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Abstract

We discuss effects of loss of coherence in low energy quantum systems caused by or related to . . .

1990 Continous Spontaneous Localization (CS L) Model
fluctuations, for instance, promise to be accessible by relatively inexpensive table-top experiments, way

before the scales where true quantum gravity effects become important. Therefore, they can provide a
first experimental view on gravity in the quantum regime. We will survey models of decoherence
induced both by classical and quantum gravitational fluctuations; it will be manifest that a clear . .
understanding of gravitational decoherence is still lacking. Next we will review models where quantum 1 9 9 6 D I O S I - P e n ro S e P D M O d e |
theory is modified, under the assumption that gravity causes the collapse of the wave functions, when

systems are large enough. These models challenge the quantum-gravity interplay, and can be tested
experimentally. In the last part we have a look at the state of the art of experimental research. We will

review efforts aiming at more and more accurate measurements of gravity (G and g) and ideas for

measuring conventional and unconventional gravity effects on nonrelativistic quantum systems.
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Abstract

Collapse models represent one of the possible solutions to the measurement problem. These
models modify the Schrodinger dynamics with nonlinear and stochastic terms, which
guarantee the localization in space of the wave function avoiding macroscopic superpositions,
like that described in Schrodinger's cat paradox. The Ghirardi-Rimini-Weber (GRW) and the
Continuous Spantaneous Localization (CSL) models are the most studied among the collapse
maodels. Here, we briefly summarize the main features of these models and the advances in

their experimental investigation.
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Abstract

We discuss effects of loss of coherence in low energy quantum systems caused by or related to
gravitation, referred to as gravitational decoherence. These effects, resulting from random metric
fluctuations, for instance, promise to be accessible by relatively inexpensive table-top experiments, way
before the scales where true quantum gravity effects become important. Therefore, they can provide a
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understanding of gravitational decoherence is still lacking. Next we will review models where quantum
theory is modified, under the assumption that gravity causes the collapse of the wave functions, when
systems are large enough. These models challenge the quantum-gravity interplay, and can be tested
experimentally. In the last part we have a look at the state of the art of experimental research. We will
review efforts aiming at more and more accurate measurements of gravity (G and g) and ideas for

measuring conventional and unconventional gravity effects on nonrelativistic quantum systems.

Collapse Models: Main Properties and the State of Art of
the Experimental Tests

Matteo Carlesso & & Sandro Donadi
Conference paper | Fi ine: 1
389 Accesses | 4 Citations

Part of the Springer Proceedings in Physics book series (SPPHY.volume 237)

Abstract

Collapse models represent one of the possible solutions to the measurement problem. These
models modify the Schrodinger dynamics with nonlinear and stochastic terms, which
guarantee the localization in space of the wave function avoiding macroscopic superpositions,
like that described in Schrodinger's cat paradox. The Ghirardi-Rimini-Weber (GRW) and the
Continuous Spantaneous Localization (CSL) models are the most studied among the collapse
maodels. Here, we briefly summarize the main features of these models and the advances in

their experimental investigation.
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Abstract

Matter-wave interference experiments provide a direct confirmation of the quantum superposition principle, a
hallmark of quantum theory, and thereby constrain possible modifications to quantum mechanics!. By increasing

the mass of the interfering particles and the macroscopicity of the superpositionZ, more stringent bounds can be

placed on modified quantum theories such as objective collapse models?. Here, we report interference ofa

molecular library of functionalized oligoporphyrins® with masses beyond 25,000 Da and consisting of up to 1.0+

2,000 atoms, by far the heaviest objects shown to exhibit matter-wave interference to date. We demonstrate
0.8+
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quantum superposition of these massive particles by measuring interference fringes in a new 2-m-long Talbot-
Lau interferometer that permits access to a wide range of particle masses with a large variety of internal states.

The molecules in our study have de Broglie wavelengths down to 53 fm, five orders of magnitude smaller than the

Norm. counts

diameter of the molecules themselves. Our results show excellent agreement with quantum theory and cannot be
explained classically. The interference fringes reach more than 90% of the expected visibility and the resulting

macroscopicity value of 14.1 represents an order of magnitude increase over previous experimentsZ.
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Abstract

Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the
past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere2362821011 Here, we present the
experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings22, We observe quantum interference of fast molecular clusters, with a composite de Broglie J A
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level S»t-ydl SISl
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to

- ] “
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres 2 g ® Uni he

and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and

form an interferometer in the time domain.
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Abstract

Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the

past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the

experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings'22, We observe quantum interference of fast molecular clusters, with a composite de Broglie
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to Grating |: 1 er 2 srating
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres 157 nm
and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and

form an interferometer in the time domain.
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momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the
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Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the
past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the
experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings'22, We observe quantum interference of fast molecular clusters, with a composite de Broglie
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres
and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and
form an interferometer in the time domain.
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Abstract

Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the
past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the
experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings'22, We observe quantum interference of fast molecular clusters, with a composite de Broglie
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres
and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and

form an interferometer in the time domain.
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Abstract

Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the
past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the
experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings'22, We observe quantum interference of fast molecular clusters, with a composite de Broglie
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres
and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and

form an interferometer in the time domain.
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Abstract

Matter-wave interferometry with atoms! and molecules? has attracted a rapidly growing level of interest over the
past two decades, both in demonstrations of fundamental quantum phenomena and in quantum-enhanced
precision measurements. Such experiments exploit the non-classical superposition of two or more position and
momentum states that are coherently split and rejoined to interfere236.2821011 Here, we present the
experimental realization of a universal near-field interferometer built from three short-pulse single-photon
ionization gratings'22, We observe quantum interference of fast molecular clusters, with a composite de Broglie
wavelength as small as 275 fm. Optical ionization gratings are largely independent of the specific internal level
structure and are therefore universally applicable to different kinds of nanoparticle, ranging from atoms to
clusters, molecules and nanospheres. The interferometer is sensitive to fringe shifts as small as a few nanometres
and yet robust against velocity-dependent phase shifts, because the gratings exist only for nanoseconds and
form an interferometer in the time domain.
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