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RADICAL CONSERVATISM

“Wheeler’s often unconventional
vision of nature was grounded in
reality through the principle of
radical conservatism, which he
acquired from Niels Bohr: Be
conservative by sticking to well-
established physical principles,
but probe them by exposing thelr
most radical conclusions.” — Kip
Thorne
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177 a,=5310"m
ATTOSECONDS c=310° m/s

a. =a,/c=17710"" = 177as

time

. \7 * 500 as: Attosecond

double-slit experiment -
Lindner - 2005

e <] as: Attosecond

correlation dynamics -
o Ossiander - 2016
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HOW TO PROVE THERE IS
NO DISPERSION IN TIME?

* Work from symmetry &
dimensional analysis

* Keep arguments simple

 Look for order of
magnitude effects
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WHAT ARE PATH INTEGRALS?
738 (xB) = ijexp(ljdsﬁ[x,X]]wA (xA)

vy
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COORDINATE TIME
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MORLET WAVELETS

Imaginary Part ;
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Real part
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SINGLE SLICE
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NORMALIZATION
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PATH INTEGRAL KERNEL

K. (x”;x') = lim J.Dxel’Z;Lje
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SCHRODINGER EQUATION
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HOW LONG, HOW SLOW?
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REST FRAME OF THE
VACUUM
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MAXIMUM ENTROPY
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FREE KERNEL
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EVOLUTION OF THE
WAVE FUNCTION
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DEFINITION OF
MEASUREMENT

X Sx<x<X4Sy * Paths only known
at ends

e At measurement

X in space, x = X.
S
_I_
S e Therefore at
[,X v measurement in
°? time, t=T.
M~

(1)=1
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SIMPLE AND COMPLEX
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TIME-OF-ARRIVAL

L
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SINGLE SLIT IN SQM

Undlipped ® INO uncertainty
principle in
| Clipped time/energy

Clipped o Fast shutter

| Unclipped constricts gate

* Arbitrarily
small

dispersion

Source Gate Detector
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SINGLE SLITIN TQ

Diffracted

Clipped
| Clipped

Diffracted

Source

Gate

Detector

* Uncertainty
principle in
time/energy

e Diffraction

* Arbitrarily large
dispersion
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VWHY FIELD THEORY?

« Need short times, therefore high energies

« Need high velocities, therefore high energies.
« Need high energies, therefore will see particle creation.
 Particle creation implies multiple particles.
« Multiple particles implies field theory:.

e Further, with one “extra” dimension, can TQ be
renormalized?

« And there is the intrinsic interest of the question.
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AI

A/ B MODEL

3 e A massive

spinless particle
(electron).

e B less massive
spinless
(photon).

e A emits and
absorbs B’s.
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FOCK SPACE

* Box from x=-L to x=
+L

* 4D Box from t=-L to

\@‘nk‘ _1> t=+L

* Clock time from 0
toT. Need L>>T.

LRI
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ANTI-SYMMETRY IN TIME

00 (1.2)= (0,16 (2)+6,(2)6, (1)

¢sym (1’2) — qbsym (1’2)¢Sym (1’2) T (panti (l’z)éanti (1’2)
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GENERATING FUNCTION
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PROPAGATOR
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FEYNMAN RULES

T=T A
T=T1,
=0

Topology unchanged

Every SQM propagator replaced
by a TQ propagator (fuzzier)

The four dimension energy-
momentum delta function at each
vertex is to be understood as in
terms of the coordinate energy.

Amplitudes are to be integrated
over intermediate values of the
clock time

Only problems with finite time
are interesting: no beams, cross-
sections, rates, or averages.
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L OOP CORRECTION:. SQM
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[ OOP CORRECTION: TQ |
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[ OOP CORRECTION: TQ II
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[ OOP CORRECTIONS Il
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FALSIFIABILITY

“You can have as * Initial dispersion fixed by

much junk in the symmetry & maximum
guess as you like, entropy

provided that the
conseguences can * Evolution fixed by long, slow
be compared with approximation

experiment.”
— R. P. Feynman * Choice of frame has only

second order effects
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QOM EFFECTS IN TIME

Diffracted

Clipped
i Clipped

Diffracted

Source

Detector

Dispersion in time
Uncertainty in time/energy

Wave functions anti-symmetric in
time

Cutoff dependence
Shadowing in time

Energy & time first class operators
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MIND THE GAP

Quantize >
Time & space spacetime -
symmetric,
but positions
well-defineo Quantize over time

as well

Uncertainty, but in the 3
space dimensions only
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