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MESSENGER Mission Measures Solar System Expansion

TOPICS: Astronomy Astrophysics Cosmology MESSENGER Planetary Science
By ELIZABETH ZUBRITSKY, NASAS GODDARD SPACE FLIGHT CENTER  JANUARY 19, 2018

NASA and MIT scientists analyzed subtle changes in Mercury's motion to learn about the Sun and how its dynamics
influence the planet's orbit. The position of Mercury over time was determined from radio tracking data obtained while
NASA's MESSENGER mission was active, Credits: NASA's Goddard Space Flight Center
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Solar system expansion and strong equivalence
principle as seen by the NASA MESSENGER
mission

Antonio Genova® ', Erwan Mazarico® 2, Sander Goossens®, Frank G. Lemoine?, Gregory A. Neumann?,
David E. Smith' & Maria T, Zuber’

The NASA MESSENGER mission explored the mnermost planet of the solar system and

obtaned a rich data set of range measurements for the determination of Mercury’s Accurate exP d11S101 rate
ephemeris. Here we use these precise data collected over 7 years to estimate parameters

related to general relativity and the evolution of the Sun. These results confirm the validity of 1 '5 Cm/ ye ar

the strong equivalence principle with a significantly refined uncertainty of the Nordtvedt °

parameter 5 = (-6.6 4+ 7.2) x 107>, By assuming a metric theory of gravitation, we retrieved (no Space exp anSIOn)

the post-Newtonian parameter f=1+(-1.6+18) x 107> and the Sun's gravitational oblate-
ness, Jy. = (2246 + 0.022) x 1077, Finally, we obtain an estimate of the time variation of the
Sun gravitational parameter, GM../GM,, = (=613 £1.47) x 1074, which is consistent with
the expected solar mass loss due to the solar wind and interior processes. This measurement
allows us to constrain |G| /G to be <4 x107'* per year,
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Quantum Mechanics

Quantum Mechanics 1s amathematical theory of Physics that
describes the properties of the smallest constituents of matter
and interactions between them
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* For single particles, quantumness is usually associated with quantum
interference, wave function collapse,...

The Copenhagen Interpretation:

Wave
Funcuon Measurement
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* Forsingle parucles, quantumness 1s usually associated with quantum interference,
wave function collapse.,...
* However, it was recently proven that all quantum-mechanical interferometric
elfects can be explained classically by a local ontological model that imitates

“quantumness’ |Blasiak, Phys. Rev. A (2018)]

5 phase shifters ,,@I Dy detectors

fou ) _4,—. —\/— -
oo P Xk
=2 _‘W—O— —/ \—...‘. Dl
\ © " Byv beam splitters

' Ban
—— Sy /\ SN
= N ._+,_ -

.-.:Q: Dy

’ e

Ontology Interferometric circuit
5 LFS 2019



Aalto University
School of Science

Al

Quantum Mystery

* This indicates that “true”
quantumness lies in
entanglement of many-particle
(more than one) systems
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Entanglement Mysteries |

* Entanglement of particles leads to non-localiry of measurements

BINSTEIN ATTACKS
QUANTUM THEORY

Scientist and Two Colleagues
Find It Is Not ‘Complete’
Even Though "Correct.’

SEE FULLER ONE POSSIBLE
Believe a Whole Description of
‘the Physical Reality' Can Be
Provided Eventually,

NYT 1935
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* Entanglement of particles leads to non-localiry of measurements

RINSTEIN ATTACKS
QUANTUM THEORY (29
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* Entanglement of particles leads to non-localiry of measurements

e )
hotonics

Alice LETTERS

PUBLIEMED OMUNE: 29 MARCH 2084 | DO 1023 e o™ UM Y

ANSTEIN ATTACKS
QUANTUM THEORY
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Even ‘Oorroct.'

Experimental three-photon quantum nonlocality

under strict locality conditions

C. Erven'**, E. Meyer-Scott’, K. Fisher', J, Lavoie', B. L Higgins', Z. Yan", C. ). Pugh', J.-P. Bourgoin',
R. Prevedel, L K. Shalm', L Richards', N. Gigov', R. Laflamme’, G. Weihs'', T. Jennewein'
and K. J. Resch'*

Maximally
\, entangled pair

SEE FUKLER ONE\POSSIBLE

Beligve a Whole Description of
Xhe Physical Reality' Can Be
Provided Eventually,

NYT 1935
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» Entanglement of particles leads to emergence of time?

PHYSICAL REVIEW A 89, 052122 (2014)

Time from quantum entanglement: An experimental illustration

Ekaterina Moreva,’-* Giorgio Brida," Marco Gramegna,’ Vittorio Giovannetti,” Lorenzo Maccone,” and Marco Genovese'
"INRIM, Strada delle Cacce 91, 110135 Torino, Italy
*International Laser Center of M.V. Lomonasov Moscow State University, 119991, Moscow, Russia
'NEST, Scuola Normale Superiore and Istituto Nanoscienze-CNR, Piazza dei Cavalieri 7, 1.56126 Pisa, Italy
‘Dipartimento di Fisica "A. Yolta", INFN Sez Pavia. Universitdd di Pavia, Via Bassi 6, 1-27100 Pavia, ltaly
(Received 7 November 2013, published 20 May 2014)
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Entanglement of particles leads to emergence of graviry (space-time)?

PRL 114, 221601 (2015) PHYSICAL REVIEW LETTERS A

’
>
Locality of Gravitational Systems from Entanglement of Conformal Field Theories

Jennifer Lin,' Matilde Marcolli,” Hirosi Oogun * and Bogdan Stoica’
‘Emrico Fermi Instinge and Department of Physics, University of Chicago, Chicago, llinois 60637, USA
*Department of Mathematics, California Institwte of Technology, 253-37, Pasadena, California 91125, USA
Walm' Burke Insvinwze for Theorerical Physics, California Institure of Technology, 45248, Pasadena, California 911235, USA
*Kavli Instinute for the Physics and Mathematics of the Universe (WPI), University of Tokyo, Kaskiwa 277-8583, Japan
(Received 27 Docember 2014; published 2 June 2015)
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Coming Soon - Second Quantum Revolution

* Qur current (high) technology 1s based on QM phenomena but does
not exploir quantumness (except maybe for lasers)
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Coming Soon - Second Quantum Revolution

* Qur current (high) technology 1s based on (QM phenomena but does
not exploir quantumness (except maybe for lasers)
* New quantum technology will exploir guaniimness
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* A traditional computeris based on binary operations 001 110101...,
that can be realised with any technology, even by mechanical means
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* A quantum computeris based on components that explou guantumness
(superposition & entanglement)
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* A quantum computeris based on components that explou guantumness
(superposition & entanglement)
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* A quantum computeris based on components that explou guantumness
(superposition & entanglement)

Classical Bit
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D-Wave Quantum Computer (Quantum Annealer)

N
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IBM Q 20-qubit Quantum Computer 201
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Thermodynamics

1 hermodynamics 1s a mathematical theory of Physics that
describes the properties of macroscopic systems
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Quantum Thermodynamics?

25 LFS 2019



Aalto University O\B
School of Science .M-

(Quantum Heat Engine
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Need to define QM energy, entropy, heat & work!
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