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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 4th year of operation one User meeting, and one face-to-face meeting and two email meetings of the Selection Panel were organized. The User meeting was attended by 29 users of the ULTI facility. 

Nine new projects were selected into the program. ULTI program supported altogether 36 users in 27 different projects. All of the active projects were completed during this last reporting period. The 36 users came from 12 different European countries and from Israel. 16 of the users were new, first time users. The number of female users was two.

The 27 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 13 theory projects. However, most of the access time (63.6 %) was allocated to the experimental projects
During the reporting period ULTI-results were published in 19 articles in journals with referee practice and in 6 other articles. One of the articles appeared in highly respected Nature [12] with impact factor 26.7, 6 in Physical Review Letters (IF = 7.07) [2, 6, 7, 9, 11, and 22], and 1 in Applied Physics Letters (IF >4) [4]. 

The most interesting result, the concept of Brownian refrigeration was developed in project #9 and published [6]. Thermal noise generated by a hot resistor (resistance R) can, under proper conditions, catalyze heat removal from a cold normal metal (N) in contact with a superconductor (S) via a tunnel barrier (I). Such a NIS junction is reminiscent of Maxwell's demon, rectifying the heat flow. 
1.2. Management overview

No significant management tasks were carried out during the fourth 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 edited into final form and provides on-line information about all projects.
1.3. Description of the publicity concerning the new opportunities for access

The results of the ULTI program were presented to the European low temperature physics community in the final User meeting organized in Espoo, Finland in April 28- 30, 2008. The meeting was widely advertised within the community. Altogether 132 scientists from 21 countries, among them 6 members of the ULTI Selection Panel participated in the meeting. Many of participants paid also a site visit to the ULTI facility in the Low Temperature Laboratory.

1.4. Description of the selection procedure

The selection of users was conducted by email votes in 18.5.2007 and 19.2.2008. 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 its final face-to-face meeting in the connection of the User Meeting in 29.4. 2008. The following six ordinary members of the Selection Panel were present:
Reyer Jochemsen, Leiden University, The Netherlands

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

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

George Pickett, Lancaster University, United Kingdom

Bernard Placais, ENS, France
Peter Skyba, Slovak Academy of Sciences, Slovakia

Luciano Reatto from University of Milan, Italy, was represented by his colleague Dr. Davide Galli from the same university. Paul Leiderer from University of Konstanz, Germany, 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 36 scientists from 13 different countries. 
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 three years of operation, 47 projects were accepted to the ULTI program and 29 of them were completed. During the 4th year of operation 9 new projects were added. However, altogether 27 projects were active during the present reporting period, and all of them were completed.  

Altogether 36 visitors spent 17.10 person months at the ULTI facility. Compared to the first three 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; 3rd year: 37 visitors, 33 active projects, and 23.30 person months) the ULTI program has continued in a steady operational mode without difficulties.  The total access time delivered by the ULTI program in 4 years was 73.67 person months, slightly more than the promised 72 months.
The supported projects cover a variety of topics from vortex physics and turbulence in superfluids (#10, 11, 13, 15, 22, 40, 46 and 52), and quantum crystals (#18 and 42), to cosmology (#4, 54, and 56), and to quantum electronics in mesoscopic normal metal and superconducting structures (#5, 9, 19, 24, 30, 43, 47, 48, 49, 50, 51, 52, 53 and 55). Fourteen of the projects were experimental (#5, 11, 13, 14, 15, 18, 19, 22, 40, 42, 46, 49, 50, and 53) and 13 theory projects. The experimental projects were, however, allocated most of the visiting time, i.e. 10.87 person months (63.6%), and the theory projects only 6.23 person months (36.4%).
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. Six additional articles have been and about five more will be submitted to scientific journals with referee practice. One of the articles appeared in highly respected Nature [13] with impact factor 26.7, six in Physical Review Letters (IF = 7.07) and one in Applied Physics Letters (IF > 4). 
The following interesting results have been obtained during the fourth year of ULTI program:

Thermometric Effects in Hybrid Superconductor-Normal Metal Structures (#5)

In this project the participants invented a novel switch for thermal current. They conducted experiments on a superconductor–normal-metal electron refrigerator in a regime where single-electron charging effects are significant. The system functions as a heat transistor; i.e., the heat flux out from the normal-metal island can be controlled with a gate voltage. A theoretical model developed within the framework of single-electron tunneling provides a full quantitative agreement with the experiment. This work serves as the first experimental observation of Coulombic control of heat transfer and, in particular, of refrigeration in a mesoscopic system [2].
Quantum Coherence Effects in Josephson Junction Circuits and Quasiparticles (#9)

In this project quasiparticle non-equilibrium was studied during the present reporting period, and in particular the problem of electronic refrigeration. The concept of Brownian refrigeration was developed and published [6]. Thermal noise generated by a hot resistor (resistance R) can, under proper conditions, catalyze heat removal from a cold normal metal (N) in contact with a superconductor (S) via a tunnel barrier (I). Such a NIS junction is reminiscent of Maxwell's demon, rectifying the heat flow. Upon reversal of the temperature gradient between the resistor and the junction, the heat fluxes are reversed: this presents a regime which is not accessible in an ordinary voltage-biased NIS structure. Analytical results for the cooling performance in an idealized high impedance environment were obtained and numerical calculations for general R were performed. 

Turbulence in Fluids and Superfluids (#10)
The project resulted in experimental, numerical and theoretical studies of a vortex front propagating into a region of vortex-free flow of rotating superfluid 3He-B [11, 12]. It has been shown that with decreasing temperature the nature of the vortex front changes from laminar, to the semiclassical turbulent and then to the quantum turbulent regime. The experiment conducted at the ULTI provided the first direct measurement of the dissipation rate in turbulent vortex dynamics of 3He-B and demonstrated that in the zero temperature limit the dissipation approaches the finite value. This was the realization of the dissipation anomaly in the superfluid turbulence. The bottleneck effect in the Kolmogorov cascade has been also observed experimentally and explained theoretically.
Other highlights of the important results among the user-projects/see Annex 4
1.7. User meetings

The User meeting was organized in April 28-30, 2008, in Espoo, Finland for 132 participants. The participants included 29 users, 6 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/wiki/ULTI2008. The Proceedings of the Meeting will published in the Journal of Low Temperature Physics.
1.8. Update of the non-confidential Project Information
See Annex 5

Annex 1   

Composition of the Users Selection Panel (in MS ACCESS)
Annex 2
List of User-Projects (in MS-ACCESS)

Annex 3

List of Users (in MS ACCESS)

Annex 4 

List of Publications

Project #4

1.
Schaller, G., and  Schützhold, R., The role of symmetries in adiabatic quantum algorithms, arXiv:0708.1882. 
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5. S. Tirelli, A. M. Savin, C. Pascual Garcia, J. P. Pekola, F. Beltram, F. Giazotto, Manipulation and Generation of Supercurrent in Out-of-Equilibrium Josephson Tunnel Nanojunctions, (http://arXiv.org/abs/0804.2649)
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Pekola, J.P., and Hekking, F.W.J., Normal-metal-superconductor tunnel junction as a Brownian refrigerator, Physical Review Letters, 98, p. 210604/1-4 (2007).

Projects #10 and #40 
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Eltsov, V.B., Golov, A.I., de Graaf, R., Hänninen, R., Krusius, M., L'vov, V.S., and Solntsev, R.E., Quantum turbulence in a propagating superfluid vortex front, Physical Review Letters, 99, p. 265301/1-4 (2007).
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V.B. Eltsov, R. de Graaf, R. Hanninen, M. Krusius, R.E. Solntsev, V.S., L'vov, A.I. Golov, and P.M. Walmsley, Turbulent dynamics in rotating helium superfluids, Proceedings in Low Temperature Physics, ed. M. Tsubota, Vol. XVI (Elsevier Publ., Amsterdam, 2008); arXiv:0803.3225v1 [cond-mat.other].

Project #11

9.
J. Elbs, Yu. M. Bunkov, E. Collin, H. Godfrin, and G.E. Volovik "Strong orientational effect of stretched aerogel on the  3He order parameter",  arXiv:0707.3544, accepted to PRL.

10.
Bunkov, Yu.M. and Volovik, G., Bose-Einstein condensation of magnons in superfluid, Journal of Low Temperature Physics, 150, p. 135-144 (2008). 

11.
Bunkov, Yu.M. and Volovik, G.E., Magnon condensation into a Q ball in 3He-B, Physical Review Letters, 98, p. 265302/1-4 (2007). 

12.
Winkelmann, C.B., Elbs, J., Bunkov, Yu.M., Collin, E., Godfrin, H., and Krusius, M., Bolometric calibrtion of a superfluid 3He detector for dark matter search: Direct measurement of the scintillated energy fraction for neutron, electron, and muon events, Nuclear Instruments and Methods in Physics Research A, p. 264-271 (2007).
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13.
Bradley, D.I., Fischer, S.N., Guénault, A.M., Haley, R.P., Kopu, J., Martin, H., Picket, G.R., Roberts, J.E., and Tsepelin, V., Relic topological defects from brane annihilation simulated in superfluid 3He, Nature, 4, Letters, p. 46-49 (2008)
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Bradley, D.I., Fisher, S.N., Guénault, A.M., Haley, R.P., Kopu, J., Martin, H., Picket, G.R., Roberts, J.E., and Tsepelin, V., The AB interface in superfluid 3He as a simulated cosmological brane, Journal of Low Temperature Physics, 148, p. 465-473 (2007).

Project #18
15.
Bueno, J., Blaauwgeers, B., Parshin, A.Ya., and Jochemsen, R., Effect of the magnetic order on 3He, Journal of Low Temperature Physics, 150, p. 306-310 (2008).

16.
Todoshchenko, I.A., Alles, H., Junes, H.J., Manninen, M.S., Parshin, A.Ya, and Tsepelin, V., Elementary of excitations in solid and liquid 4He at the melting, Journal of Low Temperature Physics, 150, p. 258-266 (2008).

17.
Todoshchenko, I.A., Alles, H., Junes, H., Parshin, A.Y., and Tsepelin, V., Growth dynamics and faceting of 3He crystals, Journal of Low Temperature Physics, 148, p. 635-643 (2007).

18.
Todoshchenko, I.A., Alles, H., Junes, H.J., Parshin, A.Ya. and Tsepelin, V., Absence of low temperature anomaly on the melting curve of 4He, Pis´ma v ZhETF, 85, p. 555-558 (2007). 
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R. de Graaf, R.E. Solntsev, T.V. Chagovets, V .B. Eltsov, R. Hanninen, and M. Krusius, The dynamics of vortex generation in superfluid 3He-B, arXiv:0708.3003v1 [cond-mat.stat-mech], to be submitted to Phys. Rev. B.
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20.
Blazkova, M., Clovecko, M., Eltsov, V.B., Gazo, E., de Graaf, R., Hosio, J.J., Krusius, M., Schmoranzer, D., Schoepe, W., Skrbek, L., Skyba, P., Solntsev, R.E., and Vinen, W.F., Vibrating quartz fork - a tool for cryogenic helium, Journal of Low Temperature Physics, 150, p. 525-535 (2008).
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21.
E. B. Sonin, “Charge transport and shot noise in ballistic graphene”, submitted to Phys. Rev. B (http://arxiv.org/abs/0805.0843v1).

Project #25

22.
Virtanen, P., Zou, J., Sosnin, I., Petrashov, V.T., and Heikkilä, T.T., Phase states of multiterminal mesoscopic normal-metal-superconductor structures, Physical Review Letters, 99, p. 217003/1-4 (2007).

Projects #43 

23.
N. B. Kopnin, Y.  M. Galperin, and V. M. Vinokur, ``Charge transport through weakly open one dimensional quantum wires'', submitted to PRL; preprint http://arxiv.org/abs/0804.3979v1 )

24.
Kopnin, N.B., Galperin, Y.M., and Vinokur, V., Low-voltage current noise in long quantum superconductor/insulator/normal-metal/insulator/superconductor junctions, Physical Review B, 76, p. 100504/1-4

Projects #54

25.
F.R. Klinkhamer and G.E. Volovik,  "Self-tuning vacuum variable and cosmological constant",  Phys. Rev. D, 77, 085015 (2008)

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







