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In	  summary	  
Quantum	   Darwinism	   explains	   the	   emergence	   of	   classical	   reality	   from	   the	  
underlying	   quantum	   reality	   by	   the	   fact	   that	   a	   quantum	   system	   is	   observed	  
indirectly,	   by	   looking	   at	   parts	   of	   its	   environment,	   so	   that	   only	   specific	  
informa7on	  about	  the	  system	  that	   is	   redundantly	  proliferated	  to	  many	  parts	  
of	  the	  environment	  becomes	  accessible	  and	  objec7ve.	  However	  it	  is	  not	  clear	  
under	  what	  condiMons	  this	  mechanism	  holds	  true.	  
We	  rigorously	  prove	  that	  the	  emergence	  of	  classicality	  is	  a	  general	  feature	  of	  
any	   quantum	   dynamics,	   i.e.,	   implicit	   in	   the	   quantum	   formalism:	   observers	  
who	   acquire	   informaMon	   about	   a	   quantum	   system	   indirectly	   have	   access	   at	  
most	   to	   classical	   informaMon	   about	   one	   and	   the	   same	  measurement	   of	   the	  
quantum	   system;	   moreover,	   if	   such	   informaMon	   is	   available	   to	   many	  
observers,	  they	  necessarily	  agree.	  
Remarkably,	   our	   analysis	   goes	   beyond	   the	   system-‐environment	  
categoriza7on.	  

The	  main	  predic6ons	  of	  Quantum	  Darwinism	  

Let ⇤ : D(A) ! D(B1 ⌦ . . .⌦Bn) be a cptp map. Define ⇤j := tr\Bj
�⇤ as the

e↵ective dynamics from D(A) to D(Bj) and fix a number � > 0. Then there
exists a measurement, described by a positive-operator-valued measure (POVM)
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for states �j,k 2 D(Bj). Here dA is the dimension of the space A

(a) The mapping from a system A to the many parts B1B2 . . . Bn of the envi-

ronment induces an e↵ective map from A to each part of the environment Bj ,

corresponding to tracing out (i.e., “throwing away”) the rest of the environment.

(b) For most of the e↵ective maps A ! Bj , the dynamics can be well approx-

imated by a measure-and-prepare quantum channel, i.e. by a process where

the results of a measurement M on the input are used to decide which output

to create at a later preparation stage Pj . A key point that we prove is that,

while the preparation process depends on which part Bj of the environment one

considers (symbolized by the “j” in Pj), the measurement stage is independent

of it. This implies that only classical information, and only about a specific

measurement on A, is at best accessible to each observer who can only probe

a fragment Bj of the environment. Single lines indicate quantum information

(qubits); double lines correspond to classical information (bits). Information

flows from left to right.

The	  main	  result	  

The mechanism for the emergence of objectivity known as quantum Dar-
winism. (a) The disappearance of quantum coherence in a system A can be
explained in terms of decoherence induced by the interaction with an environ-
ment B. (b) The environment B responsible for decoherence can be thought as
being made up of several parts B1, B2, ..., Bn. (c) Observers have indirect ac-
cess to (the information about) system A through their ability to interact with
the environment. Each observer is expected to be able to probe only some part
of the environment. Only information about the system that is proliferated in
the many parts of the environment is e↵ectively available to the observers, and
is necessarily classical and objective.

The	  environment	  as	  carrier	  of	  informa6on	  

(a)	  

(b)	  

(c)	  

The transfer of information from a quantum system A to the many parts

B1B2 . . . Bn of the environment can be described by a quantum channel, i.e.

a completely positive trace-preserving (cptp) map ⇤. Information flows from

left to right.

The	  interac6on	  with	  the	  environment	  
as	  quantum	  channel	  

(a)	  

More	  precisely…	  

(a) We consider the case where we deal with many systems S1 , ..., Sm that are

initially uncorrelated. (b)-(c) The role of the system of interest A can be played

indi↵erently by any subsystem Si , with the remaining subsystems playing the

role of the (elements of the) environment B. Our results do not depend on

any assumed physical symmetry: they are “symmetric” themselves and can

be applied for any choice of assignment “system-environment” and any global

interaction. We can conclude that any system is being “objectively measured”

by the other systems.

Changing	  perspec6ve:	  
quantum	  Darwinism	  beyond	  

the	  system-‐environment	  categoriza6on	  

(a)	  

(b)	  

(c)	  

• (Objectivity of observables) Observers that access a quantum system
by probing part of the environment of the system can only learn about
the measurement of a preferred observable (usually associated to a mea-
surement on the pointer basis determined by the system-environment in-
teraction). The preferred observable should be independent of which part
of the environment is being probed.

• (Objectivity of outcomes) Di↵erent observers that access di↵erent parts
of the environment have (close to) full access to the information about the
preferred observable and will agree on the outcome obtained.

(b)	  
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