processing of familiar musical sounds. Behavioural evidence indicates a general enhancement of both working memory and attention in musicians. It is possible that musicians, due to their training, are better able to maintain focus on task-relevant stimuli, a skill which is crucial to working memory. We measured the blood oxygenation-level dependent (BOLD) activation signal in musicians and non-musicians during working memory of musical sounds to determine the relation among performance, musical competence and generally enhanced cognition. All participants easily distinguished the stimuli. We tested the hypothesis that musicians nonetheless would perform better, and that differential brain activity would mainly be present in cortical areas involved in cognitive control such as the lateral prefrontal cortex. The musicians performed better as reflected in reaction times and error rates. Musicians also had larger BOLD responses than non-musicians in neuronal networks that sustain attention and cognitive control, including regions of the lateral prefrontal cortex, lateral parietal cortex, insula, and putamen in the right hemisphere, and bilaterally in the posterior dorsal prefrontal cortex and anterior cingulate gyrus. The relationship between the task performance and the magnitude of the BOLD response was more positive in musicians than in non-musicians, particularly during the most difficult working memory task. The results confirm previous findings that neural activity increases during enhanced working memory performance. The results also suggest that superior working memory task performance in musicians rely on an enhanced ability to exert sustained cognitive control. This cognitive benefit in musicians may be a consequence of focused musical training.

2. Renier LA, Anurova I, De Volder AG, Carlson S, VanMeter J, Rauschecker JP: Preserved functional specialization for spatial processing in the middle occipital gyrus of the early blind. Neuron 2010, 68: 138–148.

The occipital cortex (OC) of early-blind humans is activated during various nonvisual perceptual and cognitive tasks, but little is known about its modular organization. Using functional MRI we tested whether processing of auditory versus tactile and spatial versus nonspatial information was dissociated in the OC of the early blind. No modality-specific OC activation was observed. However, the right middle occipital gyrus (MOG) showed a preference for spatial over nonspatial processing of both auditory and tactile stimuli. Furthermore, MOG activity was correlated with accuracy of individual sound localization performance. In sighted controls, most of extrastriate OC, including the MOG, was deactivated during auditory and tactile conditions, but the right MOG was more activated during spatial than nonspatial visual tasks. Thus, although the sensory modalities driving the neurons in the reorganized OC of blind individuals are altered, the functional specialization of extrastriate cortex is retained regardless of visual experience.

3. Tikhonravov D, Neuvonen T, Pertovaara A, Savioja K, Ruusuvirta T, Näätänen R, Carlson S: Effects of an memantine on an MMN-like response recorded in anesthetized rats. Neuroscience 2010, 167: 1175–1182. 

Memantine is a low-affinity NMDA receptor antagonist that is used in the treatment of Alzheimer's disease to alleviate the cognitive symptoms of the disease. In humans, memantine has been shown to facilitate auditory change detection as reflected in the mismatch negativity (MMN) response recorded in the frontal cortex. In the present study we investigated the effects of memantine on the auditory MMN-like responses recorded in anesthetized rats. Saline, a low (3 mg/kg) or a high (10 mg/kg) dose of memantine was i.p. injected into the animals. Auditory MMN-like responses were recorded during the presentation of a repeated tone of one frequency (standard, P=0.956) that was rarely replaced by a tone of another frequency (deviant, P=0.044). The low dose of memantine did not observably affect the amplitude of the auditory MMN-like response, but it prolonged the duration of the response relative to saline. The high dose of memantine, in contrast, blocked the generation of the auditory MMN-like response. The findings suggest that memantine may, with appropriate doses, facilitate already this early stage of auditory processing.

4. Wang JH, Wu XJ, Li CY, Wei JK, Jiang HH, Liu CR, Yu CY, Carlson S, Hu XT, Ma H, Duan W, Ma YY: Effect of morphine on conditioned place preference in rhesus monkeys. Addiction Biology 2010. Epub ahead of print.

TEACHING ACTIVITIES
COURSES

Low Temperature Physics: Theory of superconductivity (Tfy-3.4801)
Lectures: Prof. N.B. Kopnin
Teaching assistant: M.Sc. Raphael Khan
RESEARCH SEMINARS ON LOW TEMPERATURE PHYSICS AND NANOPHYSICS

Coordinators: Vladimir Eltsov, Tero Heikkilä, and Sorin Paraoanu

Vyacheslav Kachkarov, Department of Physics, University of Bath, UK, Quantum Whats? Jan 11.

Hung Nguyen, Department of Physics, Brown University, USA, Experiments on a Cooper pair insulator, Jan 14.

Sabrina Maniscalco, University of Turku, Finland, Generating and protecting quantum entanglement, Jan 19.

Pauli Virtanen, LTL, Aalto University, Finland, Impedance of an SNS junction, Jan 26.

Jayanta Sarkar, LTL, Aalto University, Finland, Superconductor-insulator transition in Josepshon junctions with a tunable dissipative graphene environment, Feb 2.

Giovanna Tancredi, Royal Holloway University of London, United Kingdom, Bifurcation amplification in tunable superconducting resonators, Feb 5.

Aurelien Fay, LTL, Aalto University, Finland, Electron-phonon coupling in graphene and excess current in superconductor-graphene-superconductor junctions, Feb 16.

Jian Li, LTL, Aalto University, Finland, Decay and buildup of entanglement in coupled, driven bipartite systems, Feb 23.

Juha Voutilainen, LTL, Aalto University, Finland, Proximity sensor in radiation detection: the physics, Mar 2.

Joonas Peltonen, LTL, Aalto University, Finland, Thermal conductance of a proximity superconductor, Mar 9.

Peter Liljeroth, University of Utrecht, Netherlands, Single molecule chemistry and physics with low-temperature STM, Mar 16.

Antti Puska, LTL, Aalto University, Finland, Shot-noise and cross-correlation measurements of thin-film copper samples, Mar 24.

Juha Muhonen, LTL, Aalto University, Finland, On-chip millikelvin electronic refrigerator, Mar 30.

Karthikeyan S. Kumar, LTL, Aalto University, Finland, A quantum no-reflection theorem and the speeding up of Grover's search algorithm, Apr 6.

Andrey Vasenko, Laboratoire de Physique et Modélisation des Milieux Condensés, Universite Joseph Fourier, Grenoble, France, Electron cooling by diffusive normal metal - superconductor tunnel junctions, Apr 9.

Tommy Holmqvist, LTL, Aalto University, Finland, Tunnel junction thermometry and thermalisation of electrons, Apr 9.

Mihail Silaev, Institute for Physics of Microstructures, Russian Academy of Sciences, Nizhny Novgorod, Russia, Bound fermion states and resonant magnetic susceptibility of vortex cores in 3He-B, Apr 23.

Igor Burmistrov, Landau Institute for Theoretical Physics, Russia, Macroscopic charge quantization in single electron devices: Theta-renormalization and Coulomb blockade, Apr 27.

Thomas Aref, University of Illinois at Urbana-Champaign, USA, Probing quantum phase slips in superconducting nanowires modified using high bias voltage pulses, May 4.

Jukka Pekola, LTL, Aalto University, Finland, Temperature fluctuations and time-dependent heat transport, May 11.

Teemu Ojanen, LTL, Aalto University, Finland, Efficient thermal rectification in molecular and nanoscale structures, May 18.

Steven Girvin, Department of Physics, Yale University, USA, Quantum measurements, noise, and amplification: From Gedanken experiments to the real world, Jun 2.

John Clarke, Department of Physics, University of California, Berkeley and Materials Sciences Division, Lawrence Berkeley National Laboratory, USA, Flux 1/f noise in qubits and SQUIDs: Localized states at the metal-insulator interface, Jun 3.

Petri Heikkinen, LTL, Aalto University, Finland, NMR techniques at liquid helium temperatures, Jun 11.

Jeevak Parpia, Cornell University, Department of Physics, USA, Dissipative mysteries ─ experiments on glasses at low temperatures, Jul 28.

Jeevak Parpia, Cornell University, Department of Physics, USA, Experiments in normal and superfluid 3He, Jul 30.

Frank Hekking, University Joseph Fourier and CNRS, Grenoble, France, Phase-charge duality in Josephson Junction circuits - role of inertia and effect of microwave irradiation, Aug 10.

Paolo Solinas, Department of Applied Physics, Aalto University, Finland, Decoherence of adiabatically steered quantum systems, Aug 17.

Sergey Kafanov, LTL, Aalto University, Finland, RF-thermometer as a sensor for temperature fluctuations, Aug 24.

Tero Heikkilä, LTL, Aalto University, Finland, SNS junctions in a microwave field, Aug 31.

Nikolai Kopnin, LTL, Aalto University, Finland and Landau Institute, Russia, Coulomb-enhanced resonance transmission of quantum SINIS junctions, Sep 7.

Mika Oksanen, LTL, Aalto University, Finland, Annealing study of bismuth thin films, Sep 14.

Grigory Volovik, LTL, Aalto University and Landau Institute, Finland and Russia, Topological media: quantum liquids, topological insulators and quantum vacuum, Sep 21.

Xuefeng Song, LTL, Aalto University, Finland, Experimental study of graphene resonators, Sep 28.

Matthias Meschke, LTL, Aalto University, Finland, The superconducting quantum interference proximity transistor, Oct 5.

Aurelien Fay, LTL, Aalto University, Finland, Current-phase relation and Josephson inductance in graphene, Oct 12.

Matti Laakso, LTL, Aalto University, Finland, Giant current fluctuations in an overheated single electron transistor, Oct 19.

Gil Jannes, Université de Nice Sophia Antipolis, France, Horizon effects for surface waves, Oct 27.

François Parmentier, Ecole Normale Supérieure, Laboratoire Pierre Aigrain, France, Realization of an on-demand Single Electron Source: AC current quantization and noise, Nov 1.

Mika Sillanpää, LTL, Aalto University, Finland, Electromechanically induced transparency and amplification in microwave optomechanics, Nov 2.

Jukka Pekola, LTL, Aalto University, Finland, 2e-tunneling in a NIS junction, Nov 9.

Matti Tomi, LTL, Aalto University, Finland, Shot noise in graphene with superconductings leads: background, theoretical basics and selected experiments, Nov 16.

Youngsoo Yoon, LTL, Aalto University, Finland, Enhanced thermal escape in underdamped Josephson junctions by shunt capacitors, Nov 23.

Jukka Pekola, LTL, Aalto University, Finland, Journal club: Information-to-energy conversion, Nov 30.

Matti Silveri, University of Oulu, Finland, Stark effect and generalized Bloch-Siegert shift in a strongly driven two-level system, Dec 8.

Akira Hida, Dept of Appl.Physics, School of Engineering, The University of Tokyo, RIKEN, Japan, Tunable Raman microscopy, Dec 14.

RESEARCH SEMINARS OF THE BRU

Miiamaaria Kujala, LTL, Aalto University, Finland, Brain responses to social interaction of humans or dogs – and the effects of expertise, Jan 18.

Linda Henriksson, LTL, Aalto University, Finland, BBQ, Feb 15.

Alessandra Angelucci, Moran Eye Centre University of Utah, USA, Contextual effects in primary visual cortex: pathways and mechanisms, Mar 1.

Juha Silvanto, LTL, Aalto University, Finland, Exploring neural information content and selectivity with state-dependent transcranial magnetic stimulation, Mar 15.

Ville Renvall, LTL, Aalto University, Finland, Studying functional magnetic resonance imaging with artificial imaging objects, Mar 22.
Mari Tervaniemi, Univ. of Helsinki and Jyväskylä, Musical sounds in the brain – evidence in adults and children, Mar 29.

Cathy Nangini, LTL, Aalto University, Finland, How to design your slides for scientific presentation, Apr 12.

Sanna Malinen, LTL, Aalto University, Finland, Data-analysis perspectives on naturalistic stimulation in functional magnetic resonance imaging, Apr 19.

Miiamaaria Kujala, LTL, Aalto University, Finland, Social perception and cognition: processing of gestures, postures and facial expressions in the human brain, Apr 26.

Johanna Vartiainen, LTL, Aalto University, Finland, Multimodal imaging of language perception, Apr 29.

Linda Stenbacka, LTL, Aalto University, Finland, Functional imaging of peripheral vision and dorsal visual stream in the human cerebral cortex, May 3.

Yves Trotter, CNRS/Université Paul Sabatier, Toulouse, France, Neural processing of 3D space in primate area V1, May 7.

Irtiza Gilani, LTL, Aalto University, Finland, Rapid methods for relaxation time mapping and motion estimation using magnetic resonance imaging, May 10.

Mia Liljeström, LTL, Aalto University, Finland, Imaging language function with MEG and fMRI, May 17.

Riitta Hari, LTL, Aalto University, Finland, Special Ethics Meeting, May 31.

Erika Kirveskari, LTL, Aalto University, Finland, Aalto University, Finland, Clinical applications of MEG, Aug 30.

Tom M. Mitchell, Carnegie Mellon University, USA, Neural representations of word meanings, Sep 2.

Lauri Parkkonen, LTL, Aalto University, Finland, From magnetic field sensors to studies of consciousness: A year in France, Sep 13.

Jaakko Kauramäki, BECS, Aalto University, Finland,  Rapid task-induced frequency tuning changes in the human auditory cortex, Sep 27.

Claire Stevenson, LTL, Aalto University, Finland, A multimodal approach to functional neuroimaging: Combining BOLD, CBF, T2* and MEG measures, Oct 11.

Eero Castren, Neuroscience Center, University of Helsinki, Finland, Regulation of neuronal plasticity in the visual cortex, Oct 25.

Jukka Häkkinen, Psychology of stereoscopic movies, Nov 8.

Santeri Yrttiaho, BECS, Aalto University, Finland, Cortical processing of speech periodicity, Nov 22.

Simo Vanni, LTL, Aalto University, Finland, Interaction between cortical activation patterns: a hypothesis of local decorrelation in a distributed network, Dec 13.

SPECIAL ASSIGNMENTS

Niklas Hietala, Kvantittuneet virtauspyörteet ja niiden polarisaatio spin downissa. Instructor: D.Sc. Risto Hänninen.
ACADEMIC DEGREES

DIPLOMA THESES

Heikkinen Petri graduated as M.Sc. from the Department of Engineering Physics and Mathematics on June 22nd. His diploma thesis NMR Techniques at Liquid Helium Temperatures was done in the LTL. Supervisor: Prof. Matti Kaivola. Instructor: Prof. Matti Krusius.

Karvonen Juha graduated as M.Sc. from the Department of Information and Computer Science on March 23rd. His diploma thesis Mapping the retinotopy of object recognition areas with functional magnetic resonance imaging was done in the LTL. Supervisor: Prof. Olli Simula. Instructors: Doc. Simo Vanni and Ph.D. Linda Henriksson.

Lähteenmäki Pasi graduated as M.Sc. from the Department of Applied Physics on April 1st.  His diploma thesis Near quantum limited microwave amplifiers based on super-conductive tunnel junctions was done in the LTL. Supervisor: Prof. Martti Puska. Instructor: Prof. Pertti Hakonen.
Ramkumar Pavan graduated as M.Sc. from Department of Information and Computer Science on February 2nd. His diploma thesis Modeling the dynamics of human neuromagnetic brain rhythms was done in the LTL. Supervisor: Prof. Samuel Kaski. Instructors:  Acad. Prof. Riitta Hari and D.Sc. (Tech.) Lauri Parkkonen.

Puska Antti graduated as M.Sc. from the Department of Engineering Physics and Mathematics on April 1st. His diploma thesis Mesoscopic shot noise and cross-correlation measurements on multiterminal thin films was done in the LTL. Supervisor: Prof. Sebastiaan Van Dijken. Instructor: Prof. Pertti Hakonen.

Renvall Hanna graduated as M.Sc. from Department of Biomedical Engineering and Computational Science on June 6th. Her diploma thesis Spatial extent of brain activation in fMRI studies: Theoretical considerations was done in the LTL. Supervisor: Prof. Risto Ilmoniemi. Instructors: Acad. Prof. Riitta Hari and D.Sc. (Tech.) Lauri Parkkonen.

PH.D. DISSERTATIONS
Linda Henriksson defended her Ph.D. thesis Imaging studies on the functional organization and plasticity of human visual cortex on February19th, 2010.  Her opponent was Prof. Martin I. Sereno, University of California, USA, supervisor Prof. Risto Ilmoniemi, and instructor Doc. Simo Vanni. 

Tommi Holmqvist defended his Ph.D. thesis Tunnel junction thermometry and thermalisation of electronics on April 9th, 2010. His opponent was Prof. Fransesco Giazotto, University of Pisa, Italy, supervisor Prof. Matti Kaivola, and instructor Prof. Jukka Pekola.

Miiamaaria Kujala defended her Ph.D. thesis Social perception and cognition: processing of gestures, postures and facial expressions in the human brain on June 22nd, 2010. Her opponent was Prof. Aina Puce, Indiana University, USA, and supervisor Prof. Christina Krause, instructor Acad. Prof. Riitta Hari.
Mia Liljeström defended her Ph.D. thesis Imaging language function with MEG and fMRI on May 28th, 2010. Her opponent was Prof. Peter Hagoort, Radboud University, The Netherlands, supervisor Prof. Risto Ilmoniemi, and instructor Acad. Prof. Riitta Salmelin.

Sanna Malinen defended her Ph.D. thesis Data-analysis perspectives on naturalistic stimulation in functional magnetic resonance imaging on June 11th, 2010. Her opponent was Prof. Vince Calhoun, University of New Mexico, USA, supervisor Prof. Risto Ilmoniemi, and instructor Acad. Prof. Riitta Hari.

Ville Renvall defended his Ph.D. thesis Studying Functional Magnetic Resonance Imaging with Artificial Imaging Objects on March 24th, 2010. His opponent was Prof. Bruce R. Rosen, Harvard Medical School, USA, supervisor Prof. Risto Ilmoniemi, and instructor Acad. Prof. Riitta Hari. 

Linda Stenbacka defended her Ph.D. thesis Functional imaging of peripheral vision and dorsal visual stream in the human cerebral cortex on May 6th, 2010. Her opponent was Prof. Yves Trotter, Centre de Recherche Cerveau et Cognition Faculté de Médecine de Rangueil, Toulouse, France, supervisor Prof. Timo Erkinjuntti, instructor Doc. Simo Vanni. 

Johanna Vartiainen defended her Ph.D. thesis Multimodal imaging of language perception on June 4th, 2010. Her opponent was Prof. Steve Small, University of Chicago, USA, supervisor Prof. Risto Ilmoniemi, and instructor Acad. Prof. Riitta Salmelin.

TECHNICAL SERVICES
Machine shop

Seppo Hiltunen, Arvi Isomäki, Hannu Kaukelin, Markku Korhonen, and Arttu Ollikainen 

Our machine shop is a joint unit of Department of Electrical Engineering (Seppo Hiltunen), Low Temperature Laboratory (Arvi Isomäki, Markku Korhonen, and Arttu Ollikainen) and Department of Engineering Physics (Hannu Kaukelin). 
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The distribution of workshop usage. Total hours were 2702 h.

CRYOGENIC LIQUIDS 

Arvi Isomäki and Hannu Kaukelin
Liquid helium

The total amount of liquid helium purchased was 49 631 l and 35 937 l were delivered to the users. The losses of liquid He were 27,6 %. The user distribution is depicted below. 14,6% of the liquid He delivered to the users was sold to external users.
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Liquid nitrogen

The main part of liquid nitrogen (61%) was used for compressed nitrogen gas system in Nanotalo. Total amount of liquid nitrogen purchased was 89 350 kg.       

ACTIVITIES OF THE PERSONNEL

AWARDS AND HONORS

Hari Riitta, Academician of Science, President of Finland, Helsinki, Finland, 26.11.

Mandel Anne, Trainee Abstract Award, Organization for Human Brain Mapping, 16th Annual Meeting of the Organization for Human Brain Mapping, Barcelona, Spain, 6.6.

Ramkumar Pavan, Fellowship for doctoral students, Biomag 2010, 17th International Conference of Biomagnetism, Dubrovnik, Croatia, 1.4.  
PERSONNEL WORKING ABROAD

Auranen Toni, GE Healthcare, 5th European EPIC Programming Course, Madrid, Spain, 23–26.2.

Gilani Irtiza, European Society of Magnetic Resonance in Medicine and Biology (ESMRMB), Oxford University, UK, 13–18.10. 

Hakonen Pertti, Collaboration within Materials Research Network with Cornell University, Ithaca, New York, USA, 11–17.4.
Helenius Päivi
· Basque Center on Cognition, Brain and Language, San Sebastian, Spain, 10–14.5.

· Basque Center on Cognition, Brain and Language, San Sebastian, Spain, 4–8.10.

Jousmäki Veikko
· Elekta Oy, System Start at VUMC, Amsterdam, the Netherlands, 18–22.1.

· Hôpital Erasme de l'université Libre de Bruxelles (ULB), Belgium, 9–11.3., 17–18.5., 21–24.9.
· Elekta Oy, System Integration at MMUPE, Moscow, Russia, 7–9.4.

· Elekta Oy, System Start at MMUPE, Moscow, Russia, 11–17.4.

· Elekta Oy, Elekta Neuromag System Start at CEA, Grenoble, France, 31.5.–2.6.

· Elekta Oy, Customers' Training at MMUPE, Moscow, Russia, 14–15.6.

· Elekta Oy, System Start at Universidad Politécnica de Madrid/Universidad Complutense de Madrid, Madrid, Spain, 5–11.9.

· Elekta Oy, Site visit to National rehabilitation center, Tokorozawa, Japan, 2.11.

· Elekta Oy, Site visit to National Institute for Minamata Disease, Minamata, Japan, 4.11.

· Elekta AB, planning e-learning for MEG users, Stockholm, Sweden, 10–11.11.

Kopnin Nikolai
· Argonne National Laboratory, Argonne, Illinois, USA, 8.3.–9.4.

· University of Bordeaux, Bordeaux, France, 22–31.10.

Laakso Matti, TU Delft, Delft, Netherlands, 13–17.12.

Mandel Anne, Stockholm Brain Institute, Stockholm, Sweden, 17–19.2.  
Meschke Matthias, Basel University, Basel, Switzerland, 14–17.9.

Nummenmaa Lauri
· NIH Molecular Imaging Branch, Bethesda, Maryland, USA, 22–24.3.

· MGH Martinos Center, Boston, Massachusetts, USA, 25–27.3.

Nummenmaa Lauri, Ludwig-Maximilians-Universität, München, Germany, 11–13.5.  
Nurminen Lauri
· University of Utah, Salt Lake City, Utah, USA, 1–31.7.

· FENS/IBRO, Visual Neuroscience course, Marburg, Germany, 1–15.9.

Ojanen Teemu, Freie Universität Berlin, Berlin, Germany, 13.6.–19.7.

Pihko Elina, MGPPU, University, Moscow, Russia, 4–13.11.

Renvall Hanna
· University of Maastricht, Maastricht, The Netherlands, 21–24.2.

· Maastricht University, research visit, Maastricht, The Netherlands, 13.6.–4.7.

Saarinen Veli-Matti, MSM Medical, University, Moscow, Russia, 13–15.6.

Saira Olli-Pentti, Chalmers university of technology, Göteborg, Sweden, 25–27.1.

CONFERENCE PARTICIPATION AND LABORATORY VISITS

Akkal
Oral presentation, Inter-subject correlation during the listening of natural auditory scene, Society for Neuroscience annual conference, SFN, San Diego, California, USA, 13–17.11.

Chalapat
Oral presentation, Ion-beam assisted self-assembly of metallic nanostructures, The 17th International Conference on Ion Beam Modification of Materials, Montreal, Canada, 22–27.8. 
Poster, Unity absorbance layers - Optimal design criteria, Metamaterials 2010, Karlsruhe, Germany, 13–18.9. 
de Graaf
Poster, Order Parameter Textures of Superfluid 3He in Applied Flow and Quantitative Comparison with Hydrostatic Theory, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4. 
Eltsov
Invited talk, Dissipation in vortex dynamics in superfluid 3He-B at low temperatures, QFS2010: International Symposium on Quantum Fluids and Solids, Grenoble, France, 1–7.8. 
Oral presentation, Thermal signal from the propagating vortex front in rotating 3He-B, Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.  

Emets
Participation, EuroGRAPHENE Symposium, Strasbourg, France, 18–19.11.  

Fay
Poster, Current-Phase relation and Josephson inductance in graphene, GDR de physique quantique mésoscopique, Aussois, France, 20–23.9. 
Forss
Invited talk, MEG aivoinfarktista toipuessa, KNF-päivät, Helsinki, Finland, 30.9.
Poster, Reorganization of the primary somatosensory cortex (SI) during stroke-recovery, 17th International Conference on Biomagnetism Biomag 2010, Dubrovnik, Croatia, 28.3.–1.4. 
Participation, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11. 
Gasparinetti
Poster, From adiabatic to nonadiabatic charge pumping in a superconducting Cooper-pair sluice, Workshop on the Physics of Micro and Nano Scale Systems, Ystad, Sweden, 19.–24.6.
Participation, Adiabatic-to-nonadiabatic crossover in Cooper-pair pumping, Geomdiss European project review meeting year 1, Karlsruhe, Germany, 19.10.  
Hakonen
Invited talk, Graphene Josephson junctions: supercurrent, noise, and thermal properties, Spring meeting 2010 of the Materials Research Society, San Francisco, USA, 5–9.5. 

Invited talk, Transport in nanoscale CNT and graphene junctions, Linneaus Summer School, Hindås, Sweeden,  1–7.7. 

Invited talk, Shot noise in graphene, Workshop on Nanocarbon Photonics and Optoelectronics, Koli, Finland, 1–6.8. 

Invited talk, Towards entangles spin pairs in graphene, EuroGRAPHENE symposium, Strasbourg, France, 18–19.11.
Oral presentation, Current-phase relation of graphene Josephson junctions, Graphene Week 2010, University of Maryland, College Park, USA, 19–23.4.
Oral presentation, Graphene research at Aalto, Rodin kick-off, Goteborg, Sweden, 22–23.9.

Poster, Atomic layer deposition of monoclinic HfO2 films on graphene, Graphene Week 2010, University of Maryland, College Park, USA, 19–23.4.
Oral presentation, Presentation of EUROgraphene CRP "Entangled spin pairs in graphene", ESF kick-off meeting of EUROgraphene programme, Strasbourg, France, 6–7.6. 

Poster, Shot noise suppression and hopping conduction in graphene nanoribbons, Graphene Week 2010, University of Maryland, College Park, USA, 19–23.4.
Poster, Conductivity, shot noise and hot phonons in bilayer graphene, Graphene Week 2010, University of Maryland, College Park, USA, 19–23.4. 
Hari
Invited talk, Time Scales and Temporal Hierarchies in Human Brain Function, NeuroMath COST Action BM0601: Neurodynamic Insight into Functional Connectivity, Cognition and Consciousness, Dubrovnik, Croatia, 27–28.3.
Invited talk, Time matters, Biomag2010, Dubrovnik, Croatia, 28.3.–1.4.
Invited talk, Luonnonmukaiset ärsykkeet ja aivoaktivaatio (Naturalistic stimulation and brain activation), KNF-päivät, Helsinki, Finland, 30.9. 

Invited talk, Reading brains and minds, Finska Läkaresällskapets 175-årsjubileum, Helsinki, Finland, 8–9.10.
Invited talk, Brains in social interaction. Special lecture., 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11.
Invited talk, How we understand each other. A neuroscientist’s view., The 5th Nordic Behavioral and Experimental Economics Conference, Helsinki, Finland, 13.11. 

Invited talk, The Brain at Rest: What does your brain do while you just exist?, Tapani Tammisto Symposium "Brain Research in Anesthesiologgy", Helsinki, Finland, 15.12.
Invited talk, Miten ymmärrämme toisiamme--neurotieteilijän näkökulma (How we understand each other--a neuroscientist's viewpoint), Teatterkikorkeakoulun opettajaseminaari, Järvenpää, Finland, 8.1.
Invited talk, How do we understand each other, Performative knowledge, Helsinki, Finland, 23.3.
Invited talk, Two-person neuroscience, Interaction and psychophysiology, Helsinki, Finland, 19–20.5.
Invited talk, The unbearable complexity of human social interaction, Kimmo Kaski symposium, Espoo, Finland, 24.5. 

Invited talk, Human brain imaging in naturalistic settings, Finnish Graduate School of Neuroscience 15th Anniversary Symposium, Kirkkonummi, Finland, 16.9. 

Invited talk, Lepoverkostot ja fMRI—mitä aivosi tekevät kun vain oleilet? [Resting-state networks and fMRI—what is your brain doing when you are just relaxing], Aivojen toiminnallinen kuvantaminen ja signaalinkäsittely, Helsinki, Finland, 29.4.
Invited talk, Neurotiede kohtaa elokuvan (Neuroscience meets cinema), Vierailuluento (guest lecture), Aalto University School of Art and Design (TaiK), Motion Picture, Television and Production Design, Helsinki, Finland, 10.5. 

Invited talk, Koomapotilaan tajunnantason arviointi (Evaluation of the level of consciousness in coma patients); yhdessä Nina Forssin kanssa, HUSin Meilahden sairaalan torstaimeeting (& video link to other HUS hospitals), Helsinki, Finland, 11.11. 

Oral presentation, Introducing some latest BRU results, Visit of physicians from Dept Clinical Neurophysiology, HUS, Espoo, Finland, 16.3.
Lecture, Kurkistetaan aivoihin, Aivot ja aivotutkimus (aivoAALTO), Espoo, Finland, 11.3. 

Lecture, Tutkimusta Aivotutkimusyksikössä, Suomalaisten teollisuusjohtajien vierailu (järjestäjä lääkintöneuvos Arvi Parvinen), Espoo, Finland, 20.1. 

Lecture, Aivojen vuosikymmeneltä mielen vuosituhannelle, Aalto-yliopiston avoin luentosarja (broadcasted), Espoo, Finland, 18.11.
Participation, Human Brain Mapping 2010, Barcelona, Spain, 6–9.6.
Participation,  Elokuva ja Psyyke -symposium (Kansallinen audiovisuaalinen arkisto), Helsinki, Finland, 15–16.10.
Participation, Empiirinen estetiikka, Suomen estetiikan Seuran vuosikokoustapahtuma, Helsinki, Finland, 7.12. 
Heikkilä
Invited talk, SNS junctions in microwave fields, Superconductivity and magnetism: Hybrid proximity nanotructures and intrinsic phenomena, Paestum, Italy, 5–11.9.
Invited talk, Temperature fluctuations in an electron system out of equilibrium, Workshop on the physics of micro and nano scale systems, Ystad, Sweden, 20–24.6. 

Oral presentation, Temperature fluctuations and their statistics in electron systems out of equilibrium, APS March Meeting, Portland, Oregon, USA, 14–19.3. 

Poster, Spin heat accumulation and its relaxation in spin valves, NewSpin Utrecht 2010, Utrecht, the Netherlands, 9–11.1. 

Poster, Spin temperature and thermalization in spin valves, APS March Meeting, Portland, Oregon, USA, 14–19.3. 

Heikkinen
Oral presentation, Magnon Condensation and Measurement of Vortices in 3He-B, Cryoconference 2010, Kosice, Slovakia, 9–15.9.
Poster, Bose-Einstein Condensation of Magnons in Superfluid 3He-B, Physics Days 2010, Jyväskylä, Finland, 11–13.3.
Poster, Magnon Condensation and Measurement of Vortices in 3He-B, Symposia on Superfluids under Rotation, Lammi, Finland, 11–16.4.
Poster, Liquid Helium Temperature Electronic Amplifiers for Measuring Instrumentation, Microkelvin Users Meeting, Espoo, Finland, 15–16.10. 

Helenius
Invited talk, Mitä aivokuvantaminen kertoo kielen kehityksen ja lukemisen erityisvaikeuksista?, Oppimisvaikeudet aikuisen elämässä, Helsinki, Finland, 2.6.
Oral presentation, Neural dynamics of spoken word recognition in developmental dyslexia and specific language impairment, Psykologia 2010, Jyväskylä, Finland, 18–20.8. 

Lecture, Aivojen kuvantamismenetelmien antia lasten erityisvaikeuksien ymmärtämiselle, Neuropsykologian perusteet - ammatillinen täydennyskoulutus lasten kanssa työskenteleville psykologeille v. 2010–2011, Helsinki, Finland, 11–12.11. 

Poster, Cortical processing of spoken words in SLI children, 16th Annual Meeting of the Organization for Human Brain Mapping, Barcelona, Spain, 6–10.6.
Henriksson
Invited talk, fMRI näköjärjestelmän tutkimisessa, KNF-päivät, Helsinki, Finland, 30.9. 

Invited talk, Imaging the functional organization and plasticity of human visual cortex, Provision 1st International Workshop & Conference, Dortmund, Germany, 8–11.9. 

Participation, Brain imaging and its applications --- Marie Curie FP7 Advanced Training Course, Great Malvern, UK, 7–10.7. 

Hirvenkari
Poster, Categorization of MEG responses by gaze direction, 16th Annual Meeting of the Organization for Human Brain Mapping 2010, Barcelona, Spain, 6–10.6.
Hosio
Invited talk, Andreev scattering from a vortex cluster in rotating 3He-B, International workshop on vortices, superfluid dynamics, and quantum turbulence, Lammi, Finland, 11–16.4.
Invited talk, Andreev Reflection from Rectilinear Vortices in Rotating 3He-B, Quantum Turbulence Work Meeting, Grenoble, France, 8.8.
Oral presentation, Andreev reflection from vortices in superfluid 3He-B, Physics Days 2010, Jyväskylä, Finland, 11–13.3.
Poster, Andreev Reflection from Rectilinear Vortices in Rotating 3He-B, Quantum Fluids and Solids 2010, Grenoble, France, 1–7.8.
Oral presentation, Thermal detection of dissipation in quantum turbulence of superfluid 3He-B, Cryoconference 2010, Kosice, Slovakia, 9–15.9.
Poster, Quartz Tuning Fork Resonators, Microkelvin users meeting, Espoo, Finland, 15–16.10.
Hultén
Invited talk, Linking names to meanings to grammar - magnetoencephalography studies on language learning, Donders Discussions, Nijmegen, Netherlands, 21–22.10.
Oral presentation, Neural correlates of word learning and forgetting: An MEG study, International Neuropsychological Society Mid-Year Meeting 2009, Helsinki & Tallin, Finland & Estonia, 29.7.–1.8.
Poster, Neural dynamics of using newly learned grammar and vocabulary, Neurobiology of Language Conference, San Diego, USA, 11–12.11.
Häkkinen

Poster, Wide-band superconducting carbon nanotube FET, Physics Days 2010, Jyväskylä, Finland, 11–13.3.
Hänninen
Invited talk, Numerical studies of superfluid spin down from rotation, Symposia on Superfluids under Rotation: Vortices, Superfluid Dynamics, and Quantum Turbulence, Lammi, Finland, 11–16.4.
Oral presentation, Numerical studies of superfluid spin-down from rotation, QFS2010 Satellite Workshop “Quantum Turbulence”, Grenoble, France, 7.8. 

Poster, Numerical studies of superfluid spin-down from rotation, International Symposium on Quantum Fluids and Solids, Grenoble, France, 1–7.8.
Illman
Participation, KNF päivät, Meilahden kampus, Helsinki, Finland, 30.9.–1.10.
Jousmäki
Invited talk, Noninvasiiviset motorisen kuoren paikannukset: TMS, EMG/EEG&MEG korrelaatio-aivokuori-liike-koherenssi, KNF päivät, Biomedicum, Helsinki, Finland, 30.9.–1.10. 

Invited talk, Neuronal Correlates of Sensorimotor Processing, Seminar at Hôpital Erasme, Hôpital Erasme, Brussels, Belgium, 17.5. 

Poster, Functional Motor Mapping Using Corticokinetic Coherence, Biomag2010, Dubrovnik, Croatia, 28.3.–1.4.
Poster, Novel MEG method for motor-cortex mapping, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11.
Karvonen
Poster, Picture Naming: The Neural Dynamics of Sequence and Priming, Neurobiology of Language Conference, San Diego, USA, 11–12.11.
Kirveskari
Invited talk, Localization of epileptic focus using MEG and EEG, University Hospital, Turku, Finland, 18.11. 

Poster, Poster presentation, 29th International Cogress of Clinical Neurophysiology, Kobe, Japan, 28.10.–1.11.
Kopnin
Invited talk, Supercurrent in graphene, Landau Days 2010, Moscow, Chernogolovka, Russia, 21–23.6.
Oral presentation, Majorana vortex core states in superconducting graphene, Physical Phenomena at High magnetic Fields-VII, Tallahassee, Florida State University, USA, 2–8.12. 

Krusius
Invited talk, Vortex formation and annihilation in rotating superfluid 3He-B at low temperatures, International workshop on vortices, superfluid dynamics, and quantum turbulence, Lammi, Finland, 11–16.4.
Invited talk, Nuclear magnetic resonance of superfluid 3He, Workshop on Recent Advances in Broad-Band Solid-State NMR of Correlated Electronic Systems, Trogir, Croatia, 5–10.9. 

Poster, Laminar vortex motion in rotating superfluid 3He-B at 0.2 Tc, International Symposium on Quantum Fluids and Solids - QFS2010, Grenoble, France, 1–7.8.
Kujala
Poster, Cortico-cortical interactions are modulated differently by phonological and semantic priming, 16th Annual Meeting of the Organization for Human Brain Mapping, Barcelona, Spain, 6–10.6. 

Karimäki
Poster, Asymptotic motion of a single vortex in a rotating semi-infinite cylinder, Vortices, Superfluid Dynamics, and Quantum Turbulence, Lammi, Finland, 11–16.4. 

Laakso
Poster, Giant current fluctuations in an overheated single-electron transistor, SM-2010 superconductivity and magnetism, Paestum, Italy, 5–11.9. 

Laaksonen
Poster, Comparison of individual and group-level mapping of oscillatory brain activity, 16th Annual Meeting of the Organization for Human Brain Mapping, Barcelona, Spain, 6–10.7.
Lähteenmäki
Poster, Ultralow noise microwave amplifier based on a single Josephson junction, 16th International Winterschool on New Developments in Solid State Physics: Low Dimensional Systems, Mauterndorf, Austria, 22–26.2.
Poster, Liquid Helium Temperature Electronic Amplifiers for Measuring Instrumentation, Microkelvin Users Meeting, Espoo, Finland, 15–16.10. 

Malinen
Invited talk, Data-driven fMRI analysis: application to audiovisual speech, Speech and Brain 2010, Helsinki, Finland, 19–20.3.
Lecture, Toiminnallinen magneettikuvantaminen - uusia analyysimenetelmiä, Magneettikuvantamisen kurssi, Espoo, Finland, 26–29.4. 

Lecture, ICA luonnollisissa tilanteissa mitattujen fMRI-signaalien analyysissa, KNF-erikoistuvien lääkärien koulutus, Espoo, Helsinki, 3–20.12.
Mandel
Oral presentation, Probing the brain basis of auditory octave illusion, visit to Stockholm Brain Institute, Stockholm, Stockholm Brain Institute, Sweden, 17–19.2. 
Manninen
Participation, International workshop on vortices, superfluid dynamics, and quantum turbulence, Lammi, Finland, 11–16.4.
Massel
Oral presentation, Spin-asymmetric Josephson effect, Linneaus Summer School in Quantum Engineering, Hindås, Sweden, 29.6.–3.7.
Meschke
Oral presentation, Comparison of Coulomb Blockade Thermometers with the International Temperature Scale PLTS-2000, TEMPMEKO 2010, Portorož, Slowenia, 30.5.–4.6.
Oral presentation, Heat transport and cooling in superconducting and metallic nanostructures, Heat Control and Thermoelectric Efficiency 2010, Erice, Italy, 23–28.10.
Participation, MICROKELVIN JRA2 Kick-off Meeting, Ystat, Sweden, 24–25.6. 
Participation, JRA4 meeting, 2010, Heidelberg, Germany, 5.11. 

Muhonen
Invited talk, Lattice cooling with tunnel junctions, IOP Low Temperature group general meeting, Royal Holloway University, London, UK, 6.9. 

Participation, The international Workshop on the Physics of Micro and Nano Scale Systems, Ystad, Sweden, 20–24.6. 

Nangini
Invited talk, Using MEG to predict fMRI signals, Helsinki, Finland, 30.9. 

Poster, Organization for Human Brain Mapping 16th annual conference, Barcelona, Spain, 6–10.6. 

Nummenmaa
Oral presentation, Abnormal reward processing towards appetizing food in obesity, Annual Meeting of the European Association for the Study of Diabetes, Stockholm, Sweden, 20–24.9.
Poster, Early cortical responses to sexually arousing stimuli, 16th Annual Meeting of the Organization for Human Brain Mapping, Spain, 7–10.6. 

Ojanen
Poster, Mesoscopic persistent currents in a strong magnetic field, Interactions, disorder and topology in quantum Hall systems, Dresden, Max-Planck Institut, Germany, 6–12.6.
Poster, Selection-Rule Blockade and rectification in quantum heat transport, Heat control and thermo-electric efficiency, Erice, Italy, 18–23.9.
Paalanen
Participation, APS March Meeting 2010, Portland, Oregon, USA, 14–19.3.
Paraoanu
Invited talk, Counterfactual measurements in quantum physics, Workshop, Traunkirchen, Austria, 2.7.
Invited comment, Models in physics and cosmology, Helsinki, Finland, 27–29.9. 

Invited talk, Quantum Microwave Photonics, ERC StG Interview, Brussels, Belgium, 14–16.4. 

Participation, NGSM-NANO graduate school, Jyväskylä, Finland, 17–19.6.
Parviainen
Poster, Spatiotemporal sequence of auditory cortical activation in the child brain, The Annual Neurobiology of Language Conference, San Diego, USA, 10–12.11.
Participation, The Annual Meeting of the Socety for Neuroscience 2010, San Diego, USA, 13–17.11.
Pekola
Invited plenary talk, Hybrid Single-Electron Turnstile –Towards a Quantum Standard of Electric Current, Conference on Precision Electromagnetic Measurements CPEM 2010, Daejon, South-Korea, 13–18.6.
Invited talk, The Role of Phonons and Photons in Electronic Nanodevices at Low Temperature, ICREA workshop, Barcelona, Spain, 24–27.5. 

Invited talk, Single charge pumping: geometric phases and quantum metrology, XIII International Conference on Quantum Optics and Quantum Information, Kiev, Ukraine, 28.5.–1.6.
Invited talk, Hybrid single-electron turnstile – charge and heat current, Workshop on the Physics of Micro and Nano Scale Systems, Ystad, Sweden, 20–24.6.
Invited talk, Hybrid single-electron turnstile - towards a quantum current standard, SCOPE review meeting, Stockholm, Sweden, 2–3.10. 

Invited comment, GEOMDISS, EU-STREP kick-off meeting, Zurich, Switzerland, 20–21.1. 

Lecture, Electron pumps for quantum metrology, Summer School Nanosciences Ile de France, Le Tremblay, France, 20–25.6.
Lecture, Electronic refrigeration and thermometry in nanostructures at low temperatures, Cryoconference 2010, Kosice, Slovakia, 9–15.9. 

Lecture, 2e-tunneling in a NIS junction, Lab seminar, Univ. Basel, Switzerland, 23.11. 

Lecture, Heat transport by electrons, phonons and photons in mesoscopic circuits, Lab seminar at ENS Paris, Paris, France, 21.6.
Oral presentation, Superconducting Quantum Interference Proximity Transistor, The 44th Annual Meeting of the Finnish Physical Society, Physics Days 2010), Jyväskylä, Finland, 11–13.3.
Participation, EPS COUNCIL meeting, Amsterdam, the Netherlands, 20.11. 

Peltonen
Invited talk, Heat transport in hybrid normal metal- superconductor proximity structures, 6th International Workshop on Nanomagnetism and Superconductivity, Coma-ruga, El Vendrell, Spain, 30.6.–4.7. 

Pihko
Invited plenary talk, Maturation of the somatosensory, auditory and visual systems – a review of developmental MEG studies, 17th International Conference on Biomagnetism, Dubrovnik, Croatia, 27.3.–1.4.
Invited talk, MEG studies on development of cortical somatosensory processing in children, Up-to-date methods in Psychology, Moscow, Russia, 17–18.5.
Invited talk, Neonatal MEG, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 27.10.–1.11. 

Invited talk, Development of cortical somatosensory processing in children 
– as studied by magnetoencephalography MEG, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 27.10.–1.11. 

Poster, Alterations in auditory evoked magnetic fields in newborns exposed to buprenorphine during pregnancy, 17th International Conference on Biomagnetism, Dubrovnik, Croatia, 27.3.–1.4.
Poster, Event-related fields and cortical rhythms to native and nonnative phonetic contrasts in infants and adults, 17th International Conference on Biomagnetism, Dubrovnik, Croatia, 27.3.–1.4. 

Piitulainen
Invited talk, Changes in motor unit characteristics after intensive exercise, International Symposium on: “Mechanisms of Motor Control Adaptation: from Brain to Muscle Function”, University of Jyävskylä, Finland, 18–20.11.
Pirkkalainen
Poster, Mechanical resonators in the quantum regime, ESONN'10, Grenoble, France, 23.8.–10.9. 

Participation, Mechanical System In The Quantum Regime, Galveston, Texas, United States, 21–26.3.
Ramkumar
Poster, Separating independent components of neuromagnetic brain rhythms by combining spatial and spectral sparseness, 17th International Conference on Biomagnetism, Dubrovnik, Croatia, 28.3.–3.4. 

Poster, Hub maps reveal reduced resting-state connectivity of insular cortex in patients with chronic pain, 16th Annual Meeting of the Organization of Human Brain Mapping, Barcelona, Spain, 4–10.6. 

Poster, Characterization of spontaneous neuromagnetic brain rhythms using spatial independent component analysis of short-time Fourier transforms, International Congress on Default Mode Network, Barcelona, Spain, 4–5.6.
Renvall Hanna
Poster, Processing of words and environmnetal sounds in noise: A novel approach for combining MEG and fMRI, Human Brain Mapping 2010, Barcelona, Spain, 6–11.6.
Renvall Ville

Poster, Imaging parameters supplying unphysiological fMRI transients, Human Brain Mapping 2010, Barcelona, Spain, 6–10.6.
Roiha
Invited talk, MEG aivohalvauspotilaiden kuntoutumisen ennustamisessa, KNF-päivät, Helsinki, Finland, 30.9.
Poster, Reorganization of the primary somatosensory cortex during stroke recovery, Biomag 2010, 17th international conference on Biomagnetism, Dubrovnik, Kroatia, 28.3.–1.4. 

Poster, Reactivity of the 20-Hz-rhythm is correlated with recovery of hand function in stroke patients, 16th Annual Meeting of the Organisation of Human Brain Mapping, Barcelona, Spain, 6–10.6.
Rysti
Oral presentation, Search for Superfluidity in 3He-4He Mixtures, Cryoconference 2010, Kosice, Slovakia, 9–15.9. 

Participation, Symposia on Superfluids Under Rotation, Lammi, Finland, 11–16.4.
Räisänen
Participation, Korkeakoulujen IT-päivät Joensuussa, Joensuu, Finland, 12–13.10.
Saira
Oral presentation, Hybrid single-electron turnstile - towards a quantum standard of electric current, Arrow of time and the problem of decoherence in closed solid state quantum systems, Paris, France, 10–15.10.
Oral presentation, Workpackage 3: Current - frequency conversion, SCOPE project 2nd review meeting, Stockholm, Sweden, 2–3.10. 

Participation, Université Joseph Fourier, Grenoble Institut National Polytechnique, ESONN 2010 summer school, Grenoble, France, 22.8.–11.9.

Salmela
Oral presentation, Acoustic resonances excited by quartz tuning forks in helium fluids, Cryoconference 2010, Kosice, Slovakia, 9–15.9.
Poster, Acoustic resonances excited by quartz tuning forks in helium fluids, International workshop on vortices, superfluid dynamics, and quantum turbulence, lammi, Finland, 11–16.4.
Poster, Acoustic resonances in helium fluids excited by quartz tuning forks, QFS2010, Grenoble, France, 1–7.8.
Poster, Quartz tuning fork oscillators, Microkelvin 2010, Microkelvin Mid-Term Review General Assembly and User Meeting 2010, Otaniemi, Espoo, Finland, 15–16.10.  

Salmelin
Invited talk, Dipole modelling applied in cognitive neuroscience, 16th Annual Meeting of the Organization for Human Brain Mapping, Barcelona, Spain, 6–10.6. 
Invited talk, Neural processes of reading, 11th International Science of Aphasia Conference, Potsdam, Germany, 27.8.–1.9.
Invited talk, Time-resolved brain imaging and the neuroscience of language, Chaucer Club, University of Cambridge, Cambridge, United Kingdom, 7.10. 

Invited talk, Neurophysiology of language: the MEG approach, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11. 

Invited talk, MEG cortical rhythms and what to do with them, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11.
Invited talk, Time-resolved brain imaging and the neuroscience of language, Lifelong Imaging Conference, Tübingen, Germany, 25–27.11.
Invited talk, Time-resolved brain imaging and the neuroscience of language, Carnegie Mellon University, Joint ML/Psychology/CNBC Seminar, Pittsburgh, USA, 20.1. 

Invited talk, Speech perception and production: cortical dynamics, Speech and Brain 2010, Helsinki, Finland, 19–20.3. 

Participation, EU FP7 Marie Curie ITN planning meeting, Munich, Germany, 26–27.3.   

Sillanpää
Oral presentation, Autler-Townes effect in a superconducting three-level system, APS March Meeting 2010, Portland, USA, 15–19.3.

Poster, Strong gate coupling of high-frequency nanomechanical resonators, Gordon research conferences: Mechanical Systems In The Quantum Regime, Galveston, USA, 21–26.3. 

Poster, Strong gate coupling of high-Q nanomechanical resonators, QFS2010, Grenoble, France, 4–7.8.
Silvanto
Invited talk, Exploring Neural Information Content and Selectivity with State-Dependent Transcranial Magnetic Stimulation, Joint Research Conference of the Institute for Advanced Studies and the Israel Science Foundation on: Selection and Control Mechanism in Perception and Action, Jerusalem, Israel, 12–16.4.
Song
Oral presentation, Fabrication and detection of a graphene mechanical resonator, NPO 2010 (International Workshop "Nanocarbon Photonics and Optoelectronics", Koli, Finland, 1–6.8. 

Todoshchenko
Invited talk, Nuclear Spin Ordering on the Surface of a 3He Crystal: Magnetic Steps, 8th Conference on Cryocrystals and Quantum Crystals CC-2010, Chernogolovka, Moscow region, Russia, 26–31.7.
Invited talk, Solid-liquid interface magnetic ordering, QFS2010 : International Symposium on Quantum Fluids and Solids, Grenoble, France, 1–7.8.
Vanni
Invited talk, fMRI perusteet, KNF päivät, Biomedicum, Meilahden kampus, Helsinki, Finland, 30.9.–1.10.
Oral presentation, Decorrelation between input and tuning explains multiple physiological findings in visual cortex, 40th annual meeting for the Society for Neuroscience, San Diego, USA, 13–17.11.
Vartiainen
Invited talk, Aivojen morfometria –paluu kallonmittaukseen?, Neurologia-seminaari: Aivojen toiminnallinen kuvantaminen ja signaalinkäsittely, Helsinki, Finland, 29.4. 
Viljas
Poster, Conductivity, shot noise, and hot optical phonons in bilayer graphene, Fysiikan päivät 2010, Jyväskylä, Finland, 11–13.3.
Volovik
Invited talk, Fermion zero modes in vortex cores and on surfaces or interfaces, International workshop Vortices, Superfluid Dynamics, and Quantum Turbulence, Lammi, Finland, 11–16.4.
Invited plenary talk, Topology, thermodynamics and dynamics of quantum vacuum in effective theory, Spanish Relativity Meeting - ERE 2010: Gravity as a Crossroad in Physics, Granada, Spain, 6–10.9.
Invited talk, Topological matter: semimetals, topological insulators, 3He-B and relativistic quantum vacua, Landau Days - 2010, Chernogolovka, Russia, 21–23.6.
Invited talk, BEC of non-equilibrium quasiparticles in 3He and beyond, International Symposium on Quantum Fluids and Solids, QFS-2010, Grenoble, France, 1–6.8. 

Invited talk, High energy physics as ultra low temperature physics, French-Japan workshop: Exploitations of the Frontier of Ultra Low Tempertature for astrophysics and condensed matter physics, Grenoble, France, 9.8. 

Invited talk, Topological superfluids, superconductors and insulators, International conference in honor of G.M. Eliashberg and V.F Gantmakher "Frontiers in Condensed Matter Physics", Chernogolovka, Russia, 8–10.10.
Invited talk, BEC of non-equilibrium quasiparticles in 3He and beyond, Seminar at Landau Institute, Chernogolovka, Russia, 17.9. 

Invited talk, BEC of Non-Equilibrium Quasiparticles in 3He and Beyond, Seminar at Kurchatov Institute of Atomic Energy, Moscow, Russia, 2.11. 

Invited talk, Topological Media: from topological superfluids & insulators to quantum vacuum of our Universe, Colloquium at Duisburg University, Duisburg, Germany, 10.11. 

Lecture, Topological medium: semi-metals, topological insulators, quantum vacua of particle physics, International Winter School on physics of semiconductors, Zelenogorsk, Russia, 24.2.–1.3.
Lecture, Topological media: quantum liquids, topological insulators and quantum vacuum, School of young sceintists at 8th Conference on Cryocrystals and Quantum Crystals CC-2010, Chernogolovka, Russia, 26–31.7.
Lecture, The Universe in a helium droplet: from semi-metals and topological insulators to particle physics & cosmology, Summer School: Modern problems of condensed matter theory, Zelenogorsk, Russia, 4–14.7. 

Participation, Meeting of dissertation council of Landau Institute, defences of PhD by Vorobjev and Sadovsky and doctor degree by Adler, Chernogolovka, Russia, 24.6.

Participation, QFS-2010 Satellite Workshop “Cold Gases meet Many-Body Theory", Grenoble, France, 7.8.
Participation, Editorial Board meeting of the journal JETP Letters, Moscow, Russia, 11.2., 18.3., 29.4., 3.6., 16.9, 7.10., 23.12. 
Participation, meeting of Scientific Board of Landau Institute for Theoretical Physics, Chernogolovka, Russia, 25.6.
Participation, meeting of dissertation council of Landau Institute, defence of PhD by Rodionov, Chernogolovka, Russia, 24.12. 

Voutilainen
Oral presentation, Physics of Proximity Josephson Sensor, Applied Superconductivity Conference 2010, Washington D.C., United States, 2.9.
Participation, Capri Spring School, Anacapri, Italy, 11–18.4. 

Vuokko
Oral presentation, Different brain mechanisms for subitizing and counting revealed by MEG, The Science Day of the Faculty of Behavioural Sciences, Helsinki, Finland, 17.5. 

Yoon
Participation, Kick Off meeting GEOMISS, Zurich, Swizerland, 21–22.1. 
EXPERTISE AND REFEREE ASSIGNMENTS

Eltsov 
Membership of the organising committee: Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.
Chairman of the session: Measurements of quantum turbulence in T->0 limit, Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.  
Editor of scientific journal: Journal of Low Temperature Physics (special issue), Springer, 1–31.12.

Referee: Journal of Low Temperature Physics

de Graaf 
Organising a conference at TKK: International workshop on vortices, superfluid dynamics, and quantum turbulence, Lammi, Finland, 11–16.4.  
Hakonen
Position of trust in scientific organizations: 

· Coordinator, European Science Foundation, Collaborative Research Project "Entangled spin pairs in graphene", 1.6.2010 - 31.5.2013
· Steering group member, ESF, Quantum Spin Coherence and Electronics (QSpiCE), Strasbourg, France, 1.9.2009–31.8.2012  

Membership in distinguished societies: 

· Finnish Academy of Sciences and Letters

· Fellow member, American Physical Society

· Academia Europaea

Chairman of the session: 

· Chairman of the session, Electrical Properties of Graphene IV, Spring meeting 2010 of the Materials Research Society, San Francisco, USA, 5–9.4
· Experiments on Graphene II, Nobel Symposium on "Graphene and Quantum Matter", Stockholm, Sweden, 27–31.5.    
Referee: 
· Nature

· Physical Review
· Physical Review Letters
· Journal of Applied Physics

Opponent:  
· Fredrik Person, Fast measurements of single charge devices, Chalmers University of Technology, Microtechnology and Nanoscience, Gothenburg, Sweden, 9.6.
· François Parmentier, Short-time Hanbury-Brown and Twiss correlation of a single-electron beam in ballistic conductors, University of Paris 6, Laboratoire Pierre Agrain, ENS, Paris, France, 26.11.
Reviewer of a grant application: 

· Agence Nationale de la Reserche, France, 23.4.
· Agence Nationale de la Reserche, France, 5.5.  
· ERC Advanced Grants

Interview: Graphene and nanotubes, YLE Radio 1, 17.3.
Hari 
Leader position in a scientific organization:
· Chief physician, Dept. Clin. Neurophysiology, HUSLAB, HUCH (part-time) 
· Director of the Centre of Excellence of the Academy of Finland on “Systems Neuroscience and Neuroimaging” 
· Director of the aivoAALTO research project comprising all three schools of the Aalto University
Member of distinguished societies:

· National Academy of Sciences of the USA

· Finnish Academy of Sciences and Letters

· Academia Europaea

Membership of the organising committee: Biomag 2010, Dubrovnik, Croatia, 27.3.–1.4.
Chairman of the session: 

· Speech and Brain 2010, Helsinki, Finland, 19.3.

· Plenary session, NeuroMath COST Action BM0601: Neurodynamic Insight into Functional Connectivity, Cognition and Consciousness, Dubrovnik, Croatia, 27–28.3.

· Keynote speach by Ksenija Marinkovic, Biomag2010, Dubrovnik, Croatia, 29.3. 

· Recent advances in magnetoencephalography, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11.  

Organising a conference at TKK: Aivot ja aivotutkimus (aivoAALTO), Espoo, Finland, 11–11.3.
Editor of scientific journal:

· PNAS (visiting Member Editor), USA several times
Member of the editorial board:

· Cerebral Cortex, Oxford Journals

· Neuroscience Research, Elsevier

Interview: 

· Seitsemän Uutiset, MTV3, TV, Helsinki, Finland, 4.2.  

· About MEG, YLE Radiaattori, Radio, Helsinki, Finland, 1.12. 

· Aivojen tutkimusta, Radiaattori, YLE Broadcasting company, Radio, Helsinki, Finland, 8.12.  

Referee: 

· Autism Research
· Brain Research

· Cerebral Cortex

· Duodecim

· Human Brain Mapping

· Molecular Pain

· Nature Neuroscience

· Neuroscience Letters

· Neuropsychologia
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Reviewer of a grant application: Gottfried Wilhelm Leibniz Prize (Deutsche Forschungsgemeinschaft), Germany, 20.8.
Pre-examiner of a doctoral thesis: Radboud University Nijmegen, Faculty of Social Sciences, Nijmegen, The Netherlands, 9.4.–15.5.
Heikkilä
Referee: 

· Journal of Low Temperature Physics

· Physical Review Letters
· Reviews of Modern Physics

· Europhysics Letters

Interview:  Radiaattori: Nobelinarvoinen grafeeni, Yleisradio, Radio, Helsinki, Finland, 20.10.  
Helenius
Member of scientific associations: Cognitive Neuroscience Society
Referee: 
· Biological Psychiatry

· Brain Topography

· Brain and Language

· Dyslexia

· Psykologia, Journal of the Finnish Psychological Society

Interview: Tapasimme tutkijan…, Suomen psykologinen seura, Magazine, Helsinki, Finland, 14.4.
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Referee: Human Brain Mapping
Hänninen

Editor of scientific journal: Journal of Low Temperature Physics, Springer, The Netherlands, 1.5.–1.10.
Referee:

· Physical Review Letters

· Physical Review B
· Physical Review E
· Journal of Low Temperature Physics

Chairman of the session: User Meeting II, Superfluid helium in T -> 0 limit, Microkelvin 2010, Microkelvin mid-term review, general assembly and user meeting 2010, Espoo, Otaniemi, Finland, 15–16.10.  
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Chairman of the session: Toiminnallinen ja anatominen neurokuvantaminen, KNF-päivät, Helsinki, Finland, 30–30.9.    

Referee: Clinical Neurophysiology
Member of scientific associations: 

· International Society of Intraoperative Neurophysiology

· Society for the Advancement of Clinical MEG

Kopnin
Member of the scientific board: Landau Institute for Theoretical Physics of the Russian Academy of Science, Russia. 

Member of dissertation council: Landau Institute for Theoretical Physics of the Russian Academy of Science, Russia.

Chairman of the session: Session II, Lev Gorkov Symposium, Tallahassee, Florida State University, USA, 2–3.12.

Opponent: Sadovskyy I.A., Charge states in Andreev Quantum Dots, Landau Institute for Theoretical Physics, Moscow, Chernogolovka, Russia, 24.6.
Krusius
Member of the editorial board: Physica B: Condensed Matter
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· Institute of Physics, UK
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· Finnish Physical Society

· Individual ordinary member, European Physical Society
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· International workshop on vortices, superfluid dynamics, and quantum turbulence [in the series of Symposia on superfluids under rotation – SUR2010], Helsinki University Biological Research Station, Lammi, Finland, 11–16.4.

· MICROKELVIN Review & User Meeting, Low Temp Lab, Espoo, Finlad, 14–16.10. 
Member of International Advisory Board: LT26 - International Conference on Low Temperature Physics, Beijing, 10–17.8.2011
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Referee:
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· Journal of Low Temperature Physics

Chairman of the session: 
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· Neuroscience Letters
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· Nyt selvisi, miksi haukotus tarttuu, Aamulehti, Newspaper, Finland, 26.6.

· Toisen kipua katsoessa, Yliopisto-lehti, Magazine, Finland, 1.8.

· Kognitiotieteilijä kurkistaa pään sisään, Luova -lehti, Electronic, Finland, 18.8.  

· Investigating brain functions behind processing of social information", MyScience e-magazine, Electronic, Finland, 18.8.
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Interview: Nobelin arvoinen grafeeni, Yle Radiaattori, Radio, Helsinki, Finland, 20.10. 

Liljeström
Referee:
· Brain and Language
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Organising a conference outside TKK: Workshop on the Physics of Micro and Nano Scale Systems, Ystat, Sweden, 20–24.6.
Möttönen

Interview: Tuleeko kvanttitietokone?, Yle Radiaattori, Radio, Helsinki, Finland, 27.10.

Nangini 
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· Human Brain Mapping 

Paalanen
Position of trust in scientific organizations: 

· Chairman of evaluation panel PE3, starting grant applications, European Research Council, Brussels, Belgium, 1.1.2008–31.12.2010.

· Chairman, Aalto University, Working Group on Research Service Needs and Research Infrastructure, Espoo, Finland, 2008–2010.  
· Coordinator of MICROKELVIN, FP7 network of 12 low temperature laboratories funded by EC in transnational infrastructure program, Espoo, Finalnd, 1.4.2009–31.3.2013.  

· Member of Steering Board, Helsinki University of Technology, Advanced Magnetic Imaging Center, Espoo, Finland, 1.1.2005–31.12.2011. 

· Member of EURAMET, European Association of National Metrology Institutes, Scientific Advisory Board, Teddington, England, 1.1.2007–31.12.2010.

· Member of Board, Instrumentarium Foundation, Helsinki, Finland, 2008–.

Editor of scientific journal: Journal of Low Temperature Physics
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· Finnish Academy of Sciences and Letters

· Finnish Academy of Technical Sciences

· Fellow member, American Physical Society

· Academia Europaea

· The Royal Academy of Arts and Scences in Göteborg

Member of scientific associations: Finnish Physical Society

Chairman of the session:

· Closing Ceremonies, QFS2010, Grenoble, France, 1–6.8.

· Spectroscopy of superconductors, Cryoconfererence 2010, Kosicé, Slovakia, 10–15.9.  
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Paraoanu

Position of trust in scientific organizations: 

· Advisory Board Member, Lifeboat Foundation (Physics Panel), USA
· Evaluator of a Ph.D. programme CoQuS of University of Vienna and Technical University of Vienna, Austrian Science Fund (FWF), Vienna, Austria, 9–11.6.
· Evaluator of EuroSQUIP, E.U. Commission, Oxford, U.K., 5–7.7.
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· Europhysics Letters

· Europhysics Journal D

· Foundations of Physics
Pekola
Leader position in a scientific organization: 

· President, Finnish Physical Society, Finland, 1.4.2009 - 31.3.2011
· Chairman, Micronova Advisory Board
Position of trust in scientific organizations: Member of the committee, IUPAP, C5, 1.1.–31.12.
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· Finnish Academy of Sciences and Letters

· Finnish Academy of Technical Sciences

Member of scientific associations:  Finnish Physical Society

Member of the editorial board: Journal of Low Temperature Physics 

Opponent: Sarah Heizmann, Transport and Charge Sensing Measurements on Few Electron Quantum Dots and going to Ultra Low Electron Temperatures, University of Basel, Department of Physics, Basel, Switzerland, 24.11.
Pihko

Referee: 

· European Journal of Neuroscience

· Infant Mental Health Journal

· Human Brain Mapping

· The Journal of Neuroscience

Chairman of the session: EEG/MEG and epilepsy in children, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 27.10.–1.11.  

Renvall Ville
Referee: NeuroImage
Salmelin 

Membership in distinguished societies: 
· Finnish Academy of Sciences and Letters

· Academia Europaea

Editor of scientific journal:  Human Brain Mapping, Wiley, New York, USA 
Editor of scientific books: MEG, An Introduction to Methods, Oxford University Press, New York, USA, 24.5.
Member of the editorial board: Brain Topography, Springer
Position of trust in scientific organizations: 

· Member of Oversight Committee, International Neuroinformatics Coordinating Facility, Program on Minimal Standards for Meta-Data, Stockholm, Sweden, 12.1.–13.12

· Member of evaluation panel, Quinquennial review of the Wellcome Trust Centre for Neuroimaging, The Wellcome Trust, London, United Kingdom, 19–21.5.

· Member of Scientific Advisory Board, University of Oxford, Oxford Centre for Human Brain Activity (OHBA), Oxford, United Kingdom, 1.10.–31.12.  
· Member of External Advisory Panel, Washington University, NIH/Human Connectome Project Consortium Washington University & University of Minnesota, St. Louis, MN, USA, 1.10.–31.12.  
Chairman of the session: Physiological studies of language, 29th International Congress of Clinical Neurophysiology ICCN2010, Kobe, Japan, 28.10.–1.11.  

Statement for the appointment of a professor:  Professor (tenure, step VI), University of California, Irvine, Department of Neurology, Irvine, USA, 11.8.

Referee: Journal of Neuroscience
Sillanpää 

Interview: Kvanttitietokone suprajohtavista kvanttibiteistä, Yle, Radiaattori, Radio, Helsinki, Finland, 17.11.

Silvanto 
Member of editorial board: Frontiers in Perception Science

Referee:

· Cognitive Science

· European Journal of Neuroscience

· Experimental Brain Research

· Journal of Cognitive Neuroscience

· Journal of Neuroscience

· Neuropsychologia

Tuoriniemi

Member of the editorial board: Cryogenics
Referee: New Journal of Physics

Secretary of the conference or organising committee: Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.  
Chairman of the session: 

· Poster Sessions on Tuesday and Wednesday, Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.

· User Meeting III, current activities of MicroKelvin Collaboration, MicroKelvin Mid-term Review, General Assembly and User Meeting 2010, Espoo, Finland, 15–16.10.  

Vanni
Leader position in a scientific organization: Board member, Finnish Brain Research Society, Finland, 18.3.2009–17.3.2012.

Vartiainen Johanna

Referee:

· Brain and Language

· Human Brain Mapping

· Journal of Cognitive Neuroscience

Interview: Aivotutkimuksen avulla tutkitaan kielellistä käsittelyä, YLE, Electronic, Helsinki, Finland, 7.6.

Vartiainen Nuutti
Interview: 

· Krooninen kipu muokkaa aivoja, Akuutti Yle TV2, TV, Finland, 19.1.

· Kipu on korvien välissä, Helsingin Sanomat, Helsinki, Finland, 14.6.  
Volovik 

Membership in distinguished societies: 

· Deutsche Academie der Naturforscher Leopoldina (the German Academy of Sciences Leopoldina)

· Finnish Academy of Sciences and Letters

Editor: 

· JETP Letters

· Physical Review Letters, Divisional Associate Editor 

Member of the editorial board: 

· JETP Letters

· Physical Review Letters 

Position of trust in a scientific organization: Member, Simon Prize, Selection Committee, Institute of Physics, UK, 1.7.2010 - 31.8.2011.  

Chairman of the conference or organising committee: Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.  
Chairman of the session: 

· Quasiparticle states in superfluid 3He, Vortices, Superfluid Dynamics and Quantum Turbulence, Lammi, Finland, 11–16.4.

· Landau Days - 2010, Chernogolovka, Russia, 21–23.6.

· Chairman of the session, 8th Conference on Cryocrystals and Quantum Crystals CC-2010, Chernogolovka, Russia, 26–31.7.  
Statement for the appointment of a professor: Professor of Theoretical condensed matter physics, Stockholm University, Kungl. Tekniska Högskolan, NORDITA, Stochkolm, Sweden, 13.9.
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Fig.1. Electronic spectrum of normal-state graphene [picture from Castro Neto et al., Rev. Mod. Phys. (2009)]





Fig. 2. Superconducting critical temperature of graphene, t = Tc/ξm, normalized to the interaction cut-off energy ξm as a function of the interaction constant λ for various doping levels µ/ξm. The quantum critical point corresponds to zero doping.
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