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This talk:

quantum physics
(without the eastern
philosophy)

a recent revolution in
bringing quantum
weirdness into the

macro-world
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Jupiter




Jupiter
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Planck Bohr Schrodinger Heisenberg

10 - ultraviolet ;| visible infrared
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"Quantum physics makes me so happy...
it's like looking at the universe naked”




Superposition

Entanglement




Quantum Superposition












"quantum superposition”




Superposition

-1+

“state”
“wavefunction”



Superposition

W=+l

"Amplitudes”



Superposition

W=+l

"Amplitudes”

This is information. Reality = information?
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Superposition Machine

"Hadamard Gate”
"Pi/2 pulse”



Superposition Machine

Observe up or down randomly,

with equal probability



Superposition Machine

Measurement induced “collapse”

of the wavefunction



Superposition Machine







Classical Fraud




Quantum

down every time



Quantum Entanglement



Entanglement




Entanglement




Entanglement




Entanglement




Einstein-Podolsky-Rosen Pair




Einstein-Podolsky-Rosen Pair




Einstein-Podolsky-Rosen Pair

“quantum non-locality”
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Einstein-Podolsky-Rosen Pair

spukhafte Fernwirkung!




Collapse or decoherence




Collapse or decoherence




Collapse or decoherence

metior ergo sum??




Collapse or decoherence

| |

decoherence =
entanglement with the

environment



Collapse or decoherence

| |

decoherence =
entanglement with the

environment
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uncontrolled entanglement



controlled entanglement






Dense
Mmatter

# of electrons in | cm cube of Si:
1,000,000,000,000,000,000,000,000

~ # of stars in the universe



Schrodinger’s Cat




Schrodinger’s Cat
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( +
measurement of any hair of the cat will collapse
the superposition




Schrodinger’s Cat
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UNSTABLE to decoherence - uncontrolled
entanglement with the environment



Billion dollar question: how much
entanglement can be stably created?

Can we get non-local
entanglement from local forces?



Emergence
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Emergence

Many phases of matter
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Strange Stuff

"Resonating valence bonds”

benzene

CeHe

. " Linus Pauling ~ 1930

_ ; ; i,
H H H H
H H H H

H



Strange Stuff

"Resonating valence bonds”

H H H H
benzene 4+
H H H H
CeHe . H \ H




Strange Stuff

il “ Phil Anderson, 1973

=5l ‘\\ ' a "quantum liquid” of spins
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Resonating Valence Bond state



Quantum spin liquid
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For ~500 spins, there are more amplitudes than
there are atoms in the visible universel!






Is it roust?



2016 Nobel prize for topology in

physics



Topology




Wen Thouless Kane




Wen Thouless Kane

"Topological invariant” = genus: the
number of holes
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Odd/even-ness of valence bonds crossing the
ine is a topological invariant



Quantum information is stored in such
topological invariants and is distributed globally



no local errors allowed!

Topological Protection



In theory: thousands of different topological
“phases of matter”
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Strange stuff




YbMgGaQyg, synthesized 2015

BioSes3, a semiconductor used as a thermoelectric
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Quantum-ness is
not obvious!!

T !,AIV'*I I\L 2 -
YbMgGaQyg, synthesized 2015
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BioSes3, a semiconductor used as a thermoelectric



Strange
stuff

» Peculiar
particles



Strange
stuff

» Peculiar
particles

"quasi-particles”



A quantum texture



a topological defect



Topological Insulator

o
o

o
N

Massless Dirac fermion
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Binding energy (eV)
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H

“artificial neutrino”

o
o

-0.25 0.00 0.25
k, (1/A)
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Anyons



Anyons

Amplitudes in entangled superposition are
changed!
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Future computers may be very strange indeed!



Fundamental applications?

Can elementary particles and forces
of our world emerge from
entanglement?



Des recherches qui précedent, il réfultera:

1.° Que I'aftion, foit répulfive, foit attraltive de deux
globes életrifés, & par-conféquent de deux molécules
électriques, eft en raifon compofée des denfités du fluide
électrique des deux molécules électrifées, & inverfe du
carré des diftances. : a

\_ :
" F 7
Coulomb, 1785 ‘—@ @—'




Electromagnetism

o Electric field
Magnetic field

The electric field is perpendicular
to the magnetic field.

-

Direction of travel



Photoelectric effect

Light photons

Electrons ejected
from the surface /

[ Sodium metal ]




“We've agreed to count it as both a wave and a particle for tax purposes.”



Particle-wave duality
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But where does
electromagnetism come from?
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QuANTUM
MECHANICS

There is no theory of quantum gravity



explaining gravity is explaining the emergence ot

space-time itself



electromagnetism

777

gravity?




electromagnetism

gravity?




Flectrons




Flectrons

.000000000000000000000000000000%kg

Black holes

60000000000000000000000000000000kg







electromagnetism

1+1-dimensional
gravity in anti-de
Sitter space







Everything we call real is
made of things that cannot
be regarded as real.

If quantum mechanics hasn't
profoundly shocked you, you
haven't understood it yet.



Thank you



