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Crystal Structure of LaOFeAs



P £
F

7=
R
LHCF

R BIRX

SRR T 8RR, vl

X ANFISE

KX CERNIEFE & i /i
1R SRR . 20024E98

K

JPRE T T REHIETRE, XSRS
‘P?ﬂﬁﬁ%ﬂﬁ H A< IEFES

AL &

??ﬂ

ﬁﬁéﬁbﬂﬁ%&
RN s wE R

HIKRAERI, &ﬁﬁ%ﬁwwm/h M FE30Z
JG, ©.F20034

‘@ﬁ'ﬁ@ﬁ )




) -

% A N33 82 CERN-LHCF

1) A






2016 Nobel Prize in Physics

Title: Topological Phase Transitions and Topological Phases of Matter

“Together, they (Thouless and Kosterlitz) took on the problem of phase
transitions in the flatlands (the former out of curiosity, the latter out of
Ignorance, they themselves claim).”

“In 1972 J. Michael Kosterlitz and David J. Thouless identified a completely
new type of phase transition in two-dimensional systems where topological
defects play a crucial role [35, 36]. Their theory applied to certain kinds of
magnets and to superconducting and superfluid films, and has also been very
important for understanding the guantum theory of one-dimensional systems
at very low temperatures.”

“This insight has provided an important link between statistical mechanics,
quantum many-body physics and high-energy physics, and these fields now
share a large body of theoretical techniques and results.”



Monte Carlo Simulation

Topologically distinct configurations

“Topologically distinct"— two configurations cannot be transformed into each other
by a continuous deformation of the spins.



-

conunuous aerormaton or a
mug into a doughnut (torus)
and back.

Illustration of homological
equivalence in 2D



Topologically distinct configurations

Vorticity

y=+1 v=0

“Topologically distinct"— two configurations cannot be transformed into each other
by a continuous rotation of the spins.



Hallmarks of Superfludity

Hess-Fairbank effect and Persistent current

i . :
Define @ = — 7 = quanturn unit of rotation (10 Hz for 1cm)
m

N

Hess-Fairbank effect Persistent current
Wall rotates with o <a_, Wall at rest,
liquid stationary Liquid rotates with @[l @,

Equilibrium Effect Metastable Effect




Hallmarks of Superfludity

Quantized vortices

v" Theoretical predictions of vortices in superfluid (1948, 1955),
and superconductor (Abrikosov 1957)

(ﬁ v -d /= 2y X integer
¢ y="h/m

\ortices in ultracold atomic gases

Varmchuk et al. 1979 JILA, 1999 ENS, 2000 MIT, 2001 MIT, 2005



Hallmarks of Superfludity

Vortex ring in 3D and its metastability

A sidedish (superlink) — Crazy pool vortex

v In 3D, vortices have to form a closed ring or an open chain ending
at the surface.

v" \ortices, vortex-rings and persistent currents are metastable due to
angular momentum.

v" Unlike classical analogue, quantum vortex has quantized angular
momentum



What is Superfludity?

Mordern view of superfluidity: emergent constant of motion

Superfluid is a natural low-T state of a classical complex-valued matter field,

arising from an emergent constant of motion—i.e., topological order

Complex matter field: ~ W(7)= ‘l//(?)‘ o)

Superfluid velocity field: v =y V®  (y=/i/m)

Emergent constant of motion: quantized circulatio}

v" leads to superfluidity

v’ can be destroyed only by topological defects

(vortices) /
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