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O O O Search for homogeneous crystallization of superfluid heium 4
oo

When onetries to quench a bulk sample of superfluid helium above its freezing pressure Pf,
he can only reach overpressures of a few millibars, because of heterogeneous nuclegation on the container walls.
Recently, we have successfully reached 4.3 bar above Pf by focusing an acoustic wave on a small spot (150
microns) on a clean glass plate, but heterogeneous nucleation prevented the observation of larger overpressures.
After removing the glass plate, we were able to reach 160 bar without detecting any crystal, which isinconsistent
with classical nucleation theory. We propose adternative theoretical picturesto explain this discrepancy.

00020040 40 280000 0O0O40 300060
doooooogsdn0 ooood 43900
OO00Pr.Martti M. Saomaa
O O O Materials Physics Laboratory, POB 2200 [ Technica Physics]
Helsinki University of Technology, FIN-02015 HUT, Finland

O O O Imaging the Quantum Interference of Cuprate Qnasigarticles
ggg

Quantum-circuit optimization is essentia for any practical realization of quantum computation, in order to beat
decoherence. We discuss a scheme for implementing the final stage in the compilation of quantum circuits, i.e,
for finding the actua physical redlizations of the individual modules in the quantum-gate library, without
invoking elementary gates. We find that numerical optimization can be efficiently utilized to generate the
appropriate control-parameter sequences. The scenario is readily extended to other physical redizations, such as
holonomic quantum computing [1], but here we concentrate on the Josephson charge-qubit model and discuss
how to produce the desired three-qubit modules [2]. Our work suggests ways in which one can in fact
consderably reduce the number of gates required to implement a given quantum circuit [3], hence diminishing
idle time and significantly accel erating the execution of quantum agorithms.

[1] A. O. Niskanen, M. Nakahara, and M. M. Sdlomaa, "Redlization of arbitrary gatesin holonomic quantum
computation™, Physical Review A67, 012319 (2003).
[2] A.O.Niskanen, JJ. Vartiainen, and M. M. Salomaa,} "Optima multiqubit operations for Josephson charge
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qubits’,  Physical Review Letters 90, 197901 (2003).

[3] J. J. Vartiaginen, A. O. Niskanen, M. Nakahara, and M. M. Salomaa, "Implementing Shor's agorithm on
Josephson charge qubits', Physical Review A (in print), LANL preprint:
quant-ph/0308171v3 (2 March 2004);
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0 O O Recent theoretical development of unconventional superconductor junctions
aood

In unconventiona superconductor junctions, reflecting the interna phase of the pair potential, charge transport
becomes essentialy phase senditive. The most dramatic effect is the manifestation of the zero bias conductance
peak (ZBCP) [1,2] in tunneling spectroscopy due to the formation of the mid gap Andreev resonant state
(MARS). The ZBCP due to MARS is a very universal phenomenon which is expected for any unconventional
superconductor which has sign change on the Fermi surface. Although it was revedled that the MARS influences
sgnificantly on various charge transport phenomena, preexisting theories are limited in the baligtic transport
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regime. Recently, we have developed a new theory which is available for diffusve normal meta (DN) /
unconventional superconductor junctions3]. Applying this theory for triplet superconductor junctions, we have
revealed very unusud charge transport propertieg4]. Contrary to the unconventional singlet superconductor
junction case, the MARS is shown to enhance the proximity effect in the DN. Thetotd resistance of the junction
is drastically reduced and is completely independent of the resistance of the DN in the extreme case. Such
anomalous transport accompanies a giant zero-bias peak in the conductance spectra and a zero-energy peak of
the local density of states in the DN region. These striking features manifest the presence of novel proximity
effect peculiar to triplet superconductor junctions.

[1] Y. Tanakaand S. Kashiwaya, Phys. Rev. Lett. 74, 3451 (1995).

[2] S. Kashiwayaand Y. Tanaka, Rep. Prog. Phys. 63, 1641 (2000).

[3] Y. Tanakaet al., Phys. Rev. Lett. 90, 167003 (2003); Phys. Rev. B 69 (2004).

[4] Y. Tanakaand S. Kashiwaya, cond-mat 0308123; Phys. Rev. B 70 (2004).
Collaborators: S. Kashiwaya (NAIST) Y.V. Nazarov (Ddlft), A. Golubov (Twente).
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O O O Prof. Makariy TANATAR
O O O Visting Professor, ISSP, Tokyo University, Post Doctora Research Associate, University of Toronto,
Canada
00O 0O Therma and eectrica conductivity of CeColns: quantum critica phenomena and unconventiona
superconductivity

000

CeCoaln5 is the highest Tc heavy fermion superconductor, in which superconductivity is believed to be
mediated by antiferromagnetic fluctuations in a proximity to a quantum critical point. In this talk | will report
recent studies of quantum critical phenomena and superconductivity with measurements of electrica and heat
trangport as a function of direction of heat/charge flow, magnetic field and doping. The observed divergence of
the T2 coefficient of the resistivity with magnetic field reveds a new quantum critical point (QCP) [1].
Comparison of heat and charge transport in the vicinity of the QCP alows us to shed light on the momentum
dependence of the critica indlagtic scattering at finite temperatures and reveal novel festures of the
superconducting state.

[1] J Paglioneet al. Phys. Rev. Lett. 91, 246405 (2003).
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