N

N

Quantum optics to reconstruct the monetary state of global
economy

Antonino Claudio Bonan

» To cite this version:

Antonino Claudio Bonan. Quantum optics to reconstruct the monetary state of global economy. 2023. <hal-

04044864)
HAL Id: hal-04044864
https://hal.science/hal-04044864v1
Preprint submitted on 24 Mar 2023
HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-

for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Auto':izition
HAL Authorization


https://hal.science/hal-04044864v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Quantum optics to reconstruct the monetary state of global economy

Antonino Claudio Bonan

Abstract Once the whole economic system is treated as a
quantum system in an abstract space-like frame, a question
arises: how do data help in reconstructing its states? Optical-
like elements can do the job, then tomography is addressed
by suitable quantum circuits and algorithms. A path is pro-
posed for this, assembling ideas from quantum linear optics
which can be adapted for an implementation in global eco-
nomical statistics.

Keywords Econophysics - Quantum optics - Quantum state
tomography

1 Introduction

An approach considers global economy as a quantum sys-
tem [1]], in a frame accounting for the fact that its actions
happen within a natural and human environment [2]. Here,
firstly, it is adopted in order to possibly use statistical data
for a tomographic reconstruction [3]] of its current or past
states.

There are some paths to do that, suggested by the logic of
quantum gates and circuits (as is done for other reasons in
[4]), which brings along its difficulties and tricks. Any such
a path has then to be implemented for global economy, by
being transposed from typical physical realizations of quan-
tum circuits, or at least from elements which are relevant for
the circuits to be used. In particular, an intuitive transposi-
tion is suggested by quantum optics [3], with global mone-
tary configurations playing the role of photons.

In Sec. 2, a quantum optical interpretation is provided for the
abstract geometry and dynamics of the flow of the monetary
field through different media. Sec. 3 depicts the correspond-
ing fundamental elements in global economy, to be used in
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optical-like thought devices which have matrix representa-
tion. In Sec. 4, a tomographic algorithm is outlined for re-
constructing quantum states. As suggested in Sec. 5, every
ingredient of such a recipe assumes one to think in terms of
an abstract geometry and some particular quantum circuits.
In Sec. 6, some key issues and trial ansatz of the method
are suggested for possible applications. Sec. 7 explains how
this approach is a prelude to represent general dynamics of
global economy.

2 Quantum optical interpretation of global money

In physics, optics often entails the idea that any change of
dynamics explicitly induced by matter just lies in the inter-
faces between different media through which electromag-
netic field propagates, while inside each medium it is like
only the electromagnetic field comes into play and the inter-
action by matter is parameterized by a complex version of
the propagation speed [[6]. In an approach considering econ-
omy as dynamics of quantum fields, this amounts to classi-
fying any subsystem as a medium, according to the speed
at which money is transferred. The economic subjectivity is
just the field changing monetary dynamics in any interface
between different subsystems.

Suitable economical counterparts of the spatial dimensions
in which optics resides are given by allocations of subjects,
their roles in society and their niche in nature. These dimen-
sions are three too, so that the polarization of the monetary
field is parameterized by a 2-dimensional complex Jones
vector, a third component being constrained by a conven-
tional gauge [7]]. In absence of net sources or sinks of money,
this makes induced oscillations of economic charges (i.e.
ethical-social values) be perpendicular to the direction of
propagation of any monetary signal. Within media, such os-
cillations only affect money; within interfaces, they can be
actually detected by economical subjectivity, possibly be-
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side their transient longitudinal components.

Polarization is what has to be measured, when one wants to

test Fourier modes (plane waves) in an electromagnetic field.

In terms of economy, one detects oscillations of ethical-social
values being induced perpendicularly to the direction of prop-
agation of money in the abstract frame.

Qubits are the quantum counterpart of 2-dimensional com-

plex Jones vectors, while linear operators acting on them

represent optical-like devices acting upon polarizations and

are parameterized as combinations of Pauli matrices. Put an-

other way, qubits represent free photons according to their

transverse independent polarizations, with approximately in-

stantaneous interactions driven by reversible unitary trans-

formations localized in interfaces. For global economy, re-

versibility and unitarity relate to the ansatz that dynamic ef-

fects due to the environment are not dealt with, as the system

is considered closed (including economy and environment

in one whole system). Ultimately, this means that quantum

logic gates involving qubits have the features to approxi-

mately represent global monetary processes.

3 Useful optical-like devices represented as matrices

The classical reflection of light is the change in direction of
the ray and so is represented by a rotation matrix

R(6) = <cos@ —sine) ,

sin® cos6

depending on the angle 6 /2 of incidence (or equivalently,
the orientation of the reflecting plane with respect to the
ray), which is the only parameter because of symmetry ar-
guments constraining the process on a plane. In terms of
electromagnetic waves [0], if the speed of light is increased
beyond an interface acting as a mirror (i.e. v > vp), then
the polarization of light and the amount of increase in its
speed (through the critical angle 6. and the Brewster angle
0p < 0.) are keys to classically determine the phase advance
O due to reflection. This could be made explicit by Fres-
nel equations for the two polarizations with electric field
being normal or parallel to the plane of incidence, respec-
tively denoted by "s" and "p" subscripts. In the opposite sit-
uation vy > v2, the critical angle does not exist and simply
O; = 0, = 7. Henceforth, the latter kind of mirrors is con-
sidered.

The flow of money can approximately undergo similar in-
stantaneous transformations, for corresponding conditions
in the abstract frame.

It is worth noting by the way that R(—0) formally equals
R71(8), i.e. it takes from a state modified by a mirror hit
at an angle 6 /2 back to the original state. Furthermore, one
can show the formal relation R(—7/4) = —R*(7/4).
Mirrors are generalized by beam splitters, for which another

parameter ¢ comes into play, taking transmission into ac-
count beyond reflection: the parameter 7 — ¢ is just the change
of phase for electromagnetic waves, which would be fixed to
0 for the ones being purely reflected by an interface beyond
which the speed of light is decreased. This general device is
represented as an unitary transformation, by a matrix

—e'9sin0
cos O

cos 6

B(8.9) = <ei¢ sin @
The names "mirror" and "beam splitter" actually remind what
happens as the observables are two independent directions
of propagation, not of polarization. Such a distinction be-
comes irrelevant, as long as first there is another device (the
so called polarizing beam splitter) which just separates the
two eigenstates of polarizations into two orthogonal direc-
tions of propagation. Otherwise, this may be an abuse of
language. In particular, a matrix acting on polarization states
and formally written as R(0) = B(6,0) may not represent
an actual mirror. Yet it can be formally recast as a rotation
R,(6) by an angle 20 around the y axis in the Bloch sphere.
A rotation by an angle 26 around the x axis in the Bloch
sphere is represented by

cos® —isinf
R.(6) = (—isin@ cos @ )

and is formally the same matrix as B(0,7/2) but may not
represent a particular beam splitter because it does not act
on directions of propagation.

A symmetric beam splitter is another particular device, rep-
resented for directions of propagations by

B, — \% (1 i) — B(n/4,—7)2),
after which any incident power equally splits into transmit-
ted and reflected parts; one formally gets R(7/2) = —B2.
A symmetric beam splitter can also be used in order to check
for the quantum nature of the field, through a Hong-Hou-
Mandel experiment [8]: couples of identical photons tend to
be detected together after passing the device, instead of be-
ing equally scattered in a classical fashion, as their initial
relative delay goes to zero. In the case of economy such a
test suggests that, after the corresponding agents, concurrent
money does not scatter but converges in any subsequent di-
rection. This suggestion is confirmed by the perception that
the dispersion of monetary fluxes is usually controlled and
limited by specific splitting actions, whereas its appearance
is thought as a possible minor result due to defects.

A rotation by an angle 26 around the z axis in the Bloch
sphere can be written as follows:

e® 0

70)= (% o) =R (RIHR(OR (~5/4)
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Fig. 1 From top to bottom, respectively: circuit representations of the
measurements for 63 1 7, giving n(ﬁ)z as binary counts.
In particular, R;(7/2) = iS where 7 2 I 54
X

5= (07) = (=R 2R, (54

is the so-called phase gate.
An useful element of quantum circuits is the Hadamard gate,
which is represented by a matrix

H= \% G _11> — GIR, (1/4)

acting on polarization states, where the gate NOT = o for-
mally equals —iB2 and is one among the Pauli matrices

10 01 0 —i 10
w=(o1) o= (1o)== (o) o= o)

All Pauli matrices can be obtained after unitarily transform-
ing 03, so that the corresponding eigenspaces refer to changes
of basis with respect to the original one: 6], = UIT ,03U12
where one can choose U; = H and U; = HGchrlIfGl.

4 An algorithm for state tomography

The density matrix of the monetary state for global economy
can be written as follows:

_5 2\ri+irn 1—r;3

1 171 —i
p==(00+ro|+rnc,+r03) =~ ( +r3 r lr2> -
According to a tomographic point of view [9], in order to

statistically reconstruct p, a fairly simple way is to count the

numbers n(;])z of respective outcomes +1 for the measure-
ments after the following three operations (see fig. 1):

o directly detect the state without any gate before, so that
ngi) counts outcomes of measuring 03, whose eigenval-
ues are respectively just £1;

e precede such a detection by a Hadamard gate, so that
n(li) respectively counts 1 as binary outcomes after
measuring O7;

e precede the same detection by a triple sequence of a
Hadamard gate and a conversion of the polarization, so

that ngi) respectively counts £1 as binary outcomes af-
ter measuring ;.

Fig. 2 In the abstract 3-dimensional spacetime given by allocations x,
roles y and niches z, any agent’s history is a trajectory in the corre-
rows) may affect different agents (on S;3 4 in the picture) or not (on
S>). When it does, it interacts like light does at an optical element (with
reflection as on S 3 4 and possible refraction as on $3), with or with-
out deflection of the refracted ray according to whether the subsequent
propagation speed is respectively changed or not. Each element is the
current snapshot of an interface between two optical-like media for the
money flux, provided it makes this change happen.

An acceptable estimate of p then comes from these compo-
nents of a vector within the Bloch sphere:

n123
rp3 = )
max (1, A /n%—i—n%—i—n%)
where
(+) (=)
Ni23—Mp3
np3=-—5—"7-

(+) (=)~
Niy3tnis3

5 From geometrical frame to optical-like tomography

The space-like coordinates of the reference system for eco-
nomic actions may be thought of in various ways. According
to a simple point of view they are just three, as anticipated:

— economic subjects correspond to numbers on an ordered
axis, e.g. like alphanumeric codes; economic actions con-
cern money being allocated on this x axis;

— each subject corresponds to a natural or legal person,
whose role in society may be established or vary by ac-
tions; such a role is considered as a single y axis, whose
order is given e.g. by levels of a societal ladder;

— each person lives in a niche, i.e. a framework where
physical and human limits come into play beyond al-
locations of money (x) and social roles (y); therefore,
after simplifying the niche as one-dimensional, a z axis
is introduced whose order is a matter of choice (for in-
stance, a direction along a road connecting various re-
sources and subjects).
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Such a frame allows one to envision what each circuit el-
ement may be, inspired by quantum optics and adapted to
monetary dynamics in global economy. The units of the ab-
stract axes provide the metric and then the angles of beams
with respect to interfaces.

Any agent realizes the history of an economic subject and is
therefore characterized by a trajectory in a slice with fixed
x and variable (y,z). In the abstract frame, any given trans-
fer of money can meet a time series of agents. Each corre-
sponding slice in the series has to be identified as an instan-
taneous optical element which deflects or transmits money
(see fig. 2). The resulting optical-like media freely evolve
according to the coupled dynamics of money and economic
subjects, unless constraints are juxtaposed e.g. by societal
and currency regimes within geographical boundaries. How-
ever, in order to estimate the instantaneous macrostate of
money, an approach can build on what is statistically known
about agents at the current time: their (x,y,z) coordinates
and the way they possibly interact with the money flux as it
impinges on them.

In terms of economy, a model of mirrors with negligible dis-
sipation is given by non-profit services of money deposit.
Profit would be the wealth left to the service and would be
represented by the energy left while rays cross the mirror,
with a dissipation that is proportional to the thickness and
then to the delay due to the crossing. Mirrors hit at an an-
gle 6/2 = /4 represent services whose intervention resides
halfway (in a abstract spatial sense) between the act of de-
positing money and the event of getting it back by the same
agent. Yet, more generally, the withdrawing agent may not
be the same depositing: in such a case, the reflected money
is sent by the service to another agent being on its actual
trajectory, while the condition of the depositing one is not
good for withdrawing. This is just a way to spread monetary
wealth, through e.g. the banks managing savings (provided
their profit margin is neglected or treated as a purely exter-
nal factor for the process).

An economical counterpart of a beam splitter is an agent
which exerts a power over money in a sense, by both letting
it pass and deviating it away, towards other owners or further
processes. In particular, symmetric beam splitters equally
transmit and reflect money.

Polarizing beam splitters are useful in order to convert be-
tween states of polarization and states of direction in quan-
tum optical circuits. They can represent economical agents
which selectively transmit or reflect money according to its
polarization between two orthogonal directions, i.e. two in-
dependent induced directions of oscillation for ethical-social
values. A model for their implementation is given by bi-
nary regulatory constraints, which direct money according
to its provable intended use. Inverse applications of polariz-
ing beam splitters correspond to complete transductions of
two independent directions of oscillation into a single out-

[
—— > > > ——
PBS BS BS PBS
! ; ! L

Fig. 3 A configuration for a NOT gate, with input from the left and
output to the right, where each BS is a symmetric beam splitter and
each PBS is a polarizing beam splitter, while mirrors hit at an angle
7 /4 are depicted by thin grey rectangles.

L,
D(7/2)
4
— > > >
PBS BS PBS
A
D(1/2)

Fig. 4 A configuration for a Hadamard gate, with input from the left
and output to the right; in addition to devices as in Fig. 3, each D(7/2)
is a 7r/2 retardation in phase of the second polarization component only
(and is represented by ST).

put monetary flow.

The relations 6] = —iB2 and H = S*B,S*, where S* is just
a 7 /2 retardation in phase of the second polarization compo-
nent only, suggest that suitable configurations implementing
the NOT gate and the H gate are respectively the ones in
Fig. 3 and Fig. 4 [10]. This is explicitly proved in the Ap-
pendix and is enough for what is required by the circuits
in Fig. 1, where the final measurements consist in detect-
ing polarization states at the end of the circuits. One should
actually note that polarizing beam splitters can be just left
at the beginning and the end of sequences, instead of being
replicated for every single gate.

6 Issues in reconstructing global monetary states

As a matter of principle, one can think of populating a global
inventory with services of money deposits (represented by
mirrors), redistributing agents (beam splitters) and regula-
tory constraints (polarizing beam splitters). According to Fig.
1, among all monetary flows possibly intercepting these, three
are selected for tomography: those which are not affected by
any agent of the inventory (to get n3), those which just inter-
act with any single system like the one in Fig. 4 (to get ny),
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those which intercept a triple sequence of two systems like
the ones in Fig. 3 and Fig. 4 (to get ny).

The trajectory of monetary quanta in the abstract space can-
not be exactly detected, because one should trace back from
observations in the real economy to the coordinates of in-
volved agents and anyway because of the quantum uncer-
tainty principle. It may be even more difficult to add the
recognition of their polarization, as moreover one should de-
tect induced oscillations of ethical-social values; if the mat-
ter is to distinguish any intended use of money according
to the oscillation it is expected to induce, then this is just a
proxy. In particular, any regulatory constraint miming a po-
larizing beam splitter should distinguish the relative orienta-
tion of oscillations with respect to the propagation of money
in the abstract space, so that two sources of uncertainty add
up. This reflects the difficulties met by institutions as they try
to direct monetary fluxes according to expected effects. Yet
polarizing beam splitters are at the beginning and end of the
circuits in Fig. 3 and Fig. 4, so that their suggested use for
tomography needs to trust institutions and statistical reports
(official or unofficial ones, choosing what is considered as
reliable) about the flux of money and the induced transverse
effects in a representation of the three abstract coordinates.
Money actually flows in wavepackets, that are superposi-
tions of modes: single-frequency monetary quanta are not
actually observable. Like other quantum fields, their dynam-
ics is to be viewed in terms of cross sections, depending on
frequency. The latter is proportional to the amount of global
wealth carried by money, with a factor like the Planck con-
stant to be empirically quantified [2]]. This is why statistics
should also estimate the various contributions by money to
global wealth, beyond approximately detecting its abstract
trajectories and induced oscillations.

Under the very restrictive assumption that money flows along
x axis (i.e. involving socially equal agents and being con-
fined to a single niche), an obvious choice for two indepen-
dent linear polarizations just regards oscillations of values
in y and z. For instance, if the world were a global village
without hierarchy, then money would anyway induce social
and natural oscillations of values. Sometimes the first hap-
pen (money brings a temporary variation of rights to the
subject it is interacting with), sometimes the second ones
do (as before, but regarding natural needs); statistics esti-
mate their relative weight. One may think of a regulatory
constraint, which distinguishes between the two cases and
correspondingly directs money into two different channels.
Symmetric redistributing agents may be fed by both chan-
nels or their combinations, possibly preceded or followed
by delays. For instance, forcing one quarter-period delay for
the oscillations of rights before and one after such an agent,
while letting oscillations of needs without retardation, the
central part in Fig. 4 is implemented.

Among the main tasks carried out by a large-scale public

administration, there is the one of directing investments for
a planned mobilisation of rights and duties or goods and
needs. This is a kind of realization for a polarizing beam
splitter. Its corresponding inverse task is to control the flux
of money among agents through taxation, gathering it for
later global uses. Here taxation is intended in a broad sense,
i.e. it includes all contributions by agents to the adminis-
tration of global economy, apart from the strictly subjective
ones.

A rough but quite reasonable ansatz is that self-employed or
unemployed agents implement symmetric beam splitters, in
that they equally and spontaneously split money to manage
induced oscillations of rights and needs. Whenever a social
perturbation occurs, needs may be unchanged but there is
a delay for both input and output of rights. This perturba-
tion possibly takes the form of a contract before and a re-
muneration after the interaction characterizing the agent. Of
course, in order to comply with the very restrictive assump-
tion above, it should not force any significant hierarchy.
After tax collection, economic policies by public adminis-
trations implement measurements of polarization through
subsequent investments: it is estimated by the relative mon-
etary weight of promoting rights (while controlling fulfill-
ment of duties) and the acquisition or the production of goods
(while addressing needs) for the people.

Hence there would be a chance for an affordable reconstruc-
tion of the global monetary state by tracking selected effects
of policies, yet in a very restrictive set of hypotheses. Of
course, actual economy does not work through national pol-
icy only, at least because administrations are mainly tied to
the international monetary governance and dynamics of re-
sources are often worldwide.

When money is invested by an administration but is not ac-
tually expended, it is ready to repay debts or for future in-
vestments. The former offset each other in the world econ-
omy and are then neglected as global amounts, while the
latter may go to govern the game of goods and demands
(polarization denoted by the (*) index) or the game of right
and duties (according to the (=) index). Single acts of direct
reinvestment policy give intentional nudges to global eco-
nomic dynamics, so that quantum states veer to the wanted
balance of nng) and n<7), while obviously competing with
unintended dynamics. The same happens when remainders
come to the administration from more complex chains of
agents, such as the ones related to ngi;

An ansatz is to consider the expenditure for maintaining
public administration as the only way to estimate the (~)
polarization, since such an administration is just based upon
the governance of rights and duties, while the game of goods
and demands is the core of the global market. Furthermore,
actual polarization may be indistinguishable among remain-
ders coming from different chains (public investments are
typically oriented no matter which chains money is collected
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from):

N
T

= =¢.
+ ngf) ngﬂ + ngf)

This ratio is roughly the fraction of total fiscal revenue de-
voted to expenditure for public institutions. The further ex-
treme ansatz of taking Italy as a good sample for the world
economy is considered here, just to give an idea of the method.
Then [[11]] one obtains € ~ 6-10'°/1.1-10'? 2 5.5%, so that
n123 ~ 89%, which provides 7~ (0.58,0.58,0.58).

If a separation is forced among polarizations after different
chains, then the r1 2 3 may not be all equal. For instance, in
the case of an economy where reinvestments for maintaining
the putzlic): administration weigh on it and and its employees

only, n; ’ = 0 and the same estimate

-) (-)
n - ~5.5%

T

T

would give 7i = (0.89,0.89, 1) and then ¥ = (0.55,0.55,0.62).

7 Outlook towards general dynamics of global economy

Tomography can be applied to estimate the quantum state
of subjectivity too, just like the one of the matter interacting
with photons in optics (in this case, the Hilbert space has
typically dimensions d > 2 and so qudits are considered,
even with need for a machine learning algorithm in order to
face exponential scaling [[12]][[13]]). It can be used to identify
the dynamical process as well [[14]: one gets an estimate of
the Hamiltonian operator, which is used to predict the uni-
tary evolution of global economy as a closed system.
Turning to the dynamics of economy as an open system,
reduced from its environment, this can be expressed by a
Lindblad-like equation in a correlation picture [15]. State
and process tomography (the former as a diagnosis, the lat-
ter as evolving prognosis [[16]) can provide the necessary
input for that.

Research could collect better data for quantum state tomog-
raphy of the global economy, apply it for monetary and sub-
jective fields, prognose evolution to be actively changed by
policy, outline economical scenarios correlated to the human
and natural environment.

Appendix: Explicit proof of Fig. 3 and Fig. 4

Any optical-like interaction between money and agents oc-
curs on a plane of the abstract space with spatial orthogonal
coordinates & and x. So four independent observables are
suitable to characterize the quantum states upon which gates
act: two directions of polarization (leading to the eigenstates

|h) and |v)) and two directions of propagation (leading to
the eigenstates |£) and |, with conventionally & > 0 right-
wards and )} > 0 downwards). All devices of the interaction
are represented by 4 x 4 matrices acting on corresponding
column vectors (a bc d)T, whose components are the co-
efficients in a|E) |h) +b|E) V) +c|x) |h) +d|x) |v)-

As input, consider a kind of generic horizontal state a |€) | 1) +
b|&)|v). A polarizing beam splitter

1000
0001
PBS = 0010

0100

sends it to a state a |E) |h) +b|x) |v), because the component
along |h) is transmitted and the one along |v) is reflected to
the orthogonal direction. A couple of mirrors R?(2(7/4)) =
R(7), hit at angles 7/4 and acting on the subsequent verti-
cal component, leads to the state a|E) |h) — b|x) |v). After
applying a symmetric beam splitter BS that just acts upon
the two entries regardless of any distinction between propa-
gation and polarization, one obtains [(a — ib) /v/2]|E) |h) +
[(ia — b)/\/2]|x)|v). A couple of mirrors R(—7) sends it
© [(a—ib)/V2]|€) 1)+ [(b— i) /v/2) %) Iv). After apply-
ing a BS rotated by R(—m/2), one gets b|E) |h) —alx) |v).
A couple of mirrors R(7) leads to b|E) |h) +a|yx)|v). A fi-
nal polarizing beam splitter PBS~! = PBS sends the state to
b|E)|h) +a|&E)|v), that is just the result of converting polar-
ization without changing the direction of propagation. This
is why a NOT gate is configured by the sequence in Fig. 3.
Again consider the generic horizontal inputa|E) |h) +b|E) |v),
splitted by a PBS. A couple of mirrors R(7), hit at angles
7 /4 and acting on the subsequent vertical component, sends
the state to a|&) |[h) —b|x) |v). A quarter period delay of the
same component leads to a|&) |h) —ib|x) |v). After applying
a BS, one gets [(a-+b)/v/2)|€) i) + li(a— b)/v/2] ) ).
After applying another quarter period delay of the subse-
quent vertical component, one obtains [(a+b)/v/2] |E) |h) +
[(b—a)/V2]|x)|v). A couple of mirrors R(—1), acting on
the vertical component, leads to the state [(a+5)/v/2] |E) |h) +
[(@—b)/vV2]|x)|v) . A final PBS~' = PBS sends it to [(a +
b) /2] |E) |h) +[(a—b)/v/2]|E) |v), that is just what results
from the application of an Hadamard gate. This justifies the
sequence in Fig. 4.

Contflict of interest

The author declares that he has no conflict of interest.

References
1. D. Orrell.  Quantum Economics: The New Science
of Money. Icon Books, Limited, 2018. ISBN



Quantum optics to reconstruct the monetary state of global economy

10.

11.

9781785783999. URL https://books.google.it/
books?id=_rpytAEACAAJ.

A. C. Bonan. Some hints about microeconomy
as a quantum field theory and emergent macroecon-
omy. July 2021. URL https://hal.archives-
ouvertes.fr/hal-03300945.

J.B. Altepeter, E.R. Jeffrey, and P.G. Kwiat. Pho-
tonic state tomography. volume 52 of Advances
In  Atomic, Molecular, and Optical Physics,
pages 105-159. Academic Press, 2005. doi:
https://doi.org/10.1016/S1049-250X(05)52003-2.
URL https://www.sciencedirect.com/science/
article/pii/S1049250X05520032.

A. C. Bonan. Sustainability of global economy as a
quantum circuit, 2021. URL https://arxiv.org/
abs/2107.09032.

M. A. Nielsen and I. L. Chuang. Quantum Computation
and Quantum Information: 10th Anniversary Edition.
Cambridge University Press, USA, 10th edition, 2011.
ISBN 1107002176.

M. Born and E. Wolf. Principles of Optics: 60th An-
niversary Edition. Cambridge University Press, 7 edi-
tion, 2019. doi: 10.1017/9781108769914.

D. S. Kliger, J. W. Lewis, and C. E. Randall.
Introduction to the Jones calculus, Mueller calcu-
lus, and Poincaré sphere. In Polarized Light
in Optics and Spectroscopy, pages 59-101. Else-
vier, 1990. doi: 10.1016/b978-0-08-057104-1.50007-
7. URL https://doi.org/10.1016/b978-0-08-
057104-1.50007-7.

C. K. Hong, Z. Y. Ou, and L. Mandel. Measurement of
subpicosecond time intervals between two photons by
interference. Phys. Rev. Lett., 59:2044-2046, Nov 1987.
doi: 10.1103/PhysRevLett.59.2044. URL https://
link.aps.org/doi/10.1103/PhysRevLett.59.2044,
R. Schmied. Quantum state tomography of a single
qubit: comparison of methods. Journal of Modern
Optics, 63(18):1744-1758, feb 2016. doi: 10.1080/
09500340.2016.1142018. URL https://doi.org/
10.1080%2F09500340.2016.1142018.

N. J. Cerf, C. Adami, and P. G. Kwiat. Op-
tical simulation of quantum logic. Phys. Rev.
A, 57:R1477-R1480, Mar 1998. doi: 10.1103/
PhysRevA.57.R1477. URL https://link.aps.org/
doi/10.1103/PhysRevA.57.R1477.

Ministero dell’Economia e delle Finanze. Doc-
umento di Economia e Finanza 2022. Nota di
aggiornamento.  Versione  rivista e integrata.
Nov 2022. URL https://www.dt.mef.gov.it/
export/sites/sitodt/modules/
documenti_it/analisi_progammazione/
documenti_programmatici/nadef_2022/
NADEF_2022_VERSIONE_RIVISTA_-E_-

12.

13.

14.

15.

16.

INTEGRATA.pdf.

B. I. Bantysh, A. Yu. Chernyavskiy, and Yu. I. Bog-
danov. Quantum tomography benchmarking. Quan-
tum Information Processing, 20(10), October 2021.
doi: 10.1007/s11128-021-03285-9. URL https://
doi.org/10.1007/s11128-021-03285-9,

Y. Liu, D. Wang, S. Xue, A. Huang, X. Fu, X. Qiang,
P. Xu, H.-L. Huang, M. Deng, C. Guo, X. Yang, and
J. Wu. Variational quantum circuits for quantum state
tomography. Phys. Rev. A, 101:052316, May 2020.
doi: 10.1103/PhysRevA.101.052316. URL https://
link.aps.org/doi/10.1103/PhysRevA.101.052316.
Q. Yu, D. Dong, Y. Wang, and L. R. Petersen. Adaptive
quantum process tomography via linear regression esti-
mation. In 2020 IEEE International Conference on Sys-
tems, Man, and Cybernetics (SMC), pages 4173-4178,
2020. doi: 10.1109/SMC42975.2020.9283060.

S. Alipour, A. T. Rezakhani, A. P. Babu, K. Mglmer,
M. Mottonen, and T. Ala-Nissila. Correlation-
picture approach to open-quantum-system dynamics.
Phys. Rev. X, 10:041024, Nov 2020. doi: 10.1103/
PhysRevX.10.041024. URL https://link.aps.org/
d0i/10.1103/PhysRevX.10.041024.

G.A.L. White, FA. Pollock, L.C.L. Hollenberg,
K. Modi, and C.D. Hill. Non-markovian quantum pro-
cess tomography. PRX Quantum, 3:020344, May 2022.
doi: 10.1103/PRXQuantum.3.020344. URL https://
link.aps.org/doi/10.1103/PRXQuantum.3.020344,


https://books.google.it/books?id=_rpytAEACAAJ
https://books.google.it/books?id=_rpytAEACAAJ
https://hal.archives-ouvertes.fr/hal-03300945
https://hal.archives-ouvertes.fr/hal-03300945
https://www.sciencedirect.com/science/article/pii/S1049250X05520032
https://www.sciencedirect.com/science/article/pii/S1049250X05520032
https://arxiv.org/abs/2107.09032
https://arxiv.org/abs/2107.09032
https://doi.org/10.1016/b978-0-08-057104-1.50007-7
https://doi.org/10.1016/b978-0-08-057104-1.50007-7
https://link.aps.org/doi/10.1103/PhysRevLett.59.2044
https://link.aps.org/doi/10.1103/PhysRevLett.59.2044
https://doi.org/10.1080%2F09500340.2016.1142018
https://doi.org/10.1080%2F09500340.2016.1142018
https://link.aps.org/doi/10.1103/PhysRevA.57.R1477
https://link.aps.org/doi/10.1103/PhysRevA.57.R1477
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://www.dt.mef.gov.it/export/sites/sitodt/modules/documenti_it/analisi_progammazione/documenti_programmatici/nadef_2022/NADEF_2022_VERSIONE_RIVISTA_-E_-INTEGRATA.pdf
https://doi.org/10.1007/s11128-021-03285-9
https://doi.org/10.1007/s11128-021-03285-9
https://link.aps.org/doi/10.1103/PhysRevA.101.052316
https://link.aps.org/doi/10.1103/PhysRevA.101.052316
https://link.aps.org/doi/10.1103/PhysRevX.10.041024
https://link.aps.org/doi/10.1103/PhysRevX.10.041024
https://link.aps.org/doi/10.1103/PRXQuantum.3.020344
https://link.aps.org/doi/10.1103/PRXQuantum.3.020344

	Introduction
	Quantum optical interpretation of global money
	Useful optical-like devices represented as matrices
	An algorithm for state tomography
	From geometrical frame to optical-like tomography
	Issues in reconstructing global monetary states
	Outlook towards general dynamics of global economy

