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My Research

| use a tool from STRING THEORY

called HOLOGRAPHY

to study STRONGLY-INTERACTING SYSTEMS.
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The Major Achievements of 20th Century Physics

Quantum Mechanics

Einstein’s Relativity




Quantum Mechanics

Describes the VERY SMALL

lron skillet lron atom

about 30cm about 107 % cm



Scientific Notation

Big Numbers

102 = 10 x 10 = 100 hundred
10° = 10 x 10 x 10 = 1,000 thousand

10* = 10,000 ten thousand

10 = 1,000,000,000 billion



Scientific Notation

Small Numbers

1072 = — =0.01 one hundredth

— 0.001 one thousandth

A one ten thousandth
107* = 0.0001

10~ = 0.000000001 one billionth



Quantum Mechanics

Describes the VERY SMALL

lron skillet lron atom

about 30cm about 107 % cm



electrons nucleus



electrons nucleus
As far as we know, electrons are fundamental particles.



Atom Nucleus

about 10~° cm about 10~ cm



Nucleus Protons and Neutrons

about 10~ cm about 10~ cm



Protons and Neutrons

about 107 cm smaller than 10~ cm



As far as we know,
electrons and quarks are fundamental particles.




The Standard Model of Particle Physics
Developed in the 1950s-1970s

Schwinger Tomonaga  Weinberg



Quantum Mechanics
Developed in the 1920s-1930s

BCIENCEphO

Pauli Planck Schrodinger



Quantum Mechanics

Heisenberg Heisenberg



My 1st physics job

Werner Heisenberg Institute
Munich, Germany




Heisenberg Uncertainty Principle

The MORE precisely a particle’s POSITION is determined,
the LESS precisely its MOMENTUM can be determined,

and vice versa



Heisenberg Uncertainty Principle

Quantum Mechanics

IS
PROBABILISTIC

Outcome #1 20%
Outcome #2 15%
Outcome #3 10%




Heisenberg Uncertainty Principle

Hydrogen Atom

electron proton




Heisenberg Uncertainty Principle

Hydrogen Atom




Heisenberg Uncertainty Principle

Hydrogen Atom




The Standard Model of Particle Physics

describes
Electricity and Magnetism

N




The Standard Model of Particle Physics

describes

Atomic Physics
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The Standard Model of Particle Physics

describes
Radioactivity and Nuclear Physics
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The Standard Model of Particle Physics

describes
Radioactivity and Nuclear Physics




The Standard Model of Particle Physics

DOES NOT DESCRIBE

GRAVITY




The Major Achievements of 20th Century Physics

Quantum Mechanics

Einstein’s Relativity
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Einstein’s Relativity

eveloped in the 1910s-1920s

Einstein



Einstein’s Relativity

Space and time are malleable




Einstein’s Relativity

Space and time are malleable




Einstein’s Relativity

Space and time are malleable




Einstein’s Relativity

Describes the VERY BIG

about 30,000 km



Einstein’s Relativity
Describes the VERY BIG

about 10” km



Einstein’s Relativity

Describes the VERY BIG

You Are Here

about 10 km



Einstein’s Relativity
Describes the VERY BIG

about 10'? — 10%° km
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Describes the VERY BIG

about 10%° km




Einstein’s Relativity

NOT QUANTUM MECHANICAL!



Einstein’s Relativity

NOT QUANTUM MECHANICAL!

THAT’S A PROBLEM.



Einstein’s Relativity

NOT QUANTUM MECHANICAL!

THAT’S A PROBLEM.

THE REALWORLD HAS BOTH!



The Major Achievements of 20th Century Physics

Quantum Mechanics

Einstein’s Relativity




Usually we can ighore one or the other...

Quantum Mechanics

Einstein’s Relativity




...but sometimes we can'’t!

Black Holes

The Big Bang




The Major Achievements of 20th Century Physics

Quantum Mechanics

Einstein’s Relativity




The Major PROBLEM of 21st Century Physics

Quantum Mechanics

Einstein’s Relativity




The Major PROBLEM of 21st Century Physics




The Major PROBLEM of 21st Century Physics




String Theory

1’m in ur fizx lab
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String Theory
Developed in the 1970s-1980s
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My 2nd physics job

University of Cambridge

| lli\'m |




String Theory

What if the electrons and quarks ARE NOT fundamental?

What if they are made of something smaller?



String Theory

Quark String

/C)













What are strings made of?

They are just “pure energy”













String Theory

is a theory of

Quantum Mechanics

+

Einstein’s Relativity




String Theory
Is string theory right!?

Can we test string theory experimentally?



String Theory
Is string theory right!?

Can we test string theory experimentally?




How big are strings?

Quarks String

smaller than 10~ cm






How big are strings!?

Quarks String
smaller than 10~ 1% cm _

...which is why string theory has never
been tested experimentally.
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Holography

Developed in the 1990s to today

Susskind

Maldacena

M

't Hooft









quantum particles




No gravity!
quantum particles




string theory
h quantum particles
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string theory No gravity!
quantum particles













Holography

QOHGQ Lol ol l"\ measans

-‘. -"-’.

Account Holders Name

A two-dimensional (flat) image
that contains enough information to reconstruct

a three-dimensional (not flat) object



HOLOGRAM
of string theory




Holographic Principle

Susskind 't Hooft

ANY theory of Quantum Gravity is holographic.



Holography

How does it work?

What is the “dictionary’?

Does our universe have a hologram!?

Is the Standard Model a hologram?

Can we test the holographic principle experimentally?
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articles in a Box




Non-Interacting Systems

Particles pass through each other

Completely under control



Weakly-Interacting Systems

Each experiences a slight deflection

Mostly under control



Strongly-Interacting Systems

Each may experience an enormous deflection

NOT UNDER CONTROL



Strongly-Interacting Systems

High-temperature
superconductors

Topological
Insulators

Graphene




string theory No gravity!
quantum particles




weakly-interacting strongly-interacting




No gravity!
quantum particles




weakly-interacting

strongly-interacting




Strongly-Interacting Systems

High-temperature
superconductors

Topological
Insulators

Graphene
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My Research

| use a tool from STRING THEORY

called HOLOGRAPHY

to study STRONGLY-INTERACTING SYSTEMS.



What is string theory good for?

Leading candidate for Quantum Gravity.

Useful tool for studying strongly-interacting systems!



Want to Know More!?

STRING
THEORY:Q.

Sapersbrings, Hidden Dimeesions, and

the Quest for the Ultimate Theory

Brian Greene

obannona@oldwestbury.edu



mailto:a.obannon@soton.ac.uk
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SUNY OLD WESTBURY

Astronomy, Strings, and Holography Lab
(ASHLab)

John Estes Matt Lippert Andy O’Bannon

https://sites.google.com/view/ashlab-ow/home
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SUNY OLD WESTBURY

Astronomy, Strings, and Holography Lab
(ASHLab)

John Estes Matt Lippert Andy O’Bannon

See Matt Lippert’s talk!



Thank You.
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weakly-interacting

weakly-interacting




weakly-interacting

weakly-interacting




