
Sad supernaps cannot necessarily be represented by
a causally ordered circuit

But they do not lead to logical inconsistencies and

allow for the study of indefinite causal order
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Higher order map that allows one to superpose perfeit

signalling in two opposite orders
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Switch is given by S 153051 with
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Depending on the input on the control the Switch
has different signallig directions
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1 7 1 t S superposition of causal orders

not representable in a causally ordered
circuit
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Quantum Switch is valid from an axiomatic

point of view still under debate from a physical
perspective

Higherde quanh mapsa dope

quemsystedyuam.lugeneral any system of interest interacts in some

uncontrollable
way

with its environment

Dynamics are not unitary agree but have to

be described by a family of 1 CPTP maps
CPTP
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Basic assumption Initially system
and environment

are uncorrelated

The Se tre 9 5010201 3 s

Question How do we describe the dynamics of
a system that is not initially uncorrelated
from its environment

EI System and Environment might have been

uncorrelated initially but they are generally
correlated at a later time i e
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How would we describe the dynamics from t to some

later time t

Eye sad that St E t.ES where

St treLS

Is Eta still CP TP Linea

NB Correlations can be seen as a
memory of

past interactions
4 open system dynamics with memory non Markovia dynamic
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the dynamics of the system can beᵗ ÉYs d as a concatenation of three maps
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Assignment map
discarding

system Af 0107001Teamed
dynamics

Does this approach also work for initially correlated

system environ t states

Minimal requirements one would demand from an

assignment map

it should be i linear i e Alas BS AS PACs7
Ciil faithful i e tre ACS 5

iii positive and TP
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satisfies i iii is of proofedforce i e
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Proof From faithfulness and positivity for any pure
stat 14,717,1 ELCHS we must ha e

A 14,70413 17 24 Ti where I might
depend on 4
From positivity and TP we see that I 3 0 a d

tr ti 1 holds for all ti

Now let 14 34 13 be a non orthogonal basi

of CHS

Any pure state 14 261
c LCH can be represented

as Idsed α 14 kit and from linearity

we have 1070011 107041Gt α 14 24 0T

4 Let Aj be the deed of 14 24 13 ii e

fr Aj 14,704,1 Sij i j



trs Aj A 10201 to Aj 241 αjtj

I Ij for all j
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An assignment map
that satisfies i iii cannot

account for initial system environnet correlations

Two options Drop one of the assumptions i Ciii

Since the assignment map it is uphysical we

can actually resolve these issues by turning to

higher order maps
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How does one obtain input states when there are initial
comelations

Ns preparation map that

acts as Nsafe Sse
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Ex Preparation of 10 101 through measurement in

the computational basis i e M Ie SSE

local trs Sse 10701,1

final state at time t

Y I
However the above in linear in Ns 1 Choi form we

have
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process tensor

Easy to see T20 and hr Tan 1 for all
N CPTP

2 T maps all preparations it to the correct

final state
NB The preparations N can be arbitrary CPmaps
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E Initially maximally entangled state and a

SWAP gate

KEITH
Se should be the partial trace of the Chai state

of N
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The uncorrelated case is included
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CPTP map

A superchannel stemming from an initially
uncorrelated system environment state is of produc
form i e

LEE It

Cantilever

What if we don't just want to perform an initial

preparation but sequential measurements say to deduce
a joint probability distribution of the form
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1
process tensor

contains all statistical
information that can be

probed on the system at times t tu

Proper descriptor of multi time experiments in QM

T20 completely positive in the correct sense

To N G Nu 1 for all N Na TP

hierarchy of causality constraints

What about
memory

i e information that is transported through
the environment
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graphical no information flow through theenvironment
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Reduces to the known memoryless case but can

describe quantum processes with
memory effects

and

allow for the quantification of said memory

Ae processed physid

4
Analogously to superihannels there is a dilation
then for process tensors i e each process tensa

can be represented by an underlying circuit

Without proof

Properties of a process tense coming from
a circuit
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Analogously to superchannels every process terror admits a

physical realisation

Thelshespringdilationforprocesstersot
Every object T that satisfies the conditions ax

can be understood as
coming from

a causally ordered

underlying circuit i e

T SSE UI U Mu g IE where SSE is

a system environment state and U are system en iron

went unitaries
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