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(Xn)neN

where x, € Q



d(x,y)=|x—y



Cauchy sequence:

(Xn)nEN
such that
VedN(e),Vm, n > N(e€), d(Xm, Xn) < €




P

(Q = set of Cauchy
seguences



(Xn)nen ~ (¥n)nen

im (x, — yn) =0

Nn—- oo









Field theory is hard



Classical approach: calculus



Pure field states are
continuous functions

d:RY >R






Physical states are
solutions to DEs

0°d 0%
Ot? 0 X2

+m°d =0



Physical states are
differentiable
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Lagrangian is a data structure
for equations of motion

L=0,pMd — m*Pp° %




\)g{j@ W\g

Quantum flelds



Physicist: put on hats!
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Path integral







"PROBLEMS

NO MATTER HOW GREAT AND DESTRUCTIVE YOUR PROBLEMS MAY SEEM Now,
REMEMBER, YOU'VE PROBABLY ONLY SEEN THE TIP OF THEM.



Problem 1; quantisation is not a
functor, it's an inverse problem



decoherence D

classical
theories

guantum
theories



AN

“"quantisation” Q)



Quantisation: quantum theory
with desired classical limit

D o Q(pcl) = Pl



Problem 2:
superpositions

P1) + | b2) + - -



Principle to identify
physical states”



Many attempts to deal
with this:

CQFT, AQFT, ...



WILSON



Wilson: QFT is effective,
not fundamental!






“space” of all theories (parametrised
by lagrangians L)



Task: find “submanifold” of QFTs
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But Sy aren't QF Ts



SA S

\/



Change cutoff: A’ > A

SA S/

AN



fa ar i require large-scale n-pt
correlation functions to be
the same



RG flow

Costello, K. (2011), Renormalization and effective field theory.






Continuous limit:

Let A — oo while keeping large-scale
n-pt correlation functions constant









/oom out
= fewer observables

Pinch to zoom



Fewer
observables
= simpler
hypothesis







Wilsonian formulation

1. Space of regulated theories
2. Distance measure

3. Large-scale observables



Heisenberg picture

observables/effects:

A

(ordered unit space)




Quantum states are
preparations:

w:A—C
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1. Space of regulated theories A,
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a=1/A
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1. Space of regulated theories A,
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1. Space of regulated theories A,

O
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N=0



Can measure at resolution 1/2N
or
at resolution 1/2N*1

or

etc






1. Space of regulated theories

(@)
N=0



2. Distance measure

D(p1,p2)* = 2(1 — v/ F(p1, p2))



3. Large-scale observables
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& & : convolve with
gaussian
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As = O'(Areg)

Observables at scale o






Ds(p1, p2) = D(E5(p1), E5(P2))

Large-scale distinguishability
metric




S(Areg) = {f 1 Areg — C| f(A;reg) > 0}

Regulated QF T states



S(Areg ) is full of holes!



We don't have a quantum
field state yet



Quantum field state:
Cauchy sequence
of regulated field states




Pfield = (PA1» PAzs PAgs - - -)

Ve, dN(e), V], k > N(¢€)

DO‘(p/\js p/\k) < c
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Stield = S(-Areg)/ ~



Bwldmg Cauchy sequences §
N = 5TTN







e_BN/I:IN(HNJ\N)

ON ~ P(HUN, AN; PN) =



How must un, An, By run
with N to make

E(ON)

a Cauchy sequence?






CLOSE ENOUGH



pN—pN +p/\/7\ +pN 2!
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RG flow equation:
recipe to construct
Cauchy sequences
of states







