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ANNIVERSARY OF DISCOVERY OF SUPERFLUID 3He

Measured – late Nov 1971
Published – 3 Apr 1972,

PRL
28, 886



Superfluid 3He – First topological quantum material, Universe in the lab
Topological superfluid with pairing in L=1 S=1 state: Complex symmetry breaking, structured

vacuum, multiple fermionic (quasi)particles and bosonic fields  – like the Universe!

 Bosonic excitations

 Fermionic quasiparticles

Collective modes: Heavy and light Higgs, sound, spin waves

Massive and massless: Weyl, Majorana, flat-band …
Synthetic electromagnetic and gravitational fields

 Topological objects

Vortices, skyrmions, solitons… Bound fermionic modes
Topology

in momentum
space

in real
space



OVERVIEW OF MATTI KRUSIUS SCIENTIFIC CAREER

Oct 12, 1942 – Born in Helsinki
1965 – Comes to the Low Temperature Laboratory as a summer student after 3rd year in TKK
1965-1971 – Experiments on hyperfine interactions in various materials (1967 Master, 1971 PhD)

1972-1975 – Building first “classical” refrigerator for superfluid 3He. (1973-75 Academy
research fellow). Measuring phase diagram, NMR on textures.

1975-1977 – University of California at San Diego, USA in the group of J.C. Wheatley.
Orbital dynamics, AB transition, zero sound in superfluid 3He.

1977-1982 – Professor at the University of Turku. New field: Atomic hydrogen.

1982-1985 – Return to LTL for rotating superfluid 3He measurements after originating
team mostly left. New vortex types in A and B phases.

1985-1987 – Back to USA with J.C. Wheatly (at LANL New Mexico) trying to achieve BEC of
atomic hydrogen. Figuring out recombination properties and severe difficulties.

1987 – Final return to LTL to lead rotating superfluid 3He research. (1999-2004 Academy
Professor, 2010- emeritus).



VORTICES AND OTHER TOPOLOGICAL OBJECTS: STRUCTURE AND FORMATION
• Multiple new vortex structures in the A and B phases (non-axisymmetric, double-quantum,

combined spin-mass, vortex sheets…) and over objects like topological solitons,
identification of their NMR signatures.

• Single-vortex resolution in the NMR measurements in both phases.
• Application of coherent NMR response (HPD, magnon BEC) as a tool.
• Understanding of vortex formation, phase diagrams of various states and critical velocities.
• Close daily collaboration with theoreticians. Nature, >10 PRLs, >50 other publications



DEFECT FORMATION VIA KIBBLE-ZUREK MECHANIZM

Nature 382, 344 (1996)
PRL 80, 1465 (1998)
PRL 85, 4739 (2000)



FRITZ LONDON MEMORIAL PRIZE 1999

https://physics.duke.edu/sites/physics.duke.edu/files/documents/Krusius1999.pdf



VORTEX FORMATION BY THE AB INTERFACE INSTABILITY

Transformation of vortex structures and controlled injection of vortices by
the shear-flow instability of the AB interface.

PRL 71, 2951 (1993); PRL 89, 155301 (2002); PRL 90, 225301 (2003)
Rep. Prog. Phys. 69, 3157 (2006); PRB 99, 054104 (2019)



TRANSITION TO SUPERFLUID TURBULENCE

Nature 424, 1022 (2003)
PRL 96, 085301 (2006)
PRL 96, 215302 (2006)
PRL 99, 265301 (2007)



REBUILDING ROTA CRYOSTAT: PUSHING TOWARDS ZERO TEMPERATURE

New ROTA:
T down to 120μK
Ω up to 3.5 rad/s
with heat leak
below 20 pW



FINDINGS AT ULTRA-LOW TEMPERATURES
New dynamic regime when superfluid loses contact with
the container walls. PRL 105, 125301 (2010)

PRL 107, 135302 (2011)
Nature Comm. 4, 1614 (2013)
PNAS 111, 4711 (2014)

Magnon condensates as ultra-sensitive, coherent and
localized probes of vorticity, fermionic quasiparticles and
collective modes.

PRL 108, 145303 (2011)
JLTP 175, 3 (2014)
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