Michael Atiyah and Physics




It is indeed fortunate that the EMS will be
launched at a unique historical moment
when so many barriers are breaking
down...

The political changes now taking place In
Europe have an immense potential not
least in the cultural and scientific area.
The EMS is coming into existence at just




Memories




Hosting Roger Penrose, July 2017




| In discussion with
b33 Andrew Ranicki,
o January 2016




Heidelberg Laureate Forum 2015




The Scottish Independence Referendum 2014

Atiyah adds voice to Yes campaign
over Trident
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Sept 2012;
Nick Manton’s
60th Birthday




Summer 2011: SFC support for AIMS




Physics heroes




James Clerk Maxwell

dF =0, d*F=j, F¢cQ*(M)




Albert Einstein

Physics as (pseudo-) Riemannian geometry
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Paul Dirac
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Spin and differential equations
from geometry
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Physics collaborators




Ed Witten

Gauge theory:
Chern-Simons theory and knot invariants
Yang-Mills theory and 4-manifold invariants




Nick Manton

Geodesic approximation to
monopole dynamics

Skyrmions from Instantons

Geometric models of matter




The inadvertent physicist




My knowledge of physics was very slim, despite
having attended a course on quantum mechanics
by Dirac himself.




My knowledge of physics was very slim, despite
having attended a course on quantum mechanics
by Dirac himself.

My analytical background was very weak and |
remember having to be instructed in the




Atiyah-Singer Index Theorem
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| would have been extremely surprised if | had
been told that this work would in due course
become important in theoretical physics

Michael Atiyah Collected Works,
Vol 4 Index Theory 2 (1963-84)




ADHMN Instanton construction
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Monopole moduli spaces




From 1977 .. my interest moved in the direction
of gauge theories and the interaction between
geometry and physics. | had for many years
had a mild interest in theoretical physics




The intentional physicist




The philosophy of Dirac...

the experimental data m mathematical terms.

he Tuture will therefore have to proceed 1n a more indirect way. The most
powerful method of advance that can be suggested at present is to employ all
the resources of pure mathematics in attempts to perfect and generalise the
mathematical formalism that forms the existing basis of theoretical physics,
and after each success in this direction, to try to interpret the new mathematical



...and Einstein:

A complete field theory knows only fields and not
the concepts of particle and motion. For these
must not exist independently of the field but are
to be treated as part of it. On the basis of the
description of a particle without singularity one
has the possibility of a logically more satisfactory
treatment of the combined problem: The problem
of the field and that of motion coincide.

‘It would be quite enough to understand the electron’



Skyrmions
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Figure 1: Skyrmions for | < B < 8, with »n = 0. A surface of constant baryon density is shown,
Logelher with the baryon munber and symmelry group. A surlace of constanl energy density looks
similar.




Geometry and Kinematics of Two Skyrmions

M.F. Atiyah! and N. S. Manton?
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Abstract. In Skyrme’s soliton model of baryons, a single Skyrmion has six degrees
of freedom, so it is expected that two-Skyrmion dynamics at modest energies can
be modelled by motion on a 12-dimensional space of Skyrme fields. A candidate
for this space i1s generated by the gradient flow of the potential energy function,
descending from the unstable, baryon number two, hedgehog solutions of the Skyrme

field equation. An apparently very similar space 1s obtained by restricting the gradient
flow to the Skyrme fields derived from SU(2) Yang-Mills instantons of charge two.




Quantum states of Skyrmions

DEUTERON  DENSITY CONTOURS
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Configuration space conjecture

Michael Berry:
Find map:

fo i Co(R?) — U(n)/T™
which intertwines action of permutation and rotation group

The geometry of point particles
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Difference-differential equations

A Shifted View of Fundamental Physics

Michael Atiyah and Gregory W. Moore (2010)




Geometric models of matter
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(M Atiyah, N Manton, BJS 2012)




B=0and Q = -X2

Taub-NUT .

B=0, Q=-1: electron

infinity

Atiyah-Hitchin



Recurring themes

e The importance of beauty

* Trust great minds!

e Quantum mechanics flawed (linear!) and not
fundamental. Bohm’s interpretation better!

e Gauge theory not fundamental: too much freedom

e String theory important - but not central

o Central role of geometry and non-lineari




The teacher



MICHAEL F. ATIYAH
Topological quantum field theory

Publications mathématiques de ’ILH.E.S., tome 68 (1988), p. 175-186
M. F. ATIYAH | LEZIONI LINCEE

Geometry
of Yang-Mills Fields

MICHAEL FRANCIS ATIVAH
NIGEL HITCHIN

The Geometry
and Dynamics of
Magnetic Monopoles

/ Michael Atiyah Y
The Geomeltry and

Physics of Knots




Conclusion




Michael felt a strong kinship with Hermann Weyl




