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The problem:

Does space look like this ?
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"/
The cure?

When the meaning of the units meters and seconds (and

kilograms) fails,

the meaning of bits and qubits persists.

tic foundation for li)hysius.

> Try information theore
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Does information theory come up
naturally at the Planck Scale?

Resolve a distance more and more prec isely

== .ll'IL‘I‘(‘I'l.N'i“g momentum und l'l‘l"lil‘ll\'

WHAT ARE YOU
LOOKING ATT

=> incrcnsing curvature um'crlaint)‘
== increasing distance uncertainties

> Cannot resolve distances below |
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\ What is the structure of spacetime

|

\ Paradox:
General relativity:

Fields live on a differentiable spacetime manifold.

Quantum field theory:

defined if spacetime chserete.

- Ql':'l' grm-rall\ only well-
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region allowed by
uncertainty relation

ssess a finite bandwidth!

S Ficlds must then pe

- Spacclimc is then both discrete and continuous,

that information 15,

in the same mathcmalit_‘nl way
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Ap /

region allowed by
\ uncertainty relation

> Fields must then possess aﬁnitc bandwidth !

= Spacetime is then both discrete and continuous,

in the same mathematical wav that information 1is.
I’
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Discrete = continuous, for information !

Information can be

4\; /—\_/-
continuous (€.g., music): —> —>

b ]

discrete (letters, (ligils, etc): R # SR

Unified in 1949 by Shannon, through: Sampling theory

Applications ubiquitous'

- communication engmeermg & signal processing
- scientific data taking, e.g., in astronomy.
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Shannon’s sampling theorem

o Assume 18 “bandhmited”, 1.¢

f(x) .‘f(r-‘}u"' el

e ‘[ake u.uln‘-hw- of [(x) with spacing

Xy = ¥n = (200a)

¢ Then, exact rec onstruchion
in possiblet samples

Sinl 2 (X=X, )(")mn.\ l

T (\‘ _-"‘-H ) (!)I!I.I\
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Shannon’s sampling theorem

\esurme 1 s “bandhmited”, 1¢

j’[\l .‘f[f“\'u’ i Il/f"

ke ‘..m||-|w. of [(x) with spacing

\ i \ l:r 'Iilﬂ 1 ‘

hen, exact red onstruction

samples

I puh‘unl-lr'

sin[ 27 (x—,) Gy
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Covariant “bandlimitation™

Cut off of the spectrum of

the 1 apl.u ian or d Alembertian.

sace of fields in the QFT path integral

=> The sj

ons w. eigenvalues:

is spanm-d by the cigc-n['um-li

k,<A

Pirsa: 15050082
Page 11/25



What if physical fields are “bandlimited”™?

Fields possess vc]ui\ alent l‘l‘l)l'l‘h{‘lllnli(ln\

on a dilferentiable spac etime manifold

(which shows presery ation of external symmetries)
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What if physical fields are “bandlimited™”

Fields possess vqui\ alent rvprvm-nlnlinns

on a differentiable spad etime manifold
m B

A\

(\\'hil.‘l] shows presery ﬂig:l of external s)‘lﬂ:hrlt’ivs)

sufficient '/d'l{'\‘,;t' spag

on any lattice ol
) &

(whic'h shows UV finiteness of &
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What if physical fields are “bandlimited™?

Fields possess vqui\‘nl('nt rvpt'vr-{'nlnli(m~:
reqion allowed by

uncartainty relation
on a differentiable spac ctime manifold

(which shows presery ation of external s)'lﬂmrlfiuﬁ)

on any lattice of sufficiently dense s])m'ing

(which shows UV [initeness ol QFTs).
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What if physical fields are “bandlimited™?

Fields possess vqui\ alent rvpt'vh{-nlnliunﬁ
region allowed by

uncartanty relabion

Tmin

on a dilferentiable spac etime manifold

(which shows presery ation of external s)’lﬂ:ﬂvlfit‘ﬁ)

on any lattice of sufficiently dense spac ing

(which shows UV [initeness of QFTs).
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What if physical fields are “bandlimited™?

Fields possess equivalent representations
region allowed by
uncertainty relation

on a differentiable spacetime manifold M

(which shows preservation of external symmctrics)

on any lattice of sufﬁcicnlly dense spacing

(which shows UV finiteness of QFTs).
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So this 1s bandlimitation for fields.

Bul what is bandlimitation for spacctime itsell 7

Information theoretically.
what could play the role
of rulers and clocks?

[s there a Shannon-like reconstruction of space from

discrete sets of samples:
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So this 1s bandlimitation for fields.

Bul what is bandlimitation for spacciime itsell ?

Information theoretically.
what could play the role
of rulers and clocks?

1 of space from

a Shannon-like reconstructiorn
discrete sets of samples’

[s there
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Idea: correlators as proxy for distances

[afinite I\i(‘( ¢ of the manifold,

At N lminls X; O

sample the prnpaqalm".s matrix elements:

<x, | VA|x,>

= cigenvalues of A
-

e Basis nulupumlcnt information
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[
e - _
l Spu"ﬂt‘aﬁ Geometry:
\

|
. - - j "
\ e “How faris shape determined by sound ?

“AAd/det = Ao

(M,2)

y : - 4
ive results, ¢ . shapes of revolutio
There are some positive results, e.g., on shap
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H"n‘uspu*t:

Can one heara »lmu-nmv'\; curvature in its quantum noise

quantum theory?

Decep link between gravity and
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Counting deorees of freedom

; — ofed
tH ol L-ngrnmllu-s = # ol cigenlunctions

)
: bhoth now have N cocflicients

neric squarce NxN matrix,

éig-

. ll'l.\'t‘rtlll"ll."
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Al u e | 4 -
We missed tensor pvn'mrlmﬂmns !

. . )
In ihnu ns10nNs d ., notevery |u'| lIII!IJIHvII of o Ricmanman

manifold can be deser bed by a scalar function f

Gukx) == [ (X)) gmAX)

Need to use scalar, vector and tensor pet turbations:

§idY) => 0dAx) bS5 (x) - ovdx) t Shdx)

(Srismi( waves of different types carry m(lt-pvmlvm informationt00)
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chrcscmalion-lhcorctic ViEW

e In classical general relativity:

\ choice of coordinates 18 merely a choice of representation of an underlving

Raemannian mantfold
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r l] L.\ l\ L\ \_’J l) t) 1 ]-1 l ;\ region allowad by

uncertainty relation

If so, fields are bandlimited

Then by generalized Shannon

Ficlds and spacetime are cimultancously discrete and continuous.

!‘;:unn’vru ¢ 15 information theoretic

| encode the curvaty

Vacuum quantum noise coulc
spnm'-lilm--

There are no rods or clocks at sm W
by quantum correlatoers at all scales

Page 25/25



