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Invocación

Among the maxims on Lord Naoshige’s wall, there was this one: "Matters of great concern should be treated

lightly." Master Ittei commented, "Matters of small concern should be treated seriously."

“There is a difference between a blurred or unfocused photograph and a shot of clouds and mist” (Erwin

Schrödinger, 1935 Naturwissenschaften 23 807, acerca de la superposición de estados macroscópicos)

Richard Feynman put it in memorable words: “Nature isn’t classical, dammit, and if you want to make a

simulation of nature, you’d better make it quantum mechanical, and by golly it’s a wonderful problem,

because it doesn’t look so easy”.

“Practice, therefore, solved after its own fashion the problem of the relations between mechanical motion and

heat. It had, to begin with, converted the first into the second, and then it converted the second into the first.

But how did matters stand in regard to theory?”, Friedrich Engels, Dialectics of Nature, KARL MARX

FREDERICK ENGELS COLLECTED WORKS, Volume 25, International Publishers, New York
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Motivación

Las predicciones de la Mecánica Cuántica han sido comprobadas en

numerosos ejemplos y en muy diversos regimenes. Sin embargo, su

formulación, algunos de sus principios y la interpretación de dichos

resultados ha sido, son, y serán objeto de debate, desde el comienzo

mismo de la teoría. En algunos casos, el debate ha sido generado y

dominado por el exceso de confianza depositado en ciertos

gedankenexperiment (o "experimentos pensados"). En otros casos,

la necesidad de formular reglas simples operacionales que

especifiquen que predicciones se pueden comparar con resultados

experimentales se confunde con un elemento "necesario" de la

teoría. En este contexto "necesario" equivale a insatisfacorio y

defectuoso. A esta altura, los pecados de la Mecánica Cuántica

contra el ideal de belleza, elegancia y concisión que se demandan

como elementos indispensables de una teoria fisica son parte del

acervo cultural
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Experimento pensado I
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Experimento pensado II
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un buen título
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spooky action at a distance

ring Spoiler Alert!!!
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which-way experiments

un “experimento” de acuerdo a Bohr!
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the quantum eraser

el ”borrador cuántico“: 1. a laser fires photons into a Beta Barium Borate (BBO) crystal; the crystal entangles some

of the photons; and then entangled photons travel to two different detectors: A and B.
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La historia de acuerdo a A. Leggett
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La historia de acuerdo a A. Leggett I

J. Phys.: Condens. Matter 14 (2002) R415 R451

Quantum mechanics is very much more than just a “theory”; it is a completely new way of looking at the

world, involving a change in paradigm perhaps more radical than any other in the history of human thought

Despite this enormous range of applications, however, there is a sense in which we can say that the region

of the whole parameter space over which the validity of QM has been directly tested is still rather modest.

Take, for example, the question of length scale. The majority belief in the physics community would seem to

be that the laws of physics as we currently understand them hold at all length scales down to the Planck

scale (∼ 10−35 m) and up to the size or “characteristic scale” of the Universe (∼ 10+30 m) that is, over

∼ 65 orders of magnitude.

In fact, if one were to ask over what length scales QM has been directly tested (in the sense of detection of

characteristically QM effects such as interference) the answer would probably be: down to perhaps

∼ 10−18 m (in high-energy diffraction experiments) and up to a few metres or (recently) a few kilometres (in

EPR-type experiments; see below) that is, over < 30% of the total (logarithmic) range over which most

people believe it to be valid. Similar remarks apply to scales of (e.g.) time and, even more, mass
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La historia de acuerdo a A. Leggett 2

three principal “directions” in which it is not unreasonable to look for a possible breakdown of QM.

The first is the direction of very small length scales (which, to the extent that we stay within the relativistic

quantum mechanical paradigm itself, is essentially equivalent to the direction of very short times and of high

energies).

The second direction in which itwould not, a priori, be unreasonable to conjecture a failure of QM is defined

by the combination of (relatively) short times and (relatively) long distances, or more precisely, by the

condition of space-like separation in the sense of special relativity.

As is by now very widely known, in an epoch-making 1964 paper the late John Bell demonstrated that under

such conditions the two-particle correlations predicted by QM are incompatible with a conjunction of very

innocuous and commonsensical-looking postulates which nowadays are usually lumped together under the

definition of an “objective local” theory; crudely speaking, this class of theories preserves the fundamental

postulates of local causality in the sense of special relativity and a conventional concept of the “arrow” of

time, and in addition makes the apparently “obvious” assumption that a spatially isolated system can be

given a description in its own right. The intuitive plausibility (to many people) of the class of objective local

theories is so high that once Bell had demonstrated that under suitable conditions (including the condition of

space-like separation) no theory of this class can give experimental predictions which coincide with those

made by QM, a number of people, including some very distinguished thinkers, committed themselves

publicly to the opinion that it would be QM rather than the objective local postulates which would fail under

these anomalous conditions

Unfortenately for these sceptics, over the last 30 years a series of experiments of increasing ambitiousness1

have been made under just these conditions, and while there is still some argument (because of a couple of

technical loopholes) about whether the outcome of these experiments excludes the class of objective local

theories (a large majority of the physics community feels that it does), there is little argument that it is entirely

consistent with the validity of the QM predictions.
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The third “axis” along which it is not unreasonable to seek evidence of a breakdown of the quantum

mechanical scheme of the physical world is that which connects the world of atoms and electrons, for which

it was originally developed, with the “everyday” world of our immediate experience

acerca del problema de medición:“of the three major classes of “resolution” of the quantum measurement

paradox, the “orthodox” one involves a major logical fallacy and the “manyworlds” interpretation is simply a

meaningless collage of words. The “statistical” interpretation, if taken to its logical conclusion, is internally

consistent but conflicts rather violently with the “realistic” intuitions which most practising physicists probably

find not only philosophically congenial, but almost essential, psychologically, in their everyday work. Thus,

one is led to consider the possibility that the fundamental premise of the argument is wrong: that is, that the

linear formalism of QM does not apply in unmodified form to macroscopic systems in the same way as it

does to their microscopic constituents.”
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Legget no esta solo 1

Supplement of the Progress of Theoretical Physics, No. 69, 1980

Macroscopic Quantum Systems and the Quantum Theory of Measurement

This paper discusses the question: How far do experiments on the so-called "macroscopic quantum

systems" such as superfluids and superconductors test the hypothesis that the linear Schrodinger equation

may be extrapolated to arbitrarily complex systems? It is shown that the familiar "macroscopic quantum

phenomena" such as flux quantization and the Josephson effect are irrelevant in this context, because they

correspond to states having a very small value of a certain critical property (christened" disconnectivity")

while the states important for a discussion of the quantum theory of measurement have a very high value of

this property. Various possibilities for verifying experimentally the existence of such states are discussed,

with the conclusion that the most promising is probably the observation of quantum tunnelling between

states with macroscopically different properties. It is shown that because of their very high "quantum purity"

and consequent very low dissipation at low temperatures, superconducting systems (in particular SQUID

rings) offer good prospects for such an observation.

by A. Legget
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Probing Quantum Mechanics towards the Everyday World

How Far Have We Come?

Progress of Theoretical Physics Supplement No. 170, 2007

A. J. Leggett

I present the motivation for experiments which attempt to generate, and verify the existence of, quantum

superpositions of two or more states which are by some reasonable criterion “macroscopicall” distinct, and

show that various a priori objections to this program made in the literature are flawed. I review the extent to

which such experiments currently exist in the areas of free-space molecular diffraction, magnetic

biomolecules, quantum optics and Josephson devices, and sketch possible future lines of development of

the program.
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Experiment and the foundations of quantum physics

Anton Zeilinger

Instead of having to rely on gedanken (thought) experiments, it is possible to base this discussion of the

foundations of quantum physics on actually performed experiments because of the enormous experimental

progress in recent years. For reasons of space, the author discusses mainly experiments related to the

Einstein-Podolsky-Rosen paradox and Bell’s theorem, that is, to quantum entanglement. Not only have such

fundamental experiments realized many historic proposals, they also helped to sharpen our quantum

intuition. This recently led to the development of a new field, quantum information, where quantum

teleportation and quantum computation are some of the most fascinating topics. Finally the author ventures

into a discussion of future prospects in experiment and theory.

Reviews of Modern Physics, Vol. 71, No. 2, Centenary 1999
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en palabras del troesma

So, where is the problem? The problem arises when one realizes that quantum physics implies a number of

very counterintuitive concepts and notions. This has led, for example, R. P. Feynman to remark, “I think I can

safely say that nobody today understands quantum physics,” or Roger Penrose (1986) to comment that the

theory “makes absolutely no sense.”

From the beginning, gedanken (thought) experiments were used to discuss fundamental issues in quantum

physics. At that time, Heisenberg invented his gedanken gamma-ray microscope to demonstrate the

uncertainty principle while Niels Bohr and Albert Einstein in their famous dialogue on epistemological

problems in what was then called atomic physics made extensive use of gedanken experiments to make

their points.

Now, at the end of the 20th century, the situation has changed dramatically. Real experiments on the

foundations of quantum physics abound. This has not only given dramatic support to the early views, it has

also helped to sharpen our intuition with respect to quantum phenomena. Most recently, experimentation is

already applying some of the fundamental phenomena in completely novel ways. For example, quantum

cryptography is a direct application of quantum uncertainty and both quantum teleportation and quantum

computation are direct applications of quantum entanglement, the concept underlying quantum nonlocality

(Schrödinger, 1935).
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This is a call to all my ....predecessors?

acerca de los riesgos de tratar de hacer un “estado del arte” de la MC en estos años

en su primer review Legget presenta su “distinguibilidad” ....solo unos años después quedaría claro de que

estaba hablando de ... entrelazamiento

en su segundo review Legget dice que no se va preocupar por el “límite inferior” ya que este se encuentra

“por muchos años fuera del alcance de ser testeado experimentalmente”
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to Planck scale or bust

One of the main challenges in physics today is to merge quantum theory and the theory of general relativity

into a unified framework. Researchers are developing various approaches towards such a theory of quantum

gravity, but a major hindrance is the lack of experimental evidence of quantum gravitational effects. Yet, the

quantization of spacetime itself can have experimental implications: the existence of a minimal length scale

is widely expected to result in a modification of the Heisenberg uncertainty relation. Here we introduce a

scheme to experimentally test this conjecture by probing directly the canonical commutation relation of the

centre-of-mass mode of a mechanical oscillator with a mass close to the Planck mass. Our protocol uses

quantum optical control and readout of the mechanical systemto probe possible deviations from the quantum

commutation relation even at the Planck scale.We show that the scheme is within reach of current

technology. It thus opens a feasible route for table-top experiments to explore possible quantum gravitational

phenomena.
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Microscópico-Macroscópico 1

Omar Osenda Testeando los limites de la Mecánica Cuántica



Invocación Introducción Experimentos pensados Plan a seguir M y M Entrelazamiento Superposición o superstición Coda

Microscópico-Macroscópico 2
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Microscópico-Macroscópico 3
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Teleportación I

The seminal paper first expounding the idea was published by C. H. Bennett, G. Brassard, C. Crépeau, R. Jozsa, A.

Peres and W. K. Wootters in 1993. Work in 1998 verified the initial predictions [D. Boschi; S. Branca; F. De Martini;

L. Hardy; S. Popescu (1998). "Experimental Realization of Teleporting an Unknown Pure Quantum State via Dual

Classical and Einstein-Podolsky-Rosen Channels". Physical Review Letters 80 (6): 1121] and the distance of

teleportation was increased in August 2004 to 600 meters, using optical fiber.
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Teleportación II

The longest distance yet claimed to be achieved for quantum teleportation is 143 km (89 mi), performed in May

2012, between the two Canary Islands of La Palma and Tenerife off the Atlantic coast of north Africa
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Teleportación III

The longest distance yet claimed to be achieved for quantum teleportation is 143 km (89 mi), performed in May

2012, between the two Canary Islands of La Palma and Tenerife off the Atlantic coast of north Africa
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Teleportación IV
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Desigualdades de Bell: historia?

EPR, Phys. Rev. 47, 777 (1935)

At age 67 (in 1946 or early 1947), Einstein wrote a short scientific autobiography [3] in which he set out his

views on the foundations of physics in depth. There he referred to “the most successful physical theory of

our period, viz. the statistical quantum theory” (A. Einstein, “Autobiographical Notes”, in P. A. Schilpp (ed.),

Albert Einstein: Philosopher-Scientist (Library of the Living Philosophers, Evanston, 1949).

John Bell, Physics 1, 195 (1964)
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Bell by himself

[3] von Neumann

[4] Bell

[5]Bohm
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Primer test

one-channel experiment
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a Bell ...a history begins
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This is the end?

The violation of a Bell inequality is an experimental observation that forces the abandonment of a local

realistic viewpoint- namely, one in which physical properties are (probabilistically) defined before and

independently of measurement, and in which no physical influence can propagate faster than the speed of

light. All such experimental violations require additional assumptions depending on their specific

construction, making them vulnerable to so-called loopholes. Here we use entangled photons to violate a

Bell inequality while closing the fair-sampling loophole, that is, without assuming that the sample of

measured photons accurately represents the entire ensemble3. To do this, we use the Eberhard form of

Bell’s inequality, which is not vulnerable to the fairsampling assumption and which allows a lower collection

efficiency than other forms. Technical improvements of the photon source and high-efficiency transition-edge

sensors were crucial for achieving a sufficiently high collection efficiency. Our experiment makes the photon

the first physical system for which each of the main loopholes has been closed, albeit in different

experiments. [Nature 497, 227, May 2013]
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superpuestos pero no amontonados 1
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superpuestos pero no amontonados 1

Superposition experiments. a, A

flux qubit realizes a quantum

superposition of left- and

right-circulating supercurrents with

billions of electrons contributing to

the quantum state. b, Neutron

interferometry with perfect crystal

beam-splitters holds the current

record in matter-wave

delocalization, separating the

quantum wave packet by up to 7

cm. c, Modern atom interferometry

achieves coherence times beyond

two seconds with wave-packet

separations up to 1.5 cm . d,

Interference of two clouds of

Bose-Einstein condensed diatomic

lithium molecules. e,

Kapitza-Dirac-Talbot-Lau

interferometer for

macromolecules.
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historia de la superposición 1

Jönsson, C. Elektroneninterferenzen an mehreren künstlich hergestellten Feinspalten. Z. Phys. 161,

454-474 (1961). (Electron interference at several man-made fine columns)

Zeilinger, A., Gähler, R., Shull, C. G., Treimer, W. and Mampe, W. Single- and double-slit diffraction of

neutrons. Rev. Mod. Phys. 60, 1067-1073 (1988).

Keith, D. W., Schattenburg, M. L., Smith, H. I. and Pritchard, D. E. Diffraction of atoms by a transmission

grating. Phys. Rev. Lett. 61, 1580-1583 (1988).

Carnal, O. and Mlynek, J. Young’s double-slit experiment with atoms: a simple atom interferometer. Phys.

Rev. Lett. 66, 2689âĂŞ2692 (1991).

Arndt, M. et al. Wave-particle duality of C60 molecules. Nature 401, 680-682 (1999)
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Quantum ground state and single-phonon control of a mechanical resonator, Nature 464, 697 (2010)
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Laser cooling of a nanomechanical oscillator into its quantum ground state, Nature 478, 89 (2011)

Optomechanical resonator with phononic shield. a, Scanning electron microscope (SEM) image of the patterned

silicon nanobeam and the external phononic bandgap shield. b, Enlarged SEM image of the central cavity region of

the nanobeam. c, Top: normalized electric field (colour scale) of the localized optical resonance of the nanobeam

cavity, simulated using the finiteelement method (FEM).
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dos formas de hacer las cosas

Of the various concrete schemes which have been proposed with a view to resolution of the measurement

problem, by far the best-developed one is that associated with the names of Ghirardi, Rimini, Weber and

Pearle (GRWP).

As currently constructed, the theory contains two adjustable parameters: a length scale (a) which

determines the minimum difference in position between two or more branches which is necessary to trigger

the reduction process, and a quantity (λ) which characterizes the “efficiency” of this process, as measured

by the rate at which a superposition state of a microscopic object such as an electron takes place

In the current version of the theory the parameters a and λ are tentatively fixed at ≈ 10−5 cm and

≈ 10−16
s
−1 respectively, and it seems that they could not be varied by many orders of magnitude from

those values without leading either to a contradiction with the predictions of QM at the atomic level or to a

failure to reduce macroscopic-level superpositions over typical “human” timescales.
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segunda forma

Penrose has suggested that collapse of a quantum superposition

into one of its branches takes place as soon as the gravitational

self-energy associated with the different mass distribution in the

branches in question exceeds that of a single graviton

no prediction of anything at all!!!!!
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