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MPAF - a person...

Matthew: "Hey Leo how old are you?” (cir 2000)
me: "36, why?”
Matthew: "Youre getting up there buddy!”
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A “drug” for tempering mania and bipolar disorder,
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MPAF - a physicist...

- "WicKkgeaa, I dont know group theory, I dont like group theory,...”
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Vorfex glass

VOLUME 62, NUMBER 12 PHYSICAL REVIEW LETTERS 20 MARCH 1989

Vortex-Glass Superconductivity: A Possible New Phase in Bulk High-T. Oxides
cited: 2000

Matthew P. A. Fisher

d Research Division, T. J. Watson Center, Yorktown Heights, New York 10598
(Received 31 October 1988)
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Thermal fluctuations, quenched disorder, phase transitions,
and transport in type-II superconductors

Daniel S. Fisher*
Physics Department, Princeton University, Princeton, New Jersey 08544
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* vortex lattice pinning by point and columnar defects
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Nematic, smectic, discotic glasses in aerogel

LR and Toner w/ Clark, Bellini -- ‘dirt softens soap” + ... (1995-2000)

Liquid crystals in aerogel
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Zhang, L.R. 2009, 2010 D ,',.fy surface g/asses
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Bose-glass fo columnar vortfex glass duality

PHYSICAL REVIEW B

VOLUME 39, NUMBER 4

(cf, Nelson+Vinokur)

1 FEBRUARY 1989

Correspondence between two-dimensional bosons and a bulk superconductor in a magnetic field

Matthew P. A. Fisher and D. H. Lee

IBM Research Division, Thomas J. Watson Research Center, Yorktown Heights, New York 10598
(Received 24 October 1988)

We study the partition function of two-dimensional lattice bosons at 7=0 and derive a dual
representation which is isomorphic to a bulk superconductor with fluctuating-gauge field in an ap-
plied magnetic field. This allows us to relate boson ground states to thermodynamic phases of the

superconductor.

A density-wave Bose insulator corresponds to an Abrikosov flux-lattice phase,

whereas boson superfluidity implies a nonsuperconducting flux-line liquid phase. By analogy with
a boson supersolid, we suggest the possibility of an exotic Abrikosov flux-lattice phase with no su-
perconducting long-ranged order.

2D bosons (T=0)

Bulk superconductor

Chemical potential u

Bose density n

Mott insulating phase
Density-wave insulator
Superfluid

Supersolid

Bose glass insulator

Applied field H
Total field B
Meissner phase
Abrikosov flux lattice
Nonsuperconducting
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Nonsuperconducting
flux lattice
Superconducting glass
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Sliding COW

Temporal Order in Dirty Driven Periodic Media

Leon Balents and Matthew P. A. Fisher
(Received 21 April 1995)
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Institute for Theoretical Physics, University of California, Santa Barbara, California 93106-4030
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Moving elastic media over random substrafe
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* Transverse smectic glass
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PHYSICAL REVIEW B

Quantum theory of quantum Hall smectics

VOLUME 61, NUMBER 8

A. H. MacDonald

Quantum Hall smectic
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Department of Physics, Indiana University, Bloomington, Indiana 47405-4202

Matthew P. A. Fisher

and Institute for Theoretical Physics, University of California at Santa Barbara, Santa Barbara, California 93106-4030

Institute for Theoretical Physics, University of California at Santa Barbara, Santa Barbara, California 93106-4030

(Received 19 July 1999)



Quantum Hall nematic

VOLUME 88, NUMBER 21 PHYSICAL REVIEW LETTERS 27 May 2002

Theory of Quantum Hall Nematics
Leo Radzihovsky' and Alan T. Dorsey?

e fluctuations ==) smectic + dislocations <==) long-range orientational
order and short-range translational order ¢==) nematics
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Luttinger liquid fransport - columnar pinning

24 FEBRUARY 1992

VOLUME 68, NUMBER 8 PHYSICAL REVIEW LETTERS

Transport in a One-Channel Luttinger Liquid

C. L. Kane
Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 19104

Matthew P. A. Fisher

IBM Research, T. J. Watson Research Center, P.O. Box 218, Yorktown Heights, New York 10598
(Received 15 November 1991)
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s A XY-SC gauge duality

Fisher, Lee

PHYSICAL REVIEW B VOLUME 39, NUMBER 4 1 FEBRUARY 1989

Correspondence between two-dimensional bosons and a bulk superconductor in a magnetic field

Matthew P. A. Fisher and D. H. Lee
IBM Research Division, Thomas J. Watson Research Center, Yorktown Heights, New York 10598
(Received 24 October 1988)

We study the partition function of two-dimensional lattice bosons at 77=0 and derive a dual
representation which is isomorphic to a bulk superconductor with fluctuating-gauge field in an ap-
plied magnetic field. This allows us to relate boson ground states to thermodynamic phases of the
superconductor. A density-wave Bose insulator corresponds to an Abrikosov flux-lattice phase,
whereas boson superfluidity implies a nonsuperconducting flux-line liquid phase. By analogy with
a boson supersolid, we suggest the possibility of an exotic Abrikosov flux-lattice phase with no su-
perconducting long-ranged order.

Superfluid Maxwell Gauge Theory (with matter)
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M. Pretko,
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Quantum liguids

PHYSICAL REVIEW B 66, 054526 (2002)

Ring exchange, the exciton Bose liquid, and bosonization in two dimensions

Arun Paramekanti,'” Leon Balents,” and Matthew P. A. Fisher!
Unstitute for Theoretical Physics, University of California, Santa Barbara, California 93106-4030
2Department of Physics, University of California, Santa Barbara, California 93106-4030
(Received 7 March 2002; published 20 August 2002)

Subsystem symmetry
- bosons conserved on every row and column

fractons -> Lifshitz renaissance

L.R. et al, 18 20 '22
Lake, Hermele, Senthil, 22
Zechmann, et al. ‘22

Shaq Seiberg, et al. 21, 22



Annals of Physics

Volume 362, November 2015, Pages 593-602

Quantum cognition: The possibility of processing
with nuclear spins in the brain

Matthew P.A. Fisher X
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- How does lithium work?

- How do any psychiatric medications work ?2??

Quantum Brain

<2 Quantam zine

A New Spin on the Quantum Brain

A new theory explains how fragile quantun nay be able to exist for

hours or even days in our warm, wet brain. Experiments should soon test

the idea.
As recently as 10 years ago, Fisher’s hypothesis would have been

dismissed by many as nonsense. Physicists have been burned by this
sort of thing before, most notably in 1989, when Roger Penrose
proposed that mysterious protein structures called “microtubules”
played a role in human consciousness by exploiting quantum effects.
Few researchers believe such a hypothesis plausible. Patricia

Churchland, a neurophilosopher at the University of California, San

Diego, memorably opined that one might as well invoke “pixie dust in

NewsScientist
Is quantum physics behind your
brain's ability to think?

From consciousness to long-term memories, the human brain has some peculiar
computing abilities — and they could be explained by quantum fuzziness

the synapses” to explain human cognition.

Lithium-6
3 protons, 3 neutrons

Lithium-7
3 protons, 4 neutrons

7-Lithium 6-Lithium
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. % ‘ ©

162 2s1

tLi—6 ~ 5min

162 2¢'

tLi—? ~ 10sec



Annals of Physics

Volume 362, November 2015, Pages 593-602

Quantum cognition: The possibility of processing
with nuclear spins in the brain

Matthew P.A. Fisher X

Biological processes are slow,
foo hot...for quantum effects

o000 BUT‘.‘
Loophole: ruclear spins isolated w/

seconds tfo minutes coherence time (e.g., NMR)
eg., fNa = ]/10 sec (I=3/2), fL/"' 10 sec (I:]/Z)

requirements.:

*  biological element with very isolated nuclear spin 1/2 : A Neural Qubit

*  mechanism for fransporting thru brain

* mechanism for enfangling pairs of nuclear spins

Phosphorus (P) nucleus provides fhe only possible neural Qubit

Neural qubit: Posner cluster (calcium-phosphate) transported into neuron

Quantum Brain

- Z-Quantan ine

A New Spin on the Quantum Brain

A new theory explains how fragile quar es may be able to exist for

riments should soon test

)S in our warm, wet

the idea.
As recently as 10 years ago, Fisher’s hypothesis would have been

dismissed by many as nonsense. Physicists have been burned by this
sort of thing before, most notably in 1989, when Roger Penrose

proposed that mysterious protein structures called “microtubules”

played a role in human consciousness by exploiting quantum effects.
Few researchers believe such a hypothesis plausible. Patricia

Churchland, a neurophilosopher at the University of California, San

Diego, memorably opined that one might as well invoke “pixie dust in

the synapses” to explain human cognition. NEWSCientiSt
Is quantum physics behind your
brain's ability to think?
From consciousness to long-term memories, the human brain has some peculiar

computing abilities — and they could be explained by quantum fuzziness

nuclear spin S =1/2

Bio-chemical elements: C N O@S
Bio-electrical ions: Na K Ca Cl Mg
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Chemical reactions
Quantum indistinguishability in chemical

. - reactions PNAS
Prerequisite quantum cognition: T
Matthew P. A, Fisher & and Leo Radzihovsky & Authors Info & Affliations April 30, 2018

* nuclear spin-dependent chemical reactivity
* nucleis quantum indistinguishability crucial

Ortho- vs Para-hydrogen reactivities?

H ,H nickel catalyst T
>c:uf\ + H—H —M H-C—C—H
H H 1501 H H
Ethene Hydrogen Ethane
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unsaturated

Ortho/para splitting: 102K
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Chemical reactions (zois)

Quantum indistinguishability in chemical
reactions PNAS

Matthew P. A. Fisher & and Leo Radzihovsky & Authors Info & Affiliations April 30, 2018
molecular spectroscopy Para Hydrogen
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Quantum dynamical selection (RQDS)

conjecture:

No direct bond-breaking transition from
asymmefric sfafe of symmetric molecules

A bond-breaking enzymatic chemical reaction on a symmefric
molecule implements a projective measurement onfo L, .si = O

* Spin state-induced Berry phases -> destructive interference for L, # O
« “Rotating” molecule is non-reactive

Applications/Generalizations: Implications:
Ortho H:, H.0 and Pyrophosphate 0 New isofope fractionation mechanism
Molecular oxygen O: c Nuclear spin effects on chemical reactions
Other symmetries, C, Planar and 3d CH, . Oxygen and Superoxide (ROS)

Hyperpolarization for zero field NMR



Chemical reactions -> R-circuits w/ measurement

Quantum Zeno effect and the many-body entanglement transition

Yaodong Li,! Xiao Chen,? and Matthew P. A. Fisher'
PHYSICAL REVIEW B 98, 205136 (2018)

— Unitary — Projective

gate measurement
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-> human impact

...bevond papers




Happy birthday, buddy!’

I DON T ALWAYS
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