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Testing the large-scale limit
of quantum mechanics

www.tequantum.eu

NEWSLETTER N.14, September 2021

Die Welt mit ande

RATSEL DER PHYSIK

Was ist
wirklich?

Wie die QUANTENFORSCHUNG
unser Weltbild
infrage stellt

GUTSCHEINCODE |
IM HEFT J

The cover of the German magazine Geo presenting the topic of
quantum research and our perception of reality that is the core of
the article citing TEQ and three partners (issue October 2021).
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UPDATE OF WORK DONE

TEQ Junior Workshop I

TEQ has organized the second TEQ Junior Workshop on July 5th, 2021 to follow up on the latest
scientific developments of the project and enhance discussion on the next months of research of
TEQ. The workshop was held on Zoom and counted a total of 15 participants.

Agenda
15:00 - 15:10
15:10 - 15:30
15:30 - 15:50
15:50 - 16:10
16:10 - 16:30
16:30 - 16:50
16:50 - 17:10
17:10-17:30
17:30 - 18:00

Welcome and intro

Alessio Belenchia (QUB): An Optomechanical Platform for Quantum
Hypothesis Testing for Collapse Models

Luis Cortes Barbado (OEAW): Advances in Quantum Reference Frames

Jence Mulder (TUD): /ncreasing the photoluminescence quantum yield of
Yb:YLF4 nanocrystals. Towards optical refrigeration of nanocrystals

Steffen Meyer (AU): Complex molecular lons for Testing the Large Scale
Limits of Quantum Mechanics?

Fabrizio Napolitano (INFN): Low-noise electronics for TEQ experiments
Antonio Pontin (UCL): Latest developments in the TEQ programme at UCL
Chris Timberlake (UoS): Magnetic trapping for testing CSL at Southampton

Q&A - general discussion

The Booklet of Abstracts can be found here: Booklet of Abstracts TEQ Junior Workshop Il July
2021.pdf (tequantum.eu)

TEQ Steering Committee Meeting

TEQ Steering Committee members have met remotely on July 13th to discuss the latest progresses
and the general performance trend of the project and to effectively plan the next 12 months of
activities considering the 6-month project extension.

15:00 - 15:10

Welcome and intro


http://tequantum.eu/sites/tequantum.eu/files/files/Booklet%20of%20Abstracts%20TEQ%20Junior%20Workshop%20II%20July%202021.pdf
http://tequantum.eu/sites/tequantum.eu/files/files/Booklet%20of%20Abstracts%20TEQ%20Junior%20Workshop%20II%20July%202021.pdf

T=Q

)88
&
15:00 - 15:15 Welcome by the SC chair and adoption of agenda
15:15-15:30 Recap of activities in the last 12 months
15:30 - 15:45 Amendment to GA — 6-month extension
15:45 - 16:15 New Deliverable and Milestones plan
16:15 - 16:45 Scientific programme for the next 12 months
16:45 - 17:00 AOB
17:00 Closing
Participants:

e UNITS: Angelo Bassi, Irene Spagnul
e INFN: Catalina Curceanu

e QUB: Mauro Paternostro

e OEAW: Caslav Brukner

e AU: Michael Drewsen

e UCL: Peter Barker

e Southampton: Hendrik Ulbricht
e MSquared: James Bain
e TUD: Arjan Houtepen

PUBLICATIONS
Authors Title Journal Volume |Pages |Year
ZT::;”'VF;?!ISE; A no-go theorem for the
' . persistent reality of Wigner's | c . 93
Baumann, FlaVIO Del friend’s perception Pl:)mmun 4 2021
Santo, and Caslav Brukner ys.
G. Giulio. A Belenchia M Testing the foundation of
Calrlesso, IS. Donadi, A.I q.ualnturr]: physics.in spdace Commun.
Bassi, R. Kaltenbaek, M. |2 "rererometricandnon- | phys, 4 155 | 2021

Paternostro, and H.
Ulbricht

interferometric
experiments with
mesoscopic nanoparticles



http://tequantum.eu/?q=biblio&f%5Bauthor%5D=253
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=253
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=538
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=538
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=539
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=539
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=93
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=266
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=143
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=24
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=24
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=265
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=150
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=150
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=268
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=4
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=4
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=9
http://tequantum.eu/?q=biblio&f%5Bauthor%5D=9
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A. Belenchia, M.
Carlesso, S. Donadi, G. Test quantum mechanics in Nature 2021
Gasbarri, H. Ulbricht , A. | space — invest US$1 billion | (Comment)
Bassi & M. Paternostro
A. Gundhi, J. L. Gaona- Impact of Dynamical Phys. Rev. 091302
Reyes, M. Carlesso, and A. | Collapse Models on Lett. 127 2021
Bassi Inflationary Cosmology
A. Vinante, C. Timberlake, |Surpassing the Energy Phys. Rev.
D. Budker, D. F. Jackson Resolution Limit with Lett. 127 070801 2021
Kimball, A. O. Sushkov, Ferromagnetic Torque
and H. Ulbricht Sensors
V. Baumann, F. Del Generalized probability rules
Santo, A. R. H. Smith, F. from a timeless formulation
Giacomini, E. Castro-Ruiz, |©of Wigner's friend scenarios Quantum |5 524 2021
and C. Brukner
Lucas F. Streiter, Flaminia Phys. Rev.
. Relativistic Bell Test withi 230403
Giacomini, and Caslav elativistic Bell Test within Lett. 126 2021
Brukner Quantum Reference Frames
Anirudh Gundhi, Sergei V. Prlmoro.hal l?>|ack hole dark Phys. Rev. 083518
L matter in dilaton-extended |
Ketov, and Christian F. ] . 103 2021
. two-field Starobinsky
Steinwachs ) .
inflation
Scalaron-Higgs inflation The
Anirudh reloaded: Higgs-dependent European
Gundhi & Christian F. scalaron mass and p 81 460 2021
. . . Physical
Steinwachs primordial black hole dark
Journal C
matter
SD'e?é:::geK'CPISCICChIa' R. Novel CSL bounds from the —IIE_Efo can
" noise-induced radiation |O 81 773 2021
Curceanu, M. emission from atoms Physical
Laubenstein & A. Bassi Journal C

To explore the latest publications, visit Publications | TeQuantum.



http://tequantum.eu/?q=publications
https://www.nature.com/articles/d41586-021-02091-8#author-0
https://www.nature.com/articles/d41586-021-02091-8#author-1
https://www.nature.com/articles/d41586-021-02091-8#author-1
https://www.nature.com/articles/d41586-021-02091-8#author-2
https://www.nature.com/articles/d41586-021-02091-8#author-3
https://www.nature.com/articles/d41586-021-02091-8#author-3
https://www.nature.com/articles/d41586-021-02091-8#author-4
https://www.nature.com/articles/d41586-021-02091-8#author-5
https://www.nature.com/articles/d41586-021-02091-8#author-5
https://www.nature.com/articles/d41586-021-02091-8#author-6
https://orcid.org/0000-0002-4618-4832
https://quantum-journal.org/papers/q-2021-08-16-524/
https://quantum-journal.org/papers/q-2021-08-16-524/
https://quantum-journal.org/papers/q-2021-08-16-524/
https://link.springer.com/article/10.1140/epjc/s10052-021-09225-2#auth-Anirudh-Gundhi
https://link.springer.com/article/10.1140/epjc/s10052-021-09225-2#auth-Anirudh-Gundhi
https://link.springer.com/article/10.1140/epjc/s10052-021-09225-2#auth-Christian_F_-Steinwachs
https://link.springer.com/article/10.1140/epjc/s10052-021-09225-2#auth-Christian_F_-Steinwachs
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Sandro-Donadi
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Kristian-Piscicchia
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Raffaele-Del_Grande
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Raffaele-Del_Grande
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Catalina-Curceanu
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Catalina-Curceanu
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Matthias-Laubenstein
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Matthias-Laubenstein
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09556-0#auth-Angelo-Bassi
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
https://link.springer.com/journal/10052
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DISSEMINATION ACTIVITIES

In the third quarter of 2021, TEQ members delivered seminars and talks to over 6.300 people in

audience!

Who What Where When

Caslav Quantum reference frames Workshop on Quantum

Brukner and Einstein’s equivalence Foundations, Gravity, and Causal June, 2021
principle Order

Angelo Quantum Mechanics: What is | Round table on Physics and

Bassi it about? Technology June, 2021

Angelo / mondo dei Quanti Seminar June, 2021

Bassi

Hendrik Probing gravity of quantum | Challenges for witnessing quantum

Ulbricht systems in the paradigm of | aspects of gravity June, 2021
levitated mechanics

C. Curceanu, | La quantistica in laboratorio | Cronache del Silenzio June, 2021

A. Porcelli

C. Curceanu | De /a stele la pisica lui public online talk June, 2021
Schroedlinger

Caslav Quantum reference frames for| Conference “Quantizing Time" June, 2021

Brukner space and space-time

Caslav Quantum superposition of Complex Systems and Biological June, 2021

Brukner entropic times Physics Seminar

C. Curceanu | Dall'incredibile gatto di Online event June, 2021
Schrédinger alle tecnologie
guantistiche

Caslav Quantum reference frames | Workshop on Quantum

Brukner and Einstein’s equivalence Foundations, Gravity, and Causal June, 2021
principle Order

Caslav Quantum reference frames for| Conference “Quantizing Time" June, 2021

Brukner space and space-time

Luis C. Transformation of Spin in Quantum Information Seminar June, 2021

Barbado Quantum Reference Frames

Caslav Quantum superposition of Complex Systems and Biologjical June, 2021

Brukner entropic times Physics Seminar
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Angelo Fundamental Tests of Perspectives on Quantum Sensing | July, 2021
Bassi Quantum Mechanics and Computation for Particle
Physics
C. Curceanu | Quantum mechanics tests in
the Gran Sasso undergroud | 16th Marcel Grossmann Meeting July, 2021
laboratory: collapse models
and spin-statistics
Hendrik 'How to build a research UniKORN event July, 2021
Ulbricht network'
Luis C. Unruh effect for detectors in | Joint Annual Meeting of OPG and | August,
Barbado superposition of accelerations | SPS 2021 2021
Angelo La Meccanica Quantistica Stage on Physics for High School August,
Bassi Students 2021
Hendrik Probing new physics by 90th birthday of Roger Penrose August,
Ulbricht levitated mechanical systems 2021
Luis C. Quantum computation and | FFG Sommerpraktikum August,
Barbado communication technologies 2021
Luis C. Unruh effect for detectors in | Vienna Quantum Foundations September,
Barbado superposition of accelerations | Conference 2021
Present and future precision | Statistical and Quantum Mechanics:
Angelo tests of spontaneous wave reconsidering their foundations in | September,
Bassi function collapse models the light of new cutting edge 2021
experiments
La scienza che ci cura, ci September,
C. Curceanu | coccola e ci diverte European Researchers’ Night 2021
L'essenziale e invisibile agli | European Researchers’ Night September,
C. Curceanu | occhi...ma non alle nostre 2021
menti
Caslav Quantum superposition of ETH Workshop: Time in Quantum | September,
Brukner entropic times Theory: from mathematical 2021
foundations to operational
characterization
C. Curceanu | La Scienza dei Supereroi European Researchers’ Night September,
2021

A detailed list of all talks can be found at Talks | TeQuantum.



http://tequantum.eu/?q=talks&order=field_date_period2&sort=desc
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ANY OTHER RELEVANT INFORMATION

TEQ warms up for space

The European Space Agency has recently
released a report called Voyage 2050 that Voyage 2050
outlines the plan for the ESA Space Science |-
Programme up to 2050. This is a new long-term  [Ri PRy r R Sy s
plan that sets the European priorities in space
science for the next decades.

For the first time in this framework, the
foundations of quantum mechanics are included
into the discussion of Space scientific priorities;
specifically, possible experiments of the
quantum superposition principle and of the
quantum mechanical wave function collapse for
different mass test particles are envisaged to be
done is Space.

The TEQ project already operates in these area,
developing new theoretical models and
implementing  tests of the  quantum
superposition principle on more and more
macroscopic objects to establish the ultimate
bounds to the wvalidity of the quantum
framework. However, these experiments, being
carried out on Earth, are intrinsically limited by
the dimensions of the objects whose quantum
properties have to be tested.

That's where the Space comes in the picture. In
fact, Space offers a potentially attractive arena
for creating and verifying quantum properties of macroscopic objects beyond current Earth-based
capabilities.

TEQ partners A. Bassi (UniTs), H. Ulbricht (UoS), M. Carlesso (UniTs) and M. Paternostro (QUB) have
recently developed a feasibility study focusing on the efforts to test the boundaries of quantum
physics in Space.

The study called “ Testing the foundation of quantum physics in space via Interferometric and non-
interferometric experiments with mesoscopic nanoparticles” is published today July 7, 2021, by
Natures’ Communication Physics at this link: Testing the foundation of quantum physics in space
via_Interferometric _and non-interferometric _experiments with mesoscopic nanoparticles |
Communications Physics (nature.com)

May 2021

Testing quantum mechanics in Space

On 2nd August 2021, the journal Nature published a Comment by TEQ partners Angelo Bassi,
Mauro Paternostro, Hendrik Ulbricht alongside other colleagues titled "Test quantum mechanics in
space". The article brings to the attention of the scientific community the need to invest resources
in research aimed at testing the limits of quantum physics through experiments in Space.
Unlike experiments on Earth, Space offers conditions (primarily the almost absolute absence of
gravity) that allow physical systems to develop freely for much longer time.

8


https://www.cosmos.esa.int/documents/1866264/1866292/Voyage2050-Senior-Committee-report-public.pdf/e2b2631e-5348-5d2d-60c1-437225981b6b?t=1623427287109
https://www.nature.com/articles/s42005-021-00656-7
https://www.nature.com/articles/s42005-021-00656-7
https://www.nature.com/articles/s42005-021-00656-7
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These are experiments that will take decades to carry out, given their complexity. Verifying the limits
of quantum mechanics will consolidate or revolutionize the approach to quantum technologies, for
example with regard to the development of increasingly powerful quantum computers.

Read the article here: Test quantum mechanics in space — invest US$1 billion (nature.com)

TEQ on the cover of Geo magazine

On the October issue 2021, TEQ was featured in a long cover article on the German magazine Geo.
The article covers recent views on quantum mechanics through some of the most prominent
scientists in the field. The article features interviews to three of TEQ partners: Angelo Bassi (PI) from
the University of Trieste, Caslav Brukner from the Austrian Academy of Sciences (IQOQI) and
Hendrik Ulbricht from the University of Southampton.

The author visited the labs at the University of Southampton where Ulbricht has assembled the TEQ
final experiments and has run the first tests in summer 2021. “To have relevant results we have to
wait for more tests”, he says. “l think it's important to explore whether quantum mechanics is valid
at all levels” says Brukner. He doesn’t think quantum mechanics is the final version of our
understanding of the physical world. “The quantum theory is young, it is less than 100 years old”,
says Bassi in closure of the article, “The history of science shows us that this nothing, we have to be
patient to find a new theory beyond quantum mechanics that explains quantum and classical
phenomena”.

Die Experimente

An dem wundersamen Treiben in der
Mikrowelt besteht kein Zweifel, genau-
s0 wenig wie am verlisslichen, _klassi-

Die Orthodoxen

Was wir @iber Quantenobjekte iiber-
haupt wissen kdnnen, was deren Ver-
halten fiir unser Verstiindnis von Sein,
von Ursache und Wirkung bedeutet,
das waren und sind fiir Physiker und
Physikerinnen oft Fragen, Giber die sie
stritten und streiten wie Gottesgliubi
e iiber die richtige Religion.

Caslav Brukner hatte sich als junger
Mann eigentlich ein Forschungsfeld ge-
sucht, das weniger Spielraum fiir Inter-
pretationen lisst. Seine Eltern arbeite-
ten in Jugoslawien in der Archiologie -
das Fachgebiet schien ihm zu offen fir
unterschiedliche Deutungen der Fun-
de. Er selbst wilnschte sich eher eine
eindeutige Wissenschaft, mit klaren
Fragen und klaren Ergebnissen. ,Und
Jetzt bin ich ausgerechnet in der Quan-
tenphysik gelandet*, sagt der schmale
Physiker mit dem kahlen Schidel

Tetichen Telicnen senschaftlichen Nac
ora « o8 J/ nen Brukner. Das wil ragioakives Atom
\ o +  tieren. Die Quante T
exakt”, trigt er in ef
Oue"::;u:« WAS Sie sei vielmehr ein 7
“Kmmufw / herung an eine tiefor [N vammer
el lsT Bass! wels: Vielo Getperzaner {\'@m
el ten das fiir Hiresie. | / .‘%
/ Bohrs Deutung der ( b \
—t — — verteidigten ihre At =
Quantenwe nen und Klauen. \
e iy 1960er und 1970er J;
P 7_\ /, wissenschaftliche !
! Karriere, wenn er d
— \ Orthodoxie in Fragc
A ] e Alternativen nachgri

DER TIEFKUMLER

Handrik UReicht (u ) und sen

Team haben dss TEQ Expertment
n

Die Rebellen

Angelo Bassi gehort zu dieser Minder-
heit. Der Physiker von der Universitit
Triest emport sich: ,Die Quantentheo.
rie erzihlt uns, dass wir nicht einmal
dariiber nachdenken diirfen, was bei
einem Doppelspaltversuch mit einem
Atom zwischen der Quelle und der Mes
sung passlert*, well es per Definition
nur sinnvoll sel, iber das Frachnic o
ner Messung zu spr

Niels Bohr, und so s¢ RS W

schen® Verhalten unserer makroskopi-
schen Alitagswelt. Wo aber stoSen die
beiden Reiche aufeinander? Gibt es
eine scharfe, von Naturkonstanten ge-
zogene Grenze? Oder einen sanften
Ubergang?

Wer diese Frage kldren will, fahrt am
besten nach Wien, in die Boltzmann
gasse S. Im zweiten Stock des tradi-
tionsreichen Physikalischen Instituts
der Universitit Wien hat Markus Arndt
sein Biiro, unweit des Raums, in dem
einst Erwin Schrodinger residierte, dem

With 2.3 million readers in 2020, Geo Magazin is an educational monthly magazine known for its
detailed reportages, in-depth interviews and impactful pictures. This article represents a big success
for the TEQ project as its scientific efforts are translated into a science popularization language and
delivered to a large general public.

Link to the article: Physik: Was ist noch real? Die Quantenforschung stellt unser Weltbild infrage |
GEO+



https://www.nature.com/articles/d41586-021-02091-8
https://www.geo.de/p/plus/forschung-und-technik/physik-was-ist-noch-real--die-quantenforschung-stellt-unser-weltbild-infrage-30732722.html
https://www.geo.de/p/plus/forschung-und-technik/physik-was-ist-noch-real--die-quantenforschung-stellt-unser-weltbild-infrage-30732722.html

T=Q

'M

New Scientist chooses TEQ for a cover story

“Particles in many places at once, spooky influences over vast distances, cats in boxes that are dead
and alive at the same time — the quantum world is notoriously weird. Things get most baffling with
the questions quantum theory raises about the nature of reality. These are frontiers of our
understanding, beyond

m—— which lies a wilderness

Qu antum R G | of interpretation where

- physics begins to blend
frontlers ' into philosophy.”

st it sl 1064 ey s i | |0 over 10 pages of the

¢ orTEQ, 52 atitscore.At  colles

nmmmalamsbﬂommam mmmmum '-aﬂm-'*w'mmaﬂ- herdt

August 2021 issue,

igeons. Finally, they
e fomty o ol sy mmmammu

N New Scientist’s authors
abead of glass a few nanometres big bang. “There could be a similar
e s Sy explore  the  most
i Beall
WHO OR WHAT COLLAPSES IS QUANTUM THEORY fascmatlng questions
[ THE WAVE FUNCTION? | D i about quantum

mechanics: what makes
quantum theory so
'WHERE DOES QUANTUM
?
= strange? Who or what
collapses the wave
function? Why aren't

whether " of Trieste QUANTUM EFFECTS?
single atoms, electrons  in Italy. “But from a fundamental
or photons of light is point of view, why should the
notorious for seeming ‘wave function collapse®
1o be here, there i that
P’ ing- allatonce i r
What you think of

oot pepa 36 Nanas, /sawey o miedictwhas wight

big things quantum? Is the quantum world really random?

“From a practical point of view, [quantum mechanics] it works perfectly,” says Angelo Bassi, TEQ's
Pl interviewed for this article, “But from a fundamental point of view, why should the wave function
collapse?”

“Designed specifically to look for collapse noise, the [TEQ] project involves levitating a bead of
glass a few nanometers wide using electric fields, watching its motion closely”, writes Abigail Beall,
author of the article. Further on, another TEQ partner takes the floor. Hendrik Ulbricht, who is
leading the experiment, expects relevant results within a year. “We are all very excited,” he says.
New Scientist is one of the best known science magazines and an extremely high brand reach: 5.2
million actively engaged weekly users across all its platforms, 6 million social media following, 4
million monthly website visits and 120.675 weekly circulation
(source: https://experience.newscientist.com/advertise/).

This article is another 2021 success for the TEQ project, together with the article on Geo magazine,
as its scientific efforts are translated into a science popularization language and delivered to a large
general public.

Link to the article: This is what makes the quantum world so strange and confusing | New Scientist
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https://experience.newscientist.com/advertise/
https://www.newscientist.com/article/mg25133492-800-this-is-what-makes-the-quantum-world-so-strange-and-confusing/

