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‘mplan of the talk

. a new concept of classicality
I. randomness
lIl. gravity
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'ma simple example

quantum ising model:

H = (C?)®N

H:ZJi'Uj
(4,3)

by
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'mphase transition
<m)A F=E-TS not ordered

T. T

ordered

order parameter: 6, € Bloch sphere
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‘mgeneralized rigidity

ordered phase has new property:
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06
generalized rigidity
the system pushes back
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'minteraction of two systems

imagine two systems with order parameters

#; and 65
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SN S I I I \ % % % % ¥

their interaction is best described by a term

0 - 05

i

f + generalized rigidity

= objective property
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‘mmore is different, really.
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‘Wgravity

® you can not have a classical object without
disturbing the vacuum: gravity

® inertial mass = gravitational mass/’

mi*_v/ (VO)do
JoC

{
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'm0th level

groundstate

RS EL LS.

characterized by

'9[)
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'mclassical property

Def.: (classical property) An order parameter
A s.t

OF
06

£ ()

is called a classical property.

Classicality becomes a dynamical property of a
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'mold concept of classicality

usually: classical states are given a priori.

[v) =) aili)
_E. these states have
L a priori classical

meaning, e.g.
up) or |down)

leads immediately to the question:
how does |17) assume one of the classical states | > 4

. it leads to the measurement problem



‘M3 comparison
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classical classicality quantum classicality
YES classical states a priori? NO
YES basis of classical states? NO
NO classical ?tates YES
dynamical?
classical states push
o back (gen. rigidity)? L
YES Quantizgtian a good NO
idea?

Page 16/42




e

Pirsa: 07060038 Page 17/42



'mthe transition

(m) o no

T.  §

<

decrease [’

S discontinuous transition



‘Wsensitivity
add small magnetic field

E ho.
i

then
(m) = lim lim (m(N,T))

h—0 N—oc

L view ) as a small

perturbation

as the system approaches the critical temperature 7. the
system becomes arbitrarily sensitive to the environment.
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‘Wsensitivity
add small magnetic field

Z ho.

then

(m) = lim lim (m(N,T))

h—0 N —oc

L view /; as a small

perturbation

as the system approaches the critical temperature 7. the
system becomes arbitrarily sensitive to the environment.



'mprobability

F,

before

\

transition very sensitive to the environment.

claim: this is the source of the probabilistic
character of quantum mechanics.
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‘mwhat went wrong?
why does
@) N) — [a)|A) |b)

not imply

(ala) + B|b))|N) — ala)|A) + 3|b)|B)

4

N) — |b)|B)

we have not taken into account the environment. the new
experiment is a new role of the dice. linearity does not apply.
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'msymmetry of environment

“isn’t the environment symmetric?”

yes, but only in an ergodic sense.

instead of
g - lenv) = |env)
we have
1 ; 1 o
qg - AT s dt U(t)|env) = AT L . dt U(t)|env)

for AT large enough.
non-symmetric fluctuations are amplified.

The symmetric state exists but is unlikely
oo —= broken ergodicity.



'mremark on the born rule

since we assume the structure of hilbert spaces
together with its inner product we can derive the
born rule, i.e.

Pi = ‘0‘5‘2

using arguments of d. deutsch, d. wallace, and s.
saunders.

see also, od quant-ph/0603202.
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‘Wsetup

three dimensional spin systems on a lattice

examples:
(i) ising model (+ modifications)

(ii) stringnet condensates (a la wen)
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'm0th level

groundstate

RS EL LS.

characterized by

6’{)
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'm | st |evel

excitations
nk
k) = Zexp (er'inw) 0...010 ... 0)

excitation implies
0 # 6o

E(k)!
.

elementary particles



'm2nd level

classical object = bound state of excitations
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'moverview

bound/classical
states

‘k) excitations

90 ground state
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level 2

level |

level O



‘mthe argument

6+ 6,
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‘minternal relativity

how does the system look like from the inside?

® constant speed of light

—>» | orentzian metric

® Newtonian gravity in low speed limit

—>» metric is curved
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'‘mnewton’s law
E ~ /d31‘ (V0)?
5E _
00

mqMms
e
2

Af =0
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'mthe problem

irsa: 07060038

classical world C  quantum kinematics

—>  measurement problem

instead:

large quantum system

Classicality is a dynamic property of a |
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‘mdon’t quantize

classical limit

N

fundamental
theory

classical
theory

"

quantization

this circle does not close here.
start with a quantum theory (wen, volovik, ...)
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‘M environment & decoherence

roles of environment

® dump for energy/entropy
® bring it close to transition

® provide randomness

decoherence to keep it classical
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‘Wgravity

® you can not have a classical object without
disturbing the vacuum: gravity

® inertial mass = gravitational mass/’

m; o / (VO)do
aC;
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'mgeneralized rigidity

ordered phase has new property:
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