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1.1. Summary of the activities and major achievements
The ULTI infrastructure access program is funded by the European Commission for the four-year period from 1.4.2004 to 31.3.2008. During the third year of operation the Selection Panel conducted one face-to-face meeting and three email meetings, and accepted six new projects into the program. ULTI program supported altogether 37 users in 33 different projects. Nine of the active projects were completed during the reporting period.
The 37 users came from 10 different European countries and from Israel. 25 of the users were new, first time users. The number of female users was four.

The 33 supported projects cover a variety of topics from vortex physics, turbulence in superfluids, and quantum crystals, to cosmology and quantum electronics in mesoscopic normal metal and superconducting structures. 14 of the projects were experimental and 19 theory projects.
During the reporting period ULTI-results were published in 19 articles in journals with referee practice. Three of the articles appeared in highly respected Nature [6, 21 and 22] with impact factor over 30, and three in Physical Review Letters (IF > 7). 

The most interesting result, the quantization of photon heat conduction, was observed in the project #19, and published in Nature [21]. The editors of Nature considered this discovery to be such an achievement that they published an additional News and Views article on the topic [22].
1.2. Management overview

No significant management tasks were carried out during the second year of the ULTI program. The program continues to offer the visitors professional scientific, technical and logistic support. 
The WEB-page of the ULTI program (http://boojum.hut.fi/eu.html) is now upgraded, and provides on-line information about the status of the accepted projects and effective communication channel between the Selection Panel, visitors and the ULTI facility.
1.3. Description of the publicity concerning the new opportunities for access

The ULTI program was presented to the European low temperature physics community in the User meeting organized in Lammi, Finland in April 21- 26, 2006. The meeting was widely advertised within the community and 31 old and 35 potential new users were invited to participate. Altogether 101 scientists from 22 countries, among them 5 members of the ULTI Selection Panel participated in the meeting. Many of participants paid also a site visit to the Low Temperature Laboratory.

1.4. Description of the selection procedure

The selection of users was conducted by email votes in 12.4.2006, 13.6.2006, 18.1.2007. A list of candidates, based on the received proposals, was prepared for the vote by the ULTI manager.  No proposals were rejected. Several proposals were, however, modified in order to match the capabilities of the facility.
The Selection Panel conducted one face-to-face meeting in connection of the Lammi User meeting in 23.4. 2006. The following seven members of the Selection Panel were present:
Reyer Jochemsen, Leiden University, The Netherlands

Matti Krusius, LTL, Helsinki University of Technology, Finland (Secretary)

Paul Leiderer, University of Konstanz, Germany (absent)

Mikko Paalanen, LTL, Helsinki University of Technology, Finland (Chairman)

George Pickett, Lancaster University, United Kingdom

Luciano Reatto, University of Milan, Italy

Peter Skyba, Slovak Academy of Sciences, Slovakia

Yuri Bunkov, CNRS, Grenoble, France (non-member, invited by chairman) 
Bernard Placais from ENS, France could not participate. The Panel discussed the selection and management issues related to the ULTI -visitors program.
During the present reporting period the ULTI program hosted altogether 37 scientists from 11 different countries. In the number of new users (25) and female users (4 in projects #19, 25, 28, and 44) the ULTI program reached an annual record. 
1.5. Transnational Access activity
The complete list of User-Projects and Users can be found in Annexes 2 and 3, respectively (MS Access, Annex 2 and 3).
During its first two years of operation, 41 projects were accepted to the ULTI program and seven of these projects were completed (# 1, 2, 7, 8, 12, 16 and 17). During the 3rd year of operation six new projects were added. However, altogether 33 projects were active during the present reporting period, and nine of these were completed (#3, 6, 26, 27, 33, 36, 39, 42, and 46).  

Altogether 37 visitors spent 23.30 person months at the ULTI facility. Compared to the first two years of operation (1st year: 18 visitors, 16 active projects, and 15.10 person months; 2nd year: 14 visitors, 14 active projects, and 18.17 person months) the ULTI program has continued in a steady operational mode without difficulties. 
The supported projects cover a variety of topics from vortex physics and turbulence in superfluids (#6, 10, 11, 13, 15, 22, 35, 38, 39, 40 and 46), and quantum crystals (#18 and 42), to cosmology (#4, 37, and 44), and to quantum electronics in mesoscopic normal metal and superconducting structures (#9, 19, 24 - 34, 43, 45, and 47). Fourteen of the projects were experimental (#13, 15, 18, 19, 22, 25, 27, 28, 31, 36, 39, 40, 42, and 46) and 19 theory projects. The experimental projects were, however, allocated most of the visiting time, i.e. 15.90 person months (68.2%), and the theory projects only 7.40 person months (31.8%).
1.6. Scientific output of the users at the facility
During the reporting period ULTI-results were published in 19 articles in journals with referee practice. Eight additional articles were published in conference proceedings and one in a popular magazine [1]. Three of the articles appeared in highly respected Nature [6, 21 and 22] with impact factor over 30, and three in Physical Review Letters (IF > 7). 
The following interesting results have been obtained during the third year of ULTI program:

Spin Current Turbulence (project # 11)


In this project it was finally confirmed that the spin-superfluid precessing state of 3He-B, with its off-diagonal long-range order and quantum coherence, represents the Bose-Einstein condensation (BEC) of spin waves - magnons. This is actually the first realization of the BEC of excitations in magnets. Using this picture of magnon condensation, the new phenomena have been found and identified in 3He liquids. In particular, theoretical prediction of Coleman of Q-balls in relativistic quantum fields has been realized experimentally in 3He-B (Yu.M. Bunkov, G.E. Volovik, "Magnon condensation into Q-ball in 3He-B", submitted to PRL, cond-mat/0703183).  The observed condensed-matter analogs of relativistic Q-balls are responsible for an extremely long lived signal of magnetic induction, the so-called Persistent Signal, observed in NMR at the lowest temperatures, where the bulk BEC of magnons is unstable due to catastrophic relaxation. Thus the Q-ball is another representative of a state with phase coherent precession of nuclear spins in 3He-B. Very recently the observation of BEC of magnons has been preliminary reported for 3He-A in aerogel. 
Experiments of Mesoscopic SQUID Arrays (project #19)

The initial goal of this project was to learn about high frequency properties of 
Josephson junction and SQUID arrays and to make use of them in 
experiments on Cooper pair pumps and as switches. However, it was soon realized that the mesoscopic SQUID arrays provide a platform to study the quatization of heat conductivity of photons.
 
The thermal conductance of a single channel is limited by its unique quantum value GQ, as was shown theoretically in 1983. This prediction is valid for both fermion and boson excitations, and closely resembles the quantization of electrical conductance in ballistic one dimensional conductors. The single mode heat conduction is particularly relevant in nanostructures. The quantization of low temperature heat conduction by phonons and electrons has already been demonstrated. In this project the quantization of the photon heat conduction was finally observed. The observation has practical implications, for example, for the performance and design of ultra-sensitive bolometers and electronic micro-refrigerators. The results were published in Nature [21 and 22].
Other highlights of the important results among the user-projects/see Annex 4
1.7. User meetings

The User meeting was organized in April 21-26, 2006, in Lammi, Finland for 101 participants. The participants included 31 users, 35 potential users, 5 members of the Selection Panel, and 30 staff-members of the ULTI-facility.  The full program can be found at the WEB-address: http://ltl.tkk.fi/ULTI2006/Lammi2006.html. The Proceedings of the Meeting were published in the January 2007 issue of the Journal of Low Temperature Physics (JLTP 146, 1-2, 2007). The 294-page long Proceedings contained 16 scientific articles.
1.8. Update of the non-confidential Project Information
See Annex 5
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List of Publications

Project #2

1. Hakonen, P., Lechner, L., ja Tomi, M., Nanokitara soi giga-aaltoja, Prosessori, 1/2007, p. 38-39 (2007). 

2. Tsuneta, T., Lechner L., and Hakonen P.J., Gate-Controlled Superconductivity in a Diffusive Multiwalled Carbon Nanotube, Physical Review Letters 98, 087002 (2007).

Project #5

3. Laakso, M.A., Virtanen, P., Giazotto, F., and Heikkilä, T.T., Nonequilibrium characteristics in all-superconducting tunnel structures, Physical Review B, 75, p. 094507/1-7 (2007). 

4. Laakso, M.A., Virtanen, P., Giazotto, F., and Heikkilä, T.T., Nonequilibrium characteristics in all-superconducting tunnel structures, Proceedings of the XLI Annual Conference of the Finnish Physical Society, p. 123 (2007). 

5. Pekola, J.P., Giazotto, F., and Saira, O.-P., Radio-frequency single-electron refrigerator, Physical Review Letters, 98, p. 037201/1-4 (2007).

Project #8

6. Tuoriniemi, J., Juntunen-Nurmilaukas, K., Uusvuori, J., Pentti, E., Salmela, A., and Sebedash, A., Superconductivity in lithium below 0.4 millikelvin at ambient pressure, Nature, 447, p. 187-189 (2007). 

Projects  #10 and #38 

7. L'vov, V.S. and Nazarenko, S., Differential model for 2D turbulence, Pis´ma v ZhETF, 83, 12, p. 635-639 (2006).
8. L'vov V.S., Nazarenko S.V., Skrbek L., Energy spectra of developed turbulence in helium superfluids, Journal of Low Temperature Physics 145 (1-4), p . 125-142 (2006).
Projects #11 and #10

9. Bunkov, Yu.M., L'vov, V.S., and Volovik, G.E., On the problem of catastrophic relaxation in superfluid 3He-B, Pis´ma v ZhETF, 84, 6, p. 349-353 (2006).

10. Bunkov, Yu.M., L'vov, V.S., and Volovik, G.E., On the problem of catastrophic relaxation in superfluid 3He-B, JETP Letters, 84, 6, p. 289-293 (2006).

Project #12 and  #44

11. Lindell, R.K., Sillanpää, M.A., Heikkilä, T.T., Delahaye, J., Sonin, E.B., and Hakonen, P.J., Effect of non-Gaussian noise in small Josephson junction, AIP Conference Proceedings, 850, p. 1421-1422 (2006).

Projects  #13, #16, #17,  #22, and #46

12. Blaauwgeers, R., Blazkova, M., Clovecko, M., Eltsov, V.B., de Graaf, R., Hosio, J., Krusius, M., Schmoranzer, D., Schoepe, W., Skrbek, L., Skyba, P. Solntsev, R.E., and Zmeev, D.E. , Quartz tuning fork: Thermometer, pressure- and viscometer for helium liquids, Journal of Low Temperature Physics, 146, 5/6, p. 537-562 (2007).

Project #16 

13. Finne, A.P., Blaauwgeers, R., Boldarev, S., Eltsov, V.B., Kopu, J., and Krusius, M., Onset of turbulence in superfluid 3He-B and its dependence on vortex injection in applied flow, AIP Conference Proceedings, 850, p. 177-180 (2006).  

Projects #16 and #17

14. Hosio, J., Blaauwgeers, R., Eltsov, V.B., deGraaf, R., Krusius, M., and Solntsev, R., Quartz tuning fork as probe of quantum liquids, Proceedings of the XL Annual Conference of the Finnish Physical Society, p. 139 (2006).

Project #17

15. Heikkinen, P. and De Graaf, R., Frictionless rotation in superfluid helium, Proceedings of the XLI Annual Conference of the Finnish Physical Society, p. 230 (2007).

16. Hosio, J., Eltsov, V.B., de Graaf, R., Krusius, M., and Solntsev, R., Generation and detection of quantum turbulence with a quartz tuning fork, Proceedings of the XVI Annual Conference of the Finnish Physical society, p. 265 (2007).

Project #18

17. Junes, H.J., Alles, H., Parshin, A.Ya., Todoshchenko, I.A., and Tsepelin, V., Measurements of the step energy on melting 3He crystals around 1 mK, Proceedings of the XL Annual Conference of the Finnish Physical Society, p. 33 (2006).

18. Junes, H., Alles, H., Parshin, A.Ya., Todoshchenko, I.A., and Tsepelin, V., First observation of the critical size of facets on 3He crystals near 1mK, Journal of Low Temperature Physics, 146, p. 85-93 (2007).

Projects #18 and  #42

19. Todoshchenko, I.A., Alles, H., Bueno, J., Junes, H.J., Parshin, A.Ya., and Tsepelin, V., Melting curve of 4He: No sign of a supersolid transition down to 10 mK, Physical Review Letters, 97, p. 165302/1-4 (2006).

20. Alles, H., Bueno, J., Junes, H.J., Parshin, A.Ya., Todoshchenko, I., and Tsepelin, V., Melting curve of helium-4: No sign of a supersolid transition down to 0.01 K, Proceedings of the XLI Annual Conference of the Finnish Physical Society, p. 38 (2007). 

Project #19

21. Meschke, M., Quichard, W., and Pekola, J.P., Single-mode heat conduction by photons, Nature, 444, 9, p. 187-190 (2006).

22. Schwab, K., Information on heat, Nature 444, News and Views, 9 Nov 2006.
Project #22

23. Barenghi C.F. and Skrbek L., On Decaying Counterflow Turbulence in HeII, J. Low Temperature Physics 146 (1-2), 5 (2007).
Project #24

24. Hakonen, P.J., Paila A., and Sonin E.B., Statistics of electron tunneling in normal tunnel junctions: An analytical and numerical study including circuit effects, Phys. Rev. B 74, 195322 (2006),

25. Sonin, E.B., Tunnel junction as a noise probe, Journal of Low Temperature Physics, 146, p. 161-191 (2007).

Project #25

26. Zou, J., Sosnin, I., Virtanen, P., Meschke, M., Petrashov, V.T., and Heikkilä, T.T., Influence of supercurrents on low-temperature thermopower in mesoscopic N/S structures, Journal of Low Temperature Physics, 146, p. 193-212 (2007).

Projects  #26 and #47

27. Cuevas, J.C., Hammer, J., Kopu, J., Viljas, J.K., and Eschrig, M., Proximity effect and multiple Andreev reflections in diffusive superconductor-normal-metal-superconductor junctions, Physical Review B, 73, p. 184505/1-6 (2006). 

Project #35

28. Hänninen, R., Tsubota, M., and Vinen, W.F., Generation of turbulence by oscillating structures in superfluid helium at very low temperatures, Physical Review B, 75, p. 064502/1-12 (2007). 

Annex 5

Updated non-confidential Project Information
The ULTI Large-Scale Facility offers expertise and equipment for outside users to undertake measurements at temperatures from 4 Kelvin down to the lowest attainable. The installation is located in the Low Temperature Laboratory (LTL) of the Helsinki University of Technology (TKK). ULTI, a continuation of ULTI III, will contribute to scientific progress and technical development of ultra low temperature physics in Europe, to serve as a first-rate educational center for young physicists, and to act as a node for scientific collaboration between Russia and the EU countries. The in-house research includes experimental programs on refrigeration and cryogenics in the liquid-helium range and below and experimental and theoretical studies of quantum fluids and solids, nuclear magnetism, and electrical transport in normal and superconducting structures of nanometer size. Equipment for high-precision optical interferometry at low temperatures and electron beam lithography for making nanosize samples are available as well.


The low temperature and nanophysics section of the LTL consists of about 35 persons, of whom 10 are senior scientists. The ULTI refrigeration equipment includes three sub-millikelvin cryostats, each with a 3He/4He dilution refrigerator for precooling a copper nuclear demagnetization stage. One apparatus can be rotated around its vertical axis up to 40 rev/min, Another is a cascade refrigerator, with two nuclear cooling stages in series, which holds the current low temperature world record of 100 picokelvin. Three smaller cryostats are available for mesoscopic studies down to 50 millikelvin temperatures.


Researcher and students interested in experiments at ultra low temperatures, please contact:

Prof. Mikko Paalanen

Low Temperature Laboratory

Helsinki University of Technology

P.O. Box 2200

FIN-02015 HUT

Phone: +358-9-451 2957

Fax: +358-9-451 2969

E-mail: paalanen@neuro.hut.fi







